m The Uniyersitg of
A | Nottingham

UNITED KINGDOM - CHINA - MALAYSIA

Rutten, Martine (2004) The economic impact of health
care provision: a CGE assessment for the UK. PhD
thesis, University of Nottingham.

Access from the University of Nottingham repository:
http://eprints.nottingham.ac.uk/10318/1/Ph.D._Thesis_Martine_Rutten_2004.pdf

Copyright and reuse:

The Nottingham ePrints service makes this work by researchers of the University of
Nottingham available open access under the following conditions.

Copyright and all moral rights to the version of the paper presented here belong to
the individual author(s) and/or other copyright owners.

To the extent reasonable and practicable the material made available in Nottingham
ePrints has been checked for eligibility before being made available.

Copies of full items can be used for personal research or study, educational, or not-
for-profit purposes without prior permission or charge provided that the authors, title
and full bibliographic details are credited, a hyperlink and/or URL is given for the
original metadata page and the content is not changed in any way.

Quotations or similar reproductions must be sufficiently acknowledged.

Please see our full end user licence at:
http://eprints.nottingham.ac.uk/end_user_agreement.pdf

A note on versions:

The version presented here may differ from the published version or from the version of
record. If you wish to cite this item you are advised to consult the publisher’s version. Please
see the repository url above for details on accessing the published version and note that
access may require a subscription.

For more information, please contact eprints@nottingham.ac.uk


http://eprints.nottingham.ac.uk/Etheses%20end%20user%20agreement.pdf
mailto:eprints@nottingham.ac.uk

THE ECONOMIC IMPACT OF HEALTH
CARE PROVISION: A CGE ASSESSMENT
FOR THE UK

By

Martine Rutten

Thesis submitted to the Univesity of Nottingham for the
Degree of Doctor of Philosophy

September 2004



ACKNOWLEDGEMENTS

First and foremost | am heavily indebteal my supervisors, Geoffrey Reed, Adam
Blake and, early on in the Ph.D., Paula Ldlsgenith whose invaluable advice, help,

encouragement and guidance my Ph.D. research materialised into this thesis.

| am also extremely grateful to Dave Whgrfer sharing his expertise on the UK health
care system with me. Rod Falvey andug Nelson’s suggestions on Chapter 2 are
greatly acknowledged, as is Peter Wrighssistance with the daet. | would like to
thank the ONS and the UKDA for the provisioh data and helpful feedback on my
queries regarding the data. | further béeedf from the many useful comments from
participants of the 200Zhird Annual GEP Postgraduate ConferenoeNottingham
and the 2003 EcoMothternational Conference on Policy Modelimg Istanbul. All

remaining errors amy responsibility.

Furthermore, | wish to express my siregratitude to the $ool of Economics for
awarding me a Postgraduate Research Studentship, for providing me the opportunity to
supplement this with teaching, and foe ttunding to attend the 2002 EcoMod Summer
School onAdvanced General Equilibrium Modeling with GAME Brussels, all of

which was invaluable for my personal and academic development.

Special thanks to all my colleagues andrfg from the department particular those
in my year, Alex, Cihan, Earl, Thanasmtd Manég, all my office mates, my house

mates, the staff badminton club for the much needed relaxation, and friends from home.

Last but not least, a vergpecial thank you to my family, my Dad and my sister

Gemmeke, and John for their constant support and encouragement.



ABSTRACT

This thesis seeks to determine the macro-economic impacts of changes in health care
provision, whilst recognising the simultaneotfee&s of consequent changes in health

on effective labour supplies ancethesource claims made the health care sector. The
resource allocation issues have been erplan theory, by developing an extension of

the standard Rybczynski theorem frontoa-dimension Heckscher-Ohlin framework,

and empirically, by developing a Computaldeneral Equilibrium model, calibrated to

a purpose-built dataset for the UK.

The theory predicts that, if the governmeéstsolely concerned with improving per
capita income, a morally questionable policytarfgeting health care provision towards
skilled workers performs best. Furthermore, the impaanhaéxpanding health sector on
the outputs of non-health sectors is shaw depend on the sign and magnitude of a
scale effect of increased efftive labour supplies and a faetnas effect of changes in
the ratio of skilled to unskiid labour, although the latteffect dominates if effective
labour supplies are relatively inelastiith respect to health care provision.

The theoretical predictions are not generalglidated by the applied model due to
added real-life complexities. The main findirg® that a rise in NHS expenditures, the
employment of foreign health care-specifigllekl workers, and costless factor-neutral
and skill-biased technical change in the UK health sector have a positive impact upon
overall welfare via direct improvements population well-being anthdirect benefits

from increased worker incomes. The study éatks that if an expaion of the health
sector is financed from a reduction iratst benefits, the non-working households and
pensioners may require some compensatioregimey rely relatively heavily on these as

a source of income.

The presence of health caspecific factors and risingharmaceutical prices impact
negatively upon the health sector and oNeselfare, suggesting the importance of
tackling rising input costs anstructural rigidities. Tis may be achieved by the
immigration policy, although sae effects on domestic worleeif their wages are not
sustained, and on countries of origin facedabprain-drain’, are negative, in the long-
term increasing the number of medical school places may be more desirable. Another
suitablepolicy response is to purchase a meifective pharmaceutical product. Fairly
small productivity gains in health care wesleown to generate overall welfare gains.
Finally, factor-neutral and skill-biased textal improvements yidl significant welfare
gains and cost-savings in the health se@oich technical improvements may come in
the form of improved medical procedures,iegthhave been developed abroad yet are
freely available or have been funded byartable institutions, but also may reflect
domestic policy which aims at reducing adrsirative overheads so that more resources
can be devoted to front-line staff.

The sensitivity of the results to the elastiaifythe waiting lists with respect to health
care indicates the importance of ensurihgt additional resources are effectively
employed, attainable by the technical anthenistrative improvements in health care.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND TO THE RESEARCH PROBLEM

The interactions between health carealth and the remainder of the economy are
multiple and complex. As early as the Basic Needs approach to development of the
1970¢, which treats health care and other gosdsh as education, sanitation and
housing as basic necessities, these linkagemarery general terms understood to be as
follows. On the one hand, changes in meoimpact upon the consumption and/or
provision of health care and other goods,ohhaffects the health of populations in
terms of mortality and morbidity (illness). @Qhe other hand, changes in health impact
upon the well-being of populations, with associated consequences for labour market
participation, productivity and income. &u forward and backward linkages are

important for developing andkeveloped countries alike.

Many developing countries find themselvesked in a vicious circle leading from
poverty to ill health and to poverty againe&lth care systems in these countries are
underdeveloped and many suffer from high prevalence rates for mainly communicable
diseases, some incurable (such as AlD8) the majority easily preventable by
vaccination, so that the potential effectsmproved health care systems on the labour
market and the rest of the economy, esghcin the long term, are considerable.

lllustrative in this respct are the Commission foMacroeconomics and Health

! Streeten et al. (1981), Stewart (1985) and Afxentiou (1990).
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(CMH)’s rough calculations that an additidmavestment by 2007 of $27 billion a year
by rich countries (0.1% of donor GDP) a%8b billion a year by poor countries (1% of
their GDP) would save 8 million lives a year by the end of the decade and yield

worldwide economic benefits of $186 billion a yéar.

In contrast, developed countries have mhigher living standards and levels of health
and so are thought to be on the “flat of tueve”, where the marginal contribution of
health care to health is minimal and atHactors, like changes in diet, lifestyle
(drinking and smoking), environment and edigratseem more impoméin explaining
variations in healtl.The most common health problsiim these countries concern non-
communicable diseases related to diet andstijée (themselves related to social class),
such as cardiovascular diseases, diabesamcers, a fact which seems to corroborate
this view. This being said, many former sceptics of the contribution of health care to
health are now willing to accept that, even after allowing for diet and lifestyle, health
care does make a difference for specific dbmas, such as cardiovascular disease.
According to David Cutler, an American aged 45 today will live 4.5 years longer than in
1950 because of a decline in cardiovasculmease, of which two-thirds can be
attributed to better medical care and the lieing third to behavioural changes such as
stopping with smoking. Apart from gains imigevity, medical caralso enhances the

quality of life through pain relief and ineased mobility. The rise in medical costs

2 “The Health of Nations”, The Econast, 22 December 2001, p95-96. CMH (2001).

®  Folland et al. (2001, p108) on the production function of health.
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partially reflects improvements in treatmejiality enabling less drastic treatments and

a more rapid recovefy.

The majority of developed country healthreaystems arguably fail to deliver specific
medical services to a “satisfactory” standard, which is commonly attributed to limited
financial means and an inefficient userefources. In the UK pressures are visible,
among others, in terms of poor health outcofoesome diseases (such as cancer), poor
quality of services, including long waiting lists and waiting times for certain treatments,
and inequities in access and health outcormbese pose significant costs on society, in
addition to the cost of health service psion. The Confederation of British Industry
(2001) for example estimates that the diredt @ absence from work due to sickness
for UK business amounts to nearly £11 billianyear, whereas total cost to society,
including poorer quality services and products and the cost of increased welfare
payments, nears £23 billian total (approximately 2.3%f GDP in 2001). In future,
health care costs, which have to be plid somehow, are bountb rise with the

prospect of an ageing populatiordaadvances in medical technology.

While the interdependenciestiveen health care, healthdathe rest of the economy are

now widely acknowledged, economic models which are used to assess these fail to
incorporate the main channels through whiateractions take pce. The majority of
empirical studies employ partial equilibrium techniques and/or econometric analyses
and so conceal or ignore @dether differential effects ahanges in health and health

care across sectors, factors, househaldd their implications for the government

*  These and other examples are reported by Réliace in “The Health of Nations: A Survey of

Health-Care Finance”, The Economist, 17 July 2004, p8.

1-3



INTRODUCTION

budget. The small range of computable general equilibrium (CGE) models that does
exist is diverse in application area. Heatih health care has been modelled in a
developing country context as one of mangibaeeds (Basic Nesanodels), as having

an external effect on the labour markettie form of improvd labour productivity
(Externality models), or by analysing ethdisastrous consequees of epidemics
(HIV/AIDS models). Though each of these strauod literature has its own merits, most

of the reviewed models do not assess the endogenous impact of changes in health care
provision on the health @he population, the labour fore@ad its impact on production,

income and welfare over time &n(developed country) CGE setting.

Empirical studies typically fail to account fthre main feature of rich and poor nations’
health care systems, namely that they tradt(partially) cure peopl i.e. improve their
health, which not only makes them “feel bétteut also enlarges the effective size of
the workingand non-working populations, further explained below. At the same time
health care systems use factors of produdtictuding labour, whib have to be paid
for and reduce the effective supply of workavsilable to the rest of the economy. It is
in addressing this caveat that this thesisks to make a contribution. By doing so, it is
hoped to improve the understamgl by the general public of ¢hrole of helth care in

the economy and to aid policy makers ieithpursuance of improving the functioning

of health care systems, the healthhaf population, welfare and economic growth.

> An exception is Dixon et & (2004) CGE model of the impact of the HIV/AIDS pandemic and
health interventions on the Botswana econowiereas the pandemic and the mitigating effects of
two health policies are endogenously modelled, other health expenditures are assumed not to impact
on the health of the populatiaie labour force and welfare.
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There are various ways in which an expansion of the health care sector enlarges the
effective size of the working and non-wargi populations. A highdevel of health care
provision enlarges effective labour supph the short term by augmenting the
aggregate working time of current workerslaeduced wastage by premature death. It
does so in the longer terpy reducing death rates among those young who are destined
to enter the work force. However, one must bear in mind that it also increases the
number of people who are not part of therk force, the young and the retired, through
reduced deaths. These are an additionaksooir demand for health services (and other
goods), so reducing the availability and/ordeof treatment for the current work force

and thus its effective size. Moreover, bgtioups of non-workers are usually recipients

of transfers from the workg population (e.g. state benefits children, state pensions

for the retired), with the associated distortions.

Although in principle anodel of the economy which incorporates health care provision
effects can be constructed for any counting, UK is taken as a case study. The UK is
an archetype of a developed country headtle system in which government provision
and funding dominates. By funding healtare from general taxation the UK
government has been able to keep a tighton health care expenditures, whilst
securing access to the majoriti/the population and reaching overall satisfactory health
outcomes. The National Health ServiddHS) appears to be highly cost-effective
relative to other indusgalised countries however, many argue ah excessive public
control has led to systematiaderfunding of and inefficiernes in health care provision,

both of which the UK government seeks to &s$dr Problems manifest themselves in

®  See Chapter 4 of this thesis.
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various ways, but typicallyevolve around thessue of rationing, . the conflict
between potentially unlimited demands and limited financial means, and in this respect
the UK does not differ from any other countBy. focusing on the UK this study is able

to model the impact of changes in heal#lne policy and health care-related conditions
which impinge upon the issue of rationing, eith#eviating the rationing constraint or,

in the case of the latter, straining it.

The analysis is novel in three respects. Trat Giontribution is irterms of international
trade theory, by developing axtension of the standaRlybczynski Theorem from a
low-dimension Heckscher-Ohlin model whiaasts light on some of the resource
allocation issues related to theovision of healtltare. While there ia strong literature
on endogenous labour supply modethese have in the main been based on direct
labour supply responses to higher wages. imiodel, changes ithe effective supply

of skilled and unskilled labour come from digas in the size of the health care sector
(which in this UK-centred example isrd¢gely determined by the government). The
second contribution is in terms of data, loynstructing a dataset for the UK for the year
2000, which is employed in the calibration the CGE model. The dataset contains
detailed information on health, health cawse, income and benefit variables for
individuals living in private howeholds in Great Britain and available for use in MS
Access. The final contribution is in termra6empirics, by developing a CGE model for
the UK with an extended health care compont first of its kindwhich analyses in

greater detail the hih care-related resour@dlocation issues.

" E.g. Martin (1976) and Martin and Neary (1980).
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1.2 PURPOSE AND RESRARCH OBJECTIVES

The purpose of this thesis is to deterenthe macro-economic impacts of changes in
health care provision using general equilibrium modtef the UK economy, whilst
recognising the simultaneou$fexts of consequent changes in health upon effective
labour supplies and the resource claims madin&yealth care sector. The first part of

the study uses a simple theoretical Hmtler-Ohlin model to assess the main
interactions, whereas the second part employs an applied CGE model, calibrated to a
purpose-built dataset for the UK. Within this general aim, the following research

guestions may be answered.

What is the impact of changes in healthecpolicies and health care-related conditions

on:

+«+ non-health care sectors?
% production factors, especialkilled and unskilled labour?
% households?

«+ and overall welfare?

And, finally, how do policies aned at alleviating rationg in public health care
compare? In other words, which policynsre successful in improving household and

overall welfare?

1.3 METHODOLOGY

This study employs a CGE model to analyse ititeractions betweeealth care and
the remainder of the economy. Below followshort introduction to this methodology

and a motivation of why it is favouttdo other research techniques.
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A CGE model is derived from micreeonomic optimisation behaviour under
constraints of all agents in the economyl aunlike other partiagquilibrium or macro-
econometric approaches, is calibrated to a cehgnsive set of consistent and balanced
macroeconomic accounts, the Social Accounting Matrix (SAWis ensures that key
behavioural and accounting constraints aatisfied and serves as a check on the
‘reasonability’ of the outcomes. A CGE mbdan be made sufficiently disaggregated,
fit to the purpose of the study, and subsedlyeput to use in simulations of how
changes in certain economic conditioas2 mediated through price and quantity
adjustments in markets. Moreover, ti@GE technique allowdor counterfactual
analysis, i.e. answering ‘whdt questions, and is not jusestricted to “learning from
the past” like econometric studies are. AE@odel thus possesses strong theoretical
foundations and mimics the functioning thie economy by captung the interactions

between the various secs of the economy.

Naturally, a CGE model is not without limitans itself. First and foremost, unlike
econometric studies, it is not possible gtatistically validad¢ the structure and
underlying assumptions of the CGE model. the SAM only reflects a 'snapshot’ in

time and does not contain detailed time series such as are used in econometric analyses,
the direction of effects is more reliableaththe magnitude. The more so since many of

the parameters and elasticities are imposstier than empirically estimated. CGE
modellers address this issue by carrying out sensitivity analyses, which goes a long way

to assessing the potential errors fromsing parameters not acquired through

8  For an overview of CGE modelling see Bandra91), Blonigen et al. (1997), Devarajan et al.

(1994, Chapters 1-3), Devarajan et al. (1997), Dixon and Parmenter (1996), Reinert and Roland-
Holst (1997) on the use of SAMs, and Shoven and Whalley (1984, 1992).
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econometric methods. Devarajan et al. (1924.14) further comment on often heard,
but contradicting and refutable, criticisnisat CGE models are “too complicated”,
“make too many assumptionstequire too much data”, ilge counter-intuitive results”
(which is better consated as a complement), “tell what we already know” and are
“black boxes’ that cannot be understood bg timinitiated”. Nevertheless, as noted by
Scarf and Shoven on the imperfections of QGd&tlels, CGE models asuperior in that
“there are no competing formulations thaprovide the flexibility and conceptual

wealth of the general equilibrium moddScarf and Shoven, 1984).

Within the stated research objectives of thissis, CGE modelling is preferred to other
methods because of its theoretical tractabitityerms of the behaviour of the agents in
the economy and its ability to incorpagainterdependencies and feedbacks. The
linkages that are of interest are thoséween public and private health care, other
product markets (including the main inpsuppliers to health care, such as
pharmaceuticals and medical instruments),diacharkets, especially for skilled and
unskilled labour, government budget implioas and household welfare effects of
changes in health. Such linkage effeces emncealed in econometric studies, whereas

partial equilibrium models by nature (partially) leave these out.

Often heard rationalisations for the partegjuilibrium approach include the relative
smallness of the health care sectord athe high degree of specialisation (i.e.
intersectoral immobility) of highly skilled staff and high-tech capital. The UK’s NHS
currently employs an approximate 1.3 millipeople, 4.3% of the total work force,

which makes it the third biggest employarthe world after the Chinese Army and
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Indian Railway and suggests that health care rigthing but small. The majority of
health care staff, even those that are gkills in practice inter-sectorally mobile
(managers and associated staff, laborat@ghnicians, ancillary workers) so that
expansion or contraction of the health ecagector will impact on other sectors.
Furthermore, as was noted in the backgrotmthe research problem, there are other
strong interactions with threst of the economy and wigolicy-making, certainly in the
longer term, so that it is arguable thlgeneral equilibrium modelling may be more

appropriate for the analysis of some issues.

1.4 MEASUREMENT OF HEALTH AND CHANGES IN HEALTH

The explicit modelling of the impact of healthre on the healtbf the population, first
and foremost requires the defion of an appropriate measuof health. As is apparent
from the vast amount of literature on heathtus measures and indicators of health,
this proves to be a contentious issliSince this thesis is concerned with (labour)
resource allocation issues of health camvisioning, health is explicitly measured in
terms of the size of effectivee. ‘able to work’, labour endowments, thereby avoiding

controversies surroundingdlthoice of a particuldrealth indicator.

Specifically, it is postulated that the labourde is working if healthy and not working
if ill and that a change ihealth has a paralleffect on effectie labour endowments.
Consequently, a decline in health is eqlém&to a reduction ithe number of people

able to work (full-time and/or part-time&nd so reduces effective labour endowments,

®  “NHS is world’s biggest employer after Indiaail and Chinese Army”, Sam Lister, Times Online,

20 March 2004.

10 A literature review is outside the scope of thissis, though a good starting point for the interested

reader is the World Health Organization (2002) publication on Summary Measures of Population
Health.
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whereas an improvement in population health is equivalent to an increase in effective

labour endowments available foreuis the production sectors.

These changes in health come about throughgds in the size af non-tradable health
care sector. The health caectr employs labour in the fpduction” of healthy people

by treating the ill, i.e. health care adddueato the ill. lll pg&sons who are not yet
(successfully) treated and therefore (partialiyully) unable to work are recorded in an
artificial “waiting list” sector. The remaining part of the labour force that is healthy is
by definition employed in one of the prodwcti sectors. Within this framework and
given the initial waiting liststhe number of new ill and the quality/cost of treatments, a
rise in the provision of health care angiven period increases the number of people
treated and cured and thereby reduces thiéngdists and increases effective labour

supplies.

There are limitations to modeily health and changes in hban this fashion. In the
background to the research problem, the impaen increase in the provision of health
care on the size of the non-worg population, i.e. childreand pensioners, has been
acknowledged. Although the CGE model acceunt these population groups, it does
not model longer-term populatiqgegrocesses (births, deathignsitions from young to
working and from working to retired), naloes it model the decomposition of those
moving from young to working into skillednd unskilled. The obvious advantage of
modelling in this way is its simplicity. Theajor disadvantage is that it requires the
“translation” of the rather complex healtransition from “ill” to “well” into a one-

period model, yielding the preusly mentioned limitations.
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1.5 THESIS STRUCTURE

The remainder of this thesis is organisedadlsws. Chapter 2 analyses the interactions
between health care and non-health careosedh their simplest form, using a low-
dimension Heckscher-Ohlin framework of a small open economy which is modelled on
the UK. It captures changeseiffective, i.e. able to wk, labour endowments following

a change in the provision of governmentypded health care whilst recognising
resource claims made on tlaour market by the healthreasector. Rybczynski-style
predictions of an increasm health care expenditiweon outputs are derived and
subsequently assessed for sensitivity to key assumptions, most importantly the presence
of health care-specific 8led labour. The results ofn increase in health care
expenditures are contrasted with thosecliéinges in health care provision stemming
from the immigration of foreign healtbare-specific skilled lBour and productivity
improvements in health care due to factor-neutral and skill-biased technical change

respectivelygiventhe size of the héth care budget.

Chapter 3 reviews empirical literature apgdlto the economic effects of health and
health care provision, focusiran CGE models. It identifiethe major shortcomings in

the literature, most notably the absence efgimultaneous impact of changes in health
care provision on effective labour endowmeatsl the health sector's demands for
labour, which will be addressed in the E@odel of the UK economy developed in

Chapter 6.

Chapter 4 gives an overview of the healtlre system and policy of the UK through
time, illustrated by facts and figures, and highlights the pressures faced by the UK
government (and many other developed coes}riand the policy options it has in

resolving these. It therelyot only provides th foundations of the UK-focused CGE
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model with health care praion effects developed in Chapter 6, but also gives the
range of policy options and shacthat will be sautinised using this applied model and,

where possible, employing the theoretical framework of Chapter 2.

Chapter 5 presents the dataset, the UK ZRAM, to which the CGE model of Chapter
6 is calibrated, in tabular form. It contains economic data disaggregated by sector,
which are predominantly taken from the Ukput-Output Supply and Use Tables for
2000 and are distributed over factors and bbokls using data from the General
Household Survey 2000-01. The latter dataseddily available in MS Access, is a
valuable source of information for a rangfesocio-economic characteristics of private
households living in Gredritain, in the context of thithesis most notably health and
health care use data, and so complementst€hdjs portrayal of the UK’s health care

system and performance.

Chapter 6 outlines the CGE model for i with health care provision effects and
presents simulation results which cover eatrissues in (deveped country) health

care systems and that of the UK in paide. Model experiments include increasing
government expenditures on health care,sa in the price of pharmaceuticals, the
immigration of health care-specific skillddbour and productivity improvements in
health care stemming from factor-neutesthinical change, skill-biased technical change
and technical change embodied in pharmaceuticals respectively. The applied nature of
the CGE model allows for a more accurated detailed representation of the UK
economy, its health care system, health aetfare compared tthe theoretical tool
developed in Chapter 2. Specifically, tA&SE model differenti@s between eleven

sectors (among which are health care andnds intermediatenput suppliers), three
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factors (capital, skilled and unskilledblaur), the government and five types of
households (characterised by age and wgrlstatus of its members), and separates
public from private health care in consuropti More realism is ab obtained in terms

of the modelling of health care provisionexfts by incorporating direct increases in the
‘well-being’ of the population next to direct improvements in health through
increasing the size of effective, i.e. ‘ablo work’, labour endowments. The added
complexities ensure that the results ofapter 6 (among others in terms of health,
effective endowments, factor rewards, sectoral outputs, household income and welfare)
complement those of Chapter 2 (mainly imts of sectoral outputs), where the latter
provides some insight into effects operatinghe background of the former. The final

chapter draws conclusions and outlinestitions and avenues for future research.
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CHAPTER 2

HEALTH PROVISION EFFECTS IN A
HECKSCHER-OHLIN FRAMEWORK

2.1 INTRODUCTION

This chapter presents a theoretical expasitb the interactions between government-
provided health care andetloutputs of non-health goodtsa small open economy, via
changes in the size effective(i.e. ‘able to work’) labour edowments. In the theory of
international trade, the Rybczynski (R) theurpredicts the repersgions of changes in
endowments, such as labour and capital, on the structure and level of production. This
theorem has its foundation in the HeckschelO{HO) model of international trade,
which therefore provides a natural starting pdartassessing health provision effects.
The standard exposition of the HO model trdatdor supplies as fixed, which has led

to the development of variable factarpply models (e.g. Mart, 1976, Martin and
Neary, 1980). Whereas these models allow labour supply to respond to changes in real
wages, in this chapter charsgie effective labour supply ome from changes in the size

of health provision (which for the UK imrgely determined by the government). A
number of modifications to the HO modsie considered in order to produce a model

that is more represttive of reality.

The rest of this chapter is organised dloves. Section 2.2 outlines the impact of labour
endowment changes on outputs in the catiseal HO model. Section 2.3 considers
endowment changes which are health-relaed conditioned on the output of a non-

tradable health sector in the HO model tiseddjusted accordingly. Section 2.4 gives a
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theoretical overview of th@npact of health-conditionedhanges in effective labour
supply when alternative modifications are made to the HO model, most importantly the
introduction of health care-specific skilled laiboThis section includes an analysis of
Rybczynski-type effects when the government allows foreign health care-specific
skilled labour to enter the UK in order #dleviate the rationingf health care. The
consequences of different tygpef technology shocks indhhealth sector on sectoral
outputs are examined in Section 2.5. Thealfisection concludes with a general

overview.

2.2 CHANGES IN RELATIVE F ACTOR SUPPLIES AND USE IN A
LOW DIMENSION HECKSCHER-OHLIN MODEL

The low dimension HO model describestwegions, two factors and two goods. The
two regions are the UK, which is modelleddetail, and the resif the world (ROW).

In line with the small country assumptioretblK engages in world trade at a given set
of world prices which will not be affected by its trading activities. In order to focus on
the differential impact of changes indtid provision across teur types, the two
factors are skilled and unskilled labo&actor endowments are exogenous and owned
by a single representative household, whaximaes utility subject to the income
earned from the supply of these factorsslassumed that households in the UK and
ROW have identical homothetic utility funetis. With respect to production there are
two sectors (1 and 2), which compete foitlsld and unskilled labouin the production

of goods. Representative producers in these sectors maximise profits by optimal
employment of factors of production, usiognstant returns to scale (CRTS) production
technologies which are secatly identical across region®roduct and factor markets
are perfectly competitive and factors of production are perfectly mobile between

sectors, but not between countries.
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In this framework the source of tradenwes from differences in national factor
endowments and factors used in the produdafaifferent goods, hence the label of the
‘factor proportions’ model oftrade. The assumptionsegarding national factor
endowments and factor intensities in praduc are that: (1)The UK is relatively
abundant in skilled labour, and (2); sectois Telatively intensie in skilled labour at
any common factor price ratio (i.e. there are no factor iitfersversals). In order to
specify the equations of the modeljlitt and production are described by linear

homogeneous functional forms.

On the consumption side, the representativasehold will seek taonsume at levels

which maximise utility subject to the budget cwamt. This is formally described by:

Maximise U=U(C,C,)

subject to pCi+ po,Co=Y

where U denotes the utility of # representative househol@; the consumption of

goodi (i = 1,2), p; the price of good, Y the income of the representative household.

The solution to the utility maximisation gislem is given by the Marshallian demand

functions:

G=CG(RRY) (2.1)

! Production and utility functions exhibit stricttynvex technologies and preferences respectively so

that the second order sufficient conditions are always satisfied.
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C,=C(RRY) (2.2)

On the production side, the producer in industgeeks to maximise profits in two
stages. Firstly, producer minimises production costs by choosing the optimal
combination of factor inputs for a given put level. Subsequently, given the outcome
of the first stage, the optirha.e. profit-maximising, levebf output is established. The
property of linear homogeneity of output l&vén terms of factor inputs, i.e. CRTS
technology in production, implies thalhe production function of sectaris fully
described by the unit isoquant. All other isogjisaare simply radial projections of the
unit isoquant and, consequently, the costimising relative faatr input ratio is
independent of the level of output. It isetbfore convenient to formulate and solve the

cost-minimisation problem faced by producar terms of unit output values, given by:
Minimise TG =ws a5 + W) g
subjectto  f(ag,ay )=1

whereTG (1) denotes costs of producing one unit of output in sedior 1, 2), w; the
price of labour typd (I =S,U, and the input-output coefficienta; arg),; are
defined asag; = S/ X and a;; =U;/X;, with § and U; denoting the quantities of
skilled and unskilled labour, spectively, employed by sector and X; being the

output of sector. Also, sector 1 is assumed to uséla#t labour relativly intensively,

i.e. §/U;> S/ U, orin terms of input-output coefficients; /ay, > as,/ a, -
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Solving the producer’s cost minimisationoptem for the production of one unit of

output yields the following expressiofts the unit factor demand equations:

ag, = ag (Wg wy) (2.3),(2.4)

ay; = ay; (Ws/ W) (2.5),(2.6)

Total factor demands of produdeare obtained by multiplying equations (2.3) to (2.6)

by the output of sectar X;:

S =g X% (2.7)(2.8)

Ui =ay; X (2.9),2.10)

Turning to the second stage of th@oducer optimisation problem, the profit

maximisation problem of producebecomes:

Maximiser; = g% ~WwS— W U= pX- wg X- wg X

where 1 denotes the profit of producerThis expression iBnear in outputX;, so that

the solution to the profit maximisation problefoes not contain opit levels. Instead,
the following zero profit conditions (also refedrto as unit price or unit cost equations)

result:

P =Wsag + Wyay (2.11)(2.12)
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The price (exogenous to the produaegeived for oneunit of outputi equals the cost

of producing one unit of output The result whereby profihaximisation of firms leads

to zero profits follows from the assumptions of perfectly competitive markets and

CRTS (Euler’s theorem). This is, of couratso descriptive of #hlong-run equilibrium

under perfect competition when there is freedom of entry and exit.

Supply and demand for goods resultifipm the household’s and producer’s

optimisation problems meet in product maskeEquilibrium in the product markets is

obtained by adding the followingarket clearing conditions:

C=X-§K (2.13)

C2 = X2+ M2 (214)

where E; and M, denote exports of good 1 and imports of good 2 respecfively.

Imports are bought and exports are sol@eabgenous) world prices, which requires a

link between domestic and world prices. Ndoprices are converted into domestic

prices by introducing an exchange rate to the model:

p=p"ER (2.15)(2.16)

where ER denotes the price of one unit ofrégn currency measured in domestic

currency, andp” is the world price of good

2

Good 1 is exported and good 2 is imported due to the assumption that the UK is relatively abundant
in skilled labour, which is relatively intensively used by sector 1.This result is known as the
Heckscher-Ohlin theorem (for a proof of thietinem see for example Falvey (1994, pp. 18-19).
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The exchange rate adjusts such that theetbadance is in equilibrium, represented by:

PE - PoM2=0 (2.17)

Similarly, factor markets clear through factprice adjustments. The full employment

conditions are:

S+S=S (2.18)

U;+U,=U (2.19)

where S (U ) denotes the fixed endowmetsskilled (unskilled) labour.

The household derives income from partitipain the two laboumarkets and receives

an income of:

Y=vs(§+ 8)+ w( 4+ Y) (2.20)

The full set of equations of tH¢O model is displayed in Table 21.

The implementation of the HO model involve®aking a numeraire and making one market clearing
equation redundant. The former, known as the normalisation procedure, is required as all the demand
and supply equations of the model are homogeneous of degree 0 in prices, such that only relative
prices can be established. The latter, knowadras’ Law, states that if n-1 markets are in
equilibrium the nth market will automatically be in equilibrium.
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Table 2.1 The Heckscher-Ohlin Model for a Small Open Economy

COMMODITY MARKETS

Demand C.=C(R P Y) (2.1)
C;=C(R RY) (2.2)

Unit price equations£1, 2) B =Wsag + W, ay (2.11), (2.12)

Market Clearing C=X-f (2.13)
Cy=Xo+ M, (2.14)

FACTOR MARKETS

Demand (= 1, 2) ag, = ag (Wg/ Wy) (2.3), (2.4)
S =a; X 2.7), (2.8)
ay; = a; (Ws/ W) (2:5), (2.6)
U =ay; % (2.9), (2.10)

Market Clearing S+S=S (2.18)
U;+U,=U (2.19)

HOUSEHOLD INCOME

Y=vs(§+ $)+ w( Y+ Y) (220
FOREIGN SECTOR
Price equations£1, 2) p = Q“ER (2.15), (2.16)
Balance of Payments constraintp, E, — p,M,=0 (2.17)

Endogenous variables:  C;, C,, X;, X5, §, $,,U;,U; ,ag ,as, ,ay; .8y, A P Ws
V\{J ’ Y ’ El ] MZ, ER.
Exogenous variables: S, U, p¥, p¥.

Source: Adapted from Dinwiddy and Teal (1988).
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The impact of a shock to endowments on@@ttproduction in the HO model is given
by the R theorem (Rybczynski, 1955). Thiedhem states that, at unchanged product
prices, an increase in thaddwment of one factor, while holding the endowment of the
other factor constant, results in a morarttproportionate increase in the production of
the good using the growing factmtensively and an absdtidecline in the production
of the other good. Also following from the deation of the R theorem is the result that
increasing the endowments of both factorthensame proportion leads to an increase in

the production of both goods in that proportfon.

Two particularly importantfeatures of the HO model rfathe derivation of these
outcomes are that, from equations (2.3)(2d®%), the input-outputoefficients are a
function of relative factor jices only, while, from equatis (2.11) and (2.12), factor
prices solely depend on relatipeoduct prices. That is, Hoth products are produced in
equilibrium, the zero profit conditions can bkelved for factor prices, given product

prices>

The R theorem may be formally deriérom the full employment conditiofis.

Equations (2.18) and (2.19) cha rewritten in terms dhe input-output coefficients:

a51X1+ a52 X2 = S (221)

Xt @y, X=U (2.22)

Another corollary is that increasing the factor emah@nts in a ratio equal to the factor ratio in one
sector increases the output of that sector eadds the output of the other sector unchanged.

The absence of product specialisation requ@efficiently similar relative factor endowments
between the UK and the ROW (Falvey, 1994, pp. 16-17).

The derivation is usually associated with Jones (1965).
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From equations (2.3) to (2.6) we hase= g, (w/w; ) forl =S U andi = 1, 2 so that

total differentiation of (2.21) yields:

dag, X + dag, X%+ ag dX+ ag d¥= dS (2.23)
After further manipulation thiexpression can be written as:

Al +Agl gt d g4 +4 g% =S (2.24)
where a V' denotes a proportionate changs, = S;/ Sis the proportion of factos

used in sector, and ) Ag =1.
i

As commodity prices are unchanged due ®dksumption that the UK is a small open

economy, factor prices are constant such #at 0 for alll, i. Hence equation (2.24)

can be simplified to:

A Xa+AgpXo =S (2.25)
Repeating this derivation faunskilled labour results in:

AyrXe + Ay, Xp=U (2.26)

where 4;; =U; /U is the proportion of factdd used in sector, and Zﬂui =1.
i

Solving for the proportionathanges in output yields:
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%, = @.27)

2.28)
|4

where || = Ag Ay, — dufs,=4 g—4 ;>0 under the assumption that sector 1 is

relatively skill-intensive compared to sector 2.

If the economy’s skilled/unskilled b@ur endowment ratio increases (i.é.> O),

equations (2.27) and (2.28) can be reentin terms of the following expressions:

.. Js(S-U)
X, — :T>O 2.29)
U-X, =#>o (2.30)

The proportional change in the productiorgobds in increasing order of magnitude is

thus captured by:

~

)21> S> U> 5(2 @.31)

Conversely, a fall in the economy’s k#d/unskilled endowment ratio (i.eﬁ >§)

yields:
)A(z >U>S> 3(1 .32
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Finally, balanced growth ifactor endowments (i.(—é: U) results in

X,=U=5= % @.33)

The R theorem identifies the special cases of a change in one factor endowment only,

Expressions (2.31) and (2.32) demoastlr a “magnification effect” of factor
endowments on product outputs occurs. If thel pb skilled (unskilled) labour expands
more rapidly than the pool of unskilledkilted) labour, the pwduction of the skill-
(unskilled-) intensive good grows at a highmate than either factor, whereas the
production of the other good growg at all) at a slowerrate than either factor.
Intuitively, if both sectorsare to continue using unaimged input mixes, the only
manner in which the additional skilledinskilled) labour can be employed is by
expanding production of the skilled- (unskilig intensive good rad contracting the
output of the unskilled- (skilled-) intengivgood, the latter releasing the necessary
unskilled (skilled) labar needed to increase the productaf the skilled-(unskilled-)

intensive good.

~

Figure 2.1, 2.2 and 2.3 illustrate the Rybczynski special caseS>0d, U= 0,

U >0, S=0and balanced growts = U respectively.
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Figure 2.1 Growth in skilled labour
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0
! U

Figure 2.2 Growth in unskilled labour
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<

Figure 2.3 Balanced growth in labour endowments
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1
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The skilled-unskilled labour ratios in the production of good 1 and good 2 (measured
from O, and O, respectively) remain constant aetgiven factor prices. Consequently,

given that all factors are fully employedgetichange in factor endowments alters the
equilibrium combination of output from a bp along the given skilled-unskilled labour
ratio lines. In Figure 2.1 (Figure 2.2) the jputt of the S-intensi& (U-intensive) good 1

(2) increases following a rise in skilled (unskilled) labour endowments, whereas the
output of the U-intensive (S-intensive) goodl? decreases. In gure 2.3 the output of

both goods increases by the common grawth of the labour endowments.

2.3 EFFECTIVE LABOUR ENDOWMENTS, RESOURCE USE AND
CHANGES IN HEALTH PROVISION

2.3.1 Introducing iliness and health
The need for and existence of a health sector stems from the presence of people with ill

health. Assuming that all people are workingpefalthy and not working if ill, a decline

in population health caused by illness redubesnumber of people able to work (full-
time and/or part-time) and so reduceHective labour endowments, whereas an
improvement in population hiéa increases effective labbendowments available for
use in the production sectors. Ignoring foe tnoment the cost and resource claims
associated with reaching a particular leveheélth, and assuming that a health measure

is agreed on, a change in health thus has a parallel effedeotivef labour supply.

The repercussions of a change in the hedgtie population on the structure of output

are analogous to those predicted by thiaédrem following changes in relative factor

endowments. If health improvements are ¢quaoss labour types, balanced growth, as
in expression (2.33) and Figure 2.3, présdif, on the other handkilled (unskilled)

labourers were to benefit more than kibed (skilled) labour from a health
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improvement, the magnification effect, as expression (2.31) (expression (2.32)),
results. The latter includes the special cases identified by Rybczynski for which the
health of only one labourype improves, given the healtif the other labour type

(Figure 2.1 and 2.2).

The analogy of the impact of a changepwpulation health with the conventional HO
model and R results breaks down with respect to per capita income. Whereas this
analysis accounts for the pesee of people potentially abte work but not working
because of ill health, the conventional H@del excludes these by assuming that all
factor endowments are fully employed andts® population is identical to the working
population. Consequently, any change aotér endowments leads to a corresponding
change in the value of total output and leaminor effect on per capita income for
sufficiently similar factor endowment charsgen the extreme case where endowments
change in the same proportion at given @atices, the output of each sector changes
by the same proportion, so does its value giviin wages, so does the income of each
factor. It follows that per capita real income (and the consumption of both goods) is

unchanged.

In contrast, illness reduceffextive labour endowments atigus reduces the total value
of output. Given a rise in the number péople unable to work due to illness, and
assuming a redistribution mechanism from wedl (working) to the ill (not working,

but still consuming), this results in a fall per capita real income. In the example

above, if an equal proportion of each labtype falls ill and so cannot work, the total
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value of output, factor income and hence reabme per capita (and consumption) falls

by the same proportion.

The discrepancy between the standard Rltesand an analysis of health-related
effective endowment changes with respect to per capita income may be formally
derived by comparing two variables, per itapncome of the working population and

per capita income of thtetal population (workingnd non-working due to ill health).

In the initial equilibrium per capita incomd,, of the working population (denoted

byE) is:

g =25 W Ue .34)
Se + Ug

where St and Ug denote effective, i.e. able twwork, endowments of skilled and

unskilled labour respectively.

Total differentiation of quation (2.34), given thding = dw; = ,Gields:

die | WedSe+ W, dUe  dS: + dUe (2.35)
=F WsSg+ W,y U S+ Ug

so that the proportionate change in periteapcome of the working population equals:

f _ WSSEASE—i_ W) UE'\UE_SEA%+ UE,UE (2.36)
- Ws Sg+ W, Ug S+ Ue .

" Of course, if illness implies inevitable death there is no need to redistribute income and per capita

income remains unchanged.
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After further manipulatiorquation (2.36) yields:

lAE:(w_V)(éE_OE) 2.37)
where @ :WS—SE denotes the share of skilled labour in the total income of the
WsSg+ W, Ug
working population andy = SESEU denotes the share akilled labour in total
+ Ue

effective labour supply.

Developing the expression far — y yields:

oy = (ws—wy) SgUe 2.39)

(WsSg+ Wy Ug)( S+ Up)

which is positive assuming thaws > w,, i.e. skilled workers earn a higher wage

relative to unskilled workers.

From (2.37) an improvement in healthr fboth types of workers if identical, i.e.

éE = UE >0, does not affect per capita income of the working population.
Additionally, if the health improvement hgher for skilled (unskilled) labour relative

to unskilled (skiled) labour, i.e.éE > OE >0 (L]E > éE >0), per capita income of the

working population will rise(fall). Thus if the governmenis solely concerned with
maximising per capita income of the workipgpulation, equation (27) provides an
argument for targeting government health polit terms of the provision of treatments

to skilled workers only (or worse, toteeorate the health of the unskilled).
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In the initial equilibrium per capita incom# the total population, working and not

working, is
| = WsSet W Ue 2.39)
S+U
Total differentiation oequation (2.39) yields:
dl = WsdSg+ w; dUg ©.40)

S+ U

so that the proportionate change in periteaipcome of the population can be derived

as:

A ~ A ~ A

~o& +(1-7) Vg =o( S -Ug)+U¢ (2.41)

Given that the total population does not chan§ar(d U are exogenous)f also
represents the proportionate change inltoteome or GDP and, in the absence of

intermediate inputs, the proportionate changdéntotal value of output at world prices.

From equation (2.41) an improvement health for both labour typeS%E >0 and
UE >0, generates an increase per capita income of thpopulation even if health
improvements are equal across labour types (%Ee; 0E>O). Nevertheless, for a

given level of health immvement of the unskilled,]E >0, the increase in per capita

income will be higher the more the healthséilled labour is improved relative to the

health of unskilled labour. Hence, if tgevernment’s prime objective is to maximise
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per capita income of thetd population, equatio(2.41) sugges policy predicament

of targeting treatments towarall skill types, but relatively more to skilled labour.

Bearing this in mind, in théallowing sections the change the healtlof the population

will be modelled on a non-traded health sector. Throughout the analysis it is assumed
that health solely affects income, via its mspon labour market participation, and does
not appear in the utility function. Any gains from changes in health are thus purely

monetary.

2.3.2 Introducing health care
The improvement in health must be accountednféerms of cost ancesource use. It is

assumed that the changeshmalth come about through cfiges in the size of a non-
tradable health sectod. Ethier (1972) assessed hove timtroduction of a non-traded
good alters the Rybczynski result. In thegence of a non-traded good, an increase in
the endowment of each factor will be ity absorbed by the production of the non-
traded good, and so output changes inrémeaining traded good sectors depend on the
factor intensity in the non-traded sector and the characteristics of demand for the non-
traded good. The analysis here differs ie tlespect that changen effective labour
endowments are conditioned upon changethénproduction of a non-tradable health

sector.

Health care is provided by the governmeist free at the point of use, and its
expenditure is determined patilly and thus is exogenots the model. The necessary
finance for health care provision is obtaingéirectly from households via a lump-sum
transfer. The health sector employs skilld! unskilled labour ithe ‘production’ of

healthy people by treating the ill, i.e. health care adds value to the ill. Il persons who
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are not (successfully) treated and thereforeblento work are recorded in an artificial
waiting list sectorW.? The interrelations between thedith sector and the waiting list

sector in a one-period framewaake depicted in Figure 2.4.

Figure 2.4 Public health care, demand rationing and the waiting list

Beginning of period End of period

A 4

waiting list waiting list
Remain ill

A 4

Number of treatments
of certain quality/cost well

Newly ill T

Production of health care, Xu,

determined by fixed budget

A

Skilled labour Unskilled labour

In this framework health status is measuirederms of ability to work. The output of
the health sector, ‘well’, is the number péople treated and ‘curednd thus able to
work, the remainder being added to the waiting’listso following from Figure 2.4 is
that the change in the size of the waitlisg sector depends ahe number of people
who become ill (i.e. the number of peoplemdanding treatment), the size of the health
sector (i.e. the number of available treabnts of a given quality and cost) and the
effectiveness of health canme curing people (i.e. the @fttiveness of treatments), the

latter two determining the number of ill @ering from illness. Consequently, given

In this UK-centred example, it is assumed thatglven health budget is insufficient to treat all those
presenting themselves as ill, such that the waiting list is positive.

An alternative interpretation, involving scaling in terms of worker-hours, is that it is the proportional
reduction in the degree of illness of all, witike proportion of ‘semi-aed’ workers becoming an
addition to the effective labour force.
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the number of new ill and the quality/cost of treatments, a rise in the provision of health
care, Xy , increases the number of people treasded cured, and thereby reduces the

waiting list, W, that period.

The introduction of a health sector and an artificial waiting list sector alters the

equations of the HO moddeveloped previously.

Starting with the consumption of health ¢drealth care demand is rationed such that:

Cy = Xy k.42)

where X, denotes the amount of health care thatgiven healtbbudget can purchase

and C,, is the consumption of health cdfe.

Given the output of health cade,, , a representative producetinimises the cost of

production. Assuming CRTS in the productiorogess this yields the equivalent of

expressions (2.3) to (2.6) for the ingautput coefficients for health care:

agy = ag, (Wg Wy .43)

ayy =y (Ws/wy) 2.44)

where the input-output coefficients;,, anda,,, are defined asig,, =S,/ Xy and

ayy =Un /Xy, Sy andUy denote the quantities ofild and unskilled labour,

% The exogenous health budget is modelled via a lump-sum transfer by the representative household

and consequently dealt with when discussing household income. If the health good had a price to the
household then its introduction to the model would change the demand equations for gb@d 1 an
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respectively, employed by the health secod sector H is assumed to be the most

skill-intensive of all sectorsag,, /ay,, > ag/ay > ag/ ay -

Total demands for skilled and unskilledbtaur by the health sector follow from

multiplication of the input-output coefficients by the output of the health sector:

Su = a5 0.45)

Un =ayy Xy @.46)

The price of health care to the governmisndetermined by the cost of producing one
unit of health care, the equivalent of the zero-profit conditions (2.11) and (2.12) for

health care:
where py denotes the price diealth care.

Ignoring the loss of working time in undming treatment, the full employment

conditions (2.18) and (2.19) are substituted by:
S+S+ &= 8 2.48)

S$-5 § @.49)

' This is equivalent t&, /Uy > §/ U > $/ U, which is in contrast to the conventional HO models

with a non-traded good that assuthe factor-intensityf the non-traded good sector is in between
those of the traded sectors. In this mdulith care is intrinsically non-tradable.

2-22



HEALTH PROVISION EFFECTS IN A HO FRAMEWORK

U,+U,+Uy, =U @.50)
1 2 H E
UE:U_UW QSl)

where S and Ug denote effective, i.e. able twwork, endowments of skilled and
unskilled labour respectively anffy, and U,, the amounts of skilled and unskilled

labour, respectively, on the waiting list.

In agreement with the linkagessplayed in Figure 2.4, ¢hsize of the waiting list for
skilled and unskilled labour ia typical period depends on thige of the iitial waiting
list, the incidence of illness (number ofwdlness cases as a proportion of given total

endowments) and the outpftthe health sector:
Sw=Sv( % § 1) aSw/0% = Su( Xe § i) <0 (2.52)

Uy :UW(X H;US\,,irL}J) Uy /0X 4 :U\'N(XH;USV, ier)<o (2.53)

wheres?v and U\?\, denote initial (given) waiting lists, ands andir, the exogenous
illness rates for skilled and unskilled labour respectively, &g and U,, are

decreasing functions biealth sector outpdt.

Finally, the household derives income frahree sources of employment, the two

tradables sectors and health care, $hahequation (2.20% replaced by:

2 The second-order derivative of the waiting lists witspect to health care is assumed positive, so

that waiting lists are decreasing in health careabwat decreasing rate. Waiting lists can not become
negative.
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Y=us(§+ S+ |)+ w( W G+ Y)- T (2.54)

where T denotes the exogenous lump-sum trangiid by households to finance the

provision of health care, given by:

The full HO model with a non-@dable health sector is displayed in Table 2.2.

The formal derivation of the R theorem withilre context of this model is identical to
the standard procedure, with the differetitat changes in effective labour supply are
conditioned upon changes in health prmns Starting with the full employment

conditions (2.48) to (2.51), rewritten i@rms of the input-output coefficients:

A Xt @, Xot gy K= b= U=y (2.57)

wherea; =g, (w/w;) forl =S Uandi =1, 2, H.

Total differentiation of (2.56) yields:

dag X+ dag, X%+ dag, X + g dx+ g d¥+ g dX= ¢g2.58)
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Table 2.2 The Heckscher-Ohlin Model with Health Care

COMMODITY MARKETS

Demand CG=C(R PY (2.1)

C;=C(R RY) (2.2)

C, = X, (2.42)
Unit price equationsi£l, 2, H) p =wsag + W, &, (2.11), (2.2), (2.47)
Market Clearing C=X-§ (2.13)

C,=Xy+ M, (2.14)

FACTOR MARKETS

Demand (= 1, 2, H) ag, = ag (Wg/ Wy) (2.3), (2.4), (2.43)
S=a X (2.7), (2.8), (2.45)
ay; = ay; (Ws/ W) (2.5), (2.6), (2.44)
Ui =ay; X; (2.9), (2.10), (2.46)
Market Clearing S+S+§ =8 (2.48)
S=5 % (2.49)
Uy +U,+Uy =Ug (2.50)
U, =U-u, (2.51)
Waiting Lists Su = S X 1) (2.52)

08w /0Xn = Su( Xai & 1isS) <0

Uy =Uw (X 4 UGir ) ) (2.53)
AUy Xy = Uy ( X Ugyir ) ) <0

HOUSEHOLD INCOME

Y=w(S+ S+ §)+ W W W+ U)- T (254)

T = py Xy (2.55)
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Table 2.2 Continued

FOREIGN SECTOR

Price equations € 1, 2) p = p"ER (2.15), (2.16)

Balance of Payments constraintp, E, — p,M,=0 (2.17)

Endogenous variables: C;, C,, Cy, X1, X2, Xy, S, S, Sy » S, Sy U1 Uy Uy Vg Uy
gy, Ay Asy s &Yy Bup s@Up s PLy P2y PH L Ws W LY, By Mp  ER.
Exogenous variables: g |4 oY, Y irg iy SR/ U\?V T

Since total skilled labour endowmen$;, the illness ratey, and initial waiting list for
skilled Iaboursﬁ,, remain unchanged, the right-haside of equation (2.58) may be

rewritten as:

dS: = dS- dg=0-0 /@ X dX (2.59)
Manipulation of equation (2.58) yields:

Aglgtaglgtlgl g+4 gatld Ho+4 X S £ (2.60)
where, as before, a * denotasproportionate change, while; =S;/ & denotes the

proportion of S employed in sector i, anE/ISi =1fori=1, 2, H.

Expression (2.59) can be rewritten as:

S =[5 6aw X ©.61)
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where ‘gf(w ‘ :_%%:—s}v( Xu: S ﬁ§)X§H>O denotes the absolute value of
" H

the elasticity of the waiting list for skillethbour with respect to the production of

health care, andg,, = S,y/ Sg>0 the ratio of skilled labour on the waiting list to

effective skilled labour endowmentsettdependency ratio” for skilled labotit.

Combining (2.60) and (2.61), while substitutiag, =0 for i = 1, 2, H (small country

assumption) andZH =T (as py =0), yields:
IsKit dsRo=(S g [eR -2 & )T (2.62)

Repeating this derivation fainskilled labour results in:

~

JurRa+ Ay 2 Xa = (Gow ||~ dum | T .69

where 4, =U; /Ug denotes the proportion &fz employed in sectdr z/lui =1 for
i

i =1, 2, H, andsy,, =Uy/Ug >0 the ratio of unskilled lour on the waiting list to

effective unskilled labour endowments, tteependency ratio” for unskilled labour.

:—w—wx—Hz—U\}v(XH;U\(,’V,irlp )X—H>O denotes the absolute value of the

o
Xy Uy Uw

Xy

elasticity of the waiting list for unskilled labour with respect to health care output.

¥ Note that this implies that the elasticity dfeetive skilled labour endowments with respect to the

production of health careéE/ 5(H , is equal to‘e:)s("’ ‘-53/\, .
H

2-27



HEALTH PROVISION EFFECTS IN A HO FRAMEWORK

Expressions (2.62) and (2.63) formsystem of two equations in two unknowr)ASk and

)22. Solving for the proportionalhanges in output yields:

A

. T
X, =m[(ﬂu 205w ‘gfgﬁ ‘—/1825Lw‘8>lfﬂ)+(i oA u— w5 )J (2.64)
-

%2 :m[(islguw ‘SL)J(\LV‘_&Ul‘SSN‘giz ‘)4_(’%1}L su—A ety )} (2.65)

where || = Ag;Ay, — Auts, >0 under the assumption that secl is relatively skill-

intensive compared to sector 2.

The extreme possibility o’fgi‘t’" = ‘gl;(‘g‘ = 0, implying the absee of any (positive)
impact of health sector output on effective labour endowments, simplifies equations
(2.64) and (2.65) to:

~

s T
Xl = ml://iSZ/lUH —/134 /’LU2:| (266)

. T
X, =m[ﬂu1/15H ~Agduy | (2.67)

Expressions (2.66) and (2.67) reflect greportionate changes in output of sectors 1
and 2 respectively following a change government expenditures on health care,
assuming the latter impacts the labour markdy via the resource claims it makes.
Since the skill-intensity ofhe health sector differsdm the economy-wide effective

endowment ratio, a change in the size & bealth sector will affect the amount of
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skilled relative to unskilledabour available for use in the tradables sectors. Hence, the
relationships depicted in (2.66) and (2.6€scribe the “factor-bgaeffect” of a change

in health care output. The remaining terafsequations (2.64)ral (2.65) depict the
“scale-effect” of a change ihealth care output, i.e. thepact of improved health on
effective endowments of skilled and unskillabour, which was investigated in section
2.3.1M 1t is useful to consider the factor-biaféeet in isolation fir$, before continuing

with the overall impact, i.e. factor-bias plssale effects, of an increase in the output of

health care on the productiontbe non-health sectors.

2.3.3 Factor-bias effects

If government expenditure dmealth care increases ¢ 0), given that the health sector
is the most skill-intensive sector, the statunskilled effective labour endowment ratio
for the rest of the economy must fall. @re basis of the R theam, one expects the
output of the relativelgkill-intensive traded good (sectby to fall and the output of the
other traded good (st 2) to rise”®> There are two cases tmnsider, depending on
whether the middle-ranking sect@ector 1) has a skilled-skilled labour ratio greater

or less than the effective endowment ratio. ket %/ U, , wherej = 1, 2, H or E (for

the effective endowment ratio) eh the two cases are as follotfs.

" These terms resemble equations (2.27) and (2u28)now with changes in effective labour supply

conditioned upon the provision of health care.

> In theory, the output of the other good (2) could fall as well, but this situation is med¢iace as the

health sector is assumed to be the most skill-intertdie#l sectors. If this is not the case, the output
of sector 2 would fall.

6 At least one sector must have a skilled-unskilled labour ratio greater than and at least one must have

skilled-unskilled labour ratio less than the effective endowment ratio. If the skill-intensity of the
health sector were to remain unspecified, there would be six possible outcomes depending on the
ordering of skill intensities in the three sectors relative to the effective endowment ratio, being:

Dsi>s>%>9. sy >>9>9.0@) s>y >%>9. @) s>%>5>9,0)
S>> > . and (B)s > >S5 > § -
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Caselisy>5>%> S

) .. ) A A
The health sector is more dkiitensive than sector 2, sei>%, or
H 2

AsyAu, —AspAuy >0, hence from equation (2.66§1< 0. Similarly, the health sector

is more skill-intensive than sector 1, dg,, 4y, —~1g4yy >0 , hence from equation

(2.67) )22 > 0. In order to assess whether or r'fobxceeds)A(Z, the latter is subtracted

from the former, yielding:

P_% - _I{/isl(/luH +/1U2)|}—L|/1U1(ﬂua4 +1g) 2.68)

Since Ay + Ay, =1-4Ay,, Asy +4g =1-Ag this expression can be simplified to

T“—>A<2=f{—ﬂsl|;|ﬂul} 259

§ > § implies A, -4, >0, and thereford > )A(Z.

Thussy >s> > 8§ implies T > )A(z >0> 5(1. Figure 2.5 illustrates.

The given government health budgeét, is allocated efficiently to purchase factors of
production, S; andU, at given factor prices and technology. The remaining factor
inputs are allocated to sectdr(measured from the south-west corner of the ‘health
box’) and 2, giving equilibrium point a. As the government budget is incredseo,
labour employed in healtbare increases t8, andU,,, while the amount of labour,

and the skilled-unskilled labour ratio, for thest of the economy falls. Consequently,
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the output of the relativelgkill-intensive good 1 decrease#hereas the output of good

2 rises, as indicated by b.

Figure 2.5 Factor-bias effectsn the HO model - Case 1
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Case2: sy>5>%> 8
This situation is identical to case 1, except for the ordering of the middle-ranking sector

1 relative to the economyide endowment ratiosg > § implies Ag, — 4y, <0, so that

)22 >T, and the overall ordering of proportionatbanges in sectooutput equals

X, >T >0> X,. Figure 2.6 depicts this situatidn.

" In Case 1Rigure 2.5) sector 2’s output expands proportionally less than the increase in the health

budget, in Case F{gure 2.6 ) by proportionally more.
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Figure 2.6 Factor-bias effectsn the HO model - Case 2
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2.3.4 Factor-bias and scale effecttiomogeneous health and treatments
Returning to equations (2.64) and (2.65) withsitive waiting listelasticities, there are

a myriad of possibilities, depending on thelenng of skill-intendies in each of the
three sectors and the artificial waiting list|ative to the overalleffective) endowment
ratio, and the waiting list elasticities rf@killed and unskilled labour. To limit the
number of possible outcomes of an expamssb the health seot, waiting lists are
henceforth postulated as being homogeneotils lkealth and, thus, in treatment across
labour types. Equal proportions of each labtyoe fall ill from one type of iliness,
which affects labour types in the sameyvand requires a unique type of treatment,
which needs the same amount of health proriand is equallyféective across labour
types*® Assuming that health care is alloed in proportion to the number of each
labour type becoming ill — and sot targeted to any particulakill type, an increase in

health provision, given initial waiting lis{svhich are, by assumption, proportionate to

8 Evidence suggests that the incidence of illness is higher in low-income groups and that these groups

consume less health care and are less efficient “producers” of health (i.e. respond less well to
treatment), but for simplicity of exposition this is abstracted from.
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total endowments of the respective labour $ypend the incidence of iliness, leads to
identical proportionate reductions in the wagtlists of skilled ad unskilled labour and
thus an equi-proportionatese in effective skilled andnskilled labour endowments.
Hence, the expansion of the health budget iadumalanced growth in effective labour

endowments.

In terms of the specification of the HOodel with health care, the assumption of

homogeneity in terms of illness and treatment simplifies the waiting list equations so

thatirg =iry and Sy ( ) andJ,y( ) are identical functionésee equations (2.52) and
(2.53)). Furthermore, with respt to the R theorem derivatio{laf(ﬁ ‘:‘g;m =¢>0 and

dgy =Ouy =0 > 0. Equations (2.64) an@.65) thus become:

~

>21=|T7|[5S(AU2—/152)+(/152/1UH ~Auds)] (2.70)

A

N

X, =|T7|[5g(/151—/1ul)+(/lulﬂa4 raml (2.71)

The scale effects of an expansion of tealth budget for sector 1 and 2 are given by,

respectively:

X7 =m[5g(xuz ~s,) ] @.72)
X5 =|T7|[5g(131—/1ul)] @.73)
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and the factor-bias effects for sect and 2, respectively, are:

T
X{ =[ AspAup — Auhsy | 2.74)

14|
XF—f Aers —Aad 2.75
z—m[ﬂul sh—AsAug | (2.75)

where X; = X{ + X andX, = X5 + X3.

Equations (2.70) and (2.71) cdwe further simplified using4,, =1-4,;-4,

andis,, =1-1g — g, , Which, after manipulating terms, yields:

A

Xy =|T7|[(5g—1)(/1U2 —Asp)+[4]] (2.76)
X :|T7|[(55—1)(/151—/1U1)+|1|] 2.77)

Or, equivalently:

~

~ T A
Xlzm(§g—1)(ﬂU2—lsz)+T 2.78)
. T R

X, =m(5g—1)(/151—/1ul)+T 2.79)

where || = A5 Ay, — Auds, >0 under the assumption that smct is relatively skill-

intensive compared to sector 2.
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If government expenditure dmealth care increased ¢ 0), given that the health sector
is the most skill-intensive sector, the skiltunskilled effective labour endowment ratio
available to the rest of the economy falls, whereas, at the same time, both the skilled and
unskilled effective (i.e. able to work) laboemmdowments rise in the same proportion for
skilled and unskilled labour. Consequently,tba basis of the R theorem, the output of
the skill-intensivegood (sector 1) as wedls the output of thether good (sector 2) may
fall or rise, depending on the sign and magptet of the factor-bias and scale effects.
There are a total of seven cases to consaigending on the magnitude of the elasticity
of effective labour endowments with respeché&alth care, i.e. thwaiting list elasticity
times the dependency ratio and, as tefadepending on whether the middle-ranking
sector (sector 1) in terms of skill-intens#tibas a skilled-unskilled labour ratio greater
or less than the effectivendowment ratio. One case Ikistrated below, whereas the

other six possibilities ar@cluded in the appendix to Chapter 2, Section Al.

A Asy —Agpd
Casel: sy >s> ¢ > sandl- A _luotsn mAgtu g5 q19

(Au2—72s2) Ao = Asy
According to the first part of the conditiob@ve, i.e. the ranking of the skill-intensities,

A
252 o

) . . A
the health sector is more skill-intensive than sector 2, —s%'—>/1U
H 2

AsyAu, —AspAuy >0, hence from equation (2.74§1F <0. Since the health sector is

also more skill-intensive than sector A, A4, —Ag4yy >0, and hence from equation

1 The lower boundary fods can be derived from either equation (2.70) or equation (2.76) by setting
)21 > 0. Notice that the value of the lower boundary is positive but less than 1, given that the health
sector is more skill-intensive than sector 2, thattor 2's skill-intensity lies below the effective
skilled-unskilled labour endowment ratio and th741> 0.
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(2.75) )25 >0. Sector 1 has a higher skilled-urgd labour ratio compared to the

effective endowment ratio, so thag, — 4, >0, and from equation (2.735(? >0and

hence)A(z = )A(ZF + >“<§ > 0. Similarly, sector 2 has a lower skilled-unskilled labour ratio

compared to the effectivendowment ratio, so that,,—-4s, >0 and from equation

(2.72) )213 > 0. Therefore, using the first part tfe condition for Case 1, sector 2’'s
output rises, whereas sector 1's output will rise or fall depending on whether the scale
effect outweighs the factor-bias efte This, as well as the ranking of compared to

X, (and X,, for X; >0), is determined by the magnitude of the elasticity of effective

labour endowments with spect to health carejs, given by the second part of the

condition for Case 1.

In order to assess whether or Ffot3xceeds>22, the latter is subtracted from the former

(using equation (2.79), yielding:

T, = f{(l‘ 58)(;'51‘*“1)] 280

Since Ag, — Ay, >0 andde <1, T~ X, > 0.

A
(202~ 1s)

Using equation (2.76)s >1— implies X, >0.%°

The ranking of)zz and )21 is obtained from equations (2.78) and (2.79):
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A

X, - >“<1=|T7|(1— 0¢)| (Aup—4sz)~(Ag—Auy) | (2.81)

which, given4,, =1-4,, -4y, and Ag,, =1-A1g - 1s,, can be simplified to:

A

- o T
Xy — x1=—|(1—55)(/13H ~Aug ) 2.82)

|2

Sincesy > &, Agy —Ayy >0, so that, giverse <1, )22 > )21.

A _Au2tsn At <de<1 implies

Thus sy >§> %> s and 1-
(A2—4s,) A2~ %sy

T > X, > X, >0. Figure 2.7 illustrates this situation.

Figure 2.7 Factor-bias and scalefects in the HO model - Case 1
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The same result is achieved by combining equation (2.705@13(!’1“2 SH /132 tH
2~ 4s2
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The maximum possible endowmetitsf skilled and unskilled labour are exogenous

and equal toS andU . As before, inputs into the Héasector are measured frody, ,

while those unable to work and thus on #réficial waiting list are measured from

Qy - At the original level of health prasion, the number of potential skilled and
unskilled workers remaining on the waiting list &g andU,, respectively (and by

virtue of the previous assumptionseain the same proportion as the economy’s
endowment ratio). The inner box then givesskiled and unskilled labour available to
work in the two tradables sectors. Measgrinputs for sector 1 from the south-west
corner of the ‘healthbox and inputs into the productiah sector 2 from the north-east

corner of the ‘waiting list’ box allows us to determine the equilibrium point at a.

As the government budget is increaséd; 0, labour employed in health care increases

to S, andU,, while the provision of extra hehlcare reduces the numbers on the
waiting lists tosj\, and U\j\,. The new equilibrium is given by b. Given the original
waiting list size, the factor-biadfect, captured by the move frond(,, S,) to (U*H ,

3*4 ), increases the output of sector 2, whe@aput of sector 1 is almost reduced to
zero. Subsequently, given the new size of thadthesector, the scale effect, reflected by
the change in the waiting lists frorlg,, Sy) to (Uy, Sy), increases the output of

both sectors. In Figure 2.7, the scale effectsector 1 outweighs the factor-bias effect,

such that the output of bosector 1 and 2 rises.

2L In the sense that there is no ill health, and hence no need for health provision.
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Table 2.3 summarises the proportionate changeutput of non-dalth sectors if the
health sector expands for all seven cases€€ 2-6 are developed in the appendix to

Chapter 2, Section Al).

Table 2.3 Output changes in the HO model flowing a rise in health expenditures

Relative factor Waiting list elasticity and dependency ratio assuming QUtpUt changes for
intensities homogeneous health and treatment T>0
p) Asy — Asph A
Case 11— AL _ Aot —tolm sy T>X,> % >0
(’IU2_/182) Ao —Asy 2o
4 A2tsn — At ug - S
sy>>%> 9 | Case 20< s <1~ = T>X,>0> X
(ﬂuz_lSz) A2~ %sy ? !
Case 3.5c >1 X;>X,>T>0
2 g Auy — Ay S .
Case 4se>1- P _Fsron ~Audey X, >T>0> X
(As1— A1) Agy — Auy ! 2
y) A AUy — Augh A s
Case 51<ds <1-— L _ situn ~Puids, X, >T> X,>0
6 o5 5s s (Asp—2u1) Ag ~Aug
A Auadsn —Astug N
Case 61— = <de<1 Xo>T> X >0
(%2_182) ﬂUz_/ISZ
A Agy — Aol - ~ A
Case 70< s <1 VL Auotsu ~2srhun Xy >T>0> X
(ﬂuz_lSz) Ao~ Asy

The rankings of relative output changesdsh on factor-bias effects alone (Section
2.3.3) are preserved only if the elasticity effective labour gpply with respect to
health careye , is ‘small enough’ (and &s than one), which iustrated by Case 2 and
Case 7. In these cases, the output of th&illed-intensive good 2ises and the output

of the other good falls. Gradually increasing leads to a rise in production of the
skilled-intensive sector 1 as well, provtet is less than one (Cases 1 and 6).
Improvements inde thereafter makes the output rise for sector 1 stronger than that of
sector 2 (Cases 3 and 5), which could in pasicular situation lead to a fall in output

for sector 2 (Case 4).
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2.4 MODIFICATIONS TO THE HECKSCHER-OHLIN MODEL:
INTRODUCING SPECIFIC FACTORS

The previous section illustrated the impact of health-related endowment changes,
conditioned on the output of a non-tradablaltiesector, on the outputs of non-health
goods in a simple, low-dimension HO mod#&lhereas this has led to important
insights, it is unclear to what extent theuks carry over to a more complex model. In

the theory of internationalrade, a general body of thgohas been developed to
examine the generality of results of simple models. Whereas various modifications have
been examined in detail elsewhéfethis section concentrates on one particular
assumption which, if altered, is expectedhave a significant impact upon the results.
This is the assumption of perfectly mobibcfors of production. Msi of the value of
health care output represents value-addeddrform of wages to health care personnel,

so that if part of the labour endowmentsagsumed specific to &ers, i.e. immobile,

the output change of health care is restricted and, also, non-health outputs are less
responsive to changes in endowments. Hatien includes an analysis of Rybczynski-
type effects when the government allowsithenigration of foreign health care-specific
skilled labour in ordeto alleviate rationing of healttare. Before proceeding with the
introduction of specific factors, other pdssi extensions important to the HO model
with health care are briefly addressed. Ehage: the use of intermediate products, the

impact of removing the small country asstion and the issue of dimensionality.

2.4.1 Intermediate inputs, small courmy assumption and dimensionality
Intermediate inputs are of secondary importance compared to value added in the

production of health care. Also, accordingRalvey (1994), adding inter-industry flows

22 Falvey (1994) provides a useful survey.
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to the conventional HO model does not chaitgebasic results. While there are two
alternative measures of factotensity - direct (valuedded only) and total (factor use
in value added and intermediate inputs) - the ranking of products by either measure is
the same. If the intermediag@od is not also produced aginal product, the number of

factors and products is unequal, whieads to dimensionality problems.

The small country assumption implies thates are fixed on wadl markets. Allowing

for a ‘large country’ in the sese that it can influence therms of trade implies that
product prices and thus factprices are not constant anyraan the analysis of health
conditioned labour endowment changeshe theory of immiserising growth
(Bhagwati,1958) suggests that growth im tbountry’s more abundant factor - here
skilled labour, where the growth would baused by an improvement in health, may
reduce welfare by turning the terms of tradginst its exports and so reduce the real

income of the growing country.

Ethier (1984) and more recently Falved994) investigate the impact of changing the
(relative) dimension of the model from a 2 x 2 toraxxm HO model with n products
and m factors. The R theorem derived frtme simple HO model carries over to a
higher dimension HO model a®rrelation, provided thabh> m. There is a tendency
for an increase in those outputs using intexlg those factors invose endowments have
risen and a decline for the others. If endowrsaitone factor risat can be shown that
there exists at least one sector for witioh relative output change exceeds the relative
endowment change and at least one setiorwhich the relative output change is
negative. In between these two extremes, rore (less) intensive a good is in the

expanding factor, the higher (lowéhe relative output change.
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2.4.2 Specific factors
The existence of specific factors is ofteted as a reason why the impact of changes in

factor endowments on domestic outputs magtballer in reality that that predicted by
the R theorem. The Specific-Factors (SF) model (also knowRi@sdo-Viner, or
Jones-Neary model) assumes that a fact@aich sector, usually capital, is specific to
the sector and hence immobile across®@sctwhereas the othdactor, labour, can
move freely between the sectors. As a egugnce, in the conventional HO model there

are two rental rates for the capital stocleath sector next to a uniform wage rate.

The SF model arose in reactitmthe inability of conventional trade models to explain
factor-owner reactions to international trgut#icies. While the R theorem predicts that
factor returns remain unaffected by changeendowments, in rei@&f a policy such as
liberalisation of immigration rictions leading to a rise labour supply is strongly
opposed by workers and much favoured byitehpwners, which seems at odds with
the theory. The SF model reconciles swehl world phenomena with conventional
trade theory by showing that in the short-same factors are temporarily locked in, so
that factor rewards change in response=xternal shocks, véreas in the long run
initially locked-in factors will become mobile, and respond to differences in sectoral
factor rewards, so that gradual adjustmi@ntong-run equilibrium can take place. The
SF model can thus be interpreted as artsterm version of the conventional HO

model?®

23 Examples are Mayer (1974), Neary (1978) and Neary (1996). Another version regards the SF model

as a generalisation of the Ricardian model. Thétalagtocks in the two sectors are treated as two
different types of factors so as to encompas®ofadhat are always immibd between sectors (e.g.

land in one sector and capital in the other). This implies a 3-factor, 2-sector model. See for example
Jones (1971) and Caves et al. (1999, Chapter 6).
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The conventional SF model with two sectors #éiree factors, labowand two types of
sector-specific capitakrrives at different conclusionggarding the impact of factor
endowment changes on factor returns amdabmposition of outputs compared to the
conventional HO model. With respect to factreturns, the SF model predicts that
growth in labour supply lowers the wagedaincreases rents to both types of sector-
specific capital, whereas growth in either capital type improves wages and reduces
rents. Specific factors therefore share a commtarest contradicting that of the mobile
factor, which is to welcome any policy thaalbs to a rise in the supply of the mobile
factor labour and to disapprowé those leading to an incream either type of specific

capital.

In terms of output chayes, the SF model shows that théputs of both sectors rise
following an increase in the supply of the mobile factor, irrespective of factor
intensities, but remains inoclusive about the orderiraf these relative chang&sAn
increase in the supply of a specific capitgde would lead to a &s than proportionate
rise in the output of its sector of employrhémhich invalidates the magnification effect

of the standard R theorem), but would stdkult in a fall in the output of the other
sector as the supply of its specific factofixed and some of the mobile factor has been

drawn into the expanding sector.

The specific factor introduced into the H®odel with health care is skilled labour.
Compared to the tradable good sectors 1 atite health sector ighe sector in which

skills are mostly specific. In order to ket number of modifications to a minimum,

24 The ranking of relative output changes is influenced not only by relative factor intensities, but also by

the relative magnitudes of the elasticities of (factor) substitution in both sectors.

2-43



HEALTH PROVISION EFFECTS IN A HO FRAMEWORK

while still addressing the quisn of how factor-specificity alters the results, the
specificity of skilled labour is narrowed down to health care only. The remainder of
skilled labour endowments is non health especific, or tradables-specific, and can
move freely between sectdr and 2. Unskilled labour meains perfectly mobile. In
terms of the HO model with aon-tradable health sectorgfile 2.2) this implies the

following changes.

Firstly, there are two types of skilledblaur, health care-specific skilled labour and
tradables-specific skilled labour. Each of these types of labour has exogenously fixed
total (potential) labour endowments and $signed a separate waiting list. The market

clearing equations for skilled labol{2.48) and (2.49), thus become:

S+S= ¢ 2.83)
S$=5-% R.84)
Si=¢ @.85)
si-di_ ¢ 2.86)

where ST and S" denote total potential (and exogeis) skilled laour endowments

specific to tradables and health care respectively,and St effective, i.e. able to

work, skilled labour endowments specific tadables and health care respectively and
Sy and S the number of tradables- and health care-specific skilled workers on the

waiting list respectively.S, and S, represent the quantities of (tradables-specific)
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skilled labour employed by sectors 1 and 2 respectivelySagnds the amount of (health

care-specific) skilled labour employed in the health sector.

The waiting list equation for skillelbour (2.52) is replaced by:
Sh= S % . ALST) oSl /ox = &i( % F.isT) <0 @87)
S = S ( X 80, is™) o5l foxy = §( % & riEs")<0  (288)

where SJ\,O and SX',O denote the initial (bagning of period) waiting lists for tradables-

specific and health care-specigkilled labour respectivelyrg andirsH the exogenous
iliness rates for tradables-specific andltieeare-specific skilled labour respectively
and S, and S}y are decreasing functions of health output.

Secondly, instead of a uniform wages, the two types of skilled labour earn a sector-

specific wage,w& in the tradables sectors and in the health sector. Household

income, as displayed in equati(2.54), changes as follows:

Y=uwl(S+$)+ W 5+ w( W Y+ Y)- T (2.89)

The unit factor demand equations for sedtor = 1,2, equations (2.3) to (2.6), are

substituted by:

ag, = ag (V\FS/ WU) (2.90), (2.92)

ay; = ay; (vE/w) 2.92), (2.93)
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Unit factor demands for health care, equai(2.43) and (2.44are replaced by:

asy = agy (V\)_é / WU) 2.94)

=y (/W) @.95)

Finally, the unit price equations (2.11), (2.1&)d (2.47) are adjusted so that they

incorporate the health car@ad tradables-specific wages:
Py =WE ag, + wyay, (2.96)
p =W ag +wyay (2.97),(2.98)

wherei=1, 2.

The full set of equations of the model wiikalth care adjusted for health care-specific

(and tradables-specific) skilled lalras displayed in Table 2.4.

The formal derivation of the R theorem for tBE model with health care is identical to
the standard procedure, with the differetitat changes in effdge labour supply are

conditioned upon changes in health provisaod that, while the prices of tradables,
unskilled labour and tradables-specific Edl labour remain the same, the price of

health care and health care-sfieskilled labour may change.
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COMMODITY MARKETS

Demand

Unit price equations£1, 2)

Market Clearing

FACTOR MARKETS

Demandi=1, 2)

G=G(R RY)
C=C(R P Y)

=X

P =W ag + Wy ay
P =W ag + Wyay,

C=%-§

CZZ X2+ M2

s = as (V\FS/WU)
8sy = 8gy (V\)_é/WU)

2.1)

2.2)

(2.42)

(2.97), (2.98)

(2.96)

(2.13)

(2.14)

(2.90), (2.91)

(2.94)

i=1,2 H S =a X 2.7), (2.8), (2.45)
i=1,2 a0 = (/) (2.92), (2.93)
=y (e /w) (2.95)
i=1,2H U =ay, % (2.9), (2.10), (2.46)
Market Clearing Se5- & (2.83)
S_9_4 (2.84)
5, - & (2.85)
o (2.86)
U +U,+Up =Ug (2.50)
U, =U-U, (2.51)
Waiting Lists S = (% 8. ilST) (2.87)

oSl 0% = 8 X §.11T)<0
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Table 2.4 Continued

S/l; _ $|I( Xy $:/o, riESH) (2.88)
oSl [oXy = ) ( Xy §°, st ) <0

Uy =Uw (X 1:USirgd ) (2.53)

0Uy /X =U\'N(xH;u8v, ier)<o
HOUSEHOLD INCOME

Y=vi(s+3)+ ¥ § (2:89)

A, (Up+Uy+Uy )-T

T=py Xy (2.55)
FOREIGN SECTOR
Price equationd € 1, 2) p = p"ER (2.15), (2.16)
Balance of Payments constraintp E, — p,M,=0 (2.17)

Endogenous variables: ¢ ¢, ¢, X;, X5, X4, S, S, Sy SELSE L SL LS UL U, Uy

T H
Ug,Uw . 8y, 8sy , 8gy, &gy up s 8y Py P2y PR Ws WS Wy LY,
E; , My, ER.

Exogenous variables: gT gH P, py irST irSH ir, TO S}\-}o U\?V T

The following equations summarise the relatoutput, input, factor price and output
price changes following a change in the sikéhe health budget in the SF model, using
the assumption that waiting lists are homogasein ill health and, thus, in treatment

across labour types (for allfderivation see the appendia Chapter 2, Section A3j.

20 ¢(1-0%)

(407 2

)2 _ O-HUH-l:
Y ((1-6¢) Ogy + 00y, )

Se + (2.99)

% Note that those factor prices and output prices which are not mentioned do not cheage. i
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X, = ( (1—58(;25):;9%) 5“%3 (2.100)
Xy =08, T/((1-52)0s,, + 0y, ) (2.101)
Py =(1-0¢) 05, T/((1-0¢) 0y +0thy ) (2.102)
WE = (1-0¢)T/((1-02) g, +othy ;) (2.103)
dsy, =—0tyy (1-02)T/((1-0¢) 0y +00 ) (2.104)
&y =0ty (1-02)T/((1-82) Osyy +00uy) (2.105)

where AST = 81/ i denotes the proportion of trdes-specific skilled labour
employed in sectar, with ZAST =1 fori =1, 2, andﬂUiT :Ui/UE denotes the ratio
i

of unskilled labour employed in sectorto total unskilled labour employed in the

tradables sectors, with > A, =1 for i=1,2 and

T A

1]= 2

ul _iuf’lg =1 5 -1 q= A u§"1 g> 0 under the assumption that sector 1 is

relatively skill-intensive compared to sector 2.

Compared to the HO model the following new terms appéar; =ag, vv"é/ Py
(&g :aUHV\(,/ Py ) represents the cost share @falth care-specific skilled labour
(unskilled labour) in the output of health care, so #at, +60s, = . oldenotes the
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elasticity of substitution beten health care-specific skilled labour and unskilled labour
in health care, defined as=(4,, - &y, )/(\7\)5! - WU), and ¢=U, /UL is the ratio

of unskilled labour employed in health cacetotal unskilled labour employed in the
tradables sectors. The latter parameter ap@sardue to the sector-specificity of skilled
labour, the tradables sectors now compete with the non-tradable ¢er@itbector only

in terms of unskilled labour, with an expaon in health care initially reducing the

supply of effective unskilled lalw available to sectors 1 and 2.

The additional parameters complicate the effect of a rise in health care expenditures,

T>0, on changes in outputs (and price®impared to the HO model. Since the
proportionate changes in outputs of thedables sectors lend themselves for

comparison with the outcomes of the H@del, they are considered first.

Factor-bias effects:
In the absence of scale effects<0), 6 =0, so that given?tg —/1U1T = /’tug —/IS; >0,

6y >0 for | =S,U, ¢>0, and a positive substitution elasticity in health care0,

from equation (2.99)X; = X{ >0 and from equation (2.100K, = X5 <0. The

expansion of the health care sector reduces supply of unskilled labour available to the
tradables sectors so that, comhing with the R theorenthe output of the unskilled-
intensive good, sector 2, muatl and the output of the other good, sector 1, must rise,
thereby reversing the rankingdg the HO model with health care (see section 2.3.3).
Due to the specificity of skilled labour teealth care (and the remainder to tradables)
the supply and hence use tbiis factor in health cardoes not change. Figure 2.8

illustrates.
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Figure 2.8 Factor-bias effects in the SF model

71

A
<
\4

Factor-bias and scale effects:
Using equations (2.99) and (2.100), td#ference in the proportionate change in

outputs of sectors 1 and 2 for a given positive substitution elasticaynd positiveds ,

yields:

¢ % 2406, , (1-0¢)T
((1-62) 8 + 0604 ) (A ~ 25 )

2

(2.106)

Limiting the range for the elasticity of efftive labour supply witliespect to health

care, o, to 0< ¢ <1, given ZU; —/IS; >0, >0 for I =S,U, and ¢ > Q yields

)A(1—>A(2>0. Also, from (2.99) )21>0, whereas from (2.100) the sign c)fz is

indeterminate and depending on the healthosscuse of unskilledabour relative to

the tradables sectorg J: the higher the value of this parameter, the more the positive

health effect of an increase health expenditures i®onteracted by a reduction in the

availability of unskilled labour, which for thenskilled intensive sector implies that a
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contraction is more likely. Henc® < 6s <1 and o >0 implies )21 >0, )21 > )22, but

with )22>0 or )A(2<O, depending ong. Again, compared to the HO model, the
ranking of the proportizate changes in output$ sector 1 and 2 iseversed. Figure 2.9

illustrates the boundary case for Which>22 =0, which is given by
¢ = 55(/151T — Ayt )/ZZSI (1-6¢)>0. As the waiting list for balth care-specific labour

falls, effective supply and hea the use of th factor changesr{ithe same proportion

as effective supply of tradables-siiecskilled and unskilled labour).

Figure 2.9 Factor-bias and scale effects in the SF modeb<se <1, X, =0

*
A UW UW OW
A S
X1 XA e w

v OH

The ranking of the remaining variables, 0K 6¢ <1 and 0<o <o, can be derived
as: T> Xy >0, W8 > py >0 and §,,, >0>4g, . In the presence of health care-

specific skilled labour, part of the incem in the expenditures on health care is

absorbed by a wage increase, resulting in a rise in the price of health care, where

WE > py >0 (a magnification effect). The output tfe health sector thus increases,
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but by less than the rise @xpenditures on health care:> XH >0. Due to the rise in
the relative wage of healttare-specific skilled labousubstitution towards relatively

cheaper unskilled labour is observed;, <0, §;,, >0.

The boundary case af¢ =1 (and o >0) yields proportionatehanges in outputs of
)21: )A(2= )A(H = T>0, which replicates the rankingsf the HO model, with
proportionate changes in thaput-output coefficients ah prices reduced to zero:
asy = 8y, = WE = Py =0. In this situation, an inease in government expenditures

on health care is fully absorbég a change ihealth care productn since the relative
change in the latter is matched by a changihe effective supply of all labour types.
Consequently, the prices of health care hadlth care-specific skilled labour remain

the same and input-output coefficients do not change.

For ¢ >1 the proportionate changes cannotdatermined without imposing further

restrictions ong and o (see Table 2.5). If factor substitution in health care is limited

(o small), the additional efféiwe supply of all labour, espwlly health-care specific
skilled labour, cannot be absorbed by the hesdtttor so that this sector contracts.
Given the rise in the health care budget,uhi cost of health care and so the price of
health care-specific skilled baur must rise, generating lited factor substitution in
favour of unskilled labour. Also, waiting Istrise and effective endowments of all
labour types fall. The effects on tradablestpais depend on the Herasector’s reliance

on unskilled labour relative to that of tradableg.(For a larges, the tradables sectors

are less dependent on unskilled labour - bubséttelatively more sthan sector 1 - so

that following the fall in effective labousupplies, sector 1 expands and sector 2
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contracts. For a smalp, the tradables sectors ardateely more dependent on

unskilled labour relative to the heallhctor, so that botkectors contract.

For a higho , the additional supply of health-capecific skilled (and unskilled) labour
can easily be absorbed by the health sectthatathis sector expaed The unit cost of
health care provision and the health careeijr skilled wage fall, generating factor
substitution in favour of this relatively cheapfactor of productin. Also, waiting lists
fall and effective endowmeés of all labour types rise. For a large (smajl) the
tradables sectors are less (more) dependennskilled labour - busector 2 relatively
more so than sector 1 - so that following tise in effective laour supplies, sector 2

expands and sectorcbntracts (expands).

Table 2.5 Output changes in the SF modébllowing a rise in health expenditures

Constraints on parameters assuming homogeneous health and treatment
' Output changes
Waiting list elasticity | Substitution elasticity The _health sector's use of D g
. unskilled labour relative to| for T >0
and dependency ratio health care
the tradables sectors
5 (2 =2y )
S ~ s
O<gp<———">n——=2~
) ¢ 2g (1) X;1> X,>0
O<de<1 0>0= Xy >0
¢>—5g(ﬂsf _AUI) )21>O> )22
2’13{ (1-06¢)
O0< ¢<M 0> )2 > X
Ty G 21 (02-1) 1> %2
H
& Ry <0 ) Ay~ ) .
22 ( ) Xl >0> XZ
oe>1
5 (2~ )
O<p<————1~ Y X
>6’SH (6e-1) 21 (0c-1) Xa> X1 >0
&y
& Ry >0 g heis)
2/13; (6e-1) 2 1
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Table 2.5 summarises the proportionate changeutput of thenon-health sectors if

the health sector expands in the SF model. In contrast with the HO model (Table 2.3),
the results hold independently of the skill-intensity of the tradables sectors relative to
the health sector (only the relative use of unskilled labour matters), while factor

substitution in the healtlestor comes into play.

Table 2.6 summarises the proportionatenges in outputs, unit factor demands and
prices for three conventional values foe thlasticity of suligution between health
care-specific skilled labour and unskilled labour in health care:0 (Leontief
production technology),c =1 (Cobb-Douglas prodtion technology) ando — «

(perfect substitutability betweerndtors of production) respectively.

Table 2.6 Sensitivity of SF results fofactor substitution in health care

o—> 0 1 0
f 20 #(1- & | 229 ¢(1-6
X, = 0 (15';“; ] 5o 2SI %) 7| g4 2500%)
Ol Ay -tg) | (A %51 )
f 22 p(0 -1 | 22g¢(8e-1
)A(2= 0 AT o€ + §T¢( i ) T §g+$
-detsy )| (hg ~y) | | Pg2y) |
Xy = 0 Tay /(1-de0sy) T
agy = 0 ~Gyyy (1-02)T /(1- o2y, ) 0
dyy = 0 Ay (1-06)T /(1- 5605, ) 0
WE = T/6s, (1-0¢)T /(1- 505, ) 0
Py = T (1-02) 0, T /(1- 0204y ) 0
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Typically, when factors employed in healdare are perfectly substitutable (fourth
column), all adjustment to an increasetle health care budget takes place via the
production of health care (and other goodahereas in the absence of factor
substitution in health carsecond column) all adjustmetatkes place via the price of
health care and the wage of health careifipeskilled labour. The intermediate case of

unitary elasticity of substitution in healtlare is displayed in the third column.

2.4.3 Immigration of health care-specift skilled labour in the SF model
In a rationed public health @asystem such as the UK'’s timal Health Service, the

government may consider importing foreignliski workers to the health care sector so
as to alleviate the rationing constraint. Thedel developed in the previous subsection

is suited to analysing the Rybczynsypé effects of such a policy change.

The following equations summarise the relatoutput and factor supply changes in the
SF model following immigration ofdalth care-specific skilled Iaboui%H >0, whilst

maintaining the size of the healtludget to its aginal value, T =0. As before, it is
assumed that waiting lists are homogeneou#l lrealth and, thus, in treatment across
labour types, and in addin that the income generated by the additional foreign
workers remains within the economy, so ttie trade balance is unaffected (for a full

derivation see the appendix to Chapter 2, Section A3).

%, = (1+68) 65, S" . iszqﬁ(l— Se—o (B /Osy ))
(1-3¢) Oy, + 00y, ( Ay - ,18;)

(2.107)
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A

% _ (1+5)6s,, S™ 5€_Z§¢(1_5S_G(QUH/6’SH ))

- (2.108)
2 (1-6¢) b5 +00y (/%T _;LUIT)
&H
>A<H _ (1+6)0sy S (2.109)
(1-8¢) b5y, + 00y,
&H
Py =— (1+0)05 S (2.110)
(1—58)05H +00UH
&H
= (1+9)S (2.111)
(1_5‘9)63H +O_0UH
aH
B, = oty (1+6)S (2.112)
(1-0¢) 65 +06y
&H
- oty (1+6)S (2.113)

(1—55)95H +GHUH
where the difference in the proportionatamges in tradables’ outputs is given by:

.. _(1+5)95HéH¢(1—5e—a(<9uH/6’sH))
(AU; ~Ag )((1-62) sy + 00y, )

Xy — X, = (2.114)

Factor-bias effects:
In the absence of health effectses=<£0), 0J66=0, so that given

/”L%T —/1U1T =, —Ag>0 and g, > O for | =S,U and ¢>0, and with a positive

U, 7S

substitution elasticity in health catey 0, immigration of health care-specific skilled
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labour, S? >0 , leads to a fall in health careegyific skilled wages, a fall in the unit

cost of health care provisicand hence, given the healthredudget, a rise in health

care output,)ZH >0. For o <fg, /QUH , the fall in health care-specific skilled wages

induces limited substitution of health care-sfieskilled labour for unskilled labour so

that overall employment of ukiled labour in health careses and thus the relative

supply of unskilled labour availabfer the tradables sectors faIIs?Zl = )A(lF >0 and

X, = X% <0. In contrast, foro >0, /6y, , S0 much of the unskilled labour is

substituted by skilled labour inealth care that the employmeof unskilled labour in

health care falls, and the effective supplyngkilled labour for the rest of the economy

rises, despite the expansion dfie health sector, so thaDA(lz)A(lF<0 and

X, = X5 >0. Figures 2.10 and 2.11 illustrate.

Figure 2.10 Factor-bias effects of skillé labour migration in health care -
o< HSH /QUH

A ! 7 OZ
!
i
i
i
|
| S\
|
i
i
|
S !
E
i Y
i
i
S i
H e e e e e e e ]
\4
OH -
Ox k
H >
< " UE >

UnUy

2-58



HEALTH PROVISION EFFECTS IN A HO FRAMEWORK

Figure 2.11 Factor-bias effects of skillé labour migration in health care -
o> QSH /QUH
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Factor-bias and scale effects:
For positive health effectsjs >0, the effects of a rise in health care-specific skilled

labour, SH >0, on changes in outputs (and prices) become more complicated. The
results are nevertheless similar to the SF model results in Tablee2eis paribusfor

a ‘small’ elasticity of effetve endowments with respect bealth care the factor-bias
results pertain, though the formerly cootrag sector may nowxpand, depending on

the reliance of healtbare on unskilled labour relative ti@dables (for lower values of

¢). For a ‘large’ o the signs of the proportionate changes cannot be determined
without imposing further restrictions osp and o : for low (high) levels of factor

substitution in health care, i.er small (large), immigratin of health care-specific
skilled labour and effecter labour supply changes cannot (can) be absorbed by the
health sector so that this sector contrdetgpands), with associated effects on prices,
factor demands and outputs as obtained for the SF model.
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2.5 TECHNICAL CHANGE IN THE HEALTH SECTOR

There are generally two opposing views ondhigins of the many problems that health
care systems face nowadays, both supportea layge body of evidence (see Chapter
4). On the one hand, one may argue thatfficient resources have been devoted to
health care, whereas on the other hamte may trace back the problems to
inefficiencies in the provision of health earThe impact of an increase in health care
expenditures across sectors and factgisen production technologies, has been
assessed in previous sectionsisTdection departs from previous analyses in that health
improvements do not originate from an increasehe use of health care inputs, but
from an improvement in productivity of th@snputs - i.e. the more efficient use of
existing health care resources. Productiyiiyprovements in healtbare are modelled
via technical change, which chwe either factor-neutral (His-neutral) or skill-biased.
Factor-neutral technical chge (FNTC) increases the prativity of both labour types,
whereas skill-biased technical change (EBTincreases the productivity of skilled
relative to unskilled labour. There are wars ways of defining and implementing these
types of technical changsee for example Barro arfala-i-Martin (1999, p32-33)).
This section adopts the approach of JQA€6€5) in using the proportionate changes in
input-output coefficients as a measuret@thnical change, which generally may be
decomposed into an effect due to factorgbanges at given technology and an effect
of a change in technology at given fagboices. The requiremeir adoption of a new
technology, in which case it is technigabgress is that unit costs must fall at current
factor prices. This condition will be tested for both FNTC and SBTC. The HO model
with health care is taken as pbbf departure; technical ahge in the SF version of the

model is considered in the appenthxChapter 2, sections A4 and A5.
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2.5.1 Factor-neutral technical changén health care using the HO model
FNTC increases productivity of skilled andskilled labour withouéltering the ratio of

marginal products for a given skilled teonskilled labour ratio.In terms of the
production function for health care this typé technological progress, using Jones

(1965), implies thatg,, = &y, = a<0 (and; =0 for| =S U andi = 1, 2). Per unit

of output of health care, legsputs of skilled and unskilleldbour are required, so that

unit factor demands fall ilentical proportions.

The new technology will be adopted if theitucost of health car at current factor
prices falls. Aunchangedactor prices, total differentiatn of the unit cost equation for

health care (2.47) yields:
fjH :HSH éa_i +0UH é‘UH (2115)

where 65, =ag,Wg/ py and &, =a,, W,/ py are the cost shares of skilled and
unskilled labour in the output dfiealth care respectively, anfk, +6,, = Uy
definition. Substitutingas,, = &y, = a<0 in equation (2.115) givespy = a<0, so

that unit cost of health care falied the new technology will be adopted.

Since the health budget, = py Xy , is unchanged, the proportionate change in the

output of health carean be derived aQZH =-a>0. This information is used to derive

the proportionate changes in puts of sector 1 and 2.

Substitution of &g, = a,, = a<0 and >2H =-a>0 in equation (2.58) and (2.59)

yields after further manipulation:

2-61



HEALTH PROVISION EFFECTS IN A HO FRAMEWORK

g Xa+ AgX o= 5$N‘5XH (2.116)
Repeating this derivation fainskilled labour results in:
g X+ Ay XKoo =8y ‘ggg‘a (2.117)

Equation (2.116) and (2.117) resembtpiation (2.62) and (2.63), but with replaced

by -a, and 4, for | =S,U disappearing from the term in brackets.

Solving for the proportional changes in output:

L [’1“ 2ou |6 |~ 2 x| (2.118)

Xy = i [/lsléu\,v‘gx - 2udawli | (2.119)

which, using the assumption of homogenelealth and treatments across labour types,

gives:
R =2 sy (2.120)
Iil
o -85
Xp= |1|8 [ e~ A0 ] (2.121)

Comparison of the solution values for themortionate changes outputs in a model

in which the increase in healtare production stems from FNT(BZH =-a>0, with
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those of the model where the productiomrégase was induced by an increase in
expenditures on health Car&,H =T, reveals that the former model only yields scale

effects. This is due to the technolodigaprovement being neutral across factors,

thereby eliminating factor-bias effectshét proportionate change in health care
employment equaI£H =8, + )A(H =a-a=0, for L=S,U). Since only scale effects

matter, FNTC in health care of magnituderesults in proportionate output changes, as

shown in Table 2.7.

Table 2.7 Output changes in the HO mael following FNTC in health care

Relative factor Waiting list elasticity andlependency ratio assuming QUtpUt changes for
intensities homogeneous health and treatment Xy =-a>0
A A A A
Casel.0<5g<ﬁ XH>X1> X2>0
sy>5>s> s | Case 2. A <8e< A X;> Xy > Xo>0
(ﬂuz _/182) (/181_/1U1) ' " ?
14 s s s
Case 3.§8>m X1> X2> XH >0
14 A .
Case4.0<5g<m XH >X1>0> X2
SH>%E >35> 9 |/1|
Case 5.§€>m )21>)2H >0> )22

How do the results of the HO model wEHINTC-induced changes in health care output
compare to those of the HO model in whichltieeare output rose due to an increase in

expenditures on health care?

In the absence of factor-bias effects the changeitput for sector 1 cannot be negative
(as in Cases 2 and 7 of Table 2.3). If thel gkiensity of sectoll exceeds the effective

endowment ratio, the outputs dctor 1 and 2 rise, and thetput change in the former
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exceeds that of the latter. If the skill-intensitiysector 1 is smaller than the effective
endowment ratio, the output of sector 1 siseghereas the output of sector 2 falls. The
role of the magnitude of the elasticity effective labour supply ith respect to health
care is to change the relative position of thengfe in health care quut (i.e. the size of
FNTC). The larger is this elasticity, thedar the magnitude dahe changes in outputs

of non-health sectors, i.e. the more lkthat there is a magnification effect.

2.5.2 Skill-biased technical change ihealth care using the HO model
SBTC increases the productiviof skilled labour only, while leaving the productivity

of unskilled labour unchangé8.Following Jones (1965) ith type of technological

progress implies thadg,, <0, &, =0 and &; =0 for | = S U andi = 1, 2. Skilled

labour in health care is more productive sat tless input of skilled labour is required

per unit of output of health café.

The new technology will be adopted if theituocost of health car at current factor

prices falls. From equation (2.115), =65, ag, <0, so that the new technology will

be adopted.

Given the health budgeT, = py Xy , the proportionate change the output of health
care can be derived a%,, = - py =—6sy, gy >0. Using this result in the derivation

for the proportionate changes intputs of sector 1 and 2 yields:

% Each skilled worker can so to speak treat nuatents. Note that the technological improvement

pertains to the health sectorlypnn contrast to some trade emonists who use factor augmentation
as applying to the factor iall sectors. In that case technical change is equivalent to an endowment
change of the relevant factor.
27|t can be shown that this type of technical change falls iategory of “unskilled labour using”
(“skilled labour saving”) technicadrogress, which occurs when, ahstant relative wages, the ratio
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; ) (2.122)
| | +0s (ASZJ“UH _EUZASH)—’_}“LQA&

. u Sw
 _a. e (ﬁ, s ‘g W‘—z s ‘g ‘)
%, = Z2sn | fsn | Faduv x|~ Aud s, (2.123)

Al o, (huhas - 2ah ) -2t s

which, using the assumption of homogenelealth and treatments across labour types,

gives:
X = _| S|H [HSH&?(%UZ /152)+t93+ (/1 stuy — AU Asy )+/1U 2’18H] (2.124)

A

X =—_Tj’|” [0sy0e(Ag—Au)+0si(Auds -4 gt w)-4 @ g | (2.125)

where || = A5 Ay, — Auds, >0 under the assumption that sect is relatively skill-

intensive compared to sectofahd health care is the mosilsktensive sector of all).
As with improvements in health induced by increase in expenditures, the term

involving o¢ is the scale effect, whereas the remainder represents the factor-bias effect.

of skilled to unskilled labour empyed in health care falls. Séar example, Findlay and Grubert
(1959)'s analysis oftchnical change which uses capitad gbour as factors of production.
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Factor-bias effects:
In the absence of scale effects5(0) and given||>0, —4g, >0 and O<fg, < &

~ ~ a,
Xp = XE =203 g (-0, )+ 09,2 gy |> O

~ ~ —a
X = X5 =—R[ (0 1) Aygdsy —OsyAsphuyy | <O

so that more (less) of skileand unskilled labous employed in sector 1 (2). In health

care, production and thusemployment of wunskiéld labour rises by

)A(H=—95H<€134 >0.2% Employment of skilled labour in health care falls by

(1-6s,, )ag, <0 since the fixed health care budgenstrains the output expansion.

Figure 2.12 Factor-bias effect®f SBTC in the HO model

?® The reader can verify that, > X,y further require < s, < Ay,dgy (A -4 9)-
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Furthermore, compared to an expenditurguiced expansion of éhhealth sector, the
factor-bias effects of SBTC in health care have the reverse sign: the innovation benefits
the skilled-intensive sector and harms thekilesl-intensive sector by saving on the

use of skilled labour, thereby making it relaly more abundant in the rest of the

economy. Figure 2.12 illustrates.

Factor-bias and scale effects:
The proportionate changes in outputs of settand 2 can be conveniently rewritten as:

-~ —a
X, = T /§|H [aSH (8 ~1)(Auy — Asy )+ Osp 2]+ 20 sy ] (2.126)
- -a
Xz = ITSIH[HSH (86 ~1)(2g ~Auy) + sy |4~ Au sy | (2.127)

For positive health effectsie >0, the effects of SBTC on changes in outputs become
more complicated in that they depend onrdngkings of skill-intensities relative to the
overall effective endowment ratio, the cost-share of skilled labour in health care and the
size of the elasticity oéffective endowments with respeo health care. In order to

avoid the development of all feasiblenkings, the following patterns are derived.

From (2.126) and giver,, — As, >0, 9X;/0(de)=—&sy0g, (A~ 4 s)/|4/>0 so

that for a higher scale effedhe relatively skill-intensive sector expands more.
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Similarly, from (2.127), 0X,/0(de)=—&sy 05, (2 g-4u)/]4|. which is positive

(negative) if the middle ranking sector heagreater (smaller) skill-intensity than the
overall effective endowment ratio, i.e. fe > §> £ > s(sy > > $> §). Thus, a

higher elasticity of effective labour supplitiv respect to health care intensifies the
factor-bias effect in sector 1 and, dep@&gdon the relative rankings of skill-intensities,
reinforces or mitigates the factor-bias effecsector 2. Despite the latter ambiguity, the
gap between the output change of gettand sector 2 is increasingda, since given

that health care is the most skill-intensive sectdg, —Ay, > , $D that:

0(Xy=X,)/0(62) = - 50y (291 — 4 1y )12 >0

2.6 OVERVIEW

This chapter has examined the impaceonflowment changes on sectoral outputs using

a low-dimension Heckscher-Ohlin (HOjamework, where endowment changes
originate from a non-traded, government-pded health sector. Below follows an
overview and interpretation of the maimdings, and the impli¢ens for the likely
effects of expanding health care provision in the UK. In doing so, frequent references

are made to the remaining chapters of this thesis.

In international trade theory the impact eridowment changes on sectoral outputs is
described by the Rybczynski (R) theorddsing a conventional HO model with two
factors (skilled and unskilled labour) andotwyoods (differentiated by skill-intensity)
the R results predict that an increasdhia relative endowment of skilled (unskilled)
labour results in a more than proportitnancrease in the production of the skill-
intensive (unskilled-intensivejood, and a less than proportionaterease (ifat all) of

the other good.
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If endowment changes originate from aawbe in health, where an improvement
(reduction) in health is assumeamhave a parallel effect orffective, i.e. able to work,

labour endowments, the correspondence with the conventional R results ceases to hold
with respect to per capita income, which ud#s people who are unable to work due to

ill health. Typically, an identical improvemeint health for skilled and unskilled labour

does not affect the per capita incomeha working population, whereas the per capita
income of the total populationses. Also, if the health impvement is relatively higher

for skilled (unskilled) labourper capita income of thevorking population will rise

(fall), whereas per capita income of the total population always rises. Setting aside other
considerations such as well-being arglity, both indicators favour a government

policy of health care provision biased towards skilled workers.

If a change in health derives from aaadge in government gvision of non-traded
health care which is free at the point oéuthe R predictions are altered. The concept
of a waiting list is introduced for both skilfpes which records ill persons who are not
(successfully) treated and therefore unableveok. The remainder of the skilled and
unskilled labour endowments is by assumptemployed in either health care or the
tradables sectors. Conseqtlg, an increase in the production of health caederis
paribus reduces the waiting list of skilled éunskilled workers and thus increases

their effective endowments.

The change in effective labour endowmentiiing a change imealth care provision
is shown to consist of three multiplicatif&ctors - the dependency ratio, the absolute
value of the waiting list elasticity and the proportionate change in the output of health

care - where the first two factors combinexpresent the elasticity of the effective
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labour supply with respect teealth care provision. The glendency ratio measures the
proportion of ill on the waiting list relative tdfective labour endowments, i.e. the ratio
of non-working to working. The waiting liselasticity measures the proportionate
reduction in the waiting list in response torege percent rise in the production of health

care.

According to the aforementioned relationstie impact of an inease in health care
provision on effective endowments, i.e. the improvement in health of a particular labour
type, is greater: (1) the gmter the dependency ratio, (B greater the waiting list

elasticity, and (3) the greater the proportionate change in health care provision.

The first is a so-called ‘leverage’ effeot a change in health care provision, since
ceteris paribusa higher dependency ratio impliegthmore people are benefiting from
an increase in health provision. Thecend effect shows &t the greater the
effectiveness of a change in health pransin treating and curg people, the more a
given increase in health @poutput, given the dependen@tio, reduces the waiting
list. The third effect is trivial, since givehe waiting list and demelency ratio, a bigger

increase in health care outpatluces the waiting list by more.

Unequivocal determination of values foetlaiting list elasticity and the dependency
ratio and thereby explicitly pinpointing the elasticity of effective labour endowments
with respect to health careqgwes to be a complicated taSkEvidence presented

elsewhere in this thedfssuggests that whereas unskilled workers generally have poorer

29 See also Section 6#for the calibration of waiting list paramees for the UK focused Computable

General Equilibrium (CGE) model.
%0 See for example Section 3.2.3, 4.3.6, 5.3.2 and 6.4.4.
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health, skilled workers are thought to bere@ffective users of and responders to
health care so the dependency ratio and thingdist elasticity (in absolute value) are
likely to be respectively higher and lower famskilled relative to skilled workers. Due
to the counteracting effects of a higheswier) dependency ratio and lower (higher)
waiting list elasticity for unskilled (skilled) labour, the trsee of the elasticity of
effective endowments of unskilled and skillabour with respect to health care remains
unclear. One may also argue that if heaftbqualities across b@ur types exist, the
government may want to correct these by dtang health expenditas at those with
poorer health outcomes (effectly the third factor mentio®. This then equalises the

impact of health care provision on effective labour endowments.

Consequently, in this theoretical framewand after presenting the general outcomes
of an increase in the provisi of health care on non-H#fmoutputs, the magnitudes of

the dependency ratio and the waiting list elasticity are for simplicity assumed identical
for both skill types by employing the homogeneity assumgtiditis assumption posits
that labour types are hmmgeneous, i.e. equal, in terms of illnesses incurred, treatments
needed, health care resources used, tefiaess of treatments and thus health.
Assuming that health careirgdeed allocated in proportido the number of each labour
type becoming ill - and so not targeted to gayticular skill type, an increase in health
care provision thus leads tdentical proportionate reductions in the waiting lists and
thus to an equi-proportionate rise inegfive skilled and unskéd labour endowments.

Hence, postulating homogeneity in terms eélth across labour types implies that the

31 Based on empirical evidence, these parametersalibrated differently aoss labour types in the

CGE model of Chapter 6, so thaetimpact of an expansion of thealth sector on effective labour
endowments differs.
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expansion of the health care budget indubatanced growth in effective labour

endowments (and a rise in per cajpmeome of the total population).

The impact of an increase health expenditures on the outputs of non-health sectors
may be decomposed into a faebias effect and a scale effect. The former measures the
impact of the health sector on effectivedewments remaining for tradables in terms of
the resource claims it makes, whereas lHteer measures the health improvement
following the expansion of the health smctwhich by virtueof the homogeneity

assumption is in proportion to the overall endowment ratio.

Postulating homogeneity and assaog that the health sector is the most skill-intensive
sector?, the factor-bias effect is negativer the relatively skill-intensive good and
positive for the relatively unskilled-intensiveaph That is, an expansion of the health
sector, given that it is thenost skill-intensive good, deices the skilled-unskilled
effective labour endowment ratio for the resthe economy so that, on the basis of the
R theorem the output of the relativelyilsktensive traded good must fall and the
output of the other good must rise. The scale effect is always positive for the skill-
intensive good, but may be negative fag tinskilled-intensive good, depending on the
ordering of the skilltensity of the middle ranking (skilhtensive) sector relative to
the overall effective endowment ratio. The demline case, where the skill-intensity of
aforementioned sector equals the overtitative endowment ratjoreplicates the R
corollary that increasing theffective endowments in theraa proportion as the factor
ratio in one sector, increases the output af #ector and leaves the output of the other

sector unchanged.

2-72



HEALTH PROVISION EFFECTS IN A HO FRAMEWORK

Whether or not the outputs thfe tradable good sectors risefall following an increase

in health expenditures thus depends onsiga and relative magnitude of each sector’s
factor-bias and scale effects. The analysial#ishes that the ramgs based on factor-
bias effects alone are preserved when sdtdets are added, providehat the elasticity

of effective labour supply with respect to libaare, i.e. the waiting list elasticity and
dependency ratio combined, is small enougtd (ess than one). Gradually increasing
the elasticity leads to a rise in theoduction of both the unskilled-intensiaad skill-
intensive goods provided it isss than one, whereas for improvements in the elasticity
beyond one the output riserfthe skill-intensive good ereds that of the unskilled-

intensive good, which could in one particular situation even show a decline.

Which of these situations is likely to pelin the UK? Despite the uncertainty about
the magnitude of the elasticiof effective labour supply withespect to health care for
skilled relative to unskilled labour, one magfely argue that, at least for developed
countries, the elasticity lies well below the value of h€onsequently, given the
aforementioned assumptions an exogenoueaser in health expenditures is expected
to benefit the unskilled-intensive sectand harm or possibly slightly benefit the

skilled-intensive sector.

The remainder of the chapter is concerneith extensions to the HO model and
repercussions for the HO-based resultse Thain modification considered is the
presence of specific factors, being skilled labour in health care and skilled labour

employed in the tradables sectors. Healtne-specific skilled labour earns a health

%2 This is in line with the data @sented in Chapter 5 (Section 5.3.3).

% See also Chapter 6 Section 6.4.4exetthe elasticities are close to 0.1.
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care-specific skilled wage and has its owrntwvg list, different from, respectively, the
wage and waiting list of tradables-specific skilled labour. The health care-specific
skilled wage adjusts in response to chaggilemands on this sp#cifactor and so
factor substitution talseeplace. Furthermore, due to theecificity of skilled labour the
reliance of health care on unskilled labour tietato tradables sectors plays a role in the

determination of the impact ah increase in health expetudes on non-health outputs.

Allowing for specific factors is shown to reverthe factor-bias effestof an increase in
health expenditures, as an expansion of #adth sector reduceseatsupply of unskilled
labour remaining for tradables, so that, oa biasis of the R theare the output of the
unskilled-intensive good falls and the outpfithe other good rises. An assessment of
the total, i.e. factor-biaand scale, effects is not stréitjorward since scale effects
depend on the elasticity of effective labour supply with respect to health care, the
substitution elasticity in health care and tlependence of the health sector on unskilled
labour relative to the tradables sectors. Resig the former parameter to a likely value

of below one (and assuming sorsebstitution between health care staff) allows the
reproduction of the factor-biasffects, although the outpuaff the unskilled-intensive

good may now rise if health care is relativiggs reliant on the use of unskilled labour.

The Specific-Factors (SF) model has also mdnected to a shock in total health care-
specific skilled labour endowments via the irgnaition of foreign siled labour. Such a
policy may be motivated by the desire to abiée the rationing @nstraint imposed by

the exogenous health budgetdathe presence of specifiactors. In the absence of
remittances, the increased supply of health care-specific skilled labour from abroad

lowers its wage and the unitstoof health care, which -\gn the fixed health budget -
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results in an increase in health carevmsion. For limited (considerable) factor
substitution in health care favour of skilled labour, factebias effects are found to be
positive (negative) for the skill-intensive goadd negative (positive) for the unskilled-
intensive good, since overall playment of unskilled labour ihealth care rises (falls)

and so the relative supply of unskilled labour available for tradables sectors falls (rises).
The incorporation of scale effects and limititige range of the elasticity of effective
endowments with respect to health care, alter these results in a similar fashion as for an
increase in the health budget. Specificatlye factor-bias effects continue to hold,
although the contracting sector ynaow expand if health caie relatively less reliant

on unskilled labour.

A final modelling exercise that has been catmeit is to let the expansion in the health
sector originate from an improvement time productivity of laour rather than an
increase in the health calmidget, again to alleviate ehconstraint imposed by the
exogenous health care budgetoductivity improvements ihealth care are modelled
via technical change, whiclkban be factor-neutral oskill-biased by respectively
increasing the productivity of skilled and unskilled labour or increasing the productivity

of skilled labour only.

If technical change is neutratross factors, factor-biaffects are removed so that in
line with the aforementioned seagffects, the relatively skilhtensive tradable sector
expands, whereas the unskilled-intensivedéable sector may or may not contract
depending on the ordering of the skill-intépsof the middle ranking (skill-intensive)
sector relative to the overall effective endowment ratio. Factdraléachnical change

applied to the SF version alg@lds scale effects onlgJthough due to the homogeneity
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assumption (and limiting the elasticity dfextive endowments with respect to health
care to a value between zemdaone) tradables-specifigkilled labour and unskilled

labour grow in the same propami, which yields balanced grdiwin tradables outputs.

If technical change is skill-biased, the health sector saves on the employment of skilled
labour so that factorils effects reappear and, in line with the R theorem, benefit the
skilled-intensive good and harm the unskilatensive good. The inclusion of scale
effects is shown to intensify the factorbiaffect in sector 1 and, depending on the
relative rankings of skill-intenses, either reinforces or mitigates the factor-bias effect

in sector 2, whilst magnifying the gap betwdba outputs of the tavtradables sectors.
Skill-biased technical change applied to the SF model yields similar factor-bias effects,
since health care expands and needs more unskilled labour, thereby reducing the amount
of unskilled labour available to the rest of the economy and making skilled labour
relatively more abundant. When allowing for scale effects (and limiting the elasticity of
effective endowments with respect to health care to a value between zero and one),
factor-bias effects armaintained, though if héth care is relativelyess reliant on the

use of unskilled labour the formerly ccentting unskilled-intense sector may now

expand.

In conclusion, this chapter has analysed the economic impact of an expanding health
sector in a simple, low-dimension geneegjuilibrium framework. In applied models

with added complexities, such as manytlté models reviewed in Chapter 3 and the
applied model of Chapter 6, the foregoing@gctions are most unlikely to be wholly

true. Nevertheless, these effects will stifjerate in the backgund and thus give a

useful guide to the interpretation the outcomes of such a model.
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CHAPTER 3

LITERATURE REVIEW

3.1 INTRODUCTION

Various strands of empiricatérature on the economic effectthealth and health care
provision have emerged. These can be divided into health economics literature,
econometric studies and Computable Gdriegailibrium (CGE) models (although the

first two strands are overlapping).

In the health economidierature the contribiion of health care tomproving health has
received a vast amount of attentioAt the macro level the contribution of health care
to the health status of the population is typically summarised by a health production
function, assuming that an agreement canmbaele on the measurement of the output
health. It is typically assumed that head#tfatus is a function olfiealth care (health
inputs) and other factsr(such as diet, lifestyle, em@nment, education, human biology
and technology) which shift ¢hproduction function up or dewand that it exhibits the

law of diminishing marginal returns. Himical medical histrical studies and
econometric studies have been employeshbeetively to assesthe validity of the
production function throughout history and to estimate the function, and in particular
the elasticity of population health to heatthire expenditure. In respect of the former,
medical historians find that the contributionhafalth care to historical downward trends

in population mortality rates had probably bewsgligible until wellinto the twentieth

! This section is based on Folland et al. (2001), Chapters 5 and 6.
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century. Improved health had most probablyltowith public healtmeasures (such as
immunisation programs and improved sanitary and sewage systems), an increase in
knowledge through education on the souroésdiseases, and improved nutrition
through increased supply of food stuffa. central conclusion from econometric studies
is that, whereas the marginal contributioh health care to health - measured by
mortality rates and illness indicators suchwasking days lost due to iliness, or other
physiological measures like blood pressure aehdlesterol levels - is significant, the
marginal effect on health in developed cowedns small, suggesting that we are almost
“on the flat of the curve.” Other factorBke changes in dietlifestyle (alcohol and
cigarette consumption), environment (pollafi@and education, seem more important in
explaining variations in health. The ma@wented focus of these empirical studies
conceals important differences with respecthte effectiveness of different types of
health care (such as prenatate) for different populain groups (effects are shown to
differ for example across ethnic groups)rtRarmore, by focusingurely on the partial
guestion of the impact of hila care on healthekdback effects to resource allocation

issues which bear on health cared&ence health) as well are ignored.

At the micro level the Grossan model of health demahgrovides thetheoretical
starting point for much subsequent empirical work. Grossman uses human capital theory
to explain the demand for health. In this aygwh health is a form of durable (human)
capital that produces an outmfthealthy time, which casubsequently be employed in

income-enhancing activities. This equivalent to the standard human capital theory, in

2 However, the former two factors have themselves most probably been fuelled by advances in medical

research.

% See for example @ssman (1972, 1999).
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which knowledge capital (narrowly defig human capital) enhances productivity,
wages and thus provides an incentive for irdlrails to invest in education and training.
Each person inherits an initial stock addfth, which depreciates with age and can be
augmented by investment. Health investraeare produced by time invested in health-
improving activities and money spent on hieahputs, such as medical goods. The
demand for health care goods is thus a ddrdemand for inputs into the production of
the health commodity. The demand for tb@mmodity stems from its dual nature of
making people ‘feel better’, i.e. by enteriagperson’s utility function as a consumption
good, and of increasing the number of Healdays available for income-augmenting
activities as an investmegbod. By describing the behavioofrindividuals in terms of
allocation of time and money between heatid non-health activities, Grossman is
able to show how the demand for healtid dealth care ariseend how the resulting
allocation is affected by changes in fast such as age and level of education.
Theoretical predictions deridefrom the Grossman modébhve been the subject of
research in a wide vaty of empirical studiesAlthough the Grossman model of health
capital yields important insights into theteleninants of hedit health care demand,
and resource allocation towards healtid anon-health activities, it operates at the
individual level, which calls into questiorsitheoretical and empirical applicability at a
macro level. With respect to the former,nmany countries, such as the UK, health care
provision depends on the availability of gawment-rationed public health care (below
demand levels) such that an investment rmodléealth (care) demand is simply not
applicable. Furthermore, and related to thevimus argument, the partial nature of the

Grossman model precludes the inclusionngbortant general eglibrium effects such

4 Folland et al. (2001, Chapter 6, pp.131-133).
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as links between the demand and supply sidbealth care, lzour markets and the
government budget. Finally, in terms of gncs, measurement problems which are
persistent at the micro level are exacentbatethe macro level by aggregation issues

and by lack of data at the national level.

Econometric models of economic effectshafalth and health care focus on multiple
linkages between health, health expenditures, humaitaaproductivity, wages,
income and economic growth in an attempestablish the direction and magnitude of
effects® Apart from their common theme, tlestudies differ vastly in terms of
estimation technique (e.g. tingeries, cross-section and phdata analysis), level of
application (micro, macro),otintry or countries of apgiation (developed, developing)

and results. With respect to the latter thesemsus that emerges is that effects work
both ways. A major drawback ofighliterature is its highlyaggregated nature, such that
differential effects across for example sectors, labour types and household types cannot
be distinguished, nor are the general equilin effects (such as linkages with the

government budget) explicit.

This chapter surveys studies that employECi@odels. Applied liteture focusing on

general equilibrium effects of changeshgmalth and health care provisioning on the
economy is small but diverse in terms @iphcation area. The few CGE studies that
exist are arranged into three groups to shovdibersity in research themes; they are, in

chronological order, models of health bealth care as a basic need (Basic Needs

lllustrative of this type of literature are: Bhavgeet al. (2001), Bloom and Canning (2000), Bloom et

al. (2001), Bloom et af2004), Crémieux et al. (1999), Ettn@996), Hamoudi and Sachs (1999),
Hitiris and Posnett (1992), Jamison et al. @0&Knowles and Owen (1997), Mayer (2001a,b),
Pritchett and Summers (1996), Strauss and Thomas (1998), Stronks et al. (1997) and Thomas (2001).
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models), CGE analyses of health care asrtpan external effect (Externality models)
and studies of epidemics (HIV/AIDS models). The models are discussed in three self-
contained sections, each wisleparate introductory paraghs and a summary of the

model structures and results.

Two related groups of models not coverid this literature review are general
equilibrium studies applied exclusively health care sectors (Health Sector models)
and CGE models of healthsurance (Health Insurance m&jeThese studies focus on
the medical care market of developed countgash as The Netherlands and the United
States, and consequently share a comnmmcearn for issues o€ost-containment,
efficiency and equity in provisioning ofehlth care and health insurance. The former
type of studiedclaim to be of the general equilibm type, but since the model domain
spans health care markets only and abstramts fhe “rest of the world”, they are truly
partial in nature. Although the detailed level of analysis of medical ozag represent

a constructive addition to the CGE studiggrveyed in this chapter, the partial
equilibrium character of such models pret#ds general equilibrium aspects such as the
resource claims of health care (i.e. competition for scarce factors of production such as
capital and labour), government budget imglaas and the impact on effective labour

supply of improved health, which are cialcfor our understaridg of the economic

Chatterji and Paelinck (1991) develop a purely theoretical general equilibrium model. Canton and
Westerhout (1999a, b) and Folmer et al. (1997) construct a model applied to the Dutch
pharmaceutical and health care market respectiwddich are employed to analyse financial reform
measures.

The models typically feature the behaviour of patients, general practitioners, medical specialists,
pharmacists, drug producers (brand name and generic), parallel importers, insurance companies and
hospitals and the various interrelationships between them. Special attention is devoted to the presence
of market failures such as information asymmetries between patients, physicians and pharmacists
(principal-agency problems) and imperfect cotiijpa in the market for pharmaceuticals enabled by
patenting.

3-5



LITERATURE REVIEW

impact of health care pvision. The latter categdtyocuses on health insurance which,
although the financial side dkalth care is important faletermining its economy-wide
effects and will feature in some fashion ie tiGE model, is not the prime focus of this
thesis. Finally, the literature review exclgdglobal assessments of changes in health
which concentrate on the uncertainty follog a disease outbreak and consequent

reductions in international travel, foreigirect investment and economic performahce.

3.2 BASIC NEEDS MODELS

3.2.1 Introduction
Basic needs models are the earliest typenotlels that recognise the economy-wide

effects of improved health. Basic needs ni®@gtempt to incorporate the basic needs
approach to development into a general equilibrium frameWofkis review covers
two archetypal basic needs models, which are illustrative of their development over
time.™ The basic needs approach arose intigato earlier views on development and
integrates many of their elements andigyorecommendations into a comprehensive
framework aimed at the goal of basic needs satisfaction. The rmseis approach as

such was treated completely for the firghei at the 1976 Tripartite World Conference

8 Ballard and Goddeeris (1999) syuthe efficiency and equity effexiof financing universal health

insurance coverage, using a computational general equilibrium model of the US for 1991.

Johansson’s (2001) overlapping generations model investigates macro-economic effects of different

types of health insurance for the elderly in the context of an ageing population demanténg mo
health services. Finally, Bednarek and Pecchef#if62) employ an overlapping generations general
equilibrium model of the US for B8 to examine the effect of thax-benefit system underlying the

US health care system on the well-being of different age and socio-economic groups as well as

overall welfare.
An example is Lee and McKibbin's (2003) study of the global economic effects of SARS based on
the G-Cubed (Asia Pacific) model.
10

the basic needs approach.
11

These are Vianen and Waardenburg (1975) andMénaar (1986). Another example, not covered by
this review, is Van der Hoeven (1987, 1988).
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on Employment, Income Distribution and Sod?abgress and the Imteational Division

of Labour of the Internainal Labour Organization (ILO).

3.2.2 The basic needs approach
The basic needs approach to developmenteranates on the fulfilment of basic needs

of all, but especially of, the poor. Basieaus refer to certain standards of nutrition
(food, water), living conditions (housing, s&tion and clothing), universal provision

of health and education and participation the decision-making processes geared
towards basic needs satisfaction. At tkearh of the approadiKouwenaar, 1986, p6 and
further) lies the belief that by an initial instenent (redistributiondhe sectoral structure

of supply (demand) can be altered in favofirsmall-scale, labatintensive sectors,
which produce commodities demanded especially by low-income gtodje latter

thus benefit in terms of employment, incomed consumption. A virtuous circle of
growth that is (income-) equalising it #80 motion, which via improved consumption

of the poor benefits their health. The latter effect can be interpreted as an investment in
human capital or as inducing labour-augmenteaahnological progress the sector of
employment. The role of the governmeist accommodating, and so is one of
formulating goals, policies, monitoring the results, adapting policies accordingly and

channelling information to the relevant pes, in dialogue with the people involved.

The chief disadvantage of the basic needs approach is that, despite the nobility of
purpose, translation of the idea of basic sesatisfaction into policy is not trivial. The
basic needs approach as an all-embracing development strategy is often accused of

being “rather vague”, “arbitrary”, “intellectually clumsy” and to “suffer from political

2 |n practice this is achieved by the introduction of price distorting measures and/or the removal of

existing ones, such asdor-specific tariffs.
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unreality”. Streeten eal. (1981, p8) comment:While there is virtually universal
agreement on the objective, there is mdgagreement on its precise interpretation

and on the most effective way of achievirig it.

A recurrent question in théasic needs literature, anddeed the source of much
criticism, is whether a trade-off exidi®tween economic growth and expenditures on
basic need$’ This debate is much older than the basic needs literature itself and has
been explored in the human capital literature. In the short term attention to basic needs
fuels expenditures on social sectors whigiven outlays on other goods and income,
curbs savings, investments, capital aoalation and hence growth. A counterargument

in support of the basic needs approach a donsumption of basic goods and services
may in the long run increadabour productivity and growth by virtue of being an
investment in human capital. The latter hisggon the conjecturedahinvestments in

human capital are more productive tlzaa alternative physical investments.

Figure 3.1 Health in abasic needs framework

sectors/goods health population

working
P time

I

| fertility production —! income |
(birth rate)

’_> g’.g:;rs ! labour

health care

productivity

13 See Streeten et al. (1981) andéiitiou (1990) for an elaborate discussion of the growth-basic needs

trade-off. The general equilibrium models that find a trade-off between growth and basic needs
impose rather pessimistic assumptions of “...unidgaeflow of exports to developed countries, ...
ever-present population pressured an that the economic restrudiuy required for the satisfaction

of basic needs is unlikely tokia place....” (Abentiou 1990, p253).
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3.2.3 Health as a basic need
The role of health and health care implicit in basic needs models is summarised in

Figure 3.1. From left to righhe first linkage flows fronhealth care (and other goods)

to health, arguably the most difficult mponent of the modelling exercise. Frances
(1985, pl7) labels this the “meta-prodoati function”. This production function
translates household consumption of heallhe and other basic needs into so-called
“full life indicators”, in this case healtachievements such as mortality and morbidity
reductions at the individual level. The transformation requires two steps: an allotment of
household consumption among individual memsbafr the family and a conversion of

consumption per person into “lifel@evements” at the individual level.

Improved health affects the well-being wbrking and non-working populations, of
which the former may augment effective labsupply. The effecof better halth on
labour is two-fold. Lower mortality and/or mimdity allows a labourer to work longer,
the quantity or working time effect, and hestre may witness a rise in the amount of
work per time-unit, the labouyaroductivity effect. In the basic needs models emphasis is
on the second consequence, often referreastthe human capital effect, which is put
forward as the principal argument againg #xistence of a basic needs-growth trade-
off.*® The working-time and labour productivigffects augment effective labour supply
and, if that additional labouis employed, raise the quap of production in the
economy. Consequently higher income lev@epending on the participation in the

labour market and alterations in the wagadtre) enable households to spend more on

4 Morbidity is defined as the incidence (number of new cases) or prevalence (number of existing cases)

of a particular disease or of all diseases in a defined population, within a given time period.
> The absence of any working tiraffect of improved health presumes the beneficiary decides to work
less by the amount of the working time gained.
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goods and services, which can be devoted to elevating their health status. The
realisation of the latter depends on the prefegesiructure of the actors, the availability

of goods and price levels.

The presence of linkages between health aateother goods is conceived to be crucial

in basic needs modelling and has reperomssifor costs, re#ts and design of
policies’® A well-known example is the relationpHbetween health oaand education.
Better-educated individuals earmore likely to look afte personal hygiene, which
enhances their health status and that of others by minimising health risks and, vice

versa, healthier individuals have agter capacity and incentive to leafn.

A final element of Figure 3.1 is the effeat improved health on population growth.
Higher levels of health and other basied® indicators lower mortality, morbidity and
influence fertility and birth raté% which has implications fopoverty and growth. This

issue dates back to the work of ThomMdalthus, who predicted that policies that
improve health would reduce mortality retand, given birth rates, raise population
growth to rates above the level of growdhfood supply. “Positive checks”, such as

famines, would be unavoidable unless pea@ein motion “preventive checks”, i.e.

8 For example Streetest al. (1981, p47-51).

17 See for example Grossman (1972, 1999) who pdbkis educated people are more efficient

“producers” of health and are greatonsumers of health care (e more effective responders to
treatment and have a greater taste for health).
8 Fertility, i.e. the ability of women to give birth to children, rises, which in turn affects the choice of
number of children, measured by the crude birth rate.
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have fewer childref’ The question of whether or notpmoved health lowers birth rates

is heavily debated in the basic needs literature.

3.2.4 Vianen and Waardenburg’s Tanzanian model
Vianen and Waardenburg’s (1975) multi-sectardel is a basic needs model in nature

as it focuses on developing countries general and Tanzania specifically, and
incorporates health care as a basicdnedthough it was published a year before the

ILO’s formulation of the basic me&ls approach to development.

The model is “structuralist” as opposed ‘teeoclassical’” in viewing the world as
institutionally and behaviourally rigid and relying heavily on goweent intervention,
rather than seeing the world as smoothdjusting, relying on the price mechanism,
which stems from its developing country fscururthermore, all equations are linear,
have constant coefficients, and are wetived from micro-economic optimisation.
Hence the approach to modelling health care in a general equilibrium framework is
rather ad hoc. Overall the model appearbawve few general equilibrium features, but

due to its inclusion of economy-wide Hibacare linkages it is discussed here.

The model is large (1255 equations and vdemb is calibreéed to data from 1969 and is
recursively dynamic in that, once the timefpaf the exogenous variables is known as
are starting values for laggetidogenous variables, one can solve for the values of the

remaining endogenous variables. The focus ofttheare is appareritom the detail on

19 Verschoor (2000, chapter 4) provides an overview of the work of Malthus, the demographic

transition, and of the literature on fertility decisions.
20 For a critical appraisal of the relationship between basic needs and population growth seeuAfxenti
(1990).
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health care sectors (six), age groups (five), disease categories (seven) and types of

labour in health care and other sectors (four).

Vianen and Waardenburg make a didimt between an economic and a health
component, each containing several secfbing health component relies on economic
sectors in terms of intermediate inputs addaation of its skilled labour inputs (ratio of
skills from medical education is assumedé&ofixed). Converselyhealth care produces
healthy or semi-healthy people who worideconsume. Total consumption and savings
depend on the size and composition of the pdiomawhich in turn is also affected by

health care.

The economic component is centred onitiput-output approacby employing fixed
coefficient Leontief production functionkinal demand is endogenously dependent on
income and population of each age group, save for exogenously given government and
private consumption of health cdfe.One type of capital is produced by the
construction sector. The labour markets fanecskill types are segmented by sector of
employment or age. These markets areadtarised by lack of substitution and, in the

absence of an equilibrating price mechanism, unemployment.

When a person falls ill he or she neetsd thus demands health care. Remaining
demand comes from a referral system, by whpatents are referred to specific types of
care. The authors assume that the need for treatments will never be smaller than the

supply of treatments and that substitutioncapacity to meet demand is not possible.

21 Exogenously given private and government expenditures on health care determine the value of

production and supply of medical treatments, which is not necessarily sufficient to equalise need for
and provision of treatments.
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The total capacity of each institution is exse in terms of total cost, not in terms of
value of output as that ignores extermadit The number of people recovering is a
function of the numbers treated per ingtdo and independendf treatment type.
Moreover, some patients recover spontaneousfigout treatment. One type of care,
public health care, is preventive and influenttesnumber of ill in the current year. The
effect of public health expenditures ore thumber of ill is approximated by the inverse
of preventive cost per person multipliday the total amount of public health

expenditure, based on estimates of other studies.

The authors introduce a labouoguctivity effect ofhealth care by geial treatment of
disabled people. In contrast to optimakcovered healthy people who are able to work
just as before they incurred an illnesgrthis a number of disabled people multiplied
by some coefficient (<1) representing thegmrtion of time they cado their job as if

healthy.

The study presents a numerical exerdmeonly one period, 1970, using a “shifting
system” which simulates a change iaesiand age composition of the population by
accounting for births, deaths and movemémtisveen age cohorts] alfluenced by the

health care system. The authors report on changes in size and composition of the
population (population grows by 2.55%, with considerable growth in the <1 age cohort
and the cohort of 1-4 years old declinifgit emphasize the weakness of the statistical

data and therefore poterlyaunreliable results.

Vianen and Waardenburg acknowledge the dafeiencies of their research, by and
large explained by the limited data availabilégd the computational capacity of that

era. They propose a sensitivity analysis for certain coefficients and exogenous variables
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and to expand the time frame of simulatioss,as to analyse the effects over time of
improved health care on health and econogrmwth. Other items on their research
agenda are to create an evaluation famctji.e. a welfare function) for appraising
policies and subsequently to employ thedal as a programming tool. With the latter
the authors imply adding endogenous varisle the model, which would become

feasible after the creation of additional degrees of freedom.

Other improvements pertaining to the lattex By incorporate more general equilibrium
features. Firstly, a govement budget constraint omld restrict government

expenditures on, for example, health carecoBdly, the establishment of markets for
some variables with prices as equilibratwvayiables would do justice to the fact that
(some) markets do clear throughice adjustments. Furtimore, the assumption of a

segmented labour market (by skill type dod some skill types by age and sector of
employment) is rather rigid. Allowing for ffierent degrees of substitutability between
labour types would be a me realistic alternativé® Finally, the use of non-linear

behavioural equations derived from micraiopsation processes would remove the ad
hoc character of the modehcreplace it with consistent behaviour firmly grounded in

economic theory.

3.2.5 Kouwenaar's basic needs policy model for Ecuador
Kouwenaar's (1986) model with special reference to Ecuador is the only Social

Accounting Matrix (SAM) basi neoclassical basic needhodel, as opposed to the

22 Evidence suggests for example that some higher skilled labour types (such as doctors) are less mobile

across sectors compared to low skilled labour (such as ancillary workers), due to their highly
specialised knowledge related te thector they are employed in. @ other hand, some basic tasks
performed by highly skilled workers can easily be carried out by lower skilled workers (for example
nurses taking over some of the responsibilities of doctors).
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previously discussed structustl model. It thus includegrices and their effect on
resource allocation, income and demamugh Kouwenaar does incorporate certain
market imperfections, such as imperfecinpetition in commodity markets, imperfect
substitutability betweendomestic and traded goods,edit and labour rationing,
segmentation of the labour market and shamtimmobility of capital characteristic for

structuralist models.

The model is designed to assess policies @iatdasic needs satisfaction in the medium

to long term. The model is recursive dynamic and consists of a main iteration, which
produces the equilibrium for the currentayeand an updating iteration in which the
exogenous variables of the main iteration adgisted. Updating is either carried out
endogenously, via functions of the equilibniusolution of the previous period, or

exogenously, e.g. according to historical growth rates.

The model is structured upon a detailed sifection of, among others, sectors (48),
consumption categories (27), occupation groups (10), institufidiysand households

(9). Kouwenaar abandons the rather ad &pgroach to modellingf the structuralist
models, and their frequent use of simfileear equations, by deriving behavioural
equations of producers and consumdrsm micro-optimisation using more
sophisticated production and utility functgn such as Constant Elasticity of
Substitution (CES) functions. The nominal exchange rate is chosen as the numéraire.
The closure is savings-driven, with fixedréd@n savings and all other savings being
determined residually, alblugh alternative closure r@eare experimented with.
Dynamic adjustments occur via capital accumulation, population growth, labour supply

changes and adjustments in basic needs.
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Health, as one of the basic needs, is measaregtms of the 'output’ life expectancy as
a function of 'input’ indicators such as tltula illiteracy rde, per capita public health
expenditures and per capita disposablenmezoSeveral linear and non-linear equations
using these variables are fittether from cross-country date estimated at the country
level for Ecuador. The author constructsaanposite index of human well-being, as a

weighted average of indidual basic needs indicators and monetary variables.

Basic needs in general and health spedliff affect population and labour supply
growth. Specifying the link from basic neespopulation growth ign option within

the model. If the option is applied, birtmd mortality rates are decreasing non-linear
functions of average per capita disposable income (Kouwenaar 1986, p202).
Additionally, health affects s¢or productivities in the loger-term. Specifically, the
constant term for labour (the share parameter) in each CES production function is a
function of average life expectancy anehys of schooling. The technical specification

assumes labour augmenting technological progtesand is described by:

L'=L-E“-S’ whereL* andL represent sector employmeint efficiency units and
person years respectivelle and S are indices of average life expectancy and of

schooling of the employed labour ¢erin a sector (Kouwenaar 1986, p267).

Kouwenaar uses the model for a variety stditic, one-year and dynamic, five-year
policy simulations aimed at basic needs satigfa, of which the la#r type is only of
interest as it incorporatdsedback effects between the economy and basic needs such
as health. Counterfactual simtitms include an increase in direct taxes accompanied by

a fixed subsidy on basic food products, a otidm in wage disparities, land reform

2 This type of technological progress coexisith factor neutral technical change.
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(redistribution of land) and more equalkass to credit and govenent services. The
results are compared to a base timehpaithough the repercussions of changes in
health (care) on the economy are not direapiparent (as this is not the main focus of
the model), favourable effects observed iatistsimulations are strengthened in the
dynamic counterparts and seem to confitime self-reinforcing processes between
production, employment and productivity, incoared basic needs, and the absence of a
trade-off between basic needs and growths T& for example illustrated by the final
simulation, in which the redistributiveffect of improving access for the poor is
strengthened by the labour-augmentingodorctivity increase following from

government investments in services.

3.2.6 Summary
Basic needs models are the earliest tgpenodels to recognise the economy-wide

effects of improved health. These recuesdynamic CGE models are designed to
implement the basic needs approach to development current in the 1970s into a
comprehensive modelling framework. Health and health policy fulfil only a minor role,
and it has proved virtually impossible to ditengle the effect of improved health
(care) within the counterfagal simulations. Nevertheless seems that the positive
feedback effects of basic needs into the economy via population and labour market
linkages counteract the nega&tishort-term effects on growtbupporting the view that a

trade-off between basic needs and growth is absent.

The application to developingpuntries implies that theodellers not only face data
problems but also implement rigidities iretmodel and abstrafitom various general
equilibrium elements. The structuralisiodel of Vianen and Waardenburg (1975) is
demand-driven and characterised by the absence of prices. The approach to modelling
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economic behaviour is rather &dc as behavioural equat®are linear, have constant
coefficients, and are not deed from micro optimisation. Kouwenaar’s (1987) model
has more neoclassical general equilibriwatfires by including prices and behavioural
equations of producers and consumersvedrifrom micro-optimisation using more

sophisticated non-linear prodian and utility functions.

Kouwenaar (1986) models the effect @falth on population growthnd incorporates
labour augmenting technological progressught about by changes in health and
education. The working-time effects of healtither than those caused by changes in
demographic variables, are only includedthe health-focused model of Vianen and
Waardenburg (1975). In this model the numtigpeople recovering ia function of the

number of treatments, apart from thodgowecover spontaneoushythout treatment.

3.3 EXTERNALITY MODELS

3.3.1 Introduction
The general class of externality studismulates CGE modelswhich explicitly

account for the presence of extraffects, such as changasealth, education and the
environment. These models have the duappse of quantifying the effects of policies
aimed at reducing (encouraging) the negative (positive) externality and of assessing
how inclusion of an externalitglters well-established rdtsiof economic policies such

as trade liberalisation. The most known typalbexternality models is concerned with
economic-environmental linkages, so-calleavironmental models. As a by-product,
these models may quantify health effects of environmental degradation, usually

greenhouse gas emissions, on labour supply and productivity via changes in mortality

3-18



LITERATURE REVIEW

and morbidity, and their repercussiom® associated medical expenditures and

welfare?*

Health externality studies ament for the positive effecdof improved health on the
economy. This type of research has its ioegn the human capital literature, which
studies the link between human capital fation (especially education), productivity
and growth, and the body of literature focusing on the importance of adjusting trade

policy models for market imperfectiofis.

3.3.2 Health as an externality
Externalities arise if a consumer (prodyces affected by the actions of another

consumer (producer) without some formcompensation being paid or received. Hence
there is no market and thus no pricetfoe externality (Johansson 1991, p64-66). In the
case of positive externalitiesych as improved healthgHeads to underproduction of
the externality and a welfare loss to sociétythe CGE modelling literature on health
externalities this definition is not entirelp@ropriate as the positive effects of improved
health spill over to th labour market and are internelisin the price of labour via
supply and productivity effects. There is trumarket and a price for the externality in

which its value is realised.

3.3.3 Savard and Adjovi's CGE modebf Benin with externalities
Savard and Adjovi’s (1997) model for Bengmthe sole CGE model including health as

an externality. The authors assess the ecgnmitle effects of economic, fiscal and

24 A selection of environmental CGE models featuring side effects on health are: Beghin et al. (1999),

Bruvoll et al. (1999), Garbaccio et al. (2000), Li (2002), Mayeres and Van Regemorter (2003),
Resosudarmo (2003) and Vennemo (1997).

%5 See for example Corden (1997).
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public sector reform measures adopted utiteStructural Adjushent Programs (SAP)
of the late 1980s, early 199@sing a static CGE model @denin with health and
education externalities. CGEodels based on classical assumptions predict (small)
economic benefits from trade liberalisation.eTauthors’ purpose i® verify whether

these results still hold in the presenc@aditive health and education externalities.

Savard and Adjovi impose for education bathabour-augmenting and a factor-neutral
externality and for health a labour-augming externality. The labour-augmenting
externality increases the prodiwdy of labour, whereas th&actor-neutral externality

enhances the productivity of both factordydar and capital, in a similar fashion. In
contrast to factor-neutraxternalities, the labour-augmting externality changes the
cost-minimising combination of inputs becauaeconstant factor prices, producers will
have an incentive to use more of thereasingly productive factor labour. In
concordance with the Basic Needs literattine, authors give a two-fold interpretation
to the labour-augmenting health externalitt being both a productivity effect of

improved physical condition and a longevi§fect, according to which a healthier
population lives longer, resulty in a higher ratio of oldemore experienced and more

productive workers retave to young labourers.

The magnitude of externalities differs by secSectoral valuedaled is a CES function

of a labour composite and capital. The comisteerm, the shift parameter, of this
function is multiplied by the neutral education externality. The labour composite is a
CES function of informal and formal labodemand. For each of these factors the share
parameters are multiplied by the education &ealth externalities. The externality

parameters take the form of a constaas#tity function. For the labour-augmenting
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G health

Si
health externality by sector ) we have: Q, :( ] . Gheath and Gheaith

Ohealth

represent government expenditures on haalthe current and base year respectively,
and ¢ is the sector-specific h#h expenditure akticity for labour Its value lies
between zero and one (like all other exadity elasticities), irplying a decreasing

marginal external effeéf.

The authors acknowledge that their treatmainexternalities suffers from a serious
shortcoming, which is the lack of endogenedfifects on labour supply. In the case of
education, making the choice of more educatidl reduce the supply of labour at least
in the short run. Improved higa in the long run inducepeople to work more hours,

whereas the income effect of the risgphnoductivity will encourage them to work less
and take more leisure time. The absenceaking time effects other than changes in
longevity implies that income and substitutieffiects of improved health cancel out in

total.

The actors in the model are the governménts, the rest of the world and three
households (urban poor, rural poor, and nonfpobhe sector structure distinguishes
between public sectors (health, educatiother administrative services) and seven
private sectors (with furthe disaggregation of agricuital sectors). Factors of

production are capital and labour.

% The authors assume that health impacts most on agriculture, less on manufacturing and least on

services. For education, the reverse order is postulated. In absolute terms, the externality values
chosen are relatively low (in¢hrange of 0.003 to 0.06).
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Savard and Adjovi model thedaur market in greadetail to reflect stylised facts for
Benin. Standing out is the notion of “dé#a” (Savard and Adjovi 1997, p8), referring

to laid-off former pubic sector employees. This labour type is in a state of “waiting
unemployment” and coexistativ informal labour, moderfabour and bureaucrats (civil
servants). For the latter two categoride®e demand side determines the market and
wages are fixed. This demand is always satisfied from the pool of unemployed and
informal labourers. Wages afformal labour are @xible and adjust to absorb déflatés

or adjust to changes in hiring the modern sector or chdervice. Déflatés choose to
remain in a state of unemployment or opt tlee informal sector based on changes in

their wage relative to the base year.

The model is parameterised using a nesteontief-CES structure for production and
nested Linear Expenditure System (LESEobb Douglas (CD) structure for utility.
Foreign trade is modelled using the Armington assumption of imperfect substitutability
between domestic and imported goods and the small country assumption. Welfare is
evaluated using the Equivalent VariationW{ETo avoid free lunies foreign savings

are fixed and the exchange rate is the dguaiting variable. Totahvestments are fixed

and determine savings such that governmeiititteare financed from domestic private
savings. The marginal propensity to sdyehousehold is endogenous. The consumer

price index is chosen as the numéraire.
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The authors perform essentiathye simulation, a 10% redien in import duties, and
subsequently impose several scenariogetad at keepinghe government budget

balanced. These involve cutting various categories of government experfditures.

The first simulation shows that trade liberatison enhances production in some sectors,
household income and welfare, and GDP \dlhoof 0.53%). Due to a loss of tariff
revenue the government deficit rises. When accompanied by a reduction in government
expenditures, the authors find that the presefi@xternalities may invert the results of
economic and financial liberalisation as d cugovernment expenditure has negative
spillover effects on domestic product and pulsector employment. Lay-offs in the
public sector increase unemployment and put pressure on informal wages, which has a
negative influence on income, especiatl poor households. Savard and Adjovi
therefore conclude that “it.may be much more beneficial to reduce civil service
salaries and to remove the constraints on wageke modern sector in order to relieve

the pressures on tlgovernment’s budgét(Savard and Adjovi 1997, p18).

The authors make several suggestions onawgmnents to their analysis. These include
endogenising tax evasion, incorporatipgblic goods in the tiity function and
modelling the production of education andalih care in more detail by explicit
treatment of the endegous labour supply eftts of improved healthnd education. An
additional shortcoming of the model is thatis static and thereby not capable of
capturing the long run effects ekternalities and the time-baof adjustment towards a

new equilibrium. Also, the authors do nexplicitly consider people who are not

27 Tax increases are ruled out irethresence of a relatively big imfoal sector and the danger of tax

evasion.
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working, i.e. age groups such as childard pensioners, or the unemployed. These
population groups claim resources, finad by other households with working

members and/or the government, such #mtncrease in their health accompanied by
additional resource claims has repercussifor the welfare of remaining population

groups. Once these aspects are accountedhimmodel could be employed to assess
the overall repercussions of changesherlth on the size and composition of the
population, the labour force and its feedck effects on the economy in terms of

production, income and welfare.

3.3.4 Summary
Externality models account fothe presence of external effects, such as health,

education and environmental effects,arCGE framework. Only one CGE model on
health (and education) externalities preseatists, namely Savard and Adjovi (1997).
This type of work originates from hwan capital theory and trade policy models
adjusted for market imperfections. In line witte former type of literature, Savard and
Adjovi focus on the labour productivity effeot improved health according to which
health externalities, as a constant elastiftinction of public lealth expenditures, are
incorporated using labour augmentinghiealogical progress in production. The health
externality thereby influences the optimadmbination of inputs in production and
relative wages. Hence, the pure extergalitefinition, in which the absence of

compensation is crucial, does not cover ssmhover effects tdhe labour market.

Following the second body of literature, Savardl Adjovi verify whether the standard
CGE results of (small) economic benefiterfr trade liberalisation still hold in the
presence of positive health and educatedernalities. The authors find that the
occurrence of externalities may invethe results of economic and financial
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liberalisation as a ¢un government expenditure oredlth and education, aimed at
maintaining the government deficit, has negative spillover effects on domestic product

and public sector employmeiipusehold income and welfare.

The main shortcomings of Savard and &dj(1997) are a lackf dynamic effects, no
distinction between working and non-working or age groups, and absence of
endogenous labour supply effects (i.e. theaotwf better health on working time) and

utility gains from improved health.

3.4 HIV/AIDS MODELS

3.4.1 Introduction
HIV/AIDS models assess the economicpawst of HIV (Human Immunodeficiency

Virus) and AIDS (Acquiredmmune Deficiency Syndrome)sing CGE analysis. The
virus HIV that causes AlDSvas first isolated in 1983. Esates show that in 2003
almost five million new infections with HIV occurred and almost three million people
died of HIV/AIDS related causes, bringirige total of people currently living with
HIV/AIDS worldwide to 38 million, 1.1% othe world’s adult population. By far the
most affected region is Sub-Saharan édriwhich accounts for approximately 70% of
worldwide HIV/AIDS cases and has a prevalemate of at least seven times the world
prevalence rate (UNAIDS, 2004). It comes tosuwprise therefore that most empirical
models of the macroeconomic implicatiooisthe HIV/AIDS pandemic are applied to

Sub-Saharan Afric®

% This is not to say that HIV/AIDS does not pose a threat to other countries and/or régions.

example, countries in Eastern Europe and ther@onwealth of Independent States (CIS), despite
recording relatively low prevalenceates, are witnessing some of the fastest growing rates of
HIV/AIDS infection in the world.
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3.4.2 The economic impact of HIV/AIDS
Dixon et al. (2002) succinctly enumerate thain effects of HIV/AIDS on the African

economy, namely reduced labour supply, cedulabour productivitand a worsening

of the balance of payments. Labour sypfdlls through increased mortality and
morbidity, and the impact may differ ass sectors depending on relative skill
intensities and differercin incidence acrossifikypes. The long dration of the iliness
lowers labour productivity, which in turn reduces competitiveness, profits and hence
government’s tax earning ability. The latteifeet combined withthe pressure on
government spending to mitigate the impattIV/AIDS increases the potential for
fiscal crises. Finally, a fall in productivitiowers exports while at the same time
HIV/AIDS sufferers usually require expsive imports of health care goods. The
deterioration of the trade lamce may lead to defaultsn debts and an appeal for

international assistance.

As noted by Arndt (2003) and Arndt and Wb&002), the basic coassus of the early
literature on the macroeconomic impact oVKIDS that appeared in the early nineties
was that AIDS had little net (negative) maeconomic impact measured in terms of per
capita GDP? Conclusions reached by more recent studies are considerably less
sanguine and show more ofte¢han not a strong negativassociation between HIV
prevalence and per capita GEfPThis change in tone stems from the explicit
recognition of the long term, dynamic nature of the pandemic, accompanied by

improved data. Given the disease’s lomgubation period, tatively small but

29 Kambou et al. (1992)'s CGE model for Cameroon and Cuddington’s (1993) econometric model for

Tanzania are examples of earlier studies.

% CGE examples are: Arndt and Lewis (2000), Arald Lewis (2001), Arndt and Wobst (2002), and
Arndt (2003). The latter three models focus more on the implications for labour markets and human
capital accumulation. An example of a recemtreanetric study is Dixon et al. (2001a).
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sustained negative impacts on rates of actation, be it of physical or human capital,
and technological progress ardfient to bring about a signdant fall in growth in the

long term.

The discrepancy between short run and lang effects of the HIV/AIDS epidemic is
particularly apparent from the manner which the pandemic affects human capital
formation. Whereas in the short run a fallabour supply may irease per capita GDP
as more capital and land are available werker in production, in the long term a
decline in the rate of human capital acclation may negatively influence growth and
levels of per capita income. Hamoudi anddBall (2002) explore four ways in which
the epidemic is likely to adict the rate of human capital formation and the productivity
of the existing human capitalogk in Africa, most of which feature in some form in the
CGE studies discussed later. Firstly, thes of adults, among which many teachers,
affects Africa’s ability to supply eduttan. Evidence shows not only that AIDS
disproportionally affects adults of working aget biso that, at leash the first wave of
the epidemic, HIV was much more likelyitdect the relatively well-educated workers,

making the teacher profession relativvulnerable to the epidemit.

Also, given a drastic fall in life expectandhe time horizon over which to reap returns
to education is shortened, which lowerswikingness to invest imnd thus demand for
schooling. Arndt and Wobst (2002) argue tbatidren whose parents die from AIDS-
related causes are ldgsely to go to schoohs the need for childn, or indeed orphans,

to work becomes more pressing, therebyhier depressing the demand for education.

31 Equally alarming is the relatively high HIV/AIDS prevalence rate of 20% among healtnuaes

in South Africa reported in Dixon et al. (2002).
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Moreover, the loss of skilled people of wolg age negatively affects productivity of
those who remain behind in the presencanefeasing marginal returns or positive
externalities to human capital. Hamoudind Birdsall (2002) argue that an
agglomeration of skilled workers is muchore effective than an equal amount of
workers each acting on their owhhe stylised fact of “brain drain”, whereby skilled
labour migrates to relatively skill abundanagés to increase its income, is used in
support of this line of reasoning. Arndbdh Wobst (2002) similarly reason that the
decline in productivityof the workforce is a reflectioof the replacement of more
experienced workers (who die from AIDSated causes) by raiaely inexperienced
workers (who are of school age but fordedwork), who are less productive and are

less likely to innovate.

Finally, insofar as human and physical talpare complementary inputs in production,
a loss of physical capital reduces theiligb of skilled workers to contribute to

production and thus their productivity.The erosion of the physical capital stock is
attributable to a reduction in domestic $ey8, via a shortening of time horizons and
large, sustained outlays for medical c&re@nd a fall in attractiveness to foreign

investments.

Economists have two methods of quantiy the overall effect of HIV/AIDS
prevalence on the economy, as measubgd GDP per capita, these being an

econometric modelling framework and a computable general equilibrium analysis. CGE

%2 The loss in productivity stemming from externality or complementarity issues may further magnify

the slowdown in human capital accumulationldyering the returns to education.

% Medical costs include purchases of treatmentshdyseholds and delivery of treatments by the
government, but also refer to medical expenses of firms on medical insurance, death benefits and
spouse’s and disability pensions, cosab$enteeism and even funeral costs.
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studies are being reviewed hét€Econometric analys&suse calibrated neo-classical
growth models and similar to the CGE sesg]jihypothesise that ahges in per capita
income are determined by changes in plalsand human capit accumulation and
productivity. A priori, the effecof the pandemic on the gromthate and level of income

is indeterminaté® An increase in the prevalencel¢fV/AIDS lowers productivity and

leads to a fall in the savings rate and papah growth. The formr two effects reduce

the ratio of capital to labour and income papita over time. The latter effect works in

the opposite direction by raising the capiedbdur ratio and per capita income over
time. The overall impact depends on which of these effects predominate and therefore

remains an empirical question.

The prime disadvantage of growth models coragdao CGE models is that they fail to
capture the differential impact of the epideracross sectors, factors and the population
and the various interactions between differpatts of the economy, such that it is
unclear how the overall result comes about. Dixon et al. (2002) add that, due to the
explicit incorporation of intesectoral differences with spect to loss ofabour, of

which the relatively skilled and sector-sgactypes may be difficult to replace, CGE

studies generally predictralatively greater negative @somic impact of HIV/AIDS.

3 The review discusses five CGE models applied to the HIV/AIDS pandemic, which are exemplary of

their development over time. Excluded are Shombi Sharp’s 2002 model for the Russian Federation,
used by the UNDP (2004), and the Centre for International Economics’ model for Papua New
Guinea, used by AusAID (2002).

% Dixon et al. (2002) is a good source of references for econometric work on HIV/AIDS.

% See Dixon et al. (2001a, pp.412-414) and Cuddington (1993, pp.178-182).
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3.4.3 Kambou, Devarajan and Over’'s Cameroon model
Kambou et al.’s (1992) model for Cameromnthe first CGE model to assess the

economy-wide impact of the HIV/AIDS pdemic. The authors presume that the
epidemic affects the economy solelyaexogenous reductions in labour supply and
abstract from increases in public and ptes health expenditures. The research is
motivated by epidemiological evidence af highly unequal distribution of HIV
infection, biased towards highly skilled bamn workers, which could have severe
consequences for economic growth, papita income and overall welfareintleed,
were it not for the fact that AIDS Kkills the skilled population in disproportionate
amounts, some may argue that the macomomic impact of & disease in Sub-
Saharan Africa is unimportanffrica's population is growing so rapidly, the argument
goes, that the additional deatdsie to AIDS will hardly baeoticeable in the aggregate

statistics” (Kambou et al. (1992, p111).

The model (see Table 3.1) is employed atistand recursive dynac simulations of a
skill-neutral reduction in overall supply ebiral, urban skilled and urban unskilled

labour, representing a total of 30,000 workensymar (0.8% of the labour force), and

skill-biased reductions in supply of each labour category of 10,000 a year, holding other

skill categories constant. The base run, wisietves as a reference case against which
the effects of reduced labour supply are measured, reflects gtet@ssumptions of no

changes in the internal aedternal environments withiwvhich the economy operates.

In the static simulations skill-neutral reductia of labour supply leads to a rise in
wages, which translates intogher production costs andghier prices, especially for

sectors with labour-intensive productionopesses. An increase in the cost of
production, combined with a fall in invesént demand due to a sharp reduction in
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government savings, reduces output and empdoynThe rise in domestic prices brings
about a deterioration of theatte balance as exports decrease and imports rise due to a
fall in international competitiveness. The contraction of the external sector has negative
consequences for government savings singé tavenues fall. The fall in especially
government savings exacerbates the contraaif the economy in the dynamic skill-
neutral simulations by depmasg investments and average real GDP growth falls by

approximately 50% (two percentageints) relative to the base run.

The skill-biased experiments reveal thattees contract, the extent depending on
relative factor proportions in each sect@hortages of rural labour lead to an
agricultural output decrease proponally larger than the decrease in output of other
goods, whereas in the case of a fall in art&bour, manufacturingnd service sectors
show relatively large producth decreases (Rybczynski typHects). The authors note
that, although HIV/AIDS bringan overall loss to the ecamg, some sectors may gain
depending on relative price changes. For example, the food sector expands following a
fall in the supply of urban skid labour as this makes rutabour relatively cheap. In
aggregate though, the contraction of manufacturing and oaetistr is relatively more
pronounced. A fall in supply of urban skidldabour hits the emomy hardest, with
sharpest reductions in output experienbgdmanufacturing and construction sectors.
The assumed growth rate of 1% for urbaiestfilabour is insufficient to absorb the loss
of 6% of urban skilled laboutin contrast withrural labour which still grows in the
presence of HIV/AIDS, causing the economyctmtract and GDP growth rates to fall

by relatively more.
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Kambou et al.’s main result is thus thahen evenly distributed across the population,
HIV/AIDS approximately halves the averageowth rate of real GDP, a reduction of
two percentage points, and that most of impact comes from the loss of urban skilled
labour. Such a heavy loss of Cameroon’sstrekilled and productive type of labour
signifies a decline in the rat# return to human capitahvestments, productivity and
growth. This leads Kambou et g1992) to conclude that: “... @eople-centred
development approach is bound to fadnd that the impact of alternative government
(and household) responses to HIV/AIDS re¢d be assessed (Kambou et al. 1992,

pl23).

3.4.4 Arndt and Lewis’s South African model
Arndt and Lewis (2000, 2001) advance thalgsis of Kambou et al. (1992). The

authors not only model the mhe@graphic effects of HIV/ADS, but also account for
behavioural effects, through governmead household responses to mitigate the
negative consequences the disease. Arndt and Lewiind a substantially greater
impact compared to Kambou et al. (199R)e to improved demographic estimates of
the magnitude of the epidemic, which is gabsally larger tharoriginally thought, as
well as an explicit aaunt of the long duration of the pandemic such that negative
effects cumulaté’ The results are published in two segia articles, atudy addressing
the macro-economic implications of HIV/BE (Arndt and Lewis, 2000) and a paper

concentrating on sectoral impacts amgmployment (Arndt and Lewis, 200%).

37 Analyses are carried out for ten instead of five years. Additionally, Kambou et al. (1992) did not

contain a time dimension. They use the period of 1987 to 1991 to compare scenarios and report
results in terms of average annual growth rate differences.

% Unless stated otherwise th@oeted results are from both papers.
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Arndt and Lewis’s model is relatively morgophisticated in terms of aggregation,
functional forms and market structure (Sesble 3.1). The authors employ a translog
production function for capitadnd labour inputs, which peis different substitution
elasticities between pairs of inputs. This fumcal form emulates South Africa’s reality
of marked differences in famt utilisation featuring the siultaneous existence of high
unemployment of unskilled and full employnteof professional laour. A novel feature

of government behaviour is that governmesrisumption expenditure as a share of total
absorption (private consumption, govermnheconsumption and investments) is
exogenous but across the seven spendibggodes can accommodate a variety of
allocation rules, including ineased health spending at the cost of other goods or deficit
spending at the cost of savings, which crowds investment. The latter crowding-out
mechanism is incorporated in the AIDS saeo. Finally, to cordrm to reality, real
wages for unskilled, skilled and informibour are set institutionally above market
clearing levels, such that the level of eayshent becomes the equilibrating variable.
Levels of unemployment result from silapsubtraction of employment from labour

supply. The wage for professiodabour is set in the market.

Arndt and Lewis compare a hypothetical No-ABcenario with alIDS scenario to
distil the differential impact of the HIV/AID®pidemic. Features of the AIDS scenario
are: a slow-down in population and labour force growth by skill category (unskilled
labour is taxed relatilg heavily); a fall inlabour productivity (Bective labour input by

skill type is reduced proportionally withetprojected AIDS deaths one period hence);
total factor productivitygrowth drops by up to one half of the No-Aids rate at the height
of the epidemic (reflecting among othec®st of hiring, training adjustments,

absenteeism and slow-downtechnical progressjjouseholds struck by AIDS reduce
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savings and increase health spending tdo105% of total spending at a cost of non-
food items; and finally the hehlshare in government expenditures rises from 15% in
1997 to 26% in 2010 by augmenting the defiitie share of non-AIDS related spending

Is assumed constant). Only the firsieetfwas considered by Kambou et al. (1992).

Against the backdrop of these assumptiomesAHDS scenario lowers economic growth
compared to the No-AIDS scenario, ahaximum of 2.6 percentage points in 2008. As
a result, the overall size of the economy meagum terms of real GDP is considerably
lower, in 2010 by about 17%gelative to a situation wibut the HIV/AIDS epidemic.
This welfare measure is biased upwards ttustark increases in health and related
expenditures to fight AIDS, which do naignify a welfare improvement in this
model®® Therefore, the authors employ absimp excluding AIDS-related expenditures
and private expenditures on food as an adtive welfare indicator. The difference in
this real absorptiormeasure is 22% in 208.Arndt and Lewis argue that further
information on per capita GDP and abgmnmp is required, as the slowdown in
population growth may leave welfare per capitaffected or may indeed lead to an
improvement per capita. Whereas in Kambou et al. (1992) per capita income remains
approximately constant, Arndt and Lewiadia fall in GDP and absorption per capita.
Specifically, in 2010 per capita GDP is 8% loveed absorption per p#aa is lower by
13%, indicating that the decline takesqg# disproportionally in non-health, non-food

expenditures. Decomposition of the tot#fieet on real GDP in 2010 reveals that the

39 A deficiency in Arndt and Lewis’s analysis is tlitadoes not include a measwkhealth status in the

utility function such that improvements in well-being of the ill are not positively valued.

40" These figures are from Arndt and Lewis (2000). Arndt and Lewis (2001), although based on the same

model and assumptions, report slightly higheiinegtes: real GDP is about 20% lower in 2010
compared to the No-AlB scenario, real absorption is 24% lower.
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change in total factor productivitynd government spending (reducing savings and
investments) account for the major past the GDP decrease, 34% and 45%
respectively’’ Finally, although Arndt and Lewis2Q00) expected to find a fall in
unemployment for the high-unemployment utiellilabour category iSouth Africa, as
AIDS impacts on this category more than oshéhe model resulsuggest the contrary.
The unemployment rate for unskidl labour actuallyncreases marginally relative to the
No-AIDS scenario, because the HIV/AID&ndemic not only reduces labour supply
growth (labour supply is 17% smaller 2010 in the AIDS scenario) but also slows
down production growth and thus labour demahRiis issue is further elaborated in

Arndt and Lewis (2001).

The authors label the high unemploymentiogkilled and semi-skilled labour in South
Africa as an employment problefhThe data suggest that job creation performance
over the past thirty years for this category has been dismal relative to other skill types.
Formal sector employment failed to grow in line with unskilled and semi-skilled labour
supply in the 1970s and actuatlgclined in the 80s and §0leaving total employment

for lower skilled labourers in 1999 at 9284 its level in 1970. Although the authors
recognise the complexity of South Africa'stiory, they attribute this phenomenon to a
single factor, namely the neo-classical exgition that the lower-skilled labour types

have systematically priced themselves out of the market. A combination of institutional

4 Decomposition of the change in real GDP is im@stead via progressive elimination of effects. This

method is subject to path dependency. The authors use the following order of eliminatidactot
productivity is eliminated firstfollowed by government deficgpending (replaceby displacement

of government expenditures on other goods), factor-specific productivity declines and reductions in
labour supply. The latter two account fbe remaining 8% and 13% respectively.

42 Rather confusingly, Arndt and Lewis (2001) suddenly change the labour classification in their

analysis from informal, unskilled, skilled and professional labour types to unskilled, semi-skilled,
skilled and highly skilled labour categories. Consequently, labour market results are reported in terms
of the latter typology.
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factors such as labour unions, wage baniggi councils and labouegislation have led

to the creation of a relatively rigid wager flower skilled labour types that is set well
above market-clearing levels. Their hypothesis is supported by data on real
remuneration trends across labolasses. Evidence shows thedl wages for semi- and
unskilled labour has grown by up to 250%tlo¢ 1970 level, whereas for highly skilled

and skilled labour these have remained relatively close to the 1970 level (at 90% and

110% respectively}®

Arndt and Lewis (2001) put foravd two additional factorgpart from the slow-down in
growth explanation, to motivate the facatlthe unemployment rates of unskilled and
semi-skilled are largely unaffected by the HIV/AIDS epidemic. These stem from
changes in the structure of the econooaused by the differential impact of the
pandemic across sectors. Firstly, a fall in sgsi(associated with the pandemic) brings
about a fall in investment demand and losvéne production ofivestment goods by the
construction and equipment sectors. Thesesecise unskilled and semi-skilled labour
relatively intensively and take up a significant share of total wage payments to these
categories (approximately 16%). Additionally, AIDS-induced morbidity effects on
unskilled and semi-skilled teur lower the output of sectors using these labour types

relatively intensively even more, exacdrbg the negative effects on employment.

In the light of the above, Arndt and Wwis (2001) advocate a poy of real wage

moderation (or even decline) for unskillemhd semi-skilled labour to stimulate

43 The growth paths of real remuneration for labour in the model simulations (reported in Arndt and

Lewis 2001 only) are set conservatively relativethie evidence. Specifically, real wages for the
lower skill types grow at 2% (less than the average annual growth rate of 3.5% over 1970-1999).
Real remuneration for skilled labour remains constant and remuneration for highly skilled labour is
formed in the labour market.
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employment, especially in equipment amzhstruction sectors that use these factors
intensively, investment and growth. i$hwould palliate the negative economic
consequences of the HIV/AIDS pandemic and reduce unemployment rates. They assess
the effect of this policy by comparing diffetegrowth paths of real wages with the
original scenario. The model results showattbonstant real wages for semi-skilled and
unskilled labour improve GDP growth by 0.5@entage points annilarelative to the
No-AIDS scenario, whereas a fall of 1%nnually increases GDP growth by
approximately 1 percentage ipb This change in growth performance stems from
improvements in employment and is furthecamaged by a rise investments. For
example, an annual decrease in real wégesemi-skilled and unskilled labour of 1%
reduces the unemployment rate to a level bpercentage points below the level in the

base case, which 41% is still high.

Arndt and Lewis (2001) recogse that the distributionalffects of this policy across
households with employed members who @red real wage rise, versus households
with unemployed members who rather see weajes fall, are not trivial and should be
investigated in more detail in future. Nevetess, as a first inchtion, the authors find
that the real value of total factor paymetasunskilled and semi-skilled labour remains
constant. This suggests that the reductiowages offsets the increase in payments to
the newly employed and has no adversstrifiutional effects across households.
Another avenue for future research listgdArndt and Lewis (2000) is to improve the
empirical basis of the effects of the HAIDS pandemic. Alternative intervention
policies aimed at mitigating the impact of the pandemic, next to a policy of wage

moderation, need further scrutiny. Higa currently not modelled are dynamic
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implications over time of the HIV/AIDS pandgc, such as the impact of a reduction in

education spending on skill accumulation gnowth of labour supply by skill type.

3.4.5 Arndt and Wobst's Tanzanian model
Arndt and Wobst (2002) zoom in on amder-investigated element of Arndt and

Lewis’s (2001, 2002) analysis of the potential economic implications of the HIV/AIDS
pandemic via its effect on labour markeind human capital accumulation. The central
hypothesis of Arndt and Wobst is that in pa@muntries such as Tanzania, where the
stock of human capital is small, not tdeath of skilled people but the impact of
HIV/AIDS on growth in the human capitastock, i.e. rates of human capital
accumulation, matters more for economic performance in the long term. Evidence
points to a strong relatiohgp between educational attainment, productivity and
technological progress, andremgs, such that higher education levels may enhance
economic growth significantly. A CGE model danzania addressy the implications

of skills upgrading is the last of three ays@s undertaken by the authors to scrutinise
this research question. The authors commaeuiitea labour force survey (LFS) analysis
and a study of rates of human capital accutrariausing education transition matrices
(ETMs) for the 1990s of which results areedgo derive tentative conclusions on the

economic impact of HIV/AIDS via changes in skill upgrading.

A comparison of the 2000/01 LFS with the 1990/1991 LFS shows that the age structure
of the Tanzanian labour force has changefhwour of the young and less experienced.
The shares of children of 10-14 years ahdl guveniles of 15-19 years old in the work
force have increased relative to the shdrmedium age employees of 20-34 years old.
This pattern agrees with the loss of eatibnal capacity, due to teachers dying from
AIDS, and a fall in education demand by children, forced to work to compensate for the
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loss in income of AIDS striedn parents of prime-age and,adesser extent, older age.
Moreover, in line with the LFS results, thetlaars find a sharp fall in the share of the
school age population of 5-14 ysaold enrolled in primargducation. The trends in
school enrolments in Tanzarese deciphered in more detasing the novel approach

of estimating ETMs at provincialegional and national level.

An ETM captures the way in which childrenove through the education system. For a
given education level a child has three options for the following year, which are to
progress to the next educational level, to remain in the same educational level and to
exit the education system and enter the lalbowoe. The probabilities of each of these
outcomes for all education levels are put into one comprehensive transition matrix,
Reading row-wise the diagonal entries repnéghe probability of repeating the same
educational level and the following entry tioe right of the diagonal represents the
probability of progressing to the next educaal level. Exit probabilities for each
education level are put in the matrix bydady an additional column. All other entries

are zero by assumption and rows add up tosoreé that all choices are accounted for.

If E, is the enrolment in year t, with the gnfor grade 1 positivand all other entries
zero, then the number of individis at each educational leved, at t+1 equals:
T-S+E.* Using a minimum cross-entropy approach, the authors estimate non-

stationary ETMs, which permit transition prdlidies to evolve over time according to
a linear trend, and stationary ETMSs, in which probabilities are coriStAmndt and

Wobst find that trends in secondary schoabément, which is relatively small in size,

4 Enrolment in first educational level is supplied exogenously, such that probability of repeating grade

1is set to zero.

4 For more information the reader is referred to Appendix B of Arndt and Wobst (2002).

3-39



LITERATURE REVIEW

have been positive. More importantly, trends in primary school enrolments are negative
from grade 4 onwards and especially sobfoys. For grades 4 to 7 exit probabilities are
increasing, which is in line ih the large increase in theask of 10-14 year olds in the

labour force.

The final part of Arndt and Wobst (2002)asCGE analysis of the implications of skill
upgrading (defined as a reduction of the shair the low-skilled and an increase the
share of the medium and high skilled in thbour force) using atatic CGE model for
Tanzania. A salient feature of the Tanzamadel (see Table 3.1) is that it accounts for
the presences of large wedges between ymerd and consumer prices, such that
households may opt to produentirely for own consumption (home consumption).
Another distinguishing featuris that factors of production are mobile, but only to a
certain degree, which is activity and/or scenario related. Capital employed in (non-)
agricultural sectors can onlyawe freely across (non-) agultural sectors. Labour is
mobile if rural-urban migration is permitted, but made specific to agriculture and non-
agricultural sectors when it is not, in whichse (non-) agricultural labour mobility is
restricted to (non-) agricultural sectoonly. Finally, land is only employed in

agriculture and peetctly mobile within sub-sectors.

Skill upgrading is simulated by transferrir®$o of low-skilled to medium skilled
workers and 1% of the medium skilled tloe high skilled category, given the total
number of agricultural andon-agricultural workers. Tev scenarios are used, which
either allow or forbid rural-urban migtion. In the migration-permitting scenario
agricultural labour of a certaiskill type can migrate anchange into non-agricultural

labour of the same skill da (and vice versa). Migratiois a function of relative
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agricultural/non-agricultural wagewhich are maintained at a constant level by labour
flows between the categories. In the scenario which prohibits migration total
agricultural and non-agricultural labour igdd. In this set-up, migration is ultimately
governed by low demand elasticities for agricultural products combined with larger
opportunities for skilled workers in urbaneas. Consequently, when migration is
allowed, skill upgradig entails larger icreases in the medn and high skilled

workforce in non-agricultural sectors compared to their agricultural counterparts.

The authors find that skill upgrading with miagion leads to a higheeal GDP relative

to the scenario in which migration isopibited (increases y.42% compared to 0.35%
without migration). Not only do workers ave to a higher and more productive skill
class, but also from agriltural to more productive non-agultural jobs. Secondly, in

the absence of migration agricultural GDP improves by relatively more from skill
upgrading. This results from a rise in protivity of more skilledagricultural workers

and the large number of (loskilled) workers involved iskill upgrading. Nevertheless,
the cost to the agricultural sector of migration is relatively small compared to the gains
to the non-agricultural sector due to praukity differences and the fact that the
agricultural sector cannot easily absorb higBkilled workers. The latter factor,
combined with strong reduotis in marginal product followg an increase in the size

of the highly skilled labour eks, ensures that real wagef highly skilled labour in
agriculture decline when migration is not permitted and logically, when migration is

allowed, these workers have the highest propensity to migrate.

Arndt and Wobst conclude that the observed patterns of skill upgrading agree with a

development strategy which enhances adpral production. This improves demand
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by the majority of the population for nonfagltural products and permits migration
from rural to urban areas without significaatst to agriculturalectors. The slowdown

in skill upgrading obseed in the LFS and ETM analysexd which HIV/AIDS is likely

to be a contributing factor, would diminigtuch positive processes. The authors also
note the negative effects of the strospift in age structure towards younger,

inexperienced workers who are leseductive and less likely to innovate.

Although certain aspects of Adt and Wobst (2002) are innovative, especially the use
of ETMSs, one could criticise #ir work on several points. Filg, the model is static and
not dynamic and therefore does not captujesachent processeasver time. Secondly,
their analysis of the impact of HIV/AIDS dhe economy via changestime rate of skill
accumulation is essentially gualive. Three separate studies were carried out, and the
results of the LFS study and ETM analyses ot directly incorporated in the CGE
model simulations in the form of ‘No-BIS’ versus ‘AIDS’ scenarios. The latter
procedure is fairly common in CGE modelsthe economic impact of HIV/AIDS (see
for example Kambou et al., 1992 and Arratid Lewis, 2000, 2001). Instead, the
authors argue that they “.do not know and cannot knovhat educational and labour
force trends would have prevailed in the absence of the pantiéAriedt and Wobst,
2002, footnote p39). Hence, no guesstimatesheflikely impact of the HIV/AIDS
pandemic on the education and labour masketimplemented in the CGE simulations

and no quantitative but only tetiive conclusions are derived.

3.4.6 Arndt’'s Mozambique model
Arndt (2003) is a development of Arndtcabewis (2000, 2001). He complements their

CGE analyses with the results of Arratid Wobst (2002) for Tanzania and thereby
addresses the caveafsthe latter.
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The author develops the ETM of Arndt avébbst (2002) into an education and skill
transition matrix (ESTM), which governs transition between various scholastic levels
(lower and upper primargecondary and tertiargnd workforce skill levels (unskilled,
skilled and highly skilled). People who are matrking and not in school (infants) and
those who retire from the labour force or die arcorporated as a first and last class in
the matrix respectively. The ESTM for Mozambique is estimated over the years 1996 to
1999, a period in which effects of the HIV/AIDS pandemic were minor, and which is
therefore assumed to reflect a ‘No-AlDSituation. The effest of HIV/AIDS are
derived from available demographic projensoand trends in transition probabilities
estimated by Arndt and Wobst (2002) fornnkania over a period containing a
substantial number of AIDS{aed deaths. Typically, AID$creases the death rates;
increases the probability ehoving from a lower level of schooling to the unskilled
workforce; reduces the likelihood of movirfgppm secondary to tertiary education;
increases the probability of changing frontitey education to the skilled labour force
(as opposed to highly skilled); and, at edlrel of educationalteainment, reduces the

chance of remaining in school.

The resulting ESTMs with and without B are subsequently employed in CGE
simulations of a base ‘AIDS’ scenarand a ‘No-AIDS’ scenario. A second AIDS
scenario, ‘Education’ is imposed, which loakisthe effect of @ucation policy in the

presence of the pandemic. The ‘Eduadticscenario maintains the transition
probabilities of the ‘No-AIDS’ scenarios whilthe demographic effects of AIDS, i.e.
increases in the death rates and proportice@ictions in the probability of remaining
in a category, still obtain. Education policy hypothesised to eb 25% and 50% of

base funding levels in the first twoegrs of the simulation period (1% of GDP
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approximately), after which an increase of 3% per annum in terms of real foreign
currency takes effect for the remaindef the simulation period. Incremental

expenditures on education are fundeadtigh direct taxation of urban households.

The three scenarios have different impligas for labour force projections. Without the
HIV/AIDS pandemic the skilled and highlgkilled labour categories grow rapidly,
while the AIDS scenario depresses skill upgngdio lower, albeit still positive, rates of
growth for the two skilled labour types. Tipeol of unskilled labouis larger in the
‘AIDS’ scenario tharin the ‘No-AIDS’ scenario due ta rise in school drop-out rates.
When the education policy is put in plagepwth of the higher sked labour categories

is only marginally affected by the epidemic, which stems from the relative smallness of
the highly skilled labour segment comparedh® large pool of unskilled labour, i.e. the
potential new entrants into the educationatem. This implies that the indirect effects

of the pandemic on transition probabilities are more important than the direct effects on
death rates, and signifies the importance of maintaining the flow of new entrants into
the skilled segments of the workforce tcegerve future stocks of (highly) skilled

labour.

The alternative labour force projections, together with assumptions on productivity
growth and physical capital accumulation, #@ into a recursive dynamic CGE model

for Mozambique (see Table 3.1). The productivity of each factor is assumed to decline
proportionally with the share of the relevadult population thahas AIDS. Physical
capital accumulation across sectors is govermegrofit rate differentials. They are
financed by government, foreign and privéiems and households) savings, of which

the latter two may vary across scenariostha ‘AIDS’ scenario foreign savings and

3-44



LITERATURE REVIEW

private savings rates are assumed fixed, whereas in the ‘No-AIDS’ scenario a slight

degree of responsiveness (elasés below 0.5) to rates oftxgn to capital is permitted.

Results indicate that the economic reperarssiof HIV/AIDS are potentially sizeable.
Arndt finds a relatively large decline in the growth rate of real GDP compared to earlier
studies. Real GDP growth falls by between 2.8% and 4.3% in 2010, leading to a
reduction in real GDP in 2010 of 14% to 20%. On a per capita basis the growth rate is
between 0.3% and 1% lower in 2010, leading to a per capita GDP of about 4% to 12%
less compared to the ‘No-AIDS’ scenariod@composition of the effects of AIDS show

that reduced population growth and humeapital accumulabn (24%), reduced
physical capital accumulation (35%) and most importantly reduced productivity growth
(41%) are the main drivers of the reductiongrowth rates. Moreover, sectors that
produce investment goods (other manufacturing and construction) are particularly hard
hit, whereas agricultural sectors are ot much affected. Given the labour force
projections of the ‘AIDS’ scenario relaévto the ‘No-AIDS’ scenario, the pandemic
reduces output of sectors that intensivake highly skilled and skilled labour and
capital, whereas sectors that use unskilled labour intensively tend to expand as a share
of GDP (Rybczynski type effects). The fornfactors happen to ke relatively high
productivity growth rates compared to ttater, which magnifies the differences in
GDP growth rates. The assumption ofhi@ical change biased towards human and
physical capital, in stark contrast to earlstudies, such as Arndt and Lewis (2000,
2001), which impose Hicks-neutral technologigabgress, is key in explaining the
growth differential. If Hicksaeutral technical chmege is imposed, the growth differential
falls to 2.5%, slightly belovthe estimate of Arndt and Lewis (2000). Output per worker

and wages differ significantly in the ‘Eduaaii scenario compared to the base ‘AIDS’
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scenario, whereas total real GDP is approximately the same for the entire simulation
period. Labour supply in the ‘Education’ scanas relatively lowdue to the policy of
maintaining school enrolment rates. Greaséwcks of human capital and a larger
amount of capital per worker imply higheutput per worker 1% higher in 2010
compared to the base ‘AIDS’ scenario)réduction in the amount of unskilled labour
implies an increase in unskilled wages (by 1i#492010), but as the value added share in
GDRP rises, education instead of workingaas unskilled laboureoverall generates a
higher payoff. Growth rates in the two ‘AlDStenarios also differ substantially. In the
early stages education policy slows dowareamic performance as taking people out of
the labour force reduces theontribution of otherwise wging individuals to the
economy, but later such a policy pays off in terms of higher growth rates. By 2010 real
GDP growth is 0.6 percentage points higher in ‘Education’ compared to the base
‘AIDS’ scenario, due to more rapid ham capital accumulation, i.e. enhanced

productivity of a more skilled labour force.

In spite of a high degree of uncertainty around the re¥ulte long but finite duration
and severity of the impadf the pandemic suggests thetective mitigating policies,
such as the education policy, and prevenpiekcies, aimed at thucing HIV infections,
implemented today may have a high pay-ofthe long term. Arndt (2003) illustrates
this by net present value (NP\alculations of successf@ducation and preventive
policies. He finds that, assuming that @p@wth enhancement of 0.6% of education

policy persists up to 2020, additional educagapenditures in the der of 5% of GDP

46 For example, Arndt (2003) stresses that the mriddty impact of AIDS isspeculative because of a

thin empirical base, which makes estimateseahhical change and the pact of AIDS thereon
highly implausible.
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per year from 2002 to 2010 are justified. Bamy, if effective preventive policies
reduce AIDS deaths and result in a papita growth benefit of 0.3%, additional
preventive expenditures @5% of GDP from 2002 to 200ate warranted, based on a

per capita GDP measure of evaluating prdgiwe policy only. The assumption that the
pandemic is severe, long-tagy but nevertheless finités critical and signifies a
departure from Kambou et al. (1992)hege viewpoint was that a people-centred
development approach (such as investméantsuman capital) would be fruitless as
AIDS reduces the life expectancy of educated people. Instead Arndt assumes that over
time a vaccine is likely to become available and that together with behavioural changes
and changes in human biology this will eventually cut back HIV/AIDS prevalence rates.
Until that time, policies that aim at redogithe impact of HIV/AIDS and the duration

of the pandemic are justified.

Arndt (2003) is sophisticated compardd the previous HIV/AIDS models in
simultaneously considering the consequenafesilV/AIDS for labour, physical and
human capital accumulation and the rate-diuman and physical capital biased -
technological change, and in assessing potential of preventive and mitigating
policies (such as education policy) irrexursive dynamic CGE setting. Nevertheless,
the reliability of data andchtis results remains a problemdgeed in all studies), which
can only be ameliorated in due time wherrenis known on the effect of HIV/AIDS on
productivity growth and labour supply byikkype. Furthermore, Arndt (2003) does
not address the issue of resource allocatidmnch needs to change considerably and
raises questions about feasibility if policy recommendations were to be carried out.
Priority setting amongst the most costeetive government responses, which is much

needed but can lead to controversialcoutes, may thereforaeot be carried out.
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Instead, the author’s objectivets show that proposed pdks are likely to have a high
payoff such that (Arndt, 2003, page iv): “imaginative initiatives including costly

ones, can be consideréd.

3.4.7 Dixon, McDonald and Roberts’ Botswana model
Dixon et al. (2004) report preliminary resultstbé effects of health care interventions

aimed at reducing the impact of the HAWMDS pandemic on the Botswana economy. It

is the first of its kind in explicitly modkng health policies which target the pandemic
directly and thereby represents a markadrovement upon previous analyses, which,

at best, examined indirect (e.g. labour market and education) policies aimed at
mitigating the effects of the pandemic o taconomy or, in the case of Arndt (2003),
evaluated the impact of preventive p@g using NPV calculations based on GDP per
capita only (not endogenously modelled ie BGE framework). Two types of health

care interventions are considered: reductions in other sexually transmitted diseases
(STD) which reduces the probability of Witransmission anch health education
programme (EDU) which focuses on pretren by reducing the number of newly

formed sexual relationships.

The analyses are carried out in a recursive dynamic CGE model for Botswana (see also
Table 3.1) with an embedded “compartmental” epidemiological model. The latter
endogenises the impact of the epidemic on labour supply via changes in mortality. It
distinguishes high risk andvorisk populations, which areach subdivided into those

who are currently infectechd those who may become infed. Changes over time are

then derived from populath numbers in the previous period plus a series of

transmission parameters.
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The policy interventions areadelled endogenously in thense that they impose costs
in terms of material and sled labour (in the economicomponent of the CGE model)
and benefits in terms of the preservatiorifef (in the epidemiological component). A

total of five shocks/policeare modelled incrementally which describe the impact of:

AIDS, modelled on HIV/AIDS prealence estimates of UNAIDS;

- AIDS and the associated rise in goveant expenditures on health care (HE),
assuming that real health cgm@vision quadruples over 1994-2020;

- AIDS with HE and an STD policy inteention which reduces the chance of HIV
transmission through sex between higtk partners by 50% and by 30% if at
least one low-risk pamer is involved, and castJS$ 0.39 per capita;

- AIDS with HE and an EDU policy thatields fewer new saial partnerships
(25% across all risks) drcosts US$ 0.35 per capita;

- and AIDS with HE, STD and EDU policies combined.
The results of each of these scenarios are presented in terms of macroeconomic
indicators relative to the popilon in the base period (due to lack of data on household

numbers and size) and are reportddtiee to the ‘No-AIDS’ baseline.

The AIDS pandemic is shown to increaser‘gapita’ GDP relative to the baseline,
whereas interventions reduce it. The closufe afi maintaining tk capital-labour ratio
is responsible for this counterintuitive result: the AlB&nario produces the lowest
workforce, i.e. highest capital/labour raijand so GDP per capjtand interventions

yield a higher workforce, thereby reducicapital/labour ratio (@ GDP per capita).

In contrast, private consumption ‘per capitges until 2010 and subsequently falls in a
scenario in which the government respondh&AIDS pandemic with increased health

expenditures. The EDU policy which redudkee number of new sexual partners is not
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sufficient to avert a fall in per capita pate consumption, whereas the STD policy (and
STD and EDU policy combined) is. The AlD8emario alone at first yields a growth
path of private consumptioper capita above the basejnbut after 2014 below the

baseline in agreement with diminisg returns tonput substitution.

Given the pattern of per capita consumptéord fixed absorption shares destined for
investments, government consumption ‘periteapmust rise considerably and at an
increasing rate to yield the rise in per cagBDP. The results confirm that this is the
case, even with STD and EDU policy intentions in place. Also as expected, the
AIDS pandemic, combined with increasdetalth care expendites, significantly

reduces ‘per capita’ disposable income dach household type (by up to 50% in 2020

compared to the baseline). The STD and EDU interventions are shown to mitigate these

effects by more than half. Effects differ agschouseholds and facspbut the picture is

far from clear and more research is needed into interpreting these results. In general, the

AIDS pandemic yields higher capital-labotatios and thus higher wages, whereas

interventions will lower this effect.

Overall, Dixon et al.’s (2004preliminary paper on the AIDS pandemic in Botswana
clearly advances previous CGE analybgsassessing the impaof various health
policies. Nevertheless, asthuthors recognise, ‘much rem&to be done’. The authors
mention three model refinements currently emehy in order to ‘provide estimates of
greater reliance to fioy makers’. These are the inclos of morbidity (productivity
and absences from work) effects associataith HIV infection, disaggregation by
household of epidemiological consequences taednclusion of a iind type of health

policy in the form of Anti-Retroviral Trement (ART), which has become a viable
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policy option (the price for ART drugs hadléa considerably) and delays the onset of

the disease.

Further improvements are needed in termshef CGE model itself. For example, the
paper does not address thgact of the epidemic ohuman capital accumulation, the
importance of which was demonstratedAmndt and Wobst (2002) and Arndt (2003).
The changes in asset ownership are notidersd and results seem to hinge upon the
assumption of maintaining cagistocks, which may prove difficult for a country hit by

the AIDS pandemic.

In addition, from the point of the reader radt model assumptions are clear from the
paper (e.g. What is the numéraire? Howaasumption demand modelled? What is the
closure rule with respect to the trade baéhéVhat are the welfareffects and how are

they modelled?). The same is true for the impact of the epidemic and interventions on
sectors, which are not reported eithemafly, Dixon et al. distinguish government
expenditures on health care from thoseteelao the specific STD and EDU health
interventions. This suggests that the forype of expendituredoes not yield benefits

in terms of saved human lives. Nor do heaipenditures in general and the specific
STD and EDU policies enhance utility, so tipgiople do not ‘feel better’ if the effects

of illness are reduced. It is not clear what government expenditures on health care

comprise and it may be that they overlap with the STD and EDU health interventions.

3.4.8 Summary
HIV/AIDS models assess the economic impaicHIV/AIDS using CGE analysis. Most

empirical models of the macroeconomicpiiations of the HIV/AIDS pandemic are

applied to Sub-Saharan Africa, where thexqemic is at its worst. Kambou et al.’s
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(1992) model for Cameroon is the first C@Gtdel to assess tleeonomy-wide impact

of the HIV/AIDS pandemic in a series static and recursive dynamic simulations. The
authors presume that the epidemic afféiceseconomy solely & exogenous reductions

in labour supply. Kambou et al. (1992) fitlsht HIV/AIDS approximately halves the
average growth rate of real GDP, a reductof two percentage points, and that per
capita income remains approximatetpnstant. Arndt and Lewis’s (2000, 2001)
recursive dynamic model foro8th Africa not only modelthe demographic effects of
HIV/AIDS, but also accountsfor behavioural effectsthrough government and
household responses to mitigate the negatmesequences of the disease. In stark
contrast with Kambou edl. (1992), per capita GDP and absorption are 8% and 12%
lower in the ‘AIDS’ scenario compared the ‘No-AIDS’ scenario and the growth
difference is much larger (at a maximum2o6%). Improved demographic estimates of
the magnitude of the epidemic, as well aseknowledgement afs long term dynamic
nature are explanatory factors of the differes in results. Adt and Lewis (2000,
2001) show that, given the long incubation period of AIDS, relatively small but
sustained negative impacts on rates awgh of labour suppl physical capital and
(Hicks-neutral) techrogical progress produca significant fall ingrowth in the long
term. Arndt and Wobst (2002) and Arnd@0Q3) assess the impact of the HIV/AIDS
pandemic on theate of human capital accumulation and (future) stocks of labour
supply by skill type. Given the evidence adteong link between educational attainment
as measured by skill level, productivity and technological progress, and earnings, the
HIV/AIDS pandemic may lead to a lessuedted, less-skilled work force and
significant reductions in economic growth. AIDS-stricken countries the education
sector typically contracts from the supide due to teachers dying from AIDS and

from the demand side as children are fortedvork to compensate for the loss in
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income of AIDS-stricken parents. The regslta simultaneous increase in the share of
young, unskilled people in the workforcedafall in the share of the school age
population enrolled in primary education. ity Education Transition Matrices, which
capture the way in which children movedtgh the education system, Arndt and Wobst
(2002) find negative trends {primary) school enrolmentsr Tanzania. A static CGE
analysis of skill upgading of the labour force, whickhows that real GDP improves,
forms the basis of the qualitative conctusithat the observed slowdown in skill
upgrading caused by HIV/AIDS generates riegaeffects on the economy. This would
be further exacerbated by the strongiftsiin age structure towards younger,
inexperienced workers who are less producting less likely to innovate. Arndt (2003)
explicitly incorporates an Educatioand Skill Transition Matrix, which governs
transition between various scholastic levaatsl workforce skill levels, into a recursive
dynamic CGE model for Mozambique and, usirentts in transition probabilities from
Arndt and Wobst (2002), demes quantitative conclusisnon the effects of the
HIV/AIDS pandemic (although careful interpréte is still requirel due to the weak
empirical basis). Arndt (2003) finds alaBvely large negate economic impact
compared to earlier studies, which largely explained by the assumption of
technological change biased towardsmam and physical capital. The HIV/AIDS
pandemic results in a reduction in real GBwth of 2.8% to 4.3% at most and,
although population and labosupply growth fall as well, per capita GDP falls by
about 4% to 12% compardd a ‘No-AIDS’ scenario. Andt (2003) also assesses the
impact of a mitigating education policy, which maintains transition probabilities while
demographic effects of the AIDS pandemic takace. In the later stages such a policy
enhances growth rates by 0.6% comparedht base ‘AIDS’ scenario, due to the

enhanced productivity of a more skillddbour force. The author supports other
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mitigating policies and preventive policies which, implemented today, may have a high
pay off in the long term, because of tload, but finite, duration and severity of the
impact of the pandemic. This is a depagtirom Kambou et a(1992), who described a
people-centred development approach (sucinesstments in education) as fruitless
because of the shortened lifespan of educpesple. Nevertheless, issues of resource
allocation and priority settg among policies are ignoreBixon et al. (2004) are the
first to model endogenously the impacttbé AIDS pandemic and two possible health
interventions to mitigate its impact (an STD policy and an education policy aimed at
reducing the number of new sexual partngrshusing a recursive dynamic CGE model

of the Botswana economy with an embeati@gpidemiological model. The simulations
illustrate the severe consequences of the pandemic, which up to halves disposable
household incomes per capita by 2020, andsigeificance of health interventions,
which reduce the adverse effects by morantthalf. The results are nevertheless
preliminary (the model is being refinedtierms of household siggregation, morbidity
effects of HIV/AIDS and modelling Ant-Retraal Treatment), and the authors realise
that much remains to be improved, esplgiwith respect to physical and human
capital accumulation (being respectively ‘dyeoptimistic’ and not modelled at all).
From a reader’s point of view model assuimps and results aneot clear, nor is the
definition of government expenditures on lieaare, as opposed those related to

specific STD and education policies.
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7]

Study Country Time period | Aggregation Functional forms | Market Closure Dynamics*
11 sectors (agriculture Production: Capital: fixed in the short run
Calibration: manufacturing service,s) Leontief, Cobb Imports: small country assumptior} R: rural, urban unskilled and
1979-1980.5 4 factors (rurgl, urban Douglas, CES Exports: market power urban skilled labour supply grow
Kambou et ' : ’ . Utility: Cobb Macro closure: savings driven by 2%, 3% and 1%
Cameroon unskilled and urban skilled . s )
al. (1992) Simulation: | labour (mobile), sector- Douglas Government expenditures: fixed | Capital stock updated by
1987-1991. specific ca ital)’ Trade: Armington | Foreign savings: exogenous investment (shares are function
1pre resen[t)ative household assumption Exchange rate: flexible of profit rate differentials)
P Numéraire: world import price
14 sectors (3 services: Sectoral factor market distortions | R: unskilled, skilled and
social, government, and Production: by fixing sector to average return | professional labour grows by
health) translog, Leontief | Wage informal, unskilled and 3.05%, 1.6% and 3.1% up to
Calibration: 5 factors (professional, Utility: Cobb skilled labour fixed relative to 2001, afterwards rates vary
Arndt and 1997_2000' skilled, unskilled, and Douglas numeéraire Exogenous growth trajectory red
Lewis South Africa informal labour, capital) Trade: Armington | Trade: small contry assumption | wages informal, unskilled and
(2000, Simulation: 5 households (income assumption Macro closure: savings driven skilled labour
2001) 2001_2010' quintiles) Investment Government expenditure shares: | Capital stock updated by
7 government consumption, demand: activity | fixed investment (as function of profit
3 government investment | specific capital Foreign savings: exogenous rate differentials)
types coefficient matrix | Exchange rate: flexible Total factor productivity grows
corporate account Numéraire: producer price index | exogenously
Factors: fully employed, segmented
I : markets
g 2§tr|r¥rlrt1|§3it(ii:gncultural) Production: CES in| Trade: small contry assumption
9 factors (3 agricultural and value added, Macro closure: savings driven
Arndt and Calibration: | 3 non-a ricult%ral labour Leontief in Investment and government
Wobst Tanzania 1998 ' VDeS wgh different intermediate inputs| spending: fixed shares S
(2002) ggucation level) Utility: LES Foreign savings: exogenous
12 households (rural and Trade: Armington | Exchange rate: flexible
assumption Numeéraire: consumer price index

urban)

Explicit modelling of marketing

margins and home consumption

A

* R = recursive dynamic; | = intertemporal optimisation; S = static. Reported growth rates correspdwo-&I@S’ scenario.
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Study Country Time period | Aggregation Functional forms | Market Closure Dynamics*
R: exogenous population growth
Rural-urban migration: wage Labour supply growth: trends
differentials (elasticity of 0.2%) transition matrix
Sector-specific capital Exogenous productivity growth
19 productive sectors Government deficit: fixed highly skilled, skilled, unskilled
Calibration: 6 factors (highly skilled, Production: nominally labour, capital of 4%, 3%,, 2% and
1997 " | skilled and unskilled non- | translog Government consumption by 3% respectively (agrees with total
Arndt Mozambique agricultural labour; skilled | Utility: Cobb commaodity: fixed share of total | factor productivity growth of 2.7%)
(2003) q Simulation: and unskilled agricultural | Douglas endogenous government Capital stock updated by investment
1998—2010. labour; physical capital) Trade: Armington | consumption (function of profit rate differentials)
2 households (rural and assumption Macro closure: savings driven Foreign savings, domestic savings
urban) Foreign savings: exogenous rates function of rate of return to
Trade: small contry assumption | capital in ‘No-AIDS’ scenario
Exchange rate: flexible (elasticities of 0.5 and 0.25
Numeéraire: consumer price index | respectively), fixed in ‘AIDS’
scenario
. Factor: no full employment in
. Production: CES
41 multl-pro_d.uct sectors, Trade: Armington gener_al o R: no-AIDS baseline 1994-2020
... | B4 commodities . Baseline: efficiency parameters . S . .
Calibration: . assumption - . 1,using univariate ARIMA time series
12 factors (land, capital, production, investment shares total :
. 1993/94 AT Transport and . forecasts for real GDP, imports,
Dixon et Botswana labour by: skill, citizen / non marketing mardins absorption and real volume of exoorts. real aross domestic
al. (2004) . .| citizen, social class) 9 9 government expenditures vary exports, 9 .
Simulation: (endogenous ; oL investments and population based pn
5 households (rural/urban : In scenarios these are fixed: impli = L
1994-2020 function of T 960-1993. Availability of each
employed/self-employed, e optimistic view in the sense that .
. efficiency , : Co labour type grows with workforce
non-citizen) : : physical capital accumulation is
marketing services o
maintained

* R = recursive dynamic; | = intertemporal optimisation; S = static. Reported growth rates correspdwol-AdBS’ scenario.
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3.5 OVERVIEW

The applied literature focusing on the general equilibrium effects of changes in health
and health care on the economy is smallduerse in terms of application area. The
earliest type of models that acknowledge g#tonomy-wide effects of improved health,
Basic Needs models, were designed ingplement the basic needs approach to
development of the 1970s in a comprehem$ramework, with itoverarching goal of
basic needs satisfaction. Ingped health features in tesnof demographic variables,
working time and labour prodticity effects. Neverthelesd)ealth and health policy
fulfil only a minor role, and it has proven wlly impossible to disentangle the effect
of improved health within counterfactuahsilations. Furthermore, Basic Needs models
typically are recursive dynamic and appliedieveloping countriegnd by virtue of the
latter suffer from lack of data, a rathad hoc approach to modelling of economic
behaviour (not based on microeconomidimsation behaviourand abstraction from
several general equilibrium elements (suas the endogeneity of prices and the

government budget).

Externality models account for the presenceerfernal effects, such as changes in
health, education and environmental effects, in a Computable General Equilibrium
(CGE) framework. To this datenly one CGE model of healtxternalities exists, that

of Savard and Adjovi (1997). Health impronents appear endogenously in the form of
improved labour productivity as a functiasf government expenditures on health
(relative to the base year), which influences the optimal combination of inputs in
production and relative wages. The maim adf the model, and indeed of most
externality models, is to assess whether standard CGE result of (small) economic

benefits from trade liberalisation holds in the presence of positive health and education
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externalities. The conclusion is negative,cass in government expenditure on health
and education, aimed at maintaining the gowemnt deficit, have negative spill-over
effects on domestic product and publicctse employment, household income and
welfare. A major benefit compared with thesBaNeeds literature is that this model is a
‘pure’ CGE model, i.e. firmly grounded imicroeconomic optimisation behaviour, and
accounts for various inter-sectoral linkageswidwer, it too is applied to developing
country issues in which health is only s#écondary importance. Further caveats are a
lack of dynamic effects, no distinctiobetween working and non-working or age
groups, and absence of endogenous labour sufipbtse(i.e. the impaadf better health

on working time) and utility gains from improved health.

The recent class of models of HIV/AID#Ssesses the economic impact of HIV (Human
Immunodeficiency Virus) and AIDS (Acq@d Immune Deficiency Syndrome) using
(recursive) dynamic CGE analysis. Generallys therature modelshe negative health
consequences of the pandemic by impgsexogenous demographic and behavioural
scenarios on the economy. Typidahtures of the pandemése that it reduces labour
supply by skill type, lowers factor productivity and increases household and
government expenditures on health care atctbst of expenditures on other goods (like
education) and savings. Under these assumptienkterature’s main conclusion is that
the slow-down in physical capitaccumulation (due to lowesavings and investments),
productivity growth, population growth andrhan capital accumulation (due to a fall in
supply and demand for education) reduces emingrowth and results in a fall in per

capita income in the long termropared to a “No-AIDS” scenario.
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HIV/AIDS models share with the foregoingratds of literature the application to
developing countries and associatedtadgroblems. They are relatively more
sophisticated though, modelling the impactcbfinges in health in greatest possible
detail and focusing solely on this issueoggposed to more broad development issues.
As with Externality models, HIV/AIDS studies incorporate changes in productivity, and
as do Basic Needs models, they consmlenges in the size and composition of the
population and labour force. Theesegative health effecesre, with tle exception of
Dixon et al.’s (2004) preliminary paper, imposed on the economgxwgenous
scenarios of the likely impact of HIXIDS on a variety of model parameters.
HIV/AIDS models generally do not assessdogenouslythe effects of government
health policies (or household spending) on the health of the population and labour
supply, most likely, due to the incurable matwf the diseaselhis is illustrated by
Arndt (2003), which considerse¢imodelling of a health polfan the form of a massive
HAART (Highly Active Anti-Reroviral Therapy) approach. This is not implemented,
as treatment and distributiaosts are found to bgrohibitive and effectiveness would
be relatively low, a finding contradictday Dixon et al. (2004). Nevertheless, in the
latter study other government expendituresh&alth care do not affect health and
welfare. Expenditures on health care in the HIV/AIDS literature are thus generally seen
as a consequence of the disease - whigtoiscurable up to thidate — and therefore
have no positive health and welfare impadtatsoever, and instead crowd out other
expenditures (like education, which negatvelffects skill accumulation) or reduce

savings, investments and hence growth.

From the foregoing analysis one may cod that, although thiabour productivity

effect of improved health isvell-established, most ahe reviewed models do not
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endogenously assess the impact of changes in health care provision on the size and
composition of the population, the labour #®rand its impact on production, income

and welfare over time in a (developed coun®@GE setting. This thesis attempts to
address this caveat by modajl the endogenous labour supplg, working time, effect

by skill type of changes in health car@ysion, whilst recognising the resource claims
made by the health care sector in termsagital and, more importantly, labour inputs,

using a CGE model for the UK.
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CHAPTER 4

THE UK HEALTH CARE SYSTEM: PAST,
PRESENT AND FUTURE

4.1 INTRODUCTION

This chapter gives an overview of the UKalth care system and policy. It provides the
foundations for the UK-focusedhodel with health provision effects developed in
Chapters 5 and 6 and sets the scene ferrémge of policy options that will be
scrutinised. Rather than gng a full-fledged historicahccount of all aspects of UK
health care (as in Rivett, 1998), the UK heal#ine system is described from a policy
perspective (following the appach of Klein, 2001)with priority aeas discussed in
more detail. A policy-oriented approachustifiable on the groundshat the UK health
care system is highly politicised (for expl®, from the 1980s - when waiting lists
became sizeable, “doing someitpi about waiting lists” became sine qua nonof
electoral programmes of all ptdal parties). Most of health care in the UK is in fact
provided publicly through thilational Health Service (NHS) and so, more than in any

other country in Europe, changes are largely politically motivated.

Section 4.2 outlines the evolution of the UK&alth care system up to its present state,
supported by some facts and figures inisac#.3. Section 4.4 highlights the pressures
in UK health care and those policy options tjovernment has in resolving these that
can be handled in a Computable Generplikbrium (CGE) framework. The challenges
faced by the health care system in the WKd in other countries around the world,

typically revolve around #nissue of rationing.

4-1



THE UK HEALTH CARE SYSTEM PAST, PRESENT AND FUTURE

4.2 THE EVOLUTION OF UK HEALTH CARE

The UK health system approaches a albed ‘command model of health care
provision, which uses central planning tadnce, produce and allocate health care
according to some predetermined criteriatHa UK, the criterion of equity (fairness)
has been the single most important influemcthe development of the NHS (Office of
Health Economics, 2002, p10). How did thistgyn come about? This section provides
an account of the development of the heedtre sector in the UK over time, dominated
by NHS provision: The analysis is narrowed dowgeographically to England as,
encouraged by devolution, health servigevision differs from that in Scotland,

Northern Ireland and Walés.

4.2.1 Pre-1948: the inheritance of the NHS
Early 20" century health care was providededominantly by family or general

practitioners (GPs), voluntarhospitals and municipal qtal authority) hospitals.
General practice was almost invariablpwsiness run by one maingle-handedly. GP

care was free of charge for low-paid workers under Lloyd George’s National Insurance
Act of 1911, but not for their wives and families and not for those workers with a higher
standard of living, whose demands wereatailed by fees-for service. Voluntary
hospitals, financed by voluntary contributicarsd income from their investments, were
often founded for the benefit of the sipkor by philanthropists and social reformers
(such as William Marsden’s Royklee Hospital) or by citizengpfoud of their towns

and anxious to perpetuate their narhg®ivett, 1998, p7). They were the most

It follows the policy-oriented approach towards the history of UK health care of Klein (2001),
supplemented with elements of the more factual account of Rivett (1998).

The European Observatory on Health Care Systems (1999) is a good reference for health care
developments in the UK constituencies of England, Scotland, Wales and Northern Ireland.
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prestigious type of hospitalgiere responsible only to theelves, and aimed to provide
quality care to a limited number of patte, usually excludig the elderly and
chronically ill. Although well-managed, thveliance on voluntary contributions meant
that ‘voluntaries’ struggled to fulfil #ir duties. The 1929 Local Government Act
allowed local authorities to developo®& Law institutions (‘workhouses’) into
municipal hospitals. Institutional funding carinem local taxation {te ‘poor rate’) and,
although being proper hospitals, most kepirtPoor Law functiondy providing social
as much as medical care. They mostly foduse diseases with a high external cost to
society (infectious diseases like tubeosis and smallpox) and functioned as a
‘dumping ground’ for cases that were not lik&b improve with treatments and so were

transferred to them by the voluntarieg (the elderly andhronically ill).

The Pre-NHS system, being largely a prevaystem with limited access for the poor
and minimal private insurance, led to exteasinmet need of those unable to pay, high
morbidity and mortality and low expectatioriBain and discomfort were accepted as
part of life to be endured with stoicism. Taeily doctor had to be tough to get on with
his many interesting and rewarding tasks...rtkifi@ class people did not expect to be
comfortable. Most went hungry...Many wemgserably cold inwinter...Successful
treatment by the failg doctor was accepted with graide and the many failures were

tolerated without ranaur or recrimination.” (Rivett, 1998, p2).

The supply of health care was poorly adinated (the relationship between the
municipal and voluntary hospitals was steindue to the regular dumping of chronic
cases onto the municipal sector) and unequedss regions (suppliers were located in

the more prosperous areas).
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Finally, by the mid-1930s, the system was oagler financially viable. While advances
in medical knowledge, medicines and teclogy drove up costs of provisioning,
charitable giving and local taxation waret yielding nearly enough funding to support

hospital activities.

The inadequacies of the health systeintse stage for change. But while observers
agreed that the health care system reduimgrovements, there was disagreement as to
how the health care system should be orgdnis¢he future. In the late 1930s and early
1940s three visions emerged: (a) extendingddal Insurance (suppked by the British
Medical Association and adopted pesf by many European countries), (b)
establishing health care as a local gowsnt service (as subsequently adopted in
Scandinavia) or (c) creating an independent, centralised service supported by public
funds. The last choice, of nationalisatisrgs favoured by the experience of communal
action and the increased semdesocial solidarity during the Second World War. The
war had, in effect, nationalisede health system alreadgr example, a National Blood
Transfusion Service had been set up for treatrof military and civilian casualties, and
an Emergency Medical Service to provideecan emergency situations. An important
political factor enhanaig the “command” model’'s prpects for adoption was the
election of a post-war Labowovernment by one of the last majorities in British
history. The Attlee government was explicitpmmitted to a programme of public
ownership and had Aneurin Bevan, a radarad passionate propamteof the NHS, as

Minister of Health.

The creation of the NHS in 1948 was the tlestia great many compromises (Klein,

2001, p9, discusses these as dilemmas) on paliticplodifferences, interests of central
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versus local government and of governmesisus the various ma suppliers, and on
the extent of coverage (inclusion of meniiless and dental care), many of which

remained unresolved until well after the implementation.

4.2.2 The 1948 NHS framework
The 1946 NHS Act envisaged @iion from Klein, 2001, pl)¥...a comprehensive

health service designed to secure improsenin the physical and mental health of the
people of England and Wales and the preventsiagnosis and treatment of iliness,

and for that purpose to provide or secure tffective provision of services.”

The service was comprehensive in scope\igron of care ‘from cradle to grave’; no
health care area was excluded)itable to all (irrespective afontribution) and free at
the point of need. The creation tie NHS brought 1,143 voluntary and 1,545
municipal hospitals (amounting to nea®0,000 beds) into public ownership with
negligible additional resources, but what dhange was that the poor now had access
to medical services, i.e. ‘the masses joitieel middle classes’. In order to make sure
that finite resources were employed whdrey were most needed, Bevan introduced

some organisational changes.

The hospital service was administered dgntrally-appointed (rber than elected)

bodies and all recurrent spending wasaficed by the central government (H.M.
Treasury) through generalx&tion. Administrative powerand funding were devolved
to local regions on the basis of requirensefor service delivery. Health regions
typically differed from history-based dal government regions. However, local

authorities retained their healthnictions of providing community care.
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It was originally envisaged that all medl personnel would become salaried state
employees. But GPs insisted on retainingirthndependence, which forced Bevan to
compromise. Whereas specialists receiveldrigs, subject to negotiable terms of
service and the right to treat private patients in NHS hospitals, GPs who joined the NHS
continued to be paid on a caiibn basis (seen as a “deferagginst the perils of state
servitude” Rivett, 1998, p30). Since people wieee to register on a GP’s list and GPs
were being contracted to proe care for those on their lists at established fees and
allowances (so-called responsibility fees)P’s income would depend on his/her list

size, services offered and revenues from other, non-NHS, activities.

Despite many reforms, espdbjahose in the 1990s, much tfe basic structure of the

1948 NHS remains in place today.

4.2.3 Emerging problems: from meeting needs to rationing
Instead of being a unified system, the NM@&s polarised into GP, local authority

(community) and hospital (i.e. regional) cawéhich continued to create administrative
problems for years. More substantial, hoaewere the financial problems caused by
escalating expenditures in response riging demands, compounded by growing

inefficiencies.

Rising expenditures

The cost of the NHS far excesdlinitial projections, whiclwere based on presumptions
that pre-war health care expenditure trendsevegpropriate prediate of future trends
and that health care expenditure wobkl ‘self-liquidating’ by improving population
health. With the benefit of hindsight, tleepresumptions were clearly wrong. Firstly,

medical practice is intrinsically expansidee to technological advances, which raise
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expectations and demands for new androftere expensive drugs and treatménts.

Secondly, providing a free service ineilfsencourages demand. Thirdly, improved

health tends to enhance health care demand rather than reducing it. Generally, people

feel they would benefit from some form le¢alth care (even if health improvements are
marginal). More important in this respelbugh is the impact of ageing: improvements
in life expectancy imply that people livenger and so demanfdirther health care,
which is generally more expensive becauséhef‘survival of the unfit’ (Rivett, 1998,
pll1l), meaning that curing people of simpgbeap diseases enables them to fall ill

from more complex and expensive disedses.

Inefficiencies: supplier-indted demand and pay disputes

The early NHS had a built-in institutional inefficiency, which was the demand
generated by the professional providergha service, a problem known as supplier-
induced demand. The GPs were the so-cafjatekeepers’ of the health care system,
which meant that patients could only accesssystem via an appointment with the GP
(or practice nurse), who could then, if necegsaffect immediate treatment or direct

the patient to the ‘right’ specialist. Whilstighsystem is in itself efficiency enhancing,

Technical progress which redudbs unit production cost may increathe total cost of health care
as the fall in price is likely to cause a rise in demand. If the technical improvement is purely quality

enhancing, demand (including demand of those previously deemed untreatable) at any price goes up.

However, once adjustments for improvements éalth outcomes are carried out, for example in
terms of preventing more serious conditions from developing and increasing the length bé life, t
cost may well fall rather than rise. The presentensurance further enhances cost by inducing

patients and/or doctors to choose higher cost treatments as they are reimbursed anyway (moral

hazard). See Folland &t (2001, p310-313).

See Emmerson et al. (2000, Section 7) for mortherimpact of ageing ohealth care costs in the
UK. The authors report on evidence which suggekat the greatest proportion of health care

spending amongst the elderly tends to be incurred in the final stages of one’s life so that it is not age
or longevity per sethat matters for per capita health care costs, but remaining length of life.
Longevity is not a problem as long as people live longer in a healthy state. Accordingly, the
differences in health spending across age groups would be explained by differences in the
composition of the age groups in terms of decedents (costly) and survivors (less costly) and the
positive impact of ageing on future health care spending would be much less than predicted.
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by for example reducing search costs and curbing frivolous demands, it places financial
control at the disct®n of GPs and spedists. Since their incomes were only loosely
related to the number of patients treatece¢sglists’ salaries, GPsesponsibility fees)

and costs were covered by the NHS, docteese primarily concerned with improving
patient welfare without regard to any finanaianstraints. If docts prescribed more

and/or more costly medicinesgtie was little anyone could do.

Another source of cost escalation was ithereased pressure exerted by the medical
profession for increases their pay. Since the privatector was virtuey non-existent,

the NHS effectively had a monopoly of employmh of medical labau It determined

not only demand, but also supply (by deteing the number of medical school places)
and indirectly set an upper limit on labour payments via its system of capped budgets,
introduced in the 1950s, from which all heatiéwre costs, includg labour, had to be

met. Wages were essentially fixed Milateral bargainingrounds between the
Department of Health (DoH) and the meali profession, in wibh the latter fared
particularly poorly in the 1950sConsequently, the NHS had been able to depress the
incomes of the medical prafsion, to the dismay of the latter: for example, whereas
average incomes in the period 1950-59 rose by 20%, the average income of GPs and
health administrators had fallen by the same percentatgevever, since the 1950s
periodic reviews of remumation throughout the NHS haveeen carried out. The
outcome of the consequent bilateral la@mgng between the Minister of Health

(constrained by the Treasury) and the medprafession (represéed by the British

> Next to the GP as ‘gatekeeper’, this was the second efficiency-enhancingevieasrporated in the

original NHS. The so-called ‘pool’ system for &Ras abolished in 1966, when a basic allowance
(i.e. salary element) was introduced in the calculation of GP earnings.
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Medical Association and other unions) -ethatter threatening strike action and

withdrawal from the NHS - usuallycommended increases in remuneration.

Potential solutions: the rolef user charges and rationing

In the early 1950s, changing thgstem of NHS finance in favour of an insurance-based
system was deemed undesirable by Bevanrédasons of equity, i.e. fairness in the
distribution of resources (Kie, 2001, p29). With respect toealth care provision, it
was argued that the allocation of heatdre ought not to depd on the ontribution
made but on needs. On the funding sideog@ssive tax system could achieve a more
equal distribution of income. Moreover, andtmalarly relevant for later governments,
the political cost of doing so would beryenhigh. By 1958, despite the many (mainly
financial) problems and controversies (nmwiabout introducing charges, discussed
below) there was a consensus on the NHS amongst all parties invoAgdan®
institution the NHS ranked next to th@marchy as an unchaltged landmark in the
political landscape of Britaih (Klein, 2001, p25). Ever ste, it has been virtually
impossible for governments to attack the N{®y simply had tavork with it) and

resulted in political parties competing to become the NHS’s ‘best friend’.

The unwillingness of the Attlee and subsequgmiernments to change the system of
health care funding meant that the NHK\Mas compelled to compete with other
government departments for general taxeraies, further compounding the financial
problems® For example, in the 1950s the NHS&putation as a ‘penitent financial

sinner’ - Bevan talked about the ‘cascadésnedicine’ pouring down British throats

® At the same time this financial constraint led to the ‘advantage’ of keeping the NHS cheap by

international standards.
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(Klein, 2001, p31) - meant that expenditures on the NHS rose only marginally, despite a

period of economic growth, with detrimengédfects on, for exampldospital provision.

Not surprisingly, politicians reverted to aligg of charging usefees, the absence of
which had led to excess demand in the fitace; in 1952 a 5d prescription charge was
introduced, as was a flat rate of £1 fodioary dental treatment. However, pricing
policy - although regularly surfagjnthroughout the history of the NHSnever played

a major role in NHS revenue generation and demand management. According to Bevan,
nominal charges would only marginally affetgmand and revenue. If charges were to
be substantial, one would have to introdegemptions for the least well-off to protect
equity, which would increase administrativestsy bring back the means test into the
health service and decce revenue (most health carended derives from poorer people
so that most of health care demand would be charge ex®ipteover, introducing
charges could prevent people with middle mes but genuinely in need from seeking

access to health care and could compromhisaloctor-patient relationship.

The financial crisis of the late 1940s and early 1950s - caused by the incompatibility
between ever expanding demands and limitedueces - led to the recognition that the
provision of an adequate health service was utopian. Coastly, the NHS rather than
being an instrument for meeting needs, agimally intended, became an instrument for
rationing scarce resources. The “bottom-uggiproach for allocating budgets was

replaced by a “top-down” approach, in wihicapped budgets were determined for local

" Like ‘hotel’ charges to hospital patients in the 1950s, prescription charges in the 1960s and

thereafter, and consultation chasder primary care in the 1990s.

& A means test would impose payment for servame®rding to ability to pay. While ensuring access

to the poorest, a means test was considered morally wrong as it implies identification of a ‘sub-class’
of payers, which runs against the principle of providing free health care irrespectiveritfutiomnt
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authorities, which had discretiary power over how to allotmexpenditures within the
centrally determined limit. This implied increased professional autonomy, but at the
same time increased conflicts between ¢hatre (the government), unable to control
clinical autonomy of theNHS providers (“policy makig through exhortation”, Klein
2001, p39), and the periphery (local authoritibge, medical profession, etc.), forced to

work within centrallyimposed budgetary limits.

Geographical inequities in health care

The increased focus on cost control resultethénneglect of the distribution of health
care, which deteriorated significantly ireth950s. Given the overall constraints on the
health budget, basing the dibution of capital on historimheritances which favoured
the southeast of England (Londom@s politically most appealingThe 1962 Hospital
Plan of Enoch Powell was the first attempfattocate resources to needs according to
centrally determined criteria based ortior@al norms for the appropriate number of
beds for each region. These, and other plam increase hospital size, were only
partially carried out, primarily for politicaleasons: (1) politicians as vote-maximisers
favour negative action (such as avoiding htadpilosure) over paigve action (which,
except for pay increases, offers hardly anytal gains); (2) in fact, whatever action
was undertaken, the size of the waiting ligshained constanaround 600,000, due to
the feed back of improved services to eased referrals by GPs; (3) politicians largely
work for the benefit of the next governmetue to the time-lagpetween policy design
and implementation; (4) labour in the NHSwell organised as an interest group (via

BMA, trade unions) and so governmentsdared current spenay (including wage

®  Although, in terms of labour, the measurerestricting access of new entry GPs to well-endowed

areas seemed successful in ioying geographic distribution.
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payments) over capital spending; and (5) comsrs of health care, who would favour
increased availability of hospital services, lacked institutional representation to voice

their concerns (Klein 2001, p59).

Practical difficulties resulting from uncert&ymabout the future size and composition of
the population and its geograpai diversity further conlated central planning.
Consequently, governments graduallyamadboned planning through norms on the
desirable level of provision ifavour of an equitable distribution of resources across
regions. The 1976 Resource Allocation Wnogk Party (RAWP) rationed available
resources according to needs by weightingpthyeulation by age, geler and mortality
factors. This formula, as any other, could not guarantee equity in access, SO
geographical differences in access (possibly motivated by spatial variations in health
outcomes and so needs) could well, andfact did, arise(so-called ‘postcode
rationing’). Also, the RAWP was based a@mowth; regions which were relatively
underprovided simply received a relatively channual increment of growth so that no
region was made worse off. In periodsretession, as became apparent in the 1980s,

this could not be sustained.

4.2.4 The 1991 Reforms: introducing the internal market
Since 1948, the NHS has been subjechimerous changes and reforms. The most

radical of these, however, were thoselinat in the 1989 White Paper “Working for
Patients” of the Conservative Thatchesv@rnment, which passed into law in 1990 as

the NHS and Community Care Act.

Despite the many successes (rising number cfesidoctors, dentists, more treatments,

fall in waiting times, reduced regional inegities, etc.) theravere continuous, and
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increasing pressures, both external (e.gdienpublished scare stories on the NHS on a
daily basis) and internal (the medicptofession’s discontent with the NHS) on
subsequent governments to change tealth service. These demands ultimately
originated from the government’'s infty to resolve the widening gap between
demands and resources, which had beereptesver since the establishment of the
NHS in 1948, but which had grown worse in the periods of economic crisis of the 1970s

and 80s.

There was disagreement as to what drove the increased excess demand: was the NHS
under-funded or were resources simply usefficziently? The former view, held by the
medical profession (the so-t&d ‘inputters’), demanded increased cash injections and
supported a move towards healthiirance to secure extra fundifigihe latter opinion,

held by the Thatcher government (the ‘outprs’), saw the solution in improvements in
efficiency (which principally referred tgroductivity: squeeze more outputs out of
available inputs) by cmming the incentive struste on the supply side. Since
conclusive evidence supporting either positiwas absent, the ptidial debate turned

into a ‘dialogue othe deaf’ (Klein 2001, p151)t demonstrated once more that there

was no agreed way of meaisg the ‘adequacy’ ofdalth care expenditures.

The drastic proposals of “Working for Pati€htvere prepared and implemented in
haste by a Thatcher government which was aspiring to, and indeed secured, another

term in office in 1992. The consultationopess borrowed ideas from North America’s

19 For reasons explained before, user charges to curb demands and recover costs never really came off

the ground.
11 Besides productive efficiency, allocative efficiency (supplying the types and quantities of health care
that consumers want) had to be improved.
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health care reforms, put forward by laagliexpert Alain Enthoven (Rivett, 1998, p360),
and lessons learnt from reforms in edlien (Klein, 2001, pl161)and excluded the

medical profession, in ti@esence of which consensus was deemed impossible.

Working for patients

The White Paper contained amongst others, tvajor changes, which together created
the internal, mimic, market. Firstly, pthvasers (Health Authorities - HAS) were
separated from providers (Hospitals a@dmmunity Health Services). The former
received funds from the government with whio purchase healthrs&es required by

their populations on a weightexhpitation basis (prohibiting the cross-boundary flows
allowed under the RAWP). The latter weransformed into independent NHS Trusts,
which had to compete (along with privateoyiders) for contracts with purchasers of
health care. Secondly, the 1991 reformsoriticed the concept of GP fundholding. GPs
who entered the scheme were allocated a butlgeed on their list size, with which to
purchase health services for their patierdsnfNHS Trusts (and also the private sector).
The GP budget covered most costs of treatsy including staff costs, prescription
medicines and a range of hospital services, and any remaining surplus could be
reinvested in the GP’s practiéeso encouraging the efficient use of resources (in line
with the idea of the GP amtekeeper). Conversely, if GRdled to keep within budgets
(and if NHS Trusts made losses) themdependent status would be revoked.
Fundholding was implemented gradually and voluntarily, and those who did not join the

scheme continued to be controlled by HBy allowing consumers to switch between

12 NHS trusts making a profit from sales to GPsenalso allowed to retain (and accumulate) these

funds for discretionary use.
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GPs if unhappy about the services thegpvpied, the GPs were to be made more

responsive to consumer demand.

The internal market in practice

Within five years, virtually all hospitalead become NHS Trusts and approximately
50% of GPs had opted to become fundholddence, in the 1990sfectively two NHS

models were running in parall(fundholding and non-fundholding).

It seems probable that fundholding led to efi@y gains in some areas. For example,
with respect to prescription behaviour, a GP fundholder who trades off a budget surplus
with patient health from prescribing owld prescribe less items per patient and
substitute cheaper, generic drugs, compaced non fundholder, who seeks perfect

patient health only (which can never beimal given diminishing marginal returns).

It remains nonetheless unclear whether oveféiltiency in health care improved, due
to sharp rises in management costs and soaterés of the internal market that did not
work in practice (see also Klein, 20q4174 and p194 and furthefirstly, money did
not seem to follow patients. For examplegle did not readily chrege GPs in practice
and so responsiveness of GPs to consuheenand was rather weak. Similarly, HAs
were dependent on NHS Trusts for the mn of health cardor their populations,
Trusts being relatively bettenformed about health seces, and were reluctant to
change providers as this could endanger the stabilisefice provision. Their focus
on building long-term relationships wittNHS Trusts reduced competition and

consumer choice. Secondly, the notion ofraarnal market was unrealistic as the NHS

13 See for example Whynes et al. (1997a, b).
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consisted of a collection different types of markets, some monopolistic (such as
ambulance and accident and emergency services, and the medical profession itself with
its restricted competition among its members), others highly competitive (such as
elective surgery). Competition variescross regions, with the London area being
relatively more competitive compared tdet regions and having been hit relatively
hard by the 1991 reforms. Consequently,egament intervention to smooth the impact

of the reforms on the capital was requirttreby enhancing costs. Government policy

to allow mergers between NHS Trusts foe gake of slimming down the NHS also ran

contrary to the aim of promoting competition.

The record with respect to equity was atsixed. Critics of the internal market feared
that hospitals and GPs would refuse expansigatments and select only the healthiest
patients who were less costly to treatrdam skimming’) so as to safeguard their
budgets. Whereas these fears proved unfoundedntitoduction of the internal market
did seem to create a ‘two-tier health syst there was evidence that NHS Trusts, in
competing for patients from the fundholdisgctor, treated fundholders’ patients more
quickly than non-fundholders’ patits, which ran counter todtstated objective of fair

and equal access for all.

The detrimental equity consequences, togethith inefficiencies arising from, for
example, increased bureaucracy, are likely to have led to the abolition of the internal

market by the Labour government in 1999.

14 See also Koen (2000), Docteur and Hoxley (2003, p37-39), Propper (2001, p174-176) and Smee
(2000) for an assessment of the UK’s reform experience.

4-16



THE UK HEALTH CARE SYSTEM PAST, PRESENT AND FUTURE

4.2.5 1997 and onwards: Politics of the Third Way
In 1997 the Labour party, led by Tony Blairymato power in a landslide victory and

brought with it new politics (referred to #se “Third Way”) and a new approach to
health care provision. It was keen to avibid mistakes made by previous Conservative
governmentsand Labour governments (‘Old Labourhut at the same time aimed to
build on what had worked previously. It laadt its vision for the future of the NHS in

the White Paper “The New NHS: Modern-Dependable”.

The New NHS: Modern-Dependable
As regards the NHS organisation, the Labouregoment partially rolled back some of

the features introduced by the Conservagjgeernment. The competition of the internal
market was replaced by coopton (partnershiplpetween organisations (including the
private sector), with a greatesle for primary care provider$ocal GPs and nurses) in
the provision of he#h services. Firstly, the internal market was abolished, while
retaining the splibetween purchasers and provialeAnd secondly, fundholding was
discarded and replaced by Primary C&@wmwups (PCGs). The creation of the latter
institutions essentially implied the weirsalisation of fundholding. PCGs simply
combined all GPs and other primary cam®viders in a given geographical area.
Initially, PCGs were formally part of HAsvith devolved responsibilities for managing
the budget for the health caretbéir patients. Over time, they were intended to become
freestanding Primary Care Trusts (PCTsjill accountable to HAs but with the
additional task of providing community heakkrvices. PCGs would operate within a
‘single cash limited envepe’ (Klein, 2001, p205), whiclktovered their population’s

share of all NHS services (which, asGR® fundholding, included prescribing).
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Beyond organisational reforms, the Labour gownent targeted the following areas of
health care provisioning for improvementshich it identified from past experience.
Firstly, it placed greater emphasis on improving public health (apparent from, for
example, the decisions to appoint a Mierstor Public Healthand to ban tobacco
advertising) and reducing inequalities inaltb. This focus arose from the recognition
that health care is only one of the maagtérs influencing population health, and hence
that health care policy aimed at reducinghaalth and inequalities in health should be
part of a broader policy framework, inclag education, housingnd so on. Secondly,

it concentrated on the developnt of instruments for promoting efficiency and quality.
Having discarded the internal market, a neachanism had to be put in place to ensure
that both the efficiency and the qualitf health care were promoted. Improved
performance measurement (by Performance Indicdpsupported by the threat of
central interventions if pwviders underachieved, wasese as the way forward.
Moreover, it created severalstitutions, among them the National Institute for Clinical
Excellence (NICE}® which regulated the medical professfdmBoth of these measures
were part of a stated aim to renew the Nd$Sa genuinely national service, offering fair

access to health care of consistentlyghhquality, in which postcode rationing was no

5 performance Indicators (PlIs) actually date baskfthe early and mid-1980s but were in those days

of minimal importance. The use of Pls to achieve efficient provision is not without problems: as
‘sticks’ (punishments if providers underperforfls may increase rather than reduce pressure on
providers thereby frustrating efforts to perfonwell, whereas as ‘carrots’ (subsidies to reduce
inefficiencies) PIs may create perge incentives by rewardinggeiders who fail to meet targets

and could lead to focus on dimensions of performance subject to financial incentives at the expense
of performance in unaffected areas.

' The main purpose of NICE is to give guidarcepatients, health professionals and the public on

current “best practice” in terms andividual health technologiencluding medicines, medical
devices, diagnostic techniques, and procedures) and the clinical management of specific conditions.
Using both clinical and economic evidence, NICEBoramends treatments for use in the NHS if they

are deemed cost-effective ¢uiding good value for money). See also NICE (2003).

17 See Klein (2001, p209-211) and Rivett's update on Quality at http://www.nhshistory.net [13 July
2004] for the multiple forms of regulations and audits created by the Labour government in recent
years.
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longer acceptable. The government was determined to enhance confidence in the NHS
as a public service which should be responsive to needs and wishes of carers and

patients.

The new NHS in practice: the re-emergence of rationing

Labour’s election promises of 1997 in thehepe of health care included, amongst
others, to reduce the waitihigt by 100,000 people by the time of the next election, to
reduce waiting times for hospital inpatieadmission to a maximum of 18 months, to
end waiting for cancer surgery and to sethhquality standards for hospitals. These
improvements were to be funded by cutting management costs (as preceding
Conservative governments had pledged) by £1 billion. The original policy of fiscal
austerity as part of the campaign to gelt of its ‘tax and spend’ image was relaxed
somewhat with respect to the NHS, and ¢walty abolished atigether in 2000 (made
possible by a favourable global environmemthen the government conceded that the
NHS had been systematicaliynder-funded, with too fewloctors and nurses. Blair
announced that spending on the NHS would rise from 6.7% in 2000 to 8% of GDP in
2006, equal to the EU average. Since theaguent announcements of additional
funding for the NHS and organisational referimve been made in a number of White

Papers, starting witfihe NHS PlarfDoH, 2000a)'?

The government's commitment to explidiargets and its stress on performance

measurement made the NHS a more amore transparent organisation and its

8 For a detailed factual analysis of recent demelents in UK health care policy and the role of

successive Secretaries of State for Health - Frank Dobson (1997-1999), Alan Milburn (1999-2003)
and John Reid (1993-) - therein, see the updates of Rivett (1998) available from
http://www.nhshistory.net. For the NHSplan and progress made since, see
http://www.nhs.uk/nationalplanand http://www.publications.dh.gov.uk/nhsplan/ [13 July 2004].
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shortcomings accordingly became increasinggyble to the public, a problem further
compounded by heightened media attention to the service. Amongst many other
examples, the case of ‘Child B’ in 1995e(ded potentially lifesaving but expensive
treatment for leukaemia), variations in accesand quality of services across regions
(postcode rationing), and comparisons lesw the UK and Western European health
care systems (in which the UK particularlyréal badly) brought negative publicity for

the NHS; the health care system appeardzbtm ‘perpetuatrisis’ (Klein, 2001, p224).

At the heart of these shortcomings lag #wver-present gap teesen virtually limitless
demands and finite resources. Scarcity required rationing, defined as decision-making
about the allocation of scarce resouramger competing needs, for which the
government was increasingly held responsiblEhe issue of rationing, made apparent

by the presence of waiting lists, and the challenges this poses for future governments is

further explored in section 4.4.

4.3 UK HEALTH CARE IN 2004: SOME FACTS AND FIGURES

This section gives a global picture of thereat situation of health services in the UK
in terms of provision, finance and perforreanwhich result from the political reforms

described previously.

4.3.1 Service delivery and coverage: public versus private care
The UK health system is dominated by thetestprovision, via the NHS, to which every

person normally resident in the UK is entitled. With the arrival of the NHS in 1948 the
private sector was virtuallgliminated overnight. In th£970s and 1980s private health

care provision increased dramatically, priilyaras the result of the growth of

19 The establishment of NICE should be seen as the government’s response to it no longer being able to

diffuse blame onto the medical profession for controversial rationing decisions.
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employment-based insurance schemesic&ithe 1990s private health insurance
coverage and the share of @t in total health care expenditure have remained fairly
constant at around 11.5% and 16% respectffefver two thirds of private health
insurance is employer-provided, and ocage is skewed towards the higher
socioeconomic groups. Private health careigsaot confined to the insured but also
includes patients (approximately 20% ofivate patients) who pay for treatment
themselve$! Private provision is mostly of secamy (hospital) care, but dominates in
the sector of tertiary (social) care, whiatfiers long-term care in residential and nursing
homes to the mentally ill, people with leargidifficulties and the elderly, together with

a range of domiciliary services providedpeople in their own hoes. Private primary

care is very smaff

The distinction between public and privatealie care becomes increasingly blurred by
the hiring of skills and facilities from thstate sector by private providers and vice
versa> For example, all NHS medics working in the secondary sector have contracts

that allow them to provide privatieeatment, about two thirds doing®§oand many

2 The former is likely to be the result of teeonomic recession and sharp increases in insurance

premia (European Observatory on Health Care Systems, 1999, p43). The latter is largely due to the

government’s commitment to increase public heakpenditure (see faxample DoH, 2000a).
21

Care Systems (2002), King and Mossialos (2002).

Emmerson et al. (2000, Section 5), King's Fund (2001a, Chapter 2), European Observatory on Health

22 European Observatory on Health Care Systems (1999, 2002), Smee (2000), King’s Fund (2001a,

Chapter 2), National Audit Office (2003a).

2 King's Fund (2001a, Chapter 4) further explores public-private boundaries in UK health care, the

way they are shifting and become obscure, and the government’s stance on these.

24 King's Fund (2001a, p85). Consultants working full-time are permitted to gata 10% of their

gross income from private practice, those workpagi-time may engage in private practice without
restriction by giving up payment for one NHS session per week (King’s Fund, 2001a, p83-89;
European Observatory on Health Care Systems, 2002, p107).
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NHS facilities are available for hire by private providers (e.g. NHS pay®Deds
Conversely, the Secretary of State for Healgmed a Concordat with the private sector

in November 2000 which allows renting ofasp operating theatres from the private
sector for hip operations and otheelve surgery by NHS doctors and nur&eshe
government also seeks cooperation with theape sector to fund the building of acute
hospital facilities though the so-called Private FiranInitiative (PFI), though their
ownership remains in the public domain. One of the latest moves towards a more
private, i.e. market, approach is thé&raguction of Foundation Trusts which, compared

to the normal NHS Trusts, are allowedegter financial andnanagerial autonomy,

although remaining part of the NHS.

The increased use of private alternativethtoNHS is often regaedl as proof that the
public is increasingly dissatisfied with thealjty of NHS provision,especially with
long waiting times. Evidence shows, howeveasttprivate health care users also use
public health care, suggesting that, in spiténcreasing dissatisfaction with the NHS,
people using private health care do supporttreept of public provision (they regard

private health care as ‘quicker’ but not necessarily ‘better’).

Long waiting times for treatments and rising incomes combined with tight constraints

on NHS funding might be expected to iease demand for private insurance. The

% These are beds in NHS hospitals which consultants may use for private patients. King’s Fumd (2001

p53-54 and p80-83).
% King's Fund (2001c).
27 See the pages on Secretaries of State fealthi Alan Milburn and John Reid available at
http://www.nhshistory.net/ for moiaformation on Foundation Trusts.
28 (Europ)ean Observatory on Health Care Systems (1999, p45), King’'s Fund (2001a, p90), Propper
2000).
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impact of an expansion of the privatetee on the NHS remasnunclear however. On

the one hand, growth in private healthecaould reduce pressures on the NHS by, for
example, reducing waiting lists and timestiie NHS. On the other hand, NHS service
provision could deteriorate as staff move iptivate health care, so that effectively a
two-tier health system arises in which the NHS functions as a ‘poor service for the
poor’?® While NHS waiting lists fall if patiest are diverted to the private sector,

waiting times in the NHS could well rise #ee private sector (using NHS staff) treats

patients almost immediatefy.

4.3.2 Workforce
The NHS workforce has risen by an irapsive 224200 persons (21%) since 1997 and

currently accounts for 1.3 million people. This amounts to approximately 24% of the
public sector labour force, 4.3%6 the total labour forcegnd makes it the world’s third

biggest employer, after the Chineseny and the Indian State Railways.

As shown in Figure 4.1, the majority of Nh®rkers, approximately 84%, are directly
involved in patient care, which includdsctors (109000), nurs€886400), scientific,

therapeutic and technical staff (122100),bafance staff (16000) and support staff in
each of these areas (360700 in total),wadl as GP practice staff (88400). The

remaining 16% (199800) provides infrastructstpport, which comprises clerical and

2 Propper (2000, p856).

% Emmerson et al. (2000, Section 5), Propper (2000; 2001, Section 8) and King and Mossialos (2002)
discuss the interactions between public and private health care provision in more detail. The balance
of evidence suggests that dual practice is detrtal to NHS waiting times (Jacobs et al., 2003).

31 “NHS is world’s biggest employer after Indiamil and Chinese Army”, Sam Lister, The Times, 20

March 2004.
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administrative staff in central functionadihotel, property anestates and managéfs.

The latter takes up only aboB86 of total NHS staff 35300), a fact used by the
government to contradict the myth thagarly everyone working in the NHS is a
bureaucrat or manager and to shoatthxtra money is spent efficientfy.Even so,
growth figures by staff category are in favadicritics of the government and show that
over the period 2002-2003 the number of manabgassrisen faster than the number of
doctors and nurses (9.4%, compared to 5.1% and 5.5% on the previous year

respectively).

Figure 4.1 NHS workforce categories September 2003
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- scientific,
Qualified therapeutic and
amulance staff, technical staff,

1.2% 9.5%

Source: DoH (2003c)

Although the NHS employs over 1 million peopteere are shortages of GPs, nurses,

midwives and other health care staff sashphysiotherapists and radiographers, which

%2 Figure 4.1 excludes opticians, dentists and pharmacists as they may work in the NH&ter priv

sector. The number of doctors includes 32600 GPs (excluding retainepsalifeed doctors who are -
for the time being - unable to work in full time general practice usually for family or personal reasons, but
wish to maintain their GP skills by working a limited number of hours).

3 See for example Aud@ommission (2002, p14-15).
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the government seeks to ocect by, for example, improving employment conditions
(including pay) to retain esting staff, investing intraining and recruiting from

abroad® Staff shortages are apparent from international comparisons.

Figure 4.2 Number of practicing physicians
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Source: National Audit Office (2003a, Figure 7).

Over the past 20 years the number of physgia the UK has rigesteadily, by 40% in

total; however other countries have getigraeported even higher growth rates.
Consequently, the number of doctors ia thK per 1000 population is the lowest of all

10 comparator countries shown in Figure 4.2 (G7 plus Australia, New Zealand and

Sweden). In terms of practising nursée UK is second lowest (Figure 433).

3 See for example King's Fund (2001d), National Audit Office (2001), Audit Commission (2002).
Ironically, staff shortages are exacerbated by a relgtivigh rate of sickres absence: 4.9% across
all NHS trusts compared to aneamge of 3.7% in the public sectdtational Audit Office, 2003b,

pl).

All data represented in this section need caiefaerpretation due to definitional differences across
countries and other sources may report different figures. With respect to the UK data, the reported
number of doctors and nurses are for the NHS only and, for nurses, are full-time equivalatits. P
sector nurses account for approximately 25% of all qualified nurses.

35
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Figure 4.3 Number of practicing nurses
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The Organisation for Economic Co-opeoatiand Development (OECD, 2003) reports
8.8 practicing nurses per 1000 population, in line with the EU average and slightly
above the OECD average of 8.1, and 2 ey physicians pet000 population. Using
these data, the UK has a relatively high ndesphysician ratio o#t.4 which questions

which of the countries adopts the ‘approfiakill-mix in hedth service delivery.

Figures 4.2 and 4.3 conceal differences inghieern of health seice provision across
countries. For example, the number of aadeissions and average length of stay are
relatively low for the UK (147 per 1000 pbpulation and 6.2 resptively in 2006°),

so that the UK performs betteince the data are standaedisfor these variables, as

shown in Figure 4.4 and 4.5 for the number of nutées.

% See Figure 4.20. OECD (2003) reports an average length of stay of 6.9 days.

37 Acute care is health care required for a briefdmvere period of illness, for conditions resulting from
disease or trauma, and recovery from surgery.
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Figure 4.4 Practicing nurses per 1000 acute admissions

80 T
i
- 70
o 70
2
E 60
=
= 51
o 50
= 45
=
=
=
; 4 36
N = 6
=] 26
=
E 20
=]
5
T
0
Canada Unitec Australia Germany Linited France Italy
(19090; States (1997) (200 Kingdom (1997) (1998
(1999 (20007
SourceNationalAudit Office (2003a, Figure 11)
Figure 4.5 Practicing nurses per acute bed day
1.6
= 1.4
= 1.4
= 1.31
=
g 12
o
= ;
H
) 0.
=z o8
T
=
I 0.6
z 06
~
5 047
5 04
;c
F 02
z
0
Australia United United Italy Germany France
(1999) States Kingdom (1998) (2000) (1999)
(2000) (1997)
Source: National Audit Office (2003a, Figure 12)
4.3.3 Capacity

Since the establishment of the NHS in 1948, the number of hospital beds in Great
Britain has fallen due to a switch from soaiake in hospital to care in the community,

shorter lengths of stay and an increaséhanuse of day surgery. The decline has now
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come to an end as the government aimsdoease the acute bed availability in order to

reduce bed blockages (King’s Fund, 2001b; OECD, 2003).

The UK ranks relatively low in terms died numbers (Figure 4.6) and available
Magnetic Resonance Imaging (MRI) units (Figdr.7). The latter is aindication of the

level of investment in new technology and how advanced medical equipment is
(National Audit Office, 2003a, p14§.Again, these comparisons may be misleading as
they conceal variations in,f@xample, utilisation. Figur4.8 shows that the UK has the
highest acute bed occupancy of all comapar countries for which information is

available.

Figure 4.6 Number of acute hospdl beds per 1000 of population
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% OECD (2003) figures for the number of acute care hospital beds and the number of MRI units in the

UK in 2000 are 3.9 per 1000 of population and 4.6 per million of population respectively.
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Figure 4.7 Number of Magnetic Resonate units per million of population
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4.3.4 Pharmaceutical industry
Pharmaceutical products either belong te tategory of generic drugs (medicines

marketed without a brand name) or branded drugs. The government in the UK requires
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doctors to prescribe only from an apprdviests of drugs, mostly generic products,
which, being out of patent, @rcheaper (but arguably les8ective). Drugs on the so-
called “blacklist” are prohibited from bey prescribed by GPs on the NHS, whereas

products on the “grey list” may begscribed under stringent criteffa.

A different set of pricing rules applies teeneric and brand name drugs under current
UK legislation. Prices for generic drugge regulated undethe Maximum Price
Scheme (MPS), whereas brand name medgifall under the Pharmaceutical Price
Regulation Scheme (PPRS). Both schembave been established to curb
pharmaceutical prices (and pitej so that pharmaceuticals are available to the NHS at
an affordable price, whilst recognising that prices should be sufficiently high to enable

the pharmaceutical industry to develop and market new and improved medicines.

Price requlation of brand-name products: the PPRS

The PPRS is a voluntary agreement betwienDoH and the branded pharmaceutical
industry, represented by the Associatiorinaf British Pharmaceutical Industry (ABPI),

to limit branded medicine priceend profits on sales to the NHSA series of such
agreements have been in place since 1957,laatithg 5 years approximately, and have
evolved over time resulting in the last egment made under Section 33 of the Health
Act 1999. Negotiations on a new scheme between all parties involved started at the end
of the year 2003. The scheme does nmiec generic drugs or branded products

available without prescription,e. over the counter medngs, except those prescribed

%9 Kullman (2001, Section 3.1.1)
40" Information on the PPRS is based on ABPI (2003), DoH (2003e, 2003f).
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on the NHS by a doctor. Whereas the PPRSvalloompanies freedom of pricing for all
major new products within the constrainttbéir PPRS profit target, the DoH’s consent
is required for further price increases.eTK-wide PPRS scheme applies to some
10,000 products and covers approximat@9% of the value of medicines (of
approximately £6.5 billion) and 47% of disgex prescription items used in the NHS in
primary and secondary care, the remairukang taken up by generic drugs. Since the
first of October 1999, scheme members hbagen required to redagprices of those
medicines covered by the PPRS by 4.5%, whielvered annual savings to the NHS of

about £200 to £250 million.

As the PPRS limits companies’ ability to raise the prices of brand name drugs, it is not
surprising that the market for brand-napreducts has experientdéew price changes.
Although the industry has not been found to be higbhcentrated and the prices set by
new entrants in the post-patent periodlaveer, the incumbent usually does not reduce

its list price in reaction to new entry while itable to retain most of its market share.
The latter result is counterintuitive argliggests the presence of a first-mover
advantageOn top of that, prescribers base théécision on medicines needed by the
patient primarily on the basis of clinical need, while neither the prescriber nor the
patient pay for the cost of the drug. Thisynieve contributed tthe absence of a clear

link between the price and volume of bdaname pharmaceuticals under the PPRS. The
latter rose by 7.8% (mostly represents a rise in prescriptions for heart disease, high
blood pressure and mental iliness), which is less than the 12.1% increase in NHS-
spending in 2001/02. The overall proportioh expenditures on medicines remains
around 12% of total NHS cost, as in prexgoyears. International comparisons of

branded pharmaceutical products, although imiteel by factors such as the mix of
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medicines included, exchange rate volatiland international differences in price
control policies, suggest that UK drug prica® significantly lowe than those in the
USA but higher than those in other European countries. The igfemarily caused

by the appreciation of the pound sterling.

Price requlation of generic products: the MPS

Up to mid-2000 the NHS relied on competitiontite market for generic medicines to
secure stable supply of generic drugsfadrdable prices. In 1999 the generics market
experienced significant me increases of many generic products which were
accompanied by shortages in supply. Ovemlkes increased by approximately 35%,

which is estimated to have cdbe NHS in England £200 million.

Spiralling costs of generic pharmaceuticgfmrked a wide-ranging investigation into
alleged price-fixing and restrictive supplyf drugs. The Serious Fraud Office is
investigating six companies suspecteddefrauding the NHS for up to £400 million
over prices charged for penicillin-baseuhtibiotics and the blood thinning drug
Warfarin, used to counter strokes and hatteicks over a period ébur years (1996 to
2000). In 2002 a £28 million legal action svdbrought against 6 companies over
Warfarin. In December 2003, the NHS launglzelawsuit of £30 million against seven
pharmaceutical companies over alleged pfici@g of a range of common, penicillin-
based antibiotics. The NH®urther continues investigations into suspected anti-
competitive behaviour over more than 30 other drugs, with an estimated cost to the

NHS of £170 million, which are expectéemilead to further legal actiofis.

4 See also “Drug firms face charges over £400HS ‘fraud” (The Sunday Times, 9 November

2003), “NHS investigates £210m drugs sales”, “NHS sues over drug makers ‘rip-off” (The Times,
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In response to the turbulenge the genericsnarket, the government put in place a
statutory Maximum Price Scheme in August 26DThis scheme prohibits the sale of
certain unbranded generic medicines to camity pharmacies and dispensing doctors
for NHS use at more than the maximumcerilt does not apply to over-the-counter
medicines or the sale of generic medisine hospitals, for which different rules

apply®® Generally speaking, the MPS appliestme 500 unbranded generics with the
highest net ingredient cost (NIC). The nranwm prices are primarily based on historic

reimbursement prices.

Since the scheme was implemented, reimlmese prices for generics (prices paid by

the NHS) have returned to their pre-in@edevels and the supply of generics to
community pharmacies and dispensing doctossdtabilised. With a view to preserving
secure and stable supply conditions and prices in the long-term the government has
started negotiations on an attative proposal in 2001, whighintends to implement in

April 2004 in place of the MP¥.

Contribution to the economy

The pharmaceutical industry is not only imgot for the health sector as an

intermediate input (seeehlth care finance and expetwes), but also a major

22 December 2003), “NHS sues drug compargesr price-fixing claims” (Tash Shifrin and
agencies, Guardian Unlimited, Z2ecember 2003), “NHS seeks #30rom drug firms in price
fixing claim” (James Meikle, Guaran Unlimited, 23 December 2003).

2 The scheme is laid down in the Health Serwtedicines (Control of Prices of Specified Generic

Medicines) Regulations 2000 (DoH, 2000b). Kullman (2001) provides an overview of
pharmaceutical (pricing)olicies in the UK.

4 See Kullman (2001, p18-22).

“In short, the proposal as it stands (DoH, 2003g) allows for more gisicestion where there are

many manufacturers, whereas in case of a lesgpetitive market consent of the DoH is required.
The price of new generics may be set freely provided it is set below the price of the branded version.
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contributor to the UK economy in terms efployment (it employs approximately
70,000 people directly, with aastimated 250,000 in relatexttivities), research and
development (it accounts for around 24% of UK'’'s total manufacturing industry
expenditure on R&D, a value of over £3.2libn in 2002, which is higher than any
other country in Europe) and exports (vatigopharmaceutical exports is approximately

£10.3 billion, generating a trade surplus of £2.8 billfon).

Figure 4.9 Public funding for drugs and oher medical non-durables prescribed for
outpatients (per capita US$)
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Figure 4.9 shows public expenditures pharmaceuticals and other non-durables
prescribed to hospital outpatients for a sibe of countries. Cross-country differences
follow not only from definitionaand/or time differences balso from disparities in the

regulation of the pharmaceutical markéfith $201 pharmaceutical expenditure per

head the UK is the middle-ranking country.nquared to other European countries, only

% Data are for 2002 (DoH, 2003e, Section 5).
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Denmark, the Netherlands and Ireland have lower per capita pharmaceutical

expenditure&®

4.3.5 Health care finance and expenditures
Financial provision for the NH$ set by the governmewotver a five-year planning

period, and the responsible department @o#l) must bid for a share of the overall
budget (approximately 16% in 2003-04) in competition with other government
departments such as the Ministry of Defe and the Education department. The NHS
administration itself works to a rolling three-year planning horizon, and may seek
marginal adjustments to state finance oraanual basis. The Treasury uses the Barnett
formula to allocate health care resmes over the UK constituencies, yielding a
distribution which has histarally favoured Scotland, Ndrérn Ireland and Wales over
England?’ Whilst one may argue that this reflects needs because health outcomes
compared to England are poorer, an equalli\@bservation is thathe current pattern

of health expenditures may actually legitimising inefficiency in provisiol® The

budget is further broken down betweegions, based on needs and outcothes.

In the 2002 Budget, the government annaghan annual averagncrease in NHS
expenditures of 7.3% in real terms between 2002-03 and 2007-08, equivalent to a total

increase of 42% in real terms over this pefibd.

46 Association of the British Phmaceutical Industry (2003, p5).

4" Treasury Committee (1997).

8 Dixon et al. (1999). Poor health outcomeslddor example reflect ks efficient technology.

49" In the spirit of the RAWP weighted-capitation formula (discussed in Section 4.2.3), although it has

become relatively more soigticated over the years.

*° DoH (2004b).
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Figure 4.10 NHS expenditure in 2003-04 bglestination (total £63.7 billion)
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Figure 4.11 NHS expenditure increase in 20034 by destination (total £5.9 billion)
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For 2003-2004 NHS net expenditure will inase by £5.9 billion to a level of £63.7
billion, which — as shown in Figure 4.10 - wide allocated to stlacosts (59%), drugs
(15%), investment in buildings, equipment and training (108&)er services (10%,

predominantly utilities) and general medicaupplies and services (6%), including
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medical equipment, bandages, cateringl &leaning. The addbnal resources are
mostly to be spent on attraaj new staff, increased presing, the provision of more
goods and services and staff pay aimed t&irmieig existing st and attracting new

employees (see Figure 4.11).

Figure 4.12 NHS sources of finance, 2003-04
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The main sources of finance of thNHS budget are displayed in Figure 4.12. The
majority of NHS spending is met from ti@onsolidated Fund - geral taxation - and

the NHS element of National Insurance cimittions, 93.3% in total; the remaining
6.7% comes from user charges and receipts, including land sales and proceeds from
income generation schemes. While payméomwgrds National Insurance are separated
from general taxation for accounting purpqddational Insuranceontributions do not
influence eligibility for NHS care and are thus tantamount to an income tax. User

charges generate 2% of NHS resourcesapetate in the area of NHS pay beds and,

L A further breakdown of expenditure by, for example, type of condition, region, type of chre an

age/client group is provided in the Departmental Reports (DoH, 2003d and 2004b).
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more importantly, in the area of familye&lth services, where they are levied on
pharmaceutical, dental and ophthalmic sggsi Prescription charges for pharmaceutical
products are £6.40 per item in Englémdut exempt large sections of the population,
including children, elderly, people on low inconaironic ill and for specific uses (e.g.
contraception). Approximately 85% of peeptions are charge exempt. A similar
practice occurs in dentistry, where co-paymesft80% of the cost of treatment up to a
ceiling of £378 are not levied on certain priority groups, and ophthalmic services, where
eye tests are provided for free to priogpups and government support is available to

meet the cost of spectacfés.

According to the latest estimatesth Office for National Statistics (ONS) private

health care accounted for a further £13.7 billion in 2002, which brings total health care
expenditures in the UK up to £80.6 billion 2002, 7.7% of GDP, of which 83% is
public and 17% is private. Private heafttare expenditures comprise out of pocket
payments for treatments and over the counter medicines (approximately 12%) and

private medical insuraecq(approximately 5%).

UK spending on health care is typically beltve OECD and the EU average. In 2001,

total health care expenditusecounted for 7.6% of GDP in the UK, compared to an

2 Data are valid from the®of April 2004 (see also HC12 form “NHS prescription Charges from the 1
April 2004” available at http://www.dh.gov.uk/asseti®04/07/37/06/04073706.pdf [13 July 2004]).

3 For more information on useratyes in the NHS see European @bs®ry on Health Care Systems

(1999, 2002). With respect to dentistry, from the [B990s many people have been unable to find an
NHS dentist in there area - just 44% of adaltel 60% of children are registered with an NHS
practice, and have turned to private health daearing the full cost of treatment (around 75% of
people) or choosing or paying towards a private insurance plan (approximately 25%). This is the
consequence of disputes with tp@/ernment over pay in recent ygawhich have led NHS dentists

to reduce the amount of NHS services or to withdraw from the NHS altogether.

*  Available at: http://www.statistics.gov.uk/ [13 July 2004].
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OECD average of 8.4% and an EU average of 8.3%. The share of expenditure
accounted for by the public sector idatevely high. In 2001 the share of public
expenditure in the UK was 82%, compated’2% and 73% on average for the OECD
and the EU respectively.The relatively low level of &alth spending has prompted the
government to commit itself to the aforementioned increases in health spending, which
would lift total spendig on health care to 9.4% GDP in 2008. Figures 4.13 to 4.15
illustrate. Comparisons may be misleading, heoave due to definitional and/or time
differences, and more importantyie to differences in health system performance, the

subject of the next sectiof.

Figure 4.13 Health expenditure as % of GDP in recent years
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The darker tinted bars represent private expenditure. The lighter tinted bars represent public expenditure.

Source: National Audit Office (2003a, Figure 2)

> Data are from OECD (2003).
% For example, the UK’s healtiystem may be more cost-effective than other countries, thereby
delivering more value for money despite low levels of health spending.
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Figure 4.14 Health expenditure as a % of GDP, 1980-2001
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Figure 4.15 Per capita hedh expenditure (US$)
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4.3.6 Health care performance
This section assesses therfpemance of health carprovision in the UK, where

possible relative to other countries, usinglid@ators of health outcomes, efficiency,

equity and quality.

Health status

In general, the health of the population is not only dependent on the health sector (and
health policy), but also variesith factors such as lifed/(smoking, drinking) and diet,
income, income distribution, housing andueation. Moreover, a range of health

measures exist which may ydedlifferent country ranking?.

Commonly used health measures are lifeeetgncy at birth and potential years of life
lost, as displayedn Figure 4.16 and 4.1°%.In terms of the former the UK ranks
relatively low, but with smallest gender differences, whereas in terms of the latter the

UK performs significantly better.

Improvements in life expectancy are partiathused by declines in infant mortafity
shown in Figure 4.18. Countries with relativéiigh infant mortality rates in 1980 have

decreased their rateelatively faster, resulting a smaller spread in 2000.

" See for example the World Health Orgaation (WHO, 2000, p27-31 and WHO, 2002).

8 Calculated on the assumption that age-specific mortality and disability rates remain the same over

time. The latter is based on an expected life span at birth of around 80 and 75 years for women and
men respectively.

% Defined as the number of deaths of babies under age 1 per 1000 live births in a given year.
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Figure 4.16 Life expectancy at birth
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Figure 4.17 Potential yars of life lost
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Source: National Audit Office (2003a, Figure 21)
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Figure 4.18 Infant mortality for 1980-2000
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The most common causes of death fromesk in developed countries are cancer
(malignant neoplasms) and cardio-vasculac(tatory) diseases (Figure 4.19). The UK

has the highest mortality rate of all caues and ranks highesh the group of
respiratory diseases. In the UK age-standardised death rates from cancer have
historically been high compared to otleeuntries (with 184.7 deaths from cancer per
100000 in the UK, only New Zealand rartkigher), although displaying a downward
trend, and cancer-survival rates have beeatively low. This has motivated the
government to target its health budget to iowerthe quality of medal intervention in

the area of cancer. The same is true for cavescular diseases. &ldata in Figure 4.19

mask differences between (anithin) countries by disease tyf.

0 For more detailed information across countges the OECD (http://www.oecd.org/) and the WHO

(http://mvww.who.int/). National data are availatftem http://www.statistics.gov.uk/health [13 July
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Figure 4.19 Age-standardised death rates by cause of death
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Efficiency

Efficiency in the context of the NHS usuallyfees to the ratio obutputs to inputs given
the quality and specifications of products, i.e. productivity, an approach followed in this
section. Thus if outputs rise for a givbundle of inputs, or the same outputs are

produced with less inputs, theresh@een a gain in efficiency.

Given the complexity of health care systerafficiency is difficult to measure. One
frequently used indicator is the averageghl of stay in hospital. Assuming that the

appropriate amount, type andatjty of treatment are provide a lower length of stay

2004]. Morbidity data and data on the use of health services by various socio-economic
characteristics in the UK have also been discussed in Chapter 5, Section 5.3.2.
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indicates a more efficient use of acuteldéNational Audit Office, 2003a, p21). The

UK is the middle-ranking countryith 6.2 days (Figure 4.26.

Figure 4.20 Average length of stay - acute care
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Source: National Audit Office (2003a, Figure 36)

Within the UK, there is a large body of ane@a@vidence that therare inefficiencies
in health care provisioff. Evans et al. (2001) compare theerall efficiency of health
systems in 191 countries, as part of adoer attempt by the WHO to analyse the
performance of health systems worldwfdeOverall performance is based upon the
level of attainment of five components: fass in funding, level aind inequalities in
responsiveness (including waiting times), @hd level of and inequalities in health

attainment. A comparison of the overall indicator of attainment (or the score with

®1  Cross-country comparisons shdvat the UK makes better use ofoerces in terms of, for example,
beds and staff (Section 4.3.2 and 4.3.3).

%2 Evidence is available from the Audit Conssibn at http://www.audit-commission.gov.uk [13 July
2004]. An example is the Audit Commission (2003gpre on inefficiencies ithe use of operating
theatres.

% WHO (2000).
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respect to a specific compongnith what might have beeachieved with the resources
available in the country yieldsn indicator of (overall) pesfmance, i.e. the efficiency
with which the goal(s) are achieved. The WHO calculates efficiency in terms of
attaining health and the overall indicatoradfainment based on all five aforementioned

objectives (Table 4.1).

Table 4.1 Efficiency (performance) scor@nd 80% uncertainty interval, 50 highest
ranking countries, 1993-1997.

PERFORMANCE OM HEALTH LEVEL (DALE) OVERALL PERFORMANCE
Rank Uncertainty Member State Index Uncertainty Rank Uncertainty Member State Index Uncertainty
interval interval interval interval

1 1-5 Oman 0.992 0.975 — 1.000 1 1-5 France 0994 0982 - 1.000
2 1-4 Malta 0080 0.958 - 2 1-5 Italy 0991 0973 -1.000
3 1-7 Italy 0.976 0.957 — 0.994 3 1-6 Saniarino 0988 0573 -1.000
4 1-7 France 0.974 0,953 — 0.994 4 1-7 Andorra 0.982 0.966 - 0,997
5 2-7 San Marino 0971 0.949 - 0988 5 3-7 Malta 0978 0965 - 0993
[ 3-3 Spain 0.968 0.948 — 0.988 [ -1 Singapore 0973 0.947 - 0.998
7 4-9 Andorma 0.964 0.942 — 0,980 y 4-8 Spain 0972 0.959- 0985
8 3-12 Jamalca 0.95 0,928 — 0.986 & 4-14 Oman 0961 0.938 — 0,985
9 7-11 Japan 0045 0926 - 0963 9 7-12 Austria 0959  0.946- 0972
10 a-15 Saud Arabla 0.936 0.915 — 0,958 10 -1 lapan 0957 0.948 - 0,985
1 9-13 Grepce 0.936 0.920 — 0.951 11 8-12 Morway 0.955 0.947 - 0,964
12 9-16  Monaco 0930 0.908 - 0.948 12 10-15  Portugal 0945 0931- 0058
13 10-15 Partugal 0.929 0.917 - 0.545 13 10-16 Monaoo 0943 0.929 - 0,957
14 10-15 Singapore 0.929 0.900 — 0.942 14 13-19 Greece 0933 0921-0.945
15 13-17 Austria 0914 0.896 — 0.531 15 12-20 Iceland 0932 0917 -0.948
16 13-23 United Arab Emirates 0907 0.883- 0932 14 14-21 Luxembaurg 0928 0914-0042
17 14-22 Morocco 0.906 0.886 — 0,925 17 14 -21 Netherlands 0928 0.914- 0942
18 16-23 Morway 0.897 0.878 — 0.914 18 16 -21 United Kingdom 0925 0913 - 0.937
19 17-24  Natherlands 0893 0.875-091M 19 14-322 lreland 0924 0909- 0939
20 15-31 Solomon Islands 0.892 0.863 — 0.920 20 17 -4 Swiltzerland 0916 0903 - 0,930
21 18 -26 Sweden 0.890 0.870 — 0.007 21 18 -24 Belglurn 0915 0.903 - 0.926
2 19 -28 Cyprus 0885 0.865 — 0,898 21 14 -29 Colombla 0910 0881 - 0930
3 19-30  Chile 0884 0.864 - 0903 3 -6 Sweden 0908 0893 - 002
24 21 -28 United Kingdam 0883 0.866 — 0.500 24 16 -30 Cyprus 0906 0879 -0.932
25 18 -32 CostaRica 0.882 0.859 — 0,898 25 12-17 Germany 0.902 0800 - 0.914
16 21-3 Switzerland 0879 0.860 — 0.891 26 12-32 Saudl Arabla 0804 0872 -0916
i 1-31 leeland 0879 0.861- 0897 27 22-33 United Arab Emirates 0886 0.861-001
28 23-30 Eelglum 0878 0.860 — 0,894 28 26 -32 Israel 0884 0870 - 0.897
9 23-33 Venezuela, Bollvarian Republic of 0.873 0,853 — 0,891 29 18 -39 Morocco 0.582 0,834 - 0,925
30 23-37  Bahrain 0867 0.843 - 0.290 30 27-32 Canada 0881 0.568 - 0.8%4
31 28-35  Luxernbourg 0864 0.847 - 0881 31 27-31  Hinland 0881 0.866- 0,895
32 20-38 Ireland 0.859 0.840 — 0,870 31 28 -34 Australla 0876 0861 - 0801
3 I -40 Turkey 0.858 0.835 — 0.878 £ 12 -43 Chile 0870 0.816- 0918
3 25-48  Balize 0853 0.821- 0884 3 32-36 Denmark 0862 (.548- 0.874
35 #B-40 Canada 0.849 0.832 — 0,854 35 -4 Dominica 0854 0824 - 0883
Bl 32-42 Cuba 0.849 0.830 — 0866 36 33-40 Costa Rica 0849 0825 - 0871
7 30 -49 El Salvador 0.846 0.817 — 0873 37 E-4 United States of Armerlca 0838 0817 - 0859
38 2 -52  SaintVincentandtheGrenadines 0845  0.812 - 0876 38 3 -46  Slovenla 0838 0813 - 0859
el 3B-43 Australla 0.844 0.826 — 0.8561 39 36 -44 Cuba 0834 0.816- 0852
40 3644 Israel 0841 0,825 — 0.858 40 36 - 48 Brunel Darussalam 0829 0.808 - 0.849
41 30-47 Germarry 0.836 0.819 — 0,852 41 38 -45 New Zealand 0827 0815 - 0.840
42 33-54  Dominican Republic 083 0.806 - 0863 42 37 -48  Bahrain 0824 0.504 - D.B45
43 37 -53 Eqgypt 0.829 0.811 - 0,848 4 39-53 Croatla 0.812 0.782 - 0.837
44 41 -50 Finland 0.829 0.812 — 0.844 44 41 -51 Oatar 0812 0793 - 0831
45 /55 Algerla 0820  0.808 - 0.850 a5 -5 Kuwalt 0810 a0 - 0,830
46 41-55  Tunisla 0824 0,803 - 0844 46 41-53  Barbados 0808 0779 - DB
47 3858 ‘fugosliavia 0824 0.798 — 0.848 47 36 -59 Thalland 0807 0.759- 0.852
48 40 -61 Honduras 0820 0.793 — 0.844 48 43 -54 Czech Repubilic 0.805 0781 - 0825
49 3 -63  Grenada 0819 0789 - 0850 49 4255 Malaysla 0802  0.772-0830
50 42 -58 Uruguay 0819 0.794 — 0,842 50 45 -59 Poland 0793 078 - 0819

Source: WHO (2000, Annex Table 10)
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In terms of efficiency in improving health, the UK is ranked 24ahead of, for example
the US (729, Australia (38) and New Zealand (80, but behind Italy (), France
(4™ and Spain (8), whereas in terms of overall health performance the UK rank2d 18
with France first on the list. The resultset to be interpreted carefully though due to
problems of definition (‘what is a healtbystem?’), measurement of performance
(indicators used and weights applied to abthie overall performance indicator), scope
of health care (there are many other destinfluencing healfhy within country
variations (between gions and/or the variousomponents of a health system) and data
availability and comparability across countriédVith respect to the UK’s relatively
poor efficiency rating, the government respahtieat the WHO data were from 1993 to

1997 and so did not reflect recent policy initiatives.

The latest confidential estimates which have been leaked to the press are nevertheless
discouraging, showing that since 1997 public sector productivitgalth and education

has dropped by 15% to 20% (compared pievious estimates of 3%), where
productivity - the production pevorker - is a key indicatoof efficiency. Whereas the

health service had received a 20% increéasesources, treatmemnonly went up by 2%

after allowing for inflatior> In support of these findingte Grand (2002) finds that
efficiency gains that were realised since thtroduction otthe internal miket in 1991
seemed to fall at an ever increasintercom 1997/98 onwards. Similarly, Pritchard
(2002) reports an increase in NHS activitf only 15.3% against an increase in

resources of 25.3% for the period 1995-2088ain, the government’s reaction is to

®  McKee (2001), Mulligan et al. (2000).

5 The Times and The Sunday Times, various articles, 25 April 2004.
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query the accuracy of the productivity figuregspite the fact thahe latest findings
have been endorsed by the OECD and th®@aan Central Bank, and that the ONS’
method of measuring public sector productivity is regarded as a ‘best practice’ model

for the rest of the world.

The NHS is working with the ONS and tA&inson Review to deelop a new measure

of productivity®® It is argued that the current measure is flawed in that it (1) regards
investments in future capacity (such @sw hospitals and training places for new
doctors) as a decline in prodivity, (2) ignores spending & may have led to better
outcomes but does not add to output as meddiar the national accounts, (3) does not
necessarily monitorllaoutputs produced by the healslervice (most notably primary
care services) and (4) fails to recognis@riovements in quality (e.g. shorter waiting
times, more effective drugs, higher obsergealvival rates after treatment). In many
instances, quality improvements are courdaed productivity deease (e.g. preventive

campaigns which reduce the number of vigita family doctor or hospital stays).

Equity
Successive UK governments have had a stromgmitment to equity (fairness) in

finance and delivery of health care. As pafrta wider study of expenditure on health
care in the UK, Propper (2001) investigatesmuat extent this commitment has been

realised and has translated into a memaitable distribution of outcomes.

The system of funding of health care aeces in the UK is tatively equitable

compared to other countries, principally because the NHS is financed largely from

% Tuke (2004). Articles describing the progress made in the measurement of government output and

productivity are regularly published iBconomic TrendsSee for example Rehard (2001, 2002,
2003).
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general taxes, which are broadly progressWwéh respect to the allocation of health
care resources, Propper finds tbeparities at regional, drstt and possibly ward level
have fallen and follow the measures of nesdd in RAWP type allocation formulae.
Empirical studies on equity e distribution of health caracross individuals reviewed
by Propper generally show sligbepartures from the ‘equal treatment for equal need’
principle of the NHS, alsknown as ‘horizontal equit¥’, in that the alloation of health
care since the 1980s is found to be mildlg-poor, also relative to other countries —
though this seems to be unrelated to the mexyvity in finance. Despite a more equal
distribution of health care seurces across regions, geographinequities in health
outcomes have not been reduced sinee1#870s and may well have worsened. The
same observation is made for health inedjealiacross individual@lso documented in
Chapter 5, Section 5.3.2). The presence of §uging) inequities suggests that resource
equalisation at the regional level cannatpose equal spending patterns at the
individual level and that health outcom@spend on more than health spending alone

(Propper, 2001, p1635.

A review by Dixon et al. (2003) focusexclusively on the question of horizontal
equity in the NHS, using evidence from macaad micro-studies. Whereas early macro
studies on the use of NHS services in gdnselnaw that utilision by higher income

groups was higher than that by lower incogreups when adjusted for needs, more

67 Using this definition of equity, an equitable seevis one that offers equality of access to health care

to individuals in equal need, irrespective of other factors, such as socio-economic status, emcept in s
far as this affects need. Observed inequities in atiidia of health care are usually taken as proxy for
inequalities in access, whereas need is usually nexhdyrindicators of health status: the worse the
latter, the greater is the need for treatment (Seelikamn et al. 2003, Section 2). Vertical equity is
the principle that people who atmequal should be treated diffatly (examples are health care
financing based on ability to pays-m the UK, and differential access based on differences in need).
% Audit Commission (2002) also contains some evidence of inequities in the distribution of health care
resources, health care déiy and health outcomes.
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recent macro-studies suggest that the NH®eatly is pro-poor (in line with Propper,
2001). In contrast, a recent macro studyngisnore disaggregated data, and the vast
majority of micro-studies on the use of specMHS services, suggesiat inequities in
access persist. These conflicting outcomes result from differences in methodology and
data used. Specifically, the macro-studies findingad equity in utilisation rely on self-
reported morbidity as the indicator of need and on aggregate measures of utilisation
which conceal differences in benefits from utilisation across socio-economic groups.
This not only casts doubt onettvalidity of the findings othese studies relative to the
micro-studies and macro-studies using meaphisticated indicators of need and
utilisation, but also lends suppdo the observation made liye latter studies that the
NHS is indeed inequitable. Potential barriers to access, which are behind these
inequities and which the government shouldmagieto address, are found to be mostly
related to transport difficulties, employnteamd personal commitments, the ability to
use one’s ‘voice’ to demand better and mesegensive servicedjealth beliefs and
health seeking behaviour, all of which tetaddisadvantage the poor in terms of first

access to NHS care and follow up treatments.

Quality: waiting for health care

The quality of health care &anany facets, such as acceiigjbof health care (waiting
time), coordination of different types of earenvironment in wibh care is provided
(cleanliness, safety, comfofgod) and facilities used, ¢hprovision of information and
education of staff, patient involvement acttbice, the extent to which the physical and
emotional needs of patients are met (includinge spent with a patient) and the respect

and dignity with which patients ateeated (friendliness of staff).
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One method of assessing the lgyaf care is to look at @ patients’ satisfaction with

the health care system. The Chief Exe@ii\Report to the NHS of May 2004 provides
evidence that the majority of patients are satisfied with inpatient, outpatient and
accident and emergency (A&E) care (Figdr@l), though there is further scope for

improvement, given the variations quality across the UK.

Figure 4.21 How do inpatient, outpatiat and A&E patients rate care?

o B Accident and Emergency survey (2002/2003)
45% O Outpatient survey (2002/2003)
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Source: DoH (2002l Graph H)

Evidence of variations imuality and progress made in improving performance is
provided by the various ingtiions that monitor the quality of health care provision,
including the Commission for Health Improvement, the Audit Commission, the King’'s
Fund and National Audit Office. Théudit Commission (2002) report on the
performance of the NHS in England covers patient's experience of hospital food, the
cleanliness of hospitals, sidards of GP surgeries and waiting for care. The King’s
Fund (2004) reviews progress made in kegas of major concern, including shorter

waiting times for cancer and heart care, improved accident and emergency departments
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and cleaner hospitals. A study by then@oission for Health Improvement (2004)
shows that up to 16% of tlwyerall variation in patient g@erience observed in surveys
of NHS care in England is exphed by patient characterigjcsuch as age, level of
education, gender, ethnic background, anesoThe remainder may be attributed to

differences in the quality of higl care provision across the country.

Patient satisfaction surveys reveal that waiting times for care are a major cause for
concern. While waiting, patients may expecderconsiderable pain and discomfort (and
uncertainty), which impacts upon their (workjride, and in some cases the patient’s
condition may worsef®. The Commonwealth Fund (200%)r example, finds that the

most common reason cited for not having adexaacess to health care in the UK is

the presence of long waiting times (46% of respondents). More detailed evidence on

waiting lists in the UK (and other countries) i®yided in the remainder of this section.

In the UK the GP looks afteréhthealth of the local populati. If a GP cannot deal with

a health problem herself she may refer pasi¢ata hospital to see a consultant for a
specialist opinion (outpatient appointment)tekfseeing the specidlighe patient may
be deemed to require further treatmenhaspital which either (a) necessitates the use
of a hospital bed during the day (day patierpgaptment) or (b) requires overnight stay
(inpatient appointment). At each stage tbe referral process, and for emergency

admissions to A&E departments, theréyisically a wait (sedigures 4.22 to 4.25).

%9 Although the general public fear these adverfeces, a cross-country review of patients waiting for

a couple of months for several types of elective procedures by Hurst and Siciliani (2003) shows that
there is surprisingly littlevidence of a deterioration in Higawhilst waiting. Moreover, among those
waiting, patients are found to be tolerant of short to medium waits.
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Figure 4.22 Patients awaiting admission by hegth of wait, all specialities, overnight
cases, 1999-2004, England
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Figure 4.23 Patients awaiting admission biength of wait, all specialities, day
cases, 1999-2004, England
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0 Data for Figures 4.21 to 4.23 are fromiptffwww.performance.doh.gov.uk/waitingtimes/ [13 July

2004].
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Figure 4.24 Waiting times forfirst outpatient attendance following a written GP
referral by length of wait, all specialities, 1999-2004, England
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Figure 4.25 A&E attenders spending 4ours or less in A&E, 2002-2004, England
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™ Outpatient data only cover first referralsthg GP, approximately 25% of all outpatient activity.
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Inpatient and day patient waiting lists in Eagll have fallen since the second quarter of
1999, whereas outpatient waiting lists have rigeBince the early 1980s, day patient
waiting lists have risen relative to inpatientitivay lists (the former exceeding the latter
from around 1997), which marks a trend towards increasing theatitifisof the beds

stock and so lowering unit sts of treatment. Although tHarge waiting lists attract
adverse attention by the media and the pulilis, not the number of patients waiting

that matters, but how long these patients have to wait. For each type of admission the
longest waits - for inpatient and day pati waits exceeding five months and for
outpatients waits exceeding twenty six weeksve fallen, but often at the expense of

the shorter waits (as shown the last four quaers of all graphs). A&E waiting times

have also improved: 94% are now seen and treated within four hours, compared to 77%

in the 3¢ quarter of 2002.

These patterns reflect efforts by the goweent to drastically reduce (long) waiting
times. The NHS Plan 2000 targets for radgcwaiting times for aforementioned
admission types declared that: by the ehid005 the maximum waiting time for an
outpatient (inpatient) appointment should beueed to three months (six months), and
the average waiting time for an outpatient &tent) should fall to five weeks (seven
weeks). With respect to A&E, by the enfi2005 no one should be waiting more than

four hours from arrival to admission, transfer, or discharge and average waiting times

2 Data refer to England only. Especially in M&and Northern Ireland waiting times are relatively

long and have risen since 2000. Waiting lists are dominated by routine operations in a few
specialities: orthopaedics, ear, nose and throat conditions and ophthalmology accounted for 50% of
the total waiting list and 33% of admissions in March 2003 (Jacobs et al., 2003, p6).
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should fall to 75 minute§. Measurement difficulties asidassociated interim targets,

apart those for A&E, have so far roughly been fhet.

While reducing waiting lists is in principle a good thing, the cost-effectiveness is
unclear as the money could have been spemther areas of the NHS. It remains to be
seen whether efforts to reduce waiting lstgl times can be sustained in the long term
due to positive feedback effects fromduetions in waiting times to demand (via
increased referrals and admissions) and ldmg-run rising tread in demand which
reflects technological progress and an ageinmuladion. Target setting with respect to
waiting times also entails adverse incentiEadence suggests that the targets are met
at the expense of longer waits for patients who should have clinical priority (for
example, first outpatient appointment targas met at expense of follow-up treatments
with detrimental health coeguences) and that inappr@té adjustments to waiting
lists are made to meet the targ8ta further complication is that waiting lists exist for

a variety of reasons, some of which sugdleat the optimal waiting time for treatment

is positive: short queues may be cost-effecthg a short period afelay allows some
conditions (such as tonsillitis) to improve, atkehealth effects - if any - are small and

they help in reducingnused hospital capacif.

3" DoH (2000a).

™ See for example DoH (2004c). Waiting list dara typically inaccurate @uto the recording of

people who should no longer be on the list, inappropriate adjustments by Trusts to meet targets and
inaccuracies in short and long waitsspectively due to missing thenseis date and being counted in
several censuses. The Audit Commission (2003b) discusses ways in which waiting time statistics can
be improved. See also Hurst and Siciliani (2003, Section 2.5).

> See for example the websites of the Natiohadlit Office and the Audit Commission. See also

King's Fund (2004, p19-20, p22).
® Hurst and Siciliani (2003, Section 2.7). A suctiagerview of the interpretation of and reasons for
waiting lists is given by Jacobs et al. (2003).
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An OECD study on waiting timeshows that waiting listsypically exist in countries
with public health insurance (with limited or nost sharing) and cotnaints in surgical
capacity, such as in the UKAs the NHS is free at the paiof consumption, patients
will continue to consume until the marginalnieéit of consumption is zero. This leads
to potentially infinite demand in excessfpply, i.e. waiting lists. In the absence of a
price mechanism to realign demand with sypf@bhich is considexd to be unfair),
waiting lists serve as a nietd of rationing demand. Patients essentially ‘pay’ a time

price for health care by having to wait for treatment (‘rationing by deféy).

The study finds a negative association leetw capacity, measured by number of beds

or practicing physicians, and waiting times. Tdame is true for the level of health
spending. Increases in health spendind aapacity may significantly reduce waiting
times. Evidence also shows that changing the remuneration system for specialists - from
salary to fee-for-service - and for hosjsta from fixed budgetdo activity-based

funding - may enhance productivify.

Further potential to improve productivity acdpacity/resource levels is also evident
from UK data. Reviews by the Audit Conmssion on availability and utilisation of

operation theatres, beds and staff show tlagiacity may be used more efficiently by
reducing length of patient stays, incregsioperations carried out in day surgery and

more intensive use of operating theatres. $@me specialties capacity increases are

""" Hurst and Siciliani (2003).
8 The NHS also ‘rations by denial’ in blocking, or at least delaying, the adoption of new technologies.
The fear is that, if a new, superior, technolagyapproved, there will be a significant increase in
demand, whereas if it is not available then patients ‘will not miss what they do not have'.

" Siciliani and Hurst (2003).
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required®® Variations in waiting times (betweéfrusts, and even between consultants
in the same Trusts/hospitals, for the saspecialties) suggest the presence of both

insufficient funding and inefficienes in current working practicés.

4.4 THE FUTURE NHS IN THE PRESENCE OF RATIONING

The previous sections identified a large numtfeproblems in health care provision of
the UK (and other countries), of which a few lend themselves to modelling in a CGE
framework. All of these, anthose that can be handled anCGE setting, have as a
common feature that they impinge upon theués of rationing, either alleviating the

rationing constraint or straining it.

4.4.1 Balance sheet
The balance sheet so far for health camigion in the UK is mixed. On the one hand -

and in contrast to many other countriethe UK has managed to keep a tight lid on
expenditure by funding health care primafilgm, mildly progressie, general taxation,
whilst providing universal and comprehenshealth care coverade its population and
reaching overall satisfactory health outconldse UK health system thus appears to be
highly cost-effective in achieving reasonaldaetcomes at substantially lower costs,
which explains the reluctance thiis and previous governmertb change the system of

funding.

8 See for example the Audit Commission (2003a, 2003b). The latter includes evidence on the use of

operating theatres. Underlying data are available from the Acute Hospital Portfolio section of the
Audit Commission website (http://www.audit-commission.gov.uk [13 July 2004]).

81 Jacobs et al. (2003). Waiting times for a range of non-emergency treatments at local NHS hospitals

by type of appointment and by individual consultant are available from the NHS website:
http://www.nhs.uk [13 July 2004].
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But although the NHS delivers good value @oney, many argueusing cross-country
comparisons - that the public control of total expenditures has led to insufficient
spending on the NHS, which has caused problenerms of, for example, poor health
outcomes in terms of specific diseases (sagltcancer), inequitigaa access and health
outcomes, and poor quality of services, including long waiting times for treatment.
Inadequate services may however also refheor, i.e. inefficient or unproductive, use

of existing resources. Evidenoa this is mixed (dependirgn the data used), though on
balance it suggests that productivity ire tNHS remains unsatisfactory, and has even
declined, despite unprecedented increasegxpenditures over the last few years.

Improvements in productivity in certaareas of the NHS seem feasible.

4.4.2 Future prospects
What of the future prospects for the UK hieaare system? Ratiing had always been

present in the past and is unlikely to disappe the future. On the contrary, the gap
between finite resources andt@atially infinite demands seems to be rising - as in the
past - due to a combination of increases in demands for health care (in terms of quantity,
quality and outcomes) from rising incomes, partly fuelled by advances in technology
and by an ageing population. Although devotingre resources to health care would
alleviate the rationing constraint, it is unlikdb satisfy all demands as ‘the more we
have the more we want’: rationing is inevitable and difficult decisions regarding the
allocation of health care, ‘who gets what type of health care and when’, will have to be

made in future.

Apart from demand pressures there are cost pressures from public sector workers
demanding wages in line with private seclges - necessary to retain staff and to

attract new staff - and rising prices pharmaceutical inputs. The rising cost of
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provision of health care implies fewer semsccan be delivered for the same value of

expenditures, which thereby worsens the rationing constraint.

Finally, rationing reduces the ility of health systems taope with unanticipated
disease outbreaks.This has been illustrated by,rf@xample, influenza outbreaks
throughout this century. The most infamagandemic was the “Spanish Flu” of 1918-
1919, which killed around 20 to 40 million people worldwide. Other influenza
pandemics occurred in 1957 (the “Asian Influenza”) and 1968 (the “Hong Kong

influenza”).

Influenza is a highly contagus viral infection which, irdeveloped countries, occurs
primarily in winter. Whereas earlier pamdies led to deaths also among healthy,
young, people, influenza nowadapsimarily affects ‘high-rsk’ groups such as the
elderly, children and the chronically ill. Nevertheless, influenza affects people in all age
groups (an estimated 10% to 15% of the UK population eachHyedr is an
uncomfortable and self-limiting illness of which the main symptoms, fever, chills,
painful muscles, head- and backache and cocayinjast up to a week or two. Costs to
society in terms of health care, waorgi days lost and productivity declines are

significant: ‘Epidemiological models pject that in industrialied countries alone, the

8  Anticipated conditions related to life style, for example in terms of smoking (lung cancer) and -

recently acknowledged dise future health problem of developed countries - diet (obesity and related
chronic diseases such as diabetes and asthmakstesjlikely to put a hegwlaim on future health
resources, but the government at least has more time in designing and implementing appropriate
policies, thereby reducing the availability ofasces for other, unanticipated, health problems.

8 DoH website on Immunisation Policy: ‘Summary of flu immunisation policy’ available at

http://www.dh.gov.uk/PoligAndGuidance/HealthAndSocialCareTogiFlu/fs/en [13 July 2004].
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next pandemic is likely to result in 57-132 million outpatient visits and 1-2.3 million

hospitalisations, and 280000-650000 deaths over less than 2y&ars.

Most common health measures in resgons influenza are vaccinations and -
complementary - antiviral drugs to pest and treat influenza. Following WHO
recommendations, the UK government ksuisce 2000 run a highly successful flu
immunisation programme, supped by advertising campaign® encourage high risk
groups to get a free flu jab, asd to reduce the impact of tiventer as a ‘special event’
on primary care services and hospital admissidrhis has led to an increase in flu
injection uptake of 65% in 2000/01 to 71f62003/04 of those aged 65 and over (DoH,

2004c, p29).

The frequent genetic changes of influenzaisés, which are more likely to happen in
an increasingly globalised world (e.g. viacreased air travel) and which require
reformulation of influenza vaccines, are a major cause of concern. The most recent
outbreaks, of 1997 and 2003 in Hong Kong, weaesed by a new subtype of influenza
which is transmitted from birds to humans. New vaccines must be designed each year to

match those current strains that arestriiely to cause the next epidemic.

4.4.3 Policies aimed at alleviating rationing
What can governments do to alleviate tiadioning constraintHurst and Siciliani

(2003) discuss policies carried out by twe®ECD countries to reduce waiting times
for elective (non-urgent) surgery. If the volanof surgery is considered insufficient,

supply-side policies - which include raisiogpacity (in terms of staff and bed numbers,

8 Data are from the WHO website on infiza: ‘Pandemic preparedness’, available at

http://www.who.int/csr/disease/inflaga/pandemic/en/ [13 July 2004].
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the use of private sector capacity and sengatgents abroad), ising productivity (via
funding extra activity, increasing the shask day case treatments, activity-related
payments for doctors and hospitals and improving the management of waiting lists) and
encouraging patient choice - can reduce imgitimes. If the volume of surgery is
considered to be sufficient (or the most tisaffordable), demand side policies - which
include prioritisation of patis according to need arghcouraging private health
insurance and care - may reduce waiting timehe public sector. Supply side policies
have different implications in terms of castd health outcomes compared to demand
side policies: the former enhance health dxet relatively costly, wéreas the latter are
unlikely to improve health, but are relatiyetheap to implement. Policies affecting
both demand and supply are those actingctlyreon waiting times, such as maximum
waiting time guarantees and financial and non-financial incentives to reduce waiting

lists.

The authors argue that in the NHS the voluwheurgery is likely to fall short of the
‘optimal’ rate of surgery (where marginbaenefits equal marginal costs) because the
government exercises direct control overhkalth care budget, asd has the power to
‘squeeze capacity in the interest of savinglisgdxpenditure’, and due to the absence of

activity-related remuneration. Supplysipolicies are thus warranted.

Docteur and Oxley’s (2003) overview of thealth care reform experience of OECD
member countries covers cost containment initiatives. These generally focused on
controlling prices and volumes of health-care inputs into health care (wage controls
and pharmaceutical price regulation, encouraging prescribing of generic drugs and

limiting medical school places), caps on healthe spending and increased cost-sharing
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with the private sector (ithe form of user charges)imiting wages and restricting
medical personnel has, in their opinion, bésten too far in may countries, including
the UK, and has led to shortagef health car@ersonnel. As a consequence, increases
in the health care budget the short term majead to higher wagefor health care
personnel (from the perspective of the goweent unwanted), instead of desired

increases in the services provided.

4.4.4 CGE modelling exercises
Having discussed the balanceeshof UK health care sorfaand future prospects and

policies, this section selects the issuesctviwill or could be examined using the CGE

model.

Policies to alleviate rationing

From an economic viewpoint there are t¢goipply side) policy measures to alleviate
the rationing constraint within the curtesystem of funding, @. allocate more
resources so that capacity in terms omber of beds, operaty theatres and other
forms of capital and staff numbers can kpanded and more pharmaceutical inputs can
be purchased, or to increase thedurctivity of thes available input®> Both of these
increase the amount of health care in ®mh number and/or quality of treatments

provided.

The economy-wide impact of an increase in government expenditures on health care
will be examined using two alternative factoarket closures - perfectly mobile factors

of production and health care-specific skillabour and capital. The latter scenario,

% Demand side policies such as to increase priveddtthcare provision are not so straightforward as

private health care is only separated from public health care in final consumption and no separate
private health care sector esigChapter 6, Section 6.2).
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more suited to the short run, takes into actdobe fact that some labour and capital is
respectively highly trained or ¢ily specialised and therefagpecific to health care and

immobile.

The repercussions of an increase in pragitg of health care will be modelled via
technological progress in tledashions: (1) an improvemantthe cost-effectiveness of
pharmaceuticals which, given governmemnpenditures on health care and a more
expensive (but more effective) pharmaceutgralduct, will treat and cure more people;

(2) factor-neutral (i.e. Hicks-neutral)ledhnological change and (3) factor-biased
technological change. The first technologyihe can be interpreted as mimicking the
increasing importance of primary health cerénealth service provision, observed over

the last decade, which has reduced the number of people going to h8%pitads.
second and third method of technological change respectively simulate improvements in
the efficiency ofall factors employed in health care and the efficiency of skilled labour

employed in health care.

Cost pressures
In parallel with (generally successful) etf® to restrict medical salaries, maintain

current working practices, and so on, the government has sought to limit the ever-
increasing cost of pharmaceuticals. Nelwveless, prices of pharmaceuticals are not
within direct government control. Thereforan increase in the price of drugs poses
problems for the government. Again, two saéos are implemented which reflect two
extreme responses to the phaoeutical price rise. One is to maintain the official

budget expenditure, implying a reduction @éxpenditure on other treatment costs

8 This can be extended to the increased importahday case treatment relative to inpatient care.
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(numbers treated, time spent in hospital)e Hiternative is t@xpand the budget at the

cost of offsetting cuts elsewhere.

Alleviating the labour market constraint

Finally, the CGE model is apptl to the issue of importingbour from abroad to work

in the UK health care sector, applying different assumptions regarding remittances that
are sent home. This will lower the wagehafalth care-specific skilled labour (if it is
allowed to fall) and, given government expenrds on health car@gcrease hdth care

output and so the numbers of people treated and cured.

Disease outbreak

Another potential application dhe model is to analyse the impact of a major disease
outbreak, such as influenza. Since thiguiees some adjustments to the model of

Chapter 6, this simulation is not et included in the modelling exerci<gs.

87 Other potential applications are the issue of an ageing population and the health tourism

phenomenon. The modelling of the former is mongrapriate in a dynamic CGE model (such as an
overlapping generation model). The latter issue, although it is recognised to be a problem for some
localities in the UK, does not play a major role at the national level. Health tourism is estimated to
cost in between £50-£200 million a year, which represents approximately 0.07%-0.3% of NHS
expenditure (BBC News Online, 14 May 2004, “Are health tourists draining the NHS?")
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CHAPTER 5

A SOCIAL ACCOUNTING MATRIX (SAM)
FOR THE UK WITH DETAILED HEALTH
CARE DATA

5.1 INTRODUCTION
This chapter desdres the augmented UK 2000 Sodckaicounting Matrix (SAM) to

which the Static Computable General Equilibrium (SCGE) model in Chapter 6 is
calibrated. A SAM represents the benchmark equilibrium data set in matrix format and
thereby provides a comprehensive and consigtieture of the integlationships in the
economy at a point in timeSince the model is applied to the United Kingdom, features
that are unique to the UK, and especially italtecare system - as discussed in Chapter
4, are emphasised. The SAM is predominantly compiled from the United Kingdom
Input-Output Supply and Use Tall (SUT) for the year 2000supplemented with data
from the General Household Survey for the year 2000-2001 (&HB. structure of
production, output, demand anade are taken from the former data source, which
provides a commodity-by-industry use nmatfor 123 commodities and industries. A
commodity-by-industry make matrix is deed from data on industry and commodity

output in 2000 and the most recent lBhed make matrix for the UK, for 1990The

See Reinert and Roland-Ho{4997) for a discussion gbcial accounting matrices.
2 Office for National Statistics (ONS, 2002).

ONS (2001a). The raw data and supporting ritare available onli via the United Kingdom
Data Archive (UKDA). The ONS and UKDA bear nspensibility for the analysis or interpretation
of the data as laid out in this chapter.

4 ONS (1995).
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latter data source provides detailed infation on a range of topics, including health,
the use of health care, earnings and benfgitpeople living inprivate households in
Great Britain and, for the purpose ofisthanalysis, is ab employed in the
disaggregation of labour and householdadiom the SUT. The purpose-built GHS
database, available in electronic form frma author upon request, is described in more
detail in the appendix to @pter 5. The UK National Aceints Blue Book is used to

ensure that household aggregates are catrect.

Section 5.2 proceeds with a discussion efrtiethod of aggregating the GHS and SUT
data. Section 5.3 provides a descriptive wsial of the UK economy, its health care

system and its households by presenting theiddgbles. The last section concludes.

5.2 CLASSIFICATIONS

5.2.1 Sectors
The sector/commodity structure of the GE model is an ggregation of the 123

industry/product classificatioof the SUT (Table 5.1). Secwsothat supply a significant

part of output to health care as intermediafaits, the pharmaceutical sector (2) and the
sector producing medical instruments (3), are explicitly modelled, as is health care itself
(sector 10). The construction sector (6)distinguished as an important supplier of
capital equipment to health care in thenfoof buildings. The financial sector (8) -
including private pensionsnd private health insuranceand the public sector (9) -
including compulsory social security, sues national insurae contributions and

public pensions - capture the finangale of the UK health care system.

> ONS (2001b).
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Table 5.1 Sectoral aggregation in the SCGE model

CORRESPONDENCE
# | SECTOR/COMMODITY |DESCRIPTION 123 INDUSTRY LEVEL
1 | Primary Agriculture, mining and quarrying 1,.7
. Pharmaceuticals, medicinal chemicals
2 | Pharmaceuticals . 43
and botanical products
3 | Medical instruments Medical, precision and optical 76
instruments, watches and clocks
Manufacturing, excluding
4 | Other manufacturing pharmaceuticals and medical 8,..,84, excluding 43, 76
instruments
5 | Energy Electricity, gas and water supply 85, 86, 87
6 | Construction Construction 88
7 | Distribution and transport Wholesale a’?d rgtautade, transport 89,..,99
and communication
8 | Finance Financial intermediation 100,..,114
9 Public administration and | Public administration and defence, 115
defence compulsory social security
10 | Health care Human health and veterinary activities 117
11| Other services Education., social work activities and 116, 118,..123
other services
Source: SUT

5.2.2 Factors

The model distinguishes two production fast capital (mainly land, buildings and

equipment) and labour. The latter is subdidd into skilled labouand unskilled labour

to address the differences in health ootee across, and input use of, labour types
(Table 5.2). The GHS categorises labour according to the 1990 Standard Occupational
Classification (SOCY. A skilled-unskilled division is obtained using Winchester’'s
(2002) cluster analysis. Winchester meaas skills by observing National Vocational

Qualification (NVQ) scores, which evaluadewide range of educational qualifications,

and wages to capture skills acquired informal§killed labour employed by health

care typically includes medicaractitioners, dental pragthers, nurses, technicians

and managers. Unskilled labour includes hiagpvard assistants and ambulance staff.

6

7
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Office of Population Censuses and Surveys, Employment Department Group (OPCS, EDG, 1990).

Winchester distinguishes fourikypes: highly skilled, skilled, gui-skilled and unskilled. In this
study the first three are groupedaithe skilled labour category.
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Table 5.2 Classification of labar types in the SCGE model

SOC Occupation SOC Occupation
code Code
Skilled 63 Travel attendants & related occupations
10 General managers in government & | 70 Buyers, brokers & related agents
large companies
11 Production managers in manufacturing 71 Sales representatives
12 Specialist managers 87 Road transport operatives
13 Financial institution & office managerns 88 Other transport & machinery operatives
14 Managers in transport & storing Unskilled
15 Protective service officers 16 Managers in farming, forestry & fishing
17 Managers & proprietors in service 44 Stores & despatch clerks, storekeepers
industries
19 Managers & administrators nec 46  edeptionists, telepimists and related
occupations
20 Naturalscientists 50 Constructiotrades
21 Engineers & technologists 55 Textiles, garments and related trades
22 Health professionals 56 Printing and related trades
23 Teachingrofessionals 58 Foqureparatiortrades
24 Legal professionals 59 Other craft and related occupations
25 Business & financial professionals 62 Catering occupations
26 Architects, town planners & surveyors 64 Health and related occupations
27 Librarians & related professionals 65 Childcare and related occupations
29 Professional occupations nec 66 Hairdressers, beauticians and related
occupations
30 Scientific technicians 67 Domestic staff and related occupations
31 Draughtspersons, quantity & other | 69 Personal and protective service occupations hec
surveyors
32 Computer analysts/programmers 72 Sales assistants and checkout operators
33 Ship & aircraft officers, air traffic 73 Mobile, market and door-to-door salespersons
controllers
34 Health associate professionals 79 Sales occupations nec
35 Legal associate professionals 80 Food, drink and tobacco process operaties
36 Business & financial associate 81 Textiles and tannery process operatives
professionals
37 Social welfare associate professionals 82 Chemicals, paper, plastics and related operative
38 Literary, artistic & sports professionals 83 Metal making and treating process operatives
39 Associate professional & technical | 84 Metal working process operatives
occupations
40 Administrative/clerical officers & 85 Assemblers/linevorkers
assistants
41 Numerical clerks & cashiers 86 Other routine process operatives
42 Filing & records clerks 89 Plaand machine operatives nec
43 Clerks (not otherwise specified) 90 Other occupations in agriculture, forestry and
fishing
45 Secretaries, personal assistants etc 91 Other occupations in mining and manufacturing
49 Clerical & secretarial occupations neg 92 Other occupations in construction
51 Metal machining & instrument makingy 93 Other occupations in transport
trades
52 Electrical/electronitrades 94 Otharccupationgommunications
53 Metal forming, welding & related 95 Other occupations in sales and services
trades
54 Vehicletrades 99 Othesccupationsec
57 Woodworkingrades
61 Security & protective service
occupations

Source: adapted from Winchester (2002)
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5.2.3 Households
Households in the GHS are aggregated fivie types by explding the various socio-

economic characteristics of household rmbers. The result is a comprehensive
classification based on the age and the emindi.e. working) status of household
members that reflects differences in hieatlaims and primary sources of income

between households (Table 5.3).

Table 5.3 Classification of households in the SCGE model

Household member
Pensioners Working age (men: 16-64
) Children (age: women: 16-59)
(men: 85% | under 16) Not .
women: ) Working Working
Pensioner X1
households
Non-working
households with X X
children
Household Non-working
type households without X
children
Working
households with X X X
children
Working
households without X X
children

Source: GHSAN ‘X’ indicates that the specific type bbusehold member features in the household.

Economic status, i.e. the separationhouseholds with no working memb&isom
households with one or more working memBeis crucial in various respects. Firstly,

to account for the health selection effect, e observation that entry to and exit from

8

government scheme at college, unemployed (ILfhitien), other unemployed, permanently unable
to work (longstanding illness), retired, keepingub®e, students, other economic inactive. This

Definition of not-working: Under 16, those on government scheme with employer, those on

includes a very small percentage (0.02%) of individuals whose economic status was not known

(either did not know answer or refused to answer).

to interview or if they have a job that they ammperarily away from (includes unpaid family work).
Note that this definition cannot separate part-time from full-time work.

5-5

Definition of working: people aged 16 or over who did at least one hour of paid work in week prior
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the labour market is health-relat®dSecondly, it separatesdividuals who contribute

to the economy in the form of supplyindtr from those who doot and thus are net
receivers of health café.Moreover, the working status indirectly encompasses the
notion that health, however meagiires positively related to inconté Furthermore, in

the UK income determines consumption, exsally of non-hedh care goods; most

health care is publicly provided viagtiNational Health Service (NHS).

The second criterion used to classify hdwdds, the age of household members, is of
interest as children, those of working age and pensioners have different health needs
and, again, to distinguish the net receivadrhealth care (childreand pensioners) from

those that are contributing to the countr@®P in terms of supplying labour and so

finance health care (working age peopfe).

For the purpose of reducing the number of households, all pensiiviregsvith others
in a household have been transferredht first household type of pension&tsThis

class thus contains true pensioner households and the members of all other household

10 Dahl (1993) and Stronks et al. (1997).

1 Note that those who have bought (and continue to buy) health care from the private sector also

effectively contribute to the NHS in that they do not make (as many) demands on its services. The
same is true for capital owners who do contribute towards the financing of health care but not in
terms of the supply of labour.

12 See for example Crémieux et al. (1999), &tt1996) and Pritchett and Summers (1996).

3 The definition of pensioners does not exclude working pensioners and similarly, some of those of

working age are not working becauskearly retirement. Based dhe grossed up data, there are
very small percentages of early retired and working pensioners, 2.6% of working age are early retired
and only 7.4% of the pensioners are working (fintle or part-time), so that the argument still holds.

4" In total approximately 1.8 million, generally non-working, pensioners have been transferred, forming

1.6 million new households. A pensioner or pensioners living with non-pensioners form a new
pensioner household; one pensioner forms a single person household, two pensioners form a two-
person household, etc. The transfer slightly lovikesaverage number of persons and thus average
household income for all household types. Nevertheless, per capita income for some households,
childless working and non-working households, rigé® effect is largest for the latter: on average

5-6
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types who are of pensionable age. Presenting the pensioner type as a separate,
independent household unit is justifiald® the grounds that this group has very
different health needs compared to othex gipups and is mostly economically inactive

in that they do not supply labour services; #ng its major source aficome is formed

by income from capital and/or staind/or occupational pensiohslnformation on

children is deducible from a comparisoithouseholds with and without childréh.

5.3 DATA

This section presents the GHS and SUT ,datal data from other sources, which are
employed in the compilation of the UK 2000 SAMing the aggregatns defined in the
previous section. Additional background infaton not directly used in the SAM is
provided for illustrative purposés.The data are groupedaording to themes, each
discussed in a separate section: poputatiata, general health and use of health

services, household income by souaoe household expenditure by destination.

5.3.1 Population data
The classification of households defines #agious types of individuals in the model.

We distil from the GHS the number of houselsoin Great Britairby type and then for
each type the average number of pensmnehildren and people of working age.

People who are working are either skilled orkiltexd, in line with the classification of

the number of persons in this household falls by 16%, leading to a 15% fall in average household
income, though per capita income rises slightly by 1.5%.

> After the transfer, houkeld incomes have been recalculateatrfrindividual level data using the

GHS procedure. Possible sharingaagements (in terms of income and costs) within households
with pensioners could work both ways and are therefore assumed to cancel out in aggregate. For
example, pensioners may provide child care to the household and, conversely, working children may
support retired parents.

® |t is empirically incorrect to put children in separate household aseyhare not economically

independent; they rely upon parents and/or carers and do not earn much (if any) incain@wfith

17 Explicit mention is made when data are employed in the compilation of the SAM.
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factors. Skill type information does nexist for some, notably non-working, aduftsA
complete representation of the skill distribatis obtained by assigning skills to this
category using the skill proportions of tsample for which skill information is
present? In the category of people who are naarking, people who are permanently
unable to work are further disguished as an indicator tife number of long-term i’

Table 5.4 displays the composition of the various households in Great Britain (GB).

Of the 26 million households, most are non-working households without children (38%)
or pensioner households (28%). Nevertheldss, majority of the population lives in
‘working, with children’ or‘working, without children’households (37% and 34% of

the population respectively). The age groups of children and pensioners each comprise
approximately 20% of the population. \fieas, non-working households on average
consist of 1 adult and working householdsén@ (mostly working) adults, both types

on average have the same number of chil{@&nThe decision not to work made by the
single parent is likely to be correlated witte presence of children. This is in contrast

to the childless, non-working householdhich has the highest concentration of
permanently unable to work (i.e. long-term,ithe majority of which is unskilled. The

working population in Britain (48% of thwtal population) is m&tly skilled (64%).

18 Generally, GHS information is missing if: people did not know the answer/refused to answer, were

not eligible to answer, or were routed pasbedquestion by the flow of the questionnaire.

19 Unless stated otherwise, this is done fomasising data where information should be present.

20 This group is permanentlgceiving care and essentially consumes a fixed part of resources.
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Table 5.4 Composition of households in GB, 2000-01

Household type Pensioners | Non-working, children | Non-working, no children | Working, children| Working, no children | All households
Number of households (millions) 7528464 1122272 2307148 5495448 9983597 26436930
Average number of persons 1.34 3.28 1.32 3.84 1.92 2.16
Children 0 0% 1.1 58% 0 0% 173 45% 0 0% 044 20%
Age groups [Pensioners 1.34 100% 0 0% 0 0% 0 0% 0 0% 0.38 18%
Working age 0 0% 1.37 42% 1.32 100% 2.11 55% 1.92 100% 134 62%
Skilled workers 0.06 4.5% 0 0% 0 0% 109 28.4% 1.10 57.0% | 066  30.5%
Unskilled workers 0.04 3.0% 0 0% 0 0% 0.66  17.2% 0.58 303% | 037 17.1%
Permanently unable towork | ¢ 41 705 | 0,06 1.7% 0.20 14.9% 001  0.3% 0.02 1.0% 003  15%
Economic | skilled
status and Permlf‘_ﬂezt'y unable towork| 65 14% |  0.13 3.9% 0.25 18.9% 0.02  0.5% 0.03 1.4% 005  2.1%
skill type | UnsKIe L
Other unemployed/inactive -| , g3 45 99| (.36 11.0% 0.45 34.0% 014  3.6% 0.10 5.1% 030 13.8%
skilled (excl. children)
Other unemployed/inactive -| o g 43 gos| g g2 25.1% 0.43 32.2% 019  5.0% 0.10 5.2% 032  14.6%

unskilled (excl. children)
Note on age groups, economic status and skill type: figures represent average number of persons per household and % of average number of persons respectively.

Source: GHS
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Table 5.5 Households’ use of health care resources in GB, 2000-01

All households

Number of: Household type |Pensioners| Non-working, children | Non-working, no children | Working, children | Working, no children
Total / year 63522886 22163262 19319875 77442218 70966545 253414786
NHS GP consultations Share 25% 9% 8% 31% 28% 100%
Average 8.4 19.7 8.4 14.1 7.1 9.6
Total / year 445763 0 247753 1026646 917879 2638042
Private GP consultations Share 17% 0% 9% 39% 35% 100%
Average 0.1 0 0.1 0.2 0.1 0.1
Total / year 63968649 22163262 19567628 78468865 71884424 256052828
GP consultations Share 25% 9% 8% 31% 28% 100%
Average 8.5 19.7 8.5 14.3 7.2 9.7
Total / year 1966836 412986 604094 1325127 1336920 5645964
Inpatient visits Share 35% 7% 11% 23% 24% 100%
Average 0.3 0.4 0.3 0.2 0.1 0.2
Total / year 3191723 638184 1941033 2507532 2532792 10811265
Days in hospital as daypatient Share 30% 6% 18% 23% 23% 100%
Average 0.4 0.6 0.8 0.5 0.3 0.4
Total / year 18851819 4169963 7021378 17735973 20999353 68778485
Outpatient visits Share 27% 6% 10% 26% 31% 100%
Average 2.5 3.7 3.0 3.2 2.1 2.6

Notes: excludes persons for whom information is not available because they: are routed past the question by the flow of questionnaire; did not know the answer or refused to answer;
or were not eligible to answer. Inpatient and day patient visits exclude maternity stays.

Source: GHS
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5.3.2 General health and use of health services
Table 5.5 shows the claims that household&iieat Britain make on the health system

in terms of primary care and secondary casig GHS data on the number of publicly
and privately financed conkations with a general practitioner (GP), the number of in-
and outpatient visits to a hospital, and thenber of days in hospital as a day patfént.
Working households with children account the majority (31%) of GP consultations.
Close second and third are childless workiogseholds and pensiasgwith shares of
28% and 25% of all GP consultations respetyivThis partly reflects the relative size
of the households and household groupthen GHS (see Table 5.4). For example, a
household with one or more chith visits a GP approximatetwice as often in a year
compared to a childless household (whetherking or not working). Next to having
children, working status matters most: nan-working household with or without
children, though being smaller Bize, consults the GP motines in a year than a
working household. In terms of GP constitias, households rely heavily on the public
sector, which accounts for 99% of all constidtas in a year. Pensioners and working

households in particular egprivate sector GPs.

Secondary care use matches that of pyntare. Secondary care is mostly used by
working households and pensioner lehudds, though childless non-working
households also account for #at&ely high share of day pant visits made in 2000-01
(18%). At the household levehot participatingin the labour market while having

children generally increases the number of tiseondary care is used by a household.

2L Tertiary care, i.e. informal care for others, formnelatively small part of the health care system and

is therefore not included.
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Due to its relatively small size, a pensioner household on average makes a relatively
low number of claims on the health st Nevertheless, pensioner households account
for a relatively large sharef total primary and secondary care usage owing to the
relatively large size of this household catgg#8% of households Great Britain are

of the pensioner type) and - more importantly - as a consequence of the relatively high

cost of treatment for people of old &Je.

The household data indicate that the use of primary and secondary care in Great Britain
varies with the socio-economic charactersté households in the SCGE model, such

as economic status (participation in thiedar market by household members) and age
composition. Figures 5.1 to 5.5 further explore these relationships by examining a
selection of general population health mgas, organised in terms of three socio-
economic characteristics of the populatitabour market particgtion (distinguishes
working, permanently unable to work andhet unemployed / inactive), age (identifies
pensioners, working age initluals and children) and ktype (skilled versus
unskilled)®® The reported population healtheasures rely upomespondents’ own
assessments and may thus reflect increaseelceations which pedg have about their

health as well as changes ir thctual prevalence of sicknéss.

22 gee for example Emmerson et al. (2000, p B&ple 5.5  accounts for tréaimsein terms of the

number of times health care services are useddoes not show how costly they are.

% Individuals for whom information is not available (routed past the question by teofldhe

guestionnaire; did not know, refused or were not eligible to answer) are excluded from the data. The
‘all’ category reports data on individuals for whom information on the respective socio-economic
characteristi@and health measure is available. As the gif¢his category varies by socio-economic
characteristic, health outcomes may vslightly across the ‘all’ categories.

24 Evidence shows that there is a high level séament between incidenceskd on self-reporting and

on medical examinations, and between self-reporting and doctor diagnosis of specific conditions
(ONS, 2001a, p77).

5-12



A SAM FOR THE UK WITH DETAILED HEALTH CARE DATA

Not surprisingly, the percentage of the p@piwin reporting good general health falls
with age and rises with skills and part@in in the labour market (Figure 5.1),

averaging 64% across all ages.

Figure 5.1 Self-perception of geeral health in GB, GHS 2000-01
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Figure 5.2 Prevalence of self-reported lagstanding illness in GB, GHS 2000-01
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Figure 5.3 Days of restrictedactivity in GB, GHS 2000-01
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Likewise, prevalence of (nenlimiting longstanding illnessés(Figure 5.2) - averaging
19% (14%) for limiting (non-limiting) illnessesncreases by age and falls with skills
and labour market participation. The majori88%) of persons permanently unable to
work suffer from one or more longstanding d@ses, of which 94% onsidered to be
limiting. It is this group thatalso reports the highest nuetbof days of restricted
activity (Figure 5.3). Th latter measure - averaging 8ays per year across all age
groups (28 for those of working age, 19 for those working and 35 across all skill types)

- yet again increases by age and decreassslis and labour market participation.

Details of reported longstanding illnesses are coded using "thee\@sion of the

International Classification of Diseases (IGD)and are aggregated into groups

% The underlying GHS question is: ‘Do you have any longstanding illness, disability or infirmity? By

longstanding, | mean anything that has troubled you over a period of time or that iddikéfgct

you over a period of time?’. Those answering posiiek asked if this limits their usual activities
(about the house, at work, or in free time) in any way. If answered affirmatively, the number of days
of ‘restricted activity’ is recorded=(gure 5.3 ).

% Published by the World Health Organization (WHO, 1977).
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approximating to the ICD chapter headin@able 5.6). Figure 5.4 and 5.5 show the

illnesses that respectively are mastl least prevalent across the population.

Figure 5.4 Longstanding iliness prevance: 7 major ICD groups, GHS 2000-01
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Figure 5.5 Longstanding illness prevance: 8 minor ICD groups, GHS 2000-01
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2’ Note that respondents may indicate more than one complaint, with a maximum of six coded, so that

percentages do not add up to 100%.
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The most common condition reported byspendents suffering from at least one
longstanding illness were musculoskeletal peoid (34%), especially for adults, heart
and circulatory problems (24%gspecially for pensioner&nd respiratory problems
(22%), especially for children. Whereasr fall conditions skill ype variations are

minor®, the type of longstandingriless reported varies considbly by age and labour

market participation of the population.

With respect to age differeas, the share of people witime or more longstanding

illnesses being ill from musculoskeletaloptems, heart and circulatory problems,
endocrine and metabolic conditions, neoplasand benign growths and illnesses of
blood and related organs rises with agé)ereas respiratory problems and skin
problems become less important with agem@ared to other age categories, working
age individuals with longstanding illnessevd&a higher prevalence of mental disorders

and problems of the nervous system, butageloprevalence of ear and eye complaints.

Concerning labour market participation \&ions, the working population reporting at
least one longstanding illness, comparechtsé not participating in the labour market,
are less likely to be affected by musclleletal, heart and @ulatory problems but

show higher rates of respiratory problemse Prermanently unable to work with one or
more longstanding illnesses display prevalerates for mental disorders, problems of
the nervous system and musculoskélgbeoblems well above rates for other
unemployed or inactive (rates for mentatatders and nervousystem problems are

respectively four and three timegher compared to the latter).

%8 With the notable exception of the reported prevalence of musculoskeletal complaints, which falls as

skills rise.
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Table 5.6 Classification ofdiseases in the GHS

Condition group (I;%(Ijje Condition
1 | Infectious diseases 37 Infectious and parasitic disease
Neoplasms and benign Cancer (neoplasm) including lumps, masses, tumours and
2 1 : ,
growths growths and benign (non-malignant) lumps and cysts
. . 2 Diabetes
3 | Endocrine and metabolic 3 Other endocrine / metabolic
4 | Blood and related organs 38 Disorders of blood and blood forming organs
4 Mental iliness / anxiety / depression / nerves(nes) (include
5 | Mental disorders neuroses)
5 Learning difficulties
6 Epilepsy / fits / convulsions
6 | Nervous system 7 Migraine / headaches
8 Other problems of nervous system
7 | Eye complaints 9 Cataract / poor eye sight / blindness
10 | Other eye complaints
11 | Poor hearing / deafness
12 | Tinnitus / noises in the ear
8 | Ear complaints 13 Meniere’s disease / ear complaints causing balance
problems
14 | Other ear complaints
15 | Stroke / cerebral haemorrhage / cerebral thrombosis
16 | Heart attack / angina
17 | Hypertension / high blood pressure / blood pressure (nes)
9 | Heart and circulatory system 18 | Other heart problems
19 | Piles / haemorrhoids
20 | Varicose veins / phlebitis (lower extremities)
21 | Other blood vessels / embolic
22 | Bronchitis / emphysema
. 23 | Asthma
10 | Respiratory system 24 | Hay fever
25 | Other respiratory complaints
26 | Stomach ulcer / ulcer (nes) / abdominal hernia / rupture
27 Other digestive complaints (stomach, liver, pancreas, bile
11| Digesti ¢ ducts, small intestine - duodenum, jejunum and ileum)
gestive system . - -
o8 Complaints of bowel / colo(large intestine, caecum,
bowel, colon, rectum
29 | Complaints of teeth / mouth / tongue
30 | Kidney complaints
12 | Genito-urinary system 31 | Urinary tract infection ' .
32 | Other bladder problems / incontinence
33 | Reproductive system disorders
13 | Skin complaints 39| Skin complaints
34 | Arthritis / rheumatism / fibrositis
14 | Musculoskeletal system 35 | Back problems / slipped disc / spine / neck
36 | Other problems of bones / joints / muscles
Other complaints (incl. insomnia, sleepwalking, fainting
40 | adhesions, hair falling out, alopecia, travel sickness, nose
15 | Other complaints bleeds, no smell, no speech, dumb)
Unclassifiable (no other codable complaint; including old
41 | age / weak with old age, general infirmity and condition$
nes)
Source: GHS
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5.3.3 Household income by source
Individuals, and thus the haelsolds in which they are grouped, receive income from

mainly two sources: factor income (labour income and capital income) and income from
government transfers. With respect to fimener, the SUT provides information on each
factor’'s share in sectoral value added, ineome generated by capital and labour, by
sector of employment. The GHS is usedi®aggregate these types of income further
over household types and, where relevant, tib tykies. Specifically, labour income by
sector of employment is apportioned gkilled and unskilled labour using the GHS

distribution of yearly gross earnings sgctor over skill types (Table 5.7).

Table 5.7 Gross labour income by skiltype and sector ofemployment, UK 2000

Skilled Unskilled Sector total
Sector (% of (% of
million £ | sector | million £ sector |million £ (%)
total) total)
1 Primary 2480 40% 3683 60% 6163 1%
2 Pharmaceuticals 2893 89% 369 11% 3262 1%
3 Medical instruments 2992 76% 930 24% 3922 1%
4 Other manufacturing 75625 73% 27674 27% | 103299 | 20%
5 Energy 4641 93% 346 7% 4987 1%
6 Construction 14835 68% 7133 32% 21968 | 4%
7 Distribution and transport 92124 73% 33669 27% | 125793 | 24%
8 Finance 101066 | 96% 4152 4% 105218 | 20%
9 Public administration and 31999 93% 2347 7% 34346 | 7%
defence
10 Health care 26346 84% 5031 16% 31377 | 6%
11 Other services 67130 79% 17425 21% 84555 | 16%
Total 422130 | 80% | 102760 20% | 524890 | 100%

Source: adapted from GHS, SUT

Table 5.7 shows that the primary sectordast skill-intensive in its use of labour
(generating only 40% of gross labour incoméiereas, at the othend of thespectrum,

finance is relatively most gkintensive (generating 97% a@jross labour income in that

2 Income data for both main and second jobs - which respondents hold in addition to a main full-time

or part-time job - are included in the calculations.
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sector). Health care lies in between thege extremes, but with 84% of gross labour
income earned by skilled labour, is still refaly skill-intensive. Health care, however,
generates only 6% of gross labour incoméhim UK, compared t@4% for distribution

and transport, and 20% for both finance and other manufacturing.

Gross labour income by skill type is saljgently distributedver households using
GHS data on yearly gross earnings orgadiby skill and houbeld type. Similarly,
gross capital income from the SUT @located to households according to the
distribution of income from other sourc®sregular payment$ and other regular

payment¥ in the GHS (Table 5.8).

Table 5.8 Gross factor income by household type, UK 2000

Capital Skilled Unskilled Total household
Household type (% of (% of (% of
million £ | household | million £ | household | million £ | household| million £ (%)
total) total) total)
Pensioners 139526 95% 5664 4% 1787 1% 146977 18%
Non-working, children 3049 100% 0 0% 0 0% 3049 0%
Non-working, no children 28659 100% 0 0% 0 0% 28659 3%
Working, children 68264 27% 151043 59% 36064 14% 255370 31%
Working, no children 55971 14% 265423 69% 64909 17% 386303 47%
Total factor income 295469 36% 422130 51% 102760 13% 820359 100%

Source: adapted from GHS, SUT

Factor income is mostly received by wargi households (78% of total gross factor
income), the remainder accrues to pemsr households (18%) and childless non-
working households (3%). The latter househgioups rely heavily on capital as source
of factor income, whereas working households’ éadhcome mainly takes the form of

payments to skilled labour (in the rangfe59% to 69% of factor income).

% Including occupational pensions from former employer/spouse’s former employer, redundancy

payments, private pensions and training schemes like YT allowance.
%1 Including rent from property or subletting, educational grants, regular payments from friends and
family outside the household and maintenance-, alimony-, or separation allowance.
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Total disposable household income (Tabl8)Ss the result ofadjusting the gross
earnings data for income or employméstes and adding income from government
transfers. The total value of income taxe®btained from the National Accounts Blue
Book and allocated to factors pfoduction by postulating et capital employment tax
of 20% and an employment tax for skilledbdar of 1.5 times thatf unskilled labour,
yielding netlabour employment taxes of 22% and 14% respectivelyrdssterms - the
definition of input taxes employed in the SCGE model in Chapter 6 - this implies
employment taxes of 25%, 28% and 17% éapital, skilled ad unskilled labour
respectively’® Income from state benefits, alfom the National Accounts Blue Book,
is disaggregated using thestfibution of income fronstate benefits in the GHS.
Disposable household income from theTSi$ approximately 1.4% lower than the
resulting total of factor inaoe plus government transfdyg household type, so that the

latter source of income is reduced by 1.dfeach household typetssposable income.

Table 5.9 Disposable income by type of household, 2000

Household type Disposable factor income Government transfers Total
million £ (% of total) | million £ (% of total) million £ | (%)
Pensioners 117586 66% 59702 34% 177287 | 23%
Non-working, children 2439 17% 11685 83% 14125 2%
Non-working, no children 22927 65% 12103 35% 35030 5%
Working, children 203764 88% 26767 12% 230531 | 30%
Working, no children 308193 99% 3953 1% 312146 | 41%
All households 654910 85% 114209 15% 769119 | 100%

Source: adapted from GHS, SUT

32 sSuch as income from interest, shares and bonds.

3 An employment tax defined as met tax implies that owners of factors of production
receive(l—taxrate)~ market price whereas an employment tax defined gsosstax implies that the

owners of factors of production receive tharket price, which excludes the tax.

3 These comprise child benefits, state pensionsbititgdiving allowance, attendance allowance, job
seekers allowance, incapacity benefits, stmyutsick pay, working family tax credit and
housing/council tax benefits.
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Table 5.9 shows that pensioners and non-imgrkouseholds rely fatively heavily on
income from government transfers as aurse of disposable income compared to
working households. Non-working householdgh children, for emmple, receive 83%
of their disposable income in statenbéts, whereas for childless non-working

households and pensioners this sharsignificantly lower, 35%.

5.3.4 Household expenditure by destination
Households allocate income over consumption and savings. Assuming that only

working households save, total nominal saviagsdistributed ovehese households in
proportion to their income. This yields avs®s rate of 30% of disposable household
income, equivalent to a national savimgge of 21%. Consumption expenditures by
type of household are the rétsmt of subtracting household savings from disposable
income (from Table 5.9). Private health €@xpenditures are atlated to households
using the share of each hohekl in the number of total pate GP consultations (from
Table 5.5). Accordingly, working househobldgth and without children and pensioners
account for most of private healtbare expenditures (35%, 39% and 17%
respectively)® A disaggregation by type of commodityher than private health care is
obtained by applying common ha&lwld consumption shares. The results, displayed in
Table 5.10, reveal that the bulk of househeienditure on goods is concentrated in
other manufacturing, finance,stiibution and transport arather services (45%, 21%,

14% and 12% of private consumption expenditures respectively).

% These data agree with Emmerson et al. (2000), King and Mossialos (2002) and Propper (2000),

which suggest that private health insurance coverage or the use of private health facilities is
positively related to factors such as income, employment, age (up to 55), and not having children.
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Table 5.10 Household expenditureby type of household, 2000

Household expenditures Pensioner Non-working, | Non-working, | Working, | Working, no Total Consumption
(million £) ensioners children no children | children children shares
1 Primary 2995 241 583 2679 3654 10151 2%
2 Pharmaceuticals 927 74 181 830 1132 3144 1%
3 Medical instruments 859 69 167 769 1048 2913 0%
4 Other manufacturing 80992 6506 15766 72464 98820 274547 45%
5 Energy 4643 373 904 4154 5665 15740 3%
6 Construction 1307 105 254 1169 1594 4430 1%
7 Distribution and transport 25286 2031 4922 22624 30852 85715 14%
8 Finance 36831 2958 7170 32953 44938 124850 21%
9 Public administration and 343 8 67 307 419 1163 0%
defence
10 Health care 1438 799 3312 2961 8509 1%
11 Other services 21665 1740 4217 19383 26433 73439 12%
Total consumption 177287 14125 35030 160644 217516 |604602 100%
expenditures
Total savings 69887 94630 164517
i 0,
savmgs rat.e (% of 30% 30% 21%
disposable income)
Disposable income 177287 14125 35030 230531 312146 769119

Source: adapted from GHS, SUT

5.4 CONCLUSIONS

This chapter has discussed the compilatioa 8bcial Accounting Matrix (SAM) which

Is suitable for use in a Computable Ged=quilibrium (CGE) model applied to the
UK with a detailed healthcare component. The sector/commodity classification
distinguishes the main input suppliets health care, pharmaceuticals, medical
instruments and construction as the suppliecagital, health cargself, and financial

and public sectors to accoufdr health care financind.abour is grouped into two
types, skilled and unskilled labour, to captdr#erences in health outcomes and input
use, whereas households are allocated totyipes based on the age and labour market
participation of its members. The SAMdaenstructed mainly from the Supply and Use
Tables (SUT) for 2000, using the aggregatiohkouseholds, sectors/commodities, and
factors. These data are subsequentlyceed with data from the 2000-01 General
Household Survey (GHS), which are directly employed in determining: the distribution
of labour income across skill types; the disaggregation of factor income and income
from state benefits over households; and #llocation over households of private
health care expenditures. The GHS providakiable insight into the differences in
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health care use across householdsnhgusinformation on the numbers and the
composition of households and a selectiogexieral population health measures which
vary by age, labour marketgpiaipation and skill type. Té purpose-built GHS database

(see also the appendix to Chapter 5auailable in electronic form upon request.

The income data reveal that the health care sector is relatively skill-intensive but small
in terms of gross labour income. Wargi and pensioner households with working
members receive most oddtor income. For pensioner households and non-working
households this type of income comes ryaim the form of payments to capital,
whereas working households rely pritharon skilled labour. Especially for non-
working households with children, income fratate benefits is an important source of
disposable income. Part of disposableome is saved by working households, the
remainder being allocated to the consummpif goods, especiallyther manufacturing,
finance, distribution and transport and seeg. Private health care expenditures form
only 1% of total household consumptiorpenditures, again suggesting a relatively

small (private) health sector.

The population data show that the majontty the 26 million households is of the
childless non-working type or pensiortgpe, although working households, which are
bigger in average household size, have tighest population numbers (71% of the
population in total). Pensioners and childiegproximate 20% of the population each.

Of the population that is woirkg, the majority is skilledapproximately 2/3), whereas

the bulk of those permanently unable to work and, to a lesser extent, other unemployed
or inactive are unskilled. Ehaverage childless non-wonki household has the highest

propensity of the former group of non-workers.
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From data on health care use, it is appathat working households and pensioners
account for most of the General PractitioneP)@onsultations. This is partly explained

by household numbers and average hboolsk size and partly by household
characteristics: the number of GP congidtes is positively associated with having
children and negatively associated withbdar market participation. The use of
secondary care across households demoestrat similar picture. Pensioner- and
working households are the main usefs private sector GPs, though most GP
consultations are provided by the National Health Service (NHS). Pensioners typically
need more and more costly care, thoughdbst of health services used cannot be

discerned from the GHS database.

Self-reported data onopulation health provide baclmimd information on the use of
health care by households. Intspf the smallness of thes&lth sector, these data show
that a significant proportion of the populatisaffers from ill health. Only 64% of the
population is positive about their health sgatwhereas 19% (14%) indicates having
one or more limiting (non-limiting) longstandjnlinesses. The latter report an average
of 31 restricted activity dayser year, which amounts toshare of 8.5%. Typically, the
share of the population reportiggod general health falls witige and rises with skills

and labour market participation. Likese, the prevalence of (non-) limiting
longstanding illnesses and the number of restricted activity days increases with age and
falls with skills and labour market paipation. The most common complaints are
musculoskeletal problems, heart and cibolly problems and respiratory problems.
The type of reported condition varies considerably by age and labour market

participation, though not so much by skill type.
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CHAPTER 6

A STATIC CGE (SCGE) MODEL FOR THE UK
WITH HEALTH CARE PROVISION

6.1 INTRODUCTION

This chapter reports on simulations carried out with a Static Computable General
Equilibrium (SCGE) model for the UK, which includes health care provision effects.
The SCGE model takes the theoretical framework of Chapter 2 as its starting point, but
deviates from that where it is deemed insufficient to depict reality, in particular
concerning key features of the UK health system, discussed in Chapter 4. The SCGE
model is calibrated to the UK 2000 Social Accounting Matrix (SAM) with special detail
in terms of health care provision and use (developed in Chapter 5), and programmed in
MPSGE (Mathematical Programming System for General Equilibrium analysis), which
is a subsystem of the GAMS (General Algebraic Modeling System) software. The
model files are included in the appendix to Chapter 6 and available in electronic form
from the author upon request. The simulations cover current issues, specifically the
economy-wide effects of a rise in public health expenditures, a pharmaceutical price
rise, the immigration of health care-specific skilled labour and technological progress,
which is factor-neutral, skill-biased, or embodied in pharmaceuticals, respectively.' The
experiments are carried out using alternative model specifications, mainly regarding

factor markets and the government budget. A short outline of the model is given below.

' A preliminary version of this chapter was presented at the International Conference on Policy

Modeling in Istanbul, 2003, organised by the EcoMod Network and the Third Annual GEP
Postgraduate Conference, 2004, organised by the GEP (Rutten et al., 2003, 2004).
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The SCGE model has in most respects a standard structure, the novelty coming from the
explicit modelling of the health sector, comprising public and private health care, and its
interaction with the rest of the economy through its differential impact across skilled
and unskilled labour, and across households, characterised by the age and working
status of its members. The effects on welfare of higher health provision are two-fold: it
directly increases the ‘well-being’ of the population and indirectly improves welfare by
increasing the size of the effective(i.e. ‘able to work’) endowments of skilled and
unskilled labour for use in non-health activities. All other sectors are perfectly
competitive, the production technologies are Constant Returns To Scale (CRTS),
household preferences are homothetic and factors are homogenous. Domestic sectors
are multi-product industries. Cross-border trade is treated using the assumption that the
UK is a small open economy facing exogenous world prices for imports and exports. In
addition, the Armington assumption is imposed on both production and consumption:
goods produced are destined for either the domestic market or for the export market,
while consumers differentiate between domestic and imported varieties of the ‘same’
good. The government uses its revenue from a variety of taxes to purchase a fixed
expenditure of goods and to accommodate the trade surplus. The remainder of its
budget is spent on income transfers to households which adjust so as to maintain the
government account balance. Consumers allocate the latter income and earnings from
the supply of capital, skilled and unskilled labour to savings and consumption. With the
exchange rate as numéraire and the trade balance fixed in terms of foreign exchange,
investments are savings-driven so that the model closure adopts a neoclassical

approach.
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The remainder of this chapter is structured as follows. Sections 6.2 and 6.3 describe the
SCGE classifications and the equations of the model respectively. Section 6.4 discusses
the assumptions underlying the calibration process. Model simulations and results are
presented in section 6.5 and compared in section 6.6. The sensitivity of results to key

parameter values is addressed in section 6.7. The final section concludes.

6.2 CLASSIFICATIONS

The classifications of primary production factors, households and sectors, summarised

in Table 6.1, are drawn from the UK 2000 SAM.

Table 6.1 The SCGE model classifications

FACTORS OF PRODUCTION (f) HOUSEHOLDS (h)

Skill. Skilled labour Hsel. Pensioners

Unsk. Unskilled labour Hse2. Non-working, children
Cap. Capital Hse3. Non-working, no children

Hse4. Working, children
Hse5. Working, no children
SECTORS (i) / COMMODITIES (j)
Primary
Pharmaceuticals
Medical instruments
Other manufacturing
Energy
6. Construction

Distribution and transport
Finance

. Public administration and defence
0. Health care

1. Other services

Do =
= =0 %N

Note: labour types, households and sectors are classified using the techniques outlined in Chapter 5.

Skilled labour, unskilled labour and capital are distinguished as production factors. The
owners of factors of production, households, are grouped into five types reflecting
differences in age and working status composition. The SAM distinguishes eleven
sectors (commodities), including health care and its principal sources of inputs, the
pharmaceutical sector and the sector producing medical instruments. In terms of final
demand for commodities a division between the National Health Service (NHS) and

private health care (PHC) is created. This rests upon the assumption that both the NHS
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and PHC purchase health care from the health sector, but that while the NHS sells its

health care to the government, PHC sells to households.

6.3 MODEL EQUATIONS

6.3.1 Effective endowments and waiting lists

The effective supply of factor endowments f by households h is specified in equations

(6.1) and (6.2).

Fe, = Fp —Wlyy (6.1)
Wiyt =771 Ryt (6.2)
where 0<n¢ <1 for labour types f el, |={Skill,Unsk}; otherwise (for capital)

nt =0. Fg denotes the effective supply by household h of factor f, Ry is the total

potential factor endowments of f owned by household h, of which WLy identifies the

part that is not working, i.e. the waiting list. The waiting list, which records ill persons
who have not yet been successfully treated and are thereby unable to work, is defined to

be positive only for labour ( f €l), and is modelled as a fraction of the total given

labour endowments in the economy of household h.* Capital is always fully effective

and fully employed.’

While, for simplicity of exposition, waiting lists and effective labour endowments are defined in
terms of numbers of workers, a definition involving scaling in terms of worker-hours is equally valid.

This does of course ignore the loss in effective capital when, for instance, machines break down.
However, the cost of repairing a machine is internal to the firm, and is assumed to be assimilated into
the cost of capital services, whereas the repair (treatment) of ill workers is a cost to the state or to the
worker’s insurers.
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The fraction of people on the waiting list, the non-participation rate, is assumed to be
identical across all households and is defined as a constant elasticity function of a health

composite:
Mta =101 HCy™' (6.3)

where 7¢ denotes the non-participation rate for I, 7y, >0 is a scale parameter

which is calibrated so that 77; <1,* HC¢_ is a health composite, and &;, >0 is an

elasticity parameter.

The health care composite for labour type | is a measure of the ‘healthiness’, i.e. health
status, of this labour type and is modelled as a function of its public and private health

care consumption using a Cobb Douglas (CD) formulation:

)“‘”f : (6.4)

HCto =Gyp” (Zh Ciom

where 0<y <1 denotes the share of public health care in the health status of labour
type | . Gijo» denotes health care (commodity “10” in Table 6.1) provided via the NHS,
and zhC"IO"h represents the level of private health care provisioning, PHC. The former
is given by government consumption, G;, of health care and the latter by the sum of

household consumptions, Cj, of private health care.

*  Note that lim (77f ) =0, but that the upper constraint for 7 is not automatically satisfied.

HC; o
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The scale parameter 7, , measures the non-participation rate for ¢ =0 . Health care

is then completely ineffective (i.e. does not cure people) and therefore does not affect
waiting lists. Alternatively, for a given level of health care, a reduction in the scale

parameter 77y, implies a lower non-participation rate, hence a lower waiting list and a
higher effective labour supply. Accordingly, 7y measures the effectiveness of a

given level of health care in treating and/or curing people.

The elasticity parameter &g =—(8Wth JOHC; )( HC; / WL )> 0 represents the

proportionate change in the size of labour type |’s waiting list for household h
following a change in the health composite, i.e. the waiting list elasticity. For a given
change the higher the value of the elasticity parameter, the greater the reduction in the

waiting list and the increase in effective labour. & thus measures the effectiveness of

a change in health provisioning in treating and/or curing people.

For each labour and household type, the waiting list and the effective labour supply as

functions of the health composite follow from equations (6.2) and (6.3):

(OWLys /OHCy ) ==&t Hc;("’"f“)‘Lf =—& Wl / HG <0 and

fe

E¢ +2)

(82Wth /ch%)fel = (&6 +1)no Hc;( L =s¢ (e +1) Wlhf/( Hcf)2 >0;

hence waiting lists are decreasing in the health composite at a decreasing rate.

Equivalently, (OF, /chf)f =-0WLs /3HC >0 and
S

(azFEm / OHC? )f = ~0"WLy¢ /HCF <0, implying that the effective labour supply is
€

increasing in the health composite, but at a decreasing rate. Figure 6.1 illustrates.
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Figure 6.1 Waiting lists and effective endowments

FI{

WL

6.3.2 Production by sector and commodity

The structure of production in each of the sectors is shown in Figure 6.2. Production of

sector i, X, is a Leontief (constant coefficient) function of value added, V; - itself a

CD function of factor demand for factor f, Fp - and intermediate inputs from sectors

j» Nji. Sector i’s production is a CD composite of the commodities ] it produces,

Qji - The resulting first order conditions are given by (6.5) to (6.8)

Vi = A X (65)

> The underlying CD equations for sectoral production and value added are X = AQiHj Qﬁo“ and

V= A/iH ; FDI;?/“ respectively. The Leontief production function 1is represented by:
X =min[ Vi / A, Nji / A ]
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Figure 6.2 The nested production function

Output commodity j Qj; {at price %j —'

Qi Qi

\(V
Output sector i X; [at price PXJ

Leontief > [Output tax pta |

Value added sector i [\ N

Vi [at price R, J Demand by sector i for intermediate

Employment tax
_> . .
A etax; inputs fromj Nj; [at price PDJ_ ]

FDusiiir i -+ FDocapr i

Demand by sector i for factor f

Fp, [at price P, ]

Nji = Ai X (6.6)
FDﬁ = avﬁ\/i R/i/PFf (67)
jS :C(jS Xi Pxi /PQ] (68)

where 0<ay, <1, 0<aq <I, Zfavﬁ =1 and ZJO‘Q“ =1. A, Ax, A, and Ay are

the scale parameters for the Leontief and CD functions respectively, ay, and aq are the

share parameters of the CD functions for value added and commodity supply, and



A SCGE MODEL FOR THE UK WITH HEALTH CARE PROVISION

Pc,R/, B and Ry respectively denote the (domestic) sectoral producer price, value

added price, the factor price and the individual commodity producer price.

6.3.3 Domestic supply, exports and imports

Domestic and foreign supplies of commodities in terms of exports and imports are

summarised in Figure 6.3.

Figure 6.3 Market supply and demand

Exports Domestic demand

E; [at price PEJ_ ] QDj [at price PDj ]

CET

» [Consumption tax ctax; ]

Aggregate demand
CET, [at price %ETj]
Leontief

Aggregate supply Margins

CES, [at price Res } Qru; | at price Ry |

CES

Imports Domestic supply

M; [at price PMj J Qsj [at price PQI J

Domestic supply of commodity | is equal to the sum of the output of commodity

j produced by each sector i :
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Qs =2, Qi (6.9)

Aggregate market supply and demand for commodity j embody the Armington

assumptionArmington, 1969), whereby goods are differentiated according to country

of origin and destination (so-called ‘double Armington’).

The commodities produced are allocated between domestic demand, QDJ_ , and foreign
demand (i.e. exports), E;, according to a constant elasticity of transformation (CET)
function and consumers differentiate between total imports, M, and domestic supply,

QSJ_ , of commodity | via a constant elasticity of substitution (CES) function:

1

CET, = A [aTj £ +(1—0{Tj ) Q) }pn- (6.10)

1

CES = A [0{5 M, 7 +(l—a$) Qs IPSJ (6.11)

where CET and CESdenote the CET and CES composites respectively; Ay, Ag are the
scale parameters; or,ag the share parameters; and p,,p, are the transformation and

substitution parameters of the CET and CES function respectively.

The first order conditions for equations (6.10) and (6.11) yield:

O~.
l—ar P= |1
Ej _QDJ( ! i] (6.12)
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1- asj PMj

Py ) ®
Mj=Qs [—as' —Q] (6.13)

where Py, Bz and B, denote the domestic consumer price (as opposed to the
domestic producer price, Ry), the export price and the import price for commodities
respectively. The elasticities of transformation and substitution are defined as
o, =1/(,0TJ —l)>0 and os :1/(/03 +1)>0 respectively, so that pr, >1 and

ij >—1.

Aggregate domestic market demand for commodity j, QDJ_, equals the sum of

intermediate input demands by sectors i, z Nji , private consumption demands by
i

households h, ZC ih » government consumption demand, G; and investment demand,
h

INV;:

Qp, =Y N+ Cip+G; +INV, (6.14)
i h

In order to account for transport costs incurred when delivering goods for domestic or

export demand, aggregate supply for commodity j, CES is combined with transport

and trade margins for commodity |, QTMJ_ in a Leontief function,

CET, = min[ CES / &, / M, } so that from the first order conditions:

CES = A, CET (6.15)



A SCGE MODEL FOR THE UK WITH HEALTH CARE PROVISION

Qrm, = Apm, CET; (6.16)

where A, Ary are the parameters of the Leontief production function.® Equation (6.15)

represents the product market clearing condition, adjusted for transport and trade

margins.

6.3.4 Prices

The structure of production, market supply and demand generates a system of price
equations. Equations (6.17) and (6.18) are the equivalent of the unit price equations for

sector i, adjusted for ad valoremtaxes. Output taxes ( ptax, ctax ) are defined as a net
tax so that producers receive (1 —taxrate)- market priceand the market price is a gross
price, whereas factor input taxes (etax ) are defined as a gross tax so that producers

purchase factor inputs at (1 + taxrate)- market priceand the market price is a net price.
Pxi (1_ ptaxl):AX,R/, +ZjAjiPDj (6.17)

RVi=Y F, R (1+ etax) (6.18)

The total value of output by sector by definition equals the aggregate value of the output

of commodities | produced by this sector, yielding:

Py Xi :Zi QiR (6.19)

6 This construction states that aggregate market supply of commodities, combined with fixed transport

and trade margins, equals aggregate market demand for commodities. It is ‘unusual’ in that it
accommodates ‘entrepOt’ trade, i.e. the re-exporting (re-importing) of imported (exported) goods.
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Moreover, the total values of commodity supply and demand in the market, i.e. the
values of the CES and CET composites, by definition equal the sum of the values of the

domestic and foreign components:

PCE% CES J = PMJ M ] + Pq % (620)
Pegr CETj = Pg Ej+ Ry (1- dax;)Qp (6.21)
where the price paid by domestic consumers, PD]_ , includes a consumption tax, ctax; .

Equations (6.22) and (6.23) link domestic prices for imports and exports to world prices
(P,\\ﬁvj and P|\5’\j/ respectively) by multiplication by the exchange rate, ER. P,\\flvj and P&’Y

are fixed so as to model the UK as a small country having no influence on world prices.

Pu, = RY ER (6.22)

]
Re = PEJ_V ER (6.23)

Equation (6.24) describes the price relation between composite aggregate demand,

CET, and each of its components, CES and Qry; :
PCETJ- = Ac] PCE$ + ATM PQ' (624)

where PD,.T. denotes the cost of distributing commodity j (transport and trade margins)

as given by the domestic consumer price of distribution and transport (commodity “7”

in Table 6.1).
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6.3.5 Household income, savings and expenditure

The income generated in the production of commodities is allocated to the
representative agents in the model, five households and the government, who spend it
on consumption, savings and transfers. Figure 6.4 summarises the flow of income and

expenditures in the economy.

Figure 6.4 Flow of income, savings and expenditures

» Direct taxation Indirect taxation

Factor income
etax ctax;, ptax
Z f FEhf PFf !

| N

Private households <—————Transfers €———————— Government — Trade surplus

Y TR Yo TS [at price ER
Private consumption Savings Government

consumption
Cin [at price PDJ] S, [at price R]
G; [at price PDj J

Households receive income from two sources, the employment of factors of production

(capital, skilled and unskilled labour) and transfers from the government, T,,, as shown

in equation (6.25):

Yo=2 . Fe B +Th (6.25)
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Transfers to household h are modelled as a constant share, argy,, of total government

transfers, TR, yielding:
Th = ar, TR (6.26)
where 0 <o, <1, ZhaTF% =1.

Household income, Y,,, is subsequently spent on the consumption of goods and savings.

Consumption of good ] and real savings by household h, Cj, and S, respectively,
follow from the optimisation of a CD utility function, U}, = Hj C jhﬂ “‘Sn'B 1, subject to

the household budget constraint, Y}, = Zj Cin PDj + §,Ps, yielding:
th = ﬂthh/PDj (627)

Sh =B %/Ps (6.28)

where 0< S, <1, 0< fgp<1, ﬂ5h+2jﬂjh:1 and Pg denotes the price of savings

(see equation (6.36)).

Summation of real savings by household yields total real savings, S;:

Sr=2:5 (6.29)
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6.3.6 Government income and expenditure

Government receives income, Yg, from direct taxation of factors of production (via the

employment taxes) and indirect taxation of sectoral and commodity outputs (via the

production and consumption taxes):
Yo =D, PlaxR X+  etax p £+, cigxP Q (6.30)

The government allocates its income to expenditures on good j, GEXR, household

transfers, TR, and purchases a fixed amount of foreign exchange at rate ER in order to

accommodate the trade surplus, TS:

Yo =TR+) GEXP+ ER TS (6.31)
j

Government expenditures on good | are fixed relative to the numéraire at benchmark
expenditure levels, GEXFJP, and defined as (real) government consumption of

commodity j, Gj, multiplied by its domestic consumption price, PDJ_ :

GEXR = ER GEXP= p 6 (6.32)

The trade surplus is simply the difference in value between exports and imports

measured in foreign currency:

Tszzj(lgjvﬁ— R M) (6.33)
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6.3.7 Investments

Total investments in the economy, i.e. total real savings Sy, are a Leontief function of
investment demand for commodity j, INVj, S =min[ INV; / A.j }, which gives the

first order condition:
INVJ- = AJ_ S (6.34)

6.3.8 Factor market clearing

Equilibrium in factor markets is represented by:

Fe, = z Foy, (6.33)
|

Finally, equilibrium in the capital goods market requires the value of total savings to

equal the value of total investments:

PsSr=>. Ry INV, (6.36)
i

6.3.9 Welfare

The model includes two measures of changes in household and overall welfare. Firstly,
changes in household welfare are calculated from private household utility using the
equivalent variation. The equivalent variation reveals the income to which a particular
change that has taken place between equilibria is equivalent.” For linear homogeneous

preferences, the equivalent variation can be written as:

7 Shoven and Whalley (1992, p125).
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1 10
EV, =MY§ (6.37)

where superscript 0 and 1 respectively refer to the equilibria before and after a particular

shock occurs.

The change in overall welfare using this measure of household welfare is computed as:

EV=> BV, (6.38)
h

A second measure of the change in household welfare is reported, EVrh , which includes

the direct change in well-being related to changes in government consumption of goods,

including health care provision via the NHS, assuming that each household receives a

share ag, (where 0 < ag, < l’zanh =1):
h

Gl -
J J 8
T] GEXP (6.39)
J

EV; = EVi+) ag, [
j

The associated measure of overall welfare changes computes the sum of household
equivalent variations plus the sum of changes in the real government consumption of

goods (i.e. public good provisioning, including health services):

EVr =) BVp (6.40)
h

¥ Note that private health care is already included in the utility function and thus in welfare. The

current and, for the purpose of this analysis, more appropriate welfare specification postulates that an
increase in the public provision of health care (and other goods) constitutes a direct welfare gain. The
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6.3.10 Closure

The term closure refers to the choice of endogenous and exogenous variables in a
general equilibrium model. This determines which variables can and cannot adjust, so

that the manner in which a new equilibrium is achieved and the equilibrium outcome are

sensitive to the choice of closure.” In this model TS GEXIJQ, _ﬁf, F%’J , E;/, ptax

ctax;, and etax are chosen as exogenous variables. Furthermore, since in general

equilibrium models absolute prices cannot be determined, the price of foreign exchange,

i 10
ER, acts as the numéraire.

The closure of the savings-investment balance, the macro-closure, adopts a neoclassical
approach by postulating that total savings determine total investments. Foreign savings,
TS, are fixed in foreign currency thereby avoiding ‘free lunches’ taken from or given to
the rest of the world after a shock is applied to the model.'' With respect to the

government account, government expenditures on goods are fixed in foreign exchange

at benchmark levels, GEXF‘), whereas transfers to households, TR, adjust to equate
government income with expenditures on commodities and the trade surplus. Since
households save and consume fixed proportions of their income, changes in private and

hence total savings originate from adjustments in household income.'? Alternative

resulting overall welfare measure, displayed in equation (6.40), is equivalent to a social welfare
function with equal weights, i.e. a common utilitarian social welfare function (Johansson 1991, p32).

See Reinert and Roland-Holst (1997, p115) for a short overview of closure issues.
MPSGE automatically deletes the corresponding equation so that Walras’ Law is implemented.

The term ‘free lunch’ is used by De Melo and Tarr (1992, p42) to describe a sudden in- or outflow of
foreign capital following a policy shock, which complicates the evaluation of the welfare effects of a
domestic policy change.

Note that positive (negative) foreign savings in the form of a negative (positive) trade surplus are
sold (bought) by the government, which does not save; private (household) savings are thus the only
source of savings in the economy.
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model specifications, especially those affecting the government account and factor

markets, are experimented with when performing simulations.

6.4 CALIBRATION

In order to operationalise the model, values need to be specified for the parameters of
the model equations. In CGE modelling this process is known as ‘calibration’. It
involves choosing parameter values (given exogenously specified behavioural
elasticities) such that the model will replicate the benchmark data set, represented by the
UK 2000 SAM, as an equilibrium solution."> The ‘Harberger convention’ is used
throughout, so that prices that are unaffected by taxes are equal to one in the benchmark

and quantities can be derived from the SAM.

6.4.1 Taxes

Where taxes are in place, prices may diverge from unity. Specifically, the price

producers pay for factor inputs, P,:f (1+etaxf ), the net price they receive for the
production of goods, Py (1— ptaxi), and the net price domestic consumers pay for

goods, PDJ. (1 — dax; ) , diverge from 1. Employment taxes are derived from the National

Accounts Blue Book (Office for National Statistics, 2001b), yielding average values for

etax of 25%, 28% and 17% for capital, skilled and unskilled labour respectively.

Production and consumption taxes, ptax and ctax; respectively, are displayed in Table

6.2.

3 Shoven and Whalley (1984) and Reinert and Roland-Holst (1997) provide an excellent account of the
calibration process.
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Table 6.2 Production and consumption taxes in the SCGE model

Sectori /commodity j
1 2 3 4 5 6 7 8 9 10 11
ptax 0 04 07 06 26 05 2 07 05 0 1.1

ctax -36 68 81 107 21 72 24 34 0 -02 45

Tax (%)

6.4.2 Substitution and transformation elasticities

Values of behavioural elasticities are usually estimated outside the model or taken from
other studies. The advantage of the MPSGE software is that it automatically performs
the calibration of functional forms, given that all elasticity parameters are specified."*
Leontief and CD functions are defined by a substitution elasticity of 0 and 1
respectively. The CES and CET functional forms respectively have substitution and

transformation elasticities equal to o and o which are set to 2 in this model."”

6.4.3 Household rates and shares

Household savings rates, S,, and shares in government transfers, agg,, are obtained

from the UK 2000 data set, which was described in Chapter 5.'° The latter shares are
computed from Table 5.9, whereas the former follow from Table 5.10, assuming that
only working households save. Welfare changes related to changes in public good

provisioning are allocated to households in proportions ag,, which for health care

correspond to each household’s share of the total number of NHS GP consultations

4 A description of the MPSGE programming language and a variety of examples is available online

from: http://www.gams.com/solvers/mpsge [13 July 2004].

The majority of goods produced in the UK is traded with similar high-income countries and are of
the same high quality so that substitution and transformation elasticities are reasonably high. At the
multi-commodity level, elasticities in GTAP version 5 (http:/www.gtap.org [13 July 2004]) are
around 2 to 2.5.

MPSGE calibrates these by including real savings (with a price of savings) in the CD utility function
and by introducing an artificial commodity ‘transfers’, exogenously fixed for each household (and
thus in total), but with an endogenous (uniform) price. Both procedures ensure constant shares.
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(from Table 5.5) and for other goods (public administration and defence, and other
services) correspond to each household’s share in the total population (computed from

Table 5.4). The resulting parameter estimates are displayed in Table 6.3.

Table 6.3 Rates and shares by type of household

Parameter (%) ag,
Sh aTRh B . B
Household type Publfnzdgélfrel;fct?non Health care Other services
Pensioners 52.3 17.6 25.1 17.6
Non-working, 10.2 6.4 8.7 6.4
children ’ ’ ’ ’
Non-working, 10.6 5.4 7.6 5.4
no children ’ ’ ’ ’
Working, 303 | 234 37 30.6 37
children
Working, no | 55 5 | 35 33.6 28 33.6
children

6.4.4 Waiting list parameters
The contribution of public health care to the health status of skilled and unskilled

labour, as measured by v, is obtained from Emmerson et al. (2000, Table 5.1). Using
Family Resource Survey data for the period 1994/1995 to 1997/1998, they calculate the
percentage of adults with private medical insurance by social class. By applying
population weights corresponding to each social class from the GHS, the proportions of
skilled and unskilled labour having private medical insurance are estimated at 16.6%
and 4% respectively, yielding a residual of 83.4% and 96% of skilled and unskilled

labour for whom health care is financed via the NHS. The latter serve as proxies for v.

The scale parameter 7, is calibrated to the benchmark non-participation rate. Its value

is based on the Barmby et al. (2002, 2003) measure of sickness absence, calculated as
the ratio of the number of hours absent due to sickness to the number of hours

contracted to work. Using Labour Force Survey (LFS) data, Barmby et al. find a fairly
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stable long-run average for the (yearly) sickness absence rate in the UK of around
3.20%. These and other studies'’ find that sickness absence varies by socio-economic
characteristics. Typically, the higher the wage and the higher the level of responsibility
involved in the job, the lower the absence from work. Illness-related absence from work
is approximately 1.5 times higher for manual than that for non-manual workers.
Assuming that the non-participation rate in the base year for unskilled workers is 1.5
times that of skilled workers and postulating an overall benchmark non-participation

rate of 3.20% yields 77,= 2.89% for skilled and 77,=4.34% for unskilled workers.

In the absence of a reliable empirical estimate, the waiting list elasticity parameter, ¢, is
set to 2 for both labour types, so that a 10% increase in health status leads to a 20%
decrease in waiting lists. Given the remaining parameter estimates in Table 6.4, this
implies that the elasticities of effective (labour) endowments with respect to the health
composite in the benchmark are 0.06 and 0.09 approximately for skilled and unskilled
labour respectively.'® These numbers are consistent with health care elasticity estimates
of in between 0.03 and 1 based on US data (Folland et al. 2001, p108-109). The
elasticity of effective labour supply with respect to the health composite is higher for
unskilled labour due to the fact that a relatively higher proportion of the unskilled suffer
illness, so that health expenditure’s ‘leverage’ is greater for this labour type. Alternative
values of the waiting list elasticities are considered in Section 6.6. Table 6.4 displays all

waiting list parameters.

See for example the Confederation of British Industry (2001) and Barham and Leonard (2002) for an
overview.

These elasticities measure the proportionate change in the size of effective (labour) endowments of
skilled and unskilled labour following a change in the health composite, and are calculated
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Table 6.4 Waiting list parameters

Parameter Skilled labour Unskilled labour
v 83.4% 96%
o 2.89% 4.34%
& 2 2

6.5 SIMULATIONS AND RESULTS

In order to illustrate the functioning of the SCGE model and potential areas of
application five shocks are simulated under alternative model specifications. Results are
compared with the benchmark equilibrium values for 2000. Tables and figures

containing changes in key variables are presented at the end of the section.

The first shock (Experiment 1) examines the impact of a 10% rise in government
expenditures on health care (£5.384 billion approximately), i.e. NHS expenditures,
equivalent to the average yearly increase in NHS expenditures from 1999-2000 and
planned up to 2007-2008."” The expansion of public health care, while drawing
resources away from other sectors in the economy, improves both worker income,
through increased labour market participation, and welfare, via direct increases in the
well-being of the population. Results are reported for two different factor market
specifications. Experiment (la) assumes capital and labour are fully mobile across
sectors, in line with the original model specification, whereas Experiment (1b) reports
results on the assumption that parts of skilled labour and capital are specific to the
health care sector. The latter assumption limits factor movements between the health

sector and other sectors and puts upward pressure on specific factors’ remunerations.

as (OFEpy JOHC; )( HCy / FEy ) =& ¢ Wl / FBy =2 (77 f/(1—77 {). This corresponds to &
reported in Chapter 2 (subscripts ignored).
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Experiment (2) simulates a 20% increase in the domestic consumer price of
pharmaceuticals. This figure corresponds to the increase in the average cost per
prescription item dispensed in the community in England from £9.48 to £11.37 over the
period 1999-2000 to 2002-2003, reported in the Annual Report of the NHS Chief
Executive.”’ Here, the assumptions regarding the closure of the government account are
that either the government keeps its (overall) health care budget fixed in value
(Experiment 2a) according to the original model specification (see equation (6.32)), or
that the government increases expenditures on the NHS, so that total real public health
expenditures and the number of treatments (of a certain quality and cost) provided by
the NHS are maintained to previous, benchmark, levels (Experiment 2b). For a given
nominal health care budget as in Experiment (2a), the increase in the cost of
pharmaceutical inputs implies lower levels of health care provisioning and that, given
the cost-effectiveness of treatments, less people are being treated and cured. This has
repercussions for welfare, both directly and through reduced household income (via

changes in effective labour supply).

Experiment (3) models government policy aimed at encouraging foreign health care-
specific skilled workers, i.e. doctors and nurses, to come and work in the UK in order to
mitigate the shortage of highly skilled workers. It is assumed that an equivalent of 10%

of domestic endowments of health care-specific skilled labour takes up this offer.”' The

1 See the Department of Health (DoH)’s Expenditure Plans for the NHS (DoH 2003a, p3 and p20).

2 DoH (2003b, p9).

2l Currently, an estimated 1 in 12 nurses in England have come from abroad (see for example Buchan,

2003). With respect to the international recruitment of doctors, in 2002, the NHS in England
launched an International Fellowship scheme which aimed to offer up to 450 International
Fellowships for the coming three years in clinical practice working as a consultant (Press Releases
Notice, Wednesday 27-02-2002, reference number 2002/0101, available at http://www.dh.gov.uk [13
July 2004]). Given that the majority (at least of nurses) aims for a long-term career in the NHS and is
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government may accommodate the immigration of foreign skilled workers in two
fashions. In Experiment (3a) the wage of health care-specific skilled labour is allowed
to fall following a rise in the supply of this labour type. Consequently, unit costs of
health care provision fall and, given government expenditures on health care, public
health care output and its numbers of people treated and cured is expected to rise, with
the associated welfare consequences. In Experiment (3b), the government adjusts public
health care provision (and expenditures) so as to counteract the fall in health care-
specific skilled wages.”> This induces even larger increases in NHS provision levels.
Both experiments are carried out using three alternative assumptions regarding the share
of foreign worker income remitted abroad, adopting values of 0, 0.5 and 1 respectively.

Remittances have further welfare effects by influencing the trade balance.

The fourth modelling exercise (Experiment 4) investigates the general equilibrium
effects of a 10% improvement in the productivity of factors employed in health care,
modelled via technical change, as opposed to a 10% improvement in health care
resources investigated in Experiment (1). Two alternative forms of technological
progress in factors are contrasted with each other (see also Chapter 2, Section 2.5).
Experiment (4a) models Factor-Neutral Technical Change (FNTC), which enhances the
productivity of all factors of production in health care by 10%, whereas Experiment (4b)
simulates Skill-Biased Technical Change (SBTC), which enhances the productivity of

skilled labour in health care only by 10%. Given government expenditures on health

expected to stay, and given more planned international recruitment of nurses and doctors, it seems
reasonable to look at the effects of an increase in health care-specific skilled labour of 10%.

221t is often argued that there is a lack of certain, highly skilled, health care professionals in the NHS

due to the relative low pay compared to the private sector. This provides an argument for the
government to sustain the wages of health care-specific skilled workers.
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care, health care output, levels of health and labour market participation are anticipated

to improve, yielding (direct and indirect) welfare gains.

The final modelling exercise, Experiment (5), assesses the general equilibrium effects of
technical change in pharmaceuticals. It takes the setup of Experiment (2a) as point of
departure by modelling an increase in the domestic consumer price of pharmaceuticals
of 20% (observed over the period 1999-2000 to 2002-2003) whilst keeping the
government budget spent on health care (and other goods) fixed in value. The higher
price of pharmaceuticals is assumed to reflect technical (quality) improvements which
make the health service more efficient in its use of pharmaceutical and other inputs, so
that it may treat and cure more people, improve labour market participation and the
well-being of households. The values for the productivity gains in (i.e. savings in the
use of) pharmaceuticals and other inputs in health care are varied in the exercise.
Experiment (5a) considers a rise in productivity of pharmaceuticals only, whereas
Experiment (5b) considers cumulative effects of introducing productivity gains for other

intermediate and factor inputs in health care as well.

6.5.1 Experiment l1a: increasing the NHS budget with mobile factors

Government expenditures are fixed in terms of foreign exchange, so that the immediate

effect of an expansion of public health care - implemented by raising GEXP by 10% -
is, given tax revenues, to reduce transfer payments to households by 4.3%. The
additional NHS resources result in an increase in public health care provision by 10%
and, via input-output linkages, increase the demand for and domestic production of
pharmaceutical products (by 4.9%), and medical, precision and optical instruments (by

1.9%). As a consequence health care, pharmaceuticals and instruments become slightly
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more expensive, which increases the costs to and hence reduces the size of private

health care provision (by 0.3%).

The increase in public health care boosts the health of unskilled labour by 9.6%, which
is more than the improvement of 8.2% in the health of skilled labour, as the former is
affected primarily by changes in public health care, whereas the latter also responds to
changes in private health care provision which contracts. In agreement with this pattern,
participation in the labour market (i.e. effective labour supply) increases by 0.43% and
0.76% for skilled and unskilled labour respectively, equivalent to reductions in the

waiting lists (across all households) of 14.6% and 16.7%.

The expansion of health and related sectors (and contraction of other sectors), combined
with the increase in labour market participation due to improved health, induces
changes in factor remunerations: unskilled wages fall by 0.5%, whereas skilled wages
and capital rents rise (by 0.02% and 0.18% respectively). Despite the fall in unskilled
wages, the increase in labour market participation ensures that all households’ income

from unskilled labour rises.

The fall in income from state benefits, from which the health care budget increase is
financed, leads to reductions in income for working households with children (0.2%),
but relatively more so for pensioners (1.3%), non-working households with children
(3.6%) and childless non-working households (1.4%). Only childless working
households, who own 63% of skilled labour endowments - generating 67% of their
household income - and rely least on government transfers (see Table 5.9 Chapter 5),

gain slightly (by 0.3%) from higher treatment levels in the NHS.
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The same pattern emerges for absolute (and relative) changes in household welfare,

measured by EV4,; pensioners suffer a welfare loss of £2.389 billion, and all other

households (except for childless working households who gain by £955 million) lose
around £500 million on average. Adjusting these figures for changes in levels of public
good provisioning (including health care) reduces each household’s welfare loss,
especially for pensioners and working households who receive a large share of public
good provisioning (see Table 6.3). Consequently, only pensioners still experience a
significant deterioration in welfare of £1.04 billion. Non-working households with and
without children lose by £36 million and £80 million respectively, whereas their
working counterparts gain by £1.17 billion and £2.46 billion. Overall welfare (including
government consumption of goods) increases by £2.474 billion (a relative gain of

0.26%).

6.5.2 Experiment 1b: increasing the NHS budgt with health care-specific factors
Experiment (1a) overlooks the fact that a large part of the labour and capital employed

in health sector are, respectively, highly trained or highly specialised and therefore
arguably specific to health care and immobile. This scenario provides an alternative
specification more suited to the short run by introducing health care-specific skilled
labour and capital. The former type consists of mainly doctors and nurses (85% of

skilled labour employed in health care)” and the latter consists of buildings and land

3 Calculated as the share of professionally qualified clinical staff relative to the total of professionally

qualified clinical staff, managers and senior managers and central functions for 1999-2000 in the
NHS in England (DoH, 2004a, Table D1).
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(approximately 90% of capital employed in health care)**, and both earn a health care-

. . 2
specific remuneration.”

Key findings are that, unsurprisingly, the presence of health care-specific skilled labour
and capital constrains the production expansion of health care and related sectors. A
10% increase in the public health care budget leads to a lesser increase in levels of
provisioning, of 4.4%, so that the domestic outputs of pharmaceuticals and medical
instruments rise by 1.7% and 0.7% respectively (less than half of the rise in Experiment

la).

The mounting pressure on health care-specific factors translates into higher
remunerations - health care-specific skilled wages and rents rise by 11.7% and 11.9%
respectively - which drive up unit costs and prices for public andprivate health care (by
5.4%), so that the public health expenditures increase crowds out private health care by

approximately the same percentage.*

Within the health sector, some substitution towards (relatively cheaper) mobile factors

takes place to relieve the constraint of specific factors. The relative changes in

2 Calculated as the share of land, buildings and assets under construction relative to the total net book

value of capital including equipment in the NHS for 1996-1997, from DoH (1998, Annex 1).

» The process of adjusting the model for health care-specific factors is discussed in more detail in

Chapter 2, section 4. When modifying the dataset for this assumption, total endowments of health
care-specific capital and skilled labour (90% and 85% of capital and skilled labour employed in
health care respectively) are apportioned to individual households according to each household’s
share of, respectively, mobile capital and skilled labour endowments. Health care-specific factors of
production are also assumed to have the same labour market characteristics, i.e. same non-
participation rate and health status, as their mobile counterparts.

% One could argue that the government exerts more or less direct control on wages of NHS personnel,

whereas capital rents are given on the market. If wages of health care-specific skilled labour are kept
at pre-shock levels so as to control labour costs of extra health care, provision of NHS care increases
by 9%, approximately equal to the rise in public provision when factors are fully mobile. The results
of such a scenario are therefore equivalent to those reported in Experiment (1a).
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production levels across sectors induce changes in factor remunerations of opposite sign
to Experiment (1a); unskilled wages rise by 0.2%, whereas wages of mobile skilled
labour and rents on mobile capital fall (by less than 0.1%). Nevertheless, households’
income from mobile unskilled and skilled labour rises due to the health-induced
changes in effective labour supply. The health status of both unskilled labour and
skilled labour increases by 4% and 2.8% respectively - much smaller health
improvements than in (1a) due to relatively lower levels of health care provisioning - so
that labour market participation increases by 0.16% and 0.34%, equivalent to reductions
in the waiting lists (across all households) of 5.3% and 7.6% for all skilled and

unskilled labour respectively.

Government transfers to households fall by slightly (0.3 percentage points) less than
before to finance a (smaller) expansion of public health care, so that compared to
Experiment (1a) income losses (gains) of households fall (rise). The same is true for
absolute and relative changes in household welfare excluding government consumption
of goods. However, once the changes in the public provision of goods (including public
health care, which expands by much less in the presence of health care-specific factors)
is accounted for in household welfare, losses are higher and gains are lower relative to
Experiment (la). Overall welfare (including government consumption) increases by

£920 million (a relative gain of 0.1%).

6.5.3 Experiment 2a: a pharmaceutical pige rise under an exogenous NHS budget

The price simulation is implemented by adding to the model the following equation,
which fixes the domestic consumer price for pharmaceuticals (commodity “2”) at a

level of 120% relative to the numéraire:
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P, =1.2-ER (6.41)

In order to maintain the number of endogenous variables, the pharmaceutical price rise

is postulated to originate from an increase in the exogenous world price of

pharmaceutical imports, P,w -

The simulation results demonstrate by how much the world import price (and in fact all
other endogenous prices) of pharmaceuticals needs to change in order to generate a rise
in the domestic consumer price of 20%”; the former rises by 42% whereas, for
example, the domestic producer price of pharmaceuticals rises by 4%. As
pharmaceuticals become more expensive, imports fall by 43% and domestic production
of pharmaceuticals grows by 6.5%. Confronted with higher unit costs of intermediate
inputs, public and private health care commodity prices increase by 1.8%.
Consequently, private health care demand falls by 2.1% and, given the government

closure rule, the production of public health care via the NHS decreases by 1.7%.

Lower levels of public and private health care imply a fall in the level of health for
skilled and unskilled labour by 1.8% and 1.76% respectively. The change in health
status is slightly more pronounced for skilled labour as they consume relatively more of
private health care, which contracts relatively more. Effective labour supplies fall by
0.11% and 0.16% for skilled and unskilled workers respectively, leading to a relative

rise in waiting lists (across all households) of 3.7% and 3.6% for skilled and unskilled

27 Note that this is a different simulation from one which investigates a rise in the world price of

imports directly, as this will lead to a rise in domestic consumer price of less than 20% as the latter is
the Armington composite of domestic and import prices (see nesting Figure 6.3).
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labour respectively. The changes in factor supply and demand lead to a fall in all factor

rewards (including rental rates of capital) in the range of 0.2% to 0.3%.

Government income from taxes falls by 0.3%. In order to keep its finances balanced the
government reduces transfers to households by 0.7%. Given that factor rewards and
effective labour endowments fall, income from labour and capital falls as well so that all
households experience a deterioration in income (of 0.6% or less). Working households
are worse off compared to non-working households by losing labour income on top of
the losses in income from capital (which are also relatively high for these households)
and state benefits. For working households with children the loss in state benefits also
plays a significant role (these households receive 23% of state benefits; see Table 6.3).
Pensioners are worse off compared to non-working households by suffering significant
reductions in state benefits (of which they receive 52%; see Table 6.3) as well as
income from capital, of which they own 47% (from Table 5.8, Chapter 5). Relative to
original income, the losses for non-working households and pensioners exceed those of
working households since they have a much smaller income to begin with and rely

relatively heavily on state benefits (see Table 5.9, Chapter 5).

A similar picture is obtained for changes in household welfare, measured in terms of the

EV,; the welfare loss for pensioner households is relatively high and equal to £554

million. Working households with and without children experience similar welfare
losses of £564 million and £638 million respectively. The welfare loss for the remaining
non-working households is much less pronounced in absolute terms - losses of £69
million and £120 million for non-working household with and without children

respectively - because they do not enter the labour market so that the deterioration in
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health does not affect their labour supply. The EV; as a measure of change in

household welfare incorporates the fall in public provision of health care and therefore
increases the welfare loss for each household. Overall, welfare thereby falls by £2.64

billion, a deterioration of 0.28%.

6.5.4 Experiment 2b: a pharmaceutical prie rise under exogenous NHS provision

In contrast to the previous experiment, here the government increases its health care
expenditure in order to maintain real provision levels under the NHS. This scenario is

implemented by changing the original government closure. Specifically, the exogenous
variable GEXFJP is removed for health care (commodity “10”’), and equation (6.32) for

health care is replaced by:

GEXFH)IOH = %"]0" GIO" (642)

where real government consumption of health care, G, is exogenous. When

implementing the pharmaceutical price rise as in Experiment (2a), public health care
remains at pre-shock levels. The results of Experiment (2a) show that the price of health
care increases by approximately 1.8% following a 20% pharmaceutical price rise.
Hence, in order to maintain original levels of public health care provision the
government matches the price increase by the appropriate increase in expenditures on
public health care. As this is such a minor change, results differ marginally and a short

summary is given below.

Domestic output of pharmaceuticals rises by an additional percentage compared to
Experiment (2a) as more intermediate inputs from the pharmaceutical industry are

needed to produce the additional public health care. For identical reasons, production of
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medical, precision and optical instruments expands slightly (instead of contracting as in
Experiment 2a). By construction, public health care provision is constant, whereas

private health care contracts by 2.13% relative to the base (2.1% in Experiment 2a).

In contrast to previous results, the health of unskilled labour, which depends primarily
on levels of NHS provisioning, is maintained approximately at its original level. Thus,
unskilled labour participates at a similar rate as before and supplies approximately the
same amount of labour. In contrast, skilled labour is worse off in terms of health (health
status falls by 0.4%) and labour participation (falls by 0.02%), leading to a rise in the
waiting list of 0.7% relative to the base; compared to (Experiment 2a) these changes are

however small.

In order to maintain levels of public health care following an increase in the cost of
provisioning, the government reduces transfer payments to households by more
compared to Experiment (2a), given expenditures on other goods. In contrast,
households’ income from all factors of production falls by less: rents on capital fall by
slightly less, whereas wages for skilled labour are approximately constant and wages for
unskilled labour fall by almost twice as much relative to Experiment (2a). As effective
unskilled labour supply is maintained close to the pre-shock level, overall income from
this factor of production is higher. However, most households are still worse off
compared to Experiment (2a), the exception being childless working households who
least rely on state benefits and supply over half of skilled labour endowments. Adding
changes in public good provisioning mitigates welfare losses: overall welfare falls by
£2.14 billion, a deterioration of 0.23% relative to the benchmark; £508 million or 0.05

percentage points less compared to Experiment (2a), by maintaining levels of NHS care.

6-35



A SCGE MODEL FOR THE UK WITH HEALTH CARE PROVISION

6.5.5 Experiment 3a: immigration of healthcare-specific skiled labour under an
exogenous NHS budget

In Experiment (1b), the presence of health care-specific skilled labour constrained the
expansion of the health sector following a rise in government expenditures. In this
section, the government allows foreign health care-specific skilled workers, 10% of
domestic endowments of this labour type, to come and work in the UK so as to alleviate
this constraint, given the government budget for the NHS. Using the same model
specification as Experiment (1b), foreign workers earn the health care-specific skilled
wage and possess the same labour market characteristics (i.e. non-participation rate and

health status), as their domestic counterparts.

In the presence of remittances further adjustments have to be made to the SCGE model.

Foreign workers effectively employed in the health care sector, denoted by FWg,

receive the health care-specific skilled wage, denoted by Begn gjiivjov» SO that foreign

worker income, Yg , amounts to:

Ye = Resv skinrion PVE (6.43)

This income is transferred to households in the form of foreign worker transfers, FWT ,

or abroad in the form of remittances, denoted in foreign currency by REM :

Y = ER REM+ FWT (6.44)

The value of remittances in domestic currency is modelled as a share of foreign worker

income, aR, where 0<ar<1:

ER- REM=ag - ¥ (6.45)
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The value of ap is varied in the experiment, adopting a value of 0 (no remittances), 0.5

(50% of foreign worker income is remitted) or 1 (all income is remitted abroad)

respectively.

The remittances abroad lower the trade surplus, so that the expression for the trade

balance, equation (6.33), becomes the balance of payments condition:
Ts=3 (' E- & M)- REM (6.46)

The remainder of foreign worker income is distributed over domestic households

according to each household’s share of health care-specific skilled labour endowments,

af, , where Za,:h =1, yielding foreign worker transfers to households, Tg :
h

The income of household h, given by equation (6.25), is adjusted accordingly:
Yh = Zf FEhf P':f +Th +TFh (648)

In the absence of remittances, a 10% increase in the supply of health care-specific
skilled workers, from abroad, reduces health care-specific skilled wages and so the
income of domestic workers of this type by approximately 12% so that unit costs of
health care output fall and (public and private) health care output rises by 4.9%. This
stimulates demand for and (domestic) output of pharmaceuticals and medical
instruments by 3% and 1.3% respectively. As both the public and private health sectors

expand, the unskilled and the skilled workers benefit equally in terms of health, which
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improves by 4.9% approximately for both types of labour. Consequently, labour market
participation increases by 0.3% and 0.4% for skilled and unskilled labour respectively,
equivalent to a waiting list reduction of approximately 9.2% across all households and

labour types.

The changes in relative factor supplies and demand induce changes in factor
remunerations. Wages of sectorally mobile skilled and unskilled labour fall by 0.06%
and 0.35% respectively, due to factor substitution in favour of health care-specific
skilled labour (which lowers demand for other production factors). Health care-specific

capital rents fall by 3.2% whereas the rents on mobile capital rise by 0.3%.

In the absence of remittances abroad, the income of all household types rises.
Households benefit from a rise in income from all non-health care-specific factors, the
additional income earned by foreign workers, who essentially form new households of
the existing types (36% of new foreign workers belong to working households with
children, the remainder belong to mainly childless working households), and from an
increase in state benefits by 0.43% stemming from a rise in government tax revenues of
0.17%. Pensioners and non-working households gain by relatively more (0.3% rise in
income on average, compared to 0.1% for working households), though in absolute

terms it is the pensioner and working household types that gain most.

The same picture obtains from changes in household welfare, measured by EV,,; all

households gain, in absolute terms especially pensioners (who experience a gain of
£505 million) and working households with and without children (gains of £398 and
£301 million respectively), though in relative terms the gain for working (and

pensioner) households is much less pronounced compared to non-working households.
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Once changes in public good provisioning are accounted for, welfare gains rise by even

more, to a total of £4.06 billion (a relative gain of 0.43%).”®

The general equilibrium effects of foreign workers sending remittances abroad operate
via the trade balance. Since the balance of payments is exogenously fixed to benchmark
levels, remittances are financed by an increase in exports and/or a reduction in imports
compared to a situation where foreign worker income is spent domestically. The effects
of remittances on health care production, and thus health, labour market participation
and waiting lists are negligible. Nevertheless, household income gains are reduced: if
50% of foreign worker income is remitted only working households experience income
losses, whereas if immigrants send all income abroad, all households lose out. This is
due to a combination of the direct effect of retaining less income from foreign workers,
more pronounced factor price changes (most notably the fall in wages) and lower
receipts from government transfers as government tax revenues rise by less or even fall
(if all immigrant income is remitted). This is reflected in lower welfare gains (or higher
welfare losses) for households, though when public good provisioning is included all
households are still better off. Overall welfare (including government consumption of
goods) rises by £3.231 billion (0.34% in relative terms) and £2.4 billion (0.35% in

relative terms) if 50% and 100% of foreign worker income is remitted respectively.

*  Excluding foreign workers (and so acknowledging that their domestic colleagues actually experience

a decline in their earnings) from the welfare measures does not alter these outcomes by much since
they only form a small percentage, approximately 0.5%, of the overall domestic work force. The
measure of ‘domestic’ overall welfare is found to fall by 0.5% compared to the reported overall
welfare measure for all reported immigration experiments. Hence, our conclusions remain valid once
foreign workers are excluded from the welfare evaluation.
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6.5.6 Experiment 3b: immigration of healthcare-specific skilledlabour at a given
wage

This experiment is identical to Experiment (3a) apart from the government closure rule.
Here, the government adjusts public health care provision (and expenditures) so as to
counteract the fall in health care-specific skilled wages. The latter are now effectively

fixed relative to the numéraire, implemented as:

Pese skilror/ ER=1 (6.49)

where the exogenous variable GEXRy. is removed and Gy is endogenised, using

equation (6.42) in place of (6.32) for health care (commodity “10”).

In the absence of remittances, NHS provision levels have to rise by 10.3% (equivalent
to an 11.6% increase in expenditures), compared to 4.9% in Experiment (3a), so as to
guarantee the foreign (and domestic) workers the original health care-specific skilled
wage. This induces higher increases in the demand for and domestic production of
pharmaceutical products (by 5.2%), and medical instruments (by 2.2%) and since unit
costs of health care provision rise by 1.2% (compared to a reduction of approximately

4.9% before), the private sector now contracts by 1.2%.

Given that the public sector expands and the private sector contracts unskilled workers
benefit relatively more in terms of health compared to skilled workers; health gains for
the unskilled equal 9.9%, compared to health gains of 8.3% for the skilled, but both
exceed those in Experiment (3a). Consequently, labour market participation increases
by 0.4% and 0.8% for skilled and unskilled labour, equivalent to reductions in the
waiting lists of 15% and 17%, respectively. Factor reward changes are notably different

as well. Apart from the unchanged health care-specific skilled wage, rents on health
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care-specific capital rise by 10.5% compared to a fall of 3.2% in Experiment (3a).
Factor rewards for mobile capital (labour types) rise (fall) as before so that households

experience a rise in income from all factors of production.

While government income from taxes increases by 0.5%, the additional government
expenditures on health care are financed from a reduction in household transfers (which
fall by 4.2%). As a result of the latter, the incomes of pensioners and non-working
households fall in the range of 1% to 3.5% approximately. Working households,
benefiting from the income generated by foreign workers and associated factor price

changes, gain by relatively more (0.4% versus 0.1% in Experiment 3a).

The income changes are reflected in welfare changes. Whereas welfare gains (including
public good provisioning) are approximately £1 billion higher compared to Experiment
(3a), amounting to £5.124 (0.54% in relative terms), disparities across households have
grown. Excluding changes in public good provisioning, non-working households with
and without children lose by £485 million and £407 million respectively, which
combined is still less than the welfare loss suffered by pensioners of £1.94 billion
(though in relative terms the income loss for pensioners compared to non-working
households is less). In contrast, working households with and without children benefit
by £261 million and £2.075 billion respectively. Remittances operate as in Experiment

(3a) and are therefore not discussed here.

6.5.7 Experiment 4a: factor-neutal technical change (FNTC)
The productivity of all factors of production (capital, skilled and unskilled labour) in

health care is increased by 10%. This form of technological progress is implemented by

reducing the constant term of the Leontief production function for health care, Axons
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in equation (6.5) by 1/11~9.1% . Hence, for the same volume of health care outputs,

Xugors 9.1% less factor inputs are used, captured by the value-added aggregate Viqn, or
holding the volume of factor inputs constant, [100/ (100—9.1)}-100—100 =10% more

health care outputs are generated.

Given government expenditures on health care, the direct effect of the rise in factor
productivity is to enhance production of health care by 5.9% on average (6.3% for
private health care and 5.9% for NHS care), reduce health care demands for factor
inputs by 3.6%, 3.5% and 4.1% for skilled labour, unskilled labour and capital
respectively, and reduce unit costs of health care production by 5.6%. Via input-output
linkages this induces increased supply of, especially, pharmaceuticals (3.8%) and

medical instruments (1.7%).

Health improvements for skilled and unskilled labour are approximately identical, 6%
for skilled labour and 5.9% for unskilled labour, due to a corresponding rise in both
public and private health care provision. Hence, participation in the labour market rises
by 0.3% and 0.5% and waiting lists fall by 11% and 10.9% for skilled and unskilled

labour respectively.

Changes in effective supplies and demands for factors generate changes in factor
remunerations. Both skilled and unskilled workers receive lower wages, by 0.1% and
0.3% for skilled and unskilled labour respectively, whereas capital owners are better off
by 0.4%. Despite reductions in wages, household income from all factors rises due to

increased effective labour supplies.
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The adjustments to factor income, combined with a rise in income from state benefits of
0.9% (originating from a rise in government tax income of 0.3%), yield income gains
across all households, especially for pensioners and working households, though the
relative gains (in the range of 0.2% to 0.8%) are higher for pensioners and non-working
households as they have a smaller income in the first place (and rely relatively heavily

on state benefits).

An examination of welfare variables yields similar results. In absolute terms, and
excluding changes in public good provisioning, pensioners gain by £1 billion. For non-
working households with and without children these gains are £112 million and £236
million respectively. Welfare of working households with and without children also
improves significantly, by £871 and £806 million. Including changes in the
government’s consumption of goods improves welfare, especially of pensioners and
working households who receive a relative large share (see Table 6.3), by even more,

resulting in a total welfare gain of £6.3 billion (a relative gain of 0.67%).

6.5.8 Experiment 4b: skill-biasedechnical change (SBTC)

In contrast to Experiment (4a), here technological progress in the health sector enhances
only the productivity of skilled labour by 10% (this amounts to savings in skilled labour

inputs of 1/11~9.1% given health care outputs).

An improvement in the productivity of only one factor enhances health care production
by 3.9% on average (4.1% and 3.9% for private and public health care respectively),
unsurprisingly less than with the 10% FNTC improvement. Given government
expenditures on health care, the health sector demands 5.4% less skilled labour, but

3.6% and 3.4% moreunskilled labour and capital respectively and produces at a 3.7%
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lower unit cost, approximately two percentage points less than in Experiment (4a).
Domestic outputs of the main input suppliers of health care rise by 2.6% and 1.1% for

pharmaceuticals and medical instruments respectively.

Since fewer health improvements are realised (3.9% gain in health compared to 5.9% in
Experiment 4a), effective supplies of skilled and unskilled labour rise only by 0.2% and
0.3% and waiting lists fall by 7.4% and 7.3% respectively for skilled and unskilled
labour. The fall in demand for skilled labour in health care, combined with the rise in its
effective supply, results in lower skilled wages (a fall of 0.3%), whereas unskilled
wages and capital rents rise by 0.1% and 0.4% respectively. Consequently, income from
skilled labour falls and income from other factors of production rises. These factor
market adjustments, combined with lower rises in government tax revenue and state
benefits (0.1% and 0.4% lower respectively) yield less generous household income
gains (which for SBTC lie in the range of 0.1% to 0.5%), although the previously

observed patterns still hold.

In absolute terms, and excluding government consumption, households are better off by
£837 million for pensioners, £72 and £190 million for non-working households with
and without children and £493 and £328 for their working equivalents. These figures
are low compared to FNTC, an outcome exacerbated once changes in public good
provisioning are included in welfare. Overall welfare then improves by £4.1 billion (a

relative gain of 0.4%) for SBTC, compared to £6.3 billion observed for FNTC.

6.5.9 Experiment 5a: technical change ipharmaceuticals - increasing the price
and productivity of pharmaceuticals in health care

This simulation acknowledges that the 20% price increase in pharmaceuticals observed

over the last three years may well be a sign of improvements in the effectiveness of
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pharmaceuticals, which yield savings in the health care sector. Starting off with the
setup of Experiment (2a), technical change in pharmaceuticals is assumed to generate a

rise in the productivity of pharmaceuticals in the health care sector of %. The constant
term A upor in equation (6.6) accordingly falls by [ 1-100/(100+ 8)]-100%. B = 20%

is the minimum productivity rise required for the health care sector to expand®, whereas
B = 30% is the lower boundary for a positive overall welfare impact (including public
good provisioning; excluding the latter requires B =~ 60%). Results are reported for 20%

< B < 100%.

For B > 20% the productivity improvements counteract the negative health and welfare
effects of higher intermediate input costs observed in Experiment (2a). The savings in
the use of more expensive pharmaceuticals yield a fall in the unit costs of health care, an
equivalent expansion of public health care production (given government expenditures

on health care), and lower health care demands for pharmaceutical inputs, with a value

close to [1-100/(100+ ) |-100%, since the health sector expands little (by less than

5%). The increase in public health care provision partially crowds out private health
care, which expands by approximately 0.2% less compared to public health care (or
even contracts for the lower boundary of f = 20%). The rise in the domestic consumer
price of pharmaceuticals, driven by a 42% rise in the world price of imports and a 4%
rise in the domestic producer price (see also Experiment 2a), induces a fall in final
demands of all categories (domestic and export demands), whereas intermediate

demand declines due to the more efficient use of pharmaceuticals in the health care

" This is also the condition for adoption of the technique (i.e. progres$ that per unit of output of health

care, produc‘[ion costs should fall, PD?zn . Anlzn’nlon =1.2. Pd)zn . AZ","IO" < Plj)zn . '&2","10" . where

superscripts 0, 1 indicate the situation before and after the technical change respectively.
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sector. In response, domestic commodity supply and sectoral production of the
pharmaceutical industry adjust downwards. Similarly, the foreign supply of

pharmaceuticals from imports drops due to the rise in world import prices.

The expansion of the health care sector, albeit small, brings about a rise in the health of
the unskilled and skilled population (of less than 5%), and only slightly more so for the
former as they primarily consume public health care (the difference never exceeds
0.03% and approaches zero as f rises). Consequently, effective labour supplies increase
and waiting lists fall, by less than 0.4% and 9% respectively. Factor demand changes
follow the adjustments in sectoral production and, combined with the rise in labour
market participation, induce reductions in all factor remunerations of less than 0.4%. In
addition, government transfers to household fall by 0.6% or less due to lower receipts
from taxes on products and factors so that, combined with income losses from all
factors of production, all households experience a decline in income (but of less than
0.5%). The fall in incomes becomes even less pronounced as higher productivity gains

of pharmaceuticals in health care are realised.

In absolute terms pensioners, and to a lesser extent working households with children,
suffer especially from losses in state benefits, the former also being relatively hard hit
by the fall in rental income on capital, whereas working households lose a significant
amount of labour income. Consequently, pensioners and working households suffer the
largest declines in incomes compared to non-working households, whereas in relative
terms pensioners and non-working households are relatively hard hit compared to
working households as their income, consisting largely of state benefits, is much

smaller.
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The same pattern emerges for absolute and relative welfare changes. Excluding changes
in public good provisioning, pensioners and non-working households with and without
children experience welfare losses of at most £387 million, £55 million and £77 million
respectively, whereas working households with and without children lose £283 million
and £275 million at most. Adding benefits from public good provisioning to these
figures turns the losses into gains for most households for B > 32%, with the exception
of pensioner households who benefit only for B > 41%. Overall welfare gains (including
public good provisioning) depend positively on 3 and lie in the range of -£714 million (-

0.075%) to £3.22 billion (0.34%) for the specified range for .

6.5.10 Experiment 5b: technical change in pharmaceuticals - increasing the
pharmaceutical price and productivity of all inputs in health care

The issue investigated in this experiment is that of the improvement in the cost-
effectiveness of pharmaceuticals modelled in Experiment (5a) leading to a more
efficient use of other inputs in the health service as well. Let y indicate the productivity
rise (in %) in all intermediate and factor inputs other than pharmaceuticals in health
care. Naturally, adding a y% rise in productivity of non-pharmaceutical inputs to a
given B% rise in the productivity of pharmaceuticals used in health care yields higher
welfare gains. Driving this result is that the savings in other inputs yield a greater fall in
unit cost of health care and, given the health care budget, a greater expansion of public
health care. Consequently, health care demands for pharmaceuticals fall by less and the
contraction of the pharmaceutical sector observed in Experiment (5a), and the fall in
pharmaceutical exports and imports, is less pronounced. Private health care expands
relatively (0.02 percentage points) more than public health care since the additional
productivity gains yield income gains, as opposed to losses in Experiment (5a), across

all households, who subsequently buy more of health care and other goods.
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The greater expansion of public and private health care yields higher health gains
compared to Experiment (5a). For example, adding a y = 5% rise in productivity of non-
pharmaceutical inputs to a given % rise in the productivity of pharmaceuticals yields
an additional health gain of approximately eight percentage points for both skilled and
unskilled labour, with the former benefiting relatively more as they consume more
private health care (again the difference disappears for larger ). The improved health
impacts upon effective labour supplies, which expand by an additional 0.5 percentage

points, and induces a fall in waiting lists of an extra 14 percentage points.

The larger increase in effective labour supplies, despite inducing bigger reductions in
wages and a rise in rents on capital, yields income gains for all factors of production so
that, combined with a rise in income from state benefits, all households’ income rises:
in relative terms especially for pensioners and non-working households, since they have
a much smaller income compared to working households (consisting for a large part of
state benefits); in absolute terms mainly for pensioners and working households, who
gain from increased earnings in the factor market (labour and capital) and, for
pensioners and to a lesser extent working households with children, from the rise in
state benefits. Similar conclusions follow from absolute and relative welfare changes.
The rise in public good provisioning yields significant overall welfare gains, for
example for y = 5%, and 20% < B < 100%, overall welfare gains (including public

goods) lie in the range of £7.45 billion (0.79%) to £11.6 billion (1.23%).

To put these welfare gains into perspective, if the technical change embodied in a more
expensive pharmaceutical product is such that the productivity of non-pharmaceutical

inputs in health care rises by y = 1%, then an increase in the productivity of
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pharmaceuticals in health care of B = 9% or more is sufficient to guarantee overall
welfare gains (including gains from public good provisioning; excluding the latter =
28% is required). In contrast, productivity improvements in non-pharmaceutical health
care inputs of Y = 2% do not require any productivity gains in pharmaceutical inputs for
overall welfare effects to be positive (excluding public good provisioning B = 7% is
required, and y = 3% does not require any productivity gains in pharmaceutical inputs).
In conclusion, small productivity gains (i.e. savings) in all health care inputs are

sufficient for technical progress in pharmaceuticals to enhance overall welfare.

6.6 A COMPARISON OF THE POLICIES/SHOCKS

Tables 6.5, 6.6 and Figure 6.5 to 6.9 summarise the key results of the experiments.*

The last column of Table 6.5 shows that encouraging an inflow of foreign skilled
workers of 10% (Experiment 3) generally leads to higher welfare gains than an increase
in the health care budget of 10% (Experiment 1), and certainly so if one compares the
experiments with the same model specification (i.e. Experiment 3 and 1b). In addition,
welfare gains of a 10% FNTC (Experiment 4a) or a 10% SBTC (Experiment 4b)
outweigh those realised when increasing the health care budget by the same percentage
(Experiment 1a), or when increasing the inflow of health care-specific skilled labour by
10% using immigrant labour (Experiment 3), but where the government maintains
health care-specific skilled wages (Experiment 3b), only if more than half of foreign

worker income is remitted.

%" Figures 6.5 to 6.7 report values for Experiment 3 in the absence of remittances as the effect on health

related variables is negligible. The results of Experiment 5a and b are not included as values for the
productivity gains are highly experimental.
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Table 6.5 Welfare changes in Equivalent Maations including changes in public
good provisioning’'

Scenario EVr HSE1 HSE2 HSE3 HSE4 HSE5 Overall
EXP1A Millions £] -1040 -36 -80 1169 2460 2474
% -0.49 -0.13 -0.17 0.40 0.67 0.26
EXP1B Millions £] -1460 -248 -270 657 2244 920
% -0.69 -0.93 -0.59 0.22 0.61 0.10

EXP2A Millions £ -747 -135 -178 -763 -821 -2640

% -0.35 -0.50 -0.39 -0.26 -0.22 -0.28

EXP2B Millions £ -909 -140 -188 -537 -363 -2140

% -0.43 -0.52 -0.41 -0.18 -0.10 -0.23

EXP3A 0% Millions £ 1175 284 330 1219 1052 4060
(Remittances % 0.55 1.06 0.72 0.42 0.29 0.43
in % of 50% Millions £ 1070 271 313 951 625 3231
foreign % 0.50 1.01 0.68 0.32 0.17 0.34
worker 100% Millions £ 965 258 297 683 198 2400
income) % 0.45 0.96 0.65 0.23 0.05 0.25
EXP3B 0% Millions £ -533 3 19 1984 3651 5124
(Remittances % -0.25 0.01 0.04 0.68 0.99 0.54
in % of 50% Millions £ -656 -13 -0.4 1678 3166 4174
foreign % -0.31 -0.05 0.00 0.57 0.86 0.44
worker 100% Millions £ -778 -29 -20 1371 2679 3223
income) % -0.37 -0.11 -0.04 0.47 0.73 0.34
EXPAA Millions £ 1835 394 482 1870 1720 6300
% 0.86 1.47 1.05 0.64 0.47 0.67

EXP4B Millions £ 1382 261 355 1175 952 4126
% 0.65 0.98 0.77 0.40 0.26 0.44

As expected, the picture that emerges from the welfare effects of the simulations is a lot
less optimistic if changes in public good provisioning are excluded from the welfare
measures (Table 6.6). In Experiment (1), (2b), (3) and (4) welfare gains fall and losses
rise since the expansion of the public health care sector does not constitute a welfare
gain (in Experiment (2a) welfare losses are reduced since the contraction of the public
health care sector does not constitute a welfare loss). Additionally, a 10% increase in
public health care expenditures under fully mobile factors of production (Experiment

la) yields higher welfare losses compared to a rise in the domestic consumer price of

' The EV; (change in houschold welfare) and EVy (change in overall welfare) both include changes

in public good provisioning and are reported in absolute terms (£ million) and relative to original
income, i.e. as a % of original expenditures on goods (including government consumption) and
savings. Household equivalent variations may not add up to overall welfare changes due to small
measurement errors.
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pharmaceuticals (Experiment 2). This somewhat counterintuitive result is explained by
the reduction in other expenditures (in this model, state benefits) needed to finance the
increase in the health care budget. Furthermore, only technical progress of 10% in
health care (Experiment 4) and the immigration of foreign health care-specific skilled
workers of 10% of domestic endowments, with wages adjusting accordingly and 50% or

less of income remitted abroad, are welfare enhancing.

Table 6.6 Welfare changes in Equivalent Vidgations excluding changes in public
good provisioning®

Scenario EV HSE1 HSE2 HSE3 HSE4 HSE5 Overall
EXP1A Millions £ -2390 -504 -489 -476 955 -2900
% -1.35 -3.57 -1.39 -0.21 0.31 -0.38
EXP1B Millions £ -2060 -457 -452 -80 1570 -1480
% -1.16 -3.23 -1.29 -0.03 0.50 -0.19
EXP2A Millions £ -554 -69 -120 -564 -638 -1940
% -0.31 -0.49 -0.34 -0.24 -0.20 -0.25
EXP2B Millions £ -952 -155 -201 -626 -444 -2380
% -0.54 -1.10 -0.57 -0.27 -0.14 -0.31
EXP3A 0% Millions £ 505 52 127 398 301 1384
(Remittan % 0.28 0.37 0.36 0.17 0.10 0.18
cesin % 50% Millions £ 371 29 102 77 -174 404
of foreign % 0.21 0.20 0.29 0.03 -0.06 0.05
worker 100% Millions £ 238 5 76 -246 -651 -577
income) % 0.13 0.03 0.22 -0.11 -0.21 -0.08
EXP3B 0% Millions £ -1940 -485 -407 261 2075 -496
(Remittan % -1.09 -3.43 -1.16 0.11 0.66 -0.06
cesin % 50% Millions £ -2100 -512 -436 -106 1533 -1620
of foreign % -1.18 -3.63 -1.25 -0.05 0.49 -0.21
worker 100% Millions £ -2250 -540 -466 -475 991 -2740
income) % -1.27 -3.82 -1.33 -0.21 0.32 -0.36
EXPAA Millioons £ 1023 112 236 871 806 3048
0 0.58 0.79 0.67 0.38 0.26 0.40
EXP4B Millioons £ 837 72 190 493 328 1921
% 0.47 0.51 0.54 0.21 0.11 0.25

The observed patterns from Table 6.5 nevertheless carry over to the welfare measures
excluding changes in public good provisioning: Experiment (3) still outperforms

Experiment (1) (apart from Experiment (3b), which, if approximately 50% or more of

32" In absolute terms and relative to original income, i.e. expenditures on goods (excluding public goods)

and savings. Household EVs may not add up to the total due to small measurement errors.
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foreign worker income is remitted, yields higher welfare losses compared to Experiment

1b), and Experiment (4) yields the greatest welfare gains.

Nevertheless, as is obvious from Figures 6.5, 6.6 and 6.7, if the government maintains
health care-specific skilled wages (Experiment 3b), attracting foreign workers performs
better in terms of health status, participation in the labour market and reducing the
waiting list compared to technological change in the health sector (Experiment 4) and
increasing the health care budget (Experiment 1). If the government allows health care-
specific skilled wages to adjust (Experiment 3a), such a policy still yields greater health
and labour market participation gains compared to an increase in health expenditures
using the same model specification (i.e. Experiment 1b), but it does only better than

skill-biased, not factor-neutral, technical change in the health care sector.

The latter policy of a 10% increase in the health budget yields relatively low health and
welfare gains if specificity of skilled labour and high-tech capital in health care
(Experiment 1b) is taken into account, if one acknowledges the welfare effects from
changes in public good provisioning (see Table 6.5). Pharmaceutical price rises
(Experiment 2) also lower welfare. Otherwise, using Table 6.6, any measure which
curbs the expansion of the health care sector and associated costs, e.g. the presence of
health care-specific factors (Experiment 1b relative to la) or not maintaining NHS
provision levels when pharmaceutical prices rise (Experiment 2a relative to 2b), reduces

welfare losses.
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Figure 6.5 Change in health status
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The negative welfare effects of a 20% rise in the domestic consumer price of
pharmaceuticals may become welfare gains if it is assumed that the more expensive
pharmaceutical product embodies a technical (quality) improvement, which makes the
health care sector more efficient in terms of the use of pharmaceuticals and other inputs
(Experiment 5). It was found that small productivity gains across a wide range of health

care inputs are sufficient to enhance overall welfare.

Figure 6.8 Changes in household welfare (incl.
public goods)
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Furthermore, according to Table 6.5 and Figure 6.8 household interests do not always
align. Technical change (Experiment 4) benefits and thus will be supported by all
households. The same is true for foreign health care-specific skilled workers coming to
work in the UK at an endogenous wage (Experiment 3a), although in this case domestic
health care-specific skilled workers lose out. Conversely, pharmaceutical price rises
(Experiment 2) make all households worse off and thus will be unpopular with all
households. With respect to the remaining policies, household interests differ strongly.
Government policy aimed at encouraging highly skilled foreign doctors and nurses to
come and work in the UK at the current wage will benefit working households, whilst
non-working households, and especially pensioner households, generally lose. A similar
argument holds with respect to an expansion of the government budget on health care,
which will have to be at the cost of other government expenditures (here transfers to
households, on which pensioners and non-working households rely relatively heavily as
a source of income). Excluding direct improvements in well-being from public good
provisioning generally, apart from Experiment (2a), lowers the values of the equivalent
variations so that fewer households gain and those that were already losing, lose by

more (Table 6.6 and Figure 6.9).

Whereas it is useful to rank the experiments based purely on the outcomes, from the
perspective of policy making, a proper evaluation of policies necessitates a comparison
of the outcomes relative tothe costs of implementation. The policies which improve the
productivity of health care inputs via technical change that is factor-neutral or skill-

biased are essentially ‘free lunches’ in the sense that these policies come at no
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additional cost to the government®, so that - based on solely the two overall welfare
measures - these experiments are found to outperform the policy of increasing the health
care budget.”* Whether this conclusion still holds if costs faced by the government are
taken into account remains an empirical question and no estimates are available as yet to
comment on this. Further insights into the policy of technical change in health care may
be obtained by translating the effects in terms of the rise in the government budget on
health care required to obtain the same overall welfare gain (including public good
provisioning). It can be shown that an increase in government expenditures on health
care of 37.9% yields the same overall welfare gain as when implementing a 10% factor-
neutral technical change (Experiment 4a), whereas an increase of 19.1% results in an

identical rise in overall welfare as a 10% skill-biased technical change (Experiment 4b).

With respect to the policies of importing health care-specific skilled labour and
technical change which improves the cost-effectiveness of pharmaceuticals in health
care, some additional costs could have been involved, respectively, in terms of wage
payments and a more expensive pharmaceutical product. However, in Experiment (3a)
and (5) the government budget was held fixed. Hence, the conclusion, that a policy of
encouraging foreign skilled workers equal to 10% of domestic endowments to come and
work in the UK health sector, whilst allowing their wage to adjust, outperforms the
policy of a 10% increase in the health care budget (especially using the same model

specification), remains valid once additional costs to the government are accounted

33 These technological improvements may be funded by, say, charitable institutions, or may have been

made in other countries yet be freely available.

3 Technical change in factors is imposed exogenously and not modelled as an endogenous process.
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for.> Only in Experiment (3b) do government expenditures on health care rise so as to
sustain health care-specific skilled wages. Specifically, when foreign worker income is
remitted, government health expenditures have to rise by 11.64% to sustain their wage.
Such an increase in expenditures per se can be shown to yield a rise in welfare including
changes in welfare from public good provisioning of respectively £2.808 billion (£1.038
billion) in the presence of mobile (health care-specific) factors, i.e. using the model
specification of Experiment (1a) (1b). These gains are lower than those following from
the immigration policy such that, again, the conclusion must be that immigration of
foreign skilled workers at the current wage, even when the costs to the government of

such a policy are acknowledged, yields higher overall welfare gains.*®

6.7 SENSITIVITY ANALYSES

In Chapter 1 it was noted that one of the main weaknesses of CGE modelling is the
sensitivity of results to assumptions made, for example with regards to the behaviour of
agents, the functioning of markets and the choice of key parameter values. Whereas
Experiments (1) to (5) have tested the results for sensitivity with respect to especially
the first two types of assumption, this section reports on the sensitivity of the results to
alternate parameter specifications. In Chapter 2 it was shown that the effects of changes
in health care provision on non-health care outputs crucially depend upon the magnitude
of the elasticity of effective labour supply with respect to health care, i.e. the waiting list

elasticity and the dependency ratio. Whereas the latter has been empirically estimated in

% Such conclusions with respect to Experiment (5) cannot be made due to the uncertainty regarding the

productivity gains in health care relative to the price increase of pharmaceuticals.

36 Using the indicator of changes in private welfare, an 11.64% rise in the government budget on health

care results in welfare losses of £3.448 and £1.741 billion respectively using the model specification
of Experiment (1a) and (1b). Hence, only if more than 50% of foreign worker income is remitted, an
increase in the health care budget of 11.64% will yield lower welfare losses, using the same model
specification.
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Section 6.4.4, the waiting list elasticity parameter has been assigned a value of 2. Given
that no reliable estimate exists, the sensitivity analyses focus mainly on that waiting list
elasticity (&).”” The remainder of this section investigates the sensitivity of the results

to the elasticities of transformation and substitution.

6.7.1 Waiting list elasticity

Firstly, values for this parameter are varied while adhering to the assumption of equal
elasticities across labour types. Secondly, this section considers unilateral changes in the
waiting elasticity for skilled labour, whilst keeping the waiting list elasticity for
unskilled labour at the benchmark level of 2. The former procedure tests the sensitivity
of model results to the effectiveness of a change in health care provisioning in treating
and/or curing people across all labour types, whereas the latter procedure shows how
model outcomes are altered by allowing for skill-biased health effects - implying that a
given increase in health care provisioning treats and/or cures more skilled workers
relative to unskilled workers.”® As altering the level of the waiting list elasticity
impinges upon the effectiveness of a change in health care provisioning, the sensitivity
analysis is carried out for Experiment (1a), which simulates an increase in public health

care expenditures. The observed patterns carry over to the other experiments.

The results of Experiment (1a) are relatively robust to skill-biased and skill-neutral
changes in the waiting list elasticity - differences are generally within the margin of 1-2
percentage points - though the sign of effects and magnitudes for health (care) and

labour market related variables (including changes in welfare) is affected. When

37" Subscripts are omitted for simplicity. The waiting list elasticity is referred to in absolute value.

¥ In other words, health care expenditures are either targeted more towards skilled workers or skilled
workers respond better to treatment.
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simulating a 10% increase in levels of NHS care (Experiment la), the following

patterns can be observed from uniform increases in the waiting list elasticities:

The higher the waiting list elasticity, the more the non-participation rate and the size of
the waiting lists are reduced for a 10% increase in public health care expenditures.
Eventually, the more pronounced expansion in effective labour endowments ensures
that the production of all goods rises. This includes both public and private health care
provisioning, which in turn magnifies the positive health effects. Skilled and unskilled
labourers are relatively less scarce in supply, so that wages for both labour types fall
whereas rents on capital rise. As more people return to the labour force and so more is
produced in the economy for a given increase in NHS expenditures, the government
sees its tax revenue rise so that it needs to reduce transfer payments to households by
less in order to finance the increase in the health care budget. Consequently, more and
more households gain; at first only working households, but for higher levels of the
waiting list elasticity also pensioners and non-working households. Overall welfare
(including government consumption of goods) rises for relatively low values of the
waiting list elasticities (the boundary value is 0.375) and increases by more for higher
values. The overall welfare measure which ignores direct improvements in well-being
from public good provisioning requires much higher waiting list elasticity values for

welfare effects to become positive (the boundary value is 4.285).

Skill-biased increases in the waiting list elasticities reveal much the same tendencies,
except when it comes to labour market variables; a given 10% increase in public health
care expenditures reduces the non-participation rate and the size of the waiting list for

skilled labour by more, the higher the waiting list elasticity for skilled labour. Given
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that the waiting list elasticity for unskilled labour remains at the benchmark level of 2,
the changes in the non-participation rate and the waiting list for this type of labour in
Experiment (1a) are not affected by the increase in the waiting list elasticity. For higher
levels of the waiting list elasticity of skilled labour relative to unskilled labour, only
skilled labour becomes relatively less scarce in supply, so that wages for skilled labour
fall, whereas rents on capital and unskilled wages rise. Comparison of the sensitivity of
overall welfare changes in Experiment (1a) to uniform and skill-biased changes in the
waiting list elasticity reveals that welfare gains are lower if the waiting list elasticity for
unskilled labour lags behind that of skilled labour, i.e. if the change in NHS treatment

levels treats and/or cures relatively more skilled workers.

The effect of changing the waiting list elasticity is illustrated in Figure 6.10 for a
selection of variables. Results are reported for uniform or skill-biased changes in the
waiting list elasticities, where the relevant elasticities parameters are set to values of 0,
1... 10 (in scenario sc0, scl... sc10, respectively).” A waiting list elasticity of zero
illustrates the direct impact of additional health expenditures on the economy (and
welfare), and suppresses the indirect effects of improving (household) income through
increased labour market participation. This may be interpreted as the short run
economic impact of expanding health care, as opposed to the long run in which
consequent health improvements materialise. For completeness, the impact of uniform
changes in the waiting list elasticities for the remaining experiments are reported as well
in Tables 6.7 and 6.8, using indicators of overall welfare changes which respectively

include and exclude public goods.

% For skill-biased changes, the waiting list elasticity for unskilled labour remains at a level of 2,

whereas the skilled waiting list elasticity adopts aforementioned values.
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Figure 6.10 Sensitivity of results in Experimat (1a) to the waiting list elasticity
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Table 6.7 Relative change in overall welfare (incl. public goods)

Experiment Scenario:e
0 1 2 3 4 5 6 7 8 9 10
la 20.065 | 0.104 | 0261 | 0407 | 0.542 | 0.667 | 0.783 | 0.889 | 0.988 | 1.078 | 1.161
1b -0.030 | 0.034 | 0.097 | 0.161 | 0224 | 0288 | 0351 | 0414 | 0476 | 0537 | 0.598
2a -0.200 | -0.239 | -0.279 | -0.321 | -0.363 | -0.408 | -0.453 | -0.501 | -0.550 | -0.602 | -0.655
2b -0.213 | -0.220 | -0.226 | -0.232 | -0.238 | -0.244 | -0.251 | -0.257 | -0.264 | -0.271 | -0.277
3a -0% 0232 | 0331 | 0429 | 0525 | 0619 | 0710 | 0.799 | 0.885 | 0.969 | 1.048 | 1.125

3a-50% 0.143 0.243 0.341 0.438 0.532 0.624 0.713 0.800 0.883 0.963 1.040
3a-100% 0.054 0.155 0.253 0.350 0.445 0.538 0.627 0.714 0.798 0.878 0.955
3b -0% 0.211 0.379 0.541 0.696 0.843 0.981 1.109 1.228 1.338 1.438 1.529
3b-50% 0.110 0.279 0.441 0.596 0.743 0.881 1.009 1.128 1.237 1.337 1.428
3b - 100% 0.009 0.178 0.340 | 0.496 0.643 | 0.780 0.909 1.028 1.137 1.237 1.328
4a 0.430 0.550 0.665 0.775 0.879 0.978 1.072 1.161 1.246 1.325 1.401

4b 0.277 0.358 0.436 0.512 0.586 0.657 0.727 0.794 0.859 0.922 0.983

Table 6.8 Relative change in overall welfare (excl. public goods)

Experiment Scenario:¢
0 1 2 3 4 5 6 7 8 9 10

la -0.765 | -0.564 | -0.377 | -0.204 | L0.044 | 0.105 | 0.242 | 0369 | 0485 | 0.592 | 0.691
1b -0.339 | -0.266 | -0.193 | -0.120 | :0.046 | 0.027 | 0.100 | 0.172 | 0.243 | 0314 | 0.383
2a -0.159 | -0.205 | -0.253 | -0.302 | -0.353 | -0.405 | -0.460 | -0.516 | -0.575 | -0.635 | -0.699
2b -0.295 | -0.302 | -0.309 | -0.317 | -0.324 | -0.331 | -0.339 | -0.347 | -0.354 | -0.362 | -0.370
3a-0% -0.046 | 0.068 | 0.180 | 0.290 | 0.398 | 0.503 | 0.605 | 0.704 | 0.799 | 0.891 | 0.979
3a-50% -0.175 | 20.060 | 0.053 | 0.163 | 0271 | 0377 | 0480 | 0579 | 0.674 | 0.766 | 0.855
3a-100% -0.303 | -0.188 | 0.075 | 0.036 | 0.145 | 0251 | 0.354 | 0.454 | 0.550 | 0.642 | 0.730
3b -0% -0.427 | -0.243 | -0.064 | 0.106 | 0.267 | 0.418 | 0.559 | 0.689 | 0.809 | 0.919 | 1.019
3b-50% -0.574 | -0.389 | -0.210 | 0.040 | 0.121 | 0272 | 0413 | 0.544 | 0.663 | 0.773 | 0.872
3b - 100% -0.720 | -0.535 | -0.356 | -0.186 | =0.025 | 0.127 | 0.267 | 0398 | 0.517 | 0.627 | 0.726
4a 0.117 | 0.260 | 0396 | 0.526 | 0.650 | 0.768 | 0.879 | 0.985 | 1.085 | 1.180 | 1.269
4b 0.061 | 0.157 | 0250 | 0.340 | 0428 | 0513 | 0.596 | 0.676 | 0.753 | 0.828 | 0.900

The shaded areas indicate values for the waiting list elasticity in between which a sign
change occurs. As the results show, for the welfare indicator which acknowledges the
direct improvements in well-being from better health (Table 6.7) such changes occur
only for Experiment (1), but at a relatively low level (less than 1). The welfare indicator
which does not incorporate direct gains in well-being is less robust and changes sign in
Experiments (1) and (3). For the former the change occurs at a relatively high level of
the elasticity (between 4 and 5), whereas for the latter experiment the sign change
occurs at a low level (less than 1), but gradually moves up if more remittances are sent

home (and if the health-care specific skilled wage is maintained at pre-shock levels).
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Figure 6.11 Combinations of the waiting kt elasticity and the rise in the
government health budget yielding identtal overall welfare gains (incl. public
goods) - using the model spedtfation of Experiment (1a)
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The importance of making the additional health care expenditures count, i.e. ensuring
‘value for money’, is shown in Figure 6.11 by plotting the increase in the government
health budget required to achieve the same overall welfare gains (including gains from
public good provisioning) as a 100% rise in this budget assuming a waiting list
elasticity of 2, when the waiting list elasticity for skilled and unskilled labour (in
absolute value) rises incrementally by 50 percentage points, using the model
specification of Experiment (la). It shows the potential savings in the government
health budget when the additional expenditures are more effectively treating and/or
curing people. For example, an increase in the waiting list elasticity for skilled and
unskilled labour from 2 to 3 requires a rise in public health expenditures of only 28.5%

compared to 100% before, yielding savings in public health expenditures of 71.5%.
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6.7.2 Elasticities of substitution and transformation

This section assesses the sensitivity of the results to the elasticities of substitution (og)

and transformation (o) in the CES and CET functions respectively, as well as the
elasticity of substitution in the value-added composite, referred to in this section as
oy .* The former two elasticities were assigned values of 2 in the SCGE model,
whereas the latter, which uses the CD functional form, has been assigned a value of 1.
The alternative values that are considered are 50% and 200% of the original values.*!
These changes are introduced separately for the respective elasticities and the impact
upon key welfare indicators is shown in Table 6.9 and 6.10, reporting changes in overall

welfare including public goods and excluding public goods respectively.*

Table 6.9 Relative change in overall welfare (incl. public goods)

% change in overall Scenario:

Welfareggggg)DUb“C elazzcsjl?les OSO'V 20'\/ OSO'S 20'5 OSUT ZO'T
Experiment la 0.261 0.263 0.261 0.261 0.262 0.261 0.262
Experiment 1b 0.097 0.060 0.143 0.097 0.098 0.097 0.098
Experiment 2a -0.279 -0.280 | -0.279 | -0.278 | -0.283 -0.279 | -0.279
Experiment 2b -0.226 -0.226 | -0.226 | -0.231 -0.221 -0.224 | -0.226

Experiment 3a -0% 0.429 0.454 0.394 0.429 0.428 0.429 0.429

Experiment 3a - 50% 0.341 0.371 0.303 0.341 0.341 0.341 0.341

Experiment 3a - 100% 0.253 0.287 0.212 0.253 0.253 0.254 0.253

Experiment 3b -0% 0.541 0.535 0.544 0.541 0.542 0.541 0.542

Experiment 3b - 50% 0.441 0.434 0.445 0.440 0.442 0.441 0.441

Experiment 3b - 100% 0.340 0.333 0.345 0.339 0.342 0.340 0.341
Experiment 4a 0.665 0.667 0.664 0.665 0.666 0.665 0.666
Experiment 4b 0.436 0.437 0.435 0.436 0.436 0.435 0.436

% Subscripts are omitted for simplicity.

*1" This is conform common practice. Devarajan et al. (1997, p166 and further) note that with respect to

the elasticity of substitution and transformation, for developed countries, its value is likely to lie
above 1. Trade is usually with similar high-income countries and goods are of the same high quality
and so highly substitutable. See also footnote 15.
2 Experiment 5 is not shown in the table, though unreported simulations confirm that welfare changes
from changing the respective elasticities are negligible for any combination of gamma and beta.
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Table 6.10 Relative change in overall welfare (excl. public goods)

% change in overall Scenario:

Welfarzé%);(;lj public elaz'fifi?ies 0.50y 20y 0.50¢ 20g 0.507 207
Experiment la -0.377 -0.378 | -0.377 -0.377 | -0.378 | -0.376 | -0.378
Experiment 1b -0.193 -0.154 | -0.242 -0.192 | -0.194 | -0.192 | -0.194
Experiment 2a -0.253 -0.252 -0.253 | -0.303 | -0.192 | -0.240 | -0.259
Experiment 2b -0.309 -0.308 -0.310 | -0.354 | -0.256 | -0.298 | -0.314

Experiment 3a - 0% 0.180 0.135 0.226 0.179 0.181 0.180 0.180

Experiment 3a - 50% 0.053 0.014 0.093 0.046 0.060 0.046 0.059

Experiment 3a - 100% -0.075 -0.107 | -0.040 | -0.087 | -0.062 | -0.088 | -0.062

Experiment 3b -0% -0.064 -0.089 | -0.052 | -0.064 -0.065 | -0.063 | -0.066

Experiment 3b - 50% -0.210 -0.234 | -0.200 | -0.216 | -0.204 | -0.217 | -0.204

Experiment 3b - 100% -0.356 -0.379 | -0.347 | -0.369 | -0.343 | -0.371 -0.342
Experiment 4a 0.396 0.386 0.402 0.396 0.397 0.397 0.396
Experiment 4b 0.250 0.231 0.260 0.250 0.250 0.250 0.250

The results of the analyses indicate that, generally, the direction of effects is unaffected
or not much affected by the changes in elasticity values, though magnitudes differ.
Generally speaking, greater quantity changes are observed as elasticities are increased
and smaller price changes, which conforms to expectations. This, naturally, impacts

upon the magnitude of macroeconomic variables. Some peculiarities are commented on.

Changing the CD function for value-added into a CES function, with the elasticity of

substitution between factors (oy ) equal to 0.5 and 2 respectively, impacts particularly

upon factor markets (i.e. factor prices and sectoral employment). A higher elasticity
implies that factors are more easily substitutable so that factor price changes are
dampened. In Experiment (1b), for example, the constraint imposed by the presence of
specific factors becomes less stringent as the elasticity of substitution between factors is
increased so that higher welfare gains are reported in Table 6.9, whereas in Table 6.10
higher welfare losses are reported since a greater expansion of the health care sector
does not constitute a direct improvement in well-being (indeed, via the reduction in
government transfers, they imply a welfare loss). Simulations using Experiments (1),

(3) and (4) reveal that factor price changes may change sign so that households’
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earnings from factors of production may change from positive (negative) to negative
(positive) as well. This holds especially for capital since each household’s capital
endowment is fixed. The impact upon overall household income is nevertheless

negligible in the sense that no sign changes occur there.

Alternative values for the elasticity of substitution in the Armington composite (og)

principally affect domestic supply of goods (and sectoral production), imports and
hence (as the trade balance is fixed) exports and all related prices. Simulations of
Experiments (2) and (5) reveal that changes in some of these variables may change in
sign when varying the elasticity. This has repercussions for factor markets as well. It
appears that in Experiment (2), for a greater substitution elasticity (of around 4) the
domestic production of pharmaceuticals expands (and imports contract) to such an
extent that factor reward changes generally change from negative to positive. Combined
with lower reductions in state benefits eventually, i.e. for sufficiently high elasticity
values, all households’ incomes rise. Due to the contraction of the health care sector
welfare losses are still reported. In Experiment (5), the previously reported productivity
improvements in health care which were sufficient for an expansion of the health care
sector or an increase in overall welfare variables are no longer sufficient for higher
values of the elasticity of substitution. Consequently, the lower boundary values for

productivity improvements to yield overall welfare gains must go up.

Variations in the elasticity of transformation in the CET composite ( o ) affect the same

variables. For example, using Experiment (2), it can be shown that for a greater

elasticity of transformation (of around 4), domestic production of pharmaceuticals falls.
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This however does not yield any major changes in terms of remaining model variables,

including health, household income and welfare variables.

6.8 CONCLUSIONS

This chapter has presented results from a Static Computable General Equilibrium
(SCGE) model applied to the UK, which incorporates interactions between public and
private health care, outputs of non-health goods and national welfare in a small open
economy. The effects on welfare of higher provision may come through direct gains
affecting the well-being of households, distinguished by the age and working status of
its members, and indirectly through increases in the effective (i.e. ‘able to work’)
endowments of skilled and unskilled labour for use in non-health activities. The
endogenous labour supply, i.e. working time, effect of changes in the quantity of health
care provided are modelled, whilst recognising the resource claims this requires in terms
of capital and, more importantly, labour inputs. Endogeneity of effective labour
endowments is achieved by using an artificial ‘waiting list’ variable, which records the
working time lost due to ill health by skill type. The size of the waiting list is indirectly,
via a health status measure, determined by the levels of National Health Service (NHS)

and private health care provisioning.

The model is calibrated in MPSGE (Mathematical Programming System for General
Equilibrium analysis) to the purpose-built UK dataset for the year 2000 and
subsequently employed in a variety of simulations covering current health care issues in
the UK. The model files are documented in the appendix to Chapter 6 and available in

electronic form from the author upon request.
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The simulation results reveal that a 10% increase in government expenditures on the
NHS (£5.384 billion), while drawing away resources from other non-health related
sectors and its private counterpart, leads to an overall welfare gain of £2.474 billion (a
relative gain of 0.26%) through increased worker (and capital) incomes and direct
increases in the well-being of the population. The overall welfare gain is reduced to
£920 million (a relative gain of 0.1%) if health care-specific skilled labour and capital in
the short run are accounted for and shows the importance of tackling rigidities in the

health sector.

A 20% rise in the domestic consumer price of pharmaceuticals, one of the main
intermediate inputs into health care, has adverse overall welfare effects of £2.64 billion
(0.28% in relative terms) through falling household incomes and direct decreases in the
well-being of the population. These welfare losses are mitigated by $500 million if the
government allows the health care budget to grow by 1.8% so as to cover additional

costs of health care provision and maintain previous treatment levels under the NHS.

The immigration of health care-specific skilled workers equal to 10% of domestic health
care-specific skilled endowments alleviates the shortage of highly skilled workers in
UK health care. As the latter labour type’s wages fall, the same government health
budget allows for more people to be treated and cured. Consequently, overall welfare
rises by £4.06 billion (a relative gain of 0.43%), which can be shown to derive from a
rise in income for all non-health care-specific factors, the additional foreign worker
income, which remains in the economy in the absence of remittances, an increase in
state benefits and direct improvements in population well-being. The effect of remitting

foreign worker income abroad is to reduce the welfare gains; ultimately, if all income is
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remitted, to a level £2.4 billion (a relative gain of 0.25%). If the government invites
these foreign skilled doctors and nurses to the UK at a wage equal to the pre-
immigration level, public health expenditures have to rise by 11.6% inducing even
larger increases in NHS provision levels (and lower private provision levels) compared
to a situation where the wage would not be kept at the original level. As a result, overall
welfare gains are higher and amount to £5.124 billion (0.54% in relative terms). As
before, these gains fall in the presence of remittances, ultimately to £3.223 billion (a

relative gain of 0.34%) if all foreign worker income is remitted.

Technical change in all factors employed in health care (Factor-Neutral Technical
Change, FNTC), modelled as a 10% rise in the productivity of these factors, results in a
reduction in the unit costs of health care provision of 5.6% and, given the health care
budget, an equivalent rise in the production of health care. The consequent gains in
income from state benefits, income from factors of production, and direct improvements
in population well-being yield overall welfare gains of £6.3 billion (0.67% in relative
terms). If the technical change in health care is confined to skilled labour (Skill-Biased
Technical Change, SBTC), the health care provision increase and reduction in unit costs
are approximately two percentage points smaller compared to FNTC, giving rise to

lower overall welfare gains of £4.1 billion (a relative gain of 0.4%).

The final simulation models technical change embodied in pharmaceuticals which gives
rise to a 20% increase in the domestic consumer price and a more effective
pharmaceutical product in the health sector. The simulations reveal that a 20% rise in
the productivity of pharmaceuticals in health care only is sufficient for the health sector

to expand, whereas a 30% productivity rise is sufficient to ensure overall welfare gains.
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In that situation the direct improvements in well-being counteract the private welfare
losses from falling factor incomes and state benefits. If the technical change embodied
in pharmaceuticals also ensures a more efficient use of non-pharmaceutical inputs into
health care, overall welfare gains are shown to rise. This result is driven by a greater
expansion of public health care, a bigger increase in effective labour endowments,
yielding a rise in income from all factors of production, a rise in income from state
benefits and greater direct improvements in well-being. A rise in the productivity of
non-pharmaceutical inputs into health care of 2% is sufficient to guarantee overall

welfare gains.

Distributional effects of the counterfactual simulations are unequal across sectors,
factors and households. Firstly, with respect to sectoral effects, changes in public health
care provision seem to particularly impact upon its private counterpart and health-
related sectors, i.e. the pharmaceutical industry and the sector producing medical,
precision and optical instruments. Specifically, an expansion of the public health care
sector may crowd out private health care provision, for example when public health
expenditures rise, and via input-output linkages increase the price of pharmaceuticals
and medical instruments. On the other hand, if an intermediate input such as
pharmaceuticals becomes more expensive this yields a contraction in both public and
private health care (unless of course the government maintains levels of public
provisioning). In sum, input-output linkages seem decisive in explaining variations in

production across sectors.*’

" The role of relative factor-intensities in sectoral effects will be assessed in Chapter 7, where an

attempt is made to draw parallels with the results of Chapter 2.
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Secondly, with respect to the impact on skilled and unskilled workers, unskilled
workers are at least as well off, and frequently better off, in terms of improvements in
health status and labour market participation relative to skilled workers. The former
type of workers largely benefits from public health care, whereas some of the latter
consume private health care which, as shown, often becomes more costly and less
available. Another contributing factor is that the health expenditure’s leverage is
assumed greater for unskilled labour relative to skilled labour. Depending on changes in
relative factor demands and (effective) supply of labour endowments, factor
remunerations rise or fall. If effective labour endowments rise and wages fall, a rise in
labour income is often observed (the exception being SBTC where skilled labour
income falls, a rise in the price and productivity of pharmaceuticals in health care where
income from skilled and unskilled labour falls, and the immigration of health care-
specific skilled labour under endogenous wages where the wage income of the domestic
endowments of this type falls, and, in the presence of remittances, unskilled labour
income falls). Hence, the endowment-enhancing effect of an expansion in health care

provision often, though not generally, outweighs the negative wage effect.

Thirdly, with respect to the impact of health-related policies or shocks on households, a
distinction can be made between households with and without working members.
Working households benefit indirectly from health improvements through increased
participation in the labour market and directly from improvements in well-being from
changes in public good provisioning (of which pensioners and working households
receive a relatively large share). Non-working households and the majority of
pensioners only profit from the latter. Furthermore, while pensioners and working

households with children receive a relatively large proportion of state benefits, relative
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to household income pensioners and non-working households rely most heavily on this
source of income. Hence, if the expansion of the health sector, as follows for example
from a rise in the government budget on health care or the immigration of foreign health
care-specific skilled workers at the current wage, is financed from a reduction in state
benefits, these households are generally found to lose out as opposed to working
households who gain. If the health sector contracts, as when the pharmaceutical price
rises, this works to their advantage, because in this case these households do not suffer
from losses in labour income due to lower treatment levels. Nevertheless, since the
income from state benefits falls, relative to their original income or welfare these
households are still worse off. If the income from this source rises, as in the case of
immigration of foreign skilled labour at an endogenous wage, and technical change in
factors employed in health care, pensioners and non-working households are, in relative

(though not absolute) terms, better off than working households.

A ceteris paribus comparison of the policies/shocks in terms of their impacts upon
overall welfare, whilst accounting for cost differences and, where possible, using the
same model specification, reveals that encouraging a 10% inflow of foreign health care-
specific skilled workers to come and work in the UK health sector yields higher welfare
gains compared to a 10% rise in the health care budget. FNTC and SBTC of 10%,
whose implementation is costless, also outweigh the welfare gains of the latter policy
and perform better compared to the immigration policy, but if the wage is kept at the
original level, a 10% SBTC will only do better if more than half of foreign worker
income is remitted. The policies of FNTC and SBTC were demonstrated to be
equivalent to a rise in the NHS budget of 38% and 19% respectively, showing the

potential savings of such technical improvements. In terms of health status and labour
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market participation, the immigration of health care-specific skilled workers at the
current wage does better than the FNTC and SBTC and increasing the health care
budget by 10%. Immigration at an endogenous wage outperforms both the increase in

the health care budget and SBTC, but not FNTC.

A ceteris paribus comparison of the policies/shocks in terms of their impact upon
household welfare reveals that the policies of SBTC, FNTC and immigration of health
care-specific skilled workers at a flexible wage benefits and thus will be supported by
all households (though in case of the latter not by domestic health care-specific skilled
workers who earn less), whereas a rise in the price of pharmaceuticals will make all
households worse off and thus will be uniformly unpopular. Technical change in
pharmaceuticals, yielding a more expensive but more effective product, will be
welcomed by all households if productivity gains in pharmaceuticals and other inputs in
health care are high enough. Immigration of aforementioned workers at the current
wage and an increase in government expenditures benefits working households and
generally harms non-working households and pensioners so that the former will support

and the latter will object to such policies.

A sensitivity analysis of the elasticity of the waiting list with respect to health status, for
which reliable estimates do not exist, suggests that, in the presence of increasingly
strong skill-neutral health effects, an expansion of NHS care following from a 10%
increase in the health care budget, although representing an immediate cost to society,
may lead to substantial welfare gains in the long-run through increases in effective
labour supply and production, and by enhancing the tax earning ability of the

government which benefits both working households (in terms of wage income) and
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non-working households (in terms of income from state benefits). Overall welfare is
shown to rise for relatively low values of the waiting list elasticity (between 0 and 1). A
rise in the waiting list elasticity has been shown to significantly reduce the health
budget increase required to attain a certain overall welfare gain and demonstrates the
importance of ensuring ‘value for money’ by some technical or administrative
improvement in health care. Skill-biased increases in the waiting list elasticity are also
considered so as to test the assumption of skilled workers being treated more
effectively. Welfare gains rise but are found to be lower relative to those from skill-
neutral increases in the waiting list elasticity. The remaining experiments are relatively
robust to changes in the waiting list elasticity in the sense that with respect to overall
welfare only magnitudes vary but no sign changes occur. The same conclusion follows
from a sensitivity analysis for the elasticities of substitution and transformation:
although sign changes do occur for some variables, the impact of changing the

respective elasticities upon overall welfare is negligible.
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CHAPTER 7

CONCLUSIONS

This chapter presents the main conclusions of this thesis. Before summarising the main
results, in an attempt to answer the research questions posed in the introductory chapter,
deriving policy implications, and outlining limitations and recommendations for future
research, the chapter commences with a comparison of the results of the theoretical
model (Chapter 2) and the empirical model (Chapter 6) used to study the economic

impact of health care provision.

7.1 A SYNTHESIS BETWEEN THEORY AND APPLICATION?

Two of the major contributions of this thesis are Chapter 2, which presented the
theoretical model casting light on some of the resource allocation issues related to the
provision of health care, and the applied SCGE model of Chapter 6, which in essence
accomplishes the same objective but, given its applied nature, allows for a more
accurate and detailed modelling of the UK economy, its health care system, health and
welfare effects. A logical avenue of research is therefore to compare the outcomes of
these two components, insofar as the model specifications allow, and investigate
whether or not the predictions that were made in the theoretical model are validated by
the applied model. Although in theory three ‘simulations’ may be compared (being an
increase in the government budget under the assumption of respectively, mobile and
specific factors; the immigration of health care-specific skilled labour; and technical
change in factors of production), the comparisons are initially limited to the first of

these, for which the pair-wise comparison of Chapter 2 and Chapter 6 is the least
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demanding in terms of parameter restrictions. If no analogy of outcomes between
Chapter 2 and Chapter 6 with respect to this simulation holds, one may reasonably

argue that the same is true for the remaining experiments carried out with both models.

The Heckscher-Ohlin (HO) model predictions of the effects of an increase in public
health expenditures have been outlined in Table 2.3. For given relative factor-intensities
in health care and the two tradables sectors and a given size of the waiting list elasticity
times the dependency ratio, i.e. the elasticity of effective labour supply with respect to
health care, this table presents the rankings of relative output changes. The variant of the
theoretical model that is closest to the SCGE model is given by Case 2, as explained

below.

Firstly, using Table 5.7, the ratio of payments to skilled and unskilled labour by sector
and in total gives the following ranking in decreasing order of skill-intensity for sectors
and overall labour endowments (with mobile factors of production): 24.34 (sector 8),
13.63 (sector 9), 13.41 (sector 5), 7.83 (sector 2), 5.24 (sector 10, i.e. the health sector),
4.11 (overall endowment ratio), 3.85 (sector 11), 3.22 (sector 3), 2.74 (sector 7), 2.73
(sector 4), 2.08 (sector 6) and 0.67 (sector 1). Hence, the health sector is relatively skill-
intensive (ranked in fifth position), its intensity in skills exceeding that of the overall
endowment ratio, which itself exceeds the intensity of some six sectors. Given that the
health sector is not the only sector with a skill-intensity exceeding that of the overall

endowment ratio, Cases 4 to 7 are ruled out.

Furthermore, from Section 6.4.4 the elasticity of effective labour endowments with
respect to health care (in Chapter 6 the health status variable) is close to zero, equalling

0.06 for skilled labour and 0.09 for unskilled labour, which rules out Cases 1 and 3.
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Using Case 2, the theoretical model predictions are that ‘on average’ the relatively skill-
intensive sectors (sectors 2, 5, 8 and 9) contract and the relatively unskilled-intensive
sectors (sectors 1, 3, 4, 6, 7 and 11) and the health sector expand.1 In the SCGE model
the health care sector is skill-intensive in that its skilled-unskilled ratio is greater than
the endowment ratio, so that an expansion of health care will reduce the skilled-
unskilled endowment ratio for the rest of the economy. However, the skill-intensity for
health is only just above the endowment ratio, so we would expect the ‘correlation’ to
be low. Does the SCGE model behave accordingly? The changes in the production of

sectors (variable X in the model) are reported in the second column of Table 7.1.

Table 7.1 Relative changes in sectoral production in the SCGE model (%)

Sector Experiment 1a| Experiment 1b
8. Finance -0.125 -0.011
9. Public administration and defence -0.023 0.033
5. Energy -0.191 -0.104
2. Pharmaceuticals 5.233 1.819
10. Health care 8.245 2.876
1. Primary -0.310 -0.122
3. Medical instruments 2.086 0.793
4. Other manufacturing -0.211 -0.091
6. Construction 0.052 0.258
7. Distribution and transport -0.123 -0.070
11. Other services -0.142 -0.096

Note: the shaded rows represent the outcomes of the relatively skill-intensive sectors.

Sectors 5, 8 and 9 do contract, albeit mildly, but the pharmaceuticals sector expands.
This suggests that, following a rise in the health care budget and the consequent
expansion of the health sector, the increased demand for intermediate inputs from this

sector outweighs the reduced availability of skilled labour relative to unskilled labour.

When there are many sectors in a Heckscher-Ohlin model, the Rybczynski Theorem becomes a
‘correlation’. As Falvey (1994) states, “There is a tendency for an increase in those outputs using
intensively those factors whose endowments have risen and a decline for others.” Further uncertainty
about outcomes in induced by the existence of intermediate inputs.
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Also, most of the unskilled-intensive sectors contract, apart from construction and the
medical instruments sector. The latter’s expansion is much more pronounced and, as
before, may be due to the intermediate demand effect from the health sector, rather than
the increased availability of unskilled relative to skilled labour. The predictions of the
theoretical HO model of an increase in public health expenditures thus do not generally

seem to carry over to the applied SCGE model.

The Specific-Factors (SF) model predictions of an increase in public health
expenditures have been outlined in Table 2.5. The parameters that need specification to
determine which row of the table is appropriate are: the substitution elasticity, the
waiting list elasticity times the dependency ratio (i.e. the elasticity of effective labour
supply with respect to health care) and the health sector’s use of unskilled labour

relative to the tradables sectors.

As before, the elasticity of effective labour endowments with respect to health care is
close to zero, 0.09 for unskilled labour and 0.06 for health care-specific and non-health
care-specific skilled labour types. Furthermore, Chapter 6 (Section 6.3.2) postulates a
Cobb-Douglas functional form for sectoral value-added, giving a substitution elasticity
between factors in health care of 1. The health sector’s use of unskilled labour relative
to the remaining (tradables) sectors may be derived from Table 5.7 as 5031/(102760-
5031) = 0.05. The closest match between Chapter 2 and Chapter 6 is thus provided by
the upper row of Table 2.5, which predicts that the health sector and tradables sectors’
output rises but that the skilled-intensive sectors expand by relatively more than the

unskilled-intensive sectors.
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Does the SCGE model behave in this fashion? The changes in sectoral production are
reported in the third column of Table 7.1. Only two of the four skilled-intensive sectors
increase production (pharmaceuticals, public administration and defence), whereas four
of the six unskilled-intensive sectors (primary, other manufacturing, distribution and
transport, other services) lower as opposed to increase production. It is impossible to
pinpoint the precise causes of the differences in results, but among the many potential
candidates related to the production side are the presence of intermediate inputs (the
pharmaceuticals and medical instruments sectors report the biggest output changes) and
the specificity of two types of factors in health care (skilled labour and capital) rather
than one. Consequently, the conclusion that follows is that the predictions of the
theoretical SF model of an increase in public health expenditures do not generally agree

with the applied SCGE model.

A comparison between the theoretical model of Chapter 2 and the applied model of
Chapter 6 in terms of welfare effects, rather than sectoral output effects, is less
straightforward. The variable in Chapter 2 closest to an indicator of welfare change is
the proportionate change in per capita income of the population, in this framework also
equivalent to the proportionate change in total income or GDP and the total value of
output at world prices (equation 2.41). According to this measure of welfare, an
improvement in the health of both skilled and unskilled labour generates an increase in
per capita income of the population, even if the health improvements are equal across
labour types, but the increase in per capita income will be higher, the more the health of
the skilled is improved relative to the unskilled. Does this outcome hold in the SCGE

model?

7-5



CONCLUSIONS

As noted before, the SCGE model is parameterised with an elasticity of health care
(health status) with respect to effective labour endowments of 0.06 and 0.09 for skilled
and unskilled labour respectively, suggesting that the unskilled benefit relatively more
from an increase in health care output. Using equation (2.41), an expansion of the health
sector is predicted to yield a rise in the per capita income of the population (and total
income). An analysis of changes in household income from skilled and unskilled labour
following an increase in government health expenditures (Experiment 1a) shows that
this is indeed the case: household income from skilled and unskilled labour (and capital)
rises by 0.45 and 0.29 (and 0.18) percent respectively so that per capita labour (or,
including capital, factor) income of the unchanged total population, including the ill and
therefore unable to work, must rise as well. As observed in Chapter 6, the income gains
become losses once the fall in income from state benefits (by 4.3%) is taken into
account so that the indicator of overall private welfare declines by 0.38%. Nevertheless,
overall welfare rises again (by 0.26%) when the direct improvements in well-being from
an increase in the public provision of health care (and other goods) is taken into
account. The simple framework of Chapter 2 is not able to capture the latter two effects
and the changes in income from capital. Hence, the conclusion with respect to the
income/welfare predictions of Chapter 2 is that they seem to be substantiated by the
applied SCGE model if limited to changes in labour income only. Once changes in
income from state benefits, capital and benefits from public good provisioning are taken

into account, the analogy between the theoretical and applied model breaks down.

In sum, the attempt to draw parallels between the outcomes of the theoretical model of
Chapter 2 and the applied model of Chapter 6 seems to have failed. Although the

outcomes of Chapter 2 provide some guidance to the effects operating in the
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background of Chapter 6, the added complexities - for example in terms of
dimensionality (more sectors, factors and households), the presence of intermediate
inputs, health care-specific factors, differences in health effects across labour types, a
tax-charging government providing transfer income to households and public goods
yielding direct welfare gains, ensure that the predictions we may expect from the theory
do not generally hold in reality. This is the strongest argument for the use of an applied

model in addition to a theoretical model.

7.2 A SUMMARY OF THE MAIN FINDINGS

The interactions between health care, health and the remainder of the economy are
multiple and complex. While the interdependencies between health care, health and the
rest of the economy are now widely acknowledged, economic models which are used to
assess these fail to incorporate the main channels through which interactions take place.
This thesis seeks to determine the macro-economic impacts of changes in health care
provision using a general equilibrium model of the UK economy, whilst recognising the
simultaneous effects of consequent changes in health upon effective labour supplies and
the resource claims made by the health care sector. The resource allocation issues have
been explored in theory, by developing an extension of the standard Rybczynski (R)
theorem from a low-dimension Heckscher-Ohlin (HO) framework, and empirically, by
developing a Computable General Equilibrium (CGE) model with an extended health
care component, calibrated to a purpose-built dataset for the UK. These components

constitute the three major contributions of this thesis.

Chapter 2 examined the resource allocation effects of an expanding health sector in
their simplest form, using a low-dimension HO model of a small open economy. It was

shown that an identical improvement in the health of skilled and unskilled workers does
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not affect the per capita income of the working population, whereas the per capita
income of the total population rises. Furthermore, if the health improvement is relatively
higher for skilled (unskilled) labour, per capita income of the working population will
rise (fall), whereas per capita income of the total population always rises. Setting aside
other considerations such as well-being and equity, both indicators thus favour a,
morally questionable, government policy of health care provision biased towards skilled

workers.

The analysis henceforth proceeded with the modelling of effective endowment changes
via a non-traded, government provided health sector while accounting for all those not
(yet) succesfully treated and so unable to work by means of an artificial waiting list
sector. The change in effective labour endowments following a change in health care
provision was shown to depend positively on three multiplicative factors - the
dependency ratio (the ratio of ill to non-ill, i.e. non-working to working population), the
absolute value of the waiting list elasticity (measuring the proportionate reduction in the
waiting list in response to a one percent rise in health care output) and the proportionate
change in the output of health care - where the first two combined represent the
elasticity of effective labour supply with respect to health care. In the derivation of
Rybczynski-style predictions of an increase in health expenditures on non-health
outputs, the magnitudes of the dependency ratio and the waiting list elasticity were, in
the absence of reliable estimates, assumed identical for both skilled and unskilled labour
by employing the homogeneity assumption. This assumption postulates that skilled and
unskilled labour are equal (homogeneous) in terms of illness, health and effectiveness of
treatments so that an increase in health care provision, allocated in proportion to illness,

results in balanced growth in the effective endowments of skilled and unskilled labour.
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The impact of an increase in health expenditures on non-health outputs was shown to
consist of a factor-bias and a scale effect. The former measures the impact of the health
care sector on effective endowments remaining for tradables in terms of the resource
claims it makes, whereas the latter measures the effect of improved health on effective
labour supplies. Assuming that health care is the most skill-intensive sector, the factor-
bias effect is negative for the skill-intensive tradable and positive for the other good,
since an expansion of the health sector reduces the skilled-unskilled effective labour
endowment ratio available for the tradable good sectors. The scale effect is always
positive for the skill-intensive good, but may be negative for the unskilled-intensive
good depending on the ordering of the skill-intensity of the middle ranking sector

relative to the overall effective endowment ratio.

The analysis establishes that the rankings based on factor-bias effects alone are
preserved when scale effects are added, provided that the elasticity of effective labour
supply with respect to health care, i.e. the waiting list elasticity and dependency ratio
combined, is small enough (and less than one). Gradually increasing the elasticity leads
to a rise in the production of both the unskilled-intensive and skill-intensive goods
provided it is less than one, whereas for improvements in the elasticity beyond one the
output rise for the skill-intensive good exceeds that of the unskilled-intensive good,
which could in one particular situation even show a decline. It was argued that, despite
the uncertainty about the magnitude of the elasticity of effective labour supply with
respect to health care for skilled relative to unskilled labour, for developed countries and
hence the UK, the elasticity is likely to lie well below the value of one. Consequently,
an exogenous increase in health expenditures is expected to benefit the unskilled-

intensive sector and harm (or possibly slightly benefit) the skilled-intensive sector.
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The introduction of health care-specific skilled labour in the ‘Specific-Factors’ (SF)
model was demonstrated to alter these results by reversing the factor-bias effects of an
increase in health expenditures. Specifically, an expansion of the health sector reduces
the supply of unskilled labour remaining for tradables, so that, on the basis of the R
theorem, the output of the unskilled-intensive good falls and the output of the other
good rises. Restricting the elasticity of effective labour supply with respect to health
care to a likely value of below one and assuming some substitution between factor
inputs in health care, the incorporation of scale effects allows the reproduction of the
factor-bias effects, although the output of the unskilled-intensive good may now rise if

health care is relatively less reliant on the use of unskilled labour.

The remainder of Chapter 2 was concerned with implementing policies or shocks aimed
at alleviating the rationing constraint in health care and to contrast them with the policy
of increasing the health care budget. The first is the immigration of foreign health care-
specific skilled labour in the SF model. In the absence of remittances abroad, the wage
of this labour type and unit cost of health care is shown to fall, which - given the fixed
health budget - results in an increase in health care provision. For limited factor
substitution in health care in favour of skilled labour, factor-bias effects are found to be
positive for the skill-intensive good and negative for the other good, since overall
employment of unskilled labour in health care rises and so the relative supply of
unskilled labour available for tradables falls, and vice versa. Adding scale effects and
restricting the elasticity of effective endowments with respect to health care to a value
below one preserves the factor-bias effects, although the contracting sector may now

expand if health care is relatively less reliant on unskilled labour.
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The second shock applied to the HO and SF models is technical change in health care,
which can be factor-neutral or skill-biased by respectively increasing the productivity of
all labour types or increasing the productivity of skilled labour only. If technical change
is neutral across factors, factor-bias effects are absent so that the relatively skill-
intensive tradable sector expands, whereas the unskilled-intensive tradable sector may
or may not contract depending on the ordering of the skill-intensity of the middle
ranking sector relative to the overall effective endowment ratio. In the SF model the
scale effects result in balanced growth in tradables outputs since, due to the
homogeneity assumption and an elasticity of effective endowments with respect to
health care of less than one, tradables-specific skilled labour and unskilled labour grow
in the same proportion. If technical change is skill-biased, the health sector saves on the
employment of skilled labour so that factor-bias effects reappear and benefit (harm) the
skilled- (unskilled-) intensive good. The inclusion of scale effects is shown to intensify
the factor-bias effect in the skill-intensive sector and, depending on the relative rankings
of skill-intensities, either reinforces or mitigates the factor-bias effect in the other sector,
whilst magnifying the gap between the outputs of the two tradables sectors. Skill-biased
technical change in the SF model yields similar factor-bias effects, since health care
expands and needs more unskilled labour, thereby making skilled labour relatively more
abundant. When allowing for scale effects and assuming the elasticity of effective
endowments with respect to health care lies below one), factor-bias effects are
maintained, though if health care is relatively less reliant on unskilled labour the

formerly contracting unskilled-intensive sector may now expand.

Chapter 3 investigated to what extent the simultaneous impacts of health care on

effective labour endowments and the health sector’s demand for production factors have
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been incorporated in applied economic models by surveying CGE studies. The few
CGE studies on health care and health that exist are arranged in three groups according
to their research theme, being Basic Needs models, Externality models and HIV/AIDS
models. The literature review clearly reveals a gap in the sense that most of these
models do not endogenously assess the impact of changes in health care provision on
the size and composition of the population, the labour force and its impact on
production, income and welfare over time in a (developed country) CGE setting. The
remaining chapters address this caveat by developing a CGE model for the UK with an

extended health care component.

As background to the UK CGE model and simulations, Chapter 4 provided an
overview of the UK health care system and policy, dominated by state provision via the
National Health Service (NHS). It was observed that, in funding health care from
general taxation, the UK government has kept a tight lid on health care expenditures,
whilst securing access to the majority of the population and reaching overall satisfactory
health outcomes. However, evidence suggests that excessive public control has led to
systematic underfunding of and inefficiencies in health care provision, leading to
pressures in terms of poor health outcomes for some diseases (such as cancer), poor
quality of services, including long waiting lists and waiting times for certain treatments,
and inequities in access and health outcomes. These problems typically revolve around
the issue of rationing, i.e. the conflict between potentially unlimited demands and
limited financial means, and in this respect the UK does not differ from any other
country. In future rationing is likely to get worse in the face of increased demand
pressures from rising incomes, partly fuelled by an ageing population and advances in

medical technology, and cost pressures from rising wages and pharmaceutical prices.
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The analysis proceeded with identifying several policy options which address the issue
of rationing. The UK government could, and has in recent years been observed to,
allocate more resources to health care which buy more health care inputs, or instead
may aim to increase the productivity (efficiency) of the available health care inputs via
an improvement in technology. Three types of technical change were identified for
modelling purposes, being factor-neutral technical change, skill-biased technical change
or one that that is embodied in a more cost-effective pharmaceutical product. A policy
measure that directly targets the constraint of the limited availability of highly skilled

doctors is to encourage foreign skilled workers to work in the UK health sector.

Chapter 5 presented the dataset, the Social Accounting Matrix (SAM), to which the
UK CGE model is calibrated. It has been constructed by augmenting the UK Input-
Output Supply and Use Tables for 2000 using household data from the General
Household Survey 2000-01. The latter purpose-built GHS database is a valuable source
of information for a range of socio-economic characteristics of private households

living in Great Britain, most notably health and health care use data.

The economic data revealed that the health sector is relatively skill-intensive but small
in terms of gross labour income and private health care expenditures. The data on health
care use demonstrated that working households and pensioners account for most of the
General Practitioner (GP) consultations. This is partly explained by household numbers
and average household size and partly by household characteristics: the number of GP
consultations is positively associated with having children and negatively associated

with labour market participation. The use of secondary care across households
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demonstrated a similar picture. In addition, pensioner- and working households are the

main users of private GPs, though most GP consultations are provided by the NHS.

Self-reported data on population health provided background information on the use of
health care by households. In spite of the smallness of the health sector, these data show
that a significant proportion of the population suffers from ill health which varies by
socio-economic characteristic. Typically, the share of the population reporting good
general health falls with age and rises with skills and labour market participation.
Likewise, the prevalence of (non-)limiting longstanding illnesses and the number of
restricted activity days increases with age and falls with skills and labour market
participation. The most common complaints are musculoskeletal problems, heart and
circulatory problems and respiratory problems. The type of condition was shown to vary

considerably by age and labour market participation, though not so much by skill type.

Chapter 6 outlined the Static CGE (SCGE) model for the UK employed in MPSGE
with health care provision effects and presented simulation results which cover current
issues in (developed country) health care systems and that of the UK in particular. The
SCGE model has in most respects a standard structure, the novelty coming from the
explicit modelling of the health sector and its interaction with the rest of the economy
through its differential impact across labour and household types. The model
differentiates between eleven sectors (among which are health care and its main
intermediate input suppliers), three factors (capital, skilled and unskilled labour), the
government and five types of households (characterised by age and working status of its
members), and separates public from private health care in consumption. The effects on

welfare of higher provision are modelled through direct gains affecting the well-being
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of households and indirect gains via increases in the effective (i.e. able to work)
endowments of skilled and unskilled labour for use in non-health activities.
Endogeneity of effective labour endowments is achieved by using an artificial waiting
list variable, which records the working time lost due to ill health by skill type. The size
of the waiting list is indirectly, via a health status measure, determined by the levels of

NHS and private health care provisioning.

The simulation results indicated that a 10% increase in government expenditures on the
NHS, while drawing away resources from other non-health related sectors and its
private counterpart, leads to an overall welfare gain, through increased worker (and
capital) incomes and direct increases in population well-being, which is reduced if

health care-specific skilled labour and capital in the short run are accounted for.

A 20% rise in the domestic consumer price of pharmaceuticals, one of the main
intermediate inputs into health care, was shown to impact negatively on overall welfare
through falling household incomes and direct decreases in the well-being of the
population, which are mitigated if the government allows the health care budget to grow

s0 as to maintain previous treatment levels under the NHS.

The (permanent) immigration of health care-specific skilled workers equal to 10% of
domestic endowments of this labour type alleviates the shortage of highly skilled
workers in UK health care. As the latter labour type’s wages fall, the same government
health budget allows for more people to be treated and cured. Overall welfare improves
due to a rise in income for all non-health care-specific factors, the additional foreign
worker income, an increase in state benefits and direct improvements in population

well-being. Furthermore, adjusting the government health budget upwards so as to give
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these foreign (and domestic) skilled workers a wage equal to the pre-immigration level,
was revealed to induce even larger increases in NHS provision levels (though lower
private provision levels) so that overall welfare gains are higher. The effect of remitting

foreign worker income abroad is to reduce the welfare gains.

Finally, technical change in all factors employed in health care, modelled as a 10% rise
in the productivity of these factors, gives rise to a reduction in the unit costs of health
care provision and, given the health care budget, a rise in the production of health care.
The consequent gains in income from state benefits, income from factors of production,
and direct improvements in population well-being were shown to yield overall welfare
gains. If the technical change in health care is confined to skilled labour only, the health
care provision increase and reduction in unit costs are smaller, hence giving rise to
lower overall welfare gains. Technical change embodied in a 20% more costly but more
effective pharmaceutical product in health care may also yield overall welfare gains.
The simulations suggested that a 20% rise in the productivity of pharmaceuticals in
health care only is sufficient for the health sector to expand, whereas a 30% productivity
rise is sufficient to ensure overall welfare gains. A productivity rise of 2% in non-

pharmaceutical inputs into health care is sufficient to guarantee overall welfare gains.

The impacts of the policies/shocks were observed to differ widely across sectors, factors
and households. Firstly, in terms of sectoral effects, changes in public health care
provision seem to particularly impact upon its private counterpart, often crowding out
private sector provision, and intermediate input sectors, i.e. the pharmaceutical industry
and the sector producing medical, precision and optical instruments. Input-output

linkages appear decisive in explaining the major production changes across sectors, a
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finding corroborated by the comparison between the outcomes of the theoretical and the
applied model carried out in Section 7.1 The main outcome of this attempted synthesis
was that although the results of the theoretical model provide some guidance to the
effects operating in the background of the SCGE model, the added complexities ensure
that the predictions one may expect from the theory do not generally hold in reality.
This provided the strongest argument for the use of an applied model in addition to a

theoretical model in this thesis.

Secondly, concerning the impact across skilled and unskilled workers, unskilled
workers seem at least as well off, and are frequently better off, in terms of
improvements in health status, reductions in the waiting list and labour market
participation relative to skilled workers. Contributing factors are that some of the skilled
consume public and private health care which often becomes more costly and less
available, and that the health expenditure’s leverage is assumed greater for unskilled
relative to skilled labour. Depending on changes in relative factor demands and
(effective) supply of labour endowments, factor remunerations change. If effective
labour endowments rise and wages fall, a rise in labour income is often, though not
always, observed. Hence, the endowment-enhancing effect of an expansion in health

care provision often, though not generally, outweighs the negative wage effect.

Thirdly, the impact across households was found to be distinctively different for
households with and without working members. Working households benefit indirectly
from health improvements through increased labour market participation and directly
from improvements in well-being from changes in public good provisioning, whereas

non-working households and the majority of pensioners only profit from the latter.
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Furthermore, pensioners and non-working households rely most heavily on state
benefits as a source of income. Hence, if the expansion of the health sector, as follows
from a rise in the government budget on health care or the immigration of health care-
specific skilled workers at the current wage, is financed from a reduction in state
benefits, these households are generally found to lose out as opposed to working
households who gain. If the health sector contracts, as when the pharmaceutical price
rises, this works to their advantage, because in this case these households do not suffer
from losses in labour income due to lower treatment levels. Nevertheless, since the
income from state benefits falls, relative to their original income or welfare these
households are still worse off than working households. If the income from this source
rises, as in the case of immigration of foreign skilled labour at an endogenous wage, and
technical change in factors used in health care, pensioners and non-working households

are, in relative (though not absolute) terms, better off than working households.

Sensitivity analyses for the elasticities of substitution and transformation show that the
results of the counterfactual simulations are relatively robust: although sign changes do
occur for some variables, the impact of changing the respective elasticities upon overall
welfare is negligible. The same cannot be said for the waiting list elasticities for skilled
and unskilled labour, for which no reliable estimates exist. In the presence of
increasingly strong skill-neutral health effects, an expansion of NHS care following
from a 10% increase in the health care budget, although representing an immediate cost
to society, was shown to yield substantial welfare gains in the long-run through
increases in effective labour supply and production, and by enhancing the tax earning
ability of the government which benefits both working households (in terms of wage

income) and non-working households (in terms of income from state benefits). Overall
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welfare rises for relatively low values of the waiting list elasticity (between zero and
one). Skill-biased increases in the waiting list elasticity, which test the assumption of
skilled workers being treated more effectively, yield lower welfare gains. The remaining
experiments are relatively robust to changes in this elasticity in the sense that with

respect to overall welfare only magnitudes vary but no sign changes occur.

7.3 POLICY IMPLICATIONS

A ceteris paribus comparison of the specified policies/shocks in terms of their impacts
upon overall welfare, whilst accounting for cost differences and, where possible, using
the same model specification, suggests that the policy of immigration of health care-
specific skilled workers in the UK health sector targeted towards alleviating the scarcity
of highly skilled workers performs better than an identical rise in the health care budget
which is spent on all health care inputs. The factor-neutral and skill-biased technical
change shocks, whose implementation is costless, also outperform the latter policy and
the immigration policy, but if the wage is kept at the original level, the skill-biased
technical improvement only does better if more than half of foreign worker income is

remitted.

If health care-specific skilled labour and capital in the short run are accounted for, the
welfare gains from a rise in the government expenditures on health care are markedly
lower. For the specified 10% rise in the health budget, approximately two thirds of the
health sector’s production expansion is ‘lost’ to higher wages and rents, thereby
reducing overall welfare gains by 62%. The observation that the extra funds which have
been allocated to the NHS are being absorbed by higher wage payments rather than
resulting in an increase in levels of production, i.e. treatments of patients, has worried

both current and recent governments, and shows the importance of tackling rigidities in
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the health sector. As indicated by the simulations, a relatively quick way of doing this is
via the recruitment of highly skilled foreign doctors and nurses, who do not need to be
educated and, as evidence suggests, are likely to remain in the UK since the majority is
aiming for a long-term career in the NHS. This is not to say that it is also a desirable
policy since, from the perspective of the UK, domestic workers of this type earn less
income if their wages are not sustained and thus may require some form of
compensation, and, from the perspective of the country of origin, many come from
developing countries which need their own educated staff (this form of brain-drain
would be more appropriately analysed in a multi-country model). In the long-term, and
in order to avoid relying purely on highly skilled health care personnel from abroad,
increasing the number of medical school places is likely to reduce the scarcity of highly
qualified health care workers and so improve overall welfare levels. Such a policy is
itself a resource allocation issue as education increases the skill level of individuals, but
also uses up resources which could have been employed elsewhere. This has not been

investigated in this thesis and presents an interesting avenue of future research.

A second health care cost-enhancing and welfare-reducing factor that has been
identified in this thesis is the rising price of pharmaceutical products. A specified 20%
increase in the (average) domestic purchase price of pharmaceuticals, identical to the
increase in average cost of prescription items dispensed in England over the period
1999/00 to 2002/03, was shown to reduce overall welfare by 0.28% or £2.64 billion.
Efforts to maintain public provision levels would reduce these losses by 0.05 percentage
points or £500 million only, indicating the importance of government policy to control
pharmaceutical prices. If the latter proves difficult to implement, the specified rise was

found to stem mainly from a rise in the world import price by 42%, the negative welfare
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effects of rising pharmaceutical prices may be mitigated by purchasing a more effective
pharmaceutical product, which yield savings in the health sector. The simulations
revealed that a technical improvement which increases the productivity of
pharmaceuticals in health care by 30% is sufficient to guarantee overall welfare gains,
whereas if the improved pharmaceutical product yields savings in the use of other
inputs, a productivity rise of 2% proved adequate. Hence, fairly small productivity gains
of less than 2% across all inputs in health care are sufficient for technical progress in

pharmaceuticals to be welfare enhancing.

The policies of a 10% factor-neutral and skill-biased technical change generally resulted
in the highest overall welfare gains and were demonstrated to be equivalent to a rise in
the NHS budget of 38% and 19% respectively, showing the potential cost savings of
such technological improvements. Both the factor-neutral and skill-biased technical
changes were modelled as entailing no extra costs. In this context one may think of
improved medical procedures which have been developed abroad yet are freely
available, or have been funded by charitable institutions as often is the case. Another
policy measure that one may classify within this category, and makes skilled labour
more productive, is the UK government’s determination to reduce administrative
overhead, i.e. bureaucracy, in health care, so that doctors and nurses have more time to
devote to the provision of medical services, and more resources can be devoted to
frontline staff (a recent example is the Health Secretary John Reid’s announced
intention to streamline the NHS ‘arm’s length’ bodies). At the same time the
Department of Health argues that the proportion of managers employed in the NHS,
which amounts to three percent, is small relative to other private and public

organisations (see also Section 4.3.2) and that good management is needed to
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implement reforms in the NHS. This reminds us of the conflict between the centre
(administrators) and the periphery (health care providers) which has been present since
the creation of the NHS in 1948 (Klein, 2001, p37-40) and suggests that there is some
‘optimum’ proportion of managers employed in the NHS at which overall costs of
provision (including management) are minimised. Where exactly this optimum lies is a
matter of opinion, though evidence on inefficiencies in the NHS makes many

commentators believe that at present levels of managerial control are too high.

A ceteris paribus comparison of the policies/shocks in terms of their impact upon
household welfare indicates that the policies of skill-biased and factor-neutral technical
change and the immigration of health care-specific skilled workers at a flexible wage
benefits and thus will be supported by all households (though in case of the latter not by
domestic health care-specific skilled workers who earn less and so may require some
compensation), whereas the rise in the price of pharmaceuticals will make all
households worse off and thus will be uniformly unpopular. As previously indicated,
the rising pharmaceutical price may be accepted by the majority of the population if it is
reflected in a more effective pharmaceutical product. Immigration of health care-
specific skilled workers at the current wage and an increase in government expenditures
benefits working households and generally harms non-working households and
pensioners so that the former will support and the latter will object such policies. This
outcome points out that, in order to mitigate the adverse welfare consequences for these
households, some sort of redistribution from the working to the non-working and

pensioner households is warranted.
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Finally the uncertainty surrounding the waiting list elasticities for skilled and unskilled
labour demonstrates the importance of ensuring that additional care resources are
effective in reducing waiting lists and increasing effective labour supplies, or using the
catch phrase of the current labour government, ensuring ‘value for money’. In support
of this observation, a rise in the absolute value of the waiting list elasticity was shown to
significantly reduce the health budget increase required to attain a certain overall
welfare gain. This may be achieved via the aforementioned technical and administrative

improvements in health care.

7.4 LIMITATIONS AND DIRECT IONS FOR FUTURE RESEARCH

In this thesis health care and its effects on other product and factor markets, households
and overall welfare have been summarised at a rather aggregate level by a few
parameters, variables and simple functional forms. Consequently, the limitations of this
research and the improvements which address these primarily concern providing more
detail in terms of the modelling of the economic impact of health care provision. This
not only enhances the richness of the model in terms of its outcomes and the predictions

that it conveys, but also opens up new areas of application.

The first set of limitations, which was observed in the introduction, relate to the
modelling of health and health effectsln this thesis health is explicitly measured in
terms of the size of effective, i.e. able to work, labour endowments and changes in
health are assumed to have a parallel effect on effective labour endowments. In the
SCGE model a health status measure was introduced as a function of public and private
health care which impacts upon effective labour supplies, and direct improvements in
well-being from an increase in the public provision of health care (and other goods)

were added to household and overall utility functions.
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Modelling health effects in this fashion precludes the modelling of improved health on
the non-working populations, i.e. children and pensioners. Although the SCGE model
accounts for these population groups, it does not model longer-term population
processes (births, deaths, transitions from ‘young’ to ‘working’ and from ‘working’ to
‘retired’), nor does it model the decomposition of those moving from ‘young’ to
‘working’ into ‘skilled” and ‘unskilled’. An obvious way forward is to change from a
comparative static model to a dynamic model so that people can be tracked through
their life cycle and births and deaths may be accounted for. As a first step, a recursive
dynamic CGE model, which essentially links a series of single-period equilibria via the
updating of the capital stock, may be considered, but more appropriate is an
intertemporal dynamic model, which allows the modelling of behavioural changes over
time (forward looking behaviour) and, ultimately, the overlapping generations (OLG)

model, which also accounts for intergenerational processes.”

OLG models are typically applied to social security issues, such the economic impact of
ageing (i.e. the sustainability of pension schemes). An interesting area for future
research is to link the issue of ageing with health care. Ageing may be modelled as the
result of improved health and health care provision and, conversely, a larger population,
in which the share of the elderly rises, increases the demands made on health care and
other sectors, which could otherwise have been devoted to the working population and

are paid for by the latter in the form of state pensions.

In addition, the modelling of health effects at present ignores the impact upon the choice

between labour and leisure time, does not distinguish part-time from full-time work, and

> A prototype recursive dynamic model has been developed but not as yet applied to real world data.
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takes no notice of time as opposed to money spent on health improvements. Some of
those ill and not working (i.e. individuals on the waiting list), may not have been
working anyway, and if cured may opt for a part-time rather than a full-time job. One
should ideally try to incorporate these effects, as well as model the transition of
individuals from falling ‘ill’ to getting ‘well’ in more detail. The latter includes
considerations of how the benefits from household consumption of health care are
distributed to individual household members, what factors cause individuals to become
ill in the first place (such as age, income, skills, lifestyle, environment, and so on), and
what factors contribute to them partially or fully recovering (which is likely to include

health care consumption, age and possibly also income or skill-related variables).

Finally, the indicators of changes in household and overall welfare in the SCGE model,
which measure the direct benefits from a rise in the public provision of health care and
other goods, in addition to changes in private utility, are rather rudimentary in the sense
that: (1) they attach equal weights to private utility and public provision’, and more
importantly (2) the direct improvement in well-being from a rise in public good

provisioning is considered equal to the cost of providing these additional goods.

Improved estimates for the direct gains in well-being may be elicited from the literature
on happiness (see for example Clark and Oswald, 2002). Using the compensation
principle, this literature typically attaches a very high welfare gain to an improvement in

health so that some sort of scaling would be required to bring it in line with the

> Though at the household level the latter was distributed over households according to each

household’s share of NHS GP consultations for health care and population shares for other goods.
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monetary values in the model.* The method of evaluating direct improvements in well-
being employed in the SCGE model may thus be considered as giving rather

conservative, lower boundary, estimates.

In sum, the measurement of health and benefits of improved health is and is likely to
remain a highly contentious issue and this thesis has taken a crude, though simple and

pragmatic approach to these matters.

The second set of shortcomings relate to the level of disaggrgation in health care
and related sectors and marketsFirstly, a health care good/sector as such does not
really exist. There are many different types of diseases which require different types of
health care (treatments), which in turn demand different combinations of health care
inputs, with different costs and different health effects. Currently, the types of care that
are distinguished in the SCGE model are rationed public health care and (unrationed)
private care, each with a different clientele. In future one may want to expand this
classification for example in terms of primary and secondary (medical and surgical;
inpatient versus outpatient and day patient) health care, possibly with a referral system,
each of which differs in terms of health care inputs and costs and the impact upon the ill
and effective labour supplies. This, as well as the inclusion of a variety of treatments for
the same condition, may provide an indication of the cost-effectiveness of types of

health care or treatments and the allocative efficiency of current health care spending.

*  Clark and Oswald (2002) for example find that a decline in health from ‘excellent’ to ‘fair’ is

equivalent to a loss of approximately £500,000 a year, 21 times the average yearly household income
in the sample used.
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Other useful distinctions are to separate preventive from curative care and palliative
care, to separate public from private care in production as well as in consumption, to
separate maternity care, and to distinguish the chronically ill (who mainly consume
palliative care) from other ill. Whereas preventive care ceteris paribus reduces the
number of people falling ill, curative care impacts upon the number of people
recovering from illness. Palliative care has no such effects other than softening the
negative side-effects of illness. A public-private division in production seems
appropriate since the private sector is arguably more efficient in production and more

effective in treating and/or curing people, resulting in lower waiting lists.

Secondly, further detail in terms of the health care workforce does justice to the wide
variety of health care staff working in UK health care. An additional skill level, of semi-
skilled, would for example make a distinction possible between say unskilled ancillary
staff, semi-skilled nurses and skilled doctors and managers. The skilled may be further
categorised into a medical category of doctors and an administrative class of managers
(similarly, capital may be divided between high-tech equipment, and buildings and
land). This thesis has incorporated the latter to some extent by introducing health care-
specific skilled labour (and capital), where the remaining skilled labourers (capital) may

be interpreted as managers (land and buildings).

An interesting avenue of research is to investigate the effects of differential elasticities
of substitution between these types of health care workers and types of capital. For
example, nurses are more and more given additional responsibilities so as to reduce the
workload of doctors and ultimately waiting lists, which could be modelled by an

increase in the substitution elasticity between these two types of health care workers.
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Also, some highly skilled doctors are depending upon high-tech equipment to carry out
their duties, suggesting a very low elasticity of substitution. How these adjustments will
impact upon the health sector is unclear, though generally higher (lower) elasticities of

substitution soften (increase) price changes and increase (soften) volume changes.

Finally, data constraints have limited the way in which the health improvements
conditioned on the health sector have been modelled (for example no reliable data were
available on the costs of provision of different types of care, the consumption by
household and/or individual of these types of care and their effectiveness). Each of the
suggestions for future research put forward in this section will be more demanding in
terms of data and thus worsen these constraints so that improving the availability of data
on health care provisioning and its effects on the rest of the economy will be crucial for

any progress made in this area of research.

The most obvious weakness of the SCGE model in terms of data is the lack of reliable
estimates of the waiting list elasticity. Whereas for some conditions waiting lists and/or
times have been falling, for others they have been rising and it is unclear how waiting
lists in general respond to health care expenditures (note that distinguishing between
types of care or treatments may solve this problem). Nevertheless, by varying the
magnitude of the waiting list elasticities for skilled and unskilled labour in the

sensitivity analysis, the importance of making health care more effective was shown.

Other directions for future research include the modelling of productivity effects of
improved health, modelling the health sector in more detail and the health insurance
market (in line with the Health Sector and Health Insurance models discussed in Section

3.1), varying the country of application and modelling the outbreak of a disease to see
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how the health care system and the economy cope. Applying the analysis to a
developing country is likely to produce different outcomes due to, for example,
differences in workforce composition (likely to be unskilled abundant), differences in
the relative importance of sectors (likely to be biased towards agro-based sectors) and
differences in health effects across different population groups (in general the marginal
effect of a rise in health care provision is likely to be greater as the ‘flat of the curve’
has not yet been reached). Finally, with respect to the modelling of a specific type of
disease, for a developed country one may think of modelling influenza, which is a
recurring phenomenon in winter, and has claimed many lives, whereas for a developing
country one may think of modelling the AIDS epidemic and the effect of different types

of treatments (as in Dixon et al., 2004).
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APPENDIX TO CHAPTER 2

Al. FACTOR-BIAS & SCALE EFFE CTS HO MODEL: CASES 2-7

A Aupdsn —Astuy
(A2~ 1s7) A2~ Asy
The first part of the condition is the same@sCase 1 so that we know that sector 2's

Case2: sy >5> &> sand0<de<1-

output will rise, whereas sector 1's outputl wise or fall depending on whether the

scale effect outweighs thiactor-bias effect. Sincede <1 still holds, from equation

A A y) -
(2.80) T > X,. But using equation (2.76)§£‘<1—L implies X; <0, i.e. the

(Au2—1s,)

factor-bias effect dominates.

Figure A.1 Factor-bias and scaleféects in the HO model - Case 2
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A Aupdsn —Astuy

results in
(Auz—4s2) ZIPRCP

Hence sy >$> &> $ and O<oe <1-

T > X, >0> X,. Figure A.1 illustrates this situation.

Case3: sy >5> &> sandos>1
Given that Ag, -4y, >0 andoe >1, equation (2.80) yields)zz >T . Furthermore,

A
(Auz—4%s2)

equation (2.82)sy > § implies Ag,, — Ay, >0 so that, giverse >1, )21 > )22.

oe >1 implies dg >1- and hence, from equation (2.7@i,1>0. Using

Thereforesy > §> & > $ and dg >1 yields )21 > )A(Z >T>0. The scale effect of an

expansion in health care on the outputseatsr 1 and 2 is so strong that both sectors 2
and1 experience a rise in output which excethésrelative change in the health budget.

Figure A.2 illustrate this situation.

Figure A.2 Factor-bias and scaleféects in the HO model - Case 3
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A A Ay —Aud
Case4: sy > > $> sandos >1- || _/S1UH MUt 1

(/151 - /1U1) /181 - /1U1
Compared to the previous cases, the ondeof the middle-ranking sector 1 relative to

the economy-wide endowment ratio has now changed. The health sector is more skill-

. . A A
intensive than sector 2, se°1->52 or Ag, Ay, ~Ag,Ayy >0, and hence from
H 2

equation (2.74))A(1F <0. Since the health sector is also more skill-intensive than sector

1, AsyAu; —Agduy >0, and hence from equation (2.7&)2F >0. Sector 1 now has a
skilled-unskilled labour ratiolower than the effectiveendowment ratio, so that
Ag — Ay, <0, and from equation (2.73)225<0. Similarly, sector 2 has a skilled-

unskilled labour ratio lowethan the effective endowment ratio, so thigt, - As, >0

and from equation (2.72)21S >0. Whereas in cases 1, 2 and 3, sector 2’s output must
rise, in cases 4, 5, 6 and 7 output of either 2 must expand. Whether output of the
other good expands or contracts dependswvbather the scaleffect outweighs the

factor-bias effect. This is again determined by the magnitudésaf

The lower boundary fobe can be derived from either equation (2.71) or equation (2.77) by setting
)22 <0. Notice that the value of the lower boundary is positive and greater than 1, given that the
health sector is more skill-intensive than sedtpsector 1's skill-intensity lies below the effective
skilled-unskilled labour endowment ratio abiqb 0.

Notice that the factor-bias effect, i.e. the effafca fall in the skilled-unskilled effective labour ratio

on outputs, is always positive for sector 2 and negative for sector 1, whereas the scale effect is always
positive for sector 1 but changes sign for sector 2.iggative scale effect for sector 2 is analogous

to the R effect where an increase in skilled labour endowments decreases the output of the unskilled
labour-intensive good. The bortlee case where effective endown®mre increased in the same
proportion as the factor proportion of sector 1, replicates the R corollary mentioned in footnote 4 of
Chapter 2, i.e. increases the output of sector 1 and leavestthe of the sector 2 unchanged.
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A N N R
Using equation (2.77)¢s >1_(/‘t|—|) implies X, <0.® SubtractingX; from T
S1— MU

yields the following expression:

~ o~ Al (-0 -1
T-% = T{( QIGTE SZ)} A.1)
4]
Sincesg > 9, Ay, —Ag, >0 and givenl- AL Aston ~Aude >1, 9 >1,
()“81 B ﬂ‘Ul) Ag ~ Ay

so thatX, > T .

Figure A.3 Factor-bias and scaleféects in the HO model - Case 4
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A Astun —Audsy
(/131 - /1U1) /131 - /1U1

Thus, sy>s>%>s% and Jde>1- gives

X;>T >0> X, . Figure A.3 illustrates this situation.

A Astun —Audsy

Case5: sy > 5> $> sandl<de<1-
(41— 2us) Ag~Auy

) -
From equation (2.77)§g<1—% implies X, >0. As d¢ >1 still holds, and
S1~ MU

given thatlg, — 4, <0, equations (2.80) and (2.83) yield, >T > X,.

|/1| _ /181/1UH _1U1/13-|
(181_/1U1) 181_1U1

Consequentlysy > > $> $ andl<ode <1- yields

)21 >T> 5(2 > 0. Figure A.4 illustrates this situation.

Figure A.4 Factor-bias and scaleféects in the HO model - Case 5
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A A otsy —AspAuy
Case6: sy > > $> sandl- | =22 <de<1
(A2 —4s2) ZIPRCP

Since o¢<1, Ay,-4s,>0 and Ag -4y, <0, equation (2.80) and (2.83) yield

A A A ) -
X, >T > X;. Using equation (2.76 ¢ >1—L implies X; >0.

(Au2—7s,)

A Ats —Astug

Hence, sy > s> $> $ and 1-
(A2~ 4s,) A2~ 4s)

<oe<1l implies

X,>T> X, >0. Figure A.5 illustrates this situation.

Figure A.5 Factor-bias and scaleféects in the HO model - Case 6
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Case7: sy > > %> sand0<de <1-
(A2~ 1s2) A2~ Asy

A
This is identical to Case 6, but now using equation (2063 1—L yields

(A21s2)

)21<O.
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A Audsy — Aty

Therefore,sy > > $> $ and 0<ds <1-
(A2~ 4s,) A2~ 4s)

implies

X, >T >0> X,. Figure A.6 illustrates this situation.

Figure A.6 Factor-bias and scaleféects in the HO model - Case 7
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A2. DERIVATION OF THE R THEOREM FOR THE SF MODEL

The derivation of the R theorem for the model in which skilled labour is assumed
specific to respectively health care anddables starts with the market clearing
equations (2.83), (2.85) ar(@.50). Manipulation using & factor demand equations
(2.7), (2.8) and (2.45) yield®r health care-specific skatl labour and skilled labour

remaining for tradables:

g Xy=So & & A2)

aslxl+ a32X2= § = §— \% (AS)
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For unskilled labour, equatid2.50) is rewritten as:
U;+U,=Ul =Ug-U, =U-Uy-Uy (A.4)

where UE Is unskilled labour employed by theadables sectors. Manipulation using

the factor demand equatiorisg), (2.10) and (2.46) yields:

aU1X1+QJ2X2: U_uN_ Yy >€4 (A-5)
where g;; :ai(vg/wj) fori=1,2l=5Uandg :qH(V\g'/W,) forl =S U.

Since total unskilled, fath care- and tradaldespecific skilled labour) , st and ST,

their respective iliness ratels, , iré' andird , and initial waiting listslJ,, Si° and

SX,O, remain unchanged, total differentiation eduations (A.2), (A.3) and (A.5) is

simplified considerably. Firstly for healttare-specific skilled labour, the proportionate

change in effective endowments is given by:

Sv
x’

Xy (A.6)

é‘SH +)2H=5S}\—|/

S

where X

H
c :_ﬂX_H:_SK',(XH;ﬁo,ﬁE'SH)X—H>O denotes the absolute

Xy Sy S

value of the waiting list elasticity for h&h care-specific skilled labour, and

532 = S,'J / $ >0 the “dependency ratio” for health care-specific skilled labour.

The proportionate change in effectivadables-specific skéd labour equals:
A-8
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.
£y,
H

i%Té.Sl‘Fi%TéSz‘f‘//lgxl-Fﬁng:é‘ﬁ XH (A?)

Where/IST = S/Sif denotes the proportion CSE employed in sectar and ZJST =1,
i

fori =1, 2.

T
g)S(J/ =_ﬁx—$:—sx, ( Xy $\r,°, ﬁEST)X—$>O denotes the absolute
"l OXy Sy v

value of the waiting list elasticity fortradables-specific skilled labour and

5SL = SI,/ & > 0 is the “dependency ratio” for tradables-specific skilled labour.

The proportionate change @ffective endowments of untiied labour employed in the

tradables sectors is given by (A.8):

AUTaJl'FAUTaJZ"‘AUT )A(l+/’iUT 5(2
1 2 1 2

) ) (A8)
= (1+0)|25" [ Rus ~ (& + Xt )

where 4 - :Ui/UE is the proportion inE employed in sector, ZAUT =1 for
i I

=12, &,y =Uw/Ug>0 is the “dependency ratio” for unskilled labour, and

:—aU—WX—Hz—U\'N(XH;U\(,’V,ier )X—H>O denotes the absolute value of the

o
oXyy Uy Uw

Xu

elasticity of the waiting list for unskilled b@ur with respect tdealth care output.
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¢:UH/UE is the ratio of unskilled labour emplayén health care to total unskilled

labour employed in the tradables secfors.

Since a@; =g, (v@/WJ) for i=1,2and =S, U, from equations (2.97) and (2.98)

factor priceswg andw, depend on commodity pricgg and p, only. As commodity

prices for sector 1 and 2 are exogenoustedito world prices by the small country

assumption, the aforementioned factdcgs remain the same such tlagt=0 for i =

1, 2 and =S U.’ Equations (A.7) an@A.8) simplify into:

A

hgKi+agRy=6 g lexh Ry, A.9)
Ayt >21+ﬂug>22=5uW(1+¢)‘8§J<ﬂ S~ 0y + %) (A.10)

which can be solved foX; and X, once X,; and &y, are known.

The solution for)ZH results from equation (A.6):

Sw
ey

Xy = ésH/(%; —1) (A.11)

*  Note that, using equation (A.4), the tetly, /UTE is rewritten asdy,, (1+ ¢) in equation (A.8).

®  This simplification does not obtain if skilled labour is specifialfcsectors; the two price equations

for sectors 1 and 2 then contain three unknowns instead of two.
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In contrast to the input-output cdiefents for the tradables sectoi&,, and§,,, are

not equal to zero. Frongeations (2.94) and (2.95¢ , =3 (vsg' /vy,) forl =§ U.
With w, being determined from one of the commodity price equations for tradables
and w, =0, WSH follows from the unit price equaticfor health care, equation (2.96),

and Wg' is fully explained by the relativehange in the pre of health carepy . The

latter responds to the exogenouslyegi change in the health budgéﬁ,, from

expression (2.55).

Total differentiation of (2.96) yields:

dpy = WS dag, + v, day, + &, di+ a, dw (A.12)

From the first order condition for cost minisation the slope of the unit-production

isoquant equals the factor price ratio,daSH/daJH=—V\(,/v§§, or

A dag, + Wyday, =0, such that, after further mamilation, the following expression

results:
Py = O, Wa + 0y, W (A.13)

where fg,, = ag, vv’}/ py and@,, =a,, W,/ py are the cost shares of health care-

specific skilled and unskilled labour inethoutput of health care respectively, and

Osy +0yy =1 by definition.
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Since W, =0, the relative change in the wage ldalth care-specific skilled labour

equals:

NS = Pu/Os, (A.14)

From the health budget restion (2.55), the exogenousfjiven proportionate change
in the health budget equals them of the proportionate charsge the health care price

and quantity, so thap, equals:
E)H = T— XH (A15)

The proportionate change inethinput output coefficientsas,, and §,,, can be

derived using two simple relationship&irstly, wt dag, + Wyday, =0 is equivalent

to:
95H é.3_| +€UH é‘UH :O (A16)

And secondly, the relative changethe ratio of mput-output coefficiets in reaction to
a relative change in the factor price ratsogiven by the elasticity of substitution
between factors. The definition of the elasticity of substitution between health care-

specific skilled labour and unslelll labour in health care is:

_%nH "8H (A.17)

O
Wg - Wy

®  The derivation follows Jones (1971).
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Substitution of equation (A.16) in equati¢A.17) and further manipulation of terms

yields:

é‘SH = _GGUH WSH (A18)

&y =06, WS (A.19)

Substituting equations (A.14), (A.15) and.18) into equation (A.11) yields:

Xy =BT (A.20)
whereB:anH/((l—as” e DQSH +a@UHj.
And thus:
Py =(1-B)T (A.21)
W5 =(1- B)T /6y (A.22)
dgy =—0(Ouy /Osy )(1-B)T (A.23)
8 =0 (Ay /sy )(1-B)T (A.24)

The solution outcomes for the proportionataraes in outputs of sector 1 and 2 are:
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g;j*a Dﬂ (A.25)

where ||= Aghyr —AyAg =Ag-Ag=4 -4 ¢>0 under the assumption that

sector 1 is relatively skill-irensive compared to sector 2.

Equations (A.20) to (A.26) summarise the relative output, input, factor price and output

price changes following a change in the sitéhe health budget the SF model.

To limit the number of possible outcomes ofexpansion of the lath sector, waiting

lists are henceforth postulated as being homeges in ill health, and thus in treatment,

’
across labour types. Usirthe homogeneity assumpti#)s(\‘?’4

= gi":‘gi“":g>0

and gy =5g =8y =6>0 so that B=o 8, /((1-0¢)bsy +08,) and the

proportionate changes in outputyuts and prices are given by:

X, = ot T 5g+w (A.27)
((1-62)Osyy + 00y ) (/’lug _,18;)

X, = oty T 5g+w (A.28)
((1-62) O, + 0By ) (,131 _,1U1T)

Xy =0ty T/((1-0¢) 05y, + 0y, ) (A.29)
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Py =(1-0¢) 0, T/((1-0¢) 0y +0thy ) (A.30)
W = (1-06)T/((1-66) 0gy + 0ty ) (A31)
dsyy =00y (1-02)T/((1-02) 0, + 00y ) (A.32)
By =0ty (1-02)T/((1-62) Osyy +00yy) (A.33)

A3. IMMIGRATION OF HEALTH CARE-SPECIFIC SKILLED
LABOUR IN THE SF MODEL

The government allows foreign health capecific skilled labourto enter the UK,
whilst keeping the health care badgt the same level. i& assumed that the income

generated by these additional forewgorkers remains within the economy.

Taking the differential of the rightamd side of equation (A.2) yields:

dst = ds' - of (A.34)

where dS™ > 0. After further manipulation of (A.34) the following expression @‘

results:

A

SE' :(1+5SMH/)§4 +5$V

A

e Xy (A.35)

Consequently, equation (A.6) becomes:

N

Agy, + Xy =(1+5$ ) S roglen | % (A.36)
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Equation (A.11) changes into:

Xy =((1+5S; )& -4, )/(1—532

’
24
:

j (A.37)

The remainder of the analysis is the sam#&hagerivation of the R theorem for the SF

model, with the difference that theealth care budget does not change, Te:0.

Substitution of (A.14), (A.15)rad (A.18) into (A.37), yields:

Xy = BSH (A.38)

The proportionate changes in thengning variables are as follows:

Pr =B (A.39)
-850 (A.40)
sy =00y, BS' [0, (A.41)
Ay =0t BS" /0 (A.42)
BS™ :
) W[ﬂugﬁs@ eiﬁ‘_zg( (1+4 ‘ ‘ o (8 /sy )))} (A.43)

A-16



APPENDICES

X, %[g (20, @ )ests|-#(1-0 (@ /050 )) )= Ay 55

gXSWTH H (A.44)

(1+ 5) esH

Using the homogeneity assumptioB,=
9 genety PO (1=55) g, + 00,

, and the proportionate

changes in outputs, inpuasd prices are given by:

~ cH A 1-6¢s-0 17
g (o105, | g4 (A /0s)) A45)
(1-6)Osy, + 08y (ﬂu; _;,S;)
%, (1+6)0s, 8" | Ag$(1-0s -0 (A /Os1)) A2
(1-6¢) s, +00y (ﬂq _;tuf)
% = (1+0)05,S" (A.47)
N (1-65)Bsyy + 0By,
oH
S (1+65)6s,,S Aa8)
N (1-8¢) s, + 08y
PP i) S (A.49)
S (1-65)6sy + 06y,
s __ oty (1+5)S" (A50)
SH " (1-6¢) 6y, + 000,
) 1+5)SH
CYp— oy (1+9) (A51)

(1— 55) GSH + GHUH
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Equation (A.45) to (A.51) summarise the tela input, output andactor price changes
following the immigration of health care-specitkilled labour in the SF model, using

the homogeneity assumption.

A4. FNTC IN HEALTH CA RE USING THE SF MODEL
FNTC in the production oféalth care implies thadg,, = &,,, = a<0 (and &; =0 for

| =S U andi =1, 2). The new technology will be adegtif the unit cosbf health care
at current factor prices falls. Ainchangedactor prices, total differentiation of the unit

cost equation for héth care (2.96) yields:
@H = HSH é.a_| + HUH fiUH (A52)

where 65, =ag, vv’}/ py andé,, =a,, W,/ py are the cost shares of health care-
specific skilled and unskilled labour inethoutput of health care respectively, and
s, +6yy =1 by definition. Substitutingis,, = a,,, = a<0 in equation (A.52) gives
Py = a<0, so that unit cost of health carecatrrent factor prices falls and the new

technology will be adopted.

Since in the SF model, the wage of heatltine-specific skilled labour may change, the
total (i.e. allowing for factor price changegjoportionate change in the unit cost of

health care, using (A.12), is given by:

Py = a+0Os,, W (A.53)
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The derivation of the impaaif FNTC on outputs proceeds a similar fashion as
Section A2. The proportionate changeouiputs are given by equation (A.9), (A.10)

and (A.11), but substituting fais,, = a,, = a<0:

T

z§>21+/1§>22=5% gfgﬁ Xy (A.54)
5 5 Ul .

Ayr X1+/1U;X2=5uw(1+¢)‘€xﬂ X —¢( 2+ Xy ) (A.55)

7 _ A Sw

XH = ?/(53}\4/ gXH —1) (A56)

where the parameter definitions of Section A2 apply.
Furthermore, given the health care budg@etthe following condition must hold:
Xn =Py (A57)

Hence, equation (A.53) to (B7) represent a sysh of five equations with five

unknowns,)ZH Py WE 5(1 andf(z, which yields solution values:

Xy = ?7/(55& 8>S<Z —1) (A.58)
By =—§/ (532 e —1) (A.59)

gj:v —1) O, } (A.60)
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A SJ/ Uw Uy SV'\-‘/
. a{ﬂu;b‘sx X, |~ g %w \%\‘*ﬂ(%w\% -6 gl ﬂ
- (A.61)
Sw
W(%ﬁ &x! —1)
~ UW S\L UW Sﬁ
a[@éuw‘ng “Zuifssx e Mﬂ(&uw‘% ‘—5$ e ﬂ
_ (A.62)

9 =
Ey
X

=

Using the homogeneity assumption the proportionate changes in outputs, inputs and

25,

prices are simplified to:

Xy = §/(de-1) @A.63)
By =—3/(0e-1) (A.64)
WE = -85/ (52 -1) sy, | (A.65)
) é[(ﬂug ~Ag )55}
%= [2](0 —1) (4.66)
) é[(;tsf - Ay )&:}
X2 = 14](5e-1) .67

Equations (A.63) to (A.67) summariseetirelative input, output and factor price

changes following factor neutral technicaboge in health care under the homogeneity

assumption and within the SF model.
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The rankings of relative output (and pricehanges are relatiwelstraightforward.
Specifically for 0<de <1 Xy >0, Py <0, W <0 and X, = X,>0, whereas for
Se>1 Xy <0, Py >0, W8 >0 and X;= X,<0. As in the HO model FNTC
(Section 2.5.1) only yieldscale effects (the proportiate change in health care
employment equalsy, =&, + Xy = &+ (s —1)= We/(se-1), for L=S,U). But

in contrast with this model, the changesointputs of sector 1na 2 are identical and

follow the sign of the change in health seaiutput, which can also become negafive.

A5. SBTC IN HEALTH CARE USING THE SF MODEL
SBTC in the production diealth care implies thalg, <0, &,,, =0 and&; =0 for |

=S U andi = 1, 2. The new technologyill be adopted ithe unit cost ohealth care at

current factor prices fall Using expression (A.52f, =6s,,ag, <0, so that the new

technology will be adopted.

Since in the SF model, the wage of heahline-specific skilled labour may change, the
total (i.e. allowing for factor price changesjoportionate change in the unit cost of

health care, using (A2), is given by:

nI

) (A.68)

f)H ZQSH (é.3_| +W

" Due to the homogeneity assumption, FNTC in the SF model replicates the R result that changing the

endowments of both factors in the same proportion leads to a change in the production of both goods
in that proportion. Note that, i =0, the SF and HO model yield the same result: FNTC reduces the
unit-requirement of skilled and unskilled labour &yso that the unit cost falls and, given the health
budget, the output of health care rises by this proportion so that in total the demand for skilled and
unskilled labour in health care does not chaangd hence, outputs ohttables are unchanged.
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Taking the proportionate chargyen outputs of the SF modejiven in equation (A.9),

(A.10) and (A.11), but substituting fdis,, <0 and&,,, =0, yields:

}“QT)21+’1§T)22:5$; 85{\: XH (A69)
Ayr Xy + Ay X :5u\/v(1+¢)‘€l;<ﬂ Xy — X4y (A.70)
Xy = ésH/(ésx N —1) A.71)

where the parameter definitions of Section A2 apply.
Furthermore, given the health care bud@etthe following condition must hold:
Xy =—Py A.72)

Hence, equation (A.68) to (A.72) represemn system of fiveequations with five

unknowns, Xy , Py, WE , X, andX, , which yields solution values:

Xy = éSH/(ﬁsAH/ N —1) A.73)
P _—aSH/(% o —1) (A.74)
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. a ,
Xy = SH [AUT(SS& oxt |- Ag ((1+¢)5uw‘g§w‘—¢)} (A.76)
(5 y e ‘_1j|ﬂ| 2 H H
s EXe
. a .
X, = St {,131 ((1+¢)5UW‘5‘>J(§ -¢)—/1U1T53L £y H (A.77)
(532 £y ‘—1)|/1|

Using the homogeneity assumption the prapoate changes in outputs, inputs and

prices simplify to:

X =&y /(62-1) a78)
By =-38gy, /(52 -1) A.79)
WY = -ag, - 8g, /(6 (62 -1)) (A.80)
= s [()

X1 (58—1)|,1|[(AU; (1+¢)/15;)5€+¢/15ﬂ (A.81)
5 éS

X2 _(55——|1)|/1|[((1+¢)/1§ ‘%;)55—415@} (A.82)

Equation (A.78) to (A.82) summarise the tea input, output anéactor price changes
following skill-biased technical changén health care under the homogeneity

assumption and within the SF model.

In the absence of scale effects=(0), SBTC in the SF model replicates the results of

SBTC the HO modelf(lz )A(lF >0 and )A(zz )A(ZF <0, so that more (less) of skilled
A-23



APPENDICES

and unskilled labour is employed in secto(2). In health careproduction and thus
employment of unskilled labour rises b&H =—-&g, >0 (note that employment of

health care-specific skilled labour in heatdre remains the same since the fixed health
care budget constrains the outpipansion). Consequentijne innovation benefits the
skilled-intensive sector and harms theskilked-intensive setor by using more
unskilled labour, thereby makirgkilled labour relatively morabundant in the rest of

the economy.

If scale effects are presethe rankings can be derived stsown in Table A.1, and are
identical to the results obtained from increasing expenditures on health care, apart from

the substitution elasticity, which does not play a role anymore (Table 2.5).

Table A.1 Output changes in the Sknodel following SBTC in health care

Waiting list elasticity
and dependency ratig  The health sector’s use of .
assuming unskilled labour relative to the Output changes forag,, >0
homogeneous health tradables sectors
and treatment
5 (A ~ 2oy | ..
O<gp<————~ X1 > X,>0
O<de<1 Agr (1-0¢)
= )ZH >0
Oc|Acr — A7 A~ ~
¢>—(% Ul) X1>0>X2
ZAS-T (1— 58)
oc T -4 T ~ ~
0<g< M 0> Xy > X,
Se>1 22g (6e-1)
& Xy <0
H 58(%T —ﬂsg ) ~ ~
¢ > v 2 =2/ Xl > 0 > X2
2/13} (6e-1)
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APPENDIX TO CHAPTER 5

This appendix describes the General HouskBalrvey (GHS) database which was used
in the disaggregation of household and labdata and served as the main source of
data on health and the use of health care of households in the UK. The purpose-built

GHS database is available in electediorm from the author upon request.

The database was constructed from 20800/01 General Household Survey, which
provides a wealth of inforation on people liig in private households in Great
Britain, including household/family inforation, demographic detail on household/
family members, earnings, benefits, employmesducation, healfithe use of health
services, housing tenure, durable goods, migration, smakid drinking patterrfsThe
original data were obtained online frotme United Kingdom Data Archive (UKDA)

and subsequently imported to Microsoft Access.

The raw data consist of two files, GHS0B8ot1.tab and GHSO0Ohcliehtab, containing

person-level and househdkelvel data respectively. The person-level file stores one
record for each responding person, whetbashousehold-level file stores one record
for each responding household. Each houskeloluniquely identified by a household

serial number (HSERIAL) and this index isaathed to all individua belonging to this

8  Associated publication: ONS (2001a).

®  Registered Trademark. Software@pyrighted and available commercially.

% Two other files were excluded from the dathathe informal carers module (ghscare00.tab) and
social capital module (scaparchive.tab). The former contains data on tertiary care, informal care for
others, which forms a relatively small part of thealth care system. The latter documents data on
social capital (including civic engagement, neighbourliness and reciprocity, social networks, social
support and views about the local area) which toohdirect relevance tthe topic of study.
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household in the person-level file. In thwgy each individual, who has also been given
a unigue identification numbé€iD) in this thesis, is linké to one household. As the
GHS is based on a sample of the populabbrGreat Britain (pproximately 19266
people living in 8221 households), a weigh factor (WEIGHTOO) is included to
adjust for non-response and grossingtaipnatch known populatn distributions. A
weight connected to a hous®#d (and so all household meerb) thus stands for the

number of households in Grdatitain that it represents.

The GHS database, at this stage of datkection, was very large and slow when
extracting specific data. Sincedbntained data that wengelevant to the purpose of
this study, a large numbeof variables were deleted, mostly concerning family
information, housing tenure, durable goautégration, smoking and drinking patterts.
Subsequently, for the purpose of aggregathe GHS data, households and individuals
were classified into household types (Hholdtypel) and skill types (Skilltypel)
respectively, and with respect to the lattdudher categorisation iterms of sector of

employment (Sectorl) was made (see Chapt8eétion 5.2; Chapté, Section 6.2).

The classification of households unique in that it presénpensioners as a separate
household type, with differertealth care needs and incosaurces compared to the
remaining households. In order to obtains tltlassification, all pensioners were
removed from the households to which thmfonged and put intseparate household
units. When transferring pensioners, it vea@sumed that a penser (pensioners) living

with non-pensioners is “taken out” and put. new pensioner household (one pensioner

1 These data are not ‘lost’: the unique ID and HBERields for individual- and household-level data

ensures that, if deemed necessaayiables can be re-imported using the original data files.
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forms a single pensioner household, twogeners form a twg@erson household, et
cetera). This led to the creation of 564vnkouseholds in the sample, representing
approximately 1.6 million ‘pensioner’ households in Great Britain, and lowered the
average number of persons in the remaining households. The manipulation of
households meant breaking itk between the householdn@ person-level data files
based on HSERIAL. To distguish the ‘new’ householdsom the ‘old’ households
identified by HSERIAL, dl households in the householfie were given a unique
household identification number (HID). Tiperson-level file contains both HSERIAL

and HID so that it is obvioushich households the pensionéedonged to in the survey

as well as of which households they faarpart for the purpose of this thesis.

The resulting data are storedthree tables in MicrosbfAccess, recording household-
level data and person-levékalth care and socio-economic data respectively. The

content of the tableis shown below (identical to ¢hfDesign View’ in MS Access).

Table: Household data

Name Description

HID Household ID (unique)

HSERIAL Old household serial number (before transfer pensioners, so not unique anymore)
WEIGHTO00 Sample/ population based weights 2000

Hholdtypel Household types: 1= pensioners (including pensioners from other household types),

2=non-working, children, 3=non-working, no children, 4=working, children,
5= working, no children

NPERSONS Number of persons

NUMCHILD Number of children (AGE <=15)

NPENSNRS Number of pensioners (SEX =2, AGE >=60, SEX=1 AGE>=65)
NWORKAGE Number of working age persons (NPERSONS-NUMCHI LD-NUMPENSNRS)
NWORKING Number of working persons (ECSTILO=1)
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Table: Individual _health _care_data

Name Description

ID Individual 1D (unique)

HID Household ID (unique)

HSERIAL Old household serial number (before transfer pensioners, so not unique anymore)
WEIGHTO00 Sample/ Population based weights 2000

GENHLTH Health on the whole in the last 12 months (1 good, 2 fairly good, 3 not good)
ILLNESS Any longstanding illness or disability? (1 yes, 2 no)

LMATNUM Number of illnesses

1CD1 For first iliness, iliness type (using International Classification of Diseases 9" revision)
1CD2 For second illness, illness type

1CD3 For third illness, illness type

1CD4 For fourth illness, illness type

1CD5 For fifth illness, illness type

1CD6 For sixth iliness, illness type

Condition Groupl

Condition Group2
Condition Group3
Condition Group4
Condition Group5
Condition Group6
LIMITACT
CUTDOWN
NDYSCUTD
DOCTALK
NCHATS
CONSULN1
WHSBHLF1
FORPERN1

NHS1

GP1

DOCWHER1

PRESC1
CONSULN2
WHSBHLF2
FORPERN2
NHS2

GP2

Condition group first illness (1=infectious diseases, 2=neoplasms and benign growths,
3=endocrine and metabolic, 4=blood and related organs, 5=mental disorders,
6=nervous system, 7=eye complaints, 8=ear complaints, 9=heart and circulatory
system, 10=respiratory system, 11=digestive system, 12=genito-urinary system,
13=skin complaints, 14=musculoskeletal system, 15=other complaints

Condition group second illness

Condition group third illness

Condition group fourth illness

Condition group fifth illness

Condition group sixth illness

If longstanding illness, limits activity? (1=yes, 2=no)
Iliness/injury in last 2 weeks reduce activity? (1=yes, 2=no)
Number of days cut down last 2 weeks

Consulted doctor last 2 weeks, excl. hospital? (1=yes, 2=no)
Number of consultations

Consultation number 1

On whose behalf?

Person number consulted for

Under NHS or private? (1=NHS, 2=private)

Type of doctor? (1=GP, 2=Specialist, 3=other)

Where talk to doctor? (1=by telephone, 2=at your home,
3=in the doctors surgery, 4=at a health centre, 5=elsewhere)

Given prescription? (1=yes, 2=no)
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DOCWHER2
PRESC2
CONSULN3
WHSBHLF3
FORPERN3
NHS3

GP3
DOCWHER3
PRESC3
CONSULN4
WHSBHLF4
FORPERN4
NHS4

GP4
DOCWHER4
PRESCA
CONSULNS5
WHSBHLF5
FORPERNS
NHS5

GP5
DOCWHERS
PRESCS
CONSULNG
WHSBHLF6
FORPERNG
NHS6

GP6
DOCWHER6
PRESC6
CONSULN7
WHSBHLF7
FORPERN7
NHS7

GP7
DOCWHER?
PRESC7
CONSULNS
WHSBHLF8
FORPERNS
NHS8

Individual_health_care_data continued
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GP8
DOCWHERS
PRESC8
CONSULN9
WHSBHLF9
FORPERN9
NHS9

GP9
DOCWHER9
PRESC9
OUTPATNT
NTIMESL
NTIMES2
NTIMES3
NTIMESOP
CASUALTY
NCASVIS
PRVISTS
NPRVISTS
DAYPATNT
MATDPAT
NUMMATDP
PRMATDP
NPRMATDP
NHSPDAYS
PRDPTNT
NPRDPTNT
INPATNT
MATINPAT
NMTSTAY
MTNIGHT1
MATNHST1
MTPRVST1
MTNIGHT2
MATNHST2
MTPRVST2
MTNIGHT3
MATNHST3
MTPRVST3
MTNIGHT4
MATNHST4

Individual_health_care_data continued

Hospital outpatient attended - last 3 months? (1=yes, 2=no0)

How many times attended as outpatient in first month?

How many times attended as outpatient in second month?

How many times attended as outpatient in third month?

Number of outpatient visits in last 3 months

Whether visit was to casualty department (1=at least one to casualty, 2=no casualty)
Number of visits to casualty

Whether outpatient visit under NHS or private (1=NHS, 2=private)
Number of private outpatient visits

In hospital as day patient in last year? (1=yes, 2=no)

Any days as day patient for maternity? (1=yes, 2=no)

Number of separate days as day patient for having a baby

Private or NHS maternity care (1=NHS, 2=private)

Number of private visits

Number of separate days in hospital as a day patient (excl maternity stays)
Whether day patient visit under NHS or private (1=NHS, 2=private)
Number of private day patient visits

In hospital as inpatient in last year? (1=yes, 2=no)

Whether inpatient for maternity (1=yes, 2=no)

Number of stays inpatient maternity

Number of nights stay maternity (visit nr. 1)

Treated under NHS or private (visit nr. 1) (1=NHS, 2=private)

Number of private maternity visits (visit nr. 1)
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MTPRVST4
MTNIGHTS
MATNHST5
MTPRVST5
MTNIGHT6
MATNHST6
MTPRVST6
NSTAYS
NIGHTS1
NHSTREAL
PRVSTAY1
NIGHTS2
NHSTREA2
PRVSTAY2
NIGHTS3
NHSTREA3
PRVSTAY3
NIGHTSA
NHSTREA4
PRVSTAY4
NIGHTS5
NHSTREAS
PRVSTAY5
NIGHTS6
NHSTREA6
PRVSTAY6
SEENURSE
NNURSE
SEECHN1

SEECHN2
SEECHN3
NNHSGP
NNHSGPY
NNHGPEL
NNHGPELY
NNHGPHO
NNHGPHOY
NNHGPSH
NNHGPSHY
NNHGPTL

Individual_health_care_data continued

Number of separate inpatient stays (excl maternity stays)
Number of nights altogether in hospital (first stay)

Whether treated NHS or private (first stay) (1=NHS, 2=private)
Treated in NHS or private hospital (first stay) (1=NHS, 2=private)

Respondent saw GP practice nurse? (1=yes, 2=no)
Number of times saw practice nurse

saw nurse or clinic nrl (1=practice nurse at GP surgery, 2=health visitor at GP surgery,
3=go to a child health clinic, 4=go to a child welfare clinic, 5=none of these)

saw nurse or clinic nr2

saw nurse or clinic nr3

Number of NHS GP consultations last 2 weeks

Number of NHS GP consultations per year

Number of NHS GP consultations elsewhere last 2 weeks
Number of NHS GP consultations elsewhere per year
Number of NHS GP consultations at home last 2 weeks
Number of NHS GP consultations at home per year
Number of NHS GP consultations at surgery last two weeks
Number of NHS GP consultations at surgery per year

Number of NHS GP consultations by phone last two weeks
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Individual_health_care_data continued

NNHGPTLY Number of NHS GP consultations by phone per year
NOTHDOC Number of consultations other doctor last two weeks
NOTHDOCY Number of consultations other doctor per year
NPRIVGP Number of private GP consultations last 2 weeks
NPRIVGPY Number of private GP consultations per year
NPRIVSP Number of private specialist consultations last 2 weeks
NPRIVSPY Number of private specialist consultations per year
NSTYSY Number of inpatient stays last year
CNHGPEL If consulted NHS GP elsewhere last 2 weeks?
(1=consultation elsewhere, 2=no consultation elsewhere)
CNHGPHO If consulted NHS GP at home last 2 weeks?
(1=consultation at home, 2=no consultation at home)
CNHGPPS If consulted NHS GP and got prescription last 2 weeks?
(1=got prescription, 2=no prescription/consultation)
CNHGPSH If consulted NHS GP at surgery last 2 weeks?
(1=consultation at surgery, 2=no consultation at surgery)
CNHGPTL If consulted NHS GP by phone last 2 weeks?
(1=consultation by phone, 2=no consultation by phone)
CNHSGP If consulted NHS GP last 2 weeks? (1=consulted GP, 2=not consulted GP)
CNHSSP If consulted NHS specialist last 2 weeks?
(1=consulted NHS specialist, 2=no consultation NHS specialist)
COTHDOC If consulted other doctor last 2 weeks?
(1=consulted other doctor, 2=no consultation other doctor)
CPRIVGP If consulted GP privately last 2 weeks?
(1=consulted GP privately, 2=no consultation privately)
CPRIVSP If consulted specialist privately last 2 weeks?
(1=consulted specialist privately, 2=no private specialist consultation)
NIGHTS Total number of nights spent in hospital
NTIMSOP Number of outpatient visits in three months
NTIMSOPY Number of outpatient visits per year. calculated
RADYS Number of days of restricted activity in last two weeks
RADYSPYR Number of days of restricted activity per year. calculated
LONGILL Limiting or non-limiting longstanding illness? (1=limiting longstanding iliness, 2=non-
limiting longstanding iliness, 3=no longstanding illness)
LSIRA Limiting (LMT) longstanding illness (LSI) or restricted activity (RA)? (1=LMT LSI + RA,

2=RA non LMT LSI, 3=LMT LSI only, 4=non LMT LSI only, 5=RA only, 6=no reported
illness, 7=anything else)

PNURSE Practice nurse consulted last 2 weeks? (1=yes, 2=no0)

NPNY Number of practice nurse consultations per year
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Table: I ndividual _socio-economic_data

Name Description
ID Individual 1D (unique)
HID Household ID (unique)
HSERIAL Old household serial number (before transfer pensioners, so not unique anymore)
WEIGHTO00 Sample/ Population based weights 2000
SEX Male 1/female 2
AGE Age of person
AGEGROUP Children 1, working age 2, pensioners 3
SOC90 Standard occupational classification 1990
Skilltype 1 highly skilled, 2 skilled, 3 semi-skilled, 4 unskilled following Winchester (2002)
Skilltypel Skill types: Skilltype = 1, 2, 3 gives skill typel= 1 (skilled),
skilltype 4 gives skilltypel= 2 (unskilled)
INDSTRY1 1980 Standard Industrial Classification
SICc92 1992 Standard Industrial Classification
INDSTRY123 123 industry/product classification
Sectorl Sector/Commodity structure (1 Primary, 2 Pharmaceuticals, 3 Medical instruments,

4 Other manufacturing, 5 Energy, 6 Construction, 7 Distribution and transport,
8 Finance, 9 Public administration and defence, 10 Health care, 11 Other services

SC Social class (1 Professional, 2 Managerial and Technical, 3.1=Skilled non-manual,
3.2=Skilled manual, 4 Partly Skilled, 5 Unskilled, 6 armed forces)

WORKHRS Total work hours

UNPAIDHR Unpaid hours in last 7 days

UNPAI DHM Unpaid work at home or away

TOTHRS Hours usually worked excluding breaks, including overtime

ECSTILO Economic status ILO (1 Working, 2 Government scheme with employment,

3 Government scheme at college, 4 Unemployed (ILO definition),
5 Other unemployed, 6 Permanently unable to work, 7 Retired, 8 Keeping house,
9 Student, 10 Other economically inactive)

W_NwW Working or not working (derived from ECSTILO = 1) working=1, permanently unable
to work=2, other inactive =3

WKSTILO Working status (1 Full time 2 Part time 3 Working NA hours 4 Government scheme
5 Unemployed (ILO def) 6 Econ inactive)

NVQLEV NVQ/SVQ

GNVQ GNVQ/GSVQ

HIQUAL Highest qualification

EDLEVOO Education level -2000

EDLEV7 Education level -2000 (3 groups)

EDLEV10 Education level -2000 (4 groups)

BENTOT Annual income from state benefits

GROTHER Gross annual income from other sources

NTOTHER Net annual income from other sources

REGLRTOT Annual income from regular payments

OTHREG Other regular payments per year
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GRMAINJB
NTMAINJB
GRSECJOB
NTSECIOB
GREARN
NTEARN
GRIND
NTIND

Individual_socio_economic_data continued
Usual gross annual earnings from main job (employee plus bonus, self employed/ profits)
Usual net annual earnings from main job
Gross annual earnings from other jobs
Net annual earnings from other jobs
Gross earned income (main and other jobs) per year
Net earned income (main and other jobs) per year
Usual gross annual income (GREARN+ BENTOT+ GROTHER+ REGLRTOT+ OTHREG)

Usual net annual income

Some further notes regarding the tables arevaalke Firstly, by nature of the direct link

between the household anddividual data provided byHID, the household data

displayed in the Table Household déta. Hholdtypel, RERSONS, NUMCHILD,

NPENSNRS, NWORKAGE and NWORKING) care constructed directly from the

Table Individual_socio-economic_datangsthe appropriate definitions.

Secondly, longstanding illnesses in thebl€alndividual healthcare data (ICD1-6)

have been recorded using tikernational Classification dDiseases (ICD) Revision 9

(WHO, 1997) and were aggratgd using the ICD chapteeadings (Condition Group1-

6).

Thirdly, the sector/commodity classificat (Sectorl) has been derived using the

variable INDM92M - availale online from the UKDA ad/ariable 589, Quarterly

Labour Force Survey, September-Novemi2002 - and the 12@dustry/product

classification of the Supply and Use Tables (ONS, 2002). The former decodes the GHS

version of the 1992 Standard Industrialassification (SIC92) whereas the latter

categorises these into 12®lustry/products, which in tumuere grouped into Sectorl.
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Fourthly, missing values are generally repottg a ‘-6’, a ‘-8’ or a ‘-9’ value:
e ‘'-6" means that the person was not eligitb answer a pacular section;

e ‘-8 means ‘No answer’ and was usedht respondent eithelid not know the

answer or refused to ansma particular question;

e ‘-9’ means ‘Does not apply’ and is usethen a household/individual is eligible
to answer but is routed past the spien by the flow of the questionnaire.

For the income section, missing values aeported by a ‘-7’ (the person refuses to
answer the wholencome section), a -8 (see abQwer a ‘-9’ (combines ‘-6’ and ‘-9’

from above).

Finally, the income data of the GHS prowidealues in excess of National Statistics
data from the ONS, so that the data hadacaled down (usually by a factor between
1.5 and 2) in order to match the total@anSequently only the distribution of income
across labour and household types in the @GS used and the use of its totals was
avoided. The GHS does not seem tabeliable source of income data&sor example,
closer inspection of gross income (GRINydIds many strange values, including zero
(approximately 950 respondents representingifion individuals) or close to zero
incomes. The source of these anomaliesoisclear. In contrasall other non-income
data extracted from the GHS seem in linéghwother National Statistics Publications
(apart from minor differences associated wviltle transfer of pei@ers to a separate

household unit).

12 Indicative in this respect is that the GHS memmly contains one table on income: usual gross

weekly household income by family type (Table 3.11, ONS, 2001a).
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APPENDIX TO CHAPTER 6

This appendix contains the GAMS modi¢d$ employed in the calibration of and the
simulations carried out with the static CGE model for the UK with health care provision
effects. The files are available in dienic form from the author upon request.
Explanatory text is included (either by insen of an ** at thebeginning of a sentence,

or using the commands $ontext and $offtbefore and after a paragraph).

READDATA.GMS

* This file imports data from the Excel t@d&file (HealthSAM.xIs) and puts data in

* HealthSAM.dat using libinclude routine gams&prThis is a routine to write parameters
* or level values in GAMS readable formdao external file (tetfile HealthSAM.dat)

* and so is a relatively easy waf transfering data to and from a spreadsheet program

* Import data from HealthSAM.xIs and put in parameters Use, Make and SAM
Parameters Use(*,*), Make(*,*), SAM(*,*);

$libinclude xlimport Ug HealthSAM.xIs Use

$libinclude xlimport Make HealthSAM.xls Make

$libinclude xlimport S HealthSAM.xls SAM

* declare GAMS readabile file
file mydata /'HealthSAM.dat/;

* make it current (i.e. file to be written to)
put mydata;

* write output to HealthSAM.dat
$libinclude gams2prm Use
$libinclude gams2prm Make
$libinclude gams2prm SAM

DATA.GMS

* This file defines all sets étors or activities, households,

* factors of production), multiplier to check for homogeneity and
* performs calculations on data put in HealthSAM.dat:

* scaling (all valuesy MPSGE represent billions)

* calculation of ad valorem tax rates

* reformating health expenditures into NHS and PHC

$offlisting

$include healthsam.dat
Sets a all activities/
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Primary

Pharmaceuticals

Medical instruments

Other manufacturing

Energy

Construction

Distribution and transport

Finance

Public administration and defence

10 Health care

11  Other services

NHS Dummy sector for National Health Service
PHC Dummy sector for private health consumption
SKILL  Skilled labour

UNSK  Unskilled labour

CAP Capital (operating surplus)

TAX Net taxation on products

HSE1 Pensioners

HSE2  Non-working with children

HSE3  Non-working without children

HSE4  Working with children

HSE5  Woring without children

INV Investment

GOVT Government

EXPORT Exports

MARGIN Margins

IMPORT Imports

I
alias(a,b);

OCO~NOOOTAS WN P

seti sectors and commodities/
1 Primary

2 Pharmaceuticals

3 Medical instruments

4 Other manufacturing

5 Energy

6 Construction

7 Distribution and transport

8 Finance

Public administration and defense

10 Health care

11  Other services

NHS Dummy sector falational Health Service
PHC Dummy sector for private health consumption
I

alias (i,));

©

setf factors of production/

skill  Skilled labour

unsk Unskilled labour

CAP Capital (operating surplus)

!,

alias (f,d);

set h households/

HSE1 Pensioners

HSE2 Non-working with children
HSE3 Non-working without children
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HSE4 Working with children
HSE5 Workingwithout children
/;

alias(h,qg);

* Reformat health expenditures (NHS and PHC)
* NHS buys health care from the llea&ector and seli to the government
* PHC buys health care from thedith sector and sells it to households

Use("10","NHS") = Use("10","GOVT");
Use("NHS","GOVT") = Use("10","GOVT");
Use("10","GOVT") =0;

Use("10","PHC") = sumlh, Use("10" h)];
Use("PHC"h) = Use("10"h);
Use("10",h) =0;

Make("NHS","NHS") = Use("NHS","GOVT");
Make("PHC","PHC") = sum[h, Use("PHC",h)];

Display Use,Make;

* Scaling: (SCALE can be declared previously, otherwise default of 1,000)
$if not declared Scale Scalar Scale /1E3/;

Use(a,b) =Use(a,b) / Scale;

Make(a,b)=Make(a,b) / Scale;

alias(*,all1,all2);

sam(alll,all2) = sam(alll,all2) / Scale;

* Calculation ad valorem tax rates:
* output tax (ctax,ptax) are net taw, producers receive (1-taxrate)* market price
* input tax (etax) defined as gross,tso producers pay (l+taxrate)* market price

Parameters

CTAX consumption tax
PTAX production tax
ETAX employment tax

CTAXO,PTAXO0,ETAXO;

PTAX(j)$sum[a, USE(a,j)] = USE("TAX",j) / sum[a, USE(a,);
PTAXO0(j)= PTAX(j);

ETAX(f)$sumh, SAM(h,f)] = SAM("tax",f) / sum[h, SAM(h,f);
ETAXO(f) = ETAX();

Parameters

VE Value of exports

VM Value of imports

VD Value of domestidemand including consumption tax
VDN  Value of domestic demand excluding consumption tax;

VE(i) = Use(i,"EXPORT") ;
VM(i) = Make(i,"IMPORT") ;
VD() =sum[a, Make(i,a)] - VE(i);
VDN(i) = VD(i) - MAKE(i,"TAX") ;
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CTAX(i)$VD() = 1 - VDN(i)/VD(i);
CTAX0() = CTAX() ;

display PTAX,ETAX,CTAX;

Scalar Mult Check homogeneity of model /1/;

MODEL.GMS

* This is a simple static CGE model for the UK

* stops echoprinting input file
$offlisting
$include data.gms

* GAMS cannot read MPSGE syntaqQ make it a GAMS text section
$ontext

* declare model name
$model:SCGE

* declare quantity variables for production sectors
* (solutions from zero profit conditions)

$sectors:
X(i) ! production of sector i
CET(i) ! armington aggregate demand (domestic and export)
ST ! total (real) savings

M()$VM(i) ! imports of commodity i
E(i))$VE(i) ! exports of commodity i

* declare price vaables for commodities

* (solutions from market clearing equations)

$commodities:
PQ(i) ! producer price commodity i
PD(i) I domestic consumption price commodity i
PE())$VE(i) ! export price commodity i
PM(@)$VM() !import price commodity i

PF(f) I price of factor f

PS ! price of savings

ER I exchange rate (price of foreign exchange)
PYG I price of artificial commodity 'real tax income'
PTR I price of artificial commodity ‘transfer'

* declare income variables of consumers
* (solutions from income balance equations)

$consumers:
YG ! government income
TR ! transfers to households
Y(h) I household income

* specify production functions

APPENDICES

* note you need benchmark quantities Q (1st order approximation: anchor point),

* prices P(2nd order approx: slope) and s (3rd order approx: curvature)

$prod:X(i) ss0 t1 vail

O:PQ(j) Q:Make(j,i) AYG T:PTAX() P:(1-PTAXO(i))
LPF(f)  Q:(Use(f,)/(1+ETAX0(f))  A:YG T:ETAX(F) P:(1+ETAXO(f)) va:
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:PD()) Q:Use(,)
$prod:CET()) s:0 t2 arm:2

O:PD(i)) Q:VD(i) AYG T:CTAX(i) P:(VDN()/VD(i))
O:PE() Q:VE()

1:PQ(i) Q:(sum(j, Make(i,j))) arm:

EPM(@)  Q:VM(i) arm:

:PD("7") Q:Make(i,"Margin")

$prod:ST s:0
O:PS Q:(sum(i,Use(i,"inv"))
:PD(i) Q:Use(i,"inv")

$prod:M()$VM()
O:PM(@i)  Q:VM()
:ER Q:VM(i)

$prod:E()SVE()
O:ER Q:VE(i)
EPE()  Q:VE()

* specify demand functions
$demand:YG
D:PYG Q:SAM("gov","tax")

$demand: TR s:1
E:PYG Q:(Mult*SAM("gov","tax"))
E:PD() Q:(-Mult*Use(i,"GOVT"))
E:ER Q:(Mult*(SAM("gov","row")-SAM("row","gov")))
D:PTR Q:(sum(h,SAM(h,"gov")))

$demand:Y(h) s:1
E:PF() Q:(Mult*SAM(h,f))
E:PTR  Q:(Mult*SAM(h,"gov"))
D:PD(i) Q:Use(i,h)
D:PS  Q:SAM("inv",h)

* report variable levels
$report:

V:Uth)  W:Y(h)
$offtext

* SCGE model is defined: invokes MPSGE preprocessor to declare model for GAMS
* reads MPSGE code and generates GAK&Iable code including generator file
$sysinclude mpsgeset SCGE

* check benchmark replication (marginals are slack variables, should be zero):
SCGE.ITERLIM=0 ;

* numeraire (fix variable implies equation is omitted)
ER.FX =1,

* SCGE model is generated: replicatesdel with values instead of parameter
* names. All functions in the model agalibrated at this point (using Q, P
*and s el info; not T: field!) so do hanclude GAMS stateents between this

* statement and the solve statem@tdte that calibration tax levels are

* denoted by a 0, and simulation levéls T: field) are not. If you want to
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* change starting values of taxes (incorporated in calibration) then change the
* former, whereas if you want to perfn a counter-factual simulation then

* change the latter.

$include SCGE.GEN

* check what model looks like after last statement using the

* execute 'dos command’; statement wehéris any valid dos command or
* program name

* execute 'pause’;

* SCGE model is solved: using Mixed Complementarity Programming
* (solves quantities, prices aimtome levels from zero-profit,

* market clearing and income balze equations respectively

solve SCGE using mcp;

* residual after solving model should be close to zero
abort$(SCGE.OBJVAL > 1e-3) "benchmark replication failed", SCGE.OBJVAL;

* numeraire check:

SCGE.ITERLIM = 1000 ;

ER.FX =10 ;

$include SCGE.GEN

solve SCGE using mcp;

abort$(abs(ST.I-1) > 1e-5) "nunaére check failed", SCGE.OBJVAL,;

* homegeneity check:

ER.FX =1 ;

MULT =10 ;

$include SCGE.GEN

solve SCGE using mcp;

abort$(abs(PS.I-1) > 1e-5) "homeegéy check failed", SCGE.OBJVAL;

MODEL2.GMS

* This is the simple static adel (model.gmsith additions:

* (1) health care affects effectil@bour supply (Thesis Chapter 6)

* (2) government expenditures on each good (incl. health care) fixed in value
*  (measured in fe terms (ER)) or in real terms (see GCMult(i))

* (3) pharmaceuticals price which dortiexonsumers pay (PD) is set by

*  world import price (if target("2")>0). The purpose is to generate an import
*  price that leads to a certaisei(20%) in PD. The price rise is fully

*  compensated in foreign exchange so does not alter government account
*  in which imports are put.

$offlisting
$include data.gms

Parameter
Target(i) If target(i)>0 somodity i's price is set by world price
GCMult(iy Governmet consumption multiplier

* Parameters associated with effee labour supply and waiting lists
Eta0 Non particiian rate if health cardoes not affect WL
Fbar Fixed endowment of factor f by household h
Upsilon(i,f) Share pameter health composite

Epsilon(f)  Waiting list elasticity;
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* Price of pharmaceuticals is set on world market
Target(i) =0;
Target("2") =1,

* government expenditures on each good (incl. health care) fixed in value
GCMult(iy =1;

* Waiting list elasticity values
Epsilon(f) =2;

* with HC = 1 in benchmark, eta0 is also benchmark non-participation rate
EtaO("skill") =0.0289;

EtaO("unsk™) = 0.0434;

Fbar(h,f) = SAM(h,f) * 1/(1-Eta0(f));

* Share of 'health’ determed by public (NHS) care:
Upsilon("NHS","Unsk") = 0.960;
Upsilon("NHS","Skill") = 0.834;

* Share of 'health' deterned by private (PHC) care:
Upsilon("PHC","Unsk") = 1-Upsilon("NHS","Unsk") ;
Upsilon("PHC","Skill") = 1-Upsilon("NHS","Skill");

* if there is a parent file that incled this file thersolution and solver
* status file not printed

$if not "%system.incparent%"=="" option sysout=off;option solprint=off;
$ontext
$model:SCGE
$sectors:
X(i) ! production of sector i
CET(i) ! armington aggregate demand (domestic and export)
ST I total (real) savings
M(i)$(VM(i) and Target(i)=0) !imports of commodity i
E()$VE() I exports of commodity i
$commodities:
PQ(i) ! producer price commodity i
PD(i) I domestic consumption price commodity i

PE(i)$VE(i) ! export price commodity i
PM(@)$VM(i) !import price commodity i

PF(f) I price of factor f

PS I price of savings

ER I exchange rate (price of foreign exchange)

PYG I price of artificial commodity real tax income

PTR I price of artificial commodity transfer
$consumers:

YG I government income

TR I transfers to households

Y(h) I household income

* Specify auxiliary variables thatasolved in the $constraint block
* The constraints are applied by using the label R: in endowment field
* the auxiliary variable enters as multiplier
$auxiliary:
QM(i)$(VM(i) and Target(i)) ! Auxiliary var imports
NET(i)$(VM(i) and Targéi)) ! Auxiliary var foreign exchange
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GOVCONS(i)$(USE(i,"GOVT")) ! Real government consumption
HC(f) I Health composite
EPR(f) | Effective participation rate

$prod:X(i)  s:0 t:1 val
O:PQ() Q:Make(j,i) AYG T:PTAX(i) P:(1-PTAXO(i))
LPF()  Q:(Use(f,i)/(1+ETAX@)) A:YG T:ETAX() P:(1+ETAXO(f)) va:
I:PD(j) Q:Use(j,i)

$prod:CET(i)) s:0 t:2 arm:2
O:PD() Q:VD(i) AYG T:CTAX(i) P:(VDN(i)/VD(i))
O:PE()) Q:VE()
PQ@)  Q:(sum(j, Make(i,j))) arm:
EPM@I) Q:VM() arm:
I:PD("7") Q:Make(i,"margin®)

$prod:ST s:0
O:PS Q:(sum(i,Use(i,"inv")))
I:PD(i) Q:Use(i,"inv")

* Imports modelled as usual if prices not determined on world market
$prod:M(i)$(VM(i) and Target(i)=0)

O:PM(i) Q:VM(i)

ILER Q:VM(i)

$prod:E()$VE()
OER  Q:VE()

LPE(@)  Q:VE()

$demand:YG
D:PYG  Q:SAM("gov","tax")

$demand:TR sl
E:PYG Q:(Mult*SAM("gov","tax™))
E:PD(i))$Use(i,"GOVT") Q:(-Mult*Use(i,"GOVT")) R:GOVCONS(i)
D:PTR Q:(sum(h,SAM(h,"gov")))
E:ER Q:(Mult*(SAM("gov","row")-SAM("row","gov")))

* Put imports here if price idetermined on world market:

* Instead of import sector the government buys imports with foreign exchange
*and sells at price PM. QM: Quantity of imports normalised replacing M

* for positive target required tmeet target price equation.

* NET: value of foreign exchange of these imports. Is fully compensated so does
* not alter government account; ER#{indocumented GAMS feature:

* foreign exchange for i if target(i)>0

E:PM()$Target(i)  Q:(Mult*VNi)) R:QM(i)
E:ER#()$Target(i)  Q:(-Mult*vVM(i)) R:NET(i)
$demand:Y(h) sl
E:PF(f) Q:(Mult*Fbar(h,f)) R:EPR(f)
D:PD(i) Q:Use(i,h)
D:PS Q:SAM("inv" h)
E:PTR Q:(Mult*SAM(h,"gov"))
$report:

V:Uth) W:Y(h)
V:FD(f,i) ©:PF(f) prod:X(i)
V:N(,i)  1:PD()) prod:X(i)
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V:QS(@) LPQ() prod:CET(i)
V:QTM(i) I:PD('7") prod:CET(i)
VIINV(i) [:PD(i) prod:ST
V:C(i,h) D:PD(i) demand:Y(h)
V:S(h) D:PS demand:Y(h)

* Domestic consumer price PDtigrgeted by world import price
* (PWM = 1 in benchmark)
$constraint:QM(i)$(VM(i) and Target(i))

PD(i) =E= Target(i) * ER;

* test constrain imports pharmadieals (condition is always met)
* PM(i) =E= ER;

* Government pays correct amount of foreign exchange for imports
$constraint:NET(i))$(VM(i) and Target(i))
NET(i)=E= QM(i)* PM(i)/ER;

* GCMult(i)=0: govt exp on goodare fixed in real terms
* GCMult(i)>0: govt exp orgood i are fixed in Mae (ER) and equal to:
* PD(i)*Mult*Use(i,"GOVT")*GCMult(i)*ER/PD(i), so (real) government
* consumption of good i equals: MtUse(i,"GOVT")*GCMult(i)*ER/PD(i)
* Fixed in terms of another price (here numeraire ER) to prevent choice of /
* change in numeraire to affect outcome. Rewrite constraint:PD(i)*GOVCONS(i)=
* ER* GCMULT(i): Ihs is fixed in ER termm, GCMULT(i)>1 simulates rise exp on i
$constraint: GOVCONS(i)$Use(i,"GOVT")
GOVCONS(i) =E= GCMuli * ER/PD(i) + 1$(GCMult(i) = 0);

* Specification of health composits a function of NHS and PHC
$constraint:HC(f)
HC(f)  =E=prod][i, (CET(i)/Mut)**Upsilon(i,f)];

* Effective participation rate 1- non-participation rate
$constraint:EPR(f)
EPR(f) =E= 1-Eta0(f)/(HC(f)**Epsilon(f));

$offtext
$sysinclude mpsgeset SCGE

* check benchmark replication:
SCGE.ITERLIM =0

QM.L(I)) = Target(i);
NET.L(i) = Target(i);

HC.L(f) =1 ;

EPR.L(f) = 1-Eta0(f);
GOVCONS.L())=1 ;
ER.FX =1 ;

$include SCGE.GEN

solve SCGE using mcp;
abort$(SCGE.OBJVAL > 1e-3) "benchmark replication failed", SCGE.OBJVAL;

* store utility to quickly save vaable values, changes and % changes
$libinclude storehese X CET ST M E PQ PD PE PM PF PSER YG TR Y QM NET
$libinclude store these GOVCONS HC EPRUFD N QS QTMINV C S

* EV = change utilityfor each household
$libinclude store calc tility (h)= u.l(h)*[sum[i,Use(i,h)]+Sam('inv',h)];
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* total EV (sum of each hoebold's EV + govt cons (ihgublic health care):
$libinclude store calgVelfare = sum[h,utility(h)] + sum[iGOVCONS.L(i)*Use(i,"govt")];

Table alphaG(i,h) Share of household h in public good provisioning of i
HSE1 HSE2 HSE3 HSE4 HSES5

9 0.176 0.064 0.054 0.370 0.336

NHS 0.251 0.087 0.076 0.306 0.280

11  0.176 0.064 0.054 0.370 0.336;

* EV, including welfare changes relat&mpublic goods ficl. health care):
$libinclude store calc tilityl (h) = utility(h) + sum], alphaG(i,h)*GOVCOM.L(i)*Use(i,"govt")];

* total EV (sum of household EV's excluding public good provisioning):
$libinclude store calc WedfeEx = sum[h,utility(h)];

* Household income from factors and transfers
$libinclude store cal¥HF (h,f) = PF.I(f)*Fbar(h,f)*EPR.I(f);
$libinclude store calc YHTR jh= PTR.I* SAM(h,"gov");

* Variables waiting list (WL), #ective endowments (FE) and
* non-participaton rate (eta):

$libinclude store calc FE (hsf Fbar(h,f))*EPR.I(f) ;
$libinclude store calc WL (h# Fbar(h,f)-FE(h,f) ;
$libinclude store calc eta (f) FEPR.I(f) ;

* Government expenditures
$libinclude store calc GEXP (i) = GOVCONS.L(i)*Use(i,"govt")*PD.I(i);

* set the model name and base scenario in the store utility:
$libinclude store setmodel SCGE

$libinclude store base

$libinclude stoe setbase base

* numeraire check:

SCGE.ITERLIM = 1000;

ER.FX =1.5;

$include SCGE.GEN

solve SCGE using mcp;

abort$(abs(ST.I-1) > 1e-5) "nunaére check failed", SCGE.OBJVAL,;

* homegeneity check:

ER.FX =1,

MULT =2;

$include SCGE.GEN

solve SCGE using mcp;

abort$(abs(PS.I-1) > 1e-5) "homeegéy check failed", SCGE.OBJVAL;
MULT =1;

* if there is a parent file that includésis file then do not include following
* simulations and display statemebtit go directly to the label end
$if not "%system.incparent%"=="" $goto end

* test increase in pharmaceutical prigevt exp all goods i fixed in value:

* Target("2") = 1.2; This statemefullowed directly bythe $batinclude

* statement gives errors in equations. (8@ just carries on from where it came
* to - the levels (.L) oVariables don't get resat) instead do it stepwise:
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Target("2") =1.1;
$include SCGE.gen
solve SCGE using mcp;

Target("2") =1.2;

* statement invokes solve file
$batinclude solve exp2a
Target("2") =1,

* test increase in pharmaceutical prigeyt cons health care (NHS) fixed
* for other goods ga expenditures still fixed in value:

GCMult("NHS") = 0;

Target("2") = 1.2;

$batinclude solve exp2b
Target("2") =1,
GCMult("NHS") = 1;

* test an increase indlalth expenditure, govt exp all goods i fixed in value
* pharmaceutical price NOT determined on world market:

Target("2") =0;

GCMult("NHS") = 1.1;

$batinclude solve explA

GCMult("NHS") = 1;

Target("2") =1,

* test constraints imports of pimaceuticals (compare with NHS):
* while replacing constraint on QM by PM(i) =E= ER

* Target("2") =1,

* GCMUlt("NHS") = 1.1;

* $batinclude solve test

* display the variable values, changes and % changes
$libinclude store didpy changes percent

* Write results to textife (readable in Excel):

* declare file

file myresults /'resultsm2.csv'/;

* make it current (i.e. file to be written to)

put myresults;

* write output to results.csv

$libinclude writecsvp_PF v_EPR v_ETA fHC c_Utilityl p_Utilityl
*ResultsCh ResultsPer

Parameters p_FEunsk,p_FEsk,p_WLunsk, p_WLsk, p_Welfare, c_Welfare;
p_FEunsk(h,sims) = p_FE(sims,h,"unsk") ;

p_FEsk(h,sims) =p_FE(sims,h,"skill");

p_WLunsk(h,sims) = p_WL(sims,h,"unsk") ;

p_WLsk(h,sims) p_WL(sims,h,"skill");

p_Welfare(sims) = Re#faPer("Welfare",sims);

Cc_Welfare(sims) = Re#sCh("Welfare",sims);

$libinclude writecsv p_FEunsk p_FEsk p_WLunsk p_WLsk p_Welfare c_Welfare

Parameter ¢_WelfareEx, p_WelfareEx;
p_WelfareEx(sims) = RekaPer("WelfareEx",sims);
c_WelfareEx(sims) = RekKaCh("WelfareEx",sims);
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$libinclude writecsv c_Utility p_Utility c_Wé#areEx p_WéareEx

$label end

MODEL3.GMS

* This is the same as model2, but witbssibility of sector-specific factors

$offlisting
$include data.gms

Parameter
Target(i) If target(i)>0 comm i's price is set by world price
GCMult(iy Government consumption multiplier

Eta0 Non participatioate if health care does not affect WL
Fbar Fixed endowment of factor f by household h
SFbar Fixed endowment of sector-specific factor by household h

Upsilon(i,f) Share parameter health composite
Epsilon(f) Waiting list elasticity;

Target(i) =0;
Target("2") =1,
GCMult(iy =1;
Epsilon(f) =2;

EtaO("skill") =0.0289;
EtaO("unsk™) = 0.0434;

Upsilon("NHS","Unsk") = 0.960;
Upsilon("NHS","Skill") = 0.834;
Upsilon("PHC","Unsk") = 1Upsilon("NHS","Unsk") ;
Upsilon("PHC","Skill") =1-Upsilon("NHS","Skill");

* Introduce sector-specific factor: share of factor f in sector i immobile
Parameter FSHARE(f,i) Share of sectpesific factor in factor use sector;
FSHARE(f,i) =0 ;

* doctors and nurses in Hracare are immobile (85%)
FSHARE("skill","10") = 0.85;

* 90% of capital (bildings) in health care are immobile
FSHARE("cap","10") =0.90;

* Adjust endowments households accordingly
Fbar(h,f) = SAM(h,f);

SFbar(h,f,i) = (Fbar(h,f)/sum(g,Fbar(g)BiF SHARE(f,i)*Use(f,i)/(L+ETAXO(f)):;

Fbar(h,f) = Fbar(h,f)-sum(i, SFbar(h,f,i));
Fbar(h,f) = Fbar(h,f)*1/(1-Eta0(f)) ;
SFbar(h,f,i) = SFbar(h,f,i)*1/(1-Eta0(f)) ;

* Adjust factor use in production accordingly
Parameter Mfactor(f,i) Use of mobile factor by sector
Sfactor(f,i) Use of sector-specific factor;
Sfactor(f,i) = Use(f,i)*FSHARE(f,i)/(1+ETAX0()) ;
Mfactor(f,i) = Use(f,i)*(1-FSHARE(f,i))/(1+ETAXO());

$if not "%system.incparent%"=="" option sysout=off; option solprint=off;
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$ontext

$model:SCGE

$sectors:
X(i) I production of sector i
CET(i) I armington aggregate demand (domestic and export)
ST I total (real) savings

M(@)$(VM(i) and Target(i)=0) ! imports of commodity i
E())$VE() ! exports of commodity i

$commodities:
PQ(i) I producer price commodity i
PD(i) I domestic consumption price commodity i
PE(i)$VE(i) !export price commodity i
PM(1)$VM(i) ! import price commodity i

PF(f) ! price of factor f
PFS(f,i)$fshare(J, ! sector specific factors
PS I price of savings
ER I exchange rate (price of foreign exchange)
PYG I price of artificial commodity 'real tax income'
PTR I price of artificial commodity transfer
$consumers:
YG ! government income
TR I transfers to households
Y(h) I household income
Sauxiliary:

QM(i)$(VM(i) and Target(i)) ! Auxiliary var imports

NET(i)$(VM(i) and Targéi)) ! Auxiliary var foreign exchange
GOVCONS(i)$(USE(i,"GOVT")) ! Real government consumption
HC(f) I Health composite

EPR(f) I Effective participation rate

$prod:X(i)  s:0 t:1 vail
O:PQ() Q:Make(j,i) A:YG T:PTAX(i) P:(1-PTAXO(i))
:PF(f) Q:Mfactor(f,i)A:YG T:ETAX(f) P:(1+ETAXO(f)) va:
I:PFS(f,i) Q:Sfactor(f,i) A:YG T:ETAX(f) P:(1+ETAXO(f)) va:
I:PD() Q:Use(j,i)

$prod:CET(i)) s:0 t:2 arm:2
O:PD(i) Q:VD(i) A:YG T:CTAX(i) P:(VDN(i)/VD(i))
O:PE()) Q:VE(i)
IPQ() Q:(sum(j, Make(i,j))) arm:
EPM@I)  Q:VM() arm:
I:PD("7") Q:Make(i,"Margin")

$prod:ST s:0
O:PS Q:(sum(i,Use(i,"inv"))
I:PD(i) Q:Use(i,"inv")

$prod:M(i)$(VM(i) and Target(i)=0)
O:PM(@i) Q:VM(i)
I:ER Q:VM(i)

$prod:E()$VE()
O:ER Q:VE(i)
PE()  Q:VE()

$demand:YG
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D:PYG Q:SAM("gov","tax")

$demand:TR s:1
E:PYG Q:(Mult*SAM("gov","tax"))
E:PD())$Use(i,"GOVT") Q:(-MlIt‘Use(i,"GOVT")) R:GOVCONS(i)
D:PTR Q:(sum(h,SAM(h,"gov")))
E:ER Q:(Mult(SAM("gov","row")-SAM("row","gov")))
E:PM(i)$Target(i)  Q:(Mult*VM(i)) R:QM(i)
E:ER#(i)$Target(i) Q:(-Mult*vVM(i)) R:NET(i)
$demand:Y(h) s:1
E:PF(f) Q:(Mult*Fbar(h,f)) R:EPR(f)
E:PFS(fi) Q:(Mult*SFbar(h fi))  R:EPR(f)
D:PD(i) Q:Use(i,h)
D:PS Q:SAM("inv",h)
E:PTR Q:(Mult*SAM(h,"gov"))
$report:

V:Uth)  W:Y(h)

V:FED(f,i) 1:PF(f) prod:X(i)
V:SFD(f,i) :PFS(f,i)  prod:X(i)
V:N(,i)  1:PD()) prod:X(i)
V:QS(@) LPQ() prod:CET(i)
V:QTM(i) :PD("7")  prod:CET(i)
VIINV(i) [:PD(i) prod:ST
V:C(i,h) D:PD(i) demand:Y(h)
V:S(h) D:PS demand:Y(h)

$constraint:QM(i)$(VM(i) and Target(i))
PD(i) =E=Target(i) * ER;

$constraint:NET(i))$(VM(i) and Target(i))
NET() =E= QM(i)* PM()/ER;

$constraint: GOVCONS(i)$Use(i,"GOVT")

GOVCONS(i) =E= GCML(i) * ER/PD(i) + 1$(GCMult())=0);

$constraint:HC(f)

HC(f)  =E=prod[i, (CET(i)/Mut)**Upsilon(i,f)];
$constraint:EPR(f)

EPR(f) =E= 1-Eta0(f)/(HC(f)*Epsilon(f));
$offtext
$sysinclude mpsgeset SCGE

* check benchmark replication:
SCGE.ITERLIM =0

QM.L(I) = Target(i);
NET.L()) = Target(i);

HC.L(f) =1 ;

EPR.L() = 1-Eta0(f);
GOVCONS.L(i))=1

ER.FX =1 ;

$include SCGE.GEN

solve SCGE using mcp;

abort$(SCGE.OBJVAL > 1e-3) "benchmark replication failed", SCGE.OBJVAL;

APPENDICES

$libinclude storehese X CET ST M E PQ PD PEPM PFPSER YG TRY QM NET
$libinclude store these GOVCONS HC EPR U PFSFD SFDN QS QTMINV C S
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$libinclude store calutility (h) = u.l(h)*[sum[,Use(i,h)]+Sam('inv',h)];
$libinclude store calc wiare = sum[h,utility(h)] + su[i, GOVCONS.L(i)*Use(i,"govt")];
$libinclude store calc WedfeEx = sum[h,utility(h)];

Table alphaG(i,h) Share of household h in public good provisioning of i
HSE1 HSE2 HSE3 HSE4 HSE5

9 0.176 0.064 0.054 0.370 0.336

NHS 0.251 0.087 0.076 0.306 0.280

11  0.176 0.064 0.054 0.370 0.336;

$libinclude store calc tilityl (h) = utility(h) + sum], alphaG(i,h)*GOVCOM.L(i)*Use(i,"govt")];

$libinclude store caly’HF (h,f) = PF.I(f)*Fbar(h,))*EPR.I(f);

* YHFS (income household from specific factors)

$libinclude store calc YRS (h,f,i) = PFS.I(f,i)*SFbar(h,f,i)*EPR.I(f);
$libinclude store calc YHTR (h) = PTR.I* SAM(h,"gov");

$libinclude store calc FE (h,f) = Fbar(h,f)*EPR.I(f) ;
$libinclude store calc WL (h,E Fbar(h,f)-FE(h,f) ;
$libinclude store calc eta (f) = 1-EPR.I(f) ;

* store SFE (effective endowment specifactor) and SWL (its waiting list)
$libinclude store calc SFE (h,f,i) = SFbar(h,f,i)*EPR.I(f) ;
$libinclude store calc SWL (h,},E SFbar(h,f,i)-SFE(h,f,i);

$libinclude store calc GEXP (i) = GOVCONS.L(i)*Use(i,"govt")*PD.I(i);

$libinclude store setmodel SCGE
$libinclude store base
$libinclude stoe setbase base

* numeraire check:

SCGE.ITERLIM = 1000;

ER.FX =1.5;

$include SCGE.GEN

solve SCGE using mcp;

abort$(abs(ST.I-1) > 1e-5) "nunaéme check failed", SCGE.OBJVAL;

* homegeneity check:

ER.FX =1,

MULT =2;

$include SCGE.GEN

solve SCGE using mcp;

abort$(abs(PS.I-1) > 1e-5) "homeegéy check failed", SCGE.OBJVAL;
MULT =1;

$if not "%system.incparent%"=="" $goto end

* test an increase indalth expenditure, govt exp all goods i fixed in value
* pharmaceutical price NOT determined on world market:

* skilled wage in health care is fixed

* PES.fx("skill","10")= 1,

Target("2") =0;
GCMUlt("NHS")  =1.1;
$batinclude solve explB
GCMUlt("NHS")  =1;
Target("2") =1;
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$libinclude store didpy changes percent

file myresults /'resultsm3.csv'/;
put myresults;

$libinclude writecsvp_PF v_EPR v_ETA (HC c_Utilityl p_Utility1

Parameters p_FEunsk,p_FEsk,p_WLunsk, p_WLsk, p_Welfare, c_Welfare;
p_FEunsk(h,sims) = p_FE(sims,h,"unsk") ;

p_FEsk(h,sims) =p_FE(sims,h,"skill");

p_WLunsk(h,sims) = p_ WL(sims,h,"unsk") ;

p_WLsk(h,sims) = p_WL(sims,h,"skill");

p_Welfare(sims) ResultsPer("Welfare",sims);

c_Welfare(sims) = ResultsCh("Welfare",sims);

$libinclude writecsv p_FEunsk p_FEsk p_WLunsk p_WLsk p_Welfare c_Welfare

Parameter c_WelfareEx, p_WelfareEx;
p_WelfareEx(sims) = RelaPer("WelfareEx",sims);
¢c_WelfareEx(sims) = RekaCh("WelfareEx",sims);

$libinclude writecsv c_Utility p_Utility c_ Wé#areEx p_WéfareEx

$label end

IMPORTSKILLEDWORKERSMODEL3.GMS

* This is the same as model3, but wiithport of skilled workes in health care

* Foreign workers (FWarn the health caspecific skilled wage.

* The income (YF) can be sent home in the form of remittances (REM) or kept
* in the economy in the form of foreign worker transfers (FWT) at an artifical

* price (PFWT). These are distributeder houseblds according to each

* household's share (alphaf) of the ewdeent of hc spec skilled labour (yielding

* YFW). Foreign skilled workers in health care behigf the same way from health
* improvements as their domestic couptat (yielding effetive endowment FWE
* and waiting list FWL).

* Target variable fixing import p of @rmaceuticals is removed for simplicity

$offlisting

$include data.gms

Parameter

GCMult(i)  Governmet consumption multiplier

Eta0 Non particifian rate if health ca& does not affect WL

Fbar Fixed endowment of factor f by household h

SFbar Fixed endowment of sector-specific factor by household h

Upsilon(i,f) Share paraeter health composite
Epsilon(f) Waiting list elasticity;

GCMult() = 1;

Epsilon(f) =2;
Eta0("skill") = 0.0289;
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Eta0("unsk™)= 0.0434;

Upsilon("NHS","Unsk") = 0.960;
Upsilon("NHS","Skill") = 0.834;
Upsilon("PHC","Unsk") = 1Upsilon("NHS","Unsk") ;
Upsilon("PHC","Skill") =1-Upsilon("NHS","Skill");

Parameter FSHARE(f,i) Share of sectpesific factor in factor use sector;
FSHARE(f,i) =0 ;

FSHARE("skill","10") =0.85;

FSHARE("cap","10") =0.90;

Fbar(h,f) = SAM(h,f);

SFbar(h,f,i) = (Fbar(h,f)/sum(g,Fbar(g)fff SHARE(f,i)*Use(f,i)/(1+ETAXO(f));
Fbar(h,f) = Fbar(h,f)-sum(i, SFbar(h,f,i));

Fbar(h,f) = Fbar(h,f)*1/(1-Eta0(f))

SFbar(h,f,i) = SFbar(h,f,i)*1/(1-Eta0(f))

Parameter Mfactor(f,i) Use of mobile factor by sector
Sfactor(f,i) Use of sector-specific factor;

Sfactor(f,i) = Use(f,i)*FSHARE(f,i)/(1+ETAXO0(f)) ;

Mfactor(f,i) = Use(f,i)*(1-FSHARE(f,i))/(1+ETAXO());

Parameter
alphaf(h) share of income foreign worker to household h

FW(f,i) foreign worker of type f employed in sector i
alphar remittances of incorfageign workers to ROW as share;

FW(f,i) =0;
alphar =0;
alphaf(h) =0;
$if not "%system.incparent%"=="" option sysout=off; option solprint=off;
$ontext
$model:SCGE
$sectors:
X(i) ! production of sector i
CET(i) ! armington aggregate demand (domestic and export)
ST I total (real) savings

M(@)$VM(i) ! imports of commaodity i
E(i)$VE() ! exports of commodity i
$commodities:
PQ(i) I producer price commodity i
PD(i) I domestic consumption price commodity i
PE(i)$VE(i)) !export price commodity i
PM(i))$VM(i) !import price commodity i

PF(f) I price of factor f

PFS(f,i)$fshare(f,i) ! sector specific factors

PS I price of savings

ER I exchange rate (price of foreign exchange)
PYG I price of artificial commodity 'real tax income'
PTR I price of artificial commodity transfer

PFWTS$(SUM(i,SUM(f,FW(f,i))) AND (1-alphar)) ! price of art.comm. for. worker transfer
$consumers:
YG I government income
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TR I transfers to households

Y(h) ! household income

YF$SUM(i,SUM(f,FW(f,i)))  !income of foreign workers
Sauxiliary:

GOVCONS(i)$(USE(i,"GOVT")) ! Real government consumption

HC(f) I Health composite

EPR(f) I Effective participation rate

$prod:X(i) s:0 t:11 va:l
O:PQ() Q:Make(j,i) A:YG T:PTAX(i) P:(1-PTAXO(i))
:PF(f)  Q:Mfactor(f)i A:YG T:ETAX(f) P:(1+ETAXO(f)) va:
I:PFS(f,i) Q:Sfactor(f,i) A:YG T:ETAX(f) P:(L1+ETAXO(f)) va:
I:PD() Q:Use(j,i)

$prod:CET(i)) s:0 t:2 arm:2
O:PD(i) Q:VD(i) AYG T:CTAX(i) P:(VDN(i)/VD(i))
O:PE()) Q:VE(i)
IPQ() Q:(sum(j, Make(i,j))) arm:
EPM(@) Q:VM() arm:
I:PD("7") Q:Make(i,"Margin")

$prod:ST s:0
O:PS Q:(sum(i,Use(i,"inv")))
I:PD(i) Q:Use(i,"inv")

$prod:M()$VM()
O:PM() Q:VM()
:ER Q:VM(i)

$prod:E()SVE()
O:ER Q:VE(i)

LPE(@) Q:VE()
$demand:YG
D:PYG Q:SAM("gov","tax")
$demand: TR sl
E:PYG Q:(Mult*SAM("gov","tax"))
E:PD(i)$Use(i,"GOVT") Q:(-MIt*Use(i,"GOVT")) R:GOVCONS(i)
D:PTR Q:(sum(h,SAM(h,"gov")))
E:ER Q:(Mult*(SAM("gov","row")-SAM("row","gov")))
$demand:Y(h) sl
E:PF(f) Q:(Mult*Fbar(h,f)) R:EPR(f)
E:PFS(f,i) Q:(Mult*SFbar(h,f,i)) R:EPR(f)
D:PD(i) Q:Use(i,h)
D:PS Q:SAM("inv",h)
E:PTR Q:(Mult*SAM(h,"gov"))

E:PFWT$(1-alphar)  Q:(Mult*alphaf(h))

$demand:YF$SUM(,SUM(F,FW(S,i))  s:1

E:PFS(f,))$FW(f,i) Q:(Mult*FW(f,i)) R:EPR(f)
D:ER Q:alphar
D:PFWT Q:(1-alphar)

$report:

v:u(h)  W:Y(h)
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V:FD(f,i)) L:PF(f) prod:X(i)
V:SFED(f,i) :PFS(f,i) prod:X(i)
V:N(,i)  :PD() prod:X(i)
V:QS(@i)  1:PQ() prod:CET(i)
V:QTM() I:PD("7") prod:CET(i)
V:INV() [:PD() prod:ST
V:C(i,h) D:PD(i) demand:Y(h)
V:S(h) D:PS demand:Y(h)
V:REM D:ER demand:YF
V:IFWT  D:PFWT  demand:YF

$constraint: GOVCONS(i)$Use(i,"GOVT")
GOVCONS(i)$(GCMult(i)<>2)+PFSGKILL","10")$(GCMult(i)=2)=E=
1$(GCMult(i)=0)+(ER/PD(i))$(G®ult(i))=1)+ERS(GCMult(i)=2);

$constraint:HC(f)

HC(f)  =E=prod]i, (CET(i)/Mut)**Upsilon(i,];
$constraint:EPR(f)

EPR(f) =E= 1-Eta0(f)/(HC(f)*Epsilon(f));
Sofftext
$sysinclude mpsgeset SCGE

* check benchmark replication:

SCGE.ITERLIM =0 ;

HC.L(f) =1 ;

EPR.L(f) = 1-Eta0(f);

GOVCONS.L(i))=1 ;

ER.FX =1 ;

$include SCGE.GEN

solve SCGE using mcp;

abort$(SCGE.OBJVAL > 1e-3) "benchmark replication failed", SCGE.OBJVAL;

$libinclude stordhese X CET ST M E PQ PD PEPM PFPS ER YG TRY PFWT YF
$libinclude store these GOVCONS HC EPR U PFS FD SFD N QS QTM INV C S REM FWT

$libinclude store calutility (h) = u.l(h)*[sum[i,Use(i,h)]+Sam(inv',h)];
$libinclude store calc walfe = sum[h,utility(h)] + sa[i, GOVCONS.L(i}Use(i,"govt")];
$libinclude store calWelfareEx = sumlh,utility(h)];

Table alphaG(i,h) Share of household h in public good provisioning of i
HSE1l HSE2 HSE3 HSE4 HSE5

9 0.176 0.064 0.054 0.370 0.336

NHS 0.251 0.087 0.076 0.306 0.280

11  0.176 0.064 0.054 0.370 0.336;

$libinclude store calc tilityl (h) = utility(h) + sum], alphaG(i,h)*GOVCOM.L(i)*Use(i,"govt")];

$libinclude store caly’HF (h,f) = PF.I(f)*Fbar(h,))*EPR.I(f);
$libinclude store calc YRS (h,f,i) = PFS.I(f,i)*SFbar(h,f,i)*EPR.I(f);
$libinclude store calc YHTR (h) = PTR.I* SAM(h,"gov");

$libinclude store calc FE (h,f) = Fbar(h,f)*EPR.I(f) ;
$libinclude store calc WL (h,E Fbar(h,f)-FE(h,f) ;
$libinclude store calc eta (f) = 1-EPR.I(f) ;

$libinclude store calc SFE (h,f,i) = SFbar(h,fi)*EPR.I(f) ;
$libinclude store calc SWL (h,},E SFbar(h,f,i)-SFE(h,f,i);

A-54



APPENDICES

$libinclude store calc GEXP (i) = GOVCONS.L(i)*Use(i,"govt")*PD.I(i);

* Foreign worker income to household h, effective endowment (FWE), waiting list

* (FWL) and trade surplus TS (=TS1). The trade surplus is financed by government
* and fixed in value so it shouldrehange. Note also that M and E are

* normalised to 1 in benchmark so need to multiply by their benchmark values.
$libinclude store calg@F (h) = alphaf(h)*FWT.I*PFWT.I;

$libinclude store calc FWH,i) = FW(f,i))*EPR.I(f);

$libinclude store calc FWIf,i) = FW(f,i)-FWE(T,i);

$libinclude store calc TS = YG.I-TR.I-sum(i,GEXP(i));

$libinclude store calc TS1 =ra(, E.I()*VE(®)-M.I(i))*VM(i))-REM.I;

$libinclude store setmodel SCGE
$libinclude store base
$libinclude stoe setbase base

* numeraire check:

SCGE.ITERLIM =1000;

ER.FX =2;

$include SCGE.GEN

solve SCGE using mcp;

abort$(abs(ST.I-1) > 1e-5) "nunaére check failed", SCGE.OBJVAL,;

* homegeneity check:

ER.FX =1,

MULT = 2;

$include SCGE.GEN

solve SCGE using mcp;

abort$(abs(PS.I-1) > 1e-5) "homeegéy check failed", SCGE.OBJVAL;
MULT =1;

$if not "%system.incparent%"=="" $goto end

* import skilled labour in health car 10% of hc spec skilled labour

* if relevant income foreign workers is distributed over

* households according to share of spec factor. skillege in health

* care is endogenous and government expenditures are fixed in value.

* no remittances abroad
FW("SKILL","10") =0.1*SUM(h,SFbar(h,"SKILL","10"));

alphar =0;
alphaf(h) = SFbar(h,"SKILL","10")/SUM(g,SFbar(g,"SKILL","10"));
display alphaf;

$batinclude solve IM1a

* half of income foreigrworkers is remitted abroad
alphar = 0.5;
$batinclude solve IM2a

* all income foreign workers is remitted abroad
alphar = 1,
$batinclude solve IM3a

* import skilled labour in health car 10% of hc spec skilled labour
* if relevant income foreign workers is distributed over households
* according to share of spec factgavernment consumption of health care
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* in real terms are endogenous and adjosthat skilled wage in health care
* does not change.

* no remittances abroad
alphar =0;
GCMULT("NHS") =2;
$batinclude solve IM1b

* half of income foreigrworkers is remitted abroad
alphar = 0.5;
$batinclude solve IM2b

* all income foreign workers is remitted abroad
alphar = 1,
$batinclude solve IM3b

$libinclude store didpy changes percent

file myresults /'importlabour.csv'/;
put myresults;

$libinclude writecsv p_PF v_EPRETA p_HC c_Utilityl p_Utilityl c_TF
$libinclude writecsv Results ResultsCh ResultsPer

Parameters p_FEunsk,p_FEsk,p_WLunsk, p_WLsk;
*p_Welfare, c_Welfare, c_TS;

p_FEunsk(h,sims) = p_FE(sims,h,"unsk") ;
p_FEsk(h,sims) = p_FE(sims,h,"skill");
p_WLunsk(h,sims) = p_WL(sims,h,"unsk") ;
p_WLsk(h,sims) = p_WL(sims,h,"skill");
*p_Welfare(sims) = ResultsPer("Welfare",sims);
*c_Welfare(sims) = ResultsCh("Welfare",sims);
*c_TS(sims) = ResultsCh("TS",sims);

$libinclude writecsv p_FEunsk p_FEsk p_WLunsk p_WLsk
Parameter c_WelfareEx, p_WelfareEx;
p_WelfareEx(sims) = ReksPer("WelfareEx",sims);

c_WelfareEx(sims) = RelksCh("WelfareEx",sims);

$libinclude wriecsv c_Utility p_Utility c_Wé#areEx p_WéfareEx
*p_Welfare c_Welfare c_TS

$label end

TECHNCHANGEFACTO RSMODEL2.GMS
* This is model 2 with 2 forms of technical change: FNTC, SBTC

* Target variable to fix import price gfharmaceuticals is removed for simplicity

$offlisting
$include data.gms

Parameter FNTC(i) Factor Neutral Technical Change
SBTQ@,i) Skill Biased Technical Change;
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FNTC(@) =1 ;

SBTC(f,i) =1 ;

Parameter

GCMult(iy Governmet consumption multiplier

Eta0 Non participan rate if health care does not affect WL
Fbar Fixed endowment of factor f by household h

Upsilon(i,f) Share pameter health composite
Epsilon(f)  Waiting list elasticity;

GCMult(i) =1;

Epsilon(f) =2;

EtaO("skill") = 0.0289;

Eta0("unsk™)= 0.0434;

Fbar(h,f) = SAM(h,f) * 1/(1-Eta0(f));
Upsilon("NHS","Unsk") = 0.960;
Upsilon("NHS","Skill") = 0.834;
Upsilon("PHC","Unsk") = 1Upsilon("NHS","Unsk") ;
Upsilon("PHC","Skill") =1-Upsilon("NHS","Skill");

$if not "%system.incparent%"=="" option sysout=off;option solprint=off;
$ontext
$model:SCGE
$sectors:
X(i) I production of sector i
CET(i) !armington aggregate demand (domestic and export)
ST ! total (real) savings

M(@)$VM(i) !imports of commodity i
E()$VE(@) !exports of commodity i
$commodities:
PQ(i) ! producer price commodity i
PD(i) I domestic consumption price commodity i
PE()$VE(i) !export price commodity i
PM(i)$VM(i) !import price commodity i

PF(f) I price of factor f
PS ! price of savings
ER I exchange rate (price of foreign exchange)
PYG I price of artificial commodity real tax income
PTR I price of artificial commodity transfer
$consumers:
YG I government income
TR I transfers to households
Y(h) I household income
Sauxiliary:
GOVCONS(i)$(USE(i,"GOVT")) ! Real government consumption
HC(f) I Health composite
EPR(f) I Effective participation rate

$prod:X(i)  s:0 t:1 val
0:PQ(j) Q:Make(j,i) A:YG T:PTAX() P:(1-PTAXO(i)
ILPF()  Q:(SBTC(f,i)*FNTC()*Use(f,))/(1+ETAX0(f)) A:YG T:ETAX(f) P:(1+ETAXO(F)) va:
I:PD() Q:Use(j,i)

$prod:CET(i) s:0 t:2 arm:2
O:PD() Q:VD(i) A:YG T:CTAX(i) P:(VDN(i)/VD(i))
O:PE() Q:VE()
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PQ(®)  Q:(sum(j, Make(i,)))) arm:
EPM@i)  Q:VM() arm:
I:PD("7") Q:Make(i,"margin®)

$prod:ST s:0
O:PS Q:(sum(i,Use(i,"inv")))
I:PD(i) Q:Use(i,"inv")

$prod:M(>H)$VM(i)
O:PM() Q:VM(i)
I.ER Q:VM(i)

$prod:E()$VE()
OER  Q:VE()

LPE(@) Q:VE()
$demand:YG
D:PYG  Q:SAM("gov","tax")
$demand: TR s:1
E:PYG Q:(Mult*SAM("gov","tax"))
E:PD(i)$Use(i,"GOVT") Q:(-Mult*Use(i,"GOVT"))
D:PTR Q:(sum(h,SAM(h,"gov")))
E:ER Q:(Mult*(SAM("gov","row")-SAM("row","gov")))
$demand:Y(h) sl
E:PF(f) Q:(Mult*Fbar(h,f))
D:PD(i) Q:Use(i,h)
D:PS Q:SAM("inv",h)
E:PTR Q:(Mult*SAM(h,"gov"))
$report:

V:ut) W:Y(h)

V:FD(f,i) ©:PF(f) prod:X(i)
V:N(,i)  1:PD()) prod:X(i)
V:QS(i) 1:PQ() prod:CET(i)
V:QTM(i) I:PD("7")  prod:CET(i)
VIINV(i) [:PD(i) prod:ST
V:C(i,h) D:PD(i) demand:Y(h)
V:S(h) D:PS demand:Y(h)

$constraint: GOVCONS(i)$Use(i,"GOVT")

GOVCONS(i) =E= GCMuli{* ER/PD(i) + 1$(GCMult(i) = 0);

$constraint:HC(f)

HC(f)  =E=prod[i, (CET(i)/Mut)**Upsilon(i,f)];

$constraint:EPR(f)

EPR(f) =E= 1-EtaO(f)/(HC(f)**Epsilon(f));

$offtext
$sysinclude mpsgeset SCGE

* check benchmark replication:
SCGE.ITERLIM =0

HC.L() =1 ;

EPR.L(f) = 1-EtaO(f);

R:GOVCONS(i)
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GOVCONS.L(i))=1 ;

ER.FX =1 ;

$include SCGE.GEN

solve SCGE using mcp;

abort$(SCGE.OBJVAL > 1e-3) "benchmark replication failed", SCGE.OBJVAL;

$libinclude store tese X CET STM E PQ PD PEPMPFPSER YGTRY
$libinclude store these GOVCONS HC EPRUFD N QS QTMINV C S

$libinclude store calc tility (h)= u.l(h)*[sum[i,Use(i,h)]+Sam(inv',h)];
$libinclude store calgVelfare = sum[h,utility(h)] + sum[iGOVCONS.L(i)*Use(i,"govt")];
$libinclude store calWelfareEx = sum[h,utility(h)];

Table alphaG(i,h) Share of household h in public good provisioning of i
HSE1 HSE2 HSE3 HSE4 HSES5

9 0.176 0.064 0.054 0.370 0.336

NHS 0.251 0.087 0.076 0.306 0.280

11 0.176 0.064 0.054 0.370 0.336;

$libinclude store calc tilityl (h) = utility(h) + sumf, alphaG(i,h)*GOVCOM.L(i)*Use(i,"govt")];

$libinclude store cal¥’HF (h,f) = PF.I(f)*Fbar(h,f)*EPR.I(f);
$libinclude store calc YHTR (h) = PTR.I* SAM(h,"gov");

$libinclude store calc FE (B Fbar(h,f)*EPR.I(f) ;
$libinclude store calc WL (B# Fbar(h,f)-FE(h,f) ;
$libinclude store calc eta (f) FEPR.I(f) ;

$libinclude store calc GEXP (i) = GOVCONS.L(i)*Use(i,"govt")*PD.I(i);

$libinclude store setmodel SCGE
$libinclude store base
$libinclude stoe setbase base

* numeraire check:

SCGE.ITERLIM = 1000;

ER.FX =1.5;

$include SCGE.GEN

solve SCGE using mcp;

abort$(abs(ST.I-1) > 1e-5) "nunaére check failed", SCGE.OBJVAL;

* homegeneity check:

ER.FX =1,

MULT =1.5;

$include SCGE.GEN

solve SCGE using mcp;

abort$(abs(PS.I-1) > 1e-5) "homeegéy check failed", SCGE.OBJVAL;
MULT =1;

$if not "%system.incparent%"=="" $goto end

* ENTC in health care:

* 10% more output (X) given factor inputs (V) piies 1/11 less inputs (V) given output (X)
FNTC("10") = 10/11;

$batinclude solve FNTC

FNTC("10") =1;
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* SBTC in health care: skilled labour is 10% more productive
SBTC("SKILL", "10")=10/11;

$batinclude solve SBTC

SBTC("SKILL", "10")=1;

$libinclude store didpy changes percent

file myresults /'lactorTechnCh.csv';

put myresults;

$libinclude writecs p_PF v_EPR v_ETA p_HC c_Utilityd Utilityl Results ResultsCh ResultsPer

Parameters p_FEunsk,p_FEsk,p_WLunsk, p_WLsk;
*p_Welfare, c_Welfare

p_FEunsk(h,sims) = p_FE(sims,h,"unsk") ;
p_FEsk(h,sims) = p_FE(sims,h,"skill");
p_WLunsk(h,sims) = p_WL(sims,h,"unsk") ;
p_WLsk(h,sims) =p_WL(sims,h,"skill");
*p_Welfare(sims) = ResultsPer("Welfare",sims);
*c_Welfare(sims) = ResultsCh("Welfare",sims);

$libinclude writecsv p_FEunsk p_FEsk p_WLunsk p_WLsk

Parameter c_WelfareEx, p_WelfareEx;
p_WelfareEx(sims) = RekaPer("WelfareEx",sims);
c_WelfareEx(sims) = RekaCh("WelfareEx",sims);

$libinclude wriecsv c_Utility p_Utility c_ Wé#areEx p_ WéfareEx
*p_Welfare ¢_Welfare

$label end

TECHNCHANGEPHARMAMODEL2.GMS

* This is the same as model2.gms with Trachl Change (TC) in Pharmaceuticals (Pharma):

$offlisting
$include data.gms

Parameter
TCQ(i,j) TC Intermediate Inputs - intermediate inputs more productive
TP(i) Input Neutral TC - increase productivity of all inputs;

TPl =1 ;
TCQG) =1 ;

Parameter
Target(i) If target(i)>0 ecomodity i's price is set by world price
GCMult(i)  Governmet consumption multiplier

Eta0 Non participatiaate if health care does not affect WL
Fbar Fixed endowment of factor f by household h
Upsilon(i,f) Share paraeter health composite

Epsilon(f) Waiting list elasticity;

Target(i) =0;
Target("2") =1,
GCMult(i) =1;
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Epsilon(f) =2;

EtaO("skill") = 0.0289;

Eta0("unsk™) = 0.0434;

Fbar(h,f) = SAM(h,f) * 1/(1-Eta0(f));

Upsilon("NHS","Unsk") = 0.960;
Upsilon("NHS","Skill") = 0.834;
Upsilon("PHC","Unsk") =1-Upsilon("NHS","Unsk") ;
Upsilon("PHC","Skill") =1-Upsilon("NHS","Skill");

$if not "%system.incparent%"=="" option sysout=off;option solprint=0ff;
$ontext
$model:SCGE
$sectors:
X(i) I production of sector i
CET(i) ! armington aggregate demand (domestic and export)
ST I total (real) savings

M()$(VM(i) and Target(i)=0) !imports of commodity i
E(i)$VE() ! exports of commodity i

$commodities:
PQ(i) ! producer price commodity i
PD(i) I domestic consumption price commodity i
PE(i))$VE(i) ! export price commodity i
PM()$VM() !import price commodity i

PF(f) I price of factor f
PS ! price of savings
ER I exchange rate (price of foreign exchange)
PYG I price of artificial commodity real tax income
PTR I price of artificial commodity transfer
$consumers:
YG ! government income
TR ! transfers to households
Y(h) ! household income
Sauxiliary:

QM(i)$(VM(i) and Target(i)) ! Auxiliary var imports

NET(i)$(VM(i) and Targéi)) ! Auxiliary var foreign exchange
GOVCONS(i)$(USE(i,"GOVT")) ! Real government consumption
HC(f) I Health composite

EPR(f) I Effective participation rate

$prod:X(i)  s:0 t:1 vail
O:PQ()) Q:(Make(j,i)*TP(i)) A:YG T:PTAX(i) P:(1-PTAXO0())
LPF(f) Q:(Use(f,)/(1+ETAXO())) A:YG T:ETAX(f) P:(1+ETAXO(f)) va:
:PD() Q:(Use(j,)*TCQ(,))

$prod:CET(i)) s:0 t:2 arm:2
O:PD(i) Q:VD(i) A:YG T:CTAX(i) P:(VDN(i)/VD(i))
O:PE()) Q:VE(i)
PQG)  Q:(sum(j, Make(i,j))) arm:
LEPM@I)  Q:VM() arm:
I:PD("7") Q:Make(i,"margin®)

$prod:ST s:0
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O:PS Q:(sum(i,Use(i,"inv"))
I:PD() Q:Use(i,"inv")

$prod:M(i)$(VM(i) and Target(i)=0)
O:PM(i) Q:VM(i)
l:ER Q:VM(i)

$prod:E()SVE(i)
O:ER Q:VE()

LPE@)  Q:VE()
$demand:YG
D:PYG Q:SAM("gov","tax")
$demand: TR sl
E:PYG Q:(Mult*SAM("gov","tax"))
E:PD(i)$Use(i,"GOVT") Q:(-Mult*Use(i,"GOVT")) R:GOVCONS(j)
D:PTR Q:(sum(h,SAM(h,"gov")))
E:ER Q:(Mult*(SAM("gov","row")-SAM("row","gov")))
E:PM(i)$Target(i)  Q:(Mult*vVM(i)) R:QM(i)
E:ER#(i)$Target(i)  Q:(-Mult*vVM(i)) R:NET(i)
$demand:Y(h) s:1
E:PF(f) Q:(Mult*Fbar(h,f)) R:EPR(f)
D:PD(i) Q:Use(i,h)
D:PS Q:SAM("inv",h)
E:PTR Q:(Mult*SAM(h,"gov"))
$report:

V:Uth)  W:Y(h)

V:FD(f,i) 1:PF(f) prod:X(i)
V:N@,i) 1:PD()) prod:X(i)
V:QS(@) LPQ() prod:CET(i)
V:QTM(i) :PD("7")  prod:CET(i)
V:INV(@) 1:PD(i) prod:ST
V:C(i,h) D:PD(i) demand:Y(h)
V:S(h) D:PS demand:Y(h)

$constraint:QM(i)$(VM(i) and Target(i))
PD(i) =E= Target(i) * ER;

$constraint:NET(i))$(VM(i) and Target(i))
NET(i)=E= QM(i)* PM(i)/ER;

$constraint: GOVCONS(i)$Use(i,"GOVT")
GOVCONS(i) =E= GCMuli\ * ER/PD(i) + 1$(GCMult(i) = 0);

$constraint:HC(f)
HC(f)  =E=prod[i, (CET(i)/Mut)**Upsilon(i,f)];

$constraint:EPR(f)
EPR(f) =E= 1-Eta0(f)/(HC(f)**Epsilon(f));

Sofftext
$sysinclude mpsgeset SCGE

* check benchmark replication:
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SCGE.ITERLIM =0 ;

QM.L()) = Target(i);

NET.L(i) = Target(i);

HC.L(f) =1 ;

EPR.L(f) = 1-Eta0(f);

GOVCONS.L()=1 ;

ER.FX =1 ;

$include SCGE.GEN

solve SCGE using mcp;

abort$(SCGE.OBJVAL > 1e-3) "benchmark replication failed", SCGE.OBJVAL;

$libinclude stordhese X CET ST M E PQ PD PEPM PFPSER YG TRY QM NET
$libinclude store these GOVCONS HC EPRUFDN QS QTMINVC S

$libinclude store calc tility (h)= u.l(h)*[sum[i,Use(i,h)]+Sam('inv',h)];
$libinclude store calc Wiare = sum[h,utilitgh)] + sum[i, GOVCONS.(i)*Use(i,"govt")];
$libinclude store calWelfareEx = sum[h,utility(h)];

Table alphaG(i,h) Share of household h in public good provisioning of i
HSE1 HSE2 HSE3 HSE4 HSE5

9 0.176 0.064 0.054 0.370 0.336

NHS 0.251 0.087 0.076 0.306 0.280

11 0.176 0.064 0.054 0.370 0.336;

$libinclude store calc tilityl (h) = utility(h) + sumj, alphaG(i,h)*GOVCOM.L(i)*Use(i,"govt")];

$libinclude store caly’HF (h,f) = PF.I(f)*Fbar(h,))*EPR.I(f);
$libinclude store calc YHTR (h) = PTR.I* SAM(h,"gov");

$libinclude store calc FE (B,£ Fbar(h,/)*EPR.I(f) ;
$libinclude store calc WL (H# Fbar(h,f)-FE(h,f) ;
$libinclude store calc eta (f) = 1-EPR.I(f) ;

$libinclude store calc GEXP (i) = GOVCONS.L(i)*Use(i,"govt")*PD.I(i);

* Sectoral outputs need to be recaltedh X is normalised to 1 so needs

* to take into account technical progress which affects the benchmark
* quantity field! Note $reprt block reports values ¢hnormalised to 1) and
* so does not have this problem.

$libinclude store calc X1 (i) = X(i) * sum[j, Make(j,i))*TP(i)];

$libinclude store setmodel SCGE
$libinclude store base
$libinclude stoe setbase base

* numeraire check:

SCGE.ITERLIM = 1000;

ER.FX =1.5;

$include SCGE.GEN

solve SCGE using mcp;

abort$(abs(ST.I-1) > 1e-5) "nunaére check failed", SCGE.OBJVAL,;

* homegeneity check:
ER.FX =1,

MULT = 2;

$include SCGE.GEN
solve SCGE using mcp;
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abort$(abs(PS.I-1) > 1e-5) "homegéy check failed", SCGE.OBJVAL;
MULT =1;

$if not "%system.incparent%"=="" $goto end

* TC in pharma which increases the coeetiveness of pharma in health care:

* ok % X

*

The domestic consumer price ofgpmaceuticals rises by 20% as in exp 2a.
Government budget is fixed in value as in exp 2a: negative welfare effect!
From exp 2a we know pharma seatapands just a little so domestic pharma
sector does not expand too much in response to p increase i.e. do not need
to curb production by imposing: TP("2") = 100/(100+20);

Target("2") =1.1;
$include SCGE.gen
solve SCGE using mcp;
Target("2") =1.2;

L S T T

TC makes pharma and other itpin health care more effective,

i.e. the better quality pharmaceuticals make the health service more

efficient in use of pharma and other inputs: Productivity of pharma and

other inputs in health caresés by beta% and gamma% respectively

In Exp 5a gamma=0. Beta is 20% is needed approx for health care

to expand (techn change is ada}teBeta is 30% iseeded approx for

welfare effects to be positive.

In Exp 5b. vary gamma and beta: gamma=1%, beta=9% is sufficient for welfare
effects to be positive. gamma=2%ethbeta=0% already yields welfare gains

Beta/gamma is 33% over three years is equivalent to 10% a year

$ontext
TCQ(HZH,"].O"): 100/(100+(beta_0))’
$batinclude solve Exp5a

TP("10") = 1+gamma/100 ;
TCQ("2","10")= 100/(100+(beta-gamma));
$batinclude solve Exp5b

$offtext

TCQ("2","10")= 100/(100+(20-0));
$batinclude solve Exp5a20

TCQ("2","10")= 100/(100+(30-0));
$batinclude solve Exp5a30

TCQ("2","10")= 100/(100+(40-0));
$batinclude solve Exp5a40

TCQ("2","10")= 100/(100+(50-0));
$batinclude solve Exp5a50

TCQ("2","10")= 100/(100+(100-0));
$batinclude solve Exp5a100

TP("10") = 1+5/100 ;
TCQ("2","10")= 100/(100+(20-5));
$batinclude solve Exp5b20
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TCQ("2","10"= 100/(100+(30-5));
$hatinclude solve Exp5b30

TCQ("2","10")= 100/(100+(40-5));
$batinclude solve Exp5b40

TCQ("2","10")= 100/(100+(50-5));
$batinclude solve Exp5b50

TCQ("2","10")= 100/(100+(100-5));
$batinclude solve Exp5b100

$libinclude store didpy changes percent

file myresults /TCPharma.csv/,

put myresults;

$libinclude writecs p_PFv_EPR v_ETA p_HC c_Utilityd Utilityl Results ResultsCh ResultsPer
Parameters p_FEunsk,p_FEsk,p_WLunsk, p_WLsk;

p_FEunsk(h,sims) = p_FE(sims,h,"unsk") ;

p_FEsk(h,sims) = p_FE(sims,h,"skill");

p_WLunsk(h,sims) = p_WL(sims,h,"unsk") ;

p_WLsk(h,sims) =p_WL(sims,h,"skill");

$libinclude writecsv p_FEunsk p_FEsk p_WLunsk p_WLsk
Parameter c_WelfareEx, p_WelfareEx;

p_WelfareEx(sims) = ReksPer("WelfareEx",sims);
Cc_WelfareEx(sims) = RelksCh("WelfareEx",sims);

$libinclude wriecsv c_Utility p_Utility c_W#areEx p_WéfareEx

$label end
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