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ABSTRACT

This study analyses the impact of oil-related developments on output,
incomes+and employment in Shetland., An Input-Output approach is adopted
based on a Shccland transactions table constructed by the author.

Using this, the pre-oil Shetland economy is analysed as base for
assessing oil impact., Three major oil activities are identified and
their local effects estimated: Supply Bases, the Sullom Voe Tanker
Terminal, and Oil-related Construction. Estimates of the impact of
these on local activity are given in aggregate and on an individual
industry basis. Appropriate oil sector 'multipliers' are derived.
Attempts are made to modify the basic estimates by allowing for 'megative
multiplier' effects, induced investment and other elements of impact
excluded in the basic model. Finally, the possibility of oil-induced
changes in local technology is coasidered and its implications for the
preceding impact estimates discussed. In the conclusions the results

of the previous analysis are drawn together and some policy implicatibns

suggested by them are considered briefly.
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INTRODUCTION

The impact of a ﬁew industry on a regibnal economy will depend on the
technological and economic characteristics of both the industry and the
region. This is especially striking in the case of North Sea 0il and
Shetland, where the geographical position of the North Sea fields, and the
difficult weather conditions found there, ensure that fairly sophisticated
industries related to the former will be situated in the semi-industrialised
economy of the latter. This study attempts to aﬂalyse and measure the
effects of local oil-related zctivities on the econoﬁy of Shetland,

particularly on the changes induced in local outputs, incomes, and employment.

The study is based primarily on an empirical implementétion of the Input-
Output methodology. This latter framework is particularly useful in
the'present context, for not only does it provide detailed estimates of

the impact of new industrial developments within a region, but is sufficiently
flexible to permit considerable vériation in the assumptions and variables-
included and excluded in the analysis. The latter attribute is particularly
useful in the present context where the local impact of oil is likely to

be iargc in magnitude and wide-ranging in effect. Furthermore, an
Input-Output table reveals much of the industrial structure which is
essentially technological in nature, and hence provides a framework for
analysing economic repercussions of technological change; the latter being

another possible result of local oil developments.

Chabter One describes the structures of the Shetland economy and population
immediately pre-oil, and the development of these in the preceding decade.
A final section briefly updates some of the more important figures as

far as possible. .Chapter Two develops the basic theoretical framework
used in the subsequent analysis. No attempt is made to provide a
comprehensive survey of Injut-Output literature; rather aspects of the

model, such as multiplier derivation and impact analysis, relevant to the



present study are emphasised. Chapter 3 describes the 1971 Input-
Output table constructed for Shetland and the conventions employed in .

its construction. Detaxled empirical study of the structure of the

local economy follows, including the derivation of a number of 'multipliex'-
type relationships for each local industry. Chapter 4 uses the Input-
Output table derived in Chapter 3 to analyse the local impact of oil-related

deve lopments. Three major areas of oil act1v1ty in Shetland are

identified: 0il Supply Bases, the Sullom Voe Terminal, and Oil-Related

i
Construction, and the impact of each in isolation on local output,

income, and employment, estimated. Subsequently, the impact of oil in
1982 is forecast to provide an idea of the magnitude of impact when all

three activites described above are in operation simultaneously in the

local economy. Chapter 5 discusses, largely qualitatively, some other
considerations which may affect the empirical magnitude of 0il impact,

The areas specifically examined are: ‘'negative multiplier' effects,

effects on non-o0il Final Demand, and local Supply constraints. Since
phenomena of this type generally involved departures from the standard
Input-Output assumptions, they have been discussed infrequently, and at
best, cursorily, in previous Input-Output studies. As the analysis of

this chapter indicates, their importance may have been underestimated hitherto.
Chapter 6 attempts to analyse the possibilities of oil-induced technological
change in local industries ex ante, and to begin to translate any such
predicted changes into Input-Output form. In this way technological change
‘can be transformed into econdmic Variables, and the economic implications

of the change readily assessed.. rThis chapter represents a radical
departure from previous Inpuﬁzazﬁput work, and as such required new model
development for its implementation. In the chapter, a simple framework
for anélysing and classifying processes éf induced technological change is
developed, and the potentiality for oil-induced technical changes in

Shetland cxamined within this framework. Chapter 7 presents the conclusions

derived from the preceding analysis, and discusses some policy implications
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suggested by them. Appendix I discusses the methodology used to

derive the migration flows discussed in Chapter I. Appendix II
‘describes, industry—by—induétry, the methods of data collection and
processing employed in the construction of the Input-Output Table.
Appendix III discusses the deriv#tion of the oil industry expenditure
data used in the basic measurements of oil local impact. Finally,
Appendix IV gives some examples of the questionnaires employed throughout

the study to generate the empirical data base.



CHAPTER 1 : Population and Employment Structure of Shetland

.This chapter provides an introduction, and background, to the detailed
economic analysis of Chapter 3. 1In particular, the input—Output table
for 1971 described in that chapter is complemented by the discussion of
this chapter, which, using rather more accessible data, is able to

examine some of the historical trends which led to the particular
structure which emerged in 1971. Section 1 analyses pre-1971 developments
in the population of Shetland and Section 2 examines Shetland emplbyuenf
statistics over a similar period. Shetland's Gross Regional Product,

Personal Income and Trading pattern, will be discussed in Chapter 3.

1. The Population Structure of Shetland

a) The Shetland population over time

Table 1.1 shows the total population decenially since 1911, as well
as inter-censal changes over the same period.

Table 1.1: Total Population of Shetland 1911-71 and inter—censal changes1

Total Change per
Population period
1911 27,911 -
1921 25,520 -2391
1931 21,421 -4099
#1939 19,868 -1553
1951 19,352 -516
1961 17,812 -1540
1971 17,327 -485

* mid-year estimate.

As Table 1.1 clearly demonstrates, while the absolute magnitude of decline
varied substantially between period-to-period, the population of Shetland
has declined continuously over the period as a whole.2 The total

reduction in population during this sixty years was very substantial:

1. Source: Census of Population; Zetland County Report 1971, Table 1.

2. 'Continuously' only over the point measurements given in Table 1.1.
It is quite possible that in some shorter period, population may have
increased before a subscquent greater decline, or indeed may have declined
further than indicated in Table 1.1 before being subsequently partially

offset by a later rise. An important instance of the latter will be
considered in the text, .



the population in Shetland in 1971 was only 62% of that in 1911. Changes

in total population, such as those indicated in Table 1.1, can be caused
either by differing rates of birth and death or by net migration, or by some
combination of both. Each of these possibilities is considered in turn:
firstly, the birth and death rates in Shetland at five year intervals from
1911 to 1970 are given in Figure 1.1.3 As these graphs show, the death

rate has been consideraﬂly greater than the birth rate for most of the period,
indicating that at least part of the population decrease over the sixty years
is as a result of an excess of deaths over births. However, as Figure 1.2
indicates, over the most recent decade 1961-71, the birth rate has generally
‘been above the death rate, indicating a 'matural' increase in population

during the period.

Figure 1.1. also gives the Scottish birth and death rates over the equivalent
period. Comparison of the respective rates indicates that the birth rate

is significantly lower in Shetland while the death rate is significantly
higher. It should be borne 1in mind however that the birth and death rates
in Figure 1.1 are 'crude' i.e. not corrected for age and sex differences in
the structures of the respective populations.4 As will be discussed in the
following section, the proportion of older persons in Shetland is considerably
greater than that in Scoéland as a whole. Since the death rate among old
persons is relatively high, this fact alone will tend to raise the proportion
of population dying in Shetland above the Scottish figure.  Furthermore,

the proportion of population 'at risk'5 in Shetland is smaller, so that
identical fertility rates in Shetland a?d Scotland would imply a lower

birth rate in the former. The Registrar General provides birth and death

3. All figures are at the end of the chapter.
4, The figures are however adjusted for normal residence.

5. Defined to be the proporticn of the population who are women aged
15-49.  In 1971, this proportion was 0.39 and 0.43 in Shetland and
Scotland respectively.



rates for Sheﬁland and Scotland which are standardised to a common age
and sex structure. While it would be tedious to give series of these
here, it is worth pointing out that'dﬁring the decade 1961-71, the
standardised birth and death rates for Shetland are respectively higher
and lower than those for Scotland, indicating that differences in the
crude rates are significantly influenced by differences in the age and

sex structures of the two populatioms.-

b) The age/sex structure of the Shetland Population

Table 1.2 shows the breakdown of the Shetland population by major age groups,
"both male and female. Equivalent figures for Scotland and the Rest of the
Highlands6 are included for comparative purposes. As the Table shows,

the proportion of the total population aécounted for by males is very

similar in all three cases, being 48.8%, 49.47, and 48.87% for Shetland,
Scotland, and the Rest of the Highlands respectively. Hence there is
nothing unusual in the sex structure of the Shetland population, but Table 1.2
also shows that there are significant differences in the male and female |

Table 1.2: Age Structure Comparisons

Percentage of total population 1971
Age
Group Shetland Scotland Other Highlands
M F M F M F
0-15 11.8 11.2 13.3 12.6 12.8 12.1
15-65 M)
65 (60)+ 6.8 13.8 4.7 10.6 6.0 12.7

age structures among the three populations. Firstly, the proportion of

the population of working age is lower in Shetland than in Scotland as a

6. The 'Rest of Highland' counties are Argyll, Caithness, Inverness, Ross
and Cromarty, Sutherland, and Orkney.

7. Sources: Shetland and Highlands: Respective 1971 Census Reports
Table 8., Scotland: 1971 Census, Table N2.1, ‘



as a whole, almost enkirely because of a iower female component in this

age group. The percentages of the population of working age in Shetland

.and the rest of the Highlands are almost identical, hbwever. The
implications of this are that, ceteris paribus, less labour will be

available locally in Shetland than in Scotland, and that the labour force

that does exist will have a higher dependent population to support.
Secondly, the proportion of the population over retirement age is considerably

greater in Shetland at 20.67% than either Scotland (15.3%7) or the rest of

I
I

the Highlands (18.77).

+

Closer inspection of tﬁe Shetland and Scotland age structures demonstrates
that in most ten-year age groups for both sexes the proportion of the
population is less in Shetland than in Scotland up to about 40-50 years
and thereafter greater. A summary measure of the 'oldness' of the
population is the age index8 which in 1971 was 41.1 for Shetland, 39.0

for the rest of the Highlands and 35.2 for Scotland.

c) Changes in the Age/sex Structure over time

‘Section (a) discussed the changes in the total population over the sixty
years 1911-71 while section (b) examined the age and sex structure at

one point in time: 1971. In this section, these two facets of population
analysis will be brought together to analyse the way in which population
changes over the preceding decade shaped the structure which emerged in
1971. Table 1.3 shows for five year age groups, both male and female,
the net changes in each age group over the decade 1961-71. The changes

in table 1.3 are, of course, only the end result of the processes of
births, deaths, ageing, and migration over the period but are of some

interest in themselves, Firstly, the table makes it apparent that

8. The age index of a population is defined to be the percentage of that
population over the age of forty-five. While the cut-off age is
arbitrary, it is conventional.



Table 1.3 : Incensal changes in Population.-by sex and age groups 1961-71

Age group Males A Females A
61 71 - 61 71 1
0-4 640 710 +70 620 680 +60
5-9 712 715 +3 636 680 +44
10-14 739 620 -119 667 595 =72
15-19 572 585 +13 585 550 -35
20-24 498 610 +112 452 515 +63
2529 478 565 +87 495 530 +35
30-34 521 505 -16 482 470 =12
35-39 582 480 -102 535 465 =70
40-44 474 475 +1 603 515 -88
45-49 583 565 -18 603 515 -88
50-54 587 405 -182 688 495 -193
55-59 568 530 -38 668 555 -113
60-64 491 490 -1 588 610 +22
65+ 1065 1170 +105 1752 1782 +30
Total -85 -405

Sources: Census 1961, Table 6; 1971, Table 8.



the overall decline in the population of Shetland was not spread

evenly either between the sexes or among the various age groups in

both sexes. The fall in the female bopulation was over 807 of the

total fall in population over this dacade. This had the effect of
raising the male/female ratio from 1,06:1 in 1961 to 1.15:1 in 1971.
Furthermore, tﬁe overall decline in Shetland's population conceals the
fact that in certain age groups, for both men and women, the population
actually increased over the period. Notable in this respect are the
increases for both sexes in the age groups 0-4, 20-29, and 65+. These
increases are, of course, more than offset by declines in other age groups

especially 35-39 and 50-59.

d) Migration

Migration is a population variable of particular importance in small
regions because substantial migration can radically alter the size and
structure of the populationvin a very short space of'time, swamping
changes brought about by 'natural' causes (i.e. births and deaths).
Unfortunately it is virtually impossible to estimate gross migration flows

at the regional level, but a method of estimating net migration by age

and sex 1s described in Appendix I.

While, for reasons explained in the Appendix, the detailed breakdown of
net migration figures cannot be regarded as completely accurate,9 the
details in Tables 1.4 and 1.5 are very interesting. It should be pointed
out that 1966 was also a full Census year for Shetland so that migration

estimates for five year periods can also be derived.

Considering Table 1.4(2) first, the overall net emigration for the
decade 1961-71 was 677 persons. This is greater than the actual change

in population over the period, which is to be expected since the birth

9. The estimate of total net migration will be accurate, however.
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Table 1.4 : Net Migration in Shetland by Age/Sex for 1961-66 and 1961-71

1)

1961~ M i F

1966 Actual* Natural A-N Actual Natural A-N
‘0~ 712 711 +1 695 684 +11
5- 624 668 -44 593 615 -22
10~ 667 704 -37 608 639 -31
15- 1142 1201 -59 1025 1132 ~107
25- 973 1042 -69 918 1012 -94
35- 1044 1029 ' +15 999 1028 =29
45— .. 990 1097 -107 1094 1184 -94
55— 1013 1086 -73 1279 1252 +28
65— 731 704 +27 982 1033 -51
75~ 409 392 +16 747 740 +7
Total =330 -382

2)

1961~ M F

1974 Actual** Natural A-N'  Actual Natural A-N
o- 710 722 -12 680 703 -23
5- 715 667 +48 680 641 +39
10- 620 677 -57 595 636 -41
15~ 1195 1275 . -80 1065 1193 -128
25~ 1070 1130 -60 1000 1084 -84
35- 955 1042 -87 910 1028 -118
45— 970 1032 -62 1010 1098 -88
55~ 1020 1080 -60 1165 1188 -23
65— 785 724 +61 1025 1011 +14
75- 385 340 +45 760 721 +39

Total -264 -403

Net emigration April 61-April 66: -712
-April 71: -677

* Census 1966 Table 2
%% Census 1971 Table 8.
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Table 1.5 : Net Migration in Shetland by Age/Sex 1966-71

Formula for Actual population 1971 (A71) = Actual population each age
group: 1966 (A66) + Natural change in population from 1966~71
o191 ~ N61-66) + net migration,

. . Net migration in each age group = A, - A

71~ %6 " Ne1-71 * Ve1-66
= A Nerag1) — (B Ngyge)

Results from Table 2:

o

Net migration April 1966-April 1971: ' M F
0- -13 -34
5= +92 +61

10- -20 -10
15- =21 =21
25- +9 +10
35- =102 -89
45- +45 +6
55~ +13 =51
65- +34 +65
75- . 429 +32
Total +66 -31

Net immigration 66-71: +35,



and death rates alone would have implied a 'matural! increase in
population. This emigration loss is 3.8% of the 1961 population,
. a figure which compares favourably with Scotland's net emigration
loss over the period (6.27 of 1961 population).lo Again the net
emigration among females is higher than among males, though the
difference is less marked than in actual population change. There is
generally substantial net emigration for most age groups, the exceptions
being 5-16 and over 65 for both sexes where there is net immigration
over the decade. The latter is fairly general in rural areas such as |
éhetland to wvhich older persons retire, but the former is surprising

and difficult to interpret on Table 1.4(2) alone.

-

Tables 1.4(1) and 1.5, which cover net migration in the quinquenniums
1961/66 and 66/71 respectively, shed further light on the migration pattern
in Shetland over the decade as a whole. The most significaﬁt impiication
of these tables is that at some point during the decade11 the pattemn
changed from one of net emigration to one of net immigration overall,
yielding a small but positive net immigration total for the period 1966/71.
Noticeably, the net immigration is totally in males, though the net
emigration total for females during 1966/71 is substantially 1e§s than that

for the earlier half of the decade.

Furthermore, while net immigration of older persons took place during
both quinquenniums, the net immigration of 5-9 year olds was concentrated
solely in the period 1966/71. It is tempting to tie this net immigration
of children with the net immigration of 45-55 year old parents since

| 12

this age group also shows net immigration of both sexes over the period.

If this interpretation is accurate, and it is largely confirmed in

10. Source: A.R.G.S. Table 01.1 (Estimate only).

11. It is of course impossible to identify the precise year from 5-year
average figures.

12. The fact that the net immigration figures for men and women in this
age group are not equal is, of course, irrelevant since, for example,
incoming men may have wives in a younger age group, In fact, Table 1.5
does show that the net emigration of women is less than that.0§ men 10
the age group 35-45, vhich lends some support to this proposition.
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local sources, it could lead to improved stability in Shetland's
population, both in texms of total numbers and in actual identity of
-residéhts, since middle-aged families with young children are likely

to be less mobile than younger persons.

2. The Employment Structure of Shetland

a) The 1971 structure

This section examines .the employment structure of Shetland as it existed

in 1971. The only data source available on an annual basis are the

employment statistics provided by the D.E.P.'s ERII records. Since, in
a subsequent section, the changing pattemn of employﬁent in Shétland
over time is to be discussed, this source will provide the main basis |
of employment estimates throughout. However, the DEP figures are not
without problems, one of the main ones being that self-employed persons
are excluded, as are many part—time and spare-time workers.I3 These
omissions are potentially a serious source of distortion, since in a

small rural community such as Shetland, the number of persons falling

into such categories is likely to be relatively large.

In the course of compiling the Input-Output Table, a comprehensive
accomnt of employment in Shetland was gathered from a variety of sources,
including sample survey. Table 1.6 gives these industry employment
estimates and the corresponding DEP figures for comparative purposes.

As the figures show, the main differences between the two data sets,
allowing for the varying methods of data collection and differénces in
industry definition, are in the Agriculture and Textile industries where
the DEP figures grossly unde restimate the‘number of persons employed.
However, as discussed later, the number of employees in the first colum
could be misleading insofar as many of these employees are only part— or

spare~time and will be counted in more than one industry. The figures

13. For a discussion on the use of employment statistics, sece Mackay and
Buxton (1965). :



Table 1.6 : Employment Structure of Shetland 1971

Industry

Agriculture
Fishing
Quarrying

Fish Processing
Ship Repair
Textiles

Other Manufacture
Construction
Utilities

. Transport
Communi cations
Distribution

Professional Services/
Banking & Insurance

Othier Services

Local Government

Total

No. of persons

McNicoll : DEP
1384 (517) 58
636 (517) 550
30 9
723 (699) 808
90 90
2738 (658) ’ 406
122 122
650 620
60 57
383 (328) 248
250 (175) 137
901 (812) . ‘ 768
967 (867) 842
421 (308) 352
417 432
© 6772 (6250) 5499

14
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in brackets give a more accurate estimate of the number of full-time

equivalent jobs in each industry where these are significantly different

- from the unbracketed figureé.14

As mentioned above, for the rest of this chapter, the discussion will

utilize the DEP figures, though the distortion éhereby introduced should

be borne in mind. The importance of Fishing and Fish Processing15 is

immedi a tely apparent, these two industries accounting for almost 25Z of

total Shetland employment in 1971, Textiles (primarily knitwear) is

the only other manufacturing industry of real importance, accounting

v

for over 7% of total employment.

It is common in employment analyses to differentiate between 'Basic'

and 'Service' sectors, usually implying the dependence of the latter on

" the former.

1 . o . . .
6 Such a distinction, which is always to a greater or lesser

extent arbitrary and of dubious analytical merit, is entirely unnecessary

in the present study since the various inter-dependencies in the economy

are thoroughly explored in the discussion of the Input-Output table.

Table 1.7 gives the male/female breakdown of employment in Shetland in

1971 for major industry groups with the equivalent Scottish figuresl7

included for comparative purposes.

Even at this level of aggregation, differences in the structures are

revealed: the proportion of total employment in each of Primary,

Construction, and Services is greater in Shetland than in Scotland, while

in Manufacturing the proportion in Shetland is considerably less,

14.

15.

16.
17.

See page 72 for discussion and method of conversion .to full-time
equivalence.

As the Input=-Output Table will show, these industries are highly
interrelated. See also Greig (1972).

See, for example, Tiebout (1962).
Source: British Labour Statistics Yearbook 1971 Tables 53 and 54.



Table 1.7 : Male/Female

Employment in Shetland

per cent of total employment

Shetland Scotland
Industry Male Female Total Male Female Total
S.I.C.
Primary I-II1 11.2 - 11.2 4.3 0.5 4,8
Manufacturing
III-XVI 15.2 9.6 24.8 23.5 12,0 35.5
Const;uction
XVII 11.0 0.2 11.2 8.1 0.5 8.6
Services
XVIII-XXIV 26.9 25.9 52.8 24,8 26.3 51.1
) 64.1 | 35.1 100 60.7 | 39.3 100

Given the rural nature of Shetland, it is not surprising that the economy

should be relatively specialised in Primary industries such as Agriculture

and Fishing, while the lack of heavy industry in the locality explains

the low manufacturing proportion.

The greater proportion in activity in

Construction in Shetland is perhaps explained by the respective positions

of the two economies in their trade cycles:
be discussed in the next section, was at the peak of a boom in 1971
because of the high levels of activity in the Fishing, Processing and

Textile Industries simultaneously;

the Shetland economy, as will

the Scottish economy as a whole, on

the other hand, was in a depression during that year because of recession

in the very (heavy) manufacturing industries absent in Shetland.

Comparison of the male/female employment breakdown for both economies is

also very interesting.

-male with female activity greatest in Service industries.

As expected, in both the bulk of employment is

However,

Table 1.7 reveals that in all industry headings, the proportion of total

employment accounted for by females is less in Shetland than in Scotland.

It is beyond the scope of the present study to determine whether the lower

level of female activity in Shetland is caused predominantly by local social
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and other considerations resulting in a reluctance of females to enter
the workforce (i.e. 'supply' factors) or by differences in relative male/
female opportunities in the local labour market (i.e. 'demand' factors),

though it would seem both types of forces operate to some extent,

b) Changes in the structure of Shetland Employment 1961-71
As measured by the DEP, total employment in Shetland in each year 1961-71

is shown in Figure 1.&

The scales of the respective axes rather exaggerates changes in employment,
which were small absolutely over the decade. In féct, total Shetland
'euployment in 1971 was very little different from that in 1956, Differences
in industry definitions and inclusion/exclusion criteria bedevil any analysis
of employment timé series statistics. For example, it was ascertained

from the Lerwick Employment Exchange that the apparent decline in

employment during 1968-70 was largely due to the exclusion of a group of
fishermen hitherto included in the DEP figures, and included again in

1971. The dotted curve gives an approximate correction for this.

Although the changes in total employment. in Shetland were small,

ﬁnemploynenf figures for 1966-71,18 reveal a éteady annual decrease in

the numbers wholly unemployed:

Table 1.8 : Unemployed in Shetland 1966-71

Wholly unemployed in Shetland

Year January Peak July Minimum
1966 611 310
1967 515 311
1968 563 251
1969 527 241
1970 432 163
1971 360 170

These figures substantiate local claims of a recovery of the Shetland
economy in the late sixties and early seventies, particularly since, as was

seen earlier, this period was one of net immigration.

18, The only ycars made available,
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Table 1.9 indicates the changes in employment at various industry levels
between 1961 and 1971. Again, it should be stressed that small
variationé.cannot be given much credence because of various comparability
problems associated with data c§11ection and compilation.19 Also it is
not certain that these two years are at comparable points in the trade
cycle. However, the purpose of this section is to indicate the recent
development of the Shetland economy in broad outline rather than detail,

and the.data permits this.

Table 1.9 : Changes in Shetland Employment by Industry 1961-71

absolute A employment

Industry M F T
Primary +8 =57 -49
Manufacturing +407 +269 +676
of which: -

Fish Processing +221 +101 +322
Textiles +110 - +180 +290
Construction =40 -9 =49
Services =480 +133 -343

of which:
Transport and

Communications +180 -2 -182
Distribution -108 +2 -~106
All industries -105 +336 +231

Table 1.9 is most revealing: overall employment iﬁ Shetland was somewhat
higher in 1971 than in 1961 (but not than in 1963, see Figure 1.@), but the
increase was not evenly distributed between the sexes nor among the various
;ndustries. " Male employment was in fact lower in 1971 than in 1961,
however Figure 1.8 shows that male employment was fairly volatile throughout
the decade and thus the difference, in a single year comparisoq, may not
-be significant., Female employment, oﬁ the other hand, although considerably
higher in 1971 than in 1961, was remarkably stable over the decade, the
increase being almost wholly attributable to two upward 'steps' in 1962

and 1971 itself. The figures suggest that, in total, job opportunities

for women were more stable than those for men throughout the decade.

19. A major problem arises in the adoption of a new industrial classification
(SIC) in 1968. However, the DEP provided adjustment details to make
figures based on the different classifications as comparable as possible.
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Manufacturing'industry grew_pontinuously throughout the decade, and
manufacturing enployment in both sexes is considerably higher in 1971
than in 1961, As table 1.9 indicafeé, most of the overall increase
in manufacturing employment was accounted for by increases in Fish
Processing and Textiles. Service industry, on the other hand, declined
between 1961 and 1971, but in this instance the overall decline consisted
of a substantial male decline, partially offset by a rise in female
employment. In fact, further analysis of the data indicates that even
female service employment declined somewhat in the latter half of the

~ decade. Interestingly, although the trend in service eupléyment throughout
the decade was downwards, the proportion of total employment accounted
for by Services in Shetland was still higher than that in Scotland in 1971
(see Table 1.7). Again, a substantial proportion of the overall decline
in'Services was accounted for by declines in two industries, Transport

and Communications, and Distribution.

Wagstaff (1973) has examined changes in manufacturing and service enploymént
in a number of Scottish counties, including Shetland, for the period 1951-
66 and concludes:
“In the Crofting Counties the drop in basic employment from
1951-61 ... left the region oversupplied with services ...
Service employment in the subsequent five years fell ...
absolutely."
It seems probable that a lagged relationship of this sort between service
and manufacturing employment explains the observed changes in each in Shetland

‘ddring 1961-71, but a detailed analysis of the reasons for Shetland employment

changes before oil development is beyond the scope of the present study.

Recent Developments

Since 1971, changes in population and employment in Shetland have been
dominated by local oil related development. While past trends will to
some extent continue to influence the present, the magnitude of oil activity

relative to the pre-existing structure is such as to cause substantial
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discontinuities, and even reversals, in previous trends. Data on moré
recent years is less reliable at present than the years up to 1971 because

of lags in availability and interpretation. In particular, the annual
population estimates of the Registar General are less reliable than the
Census figures for 1971, However these estimates nevertheless clearly
indicate a continued increase in population in Shetland: 17,740 in

1972 and 18,386 in 1973. Local sources have expressed the view that
population has continued to rise since. The net migration component of this
increase is estimated to be +350 in 1972 and +568 in 1973. No details

of the age/sex structure are available, but,it is clear from local sources
that immigrants are néw largely persons of working age coming to Shetland for

oil related employment.

Employment has also risen: 5,700 in 1972 and 5,900 in 1973. Not
surprisingly, construction employment has been growing: froﬁ 600 in

1971 and 1972 to 700 in 1973. Further growth in Construction employment
is inevitable, and a construction force of well over 1,000 before the end
of the decade probable. The remainder of the growth was entirely in the

Service sector, reversing the trends of the previous decade.

The increase in employment was entirely concentrated in male employment,
the level of female employment being the same in 1973 as in 1971.
Interestingly, though employment rose by about 500 persons between 1971
and 1973, local wholly unéﬁployed only decreased by approximately 60
persons between July 1971 and July 1973, confirming the point of the
prgceding paragraph that immigration during the period was primarily to

take up employment.

Conclusions

This chapter has shown the development of thé Shetland economy in the period
immedia tely preceding oil activity., The population of Shetland has been
shown to have declined continuously over a long period. This trend,

however, was reversed in the period 1966-71.where the combination of a
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'natural' increase and net immigration caused a growth in population over
the quinquennium. This net immigration included net immigration in working
"age groups as well as in retirement age groups. The Shetland population

was found to be 'older' than that in Scotland and the rest of the Highlands,

though rather more similar to the latter.

In employment terms, Manufacturing was shown to have increased considerably
over the decade 1961-71 for both males and females. This growth was

almost entirely concentrated in two industries: Fish Processing and

Textiles. These industries are notoriously volatile, the former because
of the great variability of fish supply from one season to the next,
the latter because Shetland knitwear has always been directed at the

fashionable end of the market and is subject to the whims which fashion

imposes.

Total employment was reasonably stable over the period with such 'peaks'
as there were in 1963, 1966 and 1971, and ‘'troughs' in 1961, 1965

and 1970. Almost all the variability in total employment was in male
employment, with female employment being remarkably stablé over the
decade. Male employment was rather lower in 1971 than 1961, primarily
due to substantial reductions in male Service Industry employment.
Female employment on the other hand, was higher in both Service and

Manufacturing industries in 1971 than in 1961.

Finally, the movements of both population and labour over the period will
tend to affect the activity rateszo for both sexes, which are given for

selected years in Table 1,10.

The fact that both male population of working age and male employment declined

over the decade tended to keep the male activity rate fairly constant. On

20. Defined as actual employment M/F .
population of working age M/F
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the other hand, female employment rose over' the decade in spite of
continued decline in female population of working age, and hence as

Table 1.10 shows, female activity rates tended to rise during the period.

Table 1.10

Activity Rates
1961 1966 1971
M 0.70 0.68 0.71

F 0.31 0.39 ' 0.44,



Fig 1.1 Birth & Death Rates in Shetland
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Fig 1.2 Employment in Shetland 1961-71
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Fig 1.3 Male/Female Employees in Shetland 1961-71 111
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CHAPTER 2  Input_Output Theory

1. This chapter outlines those elements of Input-Output theory and
methodology~employed in the subsequent empiricél analysis. No attempt
is made here to survey the entire theoretical literature of Input-Output,
which is extensive and growing';—céhtinually,1 and a review of previous
applied Input-Output work is left almost entirely to later chapters,

‘¢

particularly Chapter 3. Section 1 discusses briefly the advantages and
disadvan;ages of Input-Output compared with the two other major regional
impact methodologies: Keynesian multiplier and Economic Base. Section 2
presents relevant basic Input-Output theory; including basic multiregional
theory. Section 3 outlines the model employed in the Shetland study,

and finally, section 4 discusses the definition and derivation of various

'multiplier' concepts which are used extensively in subsequent analysis.

Section 1  Comparison of Alternative Impact Methodologies

As will become apparent subsequently, the use of Input-Output in an applied
context requires the collection and careful processing of a large volume

of empirical data. Since the alternative impact methodologies generally
enploy less empirical material, the use of Input-Output in a situation éf
resource constraint must be justified. Essentially, the Keynesian
multiplier and Economic Base techniques fail relative to Input-Output A
analysis in tﬁree areaszz level of detail, coverage of secondary impact,

and flexibility. Though these three limitations are not entirely

1. See, for example, Input;Output Bibliography 1966-70 (1972).

2. A detailed review of Keynesian Multiplier and Economic Base techniques is
beyond the scope of the present study. For early development of the
former model in a regional context see Archibald (1967) and Wilson (1963),
while Brownrigg (1974) contains a modern summary, including recent develop-
ments in the model. The literature on the Economic Base model is far
more extensive, and is usefully surveyed in Stone (1973). Tiebout (1962)
clearly outlines the basic analysis, while Wagstaff (1973) uses a more
recent variant in a Scottish context.
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independent (e.g. the level of detail in the analysis may affect the
flexibility of the model), they are discussed individually below.

(a) Level of Detail

The number of industries individually identified in‘an Input-Output

table is ultimately ;estricted only by the resources available to the
analyst. Hence, the impact of a new development on the indigenous
economy can be analysed at the industry level: the effects on individual
local industries of importance (such as traditional mainstay industries

or new growth industries) can be readily measured and analysed. Such a
disaggregate analysis assists manpower planning, identification of capacity
éonstraints, etc.3 Economic Base analysis, on the other hand, is
essentially a two sector model: the 'basic' sector comprising industries
whose levels of acfivity are determined exogenously to the local ecoﬁomy
(i.e. depend on economic conditions outwith the region), and the non-basic
sector comprising those industries whose levels of activity are sustained
by the local re-spending of basic industries. Algebraically the model

is as follows:

Y=D+X . (1)
D = bY (2)
D=_b =

=R @

<
L]

total regional income (or employment)
X = basic regional income (or employment)

D = non-basic regional income (or employment)

(1-5) is the Base multiplier

3, See Richardson (1972) especially chapters 1, 8, 9 for a general idea of
the usefulness'of Input-Output in this area.
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Assuming‘tﬁe new development is interpreted in the form of an increment

to basic rcéional income,4 the model provides only an aggregate estimate
of the secondary repercussions on the non-basic séctor. Similarly, the
Keynesian Regional Multiplier modecl provides an estimate of the aggregate
change in regional income resulting from a given change in exogenous
receipts. The model is a variant of the national income multiplier model
in which each of the variables is given an appropriate regional value.

The basic model is derived as follows: : i

v
“r = Cr + Ir + Gr + xr - Mr P (4)
(Gross (Regional (Regional (Government (Regional (Regional
Regional Consumption) Investment) Regional Exports) Imports)
Product) : Expenditures)
r r . . .

Cr'= crYd Yd = regional disposable income (5)
Yd = (l-tr-u.r)Yr tr = marginal regional tax rate

u = marginal regional unemployment benefits (6)
1 =1, N
G =G, ‘ | ¢:))
X, =X 9
M,r = err m_ = marginal propensity to import for consumption (10)

From equations (1)-(7), and letting Ir+Gr+xr = Jr’ it can be shown that:

J

r
Y " Ot (om) a1

. 1
Letting — — —
(1 Cr(1 tr ur)(l mr)

= kr’ the impact of any given change in Jr

on regional income can be determined from:

AYr = krAJr (12)

. i3 L3 * S
This model has becn used to measure the impact of new industrial developments

4, See, for example, Garrison (1972).

5. See Greig (1971) and Brownrigg (1974 op. cit,).
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on regional economies, but as shown above, the regional repercussions

are measured in highly aggregate terms. Certainly, disaggregate versions
of both models have been conStructed,6 but as this is done, their cost
advantages relative to the Input-Output framework disappear rapidly aund

many of the disadvantages discussed below will effectively still remain.

(b) Coverage of Secondary Impact

As discussed more fully in Chapter 3, the Input-Output model permits the

!

estimation of two types of secondary regional impact effects: (a) indirect
|

effects, resulting from inter-industry purchases created by the industrial

<

development and (b) induced effects, resulting from the regional consumption

expenditures from household income created by the industrial develqpment.7
Both the Economic Base and Regional Multiplier models omit parts of these
effects and hence underestimate the secondary impact of the industrial
development. The Economic Base model measures both indirect and induced
effects but precludes the possibilities both of inter-industry transactions
within the basic sector and of service sector purchases from the basic sector.
To the extent that purchases and sales of these types exist in reality,

the Economic Base model omits secondary impact effects.

Inspection of Table 3.1 indicates that most industries which might be
considered as 'basic' in Shetland (e.g. Primary industries, Manufacturing,
and Local Government) in fact do make sales both to other basic industries
and to 'service' industries; and hence in Shetland Economic Base multipliers

will underestimate equivalent Input-Output multipliers.

Similarly, the Keynesian model outlined above measures only the induced

effects, omitting the indirect effects entirely, Table 3.9 gives the

6. E.g. see Garnick (1970), Weis and Gooding (1968), Wagstaff (1973), and
Brownrigg and Greig (1974),

7. See pp, 59-60 for a fuller discussion of these concepts.
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indirect incomé generating potential of each Shetland industry, and, as is
apparent fféﬁ,tbe figures there, this is significantly greater than zero
for many local industries.8 Relative to Input-Output, both the
Keynesian Multiplier and Economic Base models therefore underestimate
the secondary impact of new industrial developments. As will become
apparent in Chapter 4, the secondary effects of oil in Shetland are of
considerable importance, and omission of all or parts of components of them

is therefore particularly undesirable.

(c) Model Flexibility

Though the basic Input—-Output framework is founded on a number of fairly
restrictive assumptions (see pages 30-31), these are not generally inviolate,
and in Chapters 5 and 6, amendments to thé basic framework are introduced,
and the effects of their incorporation on the estimated local impact of oil
measured. While the Economic Base and Keynesian models do not necessarily
preclude the incorporation of technological change, say, their aggregate and
'partial' (i.e. they measure only parts of the secondary impact) nature

make adjustments to the basic models difficult, unless they are in fact

re-cast along essentially Input-Output lines.

In summary, the major virtue of the Economic Base and Keynesian models is
their ability to ﬁrovide relatively low cost estimates of the aggregate
impact of a new industrial development. This estimate will not differ
greatly from an equivalent aggregate Input-Output multiplier if secondary

effects are not particularly important. If however, estimates of the

8. A variant of the Keynesian model developed by Greig (1972) includes some

indirect effects. Essentially Greig's measure of indirect effects involves

. S . : - . .
using an £I+A ) matrix rather than the (1-A%9) 1 patrix of Input-Output
analysis (see pg.29). A comparison of these two matrices for Shetland
indicates that the Greig method underestimates the indirect income effect

(as measured by the Input-Output model) by 40% on average, and underestimates

the Type I Income Multiplier (see pg.37) by an average 137. Therefore,
even the incorporation of Greig's adjustment to the basic model does not
entirely remedy 1ts omission of indirect effects.
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‘impact of the new development on individual local industries are required,
if indirect and induced effects are important, and if the ability to vary
the assumptions of the basic model is desirable, then the advantages of the
Input-Output model in these areas are more than sufficient to offset its

relatively higher cost of implementation.

Section 2 Basic Theory

Assume an n industry economy. Then by definition

: n
xi = j{qxij + Yi i=1...n ‘ (13) |

where X. is the Gross output of industry i
xij is the quantity of output of sector i absorbed by sector j

Yi is Final Demand (i.e. exogneous demand) for the output of sector i.

If it is now assumed that, for all xij’

xij = aijxj i, j=1l...n (14)

i.e. that the output of sector i absorbed by sector j is a constant

proportion of the output of sector j.

Then, substituting (14) into (I),

n -
X, = 521315)(5 + Y, i,j=1...n (15)

Equation system (% in expanded form is,

x1 = allxl + alzxz eees *+ aljxj cee *+ alnxn + Y1

x2.= a21X1 + aZZXZ ees + aszj eee ¥ aZan + Y2

® o0
ceoee
LI NI

(16)

X, = a; X, + a.. X, ... + a, Xj vee + 2. X + Y

ees o
LI X I
LI IR BN 3
LI B

xn = anlx1 + anZX2 cee + anjxj cee ¥+ annxn + Yn

Taking all the Xi's over to the LHS,

xl(l_all) - 812x2 R —aljxj ce e -alﬂ.xn - Yl



-

29

"82 lxl + X2 (1-822) LR -azjxj se0 "82nxn 2
ajlxl ajzx2 e # Xj (1 ajj) cos ajnxn Yj
Or i
, y— - - 3 r PN r 3\
(1 all) a5 e alj vee oyt X1 Y1
-2, (l—azz). .o l--a2j cer Ay X2 Y2
. * . . . . (18)
-a, -a. ves (1-a..)... -a X, = Y '
il j2 ‘ JJ) jn j h
L- nl -anz T —anj e (l—ann) / \an \ YnJ
which ~is, in matrix notation,
T-4x = () (19)
where I is an n-order identity matrix
a a LN BN ) a . LI ) a
A= 11 12 1j 1n
. . . : nxn
2n1 a2 anj %nn
(X} is an n x 1 matrix of industry gross outputs, and
(Y) is an n x 1 matrix of "industry Final Demands
Pre-multipying both sides of (19) by (I - A)—l,
-1 -1
(T-a) " @-aFE=(1-4""@
. -1
o) o= (1-4) () (20)

(I - A)-l is known as the Leontief inverse after the founder of Input-Output

analysis,9 and equation system (20) presents the standard Input-Output result

Refs: Leontief, W. (1953), (1936), (1951). The term 'Leontief Inverse'
is used in Richardson (1972) especially Chapters 2 and 3.

9.
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that, given a'bill of Final Demands, and the coefficients of the A

matrix, the industry Gross Outputs neéessary to produce that Final Demand
can be calculated. In fact, althodgh the foregoing is the conventional
interpretation of equation (20), the system itself is more general in thaﬁ,
given any n(n+l) of the (n2+2n) variables in it, the other n can be
calculated. This latter property is of more than theoretical interest,
since in some empirical applications the Gross Outputs of certain industries
may be fixed and given by capacity considerations, say, and in such cases

these would be included in the system's exogneous variables.

"The matrix A is a matrix of physical input coefficients, where aij measures
the physical input of i required to produce me physical unit of j.

Such a measurement system permits summation across'rows, but not down
colums, since the aggregation of diverse products such as fertilizer,
yarn, steel, etc. is meaningless. Furthermore, in practice inter-industry
flows are generally obtained in expenditure terms, i.e. the coefficient is

a value one where

a.. = x,.P. '
i i X.P.
j JifeE, A (21)
P,
=a,., 1/P,
1] / J
aPij = aij if the price of a unit of output of each sector is set at

wity. This condition is satisfied by defining the unit of output of
each sector to be that which sells for one monetary unit (in this instance
the £). Using such value coefficients, the colum entries for each
industry can be summed and, for all i,

a., =1

i

e ™M

Unfortunately, coefficients defined in value terms as above are no longer
purely technologically determined as the physical coefficients are,

but are susceptible to changes in relative prices.

At a general level, three assumptions are generally imposed on the Input-
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Output systemIQ: (a) Each sector has a single output, and a single
input structure given by its colum of coefficients. The single
output assumption is made to avoid the problem of variations in 'product-
mix', i.e. a single industry ma& produce many products, each of which
has a different production schedule, and hence if the individual product-
proportions in the industry's total output changes, the aggregate industry
production schedule will change. The single input structure assumption
ensures_that there is no substitution among inputs.
(b) For any sector, each input is proportional to that sector's output.
This assumption, which is implicit in equation (14), is the best-known and
most frequently criticized of all Input-Output assumptions, and is discussed
further below.
(c) There are no external economies or diseconomies of production. This
assumption ensures that the production of‘any sector does not a ffect, and is
not #fected by, the production of any other sector, other than through

the Input-Output relationships specified in equation (16).

In summary, the crucial feature of most Input-Output studies is that they
assume the relationship between each input and the corresponding output

is one of linear homogeneity (degree one), i.e. constant coefficients of

the form aij' Some'of the ways in which coefficients may in fact chgnge

are alluded to in the discussion of the input—output assumptions above,

but collectively these fall into five main types (i) coefficients may change
as a result of economies of scale when output changes (ii) external economies
or diseconomies may exist (iii) changes in relative prices may lead to
substitution among inputs (iv) the industry output-mix may vary

(v) technological change may lead to the creation of new production functions.

10. E.g. see Isard, Methods of Regional Analysis, Chapter 8, M.I.T.

11, In fact if there were a number of discreet input-structures for each
industry and the proportion of overall industry Final Demand satisfied
by each structure was known and fixed, the single 'industry' could be
sub-divided into a series of sub-industries in the Input-Output table,
so that the 'single input structure' assumption is more closely realised
in each sub-industry,
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While in empifical input-output studies, the analyst attempts to define
sectors in such a way as to minimise the possibility of coefficient
change (e.g. by having each industry's output as homogeneousas possible),
it is impossible to ensure that in all circumstances the assumption of
constant production coefficients will be valid. Depending on the
analysis, changes in production coefficients which are small in magnitude
and/or take place slowly over time may_be relatively unimportant. In
any event, the validity or otherwise of the constant coefficients assumption

can only be tested empirically.l2

“ (b) Interregional Input-Output Theory

The fundamental change made to the basic theory described above in
regional studies is the addition of a spétial element to all the flows.
The most general regional model is one which classifies each flow by

industry and region of origin and industry and region of destination.13

The 'Balancef equation for this general regional (nregion, m industry),

system is
n m
X5 s§=1 -21 rs™ij =I’I'Yi e tpg¥y et o (22)

where rxi is the Gross Output of industry i in region r

X, s is the flow of product from industry i in region r to industry j
rs in region s

Ra is the flow of product from industry i in region r to Final Demand
in region s.

As before, coefficients can be defined as

rs?ij ~ rs’i j/sxj , : (23)

12, See Evans and Hoffenberg (1952). For tests of the validity of the
assumption in actual Input-OQutput tables, see refs: Carter (1970),
Sevaldson (1963), Miemyk (1968), Rey and Tilanus (208), McGilvray
and SimPSOn (1969). As might be expected, the assumption is rather
better in some circumstances than others, but, overall, the results are
fairly encouraging at least for short-to-medium time perlods and small
changes in Final Demand.
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assuming that the flow of output of industry i in region r to industry

j in region s is some constant proportion of the output of industry j
“in region s,

Substituting (23)into (22)

y n m ) X
R RURTES O D T S B 20
As before (see equativons (17)y(19)), given all the rsaij's and rYi's, equation

system (21) can be solved for the rXi's.

Two points relating to equation system (24) are immediately apparent:

(a) the volume of data required to implement a full-scale multiregional
model of this type is considerably greater than that necessary to construct
a single national table, (b) the assumption of constant coefficients in
this case implies not only those conditions set out above in relation to
equation (17), but also in addition the condition that trading patterns
among the various regions remain fixed; that is there will be no variation
in any industry in any region in its geographical pattern of suppliers

and customers. Obviously such a requirement is extremely stringent,

and while the paucity of actual multi-regional tables precludes final
assessment of its empirical validity, such evidence as is available is

not particularly encouraging.14

3. The Shetland Model

The Input—Output model used in the Shetland study falls between the national
and multi-regional models described previously; in fact, the Shetland

Input-Output table is a single-region one in which local inter—industry

flows are individually enumerated, but purchases and sales of Shetland
industries outside the region are contained in a single import row and

export column respectively,

14, Refs: Moses (1955), Riefler and Tiebout (1970).
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Formally, for each industry i:

s _ .8 s 8 s” s .
Xi x]._1 + xi2 ees *+ xij eee + Yi + Ei 1 1...n (25)

where Xi is the output of Shetland industry i

x5, is the flow of products of Shetland industry i to Shetland

industry j
Eg is the total Export demand for Shetland industry i's products
Y; is other Final Demand for Shetland industry i's product.

That is, the output of each Shetland industry is sold either to other
Shetland industries, to elements of Final Demand (excluding exports),

or is exported.

We define coefficients, azj, such that
S =% .
.. L) o o
1] lJ/xj i,j=1...n (26)
i.e. the sales from Sheltand industry i to Shetland industry j are a

constant proportion of total output of the latter.

As-before, substituting (26) into (25) yields

s s 8 s,.,S ' .
Xi = naijxj + Yi(Yi=Y? +Ei) i=1...n (27)
Or in matrix notation
x°) = (%) (x°) + (¥°) . (28)

As before, this can be re-stated to yield
() = (1 - )71 (") (29)

. . . s . . . 1 .
i.e. given the matrix (aij) of domestic flow coefficients 3 and a matrix

df Final Demands, local industry Gross Outputs (Xz) can be calculated.

4, Multipliers

In the course of the ensuiﬂg discussion, use will be made of industry
‘multipliers' of various types. The economic interpretation of these
multipliers and their significance is discussed at the appropriate point
in the analysis of the Shetland table, in the present section we merely

consider the theoretical derivation of these multipliers. We consider

15. Ref: McNicoll (1976),
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three types:(a) output (b) Income (c) empioyment, but as will become
apparent, the multiplier concept can be generalised beyond these three.
.(a) Output Multipliers
The so—called type I output multiplier16 is derived as follows: assume
a one-unit change in Final Demand for industry i, then

(5°) = (- ) (&%)

-

where (AY§)= bl

e oo
o]
»
[

Q e

n

. /

Let bij be the i,jth element of (I - AF)—l then

(&%) = fb,.]

ni |
so that the total change in output resulting from a unit change in

Final Demand sales by industry i is

The type I Output Multiplier is defined to be, for industry i,
n
s _ s
ki = Lby ' (30)
i=1 "7/

i.e. the multiplier is the ratio of the total change in Shetland output
resulting from a unit change in Final Demand in industry i, to the unit
change itself. Since by definition the denominator of such a multiplier

will always be unity, it can be omitted from the expression.

The type II Qutput Multiplier is defined analogously to the type I above

except that the inverse matrix from which it is derived has households

endogenous.  Formally, for the household sector, we add to equation system

16. Refs: Hirsch (1959), Moore and Peterson (1955), Mierynk (1967) pgs. 42730.
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(12) an additional row and column of the forms:
.SBB ) S S ] vS
ROW  # Xy " % " M2 o M " %t Yy

: . vS o 5 5 ' ] s s 8

where X° is the total output of the household sector (i.e. wages and
salaries etc. on the income side; gross expenditure on the
expenditure (colum) side.)

(31

x;i are the wages and salaries paid by sector i to households

x?H'is the expenditure made by households on the produce of sector i

1
Y; are receipts by Households from outside the Input-Output system
V; are payments made outwith the Input-Output system by households.

Again it is assumed
and the system can be solved for all Xi, including households, in terms
of Yi by
s sy—1..s
) = (@ -a) " () S (33)

wvhere (Xi) is the vector of local industry Gross outputs including
households

[Ai) is the matrix of domestic flow coefficients including those
for households

in) is the matrix of Final Demands, excluding household expenditure.

Industry type II multipliers derived from equation (33) are defined as

*g n+l *g .
k,” = b.. i=1...n+1 (34)
o1 =1 ji

i.e. the type II multiplier for industry i is defined to be the colum sum
of the ith column of the household augmented inverse matrix. The
relationship between type I and type II multipliers for a given industry

is discussed later.17

The type I income multiplier is defined as follows for industry j:

17. Ref: sce page 66,
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=
js

(35)

f!

s

where hHi is the ith industry's household row coefficient
s

b%, is the i,j%P

ij entry of the (I - AS)-I matrix, households excluded.

That is, for industry j, the Type I income multiplier is defined to tbe

total change in income resulting from a wnit change in industry j Final

Demand (Zh;isz) divided by the direct income‘change in industry j (hsjs.
i :

The type II (household endogenous) total income change for industry j is
* . ,

given by hH;’ the jth element of the household row in the inverse matrix

with households endogenous. As above, the Type II income multiplier is

kg
defined as .
Muj

5

th

Employment Multipliers

Assume an employment/production function18 of the form e, = Ei/xi where

Ei is total employment in industry i and Xi gross output of that industry.

Then the type I change in employment per unit sales to Final Demand of
industry j is given by

s
gaibij (a)

where b;j is as defined above.

The type II change in employment for sector j is obtained from:

Zb..a. (b)
1

*
where bi; is as defined above. Type I and Type II multipliers can be
obtained by dividing (a) and (b) respectively by the direct employment

changé in industry j.

18, Refs: Moore and Peterson (op. cit.). Miernyk (1967b).
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In summary, this chapter has discussed some of the advantages of
‘Input-Output relative to other forms of impact analysis, and outlined
the elements of Input-Output theory used in the subsequent empirical
analysis. The following chaptér analyses the Shetland Input-Output
table, while chapters 4, 5, and 6 employ it to estimate various measures

of the impact of oil on the local economy.
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CHAPTER 3: Input-Output Analysis of the Shetland Economy 1971

Section 1 Format of the Input-Output Table

Table 3.1 describes the inter-industry relationships in Shetland for the
year 1971, This table was constructed from data obtained primarily in
a survey of Shetland firms and households undertaken by the author.
Details of individual industry definitions and data sources for each

are given in AppendixII. This table is known as the transactions table

and indicates in £'000 the actual flows of goods and services of the various
Shetland industries to and from one another and to and from other parts

of the local and non~local (i.e. Imports and Exports) economy. Reading
along any row, each cell entry indicates the quantitf sold by the industry
on the left to the industry at the top; conversely reading down any colum,
each cell indicates the amount purchased by the industry at tpe top from
the industry on the left. Every cell entry can be interpreted in the same
double-entry fashion: gither as a sale from one industry to another, or

as a purchase by the latter from the former.

The transactions table is divided into three main areas for analytical reasons
which will become apparent later; in the meantime they are described
briefly as follows:

(i) Intermediate (or Processing) Sector

In table 3.1, this sector includes all the industries from Agriculture

to Households, and broadly speaking is the one in which the various

local goods and services are produced and/or processed. As discussed in
the theoretical exposition of Chapter 2, Input-Output analysis is often
undertaken with households excluded from the Intermediate sector, and in
the subsequent discussion of Shetland industry multipliers, both Type I

and Type II (as defined in Chapter 2) will be derived, However in the
analysis of the impact of 0il developuenf on the indigenous Shetland
economy Households will always be included in the Processing sector because

of the importance of household interactions within a small regionl. As

1, See page 62, __ .
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L0 at producers’ prices Table 3,1 Shetland Input-Outpat Table, 1971
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an "industry", Households sell labour services (in return for earnings
payments) to other industries as their "output", and purchase consumcr
goods and services as their "inputs". The critical distinction of
industries included in the Inte;mediate sector is that the level of
activity in each is determined at least in part within the local economy,
i.e. the level of output, incomes, or employment in each is to a greater

-or lesser extent determined endogenously to the local system.

(ii) P;imary Input

In the Shetland Table, Primary Input comprises Imports and Other Value
Added. The latter category includes net profits, depreciation,

business taxes and interest payments. Household Savings, Personal Income
Tax, and National Insurance Payments are the main components of the
Household "Other Value Added" entry. The treatment of Imports in this
study is discussed in more detail subsequently. Payments to Primary Input
are gross "leakages" from the Shetland economy, in that, once made, they
crcate no further output or employment locally.2 For example, tax payments

to Central Government need not be respent in Shetland.

(iii) Final Demand

The colums of this sector indicate, by category of use, the vdlume of

"gales made by each intermediate industry outwith the processing sector.

The theoretical exposition of chapter 2 indicated that, on the assumption

that the levels of purchases by the variéus Final Demand categories are
determined exogenously to the local economic system, the volume K of output,
income and employment in each intermediate industry is ultimately attributable
to the level and composition of Final Demand. Imports directly to

Final Demand sectors are not shown in Table 3.1, but are included

subsequently where appropriate.

2. There may in practice be some relationship between Primary Input and
gsome elements of Final Demand, e.g. between Gross Profit and Unrequited
Receipts (which includes distributed profits), and between Imports and
Exports. In a single period analysis the former relationship is likely
to be quite tenuous, while interregional trade 'feedback' is insignificant
for a small region such as Shetland (see Brown (1967), Brownrigg (1974)).

[
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(iv) Total (or Gross) Output

The Total Output of each industry is defined to be the total value of"
production of that industry dur%ng the course of the year. In most
cases, Total Output has been equated with the value of sales adjusted
for inventory change; however, in some instances, this interpretation is
not particularly meaningful and alternative definitions have been

adopted. This is explained in greater detail in Appendix II. Intermediate

Output ¥s that part of Gross Output which is sold within the Processing

Sector. Total (or Gross) Input is similarly defined to Gross Output,

being the total of all payments made by each industry during the course

of the year. Intermediate Input, similarly, is the total of all purchases

made within the Intermediate sector.

For each industry, by definition Gross Output = Gross Input, but Intermediate
Output is not necessarily equal to Intermediate Input for any industry.
However, over the table as a whole, Intermediate transactions are self-

cancelling so that total Final Demand = total Primary Input.

Section 2 Valuation Conventions and Treatment of Imports

(a) Valuation Conventiong

Correct interpretation of the cell entries in the transactions table requires
knowledge of the conventions used in evaluating inter—industry flows..
The magnitudeé of such flows will generally differ under different
valuation regimes. The important choice of convention in Input=-Output
analysis is between flow valuation at producers', or purchasers', prices.
Before discussing this, hoﬁever, a more general comment on the treatment
of the trade and transport industries in the Shetland table is in order.
As in most empirical Input-Output studies, these industries are treated
as 'marginal' ones in the Shetland study, i.e. their outputs are measured
by the gross trade and transport margins they impart respectively, the
value of goods sold is not included. Similarly, their purchases are

only those incurred in providing trade or transport services, the value of
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good bought for resale or transportation are not included. Some tables
show all goods going through distributive or transport sectors,3 but
" this leads to a significant'over-estimation of the relative importance
of these sectors, andmore importantly, conceals the real technical

relationships among the various industries.4

Returning to the choice of pricing convention, as mentioned above the
b;sic choice is whether flows shoula be valued at the price the producei
receives or at the price the purchaser pays. The difference between the
two is attributable to indirect taxes and subsidies and any trade and
transport margins. There are a number of reasons for preferring a
valuation system based on producers' prices, prominent among which are

the following (i) In a system of purchasers' prices, the row total of each
gsector includes marketing costs and other margin costs incurred in

each delivery of that sector's output, These costs will generally vary

as output distribution varies and lead to changes in recorded total output,
although actual production remains unchanged. Since the row totals

are used as the denominators in.calculating input coefficients, instability
in the latter is increased under a purchasers' price regime.

(ii) Under purchasers' prices, margin costs are double-counted: both in the
value of output of the producing sector and as inputs to the producer

from the margin sector. Under producers' prices, margin costs are
counted only once, as an input to the purchasing sector.

(iii) Under a system of producers' prices, margin costs will vary with

the jnput structure which is generally more stable than the output
stfucture which as discussed above will determine the variation in margin

costs under a system of purchasers' prices.

Finally, and importantly in view of the later discussion on industry

3. MacDowall (1973).
4, Seec page 30

5, For a fuller discussion see Evans and Hoffenberg (op. cit).
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technology,6 the system of producers' prices explicitly separates each
element which makes up the value to the final purchaser. Therefore the
value of each transaction under a producers' price regime corresponds
more closely to actual physicalmflows, which in turn reflect industry

technology.

Hence an industrial purchase of a good from a wholesaler is recorded as

three separate purchases as follows:

(a) tﬁé purchase of the good (at exrworké prices from the manufacturing
industry directly);

(b) the purchase of a wholesale margin from ﬁhe distribution industry;

(c) the purchase of transport services in moving the good from the

transport industry.

Two exceptions are made to this convention: (i) the value of Imports,
which is discussed below, and (ii) the treatment of indirect taxes and
subsidies, which are includeq in the flowé and allocated to the industry
which actually incurs them. The flows are therefore recorded at

purchasers' prices in this respect.7

(b) Treatment of Imports

The treatment of Exports presents no problem in Input-OQutput analysis:
exports of industry i are simply included in the ith row of an Export
Final Demand column, valued at producers' prices. There is no unique
treatment of imports, however, and the conQention adopted requires

s ome discussion. Alternative treatments of imports usually hiﬁge on

the distinction between competitive and non-competitive imports. Competitive

jmports are commodities which are close substitutes for domestically
produced goods. Non-competitive imports, on the other hand, have no
close domestic counterpart., This distinction can often be difficult

to draw empirically, but some commodities will generally be fairly clear

6. Sce chapter 6.

7. Coincidentally, the conventions adopted in the Shetland table are almost
indentical to those used in the Netherlands. Sce Tilanus (1966) pp. 19-22.!

- R T N
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substitutes for domestic goods, while others will clearly not be produced

locally.

Non-competitive imports are usually allocated to purchasing industries along
a single row in the Primary Input sector. Competitive imports, on the
other hand, are treated in a number of ways: for example, the competitive
import commoditigs may be allocated along the same row as the domestically
produced gquivalent. Since the inter;industry flows contain both imported
and domestic products, adjustments must be made in calculating the output
of the local system. This is done by subtracting the value of competitive
"imports along any row from the Final Demand of that row prior to multiplication
by the inverse matrix, i.e.

x_=(1--A)'1 -0 | (36)
where (I - A).-1 is the inverse matrix including competitive imports and
(Y - M) is obtained by deducting from each industry's Final Demand &'i),
total competitive imports for that sector's output Oii). This implies,
however, that the level of competitive imports can be specified in advancé,
whereas this will normally be determined as part of the solution. One
way round this problem is to assume

mo=M /X (37)
i.e. competitive imports are a constant proportion of each sector's output.
This yields for each industry i

.Xi = ailxl eee + ainj cee + Yi - mi)(:.L (38)
which, in matrix notation, solves to

X=(@-A+M Y (39)

While the above is only an example of the treatment of competitive imports,
the principle of ¢aling with such imports is fairly general: they are
distributed along a row with domestic substitutes, This improves coefficient
stability since purchasers' switching between domestic and substitute import

sources will not affect an aggregate coefficient.
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In the Shetland table, all imports are distributed along a single row,
in the manner of non-competing imports. To the extent imports are
non-competitive, this is of course perfectly satisfactory. If, however,
some imports are competitive, substitution with doﬁestic products may
occur and the coefficients in the Shetland inverse matrix, which reflect
domestic inputs only, will be subject to instability, In fact, the
implicit assumption that imports are non-competitive in the Shetland study
may be quite reasonable for two reasons: firstly, the range of domestically
produced goods in a small rural economy such as Shetland is limited and
many imports will have no domestic counterpart. Seéondly, where domestic
'products are available, given the geographical isolation of Shetland,
these are likely to be favoured over competing imports for reasons of

accessibility and lower transport costs.

Finally, in the Shetland table Imports are valued at cash in freight
(c.i.f.) prices, (i.e. foreign port value plus freight charges to domestic
port plus insurance) plus any import duties payable. This import value,

called domestic port value, is comparable with the value of domestic

products at producers' prices, but it actually falls between a pure producers'

or purchasers' price since it contains the margin items mentioned above.

Section 3 Descriptive Analysis of the Shetland Table

The preceding sections of this chapter have discussed the various definitions
and conventions adopted in the Shetland Input-Output table. Given these,
it is possible to begin the statistical analysis of the transactions table
itéelf by deriving some simple empirical results from it. The importance
of data pertaining to the year 1971 may not be immediately apparent in the
context of local North Sea 0il development, which extends into the future;
however, as will be discussed more fully in the next chapter, such
information provides an ideal non-oil base against which the impact of

oil can be assessed.
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(i) Output
A measure of the total income8 available to a region is given by its Gross
Regional Product (GRP), which is analogous to Gross National Product in
the U.K. accounts. Comparisonmof this statistic with the equivalent for
other areas, or with GRP within the region itself at different periods,
can aid in assessing the relative economic performance and progress of
the study area. Comparison of GRP derived from the Shetland study for
1971 coyld be compared with GRP at various points in time as oil

develops, permitting the region's development to be closely monitored.

GRP is not the same as the sum of industry Gross Outputs as the latter
includes all intermediate transactions as well as 'value added' at each
stage. GRP, on the other hand is measured by the summation of value added
at each stage of production process, or equivalently by the value of géods
which finally leave the production process only. GRP for Shetland in

1971 is derived in Table 3.2 from the transactions table:

Table 3.2 Shetland Gross National Product 1971

£'000
Consumer Expenditure (Household Column - Other
Value Added entry) 6743.8
Public Authorities Current Expenditure on goods
and services (net of intra Government Transfers,

debt interest and direct Government Imports) ' 4158.9
Investment (Fixed and Stock) 2509. 8
Exports (including local Tourist expenditure) '
- Imports -2322.4
Unrequited Receipts 1474.7
GRP at Market Prices ) 12564, 8

This translates into £725 per head of population, compared with an

equivalent figure of £1024 for the U.K. as a whole.g’10

8. By National Income Accounting conventions, GRP can be measured from
the income or expenditure side; the latter method is used in the text.

9, Because of differences in definition, methods of data collection, etc.
the Shetland and U.K. figures may not be exactly comparable,

10. ‘U.K. GNP figure from Blue Book 1973, Table 1. U.K. population from the
Annual Abstract of Statistics 1972, Table 14. Shetland population from
Census of Population 1971,
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Unfortunately, data on GNP for Scotland is not separately available,11

and comparisons therefore can only be made with the U.K.

A detailed.analysis of the reasons for the relgtively low Shetland figure

is beyond the scope of the present study, but preliminary analysis suggests
the following contributory factors:

(a) Shetland is specialized in low labour productivity industries, and

even in these industries output per head is lower in Shetland than in the
equivalent U.K, industry. Table 3.3 illustrates this for the four
industries listed: in every case Shetland Value Added12 per capita is

lower than that in the U.K.  Furthermore, the first three industries,

,which are Shetland specialisms and jointlycontribute most of its manufactured
output, are respectively 93rd, 119th, and 137th in a U.K. league table

of Value Added per head comprising.152 industries.13

Table 3.3 Value Added per capita: U.K. and Shetland, 1971 (£)

Industry Shetland U.K.
Fish Processing 2158 _ 2300 (MLH 214)
Ship Repair 1328 2035
Textiles 1671 1676 (MLH 417)
Utilities 5007 5765

(b) Shetland has a relatively high proportion of its population outwith
working age,14 and their contribution per capita to GRP is relatively small
(pensions, family allowance, etc.), thereby having a depressing effect on

the mean per capita figure. This is demonstrated by examining GRP per

11. Begg, Lyth and Sorley (1975) have estimated Gross Domestic Expenditure for
Scotland (defined as the sum of the first three items of table 3.2) for
1971 and obtained a per capita figure of £981 (market prices). On this
basis the equivalent Shetland figure is £776, and estimated from Begg
et. al., the U.K. figure is £960.

12. As implied in footnote 8 above, CRP can be measured from the Income
(Value Added) side also.

13. All U.K, data from Wood (1975). Shetland Value Added is defined as
wages and salaries and Other Value Added. The U.K. definjtion is
. slightly different and may impart a small upward bias to the U.K.
figures.

14, In 1971 the proportion of the population under 15 and over 65 (60
for women) was 49Z in Shetland compared with 417 in Scotland.



49

head of workiﬁg population only, where the latter have been defined as
those 'economically active' in the 1971 Census of Population. This
yielded a GRP of £1617 per head comﬁgred with the U.K; figure of £1828,
While it is notoriously difficult to ensure that employment or activity
statistics for different areas are comparable, the change in Shetland

GRP per capita as a proportion of that for the U.K. (887 of the U.K.
equivalént as opposed to 71% on a population basis) suggests that the

age structure of the Shetland population is indeed a contributory factor
to Shetland's relatively low GRP per capita figure.

~(¢) It seems probable from survey work that relatively fewer transactions
go through the market in Shetland than in the U.K., and since it is very
difficult to record these for GRP measurement (though‘where possible they
have been allowed for), an exaggeratedly low Shetland figure will be
obéained. It is impossible to test this hypothesis quantitatively, but
certainly such evidence as is available suggests earnings of income in

kind, and even barter, are significant in Shetland, particularly in

Agriculture, Fishing, and Textiles,

Finally, it should be remembered that the above analysis refers specificaliy
to output per head, i.e. it discusses the labour productivity index15 both
by industry, and for the region asva whole, only. Assuming a two factor
'production function of labour and capital, however, it will generally be
expected that the greater the capital input, the greater the productivity
of 1abour16, i.e.

JAP
oK

. X , e .
15. Defined as AP = "/N where AP_ is the labour productivity index, X is

N
total output (in Value Added terms) of industry i or region r, N is
total labour input of industry i or region r. See Murray-Brown (1966).

16. See Henderson and Quant (1958).
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where K is the capital input. Hence the lower labour productivity in
Shetland than in the U.K. may reflect less capital intensive (i.e. more
- 1abour intensive) methods of production in use on the Islands. Unfortunately,
data on capital inputs was unobtainable in the survey, but again qualitative
evidence, including comments from many leading local business men, strongly
suggests that production methods in use in most Shetland industries are
generally labour-intensive relative to their U.K. coumterparts. The
importance of fhis finding will become apparent in Chapter 6 where the
prospects of oil-induced technical change are discussed. |

t

(ii) Income

Total Household Income in Shetland in 1971 is seen from table 3.1
(intersection of Household row and Total Output colum) to have been
just over £10 million, or £34.7 per household per week. This compares
with an average weekly household income of £38.5 for the U.K; as a whole

7 i.e. the

and, more favourably, with a Scottish average of £34.6,1
average Shetland household in 1971 was no worse off than that in Scotland

as a whole.

It is interesting to compare Household Income in Shetland with that in other
regions for which input-output tables have been published, and such a

comparison is presented in table 3.4.

Even allowing for distortions introduced by the adjustment mechanism

(see footnote 19), each of the regions cited seems to have lower per
capita income than the U.K., and Shetland is low e?en in comparison with
most of the other regions. However it does seem significant that Shetland
has a higher per capita income than the only other region listed in the
Highlands and Islands (Sutherland). Unfortunately it is'n;t possible to

obtain income figures for these regions for a number of years to compare

17. U.K. and Scottish household income figures from the Family Expenditure
Survey 1971, Table 56.
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relative growth rates; therefore it is impossible to say whether Shetland's
relative performance improved or worsened over time, Objective data on
.wnemployment and migration (see chapter 1), as well as local opinion,
suggest that Shetland's economic performance improved significantly,

relative to its own past at least, over the period 1966-71.

Table 3.4 Estimate per capita Income in Various Regions 197118
20 “Income/head Population in Year of
Region £ year of compilation Compilation
Peterborough 756 80,000 1968
St. Andrews 673 10,120 1965 |
Anglesey 644 58,000 1969
Shetland 588 17,300 : 1971
Sutherland 553 ‘ 13,500 1970
v.k. 19 852 - 1971

Individual industry components of Household income payments are found in
the cell entries of the Household row in Table 3.1. As shown there,
Central Government is the single largest payment-maker to households,
contributing 16.5% of all Household receipts itself. However, the
traditional mainstays of the Shetland economy, Fishing, Fish Processing,

and Textiles, collectively paid over 27% of all Household income in 1971.

(iii) Trade

An island economy such as Shetland's is necessarily heavily dependent
on trade with other areas, both as suppliers of its requirements and as

markets for its products. On average (output weighted) industries

18. Where the tables were compiled for years other than 1971, the per capita
figures were adjusted by U.K. Personal Income 1971/U.K. Personal Income
in year of compilation derived from the Blue Book 1973, Table 2.

19." Derived from Blue Book.

20. The results for each region were obtained from the following Studies:
' Peterborough:Morrison (1973), St. Andrews: Blake and McDowall (1967),
Anglesey: Sadler et. al. (1973), Sutherland: McDowall (1973).
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purchased 30% of their inputs through imports énd exported on average

23% of their outputs. Construction and Households are the biggest
importers absolutely, but Construction and Ship Repair import the greatest
proportion of their inputs, both over 507 of total, reflecting the lack
of local supply of the materials and parts required by these industries.
Three industries exported more than 507 of their Gross Outputs: Fish
Processing (827), Textiles (99%), and Other Manufacturing (637%). These
industries are also the largest exporters absolutely. The 'openness'

of the Shetland economy is exemplified wﬁen the average Import and Export
proportions given above are compared with those for the U.K. whose
output-weighted average import content in 196821 was approximately 87
(Shetland 30%) and whose average export content was approximately 77

(Shetland 237).

A “"balance of trade" figure for Shetland can be computed by adding Exports,
(net of direct Imports) Tourist Expenditure and Unrequited Payments,22 and
deducting Imports. Total Eiports in 1971 were £8,911,000, while total
Imports amounted to £9,926,000, yielding an overall deficit of £1,015,000.
Given some of the specific problems of measurement mentioned in footnote

22, and the more general difficulties of estimating trade flows (particularly
in 'invisible' items) in a small region, the actual magnitude of the

defici£ can only be regarded as very approximate, though the existence

of such a deficit is indisputable. This deficit is of course balanced

21. U.K. Input-Output Tables 1968, CSO.

22. Due to data inadequacies, part of Transport output which should be
internal had to be allocated to Unrequited receipts; however this
overestimation of 'Exports' will be approximately offset by a
corresponding overestimation of Imported Transport services.

The offsetting effect will be less than complete to the extent that

Transport output actually goes to elements of Final Demand other

than Exports or Tourism. Further, the volume of 'Exports' will

also be over-estimated by the amount of Household Unrequited Receipts
~ which are profits distributed by local firms, though this latter is

probably very small,
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elsewhere, for example by Central Government. Identifiable Central
Government expenditure in Shetland (defined as the sum of entries in the
Central Government column plus production and price subsidies) in 1971
amounted to £5,836,000, or £279 per head of populaﬁion. As closely as

can be estimatedz4 the equivalent U.K. figure was £258 per capita. In
view of the relative importance of agriculture (which is heavily subsidised)
and the higher proportion of dependents in Shetland's population, it is

not surprising to find Central Government expenditure higher per head

in Shetland than in the U.K. as a whole.

- (iv) The Structure of Shetland Industry

‘The disaggregate nature of the transactions table permits the detailed
examination of the local inter-industry relationships among the various
Shetland industries. A whole literature has evolved in Development Eﬁonomics
on the concept of linkages and their argued importance in the growth

2 . - .
process. 3 In particular: backward linkages measure the purchases made

locally by a given industry and, it is argued, measure the potential of
this industry to induce local creation and development of its supplying

industries.. Similarly, forward linkages are created by the local sales of

an industry, and it is argued that development may be encouraged 'forward'
by the availability of domestic supply, the creation of new markets by these
suppliers themselves, etc. While it is beyond the scope of the present
thesis to argue the merits and demerits of the linkage concept in growth
and development,26 the idea does have some interest in the present conteit
since the analysis of the emergence of the oil industry in Shetland is in
many ways analogous to new industrial development in a Lesser Developed

Country and much the same type of local pressures and stimuli might be

24. Blue Book 1973, Table 37.
25. The pioneering work in this field is Hirschman (1958).
26. See Raj (1975), Thorburn (1973).
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expected.  Furthermore, the idea of technological change being induced

by linkage effects is discussed explicitly in Chapter 6. It will

generally, however, be found more useful to use the ‘multiplier' concept
?

discussed theoretically in Chapter 2 and empirically in the next section,

in the analysis of 0il impact on Shetland. The discussion and empirical

» * ' ' L .
derivation of 'linkages' per se is not therefore elaborated in detail

‘here, though Table 3.5 does illustrate a simple measure of linkage for each

Shetland industry. This could be called the Total Direct Linkage,27

and is measured by

T; = (gxij + ngi)/xi (40)

j.e. the sum of local purchases and sales as a proportion of total

28
output .

Table 3.5 Total Direct Linkage

Industr
Professional Services
Fishin

Quarrying

Ship Repair
Distribution

Other Services
Utilities
Communications
Local Government
Housecholds

Fish Processing
Other Manufacturing
Agriculture
Transport2?
Construction
Textiles

.
NN OOMWWWLH v Ln

O OO OO O 1=t ot o pb 1 fod b b ol

The results in Table 3.5 are interesting, reflecting considerable differences

in the degree of local interdependence of the various industries. However

27. ?he significance of.the term 'direct' in this context will become apparent
in the subsequent discussion on multipliers.

28. For other measures of linkage, see Panchamukhi (1975), Rasmussen (1957).
In these four industries, the measures of linkage were derived using

29.

total purchases as the denominator, defined as Gross Input plus the
absolute value of subsidies (or losses).



55

the entries reflect both backward and forward linkages, and as discussed
above, the economic effects of each are quite diffcrent.30 Furthermore,
"the linkage method is best éuited to analysing the potential
repercussions of new industrial development and hence is particularly
useful for development planning. On the other-hand, the analysis of
the actual impact of an exogenous change in demand for the products of
various local industries is best served by the multiplier framework

described below.

Section 4 Multiplier Analysis

*

The analysis of section 3 is useful in describing the locai economic
environment within which the incoming oil industry will develop. It

also provides some pre~oil macroeconomic indicators against which the effects
of oil can be measured. However, this in itself would scarcely justify
the expense and effort involved in constructing an input-output table,
since most of these results could be obtained by less costly forms of
analysis. However, as shown theoretically in chapter 2, by making

certain assumptions about the nature of the inter-industry flows, it is
possible to derive from the transactions table a powerful tool which itself
can be used to analyse the impact of 0il development on Shetland on an
individual industry basis. As shall be seen, as long as these assumptions
are valid, the effects of o0il can be measured as accurately with a 1971
transactions table as with one for any more recent year. Indeed had the
basxc Input-Output table been constructed for any year subsequent to

[ R

1971, by which time oil development was beglnnlng to affect the Shetland
economy, it would have been difficult to identify these oil-related effects since

no pre-oil base wouldhave been available. These, and ather points on the use of

Input-Output in the analysis of 0il Impact, will be discussed in more detail in Chapter4

30, For example, Textiles has a backward linkage of over 0.5, but sells very
little of its output locally, and hence has a very small forward link.
Hirschman (op. cit.) states that backward linkages are more significant
than forward in development, and the multiplier analysis of subsequent
sections concentrates exclusively on these.
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At present, we wish to translate the theorctical discussion of chapter 2
into an empirical analysis of the Shetland transactions table (table 3.1).

"As described in chapter 2, we define domestic flow coefficients by the

equation

§ _ .8 ,,8 < s o
aij = xij/xj i,j=1...n. . (41)

These coefficients for the Shetland table are summarised in Table 3.6,

which is known as a domestic flow coefficient matrix.

Table 3.6 Domestic Flow Coefficient Matrix

q

Manuf- Constr- Distri- Other House-
Primary acturing uction bution Services holds

Primary 0.029 0.225 0.028 - 0.004 0.020
Manufacturing 0.088 0.109 0.003 0.011 0.008 0.024
Construction 0.017 0.004 0.008 N, 004 0.062 0.008
Distribution 0.032 0.024 0.034 0.002 0.011 0.091
Other Services 0.051 0.039 0.031 0.081 0.235 0.144
Households 0.555 0.237 0.246 0.412 0.383 0.002

For simplicity, Table 3.1 is aggrezated to a 6x6 transactions tab1e31,

and Table 3.6 is derived from the aggregate transactions table as follows:
the inputs (columm entries) of each industry are divided by the Gross
Input32 of that industry, thus expressing each input as a Erogdrtion of
Gfoss Input. For example, the coefficient of 0.004 at the intersection

of the Construction row and Distribution column is obtained by dividing the
corresponding flow in the‘aggregate transactions table (£6,300) by the
-Gross Input -of the Distribution industry (£1,443,900). Reading down a

colum of Table 3.6 indicates the proportions in which total purchases

31, The aggregation scheme is as follows: Primary: Agriculture, Fishing and
Quarrying. Manufacturing: Fish Processing, Textiles, Ship Repair an?
Other Manufacturing. Construction, Distribution, and Households remaln
as in Table 3.1. Other Services: all other industries in Table 3.1.

' 32. By definition for any industry Gross Input = Gross Output (sece page 42 ).
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of the industfy at the top are divided among local industries on the
left. Since some of most industries' purchases will be imported goods
and Value Added, the sum of column éoéfficients for most industries
in Table 3.6 will be less than unity. As an example, reading down the
Manufacturing column indicates that in 1971, 22,57 of Manufacturing
expenditure was on local Primary products, 10.9% on local Manufacturing

output itself, 0.47 on local Construction, and so on.

As discussed in chapter 2, the central assumption in Input-Output analysis
is that each industry's purchasing pattern as described in Table 3.6 will
" remain constant even if the total purchases of that industry change from
those used in actually calculating the coefficients. If the output (or
input) of the Construction industry changes from £2.7 million to £3.0
million, the assumption implies that 2,87 of this £3 miliion will be
spent on local Primary output, 0.3%7 on local Manufacture, and so on;

that is, the column proportions in Table 3.6 still apply.

As outlined in chapter 2, there are a number of ways in which these domestic
flow coefficients may change, and the particular problems raised by this
éoésibility in the analysis of the impact of oil will be discussed in
chapter 5. For the momént,'it is assumed that the coefficients remain

cons tant. Chapter 6, in fact, suggests that, in spite of the magnitude

of oil impact on the Shetland economy, many of the conditions necessary

for relatively stable coefficients may exist in the region.

The theoretical exposition of chapter 2 demonstrated that, given the domestic
flow coefficient matrix, the Gross Output of each local industry can be
derived from fhe expression

x° = (1 - a%)Y® - . (42)
where Y° is the matrix of Final Demands. Since these elements of Final
Demand are determined exogenously to the local economy, it is not expected

that their expenditure pattems need be constrained by simple proportionality
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relationships. - In table 3.1, six Final Démana sectors are individually
identified. However, it should be stressed that the allocation of
activities to Intermediate, or Final Demand, sectors adopted in the Shetland
Table is not unique; it may be appropriate in some analyses to have
activities transferred fromvthe Intermediate sector to Final Demand or
vice-versa, For example, Households and Local Government are often included
in Final Demand,33 implyingﬂtﬁat there is no necessary relationship
between’payments and receipts in these sectors, at least in the time period
under consideration. On the other hand, Export Base Theorists would

tend to include all activities except exports in the endogenous (Intermediate)

sector, leaving Exports as the sole exogenous variable.34

Chapter 2 shows that theoretically the level of activity in every
intermediate industry can be ascribed to the level and composition of

Final Demand. Empirically, this arises from the fact that an intermediate
industry can only increase its sales if other intermediate industries or
Final Demand sectors are wiliing to increase their purchases of its goods.
In the former casa35, then, to pay for these increased purchases, the
second processing industry will have to increase its own sales, again either
directly to Final Demand or to a third processing industry, and so on.

Thus the level of output of each industry depends finally on its, and other
industries', sales to Final Demand; the level and patterns of demand of
the latter group of sectors is, as explained above, determined outwith

the Shetland economy.

The above discussion outlines the process of output determination and income

generation in the Shetland economy, in contrast with the analysis of section 3

33, Households are, of course, included in Final Demand in the calculation of
Type I multipliers (see chapter 2 page 35 ). When households are
included in the Intermediate sector, the constancy of household expenditure
coefficients is justified by the stability of behavioural consumption
patterns, rather than by technical relationships.

34. Ref: Tiebout (1957) and (1962).

35, 1If the latter (i.e. increase in sales to Final Demand), then the point is
made directly.
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above which described the level of activity in each industry (and in the local

economy as a whole) without explaining how this level came to be.36

This process, which transmits changes in Final Demand throughout the whole
economy, can now be analysed in more detail._ By way of example, assume
that demand for Shetland Primary products from ;broad increases by £100

i.e. the Export columm entry for Primary industry increases by £100,

This direét increase in demand for ?rimary goods starts a 'chain reactién'
in the regional economy, for to increase its sales by £100 the domestiﬁ
coefficients table (Table 3.6) shows that Primary industry must purchase
£2.87 from itself, £8.75 from local Manufacture, £1.70 from local Construction,
and so on. Now, those industries supplying Primary industry have
experienéed an increase in demand for their products, and they in turn

will have to purchase more inputs to produce the additional output.

For example, reading down the Manufacturing colum of Table 3.6 shows that
to increase its output by £8.75, Manufacturing will buy £1.97 (0.225 x £8.75)
from Primary, £0.96 (0.109 x £8.75) from itself, and so on. Similarly,

to provide the requisite amownt to Priméry, every other industry will
increase its purchases in the proportions indicated by the appropriate
colum in Table 3.6. To meet this new demand for their output, industries
will have to make further purchases, thereby increasing sales still further,
and so on. This round by round increase in the level of output of each
industry resulting from the initial direct increase in demand from Primary
Output is known as the indirect effect on output. The total indirect
éffect can be measured by summing theﬂindividual indirect effects of
successive rounds. In practice the series tends to converge fairly
rapidly, so that the cumulative total after a few rounds is a close

approximation to that obtained after a theoretically infinite number of

rounds.

36. The distinction drawn here is exactly analogous to that drawn between
Income accounting and Income determination in National Income Analysis,
See Shapiro (1970) pages 103-105.
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if households.are included in the intermediate sector so that Household
income and expenditure are endogenously determined, then an increase in
sales to Final Demand by any industfy'will increase Household income (as
measured by the appropriate Household row coefficiént). This increase

in income will in turn be translated into Household expenditure in accordance
with the Household column coefficients. This increased demand by
households for their products will induce industries to increase their
output, thereby increasing the incomes accruing to'households, who in

turn will further increase their expenditures, and so on. The increased
‘level of activity brought about by an increase in Final Demand as a result
of the Household income-consumption relationship is known as the induced

effect on output.

To summarise, a change in Final Demand for the products of any industfy will
have the following effects: (a) the direct effect as measured by the
initial change in Final Deﬁand sales (b) the indirect effect, which arises
because local industries purchase goods and services from one another in the
process of operating their businesses (c) the induced effect, which arises
because a change in output will change tﬁe level of Household income.

This change in income will cause changes in Household expenditure which in

turn affect the level of industrial outputs, in an iterative fashion.

The total (i.e. direct, indirect, plus induced) change in industry outputs

arising from a given change in Final Demand is obtained from:

{axg) = (1 - A () (43)

This equation is the basic model employed in the analysis of 0il Impact
in the following chapter. As discussed there, the various local oil
industry expenditures are treated as increments to Final Demand, and given

the Az matrix derived from the 1971 transactions table, the above equation

37. See chapter 2 page 33 for theoretical discussion of this model.
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system is used to calculate the total resuitiné output changes in each
Shetland industry. In the present chapter, the effects on non-oil
related Final Demands are analysed and various 'multipliers' derived
for indigenous industries. The former, again, will assist in the
assessment of oil impact by comparison with other Final Demand clements,
while the latter provide an additional tool in calculating the local
impact of oil as well as clarifying the complexity of local inter—industry

relatioitships.

As explained above, a change in sales to Final Demand by any industry will
‘have indirect and induced repercussions throughout the Shetland economy.

For many purposes it is useful to estimate the total change in activity
resulting from any specified change in Final Demand sales of a single
particular industry. For example, if the Final Demand sales of the Fishing
industry increase by £100, what will be tﬁe total change in output or

income, say, in Shetland? As becomes apparent from the foregoing discussion,
the total effect is genera11§ expected to be greater than the direct effect
because of secondary repercussions. This type of question is answered

in the 'multiplier' concept, which was discussed theoretically in chapter 2

and empirically below.

(i) Output multipliers

An industry output multiplier is defined'to be the number of times the
direct change in its sales to Final Demand must be multiplied to obtain
~the total change in output in Shetland. Output multipliers of this type
can be calculated for each.intermediate industry in the Shetland table.

Type I multipliers are, as indicated in chapter 2, defined to be multipliers
derived with households excluded from the Intermediate sector, while Type II

are multipliers derived with households included in the Intermediate

38, See chapter 2 page 35 for a theoretical derivation of the output
multiplier.
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sector.39 That is, Type Ilmultipliers include indirect and induced

effects. As will be seen, induced effects are of particular importance
_in a small regional economy and their inclusion better reflects the
regional forces of output and income generation. For this reason,
although Type I multipliers are discussed in this chapter for illustrative
purposes, the subsequent analysis of local oil impact will be primarily

concemed with Type II (i.e. including induced) change.

'

Type I and Type II output multipliers for Shetland, based on the 1971

transactions table, are presented in table 3.7.
L]

Table 3.7 Shetland Odtput Multipliers

Industry Type I Rank Type II Rank
Agriculture 1.33 4% 2.35 5
Fishing 1.24 6 2.25 6
Quarrying 1.33 4* 1.97 7
Fish Processing 1.76 2 2.52 '3
Textiles 1.08 14 1.88 8*
Ship Repair 1.06 15 1.74 12
Other Manufacturing 1,37 3 1.87 10
Construction 1.10 13 1.58 14
Utilities 1.14 10% 1.47 15
Transport 1.14 10% 1.68 13
Distribution 1.13 12 1.84 11
Professional Services 1.20 7 2.39 ' 4
Other Services 1.17 9 1.88 8%
Local Government 1.93 1 2.90 1
Communications 1.18 8 2.72 2
* equal.

A number of interesting points emerge from table 3.7. Firstly, the
Type II multipliers are consistently larger for each industry than the
equivalent Type 1, which i; to be expected since the latter omit the
induced output-generating effects mentioned earlier. Secondly, the
ranking of multiplier values changes somewhat between Type I and Type II.
In general, industries whose Household payments are a comparatively small
proportion of total intermediate payments tend to rank relatively higher

in Type I multipliers, while industries whose Households payments are a

39, Refs: Richardson (op. cit.) pages 33-49.
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relatively high proportion of total intermediate payments tend to rank
relatively highgr in Type II. This is particularly noticeable in the
case of Communications. Again, giveAthat the importance of induced
effects depends on the Household income-consumptioﬁ relationship, this is
not surprising. Thirdly, individual industry multipliers véry widely
in value. For example, the Type II multipliers range from 1.47 (Utilities)
to 2.90 (Local Government),a ratio of almost 1:2. An aggregate multiplier,
such as the Keynesian regional income multiplieer, would conceal these

differences.

. As discussed above, thesz Output multipliers describe the total change in
Output in Shetland resulting from a given change in Final Demand in a
specified industry. For example, if exports of Textiles increase by
£1,000, the appropriate Type II multiplier of 1.88 indicates that total
Shetland output will increase by £1,880, i.e. that indirect and induced
effects will incréase output in Shetland by £880 in addition to the
original £1,000 change in output of Textiles. The multipliers are
assumed to operate symmetrically, so that a decrease in Final Demand for

Textiles of £1,000 would generate a further decrease in output of £880.

The value of a multiplier for‘a given industry reflects the degree of

local interdependence of that industry - the greater the interdependence,
the larger the value of the multiplier. As such, the output multipliers
are related to the linkages described in section 2, particularly since the
latter can also be derived from'the coefficients of the (I - As)—l.matrix.
Thé multipliers, however, reflect backward linkages only, and this

derives from the demand orientation of the analysis: all exogenous

change takes place in Final Demand, and local supply is assumed to adjust -
accordingly. This characteristic of Input-Output analysis is not especially

detrimental for the current aim of estimating oil impact for two reasons:

40. Aggregate and disaggregate variants of this model were discussed in
chapter 2 section 1,
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firstly, the backward linkages of oil activity within Shetland are far

more significant than forward linkages, and secondly, while the degree
and direction of industrial exmn sion’ induced by 'backward' linkage
effects can be seen fairly clearly from the patterﬁ of local oil-related
purchases, induced forward linkage expansion is much more uncertain since
the goods and services made available by local oil development may be
inputs for any one of a number of industries, and, more importantly,

any industry contemplating a Shetland location would have to be sure of
a market for its products, irrespective of the availability or otherwise

of local suppliers. The quantitative analysis of oil impact of the

subsequent chapter is therefore concerned only with 'backward' linkage
effects, though the possibility of oil-incuced change ‘through forward

linkage is discussed qualitatively in Chapter 6.

Returning to the present analysis, comparison of industry multipliers

for different regions would ideally provide a measure of the relative degrees
of local interdependence within these regions. In general the more
advanced an economy the more specialised production becomes, leading to

an increased degree of structural interdépendence41; similarly, the

la?ger and more self-sufficient a region, the greater the level of local
interdependence expected; Unfortunately, the value of the multipliers are-
not independent of the industry definitions and accounting conventions
adopted, nor of the degree of aggregation of the t:able,"2 so that comparison
of the Shetland multipliers with those derived from other studies can only

be made with great caution., Bearing these points in mind, Table 3.8 compares

41, See Leontief (1963).

42, 1In general, the greater the level of aggregation the greater the apparent
interdependence. However there is some evidence that multipliers for
a given industry do not vary substantially with the degree of aggregation
of other industries. See Doeksen and Little (1968),
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Shetland output multipliers with those calculated in other studies
for industries which may be broadly comparable with their Shetland

equivalents.

Table 3.8 Regional Output Multiplier Comparisons

Shetland Sutherland Angelsey43 U.K,
Industry Type I Type II Type II Type 11 Type I
Agriculture 1.33 2.35 2,22 1.87 1.86
Fishing 1.24 2.25 2.37 - 1.45%
Construction 1.10 1.58 1.59 1.82 1.71
Professional

Services et al 1.20 2.39 ©2.23 1.96% -

Communi cations 1.18 2.72 - 1.76 1.30

* includes Forestry
+ excludes Insurance, Banking, and Finance

The type I Shetland multipliers are in every instance lower than those for the
corresponding U.K. industry. In spite of the difficulties of

comparison, this is almost certainly explained by the relatively greater
level of leakages (lower local interdependence) from the Shetland

economy, which ensures that at each round a significant proportion of
industrial expenditure is remitted outside the region and hence plays

no part in succeeding rounds of output generation.

Table 3.8 also indicates that the Type II industry multipliers in Sutherland,
_the area which one would expect to be most similar to Shetland both in
jndustrial structure and degree of self-sufficiency, are indeed very

close to their equivalent Shetland values, though overall the Shetland
multipliers seem marginally higher than those for Sutherland, particularly
when Manufacturing is taken into account.44 All Shetland muléipliers

listed are larger than the corresponding ones for Anglesey though the ranking

43, In the Anglesey study, the type II multipliers are modified in a fashion
which reduce their value relative to those which would be obtained using
the Shetland method. See: Sadler, Archer and Own (1973).

44. The output multiplier for Sutherland Manufacturing is 1,68 while those
in Shetland range from 1.74 to 2.52 individually, with an output-
weighted mean of 2,27,
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of multipliers (except Communications) is the same in both groups.
To what extent this is due to the downward bias imparted to Type II
multipliers in the Anglesey study (footnote 43) is impossible to say without

further study.

(ii) Income Multipliers

The output multipliers described in the previous section give a useful
summary statistic of the degree of local interdependence of each industry.
Howevefz of more interest to planners and policy-makers is the degree to
which variations in Final Demand will affect the level of income paid

to households. The derivation of the Income Multiplier is given in
equation (%) in chapter 2, and these are defined to be, for each industry,
the ratio of the total change in income to the direct change in income.

Type I and Type II multipliers, defined as before, are given in Table 3.9.

Table 3.9 Shetland Income Multinliers

£
Change' in Shetland Income per ‘
£1000 sales to Final Demand © Multipliers .

Industr Direct Indirect Induced Total Type I  Type II
Agriculture 518 137 102 757 1.26 1.46
Fishing 584 82 103 769 1.14 1.32.
Quarrying 366 106 73 545 1.29 1.49
Fish Processing 156 332 74 562 3.13 3.60%
Textiles 474 36 79 582 1.08 1.24
Ship Repair 414 22 68 504 1.05 1.22
Other Manufacturing 178 141 50 369 1.79 2.07
Construction 246 48 46 340 1.20 1.38
Utilities ' 157 52 32 241 1.33 1.54
Transport 305 44 .54 403 1.14 1.32
‘Distribution 412 55 72 539 1.13 1.31
Professional

Services, etc. 703 63 119 885 1.09 ., 1.35
Other Services 390 65 70 525 1.17 1.23
Communications 930 62 154 1146 1.07 1.23
Local Government 127 518 74 719 5.08 5.66%

* See page ¢8 for an explanation of the high values of these multipliers.

before, the type I multipliers are lower than the corresponding type II
gince they omit the induced effects, given in column 3 of Table 3.9.
Assuming the consumption function is linear homogeneous of degree one, the

ratio of each Type II multiplier to the corresponding Type I is a constant
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(for proof, see Sandoval (1967)). For Shetland, this constant is
approximately 1.15. Other examples of this ratio are 1.13 for

' Peterborough,45 1.29 for St. Louis,45 and 1.55 for Utah.45

As before there are wide variations among both Type I and Type II
multipliers, with Fish Processing and Local Gov;rnment clearly the
highest. However, the way in which income multipliers are traditionally
defined (as a ratio with direct income payments as the denominator) means
that industries with high direct income payments tend to have low multipliers
‘and vice versa. Further, to create a unit change ip direct income
requires different changes in Final Demand in each sector; for

instance, £193 of Final Demand sales are required in Agriculture to
generate £100 of direct income, while to create this amount of direct
jncome in Utilities would require £637 of sales to Final Demand.46

The information in Table 3.9 can therefore be interpreted in two mutually
consistent ways: (a) The multipliers can be used to assess the relative
importance of secondary income generation in each industry, given a
specified change in direct income in that industry. For example, for
each £1000 of income created directly for workers in Fishing, another
£140 will be created in the Shetland economy indirectly, while a further
£176 will be generated by induced effects, making a total income change
of £1,316. This total change could be obtained immediately by
multiplying the £1000 direct income change by the Type II multiplier for
Fishing. This interpretation will be useful in the analysis of oil
impact, where multipliers will be derived for major areas of oil activity,

and will provide a useful summary measure of the local repercussions

whatever the specified level of direct income payment by oil-related

45. Refs: Peterborough: Morrison (1973); St. Louis: Hirsch (1959);
Utah: Moore and Petersen (1955).

46, The increase in Final Demand in sector i necessary to create £100
of direct income is given by £100/h; where hs is the household row
: i Hi
coefficient in sector 1.
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[ 4 . 3
firms. 7 (b) The total change in Household income resulting from

any specified change in Final Demand can be obtained. Again this
interpretation is useful in measurihé oil impact, particularly where
variations in the pattern as well as the level of oil expenditures must
be allowed for. This interpretation is also useful in assessing the
individual indigenous industry breakdown of oil impact. For example,

an oil-related increase in Construction expenditure of £10,000 will
increase incomes in the Construction industry by £2,460, further increase
Shetland incomes by £480 through indirect linkage effects, and still
further increase incomes £460 through induced consumption effects,

making a total increase in Shetland household income of £3,400.

The variations in multiplier values reflect the substantial differences
in both indirect and induced effects among the various industries.
Fish Processing and Local Government, because of their significant local

inter-industry linkages, have very high indirect income components.

Ultimate Source of Shetland Income 1971

As explained earlier, if Households are included as an intermediate
industry, then the level of household income will be determined by Final

Demand in the same manner as other intermediate industries' outputs. The

47. This point is important because, as discussed in Chapter 4, the level
of oil-related activity in Shetland, lying as it does primarily in
the future, cannot be predicted with absolute certainty. It is important
therefore that the tools of analysis are sufficiently flexible to allow
for variations in the level of direct activity.

48. Because of its demand orientation (see pp. 58-60), input-output analysis
attributes a significiant part of Fishing income indirectly to Fish
Processing because of the large volume of purchases by the latter from
the former. At many times in the past, the relationship between these
two industries may have been supply orientated, i.e. Fishing may have
induced activity in the Fish Processing industry in a forward-linkage
effect. This is the approach to these two industries adopted by Greig
(1972 op. cit.), and of course leads to radically different multiplier
values for both.
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level of household income attributable to each industry is obtained by
multiplying the Final Demand sales of that industry (in £000) by the
appropriate figure in colum 4 of Table 3.9. For example, Fish
Processing in selling £4,123.1 thousand to Final Demand generated approx-
imately £2.3 million of household income in Shetland (£562x4,123.1).
However, given the proposed treatment of oil development as a category
of Final Demand (see chapter 4 page 85), it is also of interest to

determiné the level of household income generated by each category of

Final Demand, both to demonstrate the methodology and provide non-oil

Final Demand figures for comparison purposes. This is obtained as follows:
let fic be the ith entry in the cth Final Demand columm. Then total
income generated by Final Demand column .c is:

*g ) ks .
Y = z ific where hHi 1s the total income generated by one

£ output of industry i, derived from the
Leontief inverse with households endogenous.

The results are presented in Table 3.10,

Table 3.10 Sources of Income by Category of Final Demand

, Z Share of Total Income Z of
'Categogz Final Demand Generated £'000 Total
Exports (excluding _—
Tourism) 46 .0 4011.2 39.4
Central Government 25.9 3701.1 36.3
Unrequited Receipts 15.6 1138.2 11.2
Investment 9.1 1035.4 10.2
Tourism 3.3 304.9 3.0

-Total 100 10190.8 100

The high proportion of income generated by Central Government is interesting,
bgt not surprising given that regional policy demands a high level of
Central Covernment involvement in small regions such as Shetland (see also
page 76). What is surprising is the low proportion of total income
generated by Tou;ism, which is not typical of other broadly similar regions
as shown in Table 3.11. The high proportion of total income generated by

exports exemplifies the openness of the Shetland economy with respect to

49, ‘'Tourism' in fact includes business trips,
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the outside world.

Table 3.11 Income Generated by Tourism 1971

Household Income generated

Region by Tourism 7% of Total
Skye* >20
Anglesey 20
Sutherland ' 15
St. Andrews 10
Shetland 3

* Skye results from Brownrigg and Greig (1974).

The low proportion of income (and employment, see page 76 ) generated

by Tourism in this pre-oil situation has important implications in the
current context, for concern is often expressed that oil-related industrial
development will destroy the attractiveness of affected areas in the Highlands
and Islands to toﬁrists, and hence an important source of local income may

be lost. Certainly oil development in Shetland may cause a decline in

the number of tourist visitors to the Islands,So but it is obvious from

Table 3.10 that, economically at least, the detrimental effects of this

cannot be too substantive.

From tab1e13.10 and the various colum éums of Final Demand, a further set
o£ multiplier relationships between Household income and Final Demand can
be derived. Dividing the total income generated by each category of

Final Demand by total expenditure of that category yields the Household
income generated per average £ of expenditure in each Final Demand Category.

The results are shown in Table 3.12,

C;ntral Government has the highest multiplier, creating on average £884
of local Household income for every £1000 of its expenditure. This is
because a large proportion of Central Government expenditure goes to
households directly, while most of the remainder is spent in industries
with large income components, either directly (Professional Services) or

indirectly (Local Government). Unrequited Receipts similarly has a

50. Ref: Chapter 5 pages 134-135.
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large &iréct household payment component,. which aéain raises its Income
generating effect. The Export and Tourist multipliers have the same value,
. but are built up in very different ways: the former includes no

direcﬁ payments to households, but those sectors exporting do have
relatively high Type II income generating potential. The latter on the
other hand, has a fairly high direct income component, but secondary

income generated is relatively low.

Table 3.12 Income Generated per £ of Average Expenditure on Final Demands

.Source Multigliers (£)
0. 884 ‘

Central Government

Unrequited Receipts 0.772
Exports (excluding Tourism) 0.573
Tourism 0.57351,52
Investment 0.412

(iv) Employment Multipliers

The repercussions of a change in Final Demand on Regional Oﬁtput and
Income will ultimately have some impact on regional employment. However,
the estimation of regional employment multipliers analogous to the

Income and Output multipliers described above is complicated by two
additional difficulties: firstly, it is difficult to derive a simple
relationship between employment and any of the magnitudes observable in
the Input-Output table, such as Output or Income. The problem arises
because as Output increases, say, employers may simply utilise their

existing labour forces more intemsively through overtime, incentive

51, Total expenditure on these categories includes expenditure on goods
directly imported by them, which are not shown in the respective columms
of the transactions table.

52. Income generated in Shetland per £ of Tourist expenditure (57p) is higher
than that in St. Andrews (34p), Sutherland (45p), or Skye (31p). The
aggregation of Hotels and Catering, which tends to have a low income
generating effect, with Other Services may impart an upward bias to the
Shetland multipliers. Rough adjustment for this yields a revised
Tourist Multiplier for Shetland of 0.51. Remaining differences are
probably caused by real differences in local linkages and regional
differences in the composition of Tourist expenditure. In this latter
respect, the relatively high proportion of Bed and Breakfast tourists
in Shetland is important in raising the multiplier value, since this
type of accommodation payment is made directly to households.
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bonuses, etc.; so that output (and income) may change significantly
without employment, measured in the number of persons employed, varying

" at all. Secondly, in a rﬁral economy such as Shetland there is a great
deal of unrecorded part-time and spare-time employment which is extremely
difficult to estimate accurately. A rélated problem is how to

translate such employment into common units even if it could be identified:
for example, how many casual jobs could be said to be equivalent to one

full-time job? It is not even clear that such a comparison is meaningful,

i

‘These problems can be overcome to some extent by estimating industry
. :

. £ 5 . L L
emp loyment-production functions 3 in which industry employment measured

in man-years is related to industry Gross Output., Unfortunately, there

was insﬁfficient data available to convert Shetland employment to man-years.
Furthermore, to derive even a straight-line employment-production function
requires at least two point—estimates of employment and output, while the
Input-Output table provides at best only one. Therefore to estimate
employment multipliers in the present study, it has been assumed that
industry employment is directly proportional to industry output, i.e.

E, = a.X, . 44)

i i1

where Ei = total employment in industry i, oy is the (constant)
employment-production coefficient of industry i, and X, is Gross Output

of industry i, This permits the coefficient, a;, to be estimated from the
employment-output relationship in 1971 alone.54 Also, to obtain inter-
industry consistency, employment in each industry has been converted to

Full Time Equivalency (FTE) by assuming 1 part-time job = 1/5 one full-

time job, and 1 spare-time job = 1/10 one full-time job, While admittedly

53. ‘See Chapter 2, page 37,

54. Using this value of o to estimate the employment change resulting from
a given change in output implies that the marginal employment coefficient
in each industry is the same as the average. For reasons discussed
asbove (page 71), this may not be the case, and some of the implications
of alternative assumptions are discussed in chapters 5 and 6.
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crude, these weights, based on local discussion and other studies,55
are felt to better reflect the relative contribution of each typc of

enployee than by equally weighting them all.56

The mathematical derivation of Type I and Type II employment multipliers

is given in Chapter.Z, and the economic rationale is as follows: assume
that in a specified industry Final Demand sales change sufficiently to
change employment in that industry by ;ne FTE. This change in Final Demand
sales will have secondary employment repercussions throughout the

economy, so that the total change in Shetland employment will be greater

" than direct change of one FTE in the industry concerned. An employment
multiplier for a given industry is defined to be the total change

in Shetland employment as a‘ratio of the.direct éhange in FTE employment
in.the industry concerned. Employment Multipliers for each industryl

are given in Table 3.1357.

Table 3.13 Employment Multipliers

Employment Multipliers58

Industry FIE's
Local Government ‘ 3.08
Fishing Processing 2.82
Other Manufacturing 2.21
Utilities _ 1.76
Fishing 1.63
Agriculture 1.55
Quarrying 1.51
Other Services 1.51
Communications 1.36
Construction 1.35
Transport 1.32
Professional Services et al 1.32
Textiles 1.28
Ship Repair 1.22
DPistribution 1.19

55, Ref: Greig (1972, op. cit.)

56, The Industries primarily affected by spare- and part-time problems are
Agriculture and Textiles. As shown in Chapter 4, local oil-development
is not expected to have a great impact on these industries, and therefore
the estimates of oil-generated employment are not sensitive to the
assumed Full-Time Equivalency of spare- and part-time employment.

57, In view of the problem of degree of labour utilization mentioned in the

text, it may be wise to regard the multipliers in Table 3.13 as showing
the maximum Pro@able.changes in total employment. The minimum value
for any multiplier will be 1,00, assuming the creation of . a new job does

not actually decrease employment anywhere in the economy.

58, Onlv Tvoe 1T are given here. _ As hafore. Tvne I will be lower.
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The most apparent fact about these multipliers is that they are fairly
small: only three are greater than 2.0 and almost half are less than
"~ 1.5, Hence the assumptioﬁ sometimes made in'regional analysis of a
universal multiplier of 2 would significantly over-estimate most industry

values in the Shetland context,

For many purposes, it may be more important to know by how much Final
Demand in a given industry must change to change total employment in
Shetland by one FIE. This information, which we shall call sales/

‘employment multipliers,is given in Table 3.14.

.

Table 3.14 Sales/Employment Multipliers

Final Demand Sales required to change

Industry : employment by one FTE (£)
Communications 1318
Distribution 1525
Local Government 1539
Professional Serices, et al 1592
Agriculture , 1684
Textiles ' 2050
Quarrying 2208
Fishing 2504
Fish Processing ‘ 2514
_ Ship Repair 2610
Transport. 2971
Other Services 3010
Construction 3245
Other Manufacturing 3535
Utilities 5626

The great differences in sales required to genmerate an additional

job depend on both the labour intensiveness of the various industries as
well as their inter-industry 1inkages.59 Hence although Fish Processing
has a.very high employment multiplier, the direct employment created per
wmit increase in output is comparatively small, thereby depressing the

total employment change per unit of output. On the other hand, Distribution

59, It should be remembered that in the price system used in the Input-
Output table (seepp. 42-44 ), in some industries the change in sales
revenue given in Table 3.14 will not be sufficient to cover the costs
incurred in providing the increased output, therefore additional losses
or subsidies will be required. Industries affected in this way are
Agriculture, Fishing, Transport, and Communications,
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has the lowest Type II multiplier, but because of its very high direct

employment/output ratio, it requires one of the lowest changes in Final

~ Demand sales to change total Shetland employment by one FIE,

Using the sales/employment multipliers from Table 3.14 in conjunction
with the actual Final Demand sales of each industry for 1971 from Table
3.1, it is possible to find the employment generated by each industry in

that year, This is summarised in Table 3.15.

Table 3.15 Source of employment by Industry, 1971 K

Z of total employment

~ Industry generated
Primary 8.5
Fish Processing 28
Textiles 14
All Manufacturing 45
Construction 11
Local Government ' 19
All Services (including L.G.) 35.5
Total, All Industries 100

Table 3.15 is revealing: mno less than 727 6f all employment in Shetland
was generated by only four industries: Fish Processing, Textiles, |
Construction, and Local Government. The results in this table also
expose the oversimplification of Economic Base models which as indicated
in Chapter 2 assume all employment is generated by 'Basic' industries,
which are defined in a number of ways, but generally are primarily Primary

and Manufacturing. In Shetland only 54%Z of all employment was generated

by these industries.

Table 3.10 and the discussion of it, showed that ultimately all income
in Shetland could be attributed to Final Demand. All employment can
also be attributed in this way, and Table 3.16, which is analogous to
Table 3.10, indicates the employment in FIE's attributable to each

category of Final Demand.

Comparing Tables 3.16 and 3.10 shows that while the ranking of categories

according to their income or employment generation remains broadly the same,
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Table 3.16 Source of Employment by Final Demand Category, 1971

X share of Total Z of

Category - Final Demand FTE's Total
Exports (excluding

Tourism) 46.0 3037 48.6
Central Government 25.9 1752 28.0
Investment 15.6 950 15.2
Unrequited Receipts 9.1 372 6.0
Tourism 3.3 140 2,2
Totals 100 6251 100

the relative importance of each category is substantially different
between the two tables., In particular, Exports are seen to be very
clearly the main single source of employment in Shetland with Central
Government some way behind, wheréas these two categories generate very
gimilar amounts of household income. The explanation of this lies in the
relatively high proportion of Government expénditure which is direct
income to households. This tendg to raise the Government contribution

to Egggl_household income compared with other sources, only some small
fraction of whose payments goes directly to households, On the other
hand, Central Government payments to households create very little
employment directly, meaning its total contribution to employment tends to

be reduced relative to those sectors with high direct employment creation.

As with income, the number of FTE jobs generated per unit expenditure of
each Final Demand category can be estimated. Table 3.17 presents these
results, using £10,000 as the unit of expenditure. Table 3.17 shows that,
in spite of the comments made above, Central Government is in fact almost
as "efficient' as Exports in converting expenditure into employment.

Thus, given the composition of expenditure in each of these two categories,

the differences in employment generated by Government and Export

expenditures reflect almostl entirely differences in the actual level of

expendi ture in each of these categories.

Again, Tourism fares badly, and in Shetland at least, Tourism seems not

only to be a minor contributor to income and employment in absolute terms,
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Table 3.17 Employment Generated per £10,000 Exppnditure on Final Demands

Category FTE Employment
Exports (excluding Tourism) 4,34
Central Government 4.18
Investment - 3.77
Tourism 2.63
Unrequited Receipts 2.52

but also to be comparatively inefficient in transforming such expenditure
as is made into income and employment. These two criticisms of Tourism,
though -dinterrelated, lead to differences, at least in emphasis, in

policy considerations. The low absoluﬁe expenditure may lead to a policy
which attempts to increase the level of tourist activity (particularly

of high-expenditure categories of Tourists) in the region; while the
inefficiency of Tourist expenditure in creating employment or income would
lead to a policy which emphasised the need to direct Tourist expenditure to
those industrieswhich have high total income or employnent6o generation per
f of expenditure and/or which attempts to increase the income/employment
generation potential (through increased local inter-linkages, for example)
of those industries on which Tourist expenditure is actually centred, In
general. ,an area may experience problems of insufficient Final Demand,

of Final Demand composition, and of industrial structure simultaneously,
but while their solutions need not be independent, different emphasis in

policy may be required to tackle each directly.

(v! Trade

Regional industries import goods and services in the process of production
(or consumption). The levels of outputs of industries are determined, as
previously explained, by the level and composition of Final Demand.

Therefore, as with employment or income, the level of Imports can ultimately

60. The preceding discussion has demonstrated that these need not be the
same industries,
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. . 6 ‘
be attributed to Final Demand. 1 The volume of imports generated in

Shetland by each category of Final Demand in 1971 is given in Table 3.18.

Table 3.18 Imports Generated by Final Demand Categories

Z of Total Total Imports 2 of
Category Final Demand generated £'000 Total
Exports 46.0 4173 42.1
Central Government 25.9 2470 24,9
Investment 15.6 1983 20.0
Unrequited Receipts 9.1 933 9.4
Tourism 3.3 364 3.7
Totals .. 100 9923 100

Exports generated the greatest absolute volume of Imports which is not
gurprising since it is the largest single itemof Final Demand; it did
_however generate a smaller proportion of total than might be expected
from its share of Final Demand, in contrast with Investment which accounts
for a conéiderably higher proportion of imports than would be expected
from its share of Final Demand. The reason for these findings becomes
evident in Table 3.19 where Investment is shown to generalssignificantly

more imports per £ of expenditure than any other category.

The high import-generating effects of Investment reflect a virtual absence
locally of materials required for capital production so that industries
engaged in production for investment must import virtually all their material
requirements. ~ In particular, Construction, which is the main local industry
producing for investment, has to import all its steel, timber, etc. the

only available local materials are some.stone and quarried aggregates.
Tourism also geherated a relatively large volume of imports per £ of

expenditure. However, in this instance, every £ of Tourist expenditure is

61. The analytical treatment is identical to that for employment (see
Chapter 2 page 37 and above page 76 ) with an import/output, rather
than employment/output, coefficient being used. Any other category
of Primary Input can be treated analogously.
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a direct addition to Export receipts; hence every additiomd£100 of
Tourist expenditure actually improves the Balance of Trade by approximately
£32. This does not compare favourably with other Export items, which

on average improve the Balance of Trade by £44 for every £100 increase.

Table 3.19 Imports Generated per £ of Expenditure

Category £

Investment 0.786 -
Tourism . 0.684
Unrequited Receipts 0.632
Central Government 0.590
Exports 0.561

This concludes the discussion of the 1971 Shetland Input-Output Table.
The empirical derivation of the various 'multiplier' values, based on
vthe theoretical foundation of Chapter 2 will be used extensively in the
subsequently analysis of the impact of oil on the local economy, and the
detailed picture of the immediately pre-oil situation will provide a

suitable background against which this impact can be set.
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CHAPTER 4 : The Impact'of 0il on Local Income, Output, and Employment

The preceding two chapters provided the theoretical and empirical
framework within which the analysis of the impact of oil development

on the economy of Shetland will take place.

Using this framework, the 'gross' impact of oil development on local
incomes, output, and employment is estimated in this chapter,

Variations to the assumptions of the basic model, whose incorporation

yield estimates of 'net' oil impact, are discussed in Chapters 5 and 6. '

One of the most important advantages of Input-Output &nalysis is this
adaptibility in practical situations which are not closely approximated

by the assumptions of the basic model,

The nature of oil development in Shetland, and its treatment in the
present study, are discussed in section 1. Subsequent sections analyse

the impact of this development on the indigenbus economy.

(i) The Nature of the Study

The oil industry in Shetland has been divided into three méin areas of
activity: (a) Oil Supply Bases (b) The Sullom Voe Terminal Complex and
(c) Oil-Related Construction.1 Each of these is discussed in gfeater
detail in subsequent sections, and the present interest is in the general
treatment éf the oil industry in Shetland. Firstly, it is important to
realise that currently the pattern of oil-related development in Shetland

is still in a considerable state of flux: the Supply Bases are still

1. In correspondence, the then Chief Executive of Shetland Island Council
suggested that transportation be regarded as a separate activity. However,
it seems more useful to regard this as a secondary repercussion of the
activities named in the text, these latter representing the 'last line'
of local oil activity, i.e. the activities with no further local forward
linkages. This point is discussed subsequently in the text, but obviously
there is no unique definition of the oil 'industry' and the current one is
to some extent arbitrary, but is in common currency both within and
outwith Shetland.
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growiﬁg towards their expected peak, while the Sullom Voe Terminal is
not yet operational at all, and of course the level of oil-related
Construction employment is expected to vary considerably as various
projects are started and finishe&. Hence while it would be possible

to analyse the impact oil development has had on the Shetland economy
since 1972, this would be of little interest, since as intimated above,
such development is still in its infancy and the pattern of impact

in the past might little anticipate that of the future, particularly since

no terminal operations would be included at all.

The greatest interest therefore is in forecasting the local impact of oil-
related development when the latter has reached some fairly stable level.

This exercise is in the nature of a partial forecast, falling between the

historical impact studies of Sadler et al (1973) and Mierwk (1967b), and

the complete forecasts of Almon (1966) and Tiebout (1969).

The exact form of the model used is:
-1
ax), = @ - 4,45) (), (45)
where (AX]t is a vector of changes in local Gross Outputs at time t.
As discussed below 'time' here may refer to some given year,
or the time at which oil activity reaches some particular

level.

(- Algn)"l is the Leontief Inverse derived from the 1971 Shetland
Input-Output Table described in Chapter 3.
[o)t is a matrix of local oil industry expenditures at time t. . The

justification for this treatment iz discussed on pages .87

This model is less comprehensive than a complete forecast of the economy
at time t which would be given by

MW= -8 0, (46)
wheré (X)t is a vector of local industry Gross Ougputs at time t,

(I - At)-l is the Leontief inverse derived from a year t coefficients

* matrix
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(Y}t is a matrix of Final Demand expenditures at time t,

Forecasting the entire matrix of Final Demands is unnecessary, and
indeed inefficient, if the aim is only to estimate the‘local impact of
oil for: (Y)t = (Y*)t + (O)t where (0)t is as defined above, and (Y*)t
ijs a matrix of local Final Demands excluding o0il-Final Demands. Thus:

©), - @-a)7 @)+ (- a)7L(0), @)
so. that the impact of oil Final Demand expenditures is given by

(), = (- 2)70), |

as before.
In fact, the use of equation (45) as a measufe of oil impact on local Gross
Outputs does not allow for the possibility that o0il may have affected the
emergent local industrial structure (i.e. At) as well as local Final
Demand. To estimate tﬁis let

(), = (1 - &%) 7H ), 4®)
where A*t is the local domestic flow coefficient matrix which would exist

at time t without oil development in Shetland, and fY*)t is as defined before.

- Comparing equations (47) and (48) indicates the impact of oil on local

Gross Outputs is given by:
®), - (%), = -8 @), - @-a) (), ¢ (1 a)T0),
i (), = (B) (%), + (1-4)71(0), “9)

where (B) is a matrix representing (T - At)—l - (T - A*t)—l

j.e. the differences in local structure induced by oil development.

Comparing equations (45) and (49) indicates that the model employed in
the'current analysis differsfrom the more general model in two respects:
(a) (B) is assumed to be zero, i.e. oil is assumed not to ghange local
jndustrial structure. The validity of this assumption in the Shetland
context is discussed in detail in Chapter 6, and some attempt to estimate
non;zero elements of B is made.

This is essentially a simplifying

(b) At'i§ assumed to be equal to A1971.
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assumption imposed by resource limitations available for the study. The
forecasting of coefficient change is difficult and uncertain (see
Richardson (1972), Chapter 9, for a summary of the problems involved),

and the problems are compounded in this case by the fact, discussed

below, that different values of 't', and hence Aé’ will be required for the
various forecasts to be made. In fact, given the methodology adopted,
no-less than four estimates of At would be required. In the circumstances,

there is probably little to be gained in terms of forecasting accuracy

¢
{
|

from replacing a known and constant base (A ) structure with various

1971
highly uncertain estimated structures. Of course, if the actual A

structure does not differ greatly from A little error will be

1971°
introduced by the use of the latter in estimating oil impact, The analysis
of Chapter 6 suggests that, in some respects, the structure of the Shetland

economy may change fairly slowly over time, implying that little distortion

is introduced by the use of A g.;.

The forecasting of the level of oil development can itself be approached in
" a number of ways: for example, the deveiopment paths of each of the

oil activities could be traced through time, either comtinuously or at
discrete intervals. This procedure is the most satisfactory if the local
effects of oil are to be estimated at any particular point in the future.
However there are a number of problems involved in using this approach in
“the présent study: firstly, because of slippages in the timing of North
Sea'Oil Developments, changes in extraction rate policy, etc., the levels
of activities over time, and at any particular point in time, are considerably
lesé certain than the ultimate level which each particular activity will
attain., Secondly, a detailed breakdown of the local expenditures of each °

oil activity 1is generally only available at one or at hest a few levels.

In particular, given the predictive nature of the exercise, it is difficult
to obtain empirical expenditure estimates for any level of activity other than

' current' or 'fully operational' for each oil sector. Since the assumption
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of a smooth intermediate transition path, or the assumption that expenditure
levels can be simply related to the growth paths of measurable variables
such as employment, is likely to be considerably in error,2 this casts
considerable doubt on the feasibility of using time as the reference

base for the present forecasting exercise. Some attempt to assess the
development of oil-related industry through time is made in a later section,
but the primary empirical analysis is not specifically related to calendar

time, as.discussed below.

Given the above difficulties in analysing the impact of oil in Shetland
at specific future points in time, an alternative, suggested in the above
paragraph, has been adopted in the present study as the primary focus of
attention. In subsequent sectiohs the local impacts of the £bzgg_oil

sectors described above are analysed at the fully operational level of each

sector's activity. This attempts to avoid the two difficulties described
above, firstly because, within a certain range, the expected level of

local activity in each sector, when fully operational, is known with a fair
degree of certainty, and secondly, as intimated above, it is in many
instances more easy to obtain reliable data for a fully-operational facility
than one at some intermediate stage of development. In fact, as will be
discussed where appropriate, the nature of actual available data still
required the use of proxy variables for scaling purposes, though the problem
was less acuﬁe than it would have been had the previous form of analysis
been adopted. A corollary of adopting a fully-operational reference base
is that the impaét of each of the three sectors is analysed priﬁarily in
isolation, since the level of activity in each does not necessarily, and
does not in practice, reach full operation at approximately the same point
in calendar time. Hence, an impact analysis of all three activities fully-
operatibnal simultaneously will not correspond to any real-world situation,

and would be of little policy interest.

a——

9. Because of discontinuities in starting/stopping various operations,
economies of scale, fixed vs variable costs, etc,



(ii) The method of analysing the Local Impact of 0il

The model used to assess the impact of 0il on the Shetland economy, given in
eéquation (45}, is an incremental variation of equation (29), Chapter 2, i.e.
) = (-7 ) 50)
where Axi is a vector of changes in local'industry Gross OQutputs,
including Households.
(I - A:)—l is the previously described inverse matrix derived
empirically froﬁ Table 3.1, household endogenous, '
(AYi) is a colum vector of local purchases by each oil sector.
There are six such column vectors: two for each of the sectors, 0il Supply
Bases, Tanker Terminél, and 0il Construction.3 In other words, oil-related
expenditures are treated as increments to Final Demand, and their effects on
Gross Output estimated via the Input-Output inverse matrix. Once the series
of industry Gross Oﬁtput changes is obtained, it is possible, as demonstrated
in Chapters 2 and 3, to estimate income and employment changes also. Therefore,
the only empirical estimates necessary to implement the model are the direct
changes in outputs, incéme, and employment caused by each oil sector, the

indirect and induced local changes are derived via the (I - A:)—l inverse

matrix, where Ai is derived from Table 3.1 in the manner described on pages$e.S§7
Of course, estimation of the impact of oil in this fashion assumeg the
assumptions of the model as described in Chapters 2 and 3 remain valid. As
suggested in the introduction to this chapter, revisions to these assumptions

are discussed in detail subsequently, particularly in Chapters 5 and 6.

The treatment of the oil sectors as additions to Final Demand requires some
discussion, since it has certain theoretical and empirical implicatioms.
Firstly, as discussed in Chapter 3, the inclusion of any sector in Final
Demand implies that the sector's level of output is determiﬁed exogenous ly
to the local economy; in other words changes in the level of activity in

the Final Demand sector may induce changes in the level of activity in other

3. These correspond to alternative estimates 'of the level of activity in each
sector, and are discussed further in the appropriate scctions. Apart from
0il construction, these are broadly 'lower' and 'upper' case estimates.
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local industries, but the reversehis not true, Given the demand
orientation of the Input-Output model, this assumption is largely justified
if the sector in question sells all its output outwith the local economy.

In the case of oil-related sectors in Shetland, this is largely the case,

for the level of activity in each of the Shetland oil sectors is almost
entirely dependent on the levels of exploration, development, and production,
activities in the various North Sea Qil fields, and the latter are determined

1

by Company and Government policies made entirely outwith the Shetland
eponomic system. As this implies, the receipts of Shetland-based oil
firms come almost entirely from contractors based outside Shetland, and

hence, as required of a Final Demand element, their levels of output are

little influenced by local industry activity.

The preceding paragraph does, however, suggest an alternative'approach,
which would be to include the three oil sectors as individual industries

in the Intermediate sector, making local'puréhases in the course of their
operations, and selling all their output to Final Demand sectors such és
'0il Rigs', 'Development Platforms', ete. This procedure would have two
"advantages: firstly, it would indicate clearly the source of the receipts
of Shetland-based oil companies, and secondly, and more importantly,

it would permit oil firms to make sales to other local companies in the model
if this actually occurs in practice.4 Quantitatively, such local sales
have not been found to be significant, and hence empirical estimates of
theAimpact of oil activities on local output, etc. will not differ greatly
between the altemative treatments. However the existence or creation of
such forward linkages per se could induce new investment (see pages 53-54)

or technological change (see pp. 164-165) in the local customer industries,

4. The actual empirical estimates of the changes in local income and
employment between the two treatments of Shetland oil firms will only
differ to the extent this does occur.
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and hence though small as quantitative flows, be important in impact.
For reasons to be described below, the treatment of oil activity as an
intermediate local industry raises considerable difficulties empirically,
and in the present study the following compromise approach has been

adopted: in the quantitative analysis of this chapter, the oil sectors

-are treated as compohents c;f Final Demand and therefore no forward

linkages are included. Since the analysis is based on the Input-Output
assumption of no changes in local indusériél structure through new

industry creation, technological change, etc. this is reasonable given

the small magnitudes of local oil industry forward flows. In the qualitative
discussion later in this chapter, and particularly in the next chapter, the

possibility of relaxing some of these assumptions, and permitting forward

linkages, is considered.

it Qas mentioned above that there are great difficulties in estimation if the
oil sectors are included in the Intermediate sector. Foremost among

these is the problem that if an o0il sector is included as an intermediate
industry, then measures of both Gross Output and Gross Input have to be
féund and ba}anced. As vill become apparent subsequently, data on receipts
and;EgEél expenditure breakdown is simply not évailable, particularly, of
course, for the Sullom Voe Terminal. A second problem is that inclusion in
the Intermediate sector then constrains the expenditure breakdown of the oil
sector to the 'constant proportions' assumption of the analysis, any changes
requiring re-inversion of the complete matrix. As discussed above,

“the forecasting hature of the exercise makes it desirable that the

impacts of different levels and compositions of oil-related expenditure can

be assessed quickly and readily, and this is best served by the inclusion

of the oil sectors, in Final Demand.

This completes the discussion of the nature and method of oil impact

analysis. In subsequent sections, we turn to the empirical estimation of

this impact.
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(iii) Brief resume of 0il Developments to date in Shetland

This section provides background information on the timing and nature of

0il developments in Shetland to date as a preliminary to the detailed
impact forecasts of subsequent sections. Since this type of non-analytical
survey of oil-history in Shetland has beeﬁ discussed in detail elsewhere,5

the present coverage can be brief,

The initial allocations of North Sea 'blocks' in 1964 and 1965 had no
impact on Shetland whatsoever since drilling activity was concentrated ié
much more southerly waters, However, some indication that the Northern,
North Sea might hold oil and gas deposits cau; in June 1968 when the 'Cod'
gas field was discovered in Norwegian waters, and again in September of that
year, when commerical oil deposits were found in Danish waters. Results

in Scottish waters were disappointing until Amoco discovered the Montrose
field (yielding 50,000 barrels per day (bpd)) east of Peterhead in December

1969, Further major discoveries followed: the BP Forties field in October

1970, and the Auk field in 1971.

| By early 1971, exploration activity had begun in waters nofth—east of
Shetland, and in July 1971, Shell-Esso discovered the very large Brent field
(550,000bpd) one hundred miles north-east of Shetland, although fhey did
not make the find public until mid-1972., Since then, further fields off
Shetland have been discoveredand proven commercial, as drilling activit& in
the northem North Sea has Aeightened: Ninian (310,000bpd), Thistle
(180,000bpd), Dunlin (110,000bpd) and Cormorant (45,000bpd).° * The current

situation (December 1976) is summarised in Figure 4.1.

5. Nicholson, J.R. (1975), Button, J. (1976).

6. In.addition, Hutton and Alwyn fields have been dlscovered but not yet
declared commercial (December 1976).
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The initial impgct of this activity in Shetland, which began in mid-late
1971, was largely concentrated in increased harbour activity as supply
vessels seryicing the drilling rigs started to use Lerwick as an on-shore
base., By early 1972, it became"apparent that Shetland could play a major
role as a service area for northern North Sea fields, and purpose-built

Supply Bases began to be proposed and subsequently constructed.

In August 1972, the announcement by Shell-Esso of the Breﬁt field made it
probable“that Shetland would provide the landfall for at least one oil
pipe-line, and indeed Shell had already drawn up preliminary plans for piping
oil from this field to a tank storage complex at Sullom Voe. The (then)
Zetland County Council also wished large-scale oil developments to be
concentrated in Sullom Voe to prevent their proliferation throughoﬁt the
region. To ensure their ability to pursue this strategy and to be able to
exercise control on subsequent deveiopments, the County Council sought, and
were eventually grantedin the Zetland County Council Act of 1974, wide-
ranging powers. Under this Act, the Council could act as port and
harbour authority in the Sullom Voe area, could compulsorily acquire land
for oil developments in that area, could issue or refuse dredging and
construction licenses, could enter into commerical ventures, and finally

could establish an internal financial Reserve Fund.

Using these exceptiomal powers, the Island Council (as now) have already
been able to ensure their major aims: all of the major oil developments have
been channeled to the Sullom area, including the landfall of a gecond
pipeline from BP's Ninian field. The landfall, of these two pipelines

alone (others are possible in the future), the processing and storage
facilities for the oil from them, and the harbour facilities required to
transport this oil, already ensure that the Sullom Voe complex when complete
will be the largest of its kind in Europe; The Council have Also ensured
theif joint-partnership with the oil companies in the control and operaﬁion

of the terminal, and have reached agreement with the oil companies that the
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latter will pay the Council, in addition to all statutory payments
such as harbour dues and rates, certain 'disturbance monies' which already
amount to £4 million, and could total £25 million by the end of the

century.

This summary of recent oil developments in Shetland, though brief, serves
nonetheless to justify to fundamental tenents of the present study:
firstly, the use of 1971 as the most recent pre-oil economic structure

is clearly valid: oil had minimal impact on the Shetland economy
throughout that year, but by the end of 1972 had grown too substantially
to be ignored. Secondly, it is equally apparent that the major areas

of oil development are in Supply Base activity and in the operations of
the Sullom terminal, the impact of both of which is considered in details
in subsequent sections. In additiqn, the effects on the local economy of

constructing the facilities required by the above activities is discussed

in detail.

(iv) The Impact of 0il Supply Bases on the Shetland Economy

(a) General

The maintenance of exploration rigs and production platforms in offshor€
activity requires a continuous supply of materials, foremost among which
are tubulars, bulk chemcials, bagged chemicals, cement, water, and fuel,

In addition, provisions and transportation-for up to 70-85 offshore crewmen
are required. The function of the Supplf Base, therefore, is t§ provide
the on-shore link with the offshore rigs. This is elaborated below,

but firstthe reasons for choosing a Shetland location for such a facility

are discussed briefly.

Certain 'desirable' criteria have been specified for a geographical

location for an Oil Supply Base. A typical list of such criteria7 would

7. E.g. see Churchfield (1972).
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include énlall-weather,harbour, deep water .anchorage, Telex and tele-
communications, proximity to an Air/Heliport, road and rail links, and
proximity to a centre of population. While certain of these criteria,
particularly the latter two, are not well met in Shetland, the geographical
location of the Islands with respect to the more northerly oilfields in

the East Shetland basin would seem to make it more economical to provide
certain Supply Base services from there than from alternative mainland

" ports such as Aberdeen. It has bee; claimed that for any given base
location, fields more than 150-200 miles from it are better serviced by |
aiternative closer sites.8 This implies that the most northern fields,
including the large Brent/Ninian complex, can be more economically serviced
from Shetland than any other area of Scotland (though certain Norwegian
ports such as Stavanger could prove economically competitive in supplying
these fields). One of the Shetland Bases, Hudsons, state in their

literature that:

"Operating from Shetland means con31derab1e savings of

fuel and time over operations based on either Peterhead

or Aberdeen, amounting to nearly £1000 per trip ...

also shows considerable savings on helicopter movements."
In discussion, other Shetland operators stated that, because of the high costs
of maintaining rigs in the North Sea (over £20,000 (1974 prices) per day
whether they are working or not), the time saved in providing essential
operating supplies is likely to be a strong determining factor in the location

of supply bases in the Shetland Islands in addition to any savings in

fuel costs. However, the disadvantages of a Shetland location such as

those mentioned above, and more importantly the accumulated advantages for

Supply Base location which Aberdeen has accrued by being 'first in the field',

8. Scotland and 0il (1973), page 53.

9, Time and again in interview, 0oil operators stated that one of Shetland's
main disadvantages in attracting oil Lndustry is its comparatively late
start in the business.
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have led to a specific type of Supply Base development in Shetland.

The type of Supply Base facility which has emerged in Shetland is
generally of an 'advanced storage' or 'forward' nature: primarily

engaged in storage, handling, and transhipment of tﬁe various goods

and materials requi:ed offshore. Thus, rig and supply vessel crews
primarily have mainland headquarters and homes, as do senior company
personne1.10 Also, importantly, emzineering and repair facilitie§
featﬁred in mainland bases are not prominent in Shetland Supply B#ses.

As discussed in Appendix III, this latter can make a significant difference

to the number of employees associated with a base facility,

(b) The Level of Supply Base Activity in Shetland

The estimation of Supply Base expenditure in Shetland,‘and its breakdown
into local industrial components, is Herived primarily from a survey of
Shetland Supply Bases in Shetland undertaken by the author, coupled with
forecasts (from a number of sources) of the expected level of Supply Base
activity in the region. A detailed discussion of the derivation of the
expenditure estimates is given in Appendix III, pp. 216-220, from which

Table 4.1. (Appendix Table IIIL.2) is reproduced.

Table 4.1 shows the estimated local expenditures by Oil Supply Bases

at the peak of their activity. 'High' and 'Low' estimates are given to
allow for uncertainty in the forecasting of various components of the
expenditure function (again, details are found in the Appendix), and these

are intended to represent upper and lower bounds to expected Supply Base

expendi tures.

1f the colums of Table 4.1 are to be used directly as the (0)t of equation
"(45) (page 81) for 0il Supply Bases, then one further assumption is required,
i.e.that Supply Base households have the same expenditure patterns as

Shetland households., This is not a theoretical requirement since it would

10. This point is important in assessing the potential for 'spin-off'
benefits from oil technology to local Shetland industries.  See pagestt_ 133
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Table 4.1: Annual Gross Peak Local Supply.Base Lxpenditure (1971 producers'
prices)

Shetland Industry £'000

,
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Agriculture
Fishing

Quarrying

Fish Processing
Textiles

Ship Repair

Other Manufacturing
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be simple to replace the single household expenditure entries in Table 4.1

with colums showing household consumption by industry. Rather, the
difficulty arises empirically that Shetland households have been found

on average to have an expenditure patternsignificantly different in some
respects from that in Scotland or the U.K.,11 and some of the employees

in Service Bases may be immigrants from these or other areas. Unfortunately
the proportion of total Service Base employment which will ultimately be
jmmigrant is not known, and if it were, there would still be great difficulty
in estimating ex ante their expenditure pattern, particularly the breakdownbelwmé
.12251 and non—-local purchases. Therefore, the present assumption represents

a simple 'extreme' case, easily amended as and when data becomes available.
However, it can be said that a large proportion (75%) of Supply Base employment
currently (1976) is local, and company policy in this area is to employ

locals wherever possible,12 so that the problem of immigrant workers may not

be too important in Supply Bases though, in general, a high proportion of

oil workers are likely to be immigrant, Furthermore, studies have shownl3

that immigrant families generally have a lower propensity to consume

11. See McNicoll (1974).

* 12. See Chapter 5 page 137.
13, Refs: Greenwood and Short (1973). .
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locally than local households; so that using Shetland propensities would

over-estimate local expenditure of such houscholds. On the other hand,

one of the major consumption behaviour differences between Shetland and
U.K. households is the much higher propensity to save of the former; so

that using Shetland propensities would under-estimate expenditure of an

average U.K. immigrant household. These off-setting tendencies may help
to minimise differences in aggregate local expenditure between Shetland
and immigrant families, though the problem of possible differences in the

commodity breakdown of expenditure remains.

Bearing this difficulty in mind, Table 4.2 shows the changes in Shetland
industry Gross Outputs resulting from local Supply Base expenditure as
given in Table 4.1, using equation (45) for the calculation.

Table 4.2 Gross Peak Change in Industry Gross Outputs resulting from
Supply Base Expenditures

Industry - Low £'000/year (1971 prices) High

Agriculture . 14.4 21.7
Fishing 2.0 3.1
Quarrying 2.2 2.9
Fish Processing 1.6 2.5
Textiles 0 0

Ship Repair 3.2 4.1
Other Manufacturing 21.0 30.4
Construction 19.8 27.1
Utilities 22,2 32.4
Transport 159.6 205.8
Communications 11.8 16.3
Distribution - 60.0 90.4
Professional Services et al 16.6 23.1
Other Services 87.2 ' 124.4
Local Government 19.8 27.2
Households 572.6 871.9

TOTALS 1014 © 1483

Table 4.2, which shows the direct, indirect and induced changes14 in local
industry Gross Output resulting from the direct expenditures of table 4.1;

gives a more accurate cstimate of the local impact of Oil Supply Bases than

14. ‘The economic meaning of 'indirect' and induced' effects is given on
pages 59-60.
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Table 4.1 whichbestimates direct repefcussions only. Comparisons between
the two tables are revealing: of course, no industry entry in Table 4,2

is less than the corresponding one in Table 4.1, since the direct
expenditures of the latter are included in the formei';15 however,

many entries in Table 4.2 are considerably greater than the corresponding
ones in Table 4.1 because of important indirect and induced effects.

For example, Agriculture, Fishing and Fish Processing show increases

in Gross Outputs, though Supply Bases make no purchases directly from

these industries. The increase is primarily an induced one through
consumption of these products by households. Similafly, Other Manufacturing,

Utilities, and Distribution, show important secondary increases.

The total changes in industry Gross Outputs for 'Low' And 'High' Supply

Base levels of activity are respectively £1.0 million, and £1.5 million,
per'annum. This yields a Type II output multiplier for 0il Supply Bases

of 1.63 (*Low'"), or 1.62 (Hi'gh)l6 i.e. every £1 of direct Supply Base
expenditures creates another 62papproximately of output through secondary
repercussions.  The comparatively large significance of secondary effects
on local output (i.e. 607 of the direct cﬁange) provides justification for
the‘use of the Input—Output me thodology to ensure their inclusion in the

_ impact estimates (see pagés 26-27). The Household figures in Table 4.2 are
particularly interesting since they represent the 'High' and 'Low' estimates
of the total change in wage and salary payments in Shetland resulting from
0il Supply Activity. In other words, at their peak, it is estimated that
0il.Supply Bases will increase Shetland Household income by £570,000-

£870,000 per annum. This is made up of a £420,00-£650,000 direct change,

15. This is discussed in more detail in Chapter 5, pages 131-132.

16, The difference between the two multiplier values arises because the
colum vectors of direct Supply Base expenditures are not scalar
multiples of one another.
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and a £150,000-£220,000 indirect plus induced change. This yields a
Type II Income Multiplier for Oil Supply Bases of 1.38 (Low) and 1.33

(High).

This total change in household income can be broken down into income
changes in individual local industries. This is obtained by multiplying
the direct household row coefficient of each industry by the Gross Output

change in that industry obtained from Table 4.2. The results are showﬁ.in

i

Table 4.3.

Table 4.3 Gross Peak Changes in Industry In¢ome Payméents generated by
Supply Base Expenditure

Industry Low £'000/year (1971 prices) High
Agriculture 7.4 11.2
Fishing 1.1 1.8
Quarrying 0.8 1.1
Fish Processing 0.2 0.4
Textiles 0 0
Ship Repair 1.4 1.8
Other Manufacturing 3.8 5.4
Construction 4.9 6.7
Utilities 3.5 5.1
Transport 48.6 62.7
Communi cations 11.0 15.2
- pistribution 24,7 37.3
Professional Services et al 11.7 16.3
Other Services 34.1 48.6
Local Government 2.6 3.5
Households!’ 1.4 2.1
OIL SUPPLY BASES 416.1 653.9
Totals 573.3 873.1

Comparing the total income generated by Supply Bases with the local expenditure
of such Bases yields an Income per £ expenditure ratio of £0.92 (Low) or

£0.95 (High). This compares favourably with the Income/Expenditure ratios
for other Final Demand categories given in Table 3.11. However, the latter
expendi tures are total, and for strict comparability, direct Supply Bases

imports have to be added to their local expenditures. Chﬁrchfield18 has

17. These are income payments by Households to Households for domestic
service, etc.

18, Churchfield (op. cit.).,
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estimated that Supply Bases' local purchases in.a Scottish region may be
only 15% of their total expenditures. If this accepted, then the
Income/zgggl Expenditure ratio bgcomes approximately £0.14, which is
considerably lower than any other Final Demand category. These disparate
findings are not at all inconsistent: merely reflecting the presumption
that Supply Base local purchases are a considerably smaller proportion of

total than that in any other Final Demand category.

‘e

Finally on Income, if Supply Base expenditure was a real net addition to

. ® r
Shetland Final Demand in 1971,all other things equal, then real household

jncome in Shetland would be increased by 6-9%7 over the 1971 level

As described for other sectors in Chapters 2 and 3, the direct, indirect,
and induced changes in employment resulting from Oil Supply Base activity
can also be estimated, again on an individual industry basis, The results
are presented in Table 4.4.

Table 4.4 Gross Peak Change in Industry Empl ;
T ry Employment Generated by 0il

)
b

Industry FIE's Hioh
Agriculture

Fishing

Quarrying

Fish Processing

Textiles

Ship Repair

Other Manufacturing
Construction

Utilities

Transport

Communications

Distribution

Professional Services et al’
Other Services

Local Government

Households
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The total employment generated in Shetland as a result of Supply Base
actiyity therefore ranges between 340-510 FTE jobs approximately This

yields a Type II Employment multiplier for Oil Supply Bases of 1,62 (Low)
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and 1.55 (high), with a mean of 1.59. Comparison of this multiplier
value with those of indigenous Shetland industries givem in Table 3.13
indicates that Oil Supply Bases rank relatively highly in this respect,
falling between Fishing (1.63) and Agriculture (1.55); respectively fifth
and sixth in indignous rankings. As discussed in Chapter 3, this type
of multiplier is useful in demonstrating the importance of indirect and
induced effects relative to direct change, and the high ranking of 0il
Supply Bases in this statistic shows that the secondary repercussions

in this industry are more important relative to direct effects than in a

majority of indigenous industries.

Tables 4.2-4.4 illustrate two points on the differing impacts of 0il
Supply Bases: firstly, the relative impacts on the various Shetland
industries change depending on whether Output; Income or Employment is
used as the unit of analysis. Thi; results from the fact that the income

and employment coefficients differ from one another for a single industry

and among industries.

Secondly, the secondary Income and employment created by Supply Bases in
jndigenous industries is not distributed equally among the latter.

In particular, the major impact, however measured, is seen to be concentrated
in the Service sectors. This is demonstrated in Table 4.5 for employment

only, which is obtained by aggregation from Table 4.5.

Table 4.5 Supply Base-Induced Changes in Employment by Sector
20

Sector Employment Change FTE's % of Total
Primary 8.3 5.3
Manufacturing 4.8 3.1
Construction 5.5 3.5
Services 138.1 88.1
TOTAL 156.7 100

19. The point made in footnote 57 of Chapter 3 must also be borne in mind,
and the secondary repercussions in the text of Supply Bases may Le
best regarded as a maximum,

20. TFor brevity, only the mean of Low and ngh estimates is given. These
estimated employment changes are 'gross', 'net' addition may be less if
there are 'negative multiplier' effects or technological change (see
chaptexr 5 pn. 132-140, and chapter 6, pp. 174-176 ).
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The total employment generated in Shetland by 0il Supply Bases is
approximately 6-9% of total employnent in Shetland in 1971, the most
recent pre-oil year. On an individual industry basis, the employment
generated by Supply Bases is app;oximately 17 of the 1971 level in
Primary, Manufacturing, and Construction, and approximately 57 in

services.

This concludes the discussion of the impact of Oil Supply Bases on the
economy ;f Shetland for the present; subseﬁﬁently some other relevant
considerations will be discussed, including the probable pattern of

development of local Supply Base activity over time. In the meantime,

we turn to the second main area of oil activity in Shetland: the Sullom

Voe Terminal.

(v) The Impact of the Sullom Voe Complex on the Shetland Economy

(a) General |

The treatment of the Sullom qu facility in‘this impact study is exactly
analogous to the preceding treatment of local Supply Base activities, i.e.
direct expenditures by the Terminal locally are estimated and are assumed
to be an increment to Final Demand. The inverse matrix from the 1971 .
transactions table is then used to derive the resulting changes in local
industries' Gross Outputs, wage payments, and employment. Given the
equivalence of treatment, parts of the preceding discussion of Supply
Bases need not be re-iterated, and, in thé main, the present analysis focuses
on (a) the general nature of the Sullom facility, (b) the estimation of
jts direct expenditures (primarily in Appendix III), and (c) estimation of

the local impact of these expenditures.

‘Considering the former first; in the most general terms, the Sullom Voe
complex provides the landfall for oil pipelines from the Brent/ilinian
complex of oil fields in the Northern North Sea, storage for oil landed,
and marine terminal facilities for oil trans-shipment to other areas. As

discussed subsquently, this represents a 'firm minimum' view of the
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facilities likely to be incorporated in the Sullom Voe Complex.

More specifically the facilities provi@ed in the Sullom Voe Complex can be
summarised under two headings ‘'Pipeline Requirements' aﬁd '"Tanker

Terminal Requirements'. The following are the primary facilities required
by 'Pipeline Requirements':

1. Incoming Piple Landfall. At least two, and possibly four, 36"
diameter pipelines will make their landfall at Sullom Voe from the
Brent/Ninian fields. Pipeline capacity will be of the order of 1 miliion
barrels per day (bpd), and metering and sampling equipment will be
-associated on-land with each incoming pipeline.

2, Water and Gas Separation Plant/Stabilization Plant. It may be necessary
to stabilize the crude oil before it is suitable for tanker loading,
vand.this process could lead to the 'boiling off' of gas and light fracﬁions
which are then available for fuel. It will also be necessary to heat
crude oil arriving at sea témperature prior to storage. The facilities
involved in these operations include oil/gas separators, stabilisation

colums, adsorption/absorption columns, steam generators, heat exchanges,

pumps, compressors, etc.

The quantities of propane and butane in North Sea 0il make it possible that
Liquid Petroleum Gas (LPG) separation and loading facilities may be
required. This would involve absorption and fractionation colums,

pumps, process vessels, refridgeration equipment, LPG storage tanks and

a loading jetty.

3. Bufer Crude Storage facilities. Provision has to be made in the
Terminal for 'buffer' storage of crudg oil to compensate for the generally
differing rates of reception and discharge. A major debate hetween the oil
companies and the Shetland Island Council has been in progress since the
inception of the idea of the Sullom Voe Complex on whether crude oil should

be stored above ground in conventional stecel tanks, or in underground
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caverns. Primarily for its lower cost, the o0il companies favoured the
former, while for largely environmental reasons the Island Council favoured
the latter. At the time of writing (December 1976), it seems probable

that surface storage will in fact be used, with compensation being madle

to the Island Council.
'"Tanker Terminal Requirements' are as follows:

4. Booster Pumps. 0il will be drawn from the storage units and passed
to the main loading pumps by booster pumps, which will be metered to

measure the flow of crude for sale and fiscal purposes.

S. Main Loading Pumps. These pumps provide, the pressure necessary

to push the oil through the loading lines into the tankers.

6. Main Loading Jetties. 0il quantities associated with the first
pipeline will require three tanker loading jetties, each suitable for
berthing VLCC tankers (up to 300,000 tons). Additional pipeiines could
require further berths. Each jetty will be 300 metres long extending into
35 metres water depth. Each will carry loading piplelines, fire/foam

lines, lighting, and transport facilities.

7. Ballast Water reception and Clearing Tanks. Many of the carriers
arriving will have water ballast, and since this is oil-contaminated, it

must be collected and treated onshore before final discharge into the sea.

8. Other port and Onshore facilities. In addition to the facilities
outlined above the Terminal will feature a large range of others generally
associated with this type of development. Among these are included: an
electricity power station, firefighting facilities, pilotage/ tug/cargo
boat services, communications and transport (including air), offices,

warehousing and storage, medical services, and some personnel accommodation.

In spite of the brevity of the above description, it is apparent that the
Sullom Voe development is of very large scale and incorporates a multitude

of heterogeneous activities, This latter, in particular, can lead to
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difficulties in estimating employment and expenditure levels for the
complex as a whole. Details of the estimating procedures are given

in Appendix III, and the relévant results are summarised below. Firstly,
it is estimated that a fully operational Tanker Terminal at Sullom Voe
wiil employ 380-445 full-time equivalent #ersons3 and the limits of this
range are used subsequently as 'Low' and 'High' employment estimates
respectively. Secondly, ‘'Low' gnd 'High'! expenditure estimates for the
Terminal in each indigenous Shetland industry.are given in Table 4.6

(identical to Appendix III Table 4).

4

Table 4.6 Direct Local Purchases Estimates for the Sullom Voe Complex
(fully operational)

Shetland Industry Low £'000 (1971 prices) High

Agricul ture ' 2.0 2.4
Fishing 0.4 0.4
Quarrying o 0

Fish Processing 0 0

Textiles 0 0

Ship Repair 15.3 18.1
Other Manufacturing 1.4 3.5
Construction 139.0 229.4
Utilities 12.2 12.2
Transport 267.6 305.8
Communi cations 8.0 9.4
Professional Services et al 2.4 2.8
Distribution 3.5 3.9
Other Services 49.3 57.0
Local Gove rnment 1042.5 1737.5
Households 764.5 903.5
Totals 2308.1 3286.0

While the actual numerical entries in Table 4.6 are subject to error, two
points stand out clearly: firstly the volume of direct local expenditure
made by a full operational Sullom Voe Terminal is greater than peak Supply
Base expenditure by a factor of almost four; and secondly, like Supply
Bases, the Terminal's expenditure is not spread evenly among indigenous
industries; in particular the Terminal'g local expendituré is forecast to
be con;entrated in four Shetland industries: Construction, Transport, Households,
and Local Government. The expenditure on. construction is for repairs and
maintenance only; new construction, which is a 'capital' item, is considered

separately in the following section. Payments to Local Government are



105

entirely rates; ‘'disturbance' payments, local barrelage taxes, etc.

which have been negotiated between the Shetland Island Council and the

0il companies are not includéd.21 The reason for the differential

treatment is that the assumption implied in the analysis that these additions
to rate receipts will be spent in the same proportions as non—oil rates
(derived from Table 3.1) may, for reasons discussed subsequently, be
reasonable. However, the Island Council have stated explicitly that any
disturbance recéipts will not be spent on rateable items, and hence a
different treatment is required for these. ‘ |

*

The changes in industry Gross Output, income and Employment resulting from

the above direct Terminal expenditures can be derived as before, and these

are given in Table 4.7.22

Table 4.7 Oil Terminal-induced changes in Shetland Industry Output, Income,
and Employment

Gross Output “Household Income Employment
Tow £000/yr High Low £000/yr High Low £000/yr High

Shetland Industry (1971 prices) (1971 prices) (1971 prices)
Agriculture 49.5 69.2 25.4 35.5 18.8 26.3
Fishing 7.3 10.1 4.0 5.5 2.2 3.0
Quarrying 11.0 17.9 4.0 6.5 3.0 4.9
Fish Processing 5.0 7.0 0.6 0.8 0.6 0.8
Textiles 0] 0 (o] 0 0 (0]
Ship Repair 21.0 25.2 9.2 11.0 7.2 8.6
Other Manufacturing 57.9 83.6 10.5 15.2 7.2 10.4
Construction 380.4 624.2 94.1 154.4 88.3 144.9
Utilities 139.6 207.9 22.0 32.8 13.9 20.7
Transport 352.6 424,2 107.4 129.2 90.4 108.7
Communi cations 36.7 51.4 34.2 47.9 20.5 28.7
Distribution 208.3 293.9 85.6 120.8 114.3 161.2
Professional

Services 625.1 1032.7 440.6 727.9 297.4 491.3
Other Services 244.4 332.2 95.6 129.9 52.5 71.4
Local Government 1095.6 1801.3 142.6 236.6 236.2 391.9
Households 1837.4 2552.1 - 4.5 6.3 3.8 5.3
TANKER TERMINAL _ 2308.1 3286.0 764.5 903.5 380 445
TOTALS = = 1844.8 2563.8  1336.3 1923.1

21. Payments of this type are discussed in Chapter 5, pages 156-157.

22. As in the case of Supply Bases, payments to Terminal employed households
are assumed to be spent in the same proportions as local households.
See pages 94-96 for a discussion.
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Considering the 'Low' estimates first, the direct expenditure of the
Sullom Terminal of £2.3 million is expected to create a total change

in local output of £5.1 million (including the Terminal's £2.3m),

or equivalently, an indirect plus induced change in local output of
£2.8 million. This yields a Type II Output Multiplier for the Sullom
Terminal of 2.21. Similarly, direct Income payments of £765,000 by the
Terminal are estimated to create secondary local income payments of v
£1.1 miltion, making a total change of £1.9 million approximately.

The Type II Income Multiplier for the 'Low' estimate is therefore 2.41

and total income created per £000 of Terminal expenditure is £799. ‘

Finally the 'Low' estimate of total employment change (including the

Terminal itself) is 1336 FIE's and the Type II employment multiplier is

3.52.

Considering now the 'High' estimates, the fotal change in Gross Output
resulting from £3.3 million direct expenditure is £7.6 million, yieldiné
a Type II multiplier of 2.29.‘ The total 'high' change in income payments
is £2.6 million, giving a Type II Income Multiplier of 2.84. Similarly
the total change in employment is 1890 FTE's, and the Type II employment

multiplier is 4.25.

The very high values of the employment multipliey for the Tanker Termiﬁal

are not surpri;ing in view of the capitaliihtensive nature of the project
(which tends to imply large intermediate payments and hence secondary
employment creation relative to direct employment). For example, the
Alberta refinery study (Datémetrics Ltd (1976)) found a local employment
multiplier (Type I) of over 3.0, However, in both the High and Low iipact
estimates it can be seen that a large proportion of total secondary
employment (e.g. 56% of 'low' secondary employment) is generated in the
Professional et. al. and Local Government industries, as a result of the high
rate payments of the Sullom Complex. In view of this, it is fair to ask both

whether these substantial increments to the rate receipts will be spent in
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the 1971 proportions through which the secondary estimates are derived,
and whether the employment/output ratio derived for these sectors will
continue to be applicable given such discontinuous increments to output,
Both points are discussed sﬁbsequently, and for the-present the
assumption of applicability of 1971 coefficients (including employment)

is retained.

Some of the‘more important results described above are summarised in

Table 4.8.

Table 4.8 Summary of Sullom Terminal Impact

Low High

GROSS OUTPUT:

Total change in Local

Gross Output/annum : £5.1 million £ i11li
Type II output Multiplier 2,21 ;:Slelllon
HOUSEHOLD INCOME:

Total change in Local

Income ) , £1.,9 million £2,6 million
Type II Income Multiplier 2.41 2.84

Income generated per .

£000 pirect Expenditure £795 . £777
EMPLOYMENT:

Total change in Local

Employment 1336 FTE's 1890 FTE's
Type II employment

Multiplier , 3.52 4,25
Employment generated per

£10,000 direct expenditure 5.8 , 5.8

Comparison of the 'Low' and 'High' estimates shows the various Type II
multipliers to be universally higher in the latter case. This is because
the expenditure colum for the High estimate is not simply a scalar

multiple of the 'Low', and, as the relative multiplier values imply, indirect

and induced effects are relatively more important given the 'High' expenditure

proportions.

As in the case of Supply Bases, the impact of the Tanker Terminal is not

divided equally among indigenous industries as shown below,
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Table 4.9 Terminal-induced Employment Changes by Sector

%4 of Total Secondary Employment creation by Terminal

Local Sector . low High
Primary 2.5 2.4
Manufacturing 1.6 1.4
Construction 9.2 10.0
Services 86.7 ‘ 86.2
100 100

The proportions do not vary substantially between 'High' and 'Low', and
it is appaéent from both sets of figures that, as in the case of Supply |
Bases, the major impact of the Sullom Voe complex will be in the local |
S;rvice sector. The total employmcnt generated by the fully-operational
Complex will be as mucﬁ as 21-307 of all employment in the 1971 pre-oil

Shetland economy, indicating the great local impact of this facility.

The local impact of the Sullom Terminal in conjunction with other oil
activities is discussed subsequently, firstly, however, the local impact

of oil-related construction in isolation is analysed.

(v) The Impact of Oil-Related Conmstruction on the Shetland Economy

(a) General

In most impact analyses the effects of any Construction activity are not
included.23 This is usually acceptable, since such activity is

generally of short-term duration (perhaps 1-3 years) and as such has little
permanent impact on the local economy. However, in other studies the
authors have felt that construction activity was of sufficiently long
duration, and of such size, that it would induce change in the local
economy, and hence should be incorporated in any analysis of a project
witﬁ an important construction phase.24 Brownrigg summarises his reasons

for including construction in his analysis of the local impact of Stirling

University as follows:

23, Refs: Miemyk (1967b), Isard & Kuenne (1953), Miller (1957).
24, Brownrigg (1973), Sadler, Archer and Owen (op. cit.).



109

... its volume and duration make it a significant medium term

source of new income and employment for the local economy'?
Certainly, as will become apparent below, the volume of oil-related
Construction in Shetland is of very great magnitude, and its duration could
extend over a decade or more, and hence in the present study the omission of
this activity would considerably underestimate the overall impact of
oi}-related development on the local.economy. Two points must be made,
however, before.the analysis of oil-related construction can proceced:
Firstly, and perhaps obviously, given the format of the model and the preceding
treatment of 0il Supply Bases and the Sullom,Terminal, it is not the

cumulative total of construction expenditure which is included in Final

Demand, but rather some annual construction expenditure total. The
selection of the annual figure to be used is discussed subsequently.
Secondly, only expenditures made directly in oil related construction are
iuclude&; specifically, expenditures made in the construction of Supply
Base and Tanker Terminal facilities., Séecifically excluded are induced

construction expenditures in local industrial or infrastructural

2
development.

(b) The level of Oil-Related Construction Activity in Shetland

Two independent estimates of the level of oil-related construction in
Shetland have been made by Mackay (op. cit.) and Llewellyn-Davies (1975).

These forecasts, which were cast in employment terms, are summarised in

Table 4.10.

Both estimators expect further declines in oil-related construction

employment in years subsequent to 1981. Two points are immediately apparent

25. Brownrigg (op. cit.) page 125.

26. The inclusion of an induced construction component would lead to a type
of multiplier-accelerator model. See Chapter 5 pages '148-153.
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Table 4.10 Estimated levels of Oil-Related Construction Employment 1976-81

Year Mackay L.D.

1976 900 1100-1600
1977 900 .~ 1000-1500
1978 750 900-1350
1979 600 850-1300
1980 400 850~1300
1981 400 850-1300

from Table 4.10: firstly, Llewellyn-Davies' estimates are consistently
higher than Mackay's, and secondly, both sources expect oil construction
employmé;t to peak around 1976/77. Recent developments suggest that
Mackay's estimates are too low, and Llewellyn-Davies more probable.
However, two adjustments to the latter also seem appropriate in view of
recent developments: firstly because of 'slippages' in North Sea Development
both within and outwith Shetland; the time-path of construction employment
is likely to be lagged by 1-2 years, and secondly, the number of Supply
Base berths required will now probably be less than the figure used in
estimating Supply Base construction employment, and hence the latter

may be lower than originally forecast. In view of these points, and in
consultation with local representatives, the following adjusted forecasts

are employed subsequently.

Table 4.11 Adjusted Oil-Related Construction Forecasts 1976-81

Year Terminal Bases, etc. Total

Min . Max Min Max Min Max
1976 600 900 200 300 . 800 1100
1977 900 1100 200 250 1100 1350
1978 900 1200 100 150 1000 1350
1979 900 1200 50 100 950 1300
1980 800 "1100 50 100 850 1200
1981 800 1100 50 100 850 1200

These employment estimates are used subsequently only as indications of
the direct employment change resulting from oil related construction and as
a proxy measure of the time-path of oil-related Construction expenditure,

the latter, of course, being the necessary data for use in the Input-Output



111

27 ' : : S
Table. Because of Wdnavailability of data on output/capita on any
construction project remotely resembling the Sullom Terminal, the
employment figures above unfortunateiy' could not be used to derive

construction expenditure estimates. The estimation of expenditure is

described below.

T. Buyers of B.P. (Shetland Times 12:12:75) is quoted as saying that

the total cost of the Sullom Voe Terminél is likely to be of the order of
£350-£400 million (1975 prices). This figure related to a 100-150m
tons/year terminal, and it is not clear how this translates into an annual
expenditure figure, particularly since initial plans are for the construction
of a 60-75m ton/year terminal. More immgdiately useful figures are
available from Llewellyn-Davies who estiméte that total oil-related construction
expenditure in Shetland to 1981 will be approximately £100 million (19%4
prices). Converting this to 1975/76 prices by an appropriate index2
.suggests a total local expen&iture of £150m+ at 1975/76 prices to 1981.

This does not seem unreasonable in view of Mr Buyer's statement above,
particularly since Supply Base expenditure is only a small proportion of
total. Therefore, we take £100 million (1974 prices) as a reasonable
estimate of total oil—relgted construction expenditure in Shetland over
" the period 1975-81. On a simple annual average basis, this translates

to £16.7 million per year. Assuming, however, that the time path of
expenditure follows that of employment, peak construction expenditure may be
expected to be £18.8 million in 1977 and 1978. Both these figures will

be used in subsequent analysis.

27. Of course, the annual levels of construction expenditure need not be
directly associated with each equivalent year's level of construction
employment, but the patterns are expected to be fairly close, and the
latter is very much easier to forecast than the former,

28. Construction Materials Price Index lst Quarter 1976
' 11} ” 1 11

/2nd/3rd Quarter 1974,
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(¢c) Direct 0il Construction Expenditure

Section (b) above provides estimates of 'average' and 'peak' oil-related
construction expenditures in Shetland during the period 1975-81. However,
to estimate the impact of this éﬁpenditure on the local economy, it is
necessary to divide the gross figure into non-local and local components,
and subsequently to divide the latter into appropriate local industry
categories. This is particularly difficult in the case of construction
because of (a) the substantial direct leakages from construction expenditures
in a small economy such as Shetland (see‘pages 78-79 and (b) the fact
that, for reasons described in Appendix III, the assumption that
construction workers' incomes are spent in the same proportions as the
average Shetland household will not be tenable (in contrast to the Supply
Base and Tanker Terminal analyses where it was argued that the average
Shetland household expenditure pattérﬁ mighk provide a reasonable first

approximation to that of directly oil-related households).

Because of these difficulties, and associated problems in direct collection
of important data components, the estimation of local oil-related
construction expenditure was of necessity somewhat indirect and laborious.
Precise details are given in Appendix III pagestte.33, and the results of the

series of calculations are summarised in Table 4.12 below.

Table 4.12 Local Direct Oil-Related Construction Expenditures

Shetland Industry Peak £'000 (1971 prices) Average o 1981)
Agriculture 0 0
‘Fishing o 0
Quarrying 483.4 429.7
Fish Processing 0 0
Textiles 0 0
Ship Repair 0 0
Other Manufacturing 137.2 122.0
Construction 398.5 , 354.2
Utilities 65.3 58.1
Transport 452.9 . 402.5
Communications 93.4 . 83.1
Distribution 138.7 123.2
Professional Services

et al 1-7 105
.Other Services 280.0 248,.8
Local Government 65,3 58.1
Households 0 0

P

Totals 2116.4 1881.2
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Expenditures made locally by oil-related construction workers are

included in both columns.

As in the case of Supply Bases and the Tanker Terminal, these direct
oil construction expenditures can be used in equation (45) to estimate
the changes in local output, Income, and employment. These results are

shown in Table 4.13.

Table 4.13 Total Changes in Shetland Activity Resulting from Local 0il-
~ Related Construction Expenditures

Average Peak
Output Income Expenditure Output Income Expenditure

Shetland Industry £000 £000 FTE £000 £000 FTE
Agriculture 36.8 18.9- 14,1 41.4  21.3  15.8
Fishing 4.6 2.5 1.4 5.2 2.9 1.6
Quarrying 441.6 160.6 120.5 496.8 180.7 135.5
Fish Processing 6.2 0.8 0.8 6.9 0.9 0.9
Textiles 0.4 0.2 0.1 0.5 0.2 0.1
Ship Repair 7.3 3.2 2.5 8.2 3.6 2.8
Other Manufacture 160.9 29.1 19.9 181.0 32.8 22.4
Construction .399.5 98.9 92.8 449.4 111, 104.4
Utilities 109.8 17.3 10.9 123.4 19.5 12.3
Transport 551.1 167.8 141.2 620,1 188.8 158.9
Communi cations 106.0 | 98.7 59.2 119.1 111.0 66.6
Distribution 259.6 106.9 142.9 292.,2 120.3 160.7
Professional Services 65.1 45.9 31.0 73.3 51.7 34.9
Other Services 376.4 147.2 82.9 423.6 165.7 93.3
Local Government 90.5 11.9 19.7 101.8 13.4 22.2
Households 911.2 2.2 1.959 1025.1 2.5 ) 2.1y
0OIL CONSTRUCTION 1881.2*% 3080+ 1065.0 2116.4*% 3460+ 1197.1
Totals - 3992.1 1806.8 - 4486.5 2031.6

—

+ wage and salary payments to oil-related construction workers

% Direct local purchases as defined in Table 4.12.

Considering the average figures first, Table 4.13 indicates that direct local
expenditures related to 0il construction of £1.9 million create a total

change in local Gross Output of £3.5 million, yielding a Type II Output
Multiplier of 1.87. This is only one of a number of possible Output Multipliérs

and, as defined above, is not directly comparable with the indigenous

29. These employment figures were derived by dividing the estimated total
-wage bill paid by construction (see page 226) by the average Gross wage
paid to Construction workers (given by local oil-related contractors
at = £80/week 1974 prices). These estimates lie comfortably within the
‘ranges given in Table 4.11.
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construction iﬁdustry's output multiplier of 1.58, since the denominator of
the latter includes direct leakages into imports and other Value Added made
by the latter, while the denominator of the oil construction output multiplier
as defined above includes only local expenditures. | This has the effect

of raising the value of the oil-construction multiplier relative to that

of indigenous construction. Two other 'output multiplier' types of
relationships, which perhaps shed greater light on the relative effectiveness
of oil-related construction in generating local output, are described below:
(a) a denominator which, broadly speaking, included fall payments made
within Shetland'", could be defined as direct industry purchases plus wage

and salary payments. This yields the result that £4.5 million of oil
construction expenditure creates a £3.5 million change in local Gross

Output, or a 'multiplier' of'0.78. The dramatic reduction in the multiplier
value from that above reflects the very high direct leakage component of

. . 30
construction workers' expenditure,”

(b) A denominator which includes all expenditures connected with the
construction of oil-related facilities. For an ‘'average' year this has
already beeﬁ estimated at £11.6 million (1971 prices), and hence the
creation of Gross Output per £ of total construction expenditure is

- £0.301. The further considerable decrease in the 'multiplier' value

reflects the extent of direct leakages in the industry pur chases of oil-

related construction activity.

Turning to Income, the 'average' year direct income payments of £3.1
million are seen to create indirect and induced local income receipts of

£912,000, yielding a Type II income multiplier of 1.30. Since in this

30. Table 3.8, Appendix III indicates that, on average, only about 157 of
oil Construction workers' Gross Incomes are spent on the output of
Shetland industries compared with about 297 for an average Shetland

household.
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instance, the dgnominators of the oil-related and local construction
industries measure the .equivalent variable (i.e. direct wage and salary
payments made by the industry) the multipliers are in this instance
comparable, and the lower figure for oil-related construction . (l.30
compared with 1.38) suggests that, in terms of Income at least, oil-
related construction has somewhat smaller secondary effects within

Shetland than indigenous construction. Total Income generated per £

of lgsgk.expenditure (defined as in (a) above) is £0.89. Income generated

per £ of total expenditure is £0.34.

Finally, on 'average' year employment, total FIE employment deriving from
oil-related construction activity is estimated at 1807; 1065 directly
employed in construction, and 742 indirectly employed in local industry
as a result of local construction expenditure.‘ This yields a Type II
employment multiplier for oil-relatéd construction of 1.70.31 As in
other oil-related industries, the impact of construction is not spread

evenly among local industries; being concentrated mainly in Quarrying,

Local Construction, Transport, Distribution and Other Services.

There is no need in this instance to consider in detail the 'peak' construction
estimates, since the 'peak' column of Table 4.12 is a scalar multiple

of the average colum with a multiplicative factor of 1.125. Hence, the
absolute changes in local income, output and employment are simply 1.125

times greater in the peak case than in the average year, while multiplier-

type ratio relationships are the same in both cases. In any event, if

peak construction expenditure levels are of short-duration, little local

activity in addition to that created by 'average' expenditure may be

induced by them.

31. In contrast to the comparison of Income Multipliers, this oil-related

_construction employment multiplier is higher than the indigenous construction

industry equivalent. Inspection of the data indicates that this is not
caused by differences in the local purchasing proportions of the two —-_-
construction 'industries', though these exist, but rather by the difference
in the direct employment/output ratio in’ each: the local value being
approximately double the oil-related value, Since direct employment forms
the denominator of the type II multiplier, the lower the above ratio, the
higher the type II multiplier tends to be,

U
o
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The significance of the fact that a comparativeiy short-term activity such
as construction has a great impact in local activity is discussed in
Chapter 7. . In the meantime, we begin to tie together the preceding
strands of the local impact of various oil activities by attempting to add

a time dimension to the analysis,

(vi) A Partial Forecast of the Shetland Economy in 1982

At the outset of this chapter, a case was made for the treatment of each

oil acti;ity individually on a fully-operational basis. The major
difficulties cited there of uncertainties as to the timing of various
operations and of estimating expenditure patterns for partially operational
facilities still apply with undiminished force; however, it remains a

fact that in reality at any given.point in time all of the above oil-related

activities will impact on the economy of Shetland, and the total local

impact of oil will be the sum of the separate impacts of each activity.

The preceding‘analysis has examined the iméact of each oil activity
individually at its maximum level; this not only optimises the use of
available data, but is in itself important information for many policy and
planning purposes. However, when forecasting for a specific year in i
real time, it is probable that any or all of these oil activities will

be operating below their peak, and hence adjustments to the above data will
be required. " We will, as described subsequently, make unavoidably

crude adjustments to the expenditure funcéions derived above for each
activity to attempt to forecast the impact of o0il on the Shetland economy
of 1982, There is no especially compelling reason for choosing 1982

as the forecast.year but two considerations favour it: firstly, the
Sullom Terminal is expected to become fully operational as defined above
in that year, and since this is the longest lasting local oil activity,

it seems appropriate that the forecast should give it full account.32

32, It also means that further tampering with the already problematic
Terminal expenditure data can be avoided.
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Secondly, in contrast, in 1982 all the above activities will still be at
a reasonably high level, and so the forecast will contain a reasonable

'balance of each.

The model used is a variant of the one used throughout this study and is

described in equation (5'1) below:
so _ _ 181 s0
(AX* }1982 = (I A*)1971(AY* )1982 (51)

where szggsz is the total change in Gross Output in industry i in

1982 !
-1 ., .
(I - Ai)l is the Leontief Inverse matrix for 1971

971
(Ayio) is the matrix of oil industry expenditures in 1982.

1982

Two poinfs on equation (50 are appropriate: firstly, no attempt is made to
forecast the levels of Final Demand in each industry in 1982, merely the
changes in Final Demand resulting from oil activity; hence the forecast

is a ‘'partial' one. Secondly, it is assumed that the indigenous structure
of the local economy (measured by A:) is the same in 1982 as in 1971.33
This assumption, which has of course been implicit throughout the analysis,
is discussed in some detail in an earlier section, and again in Chapter 6

where it is argued that in some respects, at least, it may not be as

drastically inaccurate as it seems at first appearance.

Figure 4.3 shows the estimated time-path of development of oil-related
facilities in Shetland from 1976-82, based on information from survey,

Mackay, A.G. (1975), and Llewellyn Davies (1975).

'
¢

Fighre 4.3is very approximate, but does indicate the most probable path

of development to, and in, 1982, Construction having peaked around 1977,

33. It is also assumed that the employment/output ratios derived in 1971 are
gtill applicable in 1982. These assumptions are, of course, analogous
to those made in earlier sections with 1982 replacing t, See pages
81-83.
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Figure 4.3 Estimated Time Path of 0il Development in Shetland
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will decline steadily thereafter to perhaps 707 of peak activity by 1982.

Supply Base activity will rise slowly to its peak around 1980-81, and
probably decline very slowly thereafter, being about 95% of peak in 1982.
Tanker Terminal activity will rise steadily to 1982, at which point we assume
it becomes 'fully operational' as defined in the text. To convert the-
approximate activity levels of Figure 4.3 to expenditures for use in
equation (51), we make the crude but necessary assumption that expenditures,
in total and itemby-item, vary from their fully-operational values in

direct proportion to the change in the level of activity, i.e. a 10%

reduction from peak activity implies a 10% reduction in expenditure, etc.

Applying this to the various direct expenditure estimates above yields
the following estimates of total oil-related expenditures in Shetland

in 1982,thown in table 14,14

A numbef of points are apparent from ?ablé 4.14: firstly, by 1982, the 0il
Tanker Terminal is forecast tobe the largest oil-related expenditure source,
being greater than the other two items combined. Secondly, the combined

expenditure of these activities in 1982, represents a very considerable
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Table 4.14 Estimated 0il Expenditures in 1982

| Low>®  £000 (1971 prices) nrcn3

Shetland Industry S.B.+ T.T.  C. S.B. T.T. c.
Agriculture o 2.0 0 0 2.4 0
Fishing 0 0.4 0 0 0.5 0
Quarrying 1.3 0 338.4 1.6 0 338.4
Fish Processing o 0 0 0 0 0
Textiles 0 0 0 o - 0 0
Ship Repair 0.8 15.3 0 1.0 18.1 0
Other Manufacture 4.7 1.4 96.0 5.9 3.5 96.0
Construction 8.7 139.0 279.0 11.1 229.4 279.0
Utilities 2.8 12.2° 45,7 3.6 12,2 45,7
Transport 128.1 267.7 317.0 162.9 305.8 317.0
Communications 4,8 8.0 65.4 6.1 9.4 65.4
Distribution 1.9 2.4 97.1 2.5 2.8 97.1
Professional Services 1.4 3.5 1.2 . 1.8 3.9 1.2
Other Services 29.2 49,3 196.0 37.1 57.0 196.0
Local Government 10.3 1042.5 45,7 13.1 1737.5 45,7
Households 395.3 764.5 0 621.2 903.5 0
Totals 589.2 2308.1  1481.5 867.9 3286.0 1481.5

+ S.B. = Supply Bases, T.T. = Tanker Terminal, C. = 0il construction.

‘addition to Final Demand in the Shetland economy.
In 1971 Final Demand was £15.5 million, and o0il activity in 1982 is

expected to create Final Demand expenditures of £4,4-£5.6 million. Hence,
by 1982, 0il activity Final Demand itself will be almost one-third as

much as all Final Demand in 1971, and it is obvious that, irrespective of
developments in non-oil Final Demand categories in the intervening period

to 1982, by then 0il will certainly be one of the major sources of exogenous
receipts to the Shetland,economy35. Finally, many of the indigenous

" industries found to be of particular importance to the pre—-oil Shetland
economy (e.g. Agriculture, Fishing, Fish Processing, and Textiles) are seen

from Table 4.14 to be scarcely directly affected (from the point of view of

34.. 1007 of 'Low' fully-operational Terminal expenditure, 957 of low Supply
Base, 70% of peak construction. Similar proportions in each case for
'High' estimates N.B. Construction expenditure is the same in both cases.

35, If oil expenditure was added to the 1971 transactions table Final Demand
sector, ceteris paribus, it would be the second largest single category
below Exports (£7.1 million),
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expenditure) by Oil activity at all. This does not preclude the
possibility of further oil-induced demand for the output of these

industries through secondary repercussions and the extent of this will become
.apparent when total changes in Gross Output, Income, and Expenditure are

considered below.

Table 4.15 shows the changes in indigenous industry Gross Outputs resulting

from the above direct oil-related expenditures.
i

As discussed above in connection with Table 4.14 the impact of oil i
expenditures is not divided equally among indigenous .industries: certainly
some industries (e.g. Agriculture) which do not benefit directly from oil
do experience some increase in demand as a result of secondary repercussions,
but the overall pattern of impact is broadly the same in both Tables with
the notable exception of Professional Sérv{ces whose substantial indirect
linkages mean its total increase in demand is substantially greater than

jts direct increase. Table 4.15 is nof discussed in detail itself, but
rather used to provide the more interesting employment data of table 4.16,
However, some interesting statistics emerge from it: for'example, aggregate
oil related expenditures in 1982 of £4.4 million (Low) create £8.8 million

total change in local Gross Output, yielding an aggregate Type II Multiplier

for oil activity in Shetland in that year of 2.01 (The 'High' multiplier

is 2.07).

-

More importantly, total household income receipts in Shetland resulting from
0il activity in 1982 is expected to be between £3.1-£4.1 million (1971
prices). Hence, by 1982, income payments in Shetland by the oil industry .
alone will be as much as 30-40%7 of all income payments by all sources in
1971. Direct Income payments, from Table 4,14, by the 0il industry will

be £1.2-£1.5 million, yielding a Type II income multiplier of 2.58-2.73.36

36. If all oil related construction payments to households are included, the
total income c?ange vould be £5.5-£6.5 million, and the direct change
£3.6-£3.9 million, yielding a Type II multiplier of 1,53-1.67.
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Table 4.15 0il-Induced Gross Qutput Changes in 1982

Shetland Industry

Agriculture
Fishing
Quarrying

Fish Processing
Textiles

Ship Repair
Other Manufacture
Construction
Utilities
Transport
Corsaunications
Distribution
Professional Services
Other Services
Local Government
Households
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TANKER TERMINAL
OIL CONSTRUCTION
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Table 4.16 Forecast of Oil-Generated Employment in Shetland in 1962

Shetland Industry
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These relatively high Income Multipliers reflect the general capital

intensitivity of oil activity in Shetland.37

Table 4.16 below shows the secondary employment forecast to be created

by oil developments in 1982.

Table 4.16 indicates that 3000~3800 full-time jobs could be created by

oil activity in Shetland in 1982. Of these, 1400-1600 are expected

to be in the 0il industry itself, with a further 1600-2200 generated in
local industries through secondary repercussions. This yields an overall
oil-related Type II employment multiplier of 2.17-2.38. Reference

.to Table 3.13 shows that this oil-related multiplier ranks highiy in
comparison with indigenous industry employment multipliers. As mentioned
previously, this feflects the relative capital-intensity of oil activity
so that direct employment per unit of outp;t is relatively low,38

and also that a relatively high proportion of local oil expenditure is
in labour-intensive local industries, so that secondary employment
creation per unit of expenditure would be relatively high. This latter
point is substantiated to some degree by the fact that oil activities
éreation ofh7.04 full-time jobs per £10,000 of local expenditure is
higher than any other Final Demand Category (see Table 3.17). However,
the above figure includes oil employment itself, and is measured with
lggél.expenditure as the unit. The very large leakage component of

0il expenditures would imply that employment creation per £10,000 total

37. Jones, T.T., Sectoral Income and Multiplier Effects Scotland 1963,
University of Dundee Occasional Papers No. 1, 1974 page 17.

38, If the total of purchases in Table 4.14 is used as the measure of oil
Gross Output, then in fact oil ranks highly relative to indigenous
Shetland indpstries (6th) in terms of direct employment/unit of output.
However, this is not the appropriate comparison since the purchases by
the oil industry in Table 4.14 are only local purchases, not gross
purchases. Comparing employment/unit local purchases for every industry,
oil drops to fourth from bottom (interestingly only the three industries
above 0il in terms of multipliers are below it), and since only local
;ﬁ?zﬁéses generate secondary employment, this is the more valid
comparison and substantiates the point in the text,
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expenditure would be very much lower. It is beyond the scope of the
present study to pursue this particular point any further, rather we
wish to consider the importance of this new enplbyment'in the Shetland

context.

The creation of 3-4 thousand new jobs in a small economy such as Shetland
represents an enormous disturbance in the local labour market, the
extent of which can be gauged from the fact that oil-created employment
alone in i982 represents 50-60% of all employment in Shetland in pre-oil
1971. As discussed in Chapter 6, the magnitude of the local impact of
.oil is such that the constant-coefficients assumptions employed in the
quantitative analysis may be unrealistic. However, the analysis remains
useful in (a) providing "first approximate" estimates of the magnitude of
local impact (b) directing the analyét to particular areas worthy of |
more detailedstudy, and (c) providing a base for sensitivity analysis to
ascertain whether or not realistic changes in some coefficients greatly
affect the estimates or not. In the meahtime, we assume the assumptions

. . . 39 . . .
valid and use the foregoing estimates in subsequent discussion.

Table 4.16 shows that, just as each individual oil activity impacts
disproportionately on local industries, so at any point in time the total
| oil impact affects some industries more than others. This is clearly
jllustrated in Table 4.17 which demonstrates that total employment created
by oil in Shetland is not spread equally among the various indigenous
jndustries: direct employment in the oil industry itself has, as

would be expected, the largest single proportion of total employment;

39, It should be borne in mind that virtually any conceivable change in
coefficients will not change some of the more substantive conclusions
presented above. For example, a 207 reduction in all local employment/
output coefficients by 1982, representing a very substantial increase in
labour productivity over a 5 year period, would still lead to oil-
created employment in 1982 of 2,700-3,400, approximately 90%Z of the
estimates in Table 4,16 and still 40-507 of all 1971 Shetland employment,
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however, this is less than 502 of total, indicating the relative
importance of secondary employment. Among local industries, the
differential secondary impact is quite striking: only a very small
proportion of employment createé is in local manufacturing, the major
proportion being in services (45Z of total), with large individual

industry impacts in Transport, Professional Services, and Distribution.

Table 4.17 Proportions of Total 0il Employment in 1982 by Individual

Industry
Industry Z of Total*
Primary 4.2
Manufacturing 1.1
Construction 5.7
Transport & Communications 9.7
Distribution 8.4
Professional Services et al 12.4
All Other Services 14.7
0il 43.8
0

10

* Mean of 'High' and 'Low' estimates.

Finally, using 1971 as a pre-pil reference, it is possible to place

the total impact of oil activity in the context of the non-oil Shetland
economy. Using the employment by industry can be compared directly to
jndustry employment in 1971. Of course, non-oil induced growth and
decline will probably change the distribution of employment among local
jndustries from that in 1971 by 1982 also, but this is not relevant to

the current discussion.

Table 4.18 draws the comparison between 1971 Shetland employment and

oil-created Shetland employment in 1982 on an industry basis,

The most dramatic change in the pre and post-oil situations is in the oil
jndustry itself: from contributing gero per cent of total employment in

the pre-oil base - at the 1982 level, oil grows to the largest single
employer in Shetland unless substantial non-oil induced growth occurs
elsewhere in the economy in the interim. Colum (3) of Table 4.17 indicates

the employment created in each industry by oil as a percentage of the 1971
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Table 4.18 Comparison of Shetland Employment: Pre and With 0il Industry

Total employment ' proportion of Total
(2) 1982 (2) as 1982

. (1) - oilx % of 1971 0il
Industry 1971 Created (1) 4 Created
Agriculture 517 40 8.0 8.3 1.2
;Fishing 517 4 0.8 8.3 0.1
Quarrying 30 100 333 0.5 2.9
Fish Processing 699 2 0.3 11.2 0.1
Textiles 658 0 0 10.5 0
Ship Repair 90 8 8.9 1.4 0.2
Other Manufacture 122 . 28 23.0 2.0 0.8
Construction . 650 195° 30.0 10.4 5.7
Utilities 60 29 48.3 1.0 0.8
Transport 328 255 77.7 5.2 7.4
Communi cations 175 79 45.1 2.8 2.3 |
Distribution 812 290 35.7 13.0 8.4
Professional Services 867 428 49.4 13.9 12.4
Other Services - 308 149 48.4 4.9 4.3
Local Government 417 334 80.1 6.7 9.7
0il Activity 0 1508 - 0.0 43.7
TOTALS 6250 3449 55.2 100 100

% Arithmetic mean of 'Low' and 'High' estimates

employment in each industry. The fact that no percentage is less than
zero indicates that no local industry's employment is assumed to
decline as a result of oil activity. As discussed in a subsequent
section, this finding is guaranteed automatically by the assumptions
made in the Input-Output analysis; modifications of these assump tions
to permit negative effects are possible (see pages 132-140. In
certain industries, however, scarcely any increase in employment result
.from oil: Fiéh Processing and Textiles experience no oil induced
employment growth whatsoever, and in Agriculture, Fishing, and Ship
Repair oil induced increases are legs than 107 of the 1971 levels.

As has by now become obvious (e.g. see Table 1.6 , Table 3.1, Table
3.15 etc.), the first four of these industries were not only among

the major employers in Shetland in 1971, but more importantly were
among the major generators of local income and employment at that time,
Hence'the important conclusion emerges that many of the key sustainers
of the pre-oil Shetland economy will themselves receive virtually no
impetus from the emergence of oil activity in the region, at least in
terms ;f enmployment creation (exactly analogous conclusions apply tg output

and -income creation). This will be referred to again in the next chapter.
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However, although the traditional mainstays of the Shetland economy scem
unlikely to expand significantly as a result of oil development, the
analysis has demonstrated that other local industries will receive
significant boosts from oil. The absolute magnitude of the change in
output, income and employment in each local industry induced by the three
major local oil activities has been analysed in detail throughout this
chapter, as has the proportional breakdown of total oil-induced change
among the various local industries., fable 4.18, for the first time
relates oil induced change to the pre-existing local economy, and colum (3)
shows that certain industries will be considerably larger with-oil,

‘ceteris paribus, than pre-oil. The biggest individual industry

change is in quarrying, which would be over four time as large

(in employment terms) with-oil. Howevef, this industry was such a
small contributor to total employment in 1971 that even the relativelz.
large change induced by oil would still leave the industry contributing
a mere 1% of total Shetland‘employment in the 'with-oil' situation, in
the absence of non-oil related change iq employment structure,

Other local industries would increase significantly relative to their
pre-oil situation: notably Transport and Local Government, whose oil
created employment is over 807 of its 1971 level. In fact in every
service industry oil-created employment is over 35% of its 1971 level,
and this, coupled with the virtual lack of oil-induced growth in local
manufacturing, could lead to re-distribution of total employment

away from manufacturing towards services.

40. Manufacturing and Services accounted for 257 and 487 respectively
" of total local (i.e. exlcuding oil) employment pre-oil. In
oil-related employment the manufacturing proportion is only 17,
while Services are 457 of total.
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In summary, by 1982, oil activity will lead to an.increase in Shetland
employment of 5072 of the 1971 level.  Of this increase, just under half,
will be directly employed in oil-related industries themselves, the

rest being in jobs created in indigenous industrieé through indirect and
induced repercussioqsof local oil expenditures, This secon&ary employment
will not be distributed equally among local industries, but rather will be
heavily biased towards indigenous service industries. Ceteris paribus,
this will .lead to a relative decline in importance of local manufacturing
and a concomitant increase in relative importance of local Services.

In the lonéer term, local oil-related Construction will disappear entirely,
and Supply Base activity will also decline, though very much more slowly
and probably to a level not far below that suggested in Table 4.14. Given
this, and the very.mudh greater level of Terminal activity than Supply .Base
activity, the very long-run impact of oil i; Shetland will approximate

the local impact of the former, estimated in this Chapter (see pages 101-10§,

(vii) Summary of Findings in Section (iii)=-(v)

The preceding section attempted to analyse the impact of all three oil
activities on Shetland at a particular point in time, with 1982 chosen for
the latter. However, for reasons discussed in the introduction to this

Chapter, the main emphasis throughout has been on quantifying the local

impact of each activity in isolation, when 'fully operational'. In
gsections (iii)-(v), this analysis was undertaken for Oil Supply Bases,

The Sullom Voe Terminal, and Oil Construction respectively. The present
section merely draws together some of the major findings of these sections

to facilitate comparisons and quick reference.

Firstly, the absolute amounts of output, income, etc. created by each

activity are compared in Table 4.20.
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Table 4.20 Comparisons of Expenditure, etc. of fully-operational
Shetland oil facilities%!

Direct Local A Shetland A Household A Employ-
* Activity Expenditure42  Gross Output Income ment
£000(1971) £000 (1971) £000 (1971)
0il Supply
Bases 620-914 1014-1483 573-872 350-510
Sullom Voe .
Complex 2308-3286 5101-7525 1837-2522 1336-1890
0il-Related 3
Construction 1881 3571 3992 1807

—men  ermmme———

Table 4.20 dembnstrates clearly that of the three major oil activities f
in Shetland, Supply Bases are on a considerably smaller scale thamn the
others. The Sullom Voe Terminal and Oil-related construction are not
dissimilar in magnitudes of absolute local impact: the former's direct
local expenditure and gross output creation is greater, though: the
latter pays more income (most of which is of course directly leaked

outside Shetland) and creates more employment.

Table 4.21 compares various multipliers for the three oil-related

activites
Mutliplier Supply Bases Tanker Terminal Construction
Type II Gross Output (1) ~ 1.62-1.63 7.21-2.29 1.87
Type II Income 2) 1.33-1.38 2.41-2.84 1.30
Type 1I Employment (3) 1.55-1.62 3.52-4,25 1,70
Income/f£ local

expenditure (4) £0.92-£0.95 £0.78-£0.80 £0.89
Income/£ total

expendi ture (5) £0.14 - £0.34
Emp loyment/£10,000

local expenditure .

(FTE's) (6) 5.6 5.8 4.0

—

One or two points of interest are immediately apparent from Table 4.21:

firstly, the output, income, and employment Type II multipliers are all

41. Largest value in each colum underlined.
42, Defined as additions to local Final Demand.

43, ‘'average' year figures.
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considerably higher for the Tanker Terminal than the other two oil
activities. As discussed in the appropriate section, this reflects the
greater importance of secondary effects relative to direct effects in

this activity. However, rows k4) and (5) show that, despite its
relatively high secondary income generation, the total income created

by the Tanker Terminal per £ of expenditure is lower than the other

two oil activities.“ This implies that, in income terms, the relatively
high segondary effects of the terminal are not sufficient to offset the
low direct income per £ of expenditure, so that total income created

per £ expenditure is lower than that for Supply Bases and 0il Construction.
Row (6) shows that the situation is different in employment terms: here

- the large secondary employment creation of the Terminal is just sufficient
to ensure that, despite its'low direct employment/expenditure ratio, the

Terminal has the highest total employment/expenditure ratio.

This completes the detailedempirical analysis of the impact of 0il on'

the Shetland economy, using the basic Inpqt-Output framework. The next
chapter looks briefly at some modifications to the Input-Output model which
might, in the present case, improve the accuracy of the empirical estimates.
Chapter 6 steps rather further away from the basic framework and

considers the impact of oil on local industry technology and the economic

jmplications of such impact.

44. The total annual expenditure of the Terminal is not known, but the
proportion of local is unlikely 'to be higher than for the Supply
Bases (15Z), giving a figure of <l4p income per £ total expenditure.
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CHAPTER 5 : Other Considerations Affecting Estimated 0il Impact

-The detailed study of oil impact in the previous chapter was undertaken

using the framework of Input—Output Analysis. As discussed in Chapter 2,
this framework implies a number of assumptions, and the accuracy of

preceding empirical estimates depends on their reasonableness in the
particular case of Shetland and oil. 1In this chapter, some economic
repercussions which could result frém local oil activity, but were not
included in the foregoing analysis, are discussed briefly. As will become
;pparent, most of these economic effects imply modifications to the

basic Input-Output aséumptions. It is, however, a strength of the
Input-Output model that, given the necessary eggirical data for
implementation, a great variety of amendments and modifications to the
underlying assumptions can be incorporated into the analysis without destroying
the basic features of the model. Unfortunately, in the present study,
sufficient data is not available*generélly to integrate subsequent
considerations into the empirical ananlysis, and therefore the

discussion focuses mainly on the methodology of inclusion of each modification
and only gives a generalised estimate of the practical importance of each

in the context of Shetland and 0il.

The following assumptions implicit in the preceding empirical analysis

of the impact of oil on Syetland are reviewed in this section:

(a) The impact of oil on any local industry is at worst zero.

(b) The inclusion of oil in Final Demand does not affect any other
element of Final Demand.

(c¢) Supply of output of each local industry can expand to meet whatever

demand is placed on it by oil.

A fourth assumption that the level of local technology (as implied
by the As matrix) will remain unchanged as a result of oil activity

js discussed in the subsequent chapter.
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It is not suggested that the‘above list of those assumptions which
may require modification is comprehensive, but survey work indicates
that those included are among the most interesting and relevant in the
Shetland context. Considering each in turn:

(a) Negative Effects on local industry of oil activity

The possibility that the local establishment of oil-related industry
could cause the decline of indigenous regional industries has received
considexrable attention not only in Shetland but in all areas of
Scotland where oil activity is located. | The assumptions of the
preceding Input-Output analysis, however, precluded the possibility of
a decline in the level of activity in any local industry for the
following reason: the change in Gross Output of industry i resulting

from oil activity O is given by:

(o]
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: ] o (o]
LN + - o . e o + .
b, ;Y b, AT

- o
BX; = byya%) + b MY
where Axi is the change in Gross Output of industry i

AY? is the change in industry j Final Demand resulting from oil
activity O :

[}

bij is the 1, jth entry of the [I-A*)_l matrix.
s

Now inspection of Tables 3.1 and 3.6 shows that every entry e, is positive
or zero. Henceevery bij > 0. Similarly inspection of Tables 4.1,

4.6, and 4.12 shows that for the three types of oil activity operating

in Shetland, each AY; > 0. Hence, since for all i, j, bij 3 0 and

AY? 3 0, the above expression shows that AXi must be > O. However, in
reality it is possible that oil activity could lead to the decline of

other Shetland industries in a number of ways, of which three are considered

here: market substitutability, resource competition, and external

diseconomies.

(i) Market substitutability. This.effect would arise if the emergence
of oil activity in the region made available goods and services which

competed directly with those of indigenous industries and reduced the
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markets of the latter. In fact, it is obvious that the products of
oil and local industries are not generally substitutes in the Shetland

case, and this effect can be largely discounted.

(ii) Resource Competition. The foregoing analysis assumed that the
resource requirements for all industries can be met simultaneously,
without inter—industry competition. However, in Shetland, competition
for limited actual resources between oil and indigenous companies has
become aﬁparent to a greater or lesser extent in a number of markets;

in particular, land use, capital, accommodation, and labour. Competition
_between oil-related and indigenous activities for land in Shetland does
not seem to have been particularly intensive since the major proportion
of the Island is largely un@nhabited by industry or pépulation, and the
0il companies seem generally to be piepared to establish their facilities
in hitherto unoccupied land (e.g. Hudson's Supply Base at Sandwick,
Norscot's Base at Greenhead, and the Sullom Voe Complex itself, were all
sited in essentially uncultivated areas). A small amount of agricultural
land has been lost to 0oil developments, but, while this has undoubtedly
caused social disruption to individual érofters, its overall economic

impact is likely to be very small.

The survey did not suggest that indigenous firms were suffering because of
Shetland capital being attracted to lucrative oil-related projects.

Certainly local capital is being invested in oil-induced activities;
particularly in the provision of the various services for which, as

shéwnin the previous chapter, oil is expected to create a significant demand,
but no local concern suggested that this outlet for local funds was
'starving' themselves of desired capital, - Many indigenous firms seem to

use non-local supply sources for funds, in particular the national banks.
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The accommodation shortage caused in Shetland as a result of local oil
development is threatening to reduce the volume of Tourist traffic to
the Islands. This is a difficult hypothesis to substantiate since the
available statistics on hotel §écupancy, etc. include oil-visitors as
well as tourists; also, it is impossible to say how many tourists
would come to Shetland even if accommodation were freely available.
Without a detailed study of tﬁe subject, it is difficult to place empirical
estimates on this effect. However, the previous analysis does provide
some data relevant to the problem. For example, Table 3.16 shows that
Tourism created 140 FTE jobs in Shetland in 1971, and since there were
approximately 11,100 tourists in that year, an average 0.013 job/tourist
ratio is indicated. Hence, for every 1,000 tourists who would have come
to Shetland if accommodation had been available, but do not because it

is not, Shetland suffers an opportunity loss of 13 jobs. Assuming,

for illustration, that each additional oil employee leads to one less
tourist through direct compef:ition,1 a nef 'trade-off' between oil and
towrism can be established. Table 4,16 shows that, on average, each
oil employee creates approximately 2.17-2.38 total jobs in Shetland, or
1.17-1.38 in local industry, excluding oil itself. Hence, in a direct
exchange of 1 tourist for 1 oil employee, indigenous Shetland industry gains
1.157-1.367 full-time jobs. Put another way, each direct oil employee
would have to lead to the loss of 90-105 tourists before indigenous
employment would start to suffer. There is no evidence that an oil-
induced decline in Tourism of this magnitude is occuring, and hence we
can be certain that oil sebondary employment creation is positive;
however, if some tourists have been driven away because of oil, there
will be some reduction in the absolute amount of employment creation.

Given the figures cited above, any such reduction is likely to be small.

1. This is the worst possible case for oil; 1in practice many oil workers will
be local, or come to stay with relatives, etc., and hence not directly
competing with tourists for accommodation., Competition between the two
groups seems to be occuring both through accommodation rationing ('first-
come, first-served') and through rising accommodation prices.
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Resource éompetition between oil and local industries in the labour market
ifmore interesting because in practice in Shetland it is likely to be
_much more important. Previous discussion has shown that at any given

time the oil industry may employ up to 1500 people itself and create

local industry employment for perhaps 1500 more. This represents a
demand for labour equal to approximately 1/3 of.the total population of
working age in 1971, and given the low absolute volume of unemployment
(;.g. 215 men and women in Decenber‘1975), the fairly high activity rates
already existing in the Island (see Table 1.10 ), and low absolute inqrements
fo the working population through 'natural"causes (inevitable given the
small total populatioh locally), it is obvious that there is insufficient
slack in the indigenous labour force to fill these o0il induced positions.
In these circumstances, two possibilities emerge: firstly, re-distribution
of tﬁe local labour force can occur, so 0il obtains labour at the
expense of other industries and/or,secondly, immigrant labour can take

up the unfilled vacancies.

It is the former possibility which is under consideration here, but is
must be made quite explicit what is intended: we are not interestslin
employees in local industries who join oil firms who would otherwise have
been made redundant through non-oil induced local industry contraction,

As discussed later, this type of movement of local labour has occured.

We are interested in occasiors where, through oil-induced pressure on

the local labour market, indigenous firms are forced involuntarily to

contract, or from an analytically equivalent view,are unable to undertake

2. A third possibility exists: firms may utilize existing labour more
efficiently, or adopt more capital-intensive techniques, to economise
on the scarce labour resource. This is discussed in the next chapter.
The possibility that the oil industry would have to curtail its
activities because of local labour shortage is considered too improbable
to warrant discussion,
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a desiréd.expansion. ~ In these cases, the difference betwcen the
local industry's desired level of activity and its realisable level must
.be set against oil as a negative effect. The Input-Output framework is
not particularly suitable for analysing these employment movements, since
employment is peripheral to the basic model. Howeﬁér, the extent of
these negative effects can be estimated in the ﬁodel by assuming (a) each
employee "lost" to a local industry reduces the output of that industry
by the reéiprobal of the euployment)output ratio calculated before,
and (b) all the output reduction arising in (a) is concentrated in Final
bemand. As discussed in footnote 3 this i§‘entire1y a simplifying assumption.
This then allows the net impact of oil to be calculated by:
(8°) = (-8) (2N | (2)
where YON is the matrix of Final Demand sales 'lost' to local industries
as a result of local oil activity. Since the pattern of 'net' oil
Final Demand is likely to be different from its 'gross', the various
oil-related multiplier values derived above cannot be used for sensitivity
analysis. However, there is some evidence at present, of a purely qualitative
type, on the type of movement from local industry to oil developing in
Shetland: firstly, and perhaps surprisingly in view of the figures cited
above, there seems at present to be comparatively little movement of
labour of the 'involuntary' type described above, from local industries to
oil.4 There are a number of reasons for this: firstly, simultancous
to the build-up of oil employment in Shetland in the early seventies,
tﬁere was a (non-oil created) slump in local industries such as
Fishing, Fish Processing, and Textiles through a decline in demand for

their products. Hence many local manufacturers were voluntarily

3. A more satisfactory procedure might be to allocate the 'lost' output
proportionately along the appropriate industry row and adjusting the
coefficients matrix accordingly, but this would involve re-calculation
of the entire inverse matrix every time estimation of 'negative' impact
was attempted.

4. This is confirmed by Nicholson (1975), and in G, Hunter's 'Fisheries
and 0il' in Button (1976).
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releasing labour at that time, and movements of workers to oil, apparently
from local industries, were in fact from 'unemployed' resources.

- Secondly, the oil operators in Shetland seem to be aware of their
potentially disruptive influence in the local labour market, and avoid
where possible 'pirating' labour from local firms. Many operators

élaim that they do not bid above going regional rates for particular
wprker groups. Thirdly, many Shet}anders seem to find significant
non—-monetary benefits in employment in traditional indigenous industries,
and given possibly small monetary incentives mentioned before to join

oil firms, find their net advantage is to remain in current employment.

On the other hand, some 'involuntary' labour movement has occured as a
result of oil, particularly since, through overtime, bonuses, etc.,
oil-related employment can often offer higher total earnings than comparable
indigenous jobs. Isolated areas of activity have suffered particularly
badly; e.g. the number of local bakers has decreased considerably;

the local milkround no longer operates, etc.

As is apparent from the examples, many of these cases are fairly trivial
economically (though perhaps quite disruptive socially), and probably of
longer-term importance is the possible emergence of a negative 'rachet'
effect in the main traditional local industries of Agriculture, Fishing,
Fish Processing, and Textiles. What seems to be happening is that
every time these industriéS'go into even mild recession, workers leave
them, with or without their employer's blessing, to take up oil-related
employment. When the recovery should be taking place, however,
indigenous firms are unable to re-attract this lost labour, and full
recovery is frustrated by shortage of manpower. Hence each cyclical
‘peak' will be lower than the preceding one. There seem to have been
one operation of this ratchet already in Shetland, with local industries

being unable to re-attain previous output peaks in 1975/76, due to loss

of labour in 1972/74.
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The above discussion has centred primarily on the possibility of

local labour transferring to directly oil-related jobs, but as shown in
Chapter 4, oil will also create many seconda;y job opportunities and these
may also be filled by workers 1éaving certain indigenous industries,

The extent and direction of this type of labour movement proved impossible
to estimate at the time of the study, but it must be noted that, to

the extent that secondary job opportunities differ in type from direct
oil-related opportunities (e.g. female part—-time as opposed to male
full-time), the currently observed pattern of local labour movement to
direct oil jobs discussed above may not adequately describe the probable
pattern of labour movement to secondary jobs. It is obvious that the
labour market questions raised by oil-developments in Shetland are complex
and extensive, and a detailed analysis of them is unfortunately beyond the
resources available for the present study: However, it is apparent that
if oil-induced employment opportunities are filled extensively by a
'reshuffling' of existing indigenous labour, then the net addition to
Shetland employment generated by oil-activity would be considerably less
than the gross estimates of Chapter 4. The extent to which net Output
(and perhaps Income) estimates would be altered by this would depend

on the ability of firms involuntarily losing labour to change to more capital-

jntensive means of production. This is discussed further in Chapter 6.

The conclusion on 'resource competition' must be that oil activity in
Shetland will attract resources from local industries, hindering the

growth of, or hastening the decline of, the latter, and hence the 'net'

income and employment created by oil will beﬂlower than the 'gross' estimates
given in Chapter 4. The extent of the difference between the net and

gross impacts is very difficult to gstimate: in some areas, e.g. accommodation
and tourists, the negative effects are likely to be negligible in aggregate.
In others, particularly in the attraction of labour from key activity-
generating indigenous industries, the potential for 'megative' oil

impact is considerable. However the above discussion suggests that even
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these effects may not be too substantial, .particularly if local industries
do not suffer too many, and too violent, cyclical fluctuations caused

by external market forces.

(¢) External Diseconomies. In the context of Oil in Shetland, the most
important item under this heading is the possibility of damage to local
industry through pollu tion. The likelihood of o0il pollution in Shetland
has been discussed in a large number of documents,S and there seems to be
some concensus that air-borne pollution is likely to be negligible. |
There is considerably more disagreement on the probable extent of sea-
 po11ution, the major differences arising from varying assessments of

the probability of a large scale leakage, either from tanker or pipeline,
in Shetland waters. Even if the possibility of large scale oil pollution
of the sea is discounted, it seems certain that some pollution on a smaller
scale will occur, particularly in the Sullom Voe area. If fhis does
happen, then certain inshore fishinggrounds, particularly shellfish beds,
will be damaged,6 with consequent damage to the Fishing (and probably

Fish Process) industries. In 1975, the proportion of the total value of
fish landed accounted for by shellfish was 7.5%. This proportion

was approximately the same as the equivalent in 1971, where shellfish
Janded brought a total value of £159,000. The loss of this produce
through oil pollution, interpreted as a loss in Fishing Final Demand

would cause a gross reduction in Shetland incomes of £123,000 (1971

prices) and a loss in Shetland employment of 64 jobs.7 This represents

a reduction in both Income and Employment of approximately 17 relative

5. E.g. the recent report by the Sullom Voe Environmental Group (1976).

6. E.g. see Shetland Island County Council minutes (November/December 1974).
Since tle time of writing this section on pollution, a study (L. Johnston,
*The Environmental Impact' in Button (1976)) has confirmed the views
expressed in it on the probable extent and direction of environmental
jmpact (though Johnston did not consider its economic- rami fications).

7. The loss in Shetland Income and Employment is estimated using the
appropriate multipliers in Tables 3.9 and 3.14 respectively.
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to the 1971 levels. . It is also possible that oil pollution, particularly
of a visual nature, could lead to a decline in the level of Tourist
- activity in Shetland. This is thought, however, to be unlikely, since
few of the oil-related developments in Shetland are sited in areas of
especial tourist attraction. In any event, the discussion on Tourism
in the preceding section makes it apparent that the decline in tourist
aptivity would have to be very subsFantial before there would be significant
negative éffecfs on the local economy. The ‘conclusion on oil pollutioﬁ
must therefore be that, barring a major spillage, the adverse effects of

~such pollution on indigenous Shetland industries are likely to be fairly

small.

Invsummary, it would seem that the introduction of oil activity into the
Shetland region zili lead to reduction in the levels of activity in
certain local industries, primarily through competition for iimited local
resources and to a lesser extent through external diseconomies. Since
the assessment in Chapter 4 of the impact of oil on the local economy does
not allow for 'megative multiplier' effects, the values given there over—
estimate the actual net impact of oil. However, the foregoing discussion,
though fairly non-rigorous, suggests that these negative oil-induced
effects may not be too substantial; so that the over-estimation of the
'net' impact of oil implied in the 'gross' impact values of Chapter 4
will not be great. This judgement would be considerably less valid if

the negative 'ratchet' effect discussed above turns out to be of

some importance.

The effects of oil on Final Demand

In the analysis of Chapter 4, the expenditure of the oil industry in
Shetland was assumed to be an addition to that region's bill of Final
Demand. As discussed there, this is quite justifiable since, to all
intents and purposes, oil purchases localiy are an exogenous injection

into the regional economy. However, the additional assumption implicit
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in the analysis of Chapter 4 that each catégor& of Final Demand is
independent of all others may not be strictly accurate. For example,
total Final Demand for industry i may be given by

Y, = Yil + Yi2 + ... Yin’ but Yij = f(Yil"° Yin)' In this case
a change in Y., ... Y. will not simply bring about changes in
regional activity as given by the [I—A)—l matrix, but will change Yij’
which will also bring about secondary change in regional activity. In
short, the introduction of the oil industry into Shetland may lead to
changes in other elements of Final Demand, which of course will change the
overall impact of oil. This is rather different from the discussion of
Chapter 4 which was concerned with oil effects on local industry activities

whereas this section shall consider oil effects on local Final Demand

categories directly. We wish to consider three intra-Final Demand relation-
ships: (a) Unemployment benefit/Oil (b) Public Sector Employment/0il

(c) Induced Investment/Oil.

(a) Unemployment benefit/0il

The analysis of Chapter 4 assumed implicitly that the Gross Change in
Shetland household income was also the net change. However, if the persons
taking up the new oil-induced jobs were previously unemployed, then in
reality, the net change in regional income will be equal to the Gross.change
less unemployment and related benefits, i.e.
by = v + unt® ' (53)

wﬁere AYn is thg net change in regional income

AY, is the gross change in regional income

u 1is the "average' amount of unemployment benefit/Capita

tus is the regional change in unemploymgnt, (in absolute terms)

i.e. when unemployment goes down AU” is negative and vice versa.

Obviouﬁly if the numbers entering employment from unemployment are

relatively high, and the unemployment benefit/capita a substantial

proportion of the gross wage, the net addition to Shetland wages and salaries
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of oil-inducecd activity would be relatively small, and the measured impact
of local oil deyelopments consequently reduced.8 This consideration
could easily be entered into the analysis in (at least) two ways:

firstly we could define a new household row

s' s _ . -
xﬂi = xﬂi aib i=1...1n (54)
]
where x;i is the net wage bill paid by sector i

x;i is the gross wage bill paid by sector i

a. are the number of new employments in industry i which were
1 previously unemployed

b is the average per capita. unemployment benefit (assumed
independent of particular industries).

Hence net wage coefficients are obtained for each industry by

s'  ui . ) (%)

Incorporating these net wage coefficients in the Leontief Inverse yields
the total (direct, indirect and induced) change in local activity, after
allowing for loss of local unemployment benefit payments, i.e.

& = (1 - ,'xf;']mr:> | 6)

;Here AXS' is the adjusted vector of local industry Gross Outputs
(I—As;) is the adjusted household-endogenous Leontief inverse
AY; is the matrix of local oil purchases. Direct household
payments by the 0il industry must, of course, also be reduced to
the extent that the oil ipdustry employs . previously unemployed
people.

' 8 vs' s
Zﬁxi »

) s s', . s s', s
SinceV hy.» hyos by 3 hy,, it follows thatVAXi; X 5 X
i.e. the gross change in every local industry output is greater than or

equal to the net change.

8. This adjustment, rarely made in Input-Output, is common in Keynesian
" multiplier analysis where the change in disposable income is made equal
to the change in Gross income less reductions in unemployment benefit
" payments.
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Secondly, the individual intermediate (and oil industry) income payments
could be left as gross, but for everyvunemployed person joining the
labour force as a result of oil activity, the aggregate Final Demand
payments of Central Government to households (whicﬁ in the Shetland
Study includes aggregate umemployment benefits) be reduced by an

appropriate amount of unemployment benefit.

. 8 . .
i.e. YﬁG = YHG + uAU (AUs is negative)
where Yﬁc are the net Central Government payments to households,

YHG are the Cross payments, uaU® is as defined above. Now AU = -f(AYO)
8 o .

~and ¥y, = g(AU") and therefore AY,. = -z(AY"). That is, the change

in initial unemployment is an inverse function of oil-related Final

Demand and the Central Government colum household row entry is a function

of the change in the level of unemployment; so that the change in the

Central Government expenditure is inversely related to oil industry

purchases.

The negative effects of this oil—induced.reduction in unemployment benefit
are likely to be very small in Shetland. As discussed already in this
chapter, and as is apparent from Tablel;a the immediately pre-oil

situation in Shetland saw only a small number of local persons as registered
unemp loyed. In fact the annual figure for 1971 was approximately

250 persons, which represents a mere 82 of the total oil-induced employment
needs for 1982, for example. If we assume, by way of illustration, all

of these persons were employed in the oil industry in 1982, and using

Greig'slo estimate of a marginal unemployment benefit/Income ratio of 0.1

9. There is a small internal multiplier here, since the reduction in
unemployment benefit Final Demand will itself tend to prevent
unemployment falling as low as it would in the absence of this effect,
thereby reducing the loss of unemployment benefits ... etc. This is
easily incorporated in an iterative process in which unemployment is
allowed to fall as low as it would if no reduction in benefit occured,
the reduction in benefit is then incorporated causing a small rise in
unemployment, increasing the benefit .., etc. The fractions involved
at each roundare so small as to ensure speedy convergence to equilibrium.

10. Ref: Greig (1971, op. cit. page 45).
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overall, the reduction in direct income payments by the oil industry would
be a mere £65,000 or approximately 2% of the gross total. If this income
would all have been spent in the same proportions as indigenous Shetland
households in 1971, the direct, indirect, and induéed reduction in oil
impact income would be approximately £75,000; less than 1.57 of the

total gross oil-induced change. In fact, it is most unlikely that oil
activity would reduce local unemployment to zero, since within the pool

of unemployed there are generally "unemployables", i.e. chronically

sick, etc., and hence the above is an over-estimate of the difference
between 'gross' and 'net' wages and salaries under the conditions specified.
However, there remains a serious problem in estimating those who are

not actually unemployed at any moment in time, but who would be were

it not for the simultaneous job creation of oil activity. The opportunity
loss in unemployment benefit of these persons should also be offset
against oil payments.Table_l.& indicates that in a pre-oil depression
(1966) annual unemployment in Shetland could rise as high as =~ 500 on
average. (It is possible that there might be a secular rise in the
indigenous unemployment rate in Shetland similar to that experienced in
;he U.K. err the decade 1965-75, thoughTable 1.8 does not support this.

If this we;e 56, the possible total of unemployed in a 'non-oil'

situation could be above 500, in which case the loss of unemployment benefit
and the resultant reduction in oil-generated income would be greater.

It is unlikely any such effect would substantially alter the conclusion

below. I1f 500 is therefore assumed to be the probable peak of
unemployment in the non-oil economy during the period of local oil
activity, the figures given above suggest that the maximum reduction in
total oil-created income would be = 3%. Hence, it seems unlikely that
the inclusion of unemploymeﬁt benefits in the analysis will significantly
alter the conclusions of Chapter 4. The relative insignificance of

inclusion of an 'unemployment benefit effect' in the present study does
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not imply such an effect need be insignificant elsewhere (e.g. in a
region with a large pool of locally unemployed). To the author's
knowledge, no other Input-Output impact study has considered the
inclusion of this effect in any detail, either theéretically or

empirically.

(b) Public Sector Employment/0il

Some analysts have hypothesised that sbme‘employment will be created
in a region through forces other than the secondary repercussions of
changes in Final Demand. In particular, it is stated that the increase
" in population created by net immigration (or the opportunity gain in
population resulting from the stemming of net emigration) will, per se,
result in increased employment in 'public services' such as Health,
Education, and Local Authority services. - Greig states the case thué:
", .. some employment may not be related to increased
income, but to increased population, and hence to the
.increase in employment (given that the employees are
immigrants or potential emigrants). In particular,
employment in education, health, and local authority
services ... would be likely to be related to the size
of the workforce."
GCreig's statements apply to the Keynesian multiplier model,12 where,
in general, all Government expenditures are assumed autonomous and
income and employment multipliers are independent. In the Input-Output
framework, of course, income and employment multipliers are both derived
from the Leontief inverse matrix, and in the Shetland study, the Local
Authority (including Health and Education) has been included in the
intermediate sector, and hence is already implicitly assumed endogenous.
Hence, much of the secondary repercussion in public sector employment
envisaged by Greig is probably already incorporated in the estimates of
Chapter 4, particularly if Final Demand changeé are related to immigrant

population pressures, It may still be, however, that some employment

is generated directly by the population increase. This would be

11. Ref: Greig (1971 op. cit,) page 32.
12. - See Chapter 2 pagel$
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incorporated és follows:

(1) ) £(aP)
i.e. the change in Central Governmeﬂt’payments to local Government depends
on the change in local population. |

@ = £(E)
i.e. the change in population is a function of the change in immigrant
(or potentially emigrant) labour.

(3) A" = £(AY,,, 8Y°)

i.e. the change in employment is a function of the change in Final Demand.

"This is a system of simultaneous equations, which can be solved
simultaneously or iteratively, Some idea of the potential magnitude

of this effect may be gained as follqws; from the transactions table,
Central Government expenditure on Professional and Local Authority sefvices
~ per head in 1971 was £128. Llewellyn-Davies, Shetland Island Council
consultants, estimate that.through oil-related immigration, Shetland's
permanent (i.e. excluding temporary construction workers) population

will have risen by 1981 to 22,900 from 17,500 in 1971. If it 1is

assumed that real per capita Central Government expenditure remained
constant at the 1971 level, an increase in Central Government expenditure
per annum of £69O,00013 is indicated by 1981. If this incremental
expenditure is divided between Lo;al Government and Professional Services
in the same proportions as in 1971 (i.e. 76Z and 24% reépectively),

Table 3.14 shows this would increase local employment by 444 full-time jobs.
1f, further, some allowance is made for the fact that construction workers,
though 'temporary' may induce increases in public services, the change in
total enploymént could be higher e.g. assuming there are 900 construction
workers in Shetland in 1981, and assuming arbitrarily that for provision
of public services, 5 construction workers are equivalent to 1 permanent

regident, another 15 jobs woﬁld be created,

13. All money figures in 1971 prices.
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These calculations suggest that the “Greig effect" could generate
significant additional employment to that estimated in Chapter 4.
However there are a number of reasons for believing the above calculation
may be a substantial overestimate: firstly, the agsumed constancy of
per capita expenditure omits the possibilities of increasing returns
to scale, which may be substantial, given the relatively low initial
levels of these activities in Shetland, Secondly, the real increase in
per capita/ income in Shetland resulting from oil may lead to reductions
in per capita requirements in certain areas of Government expenditure
(e.g. health, social work, etc.), offsetting expenditure increases caused
by greater absolute numbers of people. Thirdly, and possibly most import-
antly, it is assumed implicitly in the above argument that increases
in local public sector acti;ity brought about directly through oil
Final Demand expenditures and indirectly through population increase
are independent and additive. In fact the two forces will operate
simultaneously and interactively, and the overall total increase in
activity is likely to be less than the sum of the individual components

(see comments on page 145 a’bove).14

In summary, the inclusiop of a Public Sector Activity/Population interaction
in the analysis could lead to a significant increase in the estimated

total impact of oil on the Shetland economy. Again, the possibility

of including such an effect in an Input-Output impact study seems to have
received little attention in the literature. The analysis undertaken

above suggests that omission of this factor in 1982, say, could under-
estimate the total employment impact of oil by 10-157, though this figure

is likely to overestimate the effect, for the reasons outlined above.

Again, lack of resources precludes a more accurate empirical assessment

14. In addition, the current (1976) cut-backs in public spending may lead
to a reduction in real per capita spending, and hence to a reduction in
the Greig effect. '
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of this effect, though its possible importance indicated above suggest

that it should be incorporated in Input-Output impact studies generally,

(¢) Induced Investment/Oil

The substantial increases in output in Shetland which are expected to
result from local oil developments will?unless considerable excess capacity
exists, in all probability create requirements for additional capacity
within the local economy; so that the.oii-related increases in Final
Demand will require investment goods as well as intermediate goods. This
means that certain components of investment are effectively removed from

" Final Demand and made endogenous. The induced investment effect is,

theoretically, easily included in the model.15

Let kij represent the stock of industry i used per unit of output of

industry j over time period t, then

n n
X, = Ya X, + Tk X.+Y, i=1...n (s&) 1
i 554500 i)

where

X. is the change in output of industry j over period t

kij shows the fixedcapitalisi.plusinventoriesof i necessary
to produce one unit of j
nK.. X, '
L TR ks S
3 i=n i=177j 3

where K is capital stock. That is, the total of colum j in the capital
coefficients matrix shows the total capital requirements for industry j

to expand its output by 1 unit, and therefore is the Capital-Output ratio

for industry j.

Conceptually, therefore, the inclusion of induced investment in the Shetland

model is straightforward. However major problems arise in empirical

15. Refs: Almon (1963), Leontief (1953, op. cit.), Dorfman (1954),
Mierynk (1970).
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implementatioh. Firstly, the Capital-Output ratio used (henceforth

K/0) should relate only to expansion investnent, not replacement, but

in practice it is difficult to distinguish between the two. Secondly,
expansion may only take place if existing resource$ are fully utilized,16
but there are problems of defining 'full capacity' and empirically
defining the extent of excess capacity. Thirdly, technological change
may imply an entirely different K/O ratio for new capital to that for
existing capital. Fourthly, in a small region such as Shetland,
jnvestment will take place with the aid of importedlcapital goods, so a
"leakage' factor has to be estimated, and finally, at the sub-regional
(Shetland) level in the U.K., published data pertaining to industry K/O

ratios is almost entirely lacking; so that the required information can,

at best, be obtained only by direct survey.

Resources to overcome the difficulties above in an empirical study were

not available to the author, and hence subsequent discussion again

considers only highly simplified situations to attempt to give some estimate
of the magnitude of the induced investment impact of oil on Shetland.
Brownrigglz used a simple model to estiﬁate the induced investment effects:
of the University of St;rling on its local environment, and a suitable

adaptation of this seems adequate for present purposes.

Brownrigg assumes that investment in new capacity will be created by the
'expenditure pressure' of immigrants, and his data relates to this
concept. This would be unsatisfactory in Shetland if much of the
expansion effects were internally created; however, as discussed below

jmmigrants are in fact likely to occupy a major proportion of expansion

16. On the other hand, expansion may take place although existing resources
are not fully utilized because of various market imperfections, comp-
1icating matters still further.

17. Ref: Brownrigg (1971).
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employment, and in any event a crude correctidn factor can be applied,
Brownrigg's estimated capital-output ratio is in fact a 'nmet capital
stock'/immigrant earnings ratio. The denominator in this expression

is not totally satisfactory since in practice a unit output change is
likely to comprise intermediate and Other Value Added components as

well as income payments. However, as long as the Erogortions of each
item remain approximately constant, earnings can be used as a proxy

for output. Brownrigg estimates a K/O ratio of 2.43 for induced
investment, as defined above. The problem now, therefore, is to

find an estimate of immigrant earnings to which this ratio can be applied.
Firstly, we ignore for the moment oil construction workers who, being
temporary, may have a different: induced-investment effect from permanent
immigrants. Now, as Figure 4.3 shows, o?hef oil-related employment is
expected, in aggregate, to grow féirly steadily to 1982 at about +67
full-time jobs per year. Assuming secondary employment created by these
jobs followsva similar pattern, and taking, for simplicity, the mean of
Supply Base and Terminal multipliers, another 116 jobs could be created
per annum; implying that between 1976-82 an average of +183 jobs per
annum could be created as a result of (non-construction) oil activity.
Assuming the o0il jobs command an average oil salary derived from Chapter 4
(£1993) and the secondary jobs command the 1971 average Shetland real
wage (£1230); the total annual increment to incomes would be £276,200.
Given the formulation of the model, the maximum annual induced

investment will occur if all these employees are immigrant. in this
case, given the K/O ratio.above, investment induced annually will be
£671,200. This figure, however, is not the one required to estimate

the induced investment impact on Shetland. Two modifications are required:
firstly, it is unlikely that expansion of new capacity will occur instant-

aneously after the expansion in demand. Brownrigg, following
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A.rchibald18 assumes capacity expamsion induced in year 1 will be

completed at the end of year 3. However given continuous immigration,

" which we are assuming, the volume of induced investment in any year will

in fact equal the total given above (i.e. in year t, induced investment

will be 1/3 year t + 1/3 year t-1 % 1/3 t-2). . Given that oil-related
expansion began before 1976 by over three years, we can in this instance
assume that from 1976 to 1982 the volume of induced investment per

annum will be-stable at £671,000. Secondly, and more importantly in this case,
the direct leakage component of this investment outwith the Shetland

economy must be allowed for. Brownrigg estimates a construction leakage
fraction of 0.7-0.8 which he applied to direct and induced investment.
However, our own analysis suggests that in Shetland, the leakage component
may be higher (see pages 227-228, and for oil-related construction is
estimated at 0.89 overall. However, this latter does assume all
oil-related construction wage payments go to temporary immigrant labour

who, as has been seen, have a very high leakage factor themselves. If

all wage and salary payments associated with induced investment went

to local households, the leakage factor would be reduced.by as much as

0.04. Since in fact, it does seem probable (given current local experience)
that much of the induced investment activity will be undertaken by

Shetland firms, the leakage factor will be reduced to 0.85.

The result of these rather involved proceedings is that local Final

Demand expenditure as a result of induced investment is estimated at £100,700
per annum between 1976 and 1982, This estimate omits, however, any

induced investment associated with oil-related construction. There are

a number of reasons for assuming this will be proSortionately less

for direct employees than in other oil-related activitiegg construction

workers, as discussed above, spend less locally and hence exert less

18, Ref: Archibald (op. cit.).



152

pressure; local businesses will hesitate to expand capacity to

satisfy what is known to be a temporary demand, preferring to operate

" existing capacity more inténsively, etc. However, it is probable

that construction will have induced effects, at least through its
secondary employment creation. Table 4.11 shaws that peak construction
employment is estimated at approximately 1200 around 1976/1977.

Assuming Fhat, for present purposes, 1 construction worker will geherate
one-third as ﬁuch induced investment as other oil workers, this gives 400
.'equivalent' units; added to this are approximately 840 oil construction-
induced secondary job;. Again, assuming all these employees are immigrants
and that employment grows linearly from zero in 1971 to maximum in 1977,
this implies an annual increment to the local labour force of +207.

Using the same basic data as above, except that the average wage per
construction worker is taken as £2891 (derived from Tablelll,$, Appendix
1II), this yields an induced-investment change in local Final Deman;

of £133,400. Until 1977 at least therefore, the increment to Final
Demand in Shetland as a result of induced investment is estimated at £234,000
per annum.19 If this is spent in the same proportions és other local
investment, then Tables 3.12 and 3.16 show that induced investment will
create £96,000 of income and 88 full-time jobs in Shetland. If all the
local component of induced investment was spent in local construction

£79,000 and 66 jobs would be created.zo

19. Of course the decline in oil-related activity may result in induced
dis-investment in a negative multiplier-accelerator cycle. This is
not discussed in detail in the text, but is mentioned again in
Chapter 7.

20. There would in addition be a small internal multiplier: these jobs
. created by induced investment would probably themselves create some
further induced investment .. and so on. However the direct leakage
of induced investment is so large that subsequent rounds can be
ignored in present circumstances, particularly since the first round
estimates are imprecise themselves,
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These estimates are crude, but without undertaking a major study in

its own right, it is difficult to improve on their accuracy. Nor is
it necessary that the figures be especially accurate for present
purposes, where it is merely déﬁired,to obtain an estimate of the order
of magnitude of the effect, perhaps to indicate whether its importance
warrants further study. The suggestwals that employment in local
industries will not increase significantly as a result of induced-
investment effects. However, two results of induced investment do .
seem to be important: firstly, at £1.5‘million/annum (2 £1 million after
1977/78), this investment represents a substantial increase to local
capacity. The implications of this are discussed in Chapter 7.
Secondly, the provision of induced capacity will itself involve a
significantvteggoragz aﬂdition to the construction force. If output/
capita is the same as in local construct;oﬁ, an induced-investment

construction force of perhaps 240 persons is indicated.

This section is the least satisfactory in the present chapter, both because
of the inadequate data and because of the treatment of an essentially
dynamic phenomenon in a static framework. The correct treatment of
induced investment would require the dynamic formulation of the Input-
Output model described above, but its implementation is beyond the scope
of the present study. The only conclusion which seems to emerge with any
persuasion in this section is that the inclusion of induced investment as
an endogenous repercussion of oil dévelopment does not substantially increase
the estimated impact of oi} development on the local economy. ' The effect
is likely to be of relatively short duration with high direct leakages
throughout its lifetime, This is substantially in agreement with
Miernyks' findings that, given Final Demand, the vectors.of total outputs
derived with and without investment endogenous differed in aggregate by

21 . .
less than 1Z. However, the temporary construction squad involved in

21. Ref: Mierynk (1970 op. cit.).
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extending capacity may be fairly sizeable over a short period.

III Local Supply Constraints

An implicit assumption in the analysis of Chapter 4 is that local supply
can expand, if necessary with increased capacity, to meet whatever

demands are placed on it by oil developments. This need not necessarily
be the case in practice for a number of reasons e.g. there may be a
considerable time lag between increased demand aﬁd provision of new capacity,
financé.for new capacity locally may not be forthcoming, and cost
differentials may make alternative sources less expensive than expansion
of local ones. If, for any of these reasons, local supply in the time
period under consideration is not forthcoﬁing to meet postulated Final
Demand in that period, two possibilities exist: (a) Final Demand

must be reduced until it is consis;ent with local supply or (b) Final
Demand is met by importing any excess over local supply capacity.
Theoretically, these considerations can be introduced into the analysis
either in a linear programming form, with an optimization function

(e.g. maximise GRP, maximise local employment, etc.) and a series of
appropriate linear constraints on supplies from local industries or,

more usefully in the presen£ context, the implications of supply
constraints on imports and Final Demand could be forecast and the

impact estimates adjusted appropriately.

Unfortunately, in the present study, no.data exists to make the

desired adjustment quantitatively, however the following general points
can be made: firstly, reference to the appropriate tables in Chapter 4
indicate which local industries will experience the largest increases

in demand as a result of local oil developments. It is probable that
these industries would have the greatest‘difficulties in instantly
adjusting supply.  Secondly, it is most unlikely that winavailability of
supply in Shetland would mean frustration of any oil industry Final Demand

if the latter were at all important to North Sea operations, since given
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the great costs involved in developing North Sea fields and the country-
(and world-) wide facilities of most of the operating companies,
-alternative supply sources ;re both essential and feasible. Thirdly,

it is more probable that manufactures, or other easily transportable goods,
can be provided by importation than various services which are not

easily transportable among regions.

Tﬁese three points taken together s;ggest that, given o0il Final Demand .
as inviolate, this, and associated secondary demands, will be met
éither be importation or at the expense of ?on-oil Final Demand where
local supply is insufficient to meet total demand. Given that the latter
phehomenon is most likely to emerge in Shetland service industries,

because these generally are expected to experience the greatest oil-
induced increase in demand, it seems probable that frustration of

non-oil Final-Demand will be significant in cases of local supply constraint
since services are not easily imported. Given data on existing supply
capacities industry—by-industry, and the differential costs of

alternative incremental sources of suppiy, it would be possible to

make some quantitative estimates of the likely magnitude and direction

of this effect. However, it can be stated categorically that, wherever

local supply is insufficient to meet oil-induced demand, the local

impact of oil will be reduced, vhether the supply deficit is met by

importation or frustration of demand.

In summary, this chapter has discussed some deviations from the Input-
Output assumptions of Chapter 4 which may occur in Shetland in practice,
and hence whose incorporation would improve the impact forecasts. Few,
if an&, of these modifications have beeﬁ incorporated in previous Input-
Output studies, even in the outline form of the present chapter, but as
is apparent from the above discussion, their inclusion could radically

glter the estimates of the impact of a new industrial development on the



156

local economy. In Sheiland, the following effects secm particularly
important and would merit further study: oilvs. local competition in

the labour market, Public Sector Employment-Population interactions,
induced investment, and local gupply constraints. Any of the foregoing
could in future emerge as a sufficiently significant local phenomenon

to cause radical departures from the forecasts of oil-induced impact

given in Chapter 4. However, as discussed in the appropriate sectioms,
none of “them seem likely to do so given the current trends. Though,
individually, none of the foregoing effects might cause significant departures
from the forecaﬁts of Chapter 4, the simultaneous inclusion of all could
do, but this possibility is lessened, at least in aggregate, by the fact
that to some extent they are mutually offsetting: the Public Sector and
induced investment effects would tend to increase estimates of impact
relative to Chapter 4 base estimatés, while resource competition and supply
constraints would tend to reduce them.22 It is ﬁot of course suggested
that the opposing forces will entirely cancel each other, even in the
aggregate, and certainly the differential impact of each on an individual

industry basis may be significant.

Finally, in this chapter, a brief word must be said on the 'disturbance'
payments to be made to Shetland Island Council by the oil companies with
respect to the Sullom Voe Tefminal. These payments are the result of
private negotiations between the local authority and the oil companies
involved (BP and Shell) and are in addition to, not substitutes for,
statutory payments made by the oil companies to the Island Council.

The amount of these paymentg$is not certain, since they are calculated by

22. Allowance also has to be made for the fact that induced investment
and supply constraints may be inversely related, although in a
disaggregate model both can occur simultaneously.
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a "complex" formula involving the number of pipeline landfalls at
Sullom, the volqme of oil flowing through the terminal, and the annual
rate of inflation. However, it is known that these payments will be
substantial: the Council's Chief Executive estimated minimum
disturbance payments of £28 million (1975 prices) between 1975 and
1999.23 Converting to 1971 prices and an annual basis, this translates
into £811,000 per annum. It is obvious from looking at Table 4.14,
that, in 1982 say, the expenditure of these payments would represent a
significant additional injection to the local economy. Unfortunately
it is not known what the pattern of disbursements would be. This is not
.a problem of non-revelation of data by the parties concerned, but
simply that the Island Council themselves have not yet developed any
detailed strategy’on how the funds should be spent, Current local
thinking seems to suggest that the sums reﬁeived from the oil companies
should be accumulated as capital till the 'post-oil' period, and
only interest receipts on this capital be spent in intervening period.
Of course, as the capital sum grows, these interest receipts themselves
will be substantial. On the pattern of expenditure, whether only
interest or interest plus capital is disbursed, the Island Council have
already stated categorically thatthe funds will not be used to meet
normal rate expenditures, but rather will finance 'development and social
project:s';z4 in particular, it would seem, the funds will be employed
in attempts to protect and develop the non-oil local economy. Once the
pattem of expenditure is known; the Input-Output framework can be used

to estimate its impact on local income and employment.

23, Shetland Times 16/5/75.
24. Shetland Times 6/6/75,
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CHAPTER 6 : Oil-Induced Technological Change in Shetland

Thus far, the analysis has been based on the model:

(%) = (=) 397 (a¥,)

't', the reference time period, has been defined in either theoretical

time terms as 'the period when the facility under consideration is fully
operational' or in real time terms such as 'the year 1982', However

for both gypes‘of analysis, the Leontief inverse matrix was derived froﬁ
the 1971 transactions table, i.e. the technical and trade relationships

;re assumed to remain constant in the 1971 .pattern.- The previous chapter
discussed a number of Qays in which this simplifying assumption might be
modified, e.g. the possibility of trade flows altering as a result of

local supply constraints; however the possibility that the techniques

of production themselves might change betwéen the base and reference periods
was not considered. If such technical change did in fact occur, it could
have important impiications for the estiﬁation of the local impact of oil,
because given (AYt), if

A £ Algqps then (Axt)

(ax
197 2 t)/A

/A, 1971
Of course, technical change between base and reference period may occur for
reasons not related to the local emergence of o0il, and this will affect

the estimates of 0il impact as described above. However, in the present
chapter, the discussion is"restricted to those changes in indigenous
industry techniques directly attributable to local oil activity. Formally,
the discussion concerns a A;971 matrix, i.e. the basic 1971 matrix

mo&ified by oil-induced technical change. No attempt is made presently to

develop a complete A§971 matrix, since this would require a major study

1 . . - .
in itself. While some general comments will be made on the quantification

1. As will become apparent subsequently, the employment/output and capital/
output ratios may also change as a result of technical change.
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Figure 6.1.
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of oil-induced technical change, the primary purpose of this chapter is
to develop a framework for classifying and analysing the processes by
which local oil activity could induce technical change in indigenous

industries.

The framework constructed identifies three broad types of process by

which local technical change may be induced. The framework is intended
to be comprehensive, but the types of érocesses are not mutually exclusive;
i.e. any induced technical change will result from one or more of these
processes at work. The three process are described below in turn, along

"with the estimated operation of each in Shetland.

(A) GCeneral Regional Expansion Processes

These are processes wh?ch affect the choice of indigenous firms

améng<52222 techniques.  Three such processes seem relevant in the
present context: firstly, the emergence of local oil activity may change
the relative prices of factors to indigenous firms, and hence alter the
most profitable factor combination (or itechnique') which these firms can
choose. Thisis demonstrated in Figure 6.1 which is the standard isoquant
&iégram of ;lementary production theory.2 The change in slope of the cosé
lines between AB and A'B', implying an increase in the relative price

of labour, changes the least—cost choice among 'technically efficient‘3

techniques from C to C'.

It is too early in the development of o0il activity in Shetland to analyse
the movement of relative factor prices from historical data, Furthermore,

insufficient data exists on local industries' capital-output ratios to

2. Ref: e.g. Baumol, W.J. (1965).
3. Ref: Brown (1966, p. 9-12).
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permit the total demand for capital caused by local oil activity to be
estimated.A However, given that most investment expenditures by

Shetland firms will be made outside Shetland (see pages 11.718

in markets generally relatively large to their reqﬁirements, it may not
be unreasonable to assume that the real price of capital to local

firms will not be affected by local oil activity.5 On the other hand,

it has been shown that, given the difficulties of moving labour,
particularly on a permanent basis, there is an element of 'localness'

in the labour market:,6 and the preceding chapters have demonstrated clearly
that oil-induced activity could cause a substantial rightward shift of the
demand curve for local labour, particularly since a survey (undertaken

by the author) of the oil opefators in Shetland indicated that they would
hire Shetlanders Qhenever péssible. General concensus among indigenous

firms is that this oil-created demand for labour has led to real increases

in local wage rates.

The above two points taken together suggest that the effect of oil
activity in Shetland on local relative factor prices is to make labour
more expensive relative to capital than it would otherwise be. This

suggests, ceteris paribus, that there will be a tendency to move towards

more capital-intensive techniques among indigenous firms, and
discussion with local industry representatives showed that they were
aware of more capital-intensive techniques which it would be possible for
them to introduce, and had no irrational managerial 'hostility' towards
such techniques. However, in spite of the above analysis, there is

1ittle indication that oil will induce movements towards capital intensive

4. But see chapter 5 pages 148+ for a tentative estimate of induced investment,

5, In effect, it is assumed that the addition of the direct and secondary
capital demands created by oil activity in Shetland will only move the
market demand curve for capital by a trivial amount, or assuming discreet
capital markets, that the secondary capital requirements of indigenous
firms will be trivial additions to their market demand curves.

6. Refs: Mackay, Boddy, etc. al. (1971), Jones (1970).
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techniques, solely by increasing the relative price of labour, in the
short to medium term at least., The fundamental reason for this is

that movement around an isoquant to altemative techniques of production
may not be.as costless as suggested by figuré 6.1. I£ is possible

to elaborate on this by reference to the Shetland knitwear industry, for
which the following reasons were given for making the speedy introduction
of capital-intensive techniques unlikely: (a) the organisational and
technical skills necessary for capital intensive production methods

are not readily available in Shetland, either in the knitwear factories
themselves or in 'backup' servicing industries; (b) The investment
required for extensive mechanisation would be greater than any Shetland
company could afford to undertake. (If the investment is profitable,
this of course reflects imperfections in the capital market.) (c) The
size of the>market for high-quality fashion kni twear (which the Shetland
product is) may be toc small to permit efficient operation of mechanised
techniques. (d) The very important point raised by Salter7 that changing
from an existing technique t6 a new one involves comparing the

operating costs of the former (capital being a sunk cost) with the

operating plus capital costs of the latter.

Hence, it would seem in Shetland at present that any oil-induced increase
in the cost of labour with existing techniques is insufficient to cauée
indigenous ffrms to switch to new capita}-intensive techniques with
possibly higher intermediate costs and certain investment costs. Over
time, however, as existing equipment is scrapped, the new relative price

ratio may influence a change towards more capital intensive replacement

techniques.

There are two other 'regional expansion' effects to be considered, related

to the backward and forward linkages of the o0il industry vithin the

7. Ref: Salter (1966).
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local economy (see pages 53-54 ). Backward linkage effects may change
indigenous techniques in three ways: firstly, new markets may be

opened up for indigenous firms making hitherto unprofitable products

and processes worthwhile. Secondly, changes in the scale of output,

if there are economies of scale, may change the least—cost choice of
technique.8 Thirdly, increase in demand for local industry products
will, as seen in the previous chapter,.lead to induced investment for
expansion of capacity. This investment itself is an important vehicle
for the diffusion of new techniques,9 since new capital generally embodies

the most modern technology.

The extent and pattern of the backwa~a linkages of oil in Shetland has

been thoroughly explored in Fhapter 4, and it is appafent from that

analysis that the major backward 1inkage impacts are in local service
inéustries predominantly. There is some evidence of changes in local
techniques, for one or more of the reasons described above, as a result of
oil-related backward linkages. For example, local Distribution experiences
an increase in demand both through oil operating purchases (primarily
impinging on local wholesaling) and throﬁgh consumption expenditures
of.oil—related employees (primarily affecting local retailers). Considering
the former first; a numﬁer of companies, such as North Sea Marine Rig
Services and the British Oxygen Co., have been established primarily to
provide wholesaling services for the three major areas of local oil activity
discussed in Chapter 4. The 'technique' employed by these firms is

gsomewhat different from local firms in that speed and reliability of delivery
* are of paramount importance, almost irreSpectivg of cost, and their entire
mode of operation is geared towards providing tﬂé former. There are

also suggestions that local wholesalers intend to construct larger

8. This point is, of course, pertlnent to both increases and decreases
of output; so that 'negative' effects of oil may also lead to changes
in local industries' techniques.

9., Ref: Salter (op. cit.).
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storage and warehousing facilities, which will probably reduce the

labour unit per unit of wholesale 'output'.

On the retailing side, pfessures on the supply of services have generally
been met to date by taking up 'slack' within existing organisational
structure. (This itself will affect technical coefficients as discussed
subsequently.) However, it seems probable that eventually chain stores
and supermarkets will be established on the Island which will employ

considerably different techniques of operation from the traditional

corner shop.

Transport facilities have also changed greatly as a result of o0il demands
placed on them. Foremost among these changes is the Sumburgh Airport
development which involved runway extensions and the installation of a
sophisticated instrument navigation facilify, greatly improving the
all-weather landing capability at the Airport. Similar examples

can be found in other local industries such as Quarrying, Construction,

and other service trades.

The final 'expansion' effect to be discussed is related to the creation
of forward linkages locally by oil operators. The Input-Output analysis
of Chapters 4 and 5 assumed that the local oil companies had no local
forward linkages. The reasons for adopting this assumption are given
elsewhere (see pages 85-87 ), aﬁd these remain valid since we are not
abandoning the empirically-derived assumption that the monetary value
of such flows are sufficiegtly small to omit. However, it is'possible
that oil-related companies may be able to provide key materials,
equipment, and services that permit the use of certain techniques in
indigenous industries that were hitherto impracticable because of

the inaccessibility of appropriate 'back up' (e.g. see the foregoing
discussion of the mechanisation of the textile industry), Tﬁe Supply

Bases' main functions are to provide storage and handling facilities, and
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as far as capacity permits, they will, in. the words of one representative
'provide these services to anyone'. The main potential beneficiaries

. in terms of harbourage and handling facilities would obviously seem to
be the local fishing fleet; however, the Fisheries Officer states that,
in general, non-oil related harbour space and hgndling equipment was
suffi cient for the needs of the fishing fleet. The point was also made,
both by the Fisheries Officer and oil industry representatives, that
much of tﬁe oil-related equipment has greater capability than required

by indigenous firms and would generally be inefficient in such uses.

The Sullom Terminal would be able to providé similar‘services to local
industries as the Supply Bases, and the above arguments apply to the
Terminal also. It is»possible, though extremely uncertain, that

gas removed from the oil as it is landed at Sullom might be used as a
fuel source by the local Electricity Board, necessitating extensive

modifications to the plant to the latter.,

Finally, the oil-related wholesalers can, and do, obtain a wide range of

goods for local firms; primarily in areas of working clothing, machine

parts, spares, etc.

In summary, changes in local techniques resulting from the general
regional expansion effects of oil development seem largely restricted

in Shetland at present to those associated with backward linkages. There
are isolated instances of forward-linkage effects, but generally of small
impact, and relative price induced changes would seem more likely to

evolve in the longer term, if at all.

We turn now to the second set of processes which are given the generic

heading of:

(B) Technical Extension Processes

The essence of Technical Extension Processes is that they increase the

perceived range of techniques of indigenous firms. These techniques
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already exist elsewhere in the same industry, but for various reasons
(e.g. communication costs; uncertainty, ignorance, etc.) have not
disseminated to regional firms. Our hypothesis is that the

emergence of oil activity in thé region will aid in diffusing these
techniques; perhaps by providing necessary communication channels or by
themselves demonstrating the viability of the technique and thereby
reducing uncertainty among local firms.lo This can be expressed

diagrammatically as in figure 6.2.

AA represents an isoquant of indigenous industry i's production function
pre local oil activity. For reasons suggested above, local oil
development may either extend the range of techniques available to regional
industry i, such as making techniques represented by AB available, or it
may introduce more technically efficient (i.e. less of capital and

labour can be used) methods, such as represented by CED. The latter

is diagrammatically identical to the representation of technological

change; however, it is not industry i's technology which has changed,

only that regional firms have moved nearer their industry's technological

frontier.

Whether expansion of the possible range of techniques available to
indigénous firms will result in actual adoption of new techniques depends
on relative factor prices. For example, if the price line is YY, then
technical extension along CED will lead to new least—cost techni.ques,11

while extension along AB will not.

It is impossible at this time to identify any instances of oil-induced

technical change in indigenous Shetland industry through 'technical

10. Ref: Quinn (1%%) mentions the importance of geographical proximity
in transferring technology from me':zinational Ejterprises.

11. Of course, the availability of superficially lower cost techniques
does not, as discussed previously, necessarily lead to their adoption.



168

extension' processes. This is not particularly surprising since oil
development is a recent occurence in Shetland, and information on
industry best-practice techniques could, at best, only be available
over 2-3 years. Various studie:s12 have indicated that information on
techniques precedes adoption of such techniques by a time lag which is
variable but usually measured in years. Since information diffusion is
an essential prerequisite to technical diffusion, it is pertinent at

the present time to examine the extent and direction of information
flows between the new o0il industry and the indigenous economy to try

to estimate the potential for technical change through technical

extension processes.

Technical information can be disseminated throughout the economy in two
ways: (i) through the movement of such information itself (ii) through

the movement of persons or goods in whom such information is embodied.

Considering each of these in turn, firstly the movement of technical
jnformation from the oil industry to indigenous Shetland industry, which the
survey showed to be taking place in a number of ways. Technical journals,
which were found to be important intra oil industry transmitters of .
information,l4 were considerably less important in inter-industry

transfers of information from oil to indigenous firms. This is because
different industrialists generally subscribe to different sub-sets of
journals, and few journals cover inter—iﬁdustry grounds, The Island
newspaper (The Shetland Times), and other local media, were regarded as
useful information channels on oil by local firms, and vice-versa.
Advertising and special features such as the Norscot supplement in 1975

or the recent '0il News' supplement are the main communication vehicles

12. Ref: Hakinson (1974) p. 73, Geblart & Hatzold (1974) pp. 37-38.

13. The flow of information itself could also create possibilities of local
- technological change which is discussed in the subsequent section.
Hence the discussion in the text has relevance in that section also,

14, This agrees with the findings of Hakason (op. cit. page 71) on the
importance of jourmals as information channels.
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in this medium.

Public meetings and conferences on oil topics are another source of
.information for local companies. Public meetings are held at intervals
on numerous aspects of oil development,15 and a numher of local companies
are represented at the Offshore Europe Conferente in Aberdeen (last

held in 1975). The latter seems to have been fairly well received by
those involved, but a survey of local businessmen suggested that in
general, the information provided at these f&rmalised gatherings is too
superficial or irrelevant to be especially useful to them. Many repoéted
that informal contacts with oilmen proved a'more useful communication

channel.

Al

Official or semi-official industry representation seems, for some Shetland
industries, to have established fairly close contact with the local oil
companies on specific issues. For example, the Fisheries Officer liases
between the fishermen and oil operatoré, and reports that a great deal

of formal and informal discussion takes place between these groups on
topics such as the condition of the seabed, pipeline routing, damage

to fishing gear, pollution, etc. Other local industries seemed to find
the local Chamber of Commerce a useful communication channel. Indeed,
many respondents in indigenous and oil-related firms stated that the
Chamber was EEE single best source of information on oil for the local
community and vice-versa. In this respect, the Chamber seems to be
filling the role of 'technological gatekeeper'l6 within Shetland.
Discussion with the Chairman revealed that the development of the Chamber
aé an information exchanée between o0il and the local community is a

deliberate policy being actively pursued and extended.

15. A recent example (December 1975) is the public talk by T. Buyers of
B.P. on the oil-related opportunities for the local business
community.

16. Ref: Allen (1971).
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Turning now to the transmission of 'embodied' technical information
in persons or goods, the potential for the latter is determined largely
by the extent aﬁd type of backward and forward linkages, which were
discussed earlier; and it is evident from previous discussion of these
that the goods and services Bought and sold among local industries
by oil-related firmé will not generally have a high technological content,
or, more relevantly, will not have a different technological content
from goods bought from and sold to loc;1 firms by other sources.
One Base manager described the goods/technology relationship as follows:

"We purchase 80%17 of our requirements in Sheﬁland,

but the other 207 is the. high technology end. Our

local purchases are predominantly bulk, low technology."
It seems probable.therefore that little technical chaﬁge will be induced
in Shetland industry as a reéult of product technical characteristics
reéuired, or supplied, by the local oil industry as long as trading

patterns between the two business communities remain as they are at present,

The transfer of technical know-how embodied in skilled personnel is
recognised to be extremely effective,18 and can be considered in two
gstages: firstly, the level and types of skills imparted by the oil
companies to their employees and secondly the degree of inter-industry

mobility of these employees.

0il operators in Shetland characterised their overall labour requirement
as 'unskilled'. However, within this generalisation, there are various
areas where skilis are required, and the oil comp&nies seem prepared to
offer appropriate training in these skills. Some of the skill areas
mentioned include welding, turning, heavy crane operation, heavy goods

vehicle driving; . and, on the management side, courses in personnel

17. This proportion seems high in view of the discussion of Chapter 4, but
it includes the value of goods bought through local distribution, whereas
the Input-Output analysis included only the local distribution margin
of these. :

18.. Ref: Doctors (1969).
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management, supervisory training, etc. Much of the training, of course,
involves extending workers' existing skills rather than teaching them

entirely new ones.

As discussed in Chapter 5, the magnitude and direction of inter-industry
labour flows is difficult to estimate at present. There is some
evidence of small-scale two-way flows between the oil industry and the
Fishing and Fish Processing industries, but it is not known if these
workers ‘returning to indigenous firms have enhanced skill levels or not.
There is, in fact, some tendency for the better qualified and more
successful Shetlander hired by oil-related companies to be retained within

the company and moved to another area when required.19

Given this, and also the fact that many of the most highly skilled jobs
are filled by intra-company transfers iggg-Shetland, or by recruitment

of non-Shetlanders on an (at best) semi-permanent basis, it seems unlikely
that movement of skilled personnel from oil-related to indigenous firms
will be a major source of teéhnical change in the latter in the short to
medium term. In the longer term (perhaps twenty-five to thirty years),
as the oil industry begins to decline permanently in Shetland, skilled and
semi-skilled workers, especially native Shetlanders, may seek employment
in other local industries. It is impossible to predict whether there
will be local demand for these workers at the appropriate time, and

whether their oil-learned skills will prove useful in indigenous firms.

The third group of processes inducing local changes in techniques is

given the family title of Technology Enlargement Processes (C). The General

Regional Expansion and Technical Extension processes discussed above share

the common factor that, though they may lead to the adoption of techniques

19. . The implications of this trend are further discussed in the subsequent
section.
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'new' to the regional firm, the techniques which they do cause to be

adopted are already fully-articulated within industrial processes essentially
similar to those of the adopter. Crudely, they cause "diffusion" of
techniques. Technology Enlargement Prbcesses, onlthe other hand,

enlarge the range of techniques available on an industry-wide basis,

i.e. they create techniques which are entirely new. These processes

would involve "innovation" and "invention'". The regional firm is

faced with an expanded feasible technical set through the introduction of
entirely new techniques, and again may choose to re-select their most

appropriate method.

At the time of survey (March 1976), no significant instances of 'spin-off'
20 . o .
or 'technology transfer'™ from oil to indigenous industries,was noted, i.e. no

new indigenous techniques seem to have been created by adaptimy oil

technology. In some wa&s this is not surprising since the comments made
before on the time lag between the introduction of technical information in
an environment and its subsequent adoption and adaption have even more force
in the case of entirely new technological developments. Hence, it may

be some years before actual spin-off tecﬁnologies begin to emerge. However,
evén allowing for this, the general prospects for transfer of oil

technology to local industrial uses do not secem encouraging, since many

of the 'ingredients' required for such transfer appear to be absent

in the Shetland situation.

For example, few oil-related staff in Shetland have sufficient knowledge
or authority to undertake strategic decisions onnew product and process

developments of their own volition. 1In any event, as discussed previously,

20. For a definitional discussion of these and other items, see Fischer &
Mc Nicoll (forthcoming). It is sufficient to note here that definitional
debate in this area is confusing and contradictory and embroilment -
in it would serve no purpose in the present context,
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personnel of this type exhibit a high degree of intra-industry mobility;

so that their expertise is unlikely to become available to Shetland

firms evenvif they are transitorily Shetland pased. However, it might pe
possible for some imaginative entrepreneurs, particularly native

Shetlanders working for oil companies (of which there are a number in
reasonably senior positions), to recognise potentially profitable new products
or processes within the local industrial framework, and move to companies

(or even set up their own companies) where these can be exploited.

The aforementioned tendency of movgment of talented Shetlanders from the
Islands within the oil companies would tend to mitigate against this

however.

Furthermore, industrial Research and Development which could both create

new techniques and ease their adoption, is_l#rgely absent in Shetland in both
the oil-related and non-oil relatea sectors. Local Government R & D

exists in the form of the Island Council's R & D Department, as well as
various specific research functions carried out by the Fisheries Office,

the Department of Agriculture, etc. Thefe is no evidence that any of

these bodies are currently exploring the possibility of spin-off of

oil technology in any depth.

In summary, the possibilities of oil-induced technical change among indigenous
Shetland firms seem limited. The most likely types of change will result
from 'general regional expansion' effects, particularly in the elimination

of 'xr-inefficie_ncy'21 and through economies of scale. Techni?al extension
and technology expansion as defined above seem unlikely to have a major

local impact, particularly in the short to medium term, given the empirical
evidence on the slow nature of the development and diffusion of change

of this type. This is generally encouraging for the assumption of

'no technological change' implicit in thé Input-Output analysis, and

suggests that the A§971 matrix may not be too dissimilar to the basic

21, This occurs when factors are employed at less than maximum technical
efficiency. See Leibenstein (1966).
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A1971 matrix. In other words, a potentially important source of
error in the es;imated impact of oil may not in fact be very serious.
However, we wish to conclude by considering briefly the possible changes

in the impact estimates resulting from those technical changes which

are thought probable.

Movement towards capital intensive techniques, more efficient use of factors,
economies of scale, and technological change (i.e. less of all factors

to produée a given output) all may be induced to a greater or lesser
extent by oil developments, and suggest, in aggregate, that in indigenous
_industries labour input per unit of output may decline. This will
obviously have repercussions on the employment-generation of oil,

but the difficulty is in megsuring its magnitude. A‘detailed analysis
of this is beyond the scope of the present study, but from the individual
returns gathered for construction of the Input-Output table it is at
least possible to identify employment/output coefficients for different
firms and hence acquire a range of industry coefficients which are

known to be technically feasible within Shetland, and it might be

assumed that the oil-induced forces mentioned above would tend to

drive the various employment/output coefficients towards the industry
minimum.22 Table 6.1 sﬁows the 1971 average and minimum employment

coefficients for those industries where appropriate data is available.

Table 6.1. Industry Employment/Output Coefficients

Industry Average FTE/£000 Minimum
Agriculture 0.511 0.307
Fish Processing 0.141 0.023*
Textiles 0.380 0.206
Construction 0.240 0.187
Transport 0.264 0.184%
Distribution ~0.562 ' 0.389
Other Services 0.237 . 0.219%

22. The possibility of oil creating new indﬁstry minimums by expanding
" available techniques is ignored since, as is apparent from the preceding
discussion, it is likely to be relatively unimportant,
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The figures in Table 6.1 must be treated with the greatest caution:

the samples in every case are so small that no statistical significance
can be attached to any coefficient differences; errors in measurement

are probable; and in some industries, the range of firms included is

so heterogeneous that the minimum employment coefficient may be for an
‘outsider' firm type. The coefficients asterisked are those where this
1is most probable. However, the figurgs do agree with the findings of
other823 that 'best-practice' coefficients can differ substantially

from the industry average, in this case being generally 60-707 of the
average. If oil pressures caused the industry minimums of 1971 to be the
.industry averages of 1982, and if no other coefficients change, then the
secondary employment created by oil would be 20024 less than estimated

in TableA4.16. if.gll local industry employment/output coefficients were
reduced to 707 of the 1971 level, secondary 0il employment would be
approximately 50024 less than estimated in table 4.16, reducing the overall
0il employment multiplier from 2.17 to 1.79. It is, however, most
unlikely that changes in estimates of this magnitude will occur, for a
number of reasons: firstly, it may be excessively costly for indigenous
firms to move to minimum-labour techniques (indeed these may not be
profitable at all). Secondly, oil pressures to reduce labour input will
not be exerted equaliy among local industries and in no instance might

be sufficiently strong to drive the coefficients all the way to the
minimum, particﬁlarly over a comparatively short period. Thirdly, it
was suggested above (page 162 ) that techniques reducing labour inputs

) . . . . 25 .
may simultaneously increase intermediate inputs, - Ceteris paribus,

23. E.g. Salter (op. cit.) and Mansfield (1968).

24, ‘Low’ estimates. In fact, if this structural change did occur, the
repercussions on the non-oil industrial economy would also have to
be allowed for (i.e. the B(Y*)t element of equation (49), chapter 4,

page 82 ), leading to an even greater reduction in estimated net oil-~
created employment.

25. <Carter's (1970) analysis also suggests this,
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this will tend to increase every bij of the leontief inverse, i.e. the
total change in output of industry i associated with a unit change in
sales to Final Demand by industry j will increase. Since the total
employment in industry i genera;ed by a unit Final Demand vector is
.given by eizbij’ simultaneous decreases in e, and increases in bij's will
tend to be ;artially offsetting in total. Hence, while some reduction
in local employmenc/production coefficents is likely, it is improbable

that the reduction in estimated oil employment generation would be as

large as suggested above.
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CHAPTER 7 : Summary and Conclusions

‘This chapter reviews the objectives of the thesis and the extent to
which they have been realised in practise. The main énpirical findings
are summarised and some possible implications of them discussed
subsequently. Desirable attributes and limitations of Input-Output
methodlogy in impact forecasting became apparent during this study,

and these are discussed where appropriate.

1. Objectives of Thesis |

The primary objective of the thesis was to analyse the impact of oil

developments on certain important economic variables in Shetland.

As the study progressed, this objective took on a more precise formulation.
In particular, two important decisions on the scope of research were made

at an early stage: firstly, the local economic variables analysed in detail
were restricted largely to incomes, employment, and output. Some type of"
selection was indicated by early evidence that oil impact in Shetland
pervaded many areas that could broadly be termed 'economic', and it became
apparent that insufficient resources would be available to study them all

in any depth.1 The approach adopted, therefore, reflected a positive
decision to measure certain aspects of oil impact as thoroughly as possible
rather than analyse a broader spectrum of areas of impact more superficially.
The areas of economic impact selected for detailed study reflect their
importance to the region, and, to a lesser extent, their compatibility with
available impact methodologies. This interdependence of theory and practice,

implicit in all applied research, is discussed further below.

’

1. For example, it was obvious at the outset that oil developments would
affect, in addition to the variables mentioned in the text, others such
as the absolute level of prices, local income distribution and
developments of labour skills as well as many socio-cultural and
environmental variables which could have economic repercussions.

Some of these were touched on in Chapters 5 and 6,



178

The second decision made was to concentrate on the study of indigenous
industries and the non-oil economy, i.é. the oil industry in Shetland

" would not in itself be considered in greater detail necessary than
required to assess its impact on local industries. This treatment of the
0il industry is justified on 'opportunity cost of resources' grounds:

the nature and extent of oil developments themselves in Shetland had been
discussed‘in detail in a variety of consultative documents and plans,

and further résearch in this area seemed wastefully duplicative. The
'resultant changes in the indigenous economy, on the other hand, had beén
superficially analysed in these documents, and further careful research

seemed merited.

Given that the primary aim of the thesis was to provide estimates of oil
impact on certain areas of the local economy, it seemed desi;able that
these estimates should, as far as possible, possess certain attributes:
firstly, it was felt the various estimates of impact should be on as
disaggregate a basis as possible. This was because early survey work
indicated that inter-industry differences in impact were likely to be
considerable, and it would greatly reduce the policy usefulness of the
study if these differences were concealed in aggregate impact estimates.
The empirical results of the study, presented at approximately SIC
level, confirmed the desirability of disaggregating the estimates of

impact. These results are discussed further below.

Secondly, since oil developments in Shetland were‘in their infancy at
the outset of the project, the aim had to be to forecast their impact
on the local economy when they had '‘matured'. Defining 'maturity' in
this sense proved by no means simple as is discussed subsequently, but
at present it is the implications of the ex ante nature of the study
which must be considered. Most impact s;udies in the literature have

been ex post i.e. they have estimated the regional effects of a
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new development after it has reached 'maturity' (defined in a variety of
ways) within the locality. This approach, where possible, permits,

at least ideally, absolute accuracy in impact measurement. Resources
can therefore be employed intensively in data collection and model
development in the knowledge that succeeding estimates can be made more
and more accurate until the single 'correct' answer emerges. The
forecasting ngture of the present studx, while not precluding refinement
of individual impact estimates, seemed to require a change in emphasis,
The essential difference in an impact forecasting exercise is that,
assuming the future cannot be known with certainty, it becomes impossible
Ato measure the local effects of the new industrial development with 1007
accuracy. This realisation suggested (a) that the study should provide
a range of alternafive forecasts encompassing the 'most likely' estimates
and (b) that the study should take place within a framework which could
incorporate new empirical material as it emerged in the course of the

oil industry's development.

As suggested earlier, the main aims of the thesis were empirical and the
selection of an appropriate methodology wﬁs a consequence of these.

It'would be wrong, however, to overemphasise this hierarchi;al structure:
in fact, the empirical aims were themselves mbdified in the knowledge

of the capabilities of alternative impact methodologies. Comparison

of various possible frameworks within which the impact study could be made
(including Keynesian Mutliplier, Economic Base, and Input-Output) suggested
that, while not ideal in all respects as discussed later, Input-Output

had a number of features which made it attractive in the present context:
firétly it provided impact estimates at detailed individual industry

level; indeed, in practice, the level of detail would be largely
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determined by available resources. Secondly, in spite of its
seemingly rigid assumptions, this model offered the desired ability

to incorporate new empirical data as it became available, and, indeed
the basic assumptions themselves seemed to be modifiable if required.
Finally, this framework seemed particularly atractive in a technological-
economics study, since its industry coefficients reflect industry
technology and this characteristic made it possible to analyse the way
in which the interaction of oil and local technologies (as reflected
in the respective industry coefficient columns) caused changes in
Shetland incomes, employment and output. Furthermore, it made it
possible to suggest ways in which o0il developments migh® induce changes
in indigenous Shetland technology, and analyse the quantitative effects

of such changes via a suitably modi fied coefficients matrix.

Giveﬁ the empirical aims of the study, and the preliminaryvgeiection

of an Input-Output framework to attain these aims, the theoretical
objectives of the study became (a) to test the usefulness of the
Input-Output model in an applied exercise of this nature (b) to

explore the possibilities of modifying the basic Input-Output assumptions
where they seem unrealistic in Shetland, and assess the extent to

which the empirical impact estimates are altered by such modi fications.
The extent to which these and the other objectives discussed above

were realised is considered subsequently.
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2. Main Results of the Thesis

In Chapter 1, the analysis of employment and population developments

in the decade immediately prior to oil activities indicated that this
period, particularly between 1966-71 was one of local prosperity.
Unemp loyment declined continuously over this period, and over 1966-71
" there was net immigration of population. This latter reversed a long-
run trend of net emigration. Industry employment statistics suggested
that the traditional mainstays of the Shetland economy, Agriculture,
Fishing, Fish Processing, and Textiles, were responsible for this
prosperity, though confirmation of this had to await‘the Input-Output
.analysis of Chapter 3. The detailed structure of the immediate pre-oil
Shetland economy is discussed below, but the indications of local pros-
perity at that time made in Chapter 1 had potentially important implications
for the impact of oil on the local economy; firstly, it suggested that,
if the '‘non-oil' economy repained buoyant during the period of oil
activity, competition for local resources, particularly for labour,

might become intense. This possibility was explored in various parts

of the thesis, especially in Chapter 5, but resource constraint precluded
a detailed analysis of the effects of oil developments on local factor
markets and this caused some difficulties throughout the study.
Unquestionably, a study of oil-induced factor movements and changes in
factor prices, itself a major exercise, would be highly complementary

to the present work. Secondly, and as it has emerged, more importantly,
the prosperity of the economy gaﬁe local politicians and officials

thé justification and confidence to negotiate very favourable terms

for the Shetland community with the incoming oil companies. Some of the

details of these agrcements are given in section 3 of Chapter 4.

Chapter 2 outlined the basic elements of Input-Output theory, concentrating
primarily on those utilized in the subsequent applied analysis. A brief
comparison between Input-Output and other forms of impact analysis was

also made in this chapter.
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Chapter 3 described the results of an Input-Output table of Shetland
for the year 1971 constructed by the author for the purposes of
analysing oil impact. This table (Table 3.1) was useful not only

in providing a detailed picture of the immediately pre-oil local
economy, but also in providing empirical values fof the local structural
coefficients matrix (Table 3.6) necessary for an Input-Output analysis
of oil impact. Some of the more important results of Chapter 3 were as
follows: .

(i) At a purely descriptive level, the Input-Output table provided
estimates of many important elements of Shetland's fegional accounts.

. Among these was an estimate of Gross Regional Product for Shetland for
1971 of £12.5 million or £725 per capita. This was considerably

lower than the eqﬁivalent U.K, figure of £1024., ©Possible reasons for
this seemed to be Shetland's specialisatién in nationally-low labour |
productivity industries, and its higher-than-national proportion of
dependent population, among others. Total income receipts of households
in Shetland for 1971 were estimated at £10 million, or £34.7 per
household per week. Again, this was lower than the U.K. equivalent of
'£38.5, but was comparable with Scotland's £34.6. Finally, it was
possible to estimate a Balance of Trade deficit for Shetland in 1971

of £1 million, given Exports at £8.9 million and Imports at £9.9
million. This figure is less reliable than most of the others,

however, because of the difficulties of estimating 'invisible' trade

items.

(ii) The analytical properties of the Input-Output system were considered
iﬁ the context of the Shetland table. In particular, the difference
between 'direct'.and 'total' (i.e. airect élus secondary) impacts of
exogenous changes in local Final Demands was explained, and the related
concept of industry 'multipliers' developed. A distinction between

fype I and Type II multiplier effects was drawn based on the latter's

inclusion of household consumption-income interrelationships. Given their
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inclusion of a greater number of secondary repercussions, the latter

are generally larger for any given industry than the former. This

is demonstrated quite clearly below.where the Type I and Type II multipliers
found for agriculture are reproduced: |

Agriculture Multipliers2

Type I Type II
Output 1.33 2.35

Income 1.26 1.46

Sixteen Shetland industries including households, were identified
separately and multipliers derived for each. The industries individually
included were chosen either because of their importance to the pre-oil
| Shetland economy or because it was anticipated that they would play an
important role in oil development. The multipliers derived varied
widely from induséry to indﬁstry: Type II-output multipliers ranged
between 1.47 (utilities) to 2.90 (local government), income multipliers
between 1.22 (ship repair) to 5.66 (local government), and employment
multipliers between 1.19 (distribution) and 3.08 (local government).

The inter—industry differences in multiplier values justify the detailed
approach of Input-Output, since they would be concealed by some

aggregate regional multiplier.

The industry multipliers derived in Chapter 3 provide an essential tool
for the subsequent analysis of oil impact. However, they are also of
interest in revealing the structure of the local economy, For example,
the larger the industry multiplier values, the greater the extent of

local interdependence ceteris paribus. Industry multipliers in Shetland

were generally significantly higher than unity indicating a significant
degree of local industrial interdependence, perhaps surprisingly in a

gmall region. To some extent the large multiplier values reflect .the

2; Only Type II employment multipliers were derived.
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fairly aggregate nature of the table, and more importantly the
inclusion of essentially non-industrial activities such as Households
- and Local Government in the intermediate sector, however local
interrelationships do seem to be important in the Shetland economy
and the ability of the Input-Output model to allow for these in the
estimation of impact is a particularly desirable characteristic in

the circumstances.

The final type of result derived in Chapter 3 employed the multiplier .
‘concept, in conjunction with known Final Demands for 1971, to calculat;

the ultimate external sources of local inco&e and eﬁployment in that

year. The findings indicated that exporting activities generated the
largest proportions of income and employment (39% and 497 respectively), but
Central Government payments were also important, creating 36% of income and
287 of employment. A surprising finding, which had implicétions for

the local impact of oil, was that tourism was a relatively insignificant

activity in Shetland, creating only 37 of income and 2% of employment.

Using the empirical Input-Output framework developed in Chapter 3,

Chapter 4 presented the estimates of local impact of oil developments within
Shetland. The analysis of this chapter was a fairly straightfoward
jmplementation of Input-Output impa;t methodology, though the forecasting

pature of this particular exercise required a few adaptations, discussed

in the text (pages$0.8&)

Thrce major areas of ¢il activity were separately identified, and their
impact analysed. These were: 0il Supply Bases, the Sullom Voe Terminal
Complex, and Oil-Related Construction. These three activities give
essentially comprehensive coverage of the direct oilvdevélopments which
have arisen in Shetland. Other developments in transport, distribution,
etc., are regarded as secondary repercussions of these. While it is

possible to become involved in terminological wrangles over what is, or
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is not, a 'direct' oil activity, the definition adopted in the present
study is useful and sensible in that there are no further forward
. local oil linkages beyond the Supply Bases and Tanker Terminal.
The inclusion of the construction of Supply Bases and the Terminal as
a major separate area of oil activity in its own right and the assumption
that it will generate secondary impact in the region, would not be
justified if construction was expected to be a short-term activity.
However, és discussed in Chapter 4, oil-related construction is expected
to be a significant activity within Shetland for many years and therzfore
'it must be presumed that it will create indirect and induced local
repercussions. This.characteristic of oil-related construction, i.e.
sufficiently long-term to create local repercussions, but nonetheless

essentially impermanent, has important policy implications which are

discussed subsequently.

For reasons discussed in the text, gheAbest forecasts were obtainable

by considering each direct oil-activity at its fully-operational

level. Unfortunately, since in reality the three oil sectors reach
full operation at different periods, the 'fully-operational' impact of
each on the local economy had to be estimated in isolation. Analysed
in this way, the three areas of direct oil development were forecast to
have the following impacts on the regional economy: (a) O0il Supply
Bases, at the peak of their operations, are expected to spend £0.6-£0.9 mi ] 1ioryy
in Shetland (1971 prices). This expenditure could create a total of
350-500 jobs in the region and add £0.6-£0.9 million to local bages

and salaries (b) The fully-operational Sullom Voe complex is estimated
to spend £2.3-£3.3 million per annum locally. The complex could create
employment of 1300-1900 jobs, and incomg of £1.8-£2.5 miiiion per‘annum
(c) Oil—relatcd construction, in an 'average' year, could create £4.0

million in wages and salaries and generate employment for 1800 persons

full-time,
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Much of the income and employment created by these oil activities

will, of course, be internal i.e. will be generated within these sectors
themselves. For example, the breakdown between direct and secondary
employment was estimated to be 63% direct/37% secbﬁdary for Supply
Bases, 267 direct/74% secondary for the Sullom Voe terminal, and

59% direct/417 secondary for Oil-related Construction. These statistics
indicate that for Supply Bases and Con§truction work, the greater
proportiaon of employment created by them will be within those activities.
In the case of the Sullom Voe complex, on the other hand, employment
generation will be largely secondary, reflecting the‘diffetent characteristics
. of this activity (see pages 106-107 ). These differences in

importance of direct and secondary impaqts are reflected in the values
of the derived muitipliers for each activity, since by definition
relatively greater secondary effects will iead to higher multipliers.

Type II Income and employment multipliers were estimated to be:

Income Multiplier3 | Employment Multiplier3

Supply Bases 1.36 1.59
Sullom Voe Complex 2.63 3. 89

0il Construction 1.30 ' 1.70

As discussed above, the multiplier values for the Sullom Terminal are
consistently higher than those of other oil activities, but all three
sectors' multipliers are relatively high compared with those of local
jndustries given in Chapter 3. (For example, the employment multipliers
given above rank respectively 6th, lst, and 4th, compared with sixteen
indigenous industries.) It is important, however, to be aware that all
this says is that, relative to direct local effects, oil industries'
secondary local effects are more substantial than those of most indigenous
industries. This in itself.is interesting, but it would be an over—

simplification to infer from this that, in their brief period on the

3. Mean of estimates in Table 4.21.
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islands, oil companies had become more ‘integrated' into the Shetland
economy than firms who had been there for many years. Apart from
© general problems in interpreting multipliers in this way, in the

present context the local versus oil industry comparison depends critically

on whether account is taken of direct leakages or not.,

The above multipliers tend to hide the important finding made in Chapter 4
that the o0il sectors in Shetland have very high direct leakage factors:
well over 80p of every £1 expenditure by each of these activities wi%l
be spent on direct imports, and hence have no repercussions on the

local ec:onom},'.ll Ignoring this expenditure.on imported goods inevitably
tends to overestimate the relative local interactions of the oil industries.
For exanple, consider the total (i.e. local plus direct import) expenditure
required by each industry to generate one local job. For local industries
this ranges between £1300-£5600; on the other hand, for Supply Bases

the total expenditure required is £11,900 and the other oil activities'
required expenditures are also much higher than any indigenous industrice.
Hence, it is important to be aware of whether 'local' or 'total' oil
expenditure is used as the basis of calculation, though, of course, if the

relevant direct import coefficient is known, the transition from one

base to the other is relatively simple.

Turning now to the individual industry breakdown of secondary oil impact,
it was found that the effects of oil developments differed widely among

local industries. A summary of results is given below:

4. In contrast, the highest direct import coefficient for any indigenous
Shetland industry is 0.60 (Construction).
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% of Total Secondary Employment created by

Local Sector Supply Bases Sullom Terminal 0il Construction
Primary 5.3 2.4 23.9
Manufacturing 3.1 1.4 4.5
Construction 3.5 ©10.0 : 13.3
Services 88.1 86.2 ‘ 58.3

These figures clearly demonstrate the inter—industry differences in
local impact generated by the oil activities. It is also clear that
the major impact of each oil activity occurs primarily in the local
service sector, particularly in the cases of the Supply Bases and the
Sullom Terminal. The relative lack of oil-stimulation to local
manufacturing is also quite clearly illustrated, and some of the

implications of this are discussed further below.

The above discussion has summarised some of the most important results
de;ived from analysing the local impact of each oil sector in isolatién.
In reality, however, all three activities will be operational
simultaneously, at least in the medium term, and the actual impact

on the Shetland economy will be some weighted combination of the

three individual impacts.

ﬁajor, if ﬁot insoluble, problems were encountered in (a) estimating

the level of activity in each oil sector at any given point in the

calendar time and (b) deriving expenditure functions for non-fully
operational oil activities, but it was felt important that some attempt
éhould be made to estimate the combined impact of the various oil sectors
on the local economy, and therefore, based on a number of highly simplifying
as;umptions discussed in the text, a forecast of estimated oil impact

in Shetland in the year 1982 was derived, The results obtained are at

best suggestive qf how overall oil impact may develop in Shetland in the

future, but are none the less interesting for that.

The 1982 forecast suggested that, in that year, oil activities might

spend £4.4-£5.6 million locally, generating £3.1-£4,1 million in housechold
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incomes, and 3000-3800 job opportunities. - Sdmewhat less than half of
the income and employment created was expected to be direct (i.e. wichin
0il activities themselves), yielding respective multipliers greater than
2.0 for 'aggregate' oil activify. Already by 1982, the Sullom Voe
Terminal will be the largest single oil sector in the region, and in the
longer term, as the other oil activities decline, the total impact of
0il will more and more reflect its impact. These figures, unless
grossly.in error, demonstrate clearly the magnitude of the effects

of 0il developments on the Shetland economy: estimated Final Demand
for oil alone in 1982 is approximately 30% of all Final Demand in
Shetland in pre-oil 1971. Similarly, oil-created wages and salaries
could be 30-40% of 1971 total household incomes, and oil-induced
employment opportunities could, by 1982, be 40-50Z of all employment in

Shetland in 1971.

This very substantial aggregate impact will not be distributed equally
among local industries, just as the impact of individual oil activities
was not. The industrial sector breakdown of oil-created employment in
1982 is estimated to be: Primary 4.27 of total; Manufacturing 1.1%, -
Construction 5.7%, Services 45.2% and the Oil industry itself 43.8%.
Again it is clear that the major local impact will occur in Service
industries; .indeed, the figures suggest that oil activities may generate more
secondary employees in local services than they employ themselves.

Other industries, such as Quarrying and Construction, will, ceteris
paribus, expand considerably over their 1971 levels, but induséries

such as Fishing, Fish Processing, Agriculture and Textiles, which as
discussed above were the foundation of the pre-oil Shetland cconomy, are
not expected to receive any stimulus'from oil developments in the region,

at least in terme of the variables considered in this analysis.
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The foregoing discussion summarises the maiﬂ findings of the detailed
Input-Output study of oil impact on the Shetland economy, and it is
- possible to make a preliﬁiﬁary assessment of the usefulness of Input-Out-
put methodology in permitting the stated objectives of the work to

be realised.

It would seem at this stage that such an assessment must be favourable:
the methodology provided estimates of the impact of oil on a number of

key economic variables5 which were both comprehensive and detailed.

These were felt to be necessary attributes of the chosen framework,

*

and this was justified by the results which demonstrate clearly the
considerable differences in individual industry impacts,-and the importance
of inclusion of all secondary impact effects. Furthermore, the
generation of alternative impact forecasts proved quite straightforward,

as did the incorporation of new oil data as it emerged. Thé latter
capability proved especially useful since data on oil activities was being
obtained until a very late stage of the study. The ability to present
the results in alternative formulations of multipliers, etc. was an

additional benefit which helped in their interpretation.

While the analysis of Chapter 4 demonstrated the usefulness of Input-
Output in this type of study in many respects, it was essentially an
application of basic Input-Output methodology , and the validity of the
rgsults derived by this dépend on whether the assumptions on which

the analysis is premissed are realised in practice. In other words,
Chapter 4 showed that Input-Output could generate empirical results of

the type desired, but these results might be grossly inaccurate if

5. Indeed, given suitable data, the impact of oil on others, such as
capital accumulation and pollution, could have been estimated within
" the Input-Output framework.
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assumptions of the madel were violated. -The assumptions of the
basic Input-Output analysis were discussed in various parts of
" Chapters 2, 3 and 4, and need not be re-iterated here. However,
it was felt that, in the present study, some modifications to the
basic framework employed in the analysis of Chapter 4 would improve
the accuracy qf the impact estimates. It was also felt that the
attemp ted incorporation of such modifications would provide a useful

test of the flexibility or otherwise of Input-Output.

No attempt was made to provide a comprehensive review of all Input-
Output assumptions. Rather, a limited numLer of médifications, which
seemed particularly appropriate in the present context, were considered.
Specifically, in Chapter 5 the following amendments to the basic model
were discussed: (i) the incorporation of 'megative multiplier' effects
(ii) allowance for interaction between oil Final Demand and.other Final
Demand elements (iii) incorporation of local supply constraints.
A_fourth amendment, the possibility of oil-induced changes in local
technology, was considered in detail in Chapter 6 and is discussed

separately below.

Considering amendments (ii) and (iii), their inclusion in the Input-
Output model does not seem particularly difficult at the theoretical
level, and it is surprising that they have not generally been included

in previous Input-Output impact studies, especially since, as

discussed below, they may significantly alter empirical impact estimates.
Amendment (i) on negative impact, on the other hand, is rather awkward

to handle thecoretically: the basic model, as discussed in the text, dces
not permit of negative effects, and their incorporation at an abstract
level can cause problems. A major difficulty is that many of the negative
impact effects may arise from resource competition in factor markets, i.e,
because of supply conditions, and the Inﬁut—Output model is essentially

demand-orientated; so that supply-induced reductions in local activities
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have to be re~interpreted in terms of sales reductious, etc. Another
problem is that the use of negative coefficients in the transactions matrix
(i.e. industry a's sales go dowq by a specified amount for every unit

of expenditure by industry b) seems unsatisfactory since assumed constancy
of this type of coefficient seems unjustified. The most satisfactory
solution may be to utilize the iterative Input-Output formulat.ion,6 and

make necessary adjustments in some or all of the ‘rounds' as appropriate.

g 4

Empirically, insufficient resources were available in the Shetland study
to wholly integrate the suggested modifications into the empirical
analysis. However, some attempt was made to estimate the probable direction

and magnitude of each effect, though the results obtained were highly

tentative.

In spite of these difficulties with data,. the discussion of chapter 5
indicated, in broad outline, the probable importance of each of the afore-
mentioned modifications in the Shetland context. Firstly, negative
impact effects were expected to arise, primrily through the involuntary
loss of labour by indigenous firms to oil-related opportunities. Because
of the hitherto discussed absence of a detailed labour market study, it was
impossible to quantify this loss, but the study suggested it was not
sufficiently substantial to offset more than a small proportion of the
positive imp;ct of o0il developments estipated in Chapter 4, Other negative
factors such as seabed pollution (on a minor scale) and disgwation of
tourists were expected to have very minor impact. Overall, the negative
jmpact of oil in Shetland ﬁight cause a 'loss' of employment of 200-300
jobs, which should be offset agéinst its job creation estimates of

Chapter 4. It is possible, however, that if local industries slumped

for external reasons, that their labour would be permanently lost to

3

6. X = (I +A+ a2+ a3 ... )y
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oil opportunities, in-which case any subséquent 'frustrated' rccovery
should be set as a loss against oil., No estimate of this effect was

"possible.

A number of possible Final Demand interactions were also considered and
their impact estimated: the loss in local unemﬁloyment benefits created
by oil job opportunities should be included as a 'negative' effect, but
in Shetland it.was estimated that the correction required would be
negligible, since the absolute number ofunemployed persons in the regioﬁ
|
is very small. A reduction of perhaps 50-100 in estimated oil-generated
employment would probably be sufficient to ;110w for.this factor.
Another interaction considered was the possibility that the immigrant
increase in population would per se create employment in public sector
jndustries such as health, education, etc.- It was estimated that this
interaction could increase oil-generated employment by as many as 450 jobs
However, for reasons discussgd in the text, this is likely to be an

upper-maximum figure, and a more realistic one might be additional employment of

200-300.

Induced investment was the last Final Demand interaction considered, and
obtaining a quantitative estimate of the importance of its inclusion proved
particularly difficult. In fact, the results seem to indicate clearly

that any effects will be of short duration, and of a minor nature given the

high direct leakages from investmenc expenditures. Employment estimates mightb.
increasedbyzasmallnumﬁérof 'semi-permanent' jobs by the inclusion of

jnduced investment effects, though even these would disappear in the

~

medium to long-term.

The final modification to the basic model considered was the possibility
that local supply would be unable to rise sufficiently to meet oil-
jnduced demands, in which case requirements will have to be satisfied

by imports or demands reduced. In either case, the estimates of local
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impact of Chapter 4, will overstate the actual effects. Unfortunately,
although it was possible to make general remarks on this modification, it

proved impossible to estimate its effect quantitatively.

Overall, the inclusion of modifications of the above type seems fcasible,

and are potentially important in practice. However, the empirical

data required, in addition to the basic Input-Output material, to estimate
quantitatively their effect is substantial and proved beyond the resources

of the ;resent study. As far as could be estimated, the total impact of the
proposed modifications seemed to be broadly self-cancelling in the aggregate,
in which case the aggregate estimated impact of Chapter 4 may require

little alteration as a result of their inclusion, although individual
industry impacts could Be altered. 1f supply constraints locally are
quantitativély significant, it is probable that the net effect of the

modi fications would be negative, i.e. their inclusion would reduce

aggregate impact estimates.

Chapter 6 considered the possibilities of o0il developments in Shetland
generating changes in local industry technology. Such induced technical
change would change coefficients in the Input-Output matrix, and hence‘
alter the estimated impact of oil. However, this chapter did not concemn
jtself primarily with the estimation of coefficient changes per se.

There were a ﬁumber of reasons for this: firstly, Input-Output is useful
in estimating the income and employment repercussions of jdentified
technological changes, but does not explain how the technological changes
themselves arise. Secondiy, technical development often occurs slowly
over\time and would be unlikely to have induced major changes in cacfficients
at the time of the study. Finally, if coefficient changes were identified
by survey at different points in time, it would not be possigle without

deeper research to attribute such changes to oil-related or other factors.
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For all these reasons, it was decided to aﬁalyée the forces for technological
change created by local oil developments directly. The results of this
analysis could subsequently be interpreted in terms of Input~Qutput
coefficient changes, and the effects on local income and employment
estimated. Three broad types of factor potentially leading to indigenous
technical change were identified, and the importance of each factor

in Shetland estimated by survey.

i 4

The results suggested that the possibilities for oil-induced technical

changes in local industries is limited. The costs of changing technology,
the limited customer/supplier relationships between oil and indigenous
‘companies, the lack of movement of senior skilled personnel from oil

companies to local firms, and genuinely limited possibilities of utilizing
0il technology in indigenous industries, all reduce the prospects of
extensive oil-based indigenous technologiéal development. It was felt,
however, that the combination of a number of factors could lead to significant
changes in certain coefficients. Specifically, expected movements towards
capital-intensive techniques, the more efficient use of labour, economies

of scale, and actual technological improvement, would all combine to produce
lower employment—output coefficients in indigenous industries than

existed in 1971. A preliminary attempt to assess the magnitude of this
effect on estimated oil employment creation was made by using 1971 'best-
pgactice' employment coefficients as a proxy for average industry coefficients
post oil-induced technical change. There is no necessary reason for
believing that éhese best-practice coefficients, which were in any event only
available for a small number of industries, are accurate estimates of the
desired coefficients, but in the circumstances there seemed to be little
alternative if quantitative estimates of the effects of technological change

' L 7 - . L ' . .
were to be obtained. Given this qualification, the results suggested

7. The use of U.K. average industry coefficients, which do not reflect
Shetland production conditions at all, scemed even less desirable,
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that the reduction in employment coefficients caused by oil developments
could substantially reduce the estimated employment generation of

these developments. However, since income and output per head might
be expected to rise as a result'of the above processes, the rcduction
in oil-induced output and income estimates is likely to be less than

the reduction in employment estimates.

This concludes the summary of the main empirical results of the study and the
assessment of Input-Output methodclogy. The final section below considers

some of the implications for policy of these findings.

3, Policy Implications and Conclusions

The empirical analysis of oil impact in the study illustrates quite
clearly that the effects of oil developments on the Shetland economy

will be of major proportions absolutely, and relative to the pre-oil

indigenous economy.

In addition to magnitude, oil developments in Shetland are characterised

by rapid growth over a short period, differential impact on local industries,
and subsequent decline over a period of 10 years (Construction) to perhaps
30-40 years (Sullom Terminal). These characteristics of Shetland oil

development have important implications for local policy making.

Firstly, the fapid growth of oil activity in Shetland between 1971 to the
present (1976) has caused considerable pfoblems in providing the social,
physical, and industrial infrastructural requirements of the new

development. 'Bottlenecks' have been encountered in each of these areas
because of time-lags between supply and demand. Housing and roads
exemplify areas in which 0oil generated expansion of demand has been immediate
and substantial, while supply has perforcg grown very much more slowly.

In an attempt to minimise the disruptive effects of oil demands on

, indigenous infrastructure, a strong locational policy with respect to

oil-related developments has been adopted to,  induce them to locate in areas
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designated by.the local authority. Generally, this policy has been

to permit oil development in existing'éettlements only if the latter

can expand to encompass them comfortéb;ly.8 Otherwise, policy has

been to engourage the location of essential oil-related activities in new,
.largely self—cohtained, settlements. This policy has been adopted in
the siting of the tanker terminal, where the intention is to create

'new towns'around existing small communities at Sullom Voe, Brae,

Firth, and Voe.

While this dual approach to oil development location is generally agreed
‘to have eased pressured on local infrastructure, it has not been

entirely successful in this respect since it has proven impossible to
prevent 'spillage' of oil-related demandé, particularly for consumer
services, from the new settlements to existing viiiages and towns.9

In addition, problems have arisen because the relatively attractive

social and economic conditiéns in new settlements such as those at Sullom
are attracting families from outlying communities in Unst and Yell,
endangering the viability of the lattei. The resolution of both these
problems may prove difficult because they may require conflicting policy
decisions: the reduction of 'leakage' of o0il demands would require a more
- extensive range of facilities in the new 'oil towns'; the provision of
such additional facilities could, however, exacerbate the movement of families
from existing settlements. Possible solutions could involve the
establishment of a new growth centre (based, perhaps,on oil activities)

in the northernislands themselves, so that workers and their familics

in these areas could commute easily from existing communities to employment

8. This type of éolicy has generally been followed in towns like lLerwick,
Scalloway, and Sandwick.

9. An important example of this is the extensive 'ui gration' of oil-
" yrelated construction workers from Firth into Lerwick every weekend
for social activities.
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and social opportunities. Alternatively the idea of self-contained
new towns could be abandoned altogether and oil employees and their
families be dispersed widely among existing settlements, whose
infrastructural facilities are extended accordingly. In this way,
everyone would commute to work, and existing communities would be less

endangered by the tendency to gravitate to a ‘central place.

Further policy considerations arise through-the differential impacts of
oil activities on various local industries within Shetland, particularly
when these are considered in.conjunction with the differential rates

_of growth and decline in these oil activities themselves. Firstly,

the analysis of Chapter 4 demonstrated that, neither individually nor

in combination, will the oil-related developments in Shetland generate
significant additional activities in the traditional 'basic' industries
of.the region, such as Agriculture, Fishing, Fish Processing, and Textiles.
Indeed, as discussed in Chapter 5, the detrimental effec£s of oil within
the local economy could result in overall negative net impacts by oil

on these industries. Two points can be drawn from this: firstly, if
local oil developments are occuring to a significant degree at the

exﬁense of indigenous industries, then the net regional growth in
employment and wealth reéulting from these developments is considerably
reduced. Given the inevitable social disruption of a change of basic
structure on this scale, it might be felt that oil developments within the
region shouid be discouraged or even prevented. In fact, the analysis

in .the text suggests that the net impact of oil on the areo's wealth is

likely to be substantial during the period in which oil operécions are

actually taking place. However, and secondly, the lifetime of oil

activities in Shetland is likely to Be fairly short, and the most

gserious comequences of current permanent decline in the traditional
basic industries are likely to be felt post-oil. As shown in the text,
tﬁe industries which are‘most susceptible to net 'negative impacts' of oil

developments are precisely those which generated the major proportions of
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employment and income in the immediate pre-oil local economy. The
implications of this are obvious: if the traditional industries have
-declined permanently through oil activities in the region and have not
Been replaced by new industrial developments meantime, then the post-oil
Shetland economy could probably only sustain a lower level of real income
and employment than existed pre-oil. From a policy point of view, this
suggests either that indigenous industries should be prevented from
declining if péssible e.g. by subsidising their wage bill to allow them to
offer wage rates competitive with oil firms or by awarding grants for E
improved equipment to permit them to maintain output -with less labour;

or alternatively, new industrial developments which can survive local
competition with the oil industry should be phased in. The choice between
these strategies (indeed, both could be adopted) depends of course on the

anticipated costs and benefits of each.

The preceding discussion has considered the long term policy problems
arising from the negative effects of oil on the traditional basic industries.
In fact, policy considerations of a similar nature arise through the
positive effects of oil developments on a different subset of local
jndustries. As shown in Chapter 4, the changes in levels of activity

as a result of oil are, ceteris paribus, likely to be quite substantial,

Unless offsetting reductions in activity in non-oil basic industries

are of a magnitude not currently anticipated, industries such as quarrying,
construction, and virtually all services will expand their employment,
output, and presumably capacity, considerably as a result of local oil
developments. Indeed, local evidence indicates that expansions of this
nature are already taking place. In addition, extensions and improvements
to indigenous infrastructure are taking.place quite e;tenéively as a

result of the new demands imposed by oil,
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In summary, it secems certain that by the late 1970's - early 1980's
significant increments to local employment, capacity, and infrastructure
will have been generated by oil developments in the region and will be
largely or wholly sustained by éheir continuation in the locality.

The situation could, in these circumstances emerge as one of classic
'boom and bust' when the oil industry leaves i.e. high local unemployment,
excess industrial capacity and underufilized public and private infrastructure.
The problem is exacerbated by the fact that oil constructioﬂ, at least,
will decline rapidly leaving little oppoitunity for employees and

capacity dependent on this activity to be painlessly transferred to new
ventures. The problem for policy makers therefore is either to attempt
tovensure a smooth, orderly, contraction of the local economy as the

oil industry declines or alternatively to attempt to develop sufficient
new industrial activity to take up 'slack' resources as they emerge in the
oil run—-down. The problems involQed in the successful implementation of

either of these strategies are likely to be enormous.

The above are some of the major policy difficulties facing local decision-
makers in the short and long term. Resources will be available to tackle
these problems, particularly -the 'disturbance' payments received by the
local authority from the oil qompanies, but a detailed discussion of
specific alternatives open to policy makers is beyond the scope of the
present analysis. The present study nevertheless provides factual
information on the 'base indigenous economy and on the local impact of
oil which is eséential in the assessment of policy implications‘and the
formulation of appropriate strategies. In addition, the Input-Output

table could provide an applied framework within which alternative possible

policies could be examined and their impacts measured.
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APPENDIX I : Estimation of Net Migration in Shetland : methodology

This appendix attempts to estimate migration flows in Shetland for the
periods 1961-66 and 1961-71. The method usea is based on that of

B.M. Swift in 'The Lothian Regional Survey and Plan',1 and consists of
calculating a hypothetical "matural' population structure for 1966 and 1971
using 1961 3373 base. Comparing these hypothetical structures with the
actual population breakdowns as given in the 1966 and 1971 censuses
yields-éifferences which are attributed to net migration flows in the
relevant sex/age group during the period in question.2 The method of
calculating the 'matural' population, also from Swift, is as follows:

a) from the Anﬁual Report of the Registrar General for Scotland (hence-
forth ARRGS) Table 7 (after 19675 find the number of births by sex for

a given yeaf, and add this number to the age group 0-4.

b) deduct, for both sexes, the given year's deaths by age group.

c) ‘'Age' a predetermined percentage of the survivors in each age group
after operation b) by one year. Applying procedures a)-c) iteratively
to the 1961 population base gives an estimate of the population of any
year on the assumption that the only changes in population structure are
those due solely to 'natural' causes (i.e. recorded births and deaths post
1961, and normal 'ageing'). In any age group in any year the difference
between the actual population as recorded by independent sources and the

hypothetical population as determined above is attributed to net migration

flows: if actual population is less than natural population, the difference

is attributed to net eMigration in that age-group; and vice-versa.

1. B.M. Swift, 'The Lothian Regional Survey and Plan', Vol. 1, H.M.S.0.
1966, Chapter 3.

2. The results obtained for 1966 can be expected to be as accurate as those
for 1971, since the actual population structure in the 1966 census is
derived from a 1007 sample in Shetland, unlike most other areas which
were 10Z samples.
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The most accurate data available was that 6btainab1e from ARRGS Table 55
(C2.15 after 1967) which gives the breakdown of Shetland deaths by sex
and age group for each year.3 “The age groups used in this table are ten-
year apart from the ages 0-15 which are broken down into five-year

age groups. It was felt that ten-year age groups were sufficiently fine
for present purposes and that any ease of computation acquired by having
equal age groups throughout was outweighted by the accuraéy gained by

using the figures as given.

The 'ageing' process was made on the general assumption that survivors'
birthdays fell evenly throughout the year; so that 107 were 'aged' into
the following age group each year in ten-year age groups, and 20% in
five-year age groups. Exceptions to this gene;al rule were made for both
sexes in thé age groups O-4 and 55-= and above. In the former age group
allowance must be made for the fact that fhe death rate in the age group
0-1 is generally very much higher than in the group 1-4. The cumulative
effect of this is that less ghan 20% of this age group (i.e. 0-4) will

be aged four. The 1961 Census Summary Table 4 indicated that 19% of
Great Britain's children in the age group 0-4 were aged 4, and it was
decided to use this proportion for the annual ageing process for this

age group. In the older age groups the death rate increases so regularly
with age that it is reasonable to assume that survivors will be distributed
asymetrically in these groups, being clustered at the lower ages in the
groups. The Great Britain Census 1961 Summary Tables 4 indic#;ed that

8% of males and 9% of females were respecitvely agéd 64 in the age

group 55-64 and 7% of males and 8% of females were respectively aged 74

in the age group 65-74, and it was decided to use these proportions in

ageing the corresponding Shetland age groups.

3, NB All figures used are corrected for transfers.Bf Families Lt\lou.\ of
reqion.
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Finally allowance had to be made for the fact that Census figures refer
to April of the Census year, while ARRGS figures refer to the whole year.
Thus births and deaths before April 1961 are already included in the Census
population figures which are uséd as a base and hence to avoid double-
counting should not be included when estimating the 'natural' change

in population in later years from this base. Similarly, the births and
deaths in 1966 and 1971 to April should be included. Since the ARRGS
does not give a monthly breakdown of occurences of births or deaths, the
gsimplest possible assumption was made i.é. that births and deaths were
distributed evenly throughout the year so that three-quarters of 1961
births and deaths were included and one-quarter of 1966 and 1971,
depending on the year being compared. Also three—-quarters and one-

quarter respectively of the normal proportion were 'aged' in these years.

The results obtained by the above methods and assumptions are outlined

jn Table 1. It should be noted that these results only show the

aggregate effect of migration in each age group; they do not indicate

the age structure of those actually migrating. For example, an additional
person in the age group 35-44 (i.e., over and above that calculated as

the "natural' population for that age group) in 1971 may have immigrated
at age 26 in 1961 or 43 in 1970 and so on; while someone immigrating

at 42 in 1967 would be in the age group 45-54 in 1971.

Also, the non-availability of relevant déta makes it impossible to determine
the volumes of births and deaths associated with migrants: ideally, the
'natural' population gshoudl include births and deaths of members of the
original population who emigrate during the period and exclude those

of immigrants. It is not felt that this factor will introduce significant
error since the number of births and deaths involved is likely to be small
and it is not clear that the pattern of births and deaths will differ

gignificantly between emi grants and immigrants,
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APPENDIX II : Data Collection and Processing for the Shetland

‘Transactions Table

Early regional transactions tables were constructed on the basis of

National Input—Output coefficients with regional Gross Output weights,

Various procedures, such as the Location Quotient method, were used to

obtain Regional Trade coefficients.1 More sophisticated studies permitted

the use of actual regional data where available though still relying mainly

. 2 :
on adjusted national data. Tests have been run on the reliability of

the estimates obtained in this way by comparing a national coefficients-

based table with an actual survey one for the same region,3 assuming the

survey table to be correct. While there is some dispute on the merits

of adjusted national coefficients as revealed by these tests, the

empirical results suggest that individual industry multiplier values may

be substantially in error, and it has been'argued strongly that the overall

accuracy will not in any event be sufficient for the type of fine-grain

regional analysis on forecasting, structural change, etc. required in

the present study.4

Experiments along these lines in the Shetland context were not very

encouraging. A small region is so different from the national average,

both in terms of industry technology and industry product-mix, that

national coefficients do not seem to be accurate estimates of regional

coefficients. While the problems of crqss—hauling5 may be fewer in a

small region such as Shetland than in a larger, more complex, economy, the

very "openness" of the Shetland economy makes it very difficult to obtain

1.
2.
3.

4.
5.

Ref: Nevin, Round and Roe (1966), Richardson (op. cit. Chapter 6).
Ref: e.g. Moore and Petersen (op. cit.).

Refs: Czamanski and Malizia (1969), Morrison and Smith (1974), Schaffer and
Chu (1969), Walderhaug (1972).

Ref: See Miemyk 'Comments' on Czamanski (op. cit.),

The simultaneous importation and exportation of a single industry's products.
This can be viewed as a problem of aggregation, but may nevertheless only
be soluble by separate identification of individual products (including

brands).
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reasonable estimates of regional domestic coefficients by mechanical
adjustment of national coefficients even if the latter accurately

depicted local technical conditions. '

In view of the above, it was deéided, in line with most recent regional
Input-Output studies, to construct the Shetland transactions table
primarily from local data. Two basic variants on this approach have
appeared én the literature: either the table has been constructed initially
with adjusted national data and reviewed extensively with local survey
information,6 or the table has been constructed from the outset with local
- gurvey data, using adjusted national data only where the former is not
available.7 Although ideally the two approaches shoqld converge on the
same "best accuracy attainahle" table, it was felt that the latter approach
would encourage use of national data to be minimised, and thereby givé

a closer approximation to the 'actual' regional transactions table, In
practice, three main data sources were employed:

(1) Local Survey Data. This was data obtained specifically for the
input—-output study through appropriate questionnaires (see Appendix IV for
an.example questionnaire), either in personal interviews or less frequently
by mail.

(2) Local Secondary Data. This is published information directly
relating to Shetland; for example: other studies of the region, census
and other Government statistics, local newspaper reports, etc.

(3) Non-Local Data. This is primarily national Input-Output data,

Cerisus of Production reports, etc. though some reference was made to

other regional studies.

Since resources ayailable for the study were extremely limited, it was

6. Ref: Blake and McDowall (1967).
7. Refs: Morrison (op. cit.), Sadler et al (op. cit,),
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decided to concentrate field research on those industries which were

most important to the local economy, énd to a lesser extent to survey

the larger firms in these industries in order to sample the largest

possible proportion of Gross Output in each industfy.s Identification of
major industries was based on Department of Employment data, Furthermore,
it was decided initially to survey only manufacturing and primary

industries since such evidence as exists suggests that national coefficients,
if these had to be used, were rather better approximators of regional

service coefficients than of regional manufacturing coefficients.’

' Iﬁ the event, the initial survey was sufficiently successful to permit
field work to be undertaken in most of the other nameq industries and
sectors. The individual industries identified in the table, and the main
data sources for each are as follows:

1. Agriculture. This includes all farming and crofting activities in
Shetland. The main sourcés of data on purchases and sales were the

publications Farm Incomes in the North of Scotland 1971-72 (North of Scotland

College of Agriculture), the HIDB report Survey of Agriculture in Caithness,

Orkney and Shetland, and information from the Department of Agriculture

and Fisheries (DAFS). The first named provided information by farm type,
gsometimes specifically from a Shetland sample, sometimes for a 'crofting
comnties' sample. The latter was assumed to be representative of equivalent
farm types (e.g. dairy, hill, croft) in Shetland. Details on the
distribution of Shetland farms by type was obtained from DAFS, and marrying the

two sets of data using gross output weights provided the 'average' set of

8. It was realised that large and small firms in the same industry might have
different technical coefficients, but if the latter produced only a
gmall proportion of industry output the average coefficients would be
closely approximated by those of the larger firms.

9, Ref: Schaffer and Chu (op. cit.).
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of purchases and sales data for Shetland farming. A Gross Output Control
Total was derived with the kindly assistance of Mr M.A. Daw of the North of
'Scotland College. The geographical pattern of purchases and sales

was obtained from discussion with local industry representatives
supplemented by a small mail survey of agricultural holdings on the Island.
Variations in purchasing and sales patterns amo&g the responding sample

were small.

2, Fishing. -This industry encompasses the activities of Shetland bas;d
boats only. Purchases and sales by foreign boats are allocated t; the
export colum and impqrt row respectively under the appropriate industry
heading. Good data on the purchases of this industry was obtainable

from local fish merchants, who act as accountants for the boats. Dr

M.A. Greig of Stirling University who had previously undertaken an economic
study of fishing in Shetland'C was also very helpful in providing

relevant information, particularly on the geographical distribution of
purchases and sales. The DAFS were able to provide an exact figure

for the value of fish landed by local boats, which was used as a Control

Total.

3. Quarrying. This industry covers all quarrying activities on the
Island including Local Authority quarries. It does not include concrete
block making which comes under "Other Manufacturing". Data on Local
Authority quarries was obtained directly from the Local Authority, but it
proved impossible to obtain data locally on private quarries. Coefficients
for the latter were therefore estimated by suitable adjustment of national

coefficients from the U.K. Input-Output Tables 1970. Gross Output for

the private quarries was also obtained from U.K. data, by assuming output/
employees is the same in both Shetland and the U.K. 237 of total industry

Gross Output was accounted for by private quarries.,

10. Ref: Greig (1972 op. cit.).
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4. Fish Processing. This encompasses all processing of fish,
including fish meal production. Data on this industry was obtained
directly by sanmple survey, and grossed up on an employment basis.

467% of the total estimated Gross Output was covered by the sample,

5. Textiles. This includes all textile manufacturing activity in
Shetland, primarily Hosiery and Knitwear, but also Woollen and Worsted

and other swmdry items. Data on factory production were obtained directly
from thé survey and grossed up on an employment basis. The control

total so obtained tallied well with total industry production reported

in HIDB Special Report 4: The Shetland Woollen Industry, which also

provided useful information on other aspects of the industry. The
report, in particular, provided an estimate of home production which was
updated on the basis of discussions with local industrialists. The
production coefficients for household output were adjusted from factory
coefficients on a judgemental basis to allow for the different production

conditions. 582 of industry Gross Output was included in the sample.

" 6. Ship Repair. Information on this industry was obtained by direct
survey. = Survey Gross Output accounted for 327 of the estimated industry

total which was obtained by grossing up on an employment basis.

7. Other Mangfacturing. This is a very heterogeneous industry containing
in effect all other manufacturing industries not individually identified
above, e.g. leather goods production, milk processing, printing and
publishing etc. Resources were not available to sample these small
jndustries directly, though employment figures for each were.available.
Using this latterlinformation, control totalsfor each industry were
estimated individually by assuming Shetland per capita output in each
industry was the same as in the U.K. equivalent. The U.K. employment

and Gross Output figures were obtained from British Labour Statistics 1971
and Cens;s of Production 1971 respectively. Breakdown of local purchases

by each industry was obtained by simple Location Quotient adjustment of the
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national equivalents ™ as contained in the U.K. Input-Output Tables 1970,

supplemented by discussion with local industry representatives. These
" jndividual industry purchases were aggregated on the basis of their local

Gross Output weights.

8. Construction. This industry encompasses all construction activity

"on Shetland including Local Authority conétruction. The output and
p;rchases.data'for the latter were ;btained directly from the Local Authority,
while data on private construction were obtained primarily from direct
éurvey. Approximately 107 of all construcgion was covered by the private
sample. Since, in DEP records, construction employment includes Local
Authority construction employees, it was impossible to gross up the

sample data by private employment to obtain private construction output,
since the number of Local Authority employees was not known precisely,

Instead total Gross Output (including Local Authority) was estimated by:

Shetland Construction Emgloynent 1971 x GB Construction
GB Construction Employment 1971 Gross Output 1971,

GB employment figures (including Local Authority employment) were obtained

from British Labour Statistics 1971, while GB Construction output was

obtained from Housing and Construction Statistics. Other procedures were
used to estimate construction output as 'checks', and gave encouragingly

similar Gross Output estimates to the above.

As is conventional in Input-Output analysis, the construction row shows
only maintenance construction, all new construction being allocated to

Fixed Investment.

g. Utilities. This industry covers electricity and water, there being no

gas production in Shetland. Data was obtained primarily by direct

11, Ref: Richardson (op. cit.) Chapter 6,
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survey, and to a lesser extent, adjusted natiohal figures. 782 of

industry Gross Output was covered by the survey.

10. Transﬁort. The row of this industry shows only the sales made
internally by transport, not those made in respect of transporting goods

to and from the Island. The transport column on the other hand contains

the purchases Af all transport activity based on Sh;tland, and is counter-
balanced by an item of tramsport unrequited receipts. It proved impossible
to effe:t a proper distribution of this latter item along the transport

row, though it is known that much of it would be in 'Exports' anyway.

'20%Z of industry employment was included by a sample survey, but because of the
non-representation of certain parts of the industry in the sample and also

jncompleteness of the sample data, substantial use had to be made of other

local and non~-local data sources.

11. Distribution. This industry includes both wholesale and retail
distribution. Turnover in theretail sector was estimated by:

Retail Employees Shetland 1971 % Retail Turnover
Retail Employment Scotland 1971 ™ Scotland 1971.

The Scottish Turnover figure was obtained from the Census of Distribution

1971..12 The turnover for the wholesale business was derived from the

sample. In empirical input-output studies, as discussed in the text, the
output of the Distributive industry is generally measured in terms of its
gross margin rather than its turnover, and details of gross margins and
breakdown of purchases were obtained from the survey. 587 of total
wholesale turnover was accounted for in the sample, and 107% of total retail

turnover was included.

12. Professional Services/Banking and Insurance. This industry includes
all professional acitivities in Shetland, including banking and insurance.

Health and education, including those services provided by the Local

312. Subsequent to the ptgparation of the table, the turnover for Shetland
retail was released in t he Census of Distribution Area Tables. This
differed from that calculated by less than 4 per cent.
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Authority, are included and account for approximately 90% of the

total Gross Output of the industry. Local Authority expenditure on these
items is recorded in the intersection of the Professional Services row

and Local Authority column. G£o§s output of health and education was
defined as the sum of operating expenditures and a breakdown of purchases
was obtained from Local Authority accounts and other Government publications.
Banking and insurance Gross Output was also defined in terms of
expenditures, requisite data being obtained by sﬁrvey. Outputs of other
gervices such as vetinary surgery, archifecture, and law, were estimated
from a variety of sources, in particular relevant Prices and Incomes Board

Reports.

13. Other Services. This is ahother large heterogeneous sector including
garages, hotels and catering, public houses, etc. In hotels, catering,
and public houses, the value of food, drink, and tobacco is included in the
value of their output, not merely the margin on these goods as is done

in Distribution. In garage$, only the margin on petrol sales is included
in output. It is generally extremely difficult to obtain data on this
sector, and the present study proved no exception. Data was eventually
obtained from a wide variety of sources including a sample survey which

covered approximately 10% of total industry Gross Output,

14. Communications. This industry encompasses all the activities of the
' GP0. Benefits and other transfers paid.thrdUgh the Post Office are not
included, only operating payments and revenues incurred by providing this
agency service. Data was obtained by direct survey supplemented by

GPO national accounts and U.K. input-output data.

15. Local Authority. The output of this industry was defined as total
expenditure on revenue account, Data on purchases and sales for this

gector were obtained directly from the Local Authority,

16. Households. Total household income was estimated in a number of
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ways including grossing up by number of households from a survey
undertaken in Shetland. All of these measures gave similar results
and'so the survey figure was used. . Breakdown of household purchases
both by commodity and by geographical location was obtained in the survey
and supplemented where necessary by Family Expenditure Survey data.
Approximately 107 of Shetland households were included in the Shetland

survey.

17. Central Government. This colum includes the following (i) current
operating expenditures of the various government departments based in
Shetland; (ii) local operating expenditures of the RAF base in Unst;

(iii) payments made for the provision of various services locally, e.g.
payments to health and educapion, rate support grant, étc.; (iv) transfer
payments made to households such as retirement pensions, family allowance,
ané unemployment benefit. Items (i) and parts of (iii) and (iv) were
estimated from national data appropriately adjusted for differences in the
age/sex structure of the population and rate of unemployment. The
" remainder of item (iii) was obtained from Shetland County Council accounts,
gnd parts of item (iv) were obtainable ﬁfom the local household survey.
Itém (ii) was estimated from a study of RAF base expenditures made in the

. Highlands.13

18. Tourism. Data on this sector was mainly secondary in nature though
the local Tourist Office provided as much information as possible,
In particular, extensive use was made of the raw data for the Skye Tourist

tep'ort which the authorsu' kindly made available.

13. Greenwood and Short (op. cit.)..
14. Ref: Brownrigg and Greig (1974).
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After an initial transactions table had been cbnstructed from the

above data base, it was taken back to Shetland for comments from industry
and Government representatives.ﬂ Comments obtained from these individuals
were very encouraging and only one or two individual entries were felt

to be significantly in error; these latter were then appropriately

adjusted.

In spite of the care exercised in gatheihpnd checking the data, it is
inevitagle that information gleaned from such a wide range of disparate
sources will not be entirely mutually consistent. Therefore, the final
transactions table must be "balanced" to eliminate discrepancies, though,
fortunately, in the present instance the residuals to be allocated were
very small, being in ho case greéter than 107 of the relevant industry's
Gross Output. The balancing operation was undertaken by Mr R. Burdekin
of 1BM, who-used variants of the RAS and Stephan techniques which permitted
adjustments to be thrown mainly on those figures which had been regarded as
least reliable in the first instance. Interestingly, in the course of
trial balancing runs, coefficients were changed by as much as 100%, but

in no instance were industry output multipliers affected other than in -
the second decimal place. While the adjustments made were not intended
as, nor fulfill the requirements of, a complete sensitivity analysis, .the
findings are very encouraging and suggest that minor deviations in the

transactions table from the 'true' regional structure will not

significantly affect results.15

15. This characteristic of empirical Input-Output analysis has been noted
before in the literature, see Moore F,T. (1955),
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Table II.1 Allocation of Shetland Input-Output Industries to 1968
SIC Classification

Shetland Heading 1968 MLH Order

Agriculture 001 |

Fishing b03

Quarrying : 101, 109

Fish Processing part 214, part 219

Textiles 414, 415, 417

Ship Repair 370 T

Other Manufacturing 221, 229-232, 335, 367, 381, 396, 432, 469,
471, 485, 499

Construction 500

Utilities 602-603

Transport 702-707

Communications 708

Distribution : .SIC order XXIII

Professional Services/ ’ )

Banking and Insurance SIC orders XXIV and XXV
Other Services SIC order XXVI
Local Government - 906

Households
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APPENDIX III : Estimation of the Level and Composition of Oil-related
Developments in Shetland

This appendix discusses in detail the estimation of local expenditures by
the various oil-related activities, which were employed in chapter 4 as
oil Final Demand colums. Supply Base, Sullom Terminal, and Oil-related

Construction, expenditures are considered in turn.

I. The Level of Supply Base Activity in Shetland

As stated in the text (pages 93-94) the level of activity in Supply Bases
depends on the number of rigs and platforms in the northem area of the
North Sea. Given forecasts of the latter, it is possible, given 'rule
of thumb' figures relating to the number of boat movements per rig, and
Vthe number of boat movements reqhiring a berth, to arrive at a total
number of berths required to service the expeéted levels of activity in
northern North Sea fields. This total number of berths can then be
divided among possible geographical locations according to known economic,

political etc. criteria.

This exercise has been undertaken for Shetland Supply Base berths by at
least four independent authorities, and it need not be repeated here;
however, known developments since their estimates were made will be
inéorporated. All of the available estimates, by Livesey and

Henderson (1973), Llewellyn-Davies (1975), Trimble (1975), and the National
Ports Cowuncil, placed the maximum number of berths required in Shetland

at 30. However, more recently slippage in North Sea development has
occured, and associated with this, the level of exploration activity is
considerably lower than predicted, For example, the actual number of
supply boat movements through Shetland bases in 1975 was 1097, compared
with 2568 estimated by Trimble in his analysis of the required number of

berths.1 In general, most experts have revised their estimates of North

1. Shetland Times (5/12/175).

0
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Sea activity,'both offshire and onshore, towards 'longer and lower'
peaks.2 In Shetland specifically, there is, furthermore, local
political pressure to keep the numbér of berths constructed locally
firmly under control; indeed, recently (New Stateéman 13/2/76) the
assistant planning officer of Shetland Island Council is quoted as saying

that the number of berths in Shetland is restricted to 27,

1f nothing else, the above discussion serves to emphasise the great
difficult& in forecasting oil related activity discussed in Chapter 4 of
the main text. However, in view of these findings, and my own more

- yrecent discussions (April 1976) on the point in Shetland, the Llewellyn-
Davies estimated range of berth requirements of 22-28.berths seems to

reasonably cover the probable limits at both ends and is subsequently

adqpted.

Direct Supply Base Expenditure

As described in Chapter 3, the Shetland Input—Output table has bcen

constructed in terms of producers' prices, and hence for compatibility

Supply Base purchases must be expressed in producer prices also, i.e.
ﬁurchases of trade or transport services (measured as margins) are
separated from purchases of actual goods (valued at ex-works prices).
Furthermore, since 'Supply Bases' rather thamn, say, '0il Rigs’ are the
Final Demand entry, the value of local manufacturers bought by the

Supply Bases for re-distribution to the rigs, and any local distribution

or trade margins on any such goods (i.e. irrespective of whether the

go;d is manufactured locally or imported by the local distributor), are
included in Supply Base expenditure. Hence, the definition of Supply

Base expenditure used in this study is not 'current operating expenditures'

put rather 'all current local expenditures', adjusted to producers'

prices.

2. See in particular Mackay, D.I. (1975) 'North Sea 0il Through Speculative
Glasses'.



217
The types of goods and sexvices which the Bases are likely to purchase
are fairly well documented, but quantitative estimates of the expenditure
on each category is limited and data on the geographical purchasing
pattern virtually non-existent. In the current study, the primary data
source was an cxpenditure survey of Service Bases in Shetland undertaken
by the author in 1975. Five local Bases, representing over 607 of
the estimated number of berths, co—ope;ated in the study, though the quality
of the returns was highly variable, and of course could only relate to
year 74/75 expenditures. Berths are used as the common unit, and the
average expenditure per berth is given in Table III.i. A secondary

'source3 was used to check the data and complete any blanks,

Table III.1 Supply Base Expenditure per Berth

v Annual Local Current Expenditure per
Shetland Industry berth £000 (1974 prices)

“Agriculture

Fishing .
Quarrying

Fish Processing
Textiles

OO.C)OO
(=}
o

Ship Repair 0.05
Other Manufacturing 0.32
Cons truction - 0,60
Utilities 0.19
Transport 8.82
Communi cations 0.33
Distribution 0.13

. Professional Services et al 0.10
Other Services 2,01 -,
Local Government 0.71
Households 15.41
TOTAL 28.76

The large figure for transport in Table III.l is primarily Harbour Dues

paid by the Supply Bases to the local Harbour Authority.

The Shetland Iﬁput-Output table is, qf course, constructed for 1971 in

1971 prices, and therefore to estimate the real increment to local

3. Ref: Churchfield (1972).
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expenditures made by Oil Supply Bases, it is nccessary to deflate the
elements of Table III.1 by appropriate price indices

i.e. §YB(1974) = Y, (1971)

vhere r.P:l (1971)
P.(1974) 0 0
Pl 1976 .. o« .
P, (1971)
. o 2 o
L . By (I978) « - - -] 16 x 16
' ) . P_(1971) ;
o.....0 Pn 1974
- _

XB(t) is current expenditure per berth at time t prices.

In the present study, a single price deflator was used for all industries,
thereby implicitly assuming no changes in industry relative. prices during
the-period 1971-74. Unfortunately the rapid'price inflation gver this time
makes it unlikely that this assumption will be strictly valid empirically,
--but the alternative would be to try to obtain appropriate price indices for
each Shetland industry individually, and this is virtually impossible
given the lack of regional price indices, definitional differences between
the 'industry' and the price index, etc. Each element of Table III.1 was
jn fact deflated by the Index of Wholesale Prices July 1971/Index of Whole-

sale Prices July 1974, a factor of 0.695, and the results are not reproduced

here.

It is assumed that the expenditure per berth is constant over time, so that
the total for all forecast Shetland berths can be obtained by grossing up

by the number of berths. There is some evidence to suggest that, in fact,
as offshore activity changes from exploration to production, the nature of
the base services will change with material requirements becoming routinised,
However,.the lgggl'expenditure of the bases is unlikely‘to change much,

gsince, as Table III.l illustrates, the main local purchases are of a general
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. 4
sexvice nature. -

The number of staff per berth in the sample was approximately nine5 in
1974/75, however since none of the baséé had its completé complement of
berths at that time, this figure is not a reasonable estimate of the
eventual staff-to-berth ratio. .Nor is it possible from this information

" to deduce whether the eventual staff-to~berth ratio will be lower or
higher than nine, since the relative magnitudes of '"fixed' and 'variable'
staff with respect to berth numbers is not known. Therefore the eventual,

fully-operational, employment per berth must be estimated from other

sources.

Mackay (1975) suggests that the type of 'forward' base predominant in

Shetland would imply a fairly low emplqymeﬁt-to—berth ratio of 6-8 jobs,

Tﬁis-is in sharp contrast to the assumed 15-20 job/berth of the Island

Council consultants based on mainland experience, In Shetland, only one

base, the Norscot base, has the fairly extensive engineering facilities,

etc., common on the mainland;therefofe, it is assumed that the 15-20 job/

befth ratio applies in the Norscot base fully operational, and the 6-8 job/berth
ratio applies in all other bases. Since the Norscot base will almost

certainly have nine of the forecast number of berths, the total estimated

employment in Supply Bases when fully operational ranges over 210-330.

4. For reasons discussed below, the household payments made in aggregate
by bases will not be obtained by grossing-up on a number of berths basis.

5. The sample from which this figure is derived is different from that used
in the calculation of Table III.1 because of differences among question-
naire responses, and therefore the wages per employee cannot be obtained
by dividing the Household payments per berth by 9. Wages and salaries
per employee derived from a consistent sample were approximately £2,90C

(1974 prices).
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Total local Supply Base expenditure can now be estimated with Table IITI.1
supplemented by the above information. All expenditures per berth are.
grossed up by the number of berths except wages and salaries which are
grossed up by employment to allow for changes in the ultimate employment/

berth ratio from the survey figure (see pages 218-219)

Two estimates are given under tﬁe following assumptions:
(a) ' 'Low' assumptions (1) 210 employees
| (2) 22 berths
(b) 'High' assumptions (1) 330 employees
(2) 28 berths.

Table III.2 presents the Gross Peak local Supply Base expenditure forccast
as
for Shetland (1971 prices), based on Table III.1 and the above assumpti
ions,
The 'low' and 'high' estimates are expected fo bound the direct effects of
o

0il Supply Bases on Shetland when they are at maximum local operation

These are the expenditure estimates employed in the text as 0il Suppl
y

Base Final Demand (see page95).

Table III.2 Annual Gross Peak Local Supply Base E i
Sroducer's prices Py e Expenditure at 1971

)
2

F:
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=

Shetland Industry

Agriculture
Fishing

Quarrying

Fish Processing
Textiles

Ship Repair

Other Manufacturing
Construction
Utilities

Trangport
Communi.cations
pistribution
Professional Services, etc.
Other Services
Local Government
Households

Totals

£ .000/year
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II. Derivation of the Level of Local Té#minal Activities

(i) Direct Employment in the Sullom Voe Complex

Unlike the preceding section on 0il Supply Bases, the current discussion

estimates the direct employment in the Sullom Terminal before estimating
its direct expenditure. This is done essentially.because in this case it
jis necessary to estimate household wages and salaries from employment data

and the former are a major component of local Terminal purchases.

In the early forecasts of the likely level of employment in the Sullom ‘
Terminal, figures had to be derived using various 'rulé-of-thumb' ratios
generally obtained from inspection of other already existing oil terminals
elsewhere. One of the most generally used methods of estimation was the
'employment/throughput' ratio. For example, Livesey and Henderson (op. cit.)
provide the following ratios for backup-facilities.6
75M tons/yr = 135 jobs
100M tons/yr = 155-240 jobs
200M tons/yr = 200-320 jobsv

Livesey and Henderson's best single point estimate for 200M tons/year throughput7

was as follows:

Crude 0il Terminal 150
Marine Terminal 240
Ancillary 60
Lec® . l1oo

550

6. 1In this case, employment in tugs, pilots, mooring boats, repair yard,
harbour control, and buoy tender.

This was their best estimate of the probable through)ut'at Sullom, later

7.
forecasts are considerably lower as discussed subsequently,

8. Because this facility is not certain to be included at Sullom, it is not
jncluded in the subsequent discussion. However, as pointed out on page 224
, since its local purchases are unlikely to be anything other than
wages and gsalaries, its local impact can be easily estimated by adding an
41PG colum' with a single entry, in the Household row, derived by average
wages times number of LPG employees.
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However, these single point estimates conceal a wide range of possibilities
as revealed by the Llewelyn-Davies (op. cit.) figures, which are based

on Livesey-Henderson's.

Table III.3 Llewelyn-Davies Estimated Sullom Voe Employment

190M tons /year 200M ‘tons /year
min, max. min. max.
0il Terminal¥* 90 140 130 200
Power Station/
Base facilities 30 50 - 40 60
Water Supply/ . ,
Sewage/Airstrip 10 15 10 20
MARITIME
Boat Crews/Customs/
Health 140 210 180 280
Harbour Office/ '
Admin. 10 20 15 25
Maintenance _S _1o _5 15
285 445 380 600

* includes management, loading clerk' and operatives, maintenance engineers,
clerks, firemen, drivers and electronics. .

As Table III.3 clearly shows, the possible range of employment for this

type of facility at a given throughput is so large that conceivably

employment at 100M tons could be greater than that at 200M tons.

Some clarification (and further confusion) was generated by Mackay'sg

estimation that (a) the earlier forecasts of a 200M ton throughput were

exaggerated, with 100M tons/year a more probable figure and (b) the iSiEET
user characteristic (i.e. not every facility duplicated for each operating
company) of the Sullom Compqu would push employment towards the lower end
of the range. Based on (a) and (b), Mackay estimated that a 100M ton/year

termnal would employ 350 persons, and an LPG plant would add another 60-70,

The above synopsis of the available employment estimates is given, not only
to demonstrate the methods of estimation, but also to show the difficulty

of arriving at any reasonable forecast, even as a range, from them. In

fact, although Mackay's estimates are as recent as 1975, developments since’

g9, Mackay, A.G. (op. ceitl).
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then have clarified the situation still further,lo and a rather narrower
range of employment can now be specified with greater certainty, Firstly,
.Mackay's belief that 100M tons/year is likely to be the maximum flow
through the Sullom Terminal seems fairly reasonable in the light of revised
expectations for the North Sea as a whole,11 and in view of the statements
of oil operators actually involved in the Sullom facility.l2 Secondly,

Mr Buyers and Mr Arthur of BP (see footnote 12) have both confirmed that
the terminal when 'fully operational' at 60-75M tons/year will employment
400 persons divided evenly between the oillterminal and marine terminal,
plus another 50 if LPG is established., It is less certain how employ .
will change if throughput increases, but it will certainly increase very

much less than proportionately.

As in the case of the Supply Bases, the considerable uncertainty surrounding
the probable level of employment in the Sullom Voe Terminal makes it
desirable to select a range (hopefully reasonably narrow) within which

" the actual level of employment will probably lie. Rather than select
arbitrary cut-off points at either end of the range, the present study,

ijn the light of the preceding discussion, selects a range based on Livesey
and Henderson figures of 380 jobs (200M tons/yearmin.) = 445(100M tons/year

max.). It is felt that, given the statements by oil industry representatives,

10. This highlights quite clearly the problems of forecasting developments
in the North Sea where things are changing so rapidly. Hence the
usefulness of a stable base, such as the pre-oil Input-Output table,
against which changes in the pattern of local oil development can be
measured and assessed.

11. For example, Lovegrove's recent estimate of peak North Sea activity is
150M tons/year in total (Lovegrove (1975)), and it has been estimated
(Scotland and 0il (op. cit.)) that 60Z of North Sea production will be
landed at Sullom i.e. - 100M tons/year.

12. Mr T. Buyers (Shetland Times 12/12/75), and Mr E. Arthur, B.P.'s two
chief Lerwick-based executives, have stated that the Sullom Terminal will
be built initially to handle 60M-75M tons/year by the early/mid 1980's, with
ossible further extensions to 100-150M tons/year at an unspecified time

thereafter.
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this range will certainly include the level of employment at Sullom for
60-75M tons/year, the stated mid-1980's target throughput, and may at the
upper end allow for any increase in employment consequent upon an increase
in annual throughput to 100 + M tonsl3. The 'fully operational' employment
range for the Sullom Voe Terminal is therefore estimated to be 380-445

_excluding LPG (but see footnote 13)) and assuming surface storage (underground

storage would add about 13 more jobs).

(ii) Direcf Sullom Voe Expenditures

As before, all expenditures are in 1971 producers' prices, and all conventions
are analogous to those used in assessing the local impact of 0il Supply
Bases. The major difference between the present impact analysis and the

Supply Base one is that in the latter expenditure data was available from

the Bases themselves, whilst no such primary survey data is available for the

Terminal.

Wwhile the absence of direct survey expenditure data is a handicap, and
reduces the degree of reliability of the figures ultimately deriv¢d,14
there are a variety of other sources which permit reasonable estimates
of local expenditures by the Terminal to be obtained. These sources could

. be summarised as follows:

(i) Local Non-Survey This refers to published source material which relates

directly to expenditures made by the local terminal (e.g. articles by Mr Buycrs
of B.P. (12/12/75) and Mr Clark of Shetland Island Council (June 1975) in
the local Shetland Times), and material which relates to technical details

of thé terminal from which local expenditures can be estimated, The

13. The upper end figure, given Mr Buyers' estimates of Terminal and LPG
employment (400- and 50 respectively) and the comment in footnote 8,

may be taken as a point estimate of employment of a 60M ton Terminal

ghmIP&

14, Though, as stated in the text, in this case even survey expenditure data
could only be forecast estimates.
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reports by Liveséy and Henderson and Llewelyn-Davies were particularly
important in this latter respect. This derivation of economic, from
technical, data has some precedent in tﬁg'literature on the derivation
production functions from engineering data,15 which ié broadly what was
attempted in the present exercise. - However, the estimation of the technical-
"economic relationships in the present study was far less sophisticated

than in some of the references and consisted of considering, in consultation
with an engineering colleague, for example the level of repairs and
maintenance expenditure associated with the known physical structure; or
again, of considering the ability of Shetland marine engineers to provide
the marine engineering capability implied by the Terminal's activities,

and so on.

(ii) . Non-Local Non-Survey These consisted of sources which could provide

data on o;her similar terminal facilities in other sites from which,
- hopefully, relevant analogiesAfor the Sullom facility could be drawn.
Unfortunately, these sources were less extensive than might have been
desired though some useful information from Bantry Bay, Milford Haven,

and Great Yarmouth was obtained.

(iii) Wholly Secondary These are sources which are not derived from Terminal

studies at all, and are of course used only when the former are wholly
unobtainable. Examples are the estimation of fresh vegetables and meat
bought by the Terminal canteen frqm Family Expenditure Survey data on
consgmption of such goods, and the estimation of the proportion of total

Professional expendi tures made locally from relevant Shetland Supply Base

information.

The estimates are éiven in Table III.4.

15, Refs: Chenery (1953), Walters (1963).
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Table III.4 Estimates of Local Purchases by. the Sullom Voec Complex
@ 60M~100M tons Throughput

Shetland Industry Low £000 (1971 Prices) High

Agriculture ' 2.0 2.4
Fishing 0.4 0.5
Quarrying 0 o

Fish Processing 0 pt

Textiles 0 0

Ship Repair 15.3 18.1
Other Manufacturing 1.4 3.5
Cons truction 139.0 229.4
Utilities 12,2 . 12.2
Transport 267.6 305.8
Communications 8.0 9.4
Professional Services etc. 2.4 2.8
Diqtribution 3.5 3.9
Other Services 49.3 57.0
Local Government . 1042.5 ' . 1737.5
Households ' 764.5 903.5
Totals 2308.1 3286.0

III. Oil-Related Construction Expenditure

The magnitude and timing of oil construction activities are discussed

in the text (chapter &4 pp. 109—110). The estimation of local purchases,

and their industry breakdown, proved difficult, however, and the procedures
adopted are discussed in this section. Local industrial purchases were
distinguished from consumption expenditure by oil-construction workers for
reasons which will become apparent subsequently. At present, the estimation

of the former is considered below.

(i) Local Industrial Expenditures

From the 1968 Census of Production for Construction, Wages and Salaries

were found to be 26.5% of total industry expenditures. Assuming the

game proportion holds in oil-related construction in Shetland, this implies
that £4.43 million (average) and £4.98 million (peak) will be paid in wages
)

and salaries, leaving £12.3 million (average) and £13.8 million (peak)

. 16 )
expenditure on other inputs. These total expenditures were broken down

16. Oil-related construction expenditure was estimated in the main text
(Chapter 4, page 111) as £16.7 million p.a. (average) and £18.8 million

p.a. (peak).
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into individual items in the same proportions as in the 1968 Census

of Production for Construction. Using Shetland survey Construction
' data, including one return from an oil-related Construction firm,

these individual expenditures were divided into local versus non-

local components. The resulting local expenditure estimates are

gshown in Table IIIL.5

Table III.5 Local Oil-Related Construction Industrial Purchases

Shetland Industgzl7 Peak Year £000 (1974) Average Year
Agriculture 0 0 |
Fishing 0 o
Quarrying _ 695.6 A ' 618.3

Fish Processing (0] 0
Textiles 0 0

Ship Repair 0 0

Other Manufacturing 197.4 175.5

Cons truction - 573.4 509, 7
Utilities 94,0 83.6
Transport 376.0 ’ 334.2
Communi cations 131.6 117.0
Distribution 52.6 46.8
Professional Services 0 , 0

Other Services 94.0 ' 83.6

Local Authority 94.0 83.6
Households o 18 0

“TOTAL 2308.5 TO5T S

The totals of Table III.5 indicate that approximately 16.52 ;f .
total operating expenditures made by oil Construction are local, or
equivalently, 83.5% are directly 'leaked' out of the Shetland economy'19

This result seems to accord fairly vell with Brownrigg's estimate of
a 757 direct Construction’ leakage for Stirling, bearing in mind that

the latter is a larger (population 90,000), more self-contained region,

go that direct leakages out of it would be expected to be somewhat less

17. In dividing total oil construction expenditures in the proportions of Table
11I.5, it is implicitly assumed either that no local firms obtain directl
_oil-related construction contracts, or if they do that their purchases arZ'
in the proporFions indicated in Table III.5 rather than in those given in
the Construction column of Table 3.1. 1In fact, the former is largely
true: virtually all significant oil construction contracts have gone to
non-Shetland firms (see Shetland Times 24/6/76).

18. This assumes all construction workers are immigrant. Sece next section

19. Ref: Wilson (op. cit.).
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than in Shetlénd.zo This is an important finding since, of course,
expenditures remitted directly outwitﬁ the local economy have no output
or income genera;ing effects within:if gnd hence concentration on total
expenditures in instances, such as the present one; where the proportion
of direct non-local payments is high would give a misleading imprecssion
of the impact of the activity on the local economy.

(ii) Direct Household Expendi tures

In the analysis of the impacts of 0il Supply Bases and the Tanker

Terminal on the Shetland economy it was assumed that expenditure patterns
of employees in these activities would be the same as those of local
Shetland households as expressed in the Household colums of Tables 3.1

and 3.6. It was admitted that this was largely a simplifying assumption,
since some of these euployeés may be immigrant, with different expenditure
paﬁterns from locals. However, it was hoped that such an assumption
would not be an excessive distortion of reality since not all employees

in these facilities would be immigrant, and furthermore immigrant employees
of this nature would tend to be 'permanent' i.e. would establish family
homes, etc. in Shetland and, as such, their expenditure patterns may tend
fo'resemble'similar local households. However, in the case of oil-related
Construction employees, the assumption that their consumption behaviour

i{s the same as an 'average' Shetland Household is emphatically not
justified. There are two related reasons for this: firstly, virtually all
6i1—related construction workers will be immigrant (see The Shetland Times
3/4/76) and, secondly, these workers will be primarily 'temporary’
im;igrants, living in hostels or other rented accommodation, with family

homes remaining outside Shetland. This type of 'Household' has been

20. Ref: Brownrigg (1974, op. cit., pages 74-76).
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shown to have consumption behaviour very different from the 'nvcrage'.2
Hence the local gxpenditures of these employeces has to be estimated
geparately. Unfortunately, resources were not available to obtain

local expen&iture patterns of these individuals by‘direct survey, and

so largely secondary information had to be‘ﬁsed in the estimation
process. Again unfortunately, there were no available studies which
gave estimates of the expenditure behaviour of temporary construction
workers (Mackay's paper cited in footnote 21 merely notes some of the
peculiarities of their consumption patterns). However, a study by
Greenwood and Short22 analysed in detail the expenditure patterns of
.service personnel in the RAF bases of Kinloss and Lossiemouth, and this
had a number of features which made it useful in the present context:
firstly, separate.expenditufe colums are given for a number of personnel
types identified by age, marital status, etc., so that only expenditure
pattems of groups sharing these characteristics with the employees in
Shetland need be considered. Secondly, these camps provided considerable
on-base facilities such as accommodation, catering, shops, entertainment,
gervices, etc., and this is very similar to the type of facilities to be
6ffered in the Firth Construction camp of the Sullom Voe complex, where
most immigrant construction workers will reside, so that on-base versus

off-base expenditure behaviour may be similar in both cases.

In summary, it is argued that although the occupations in the RAF camps
in Kinloss and Lossiemouth and in the oil-related Construction works in
Shetland are entirely different, certain characteristics of the employment
(i.e. away from centres of population, considerable on-base facilities),

and of certain groups of employees (temporary, non-resident), are

21. See Mackay, A.G., Invergordon Working Paper No. 24.

22, Greenwood, D. and Short, J. (1973).
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sufficiently similar to warrant the assumption that expenditure behaviour

for equivalent groups will be similar in both cases. The Greenwood and

Short studies were therefore the main data sources in estimating construction
workers' expenditures; however where possible independent checks were
attempted: e.g. by asking publicans, hoteliers, etc. how much their

trade had increased as a result of spending by o0il construction workers.

Based on conversations with the oil operating companies, and the Shetland
Island Gouncil, the following Greenwood-Short (G.S.) category of cmployee
was taken as being reasonably representative of oil-related construction
employees in Shetland: non-local, single (or unaccompanied married)
male, camp resident. From Greenwood and Short's study, the expenditure

pattern for this type of employees was as given in Table IIIL.6.

Table I11.6 Expenditure pattern of 'construction-equivalent' personnel

Commodity Group Z of total (average of Kinloss & Lossiemouth)

Expendi ture
Food 12.01
Housing 3.71
Fuel & Light ' 0.82
Clothing & Footwear 9.78
Transport 10.71
Tobacco & Drink 26.40
Furniture 0.41
Other Durable Household 1.11
Medical , 4.68
Entertainment 5.84
Other Services 2.62
Savings . 21.86

100

The proportions in Table III.6 relate to the total disposition of Personal
Disposable Incoﬁe (PD1) regardless of the geographical locatio; of the
expenditure. However, for use in the Input-Output study expenditures

in the local community must be separated from those made on camp or
outside Shetland since only the former have significant repercussions on
the loéal economy. G.S. divide total expenditure on cach commodity

group among six geographical areas: (a) on base, (b) within 3 miles, (c)

in main local shopping area, (d) in other local shops, (e) in main



231
regional centre, (f) elsewhere. This geographical breakdown, of course,
relates to the Moray area, and the locational proximity of various
shopping facilities to the Firth camp in Shetland need not be similar.
In fact, based on knowledge of the service and shopping facilities
location in Shetland, supplemented by discussion with local businessmen,
the following general adjustments were made:
1. In Shetland, the category 'within 3 miles' was included in 'on >
bésg'.
2. In Shetland, it was assumed the categories 'main local shopping area'
and 'other local shops' were expenditures in Shetland, outwith camps.
3. The categories 'main regional centre' and 'elsewhere' were assumed to

represent expenditure outwith Shetland.

Some further particular adjustments were made e.g. not all expenditure
'within 3 miles' of the Firth camp §n tobacco and drink was assumed to

be made on base, since there is a hotel in nearby Brae which is frequented
by the camp workers. The final geographical breakdown, based on

adjusted G.S. data, is given in Table III.7.

Table 111.7 Breakdown of each commodity group exdenditure by Geograph{cal

Location .

Commodity Group %Z Expenditure by Locality
On Base Shetland Elsewhere

Food . 66.6 30.0 3.4
Housing 100 - -
Fuel & Light 100 - -
Clothing & Footwear 13.4 43.6 43.0
Transport - 74.2 25.8
Tobacco & Drink 50.0 42.9 7.1
Furniture . 8.9 63.1 28.0
Other Durables 18.3 63.4 18.3
Medical & Personal 47.4 48.7 3.9
Entertainment 51.9 31.9 16.2
Other Services 40.6 50.8 8.6
Saving 29.5 12.6 57.9

Combined with Table I11.6, the above figures easily permit the estimation
of the proportions of total expenditure made in Shetland by each

commodity group, and the results are not reproduced here.



232

The final adjustments required were to convert the above expenditure
data, given in commodity groups at purchasers prices, to a form suitable
" for incorporation in the Inﬁut—Output study, i.e. basically in industry
groups in producer's prices. Fortunately the Household expenditure
data for the 1971 transactions table had been collected in a form very
similar to G.S.'s (both being based on Family Expenditure Survey
groupings) and a detailed conversion had been undertaken then; hence

the conversionlof the above data presented few problems.

The breakdown of expenditure in G.S. uses an expendi;ure = PDI identity.
We have estimated above, Gross Income at £4.43 million (average) and
£4,98 million (peak). To make the necessary conversion to PDI, we note
that G.S. found that the assumed equivalent personnel in their study
paid 30% of their Gross Income in statutory payments. Assuming this

proportion (which is the highest of a range) applies in Shetland, PDI

(average) is £3.10M and PDI (peak) £3.49M.

The local purchases, on an industry basis, by oil-related Construction

workers are given in Table III.S8.

Table I1I.8 Local purchases by oil-related Construction Workers ~ .. s

% of Total Actual Expenditure
Industry A Expenditure Peak £'000 (1974) Average
Distribution 4,21 146.9 130.5
Transport 7.90 275.7 244.9
Professional Services 0.07 2.4 2.2
Communications 0.08 2.8 2.5
Miscellaneous Services 8.85 308.9 274.4

Combined with the local industry expenditures of Table III.5, and multiplied
throughout by 0.695 to convert to 1971 prices (see page 218 ), Table III.8
yields the total annual expenditure made in Shetland as a result of
oil—rélated construction activity. This is given in Table III.9, which

forms the Final Demand colums for oil~related constructiom.
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Table I11.9 Direct Oil-Related Construction Expenditures (Total)

Shetland Industry Peak £000 (1971 prices) Average (to 1981)
Agriculture 0 0
Fishing 0 0
Quarrying 483.4 429,7
Fish Processing 0 (0]
Textiles 0 0
Ship Repair 0 0]
Other Manufacturing 137.2 122.0
Construction 398.5 354.2
Utilities 65.3 58.1
Transport 452.9 402 .5
Communications 93.4 83.1
Distribution 138.7 123.2
Professional Services 1.7 1.5
Other Services 280.0 248.8
Local Government 65.3 58.1
Households 0 0
Totals 2116.4 +'1881.2
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APPENDIX IV: Sample Questionnaires

This appendix includes examples of the types of questionnaire used to

collect data for the empirical Input-Output study in the text.

Questionnaire (1) demonstrates the most detailed format employed. This
questionnaire was used in interviews only, and only where a high degree of
co—operation was forthcoming. To ease the tasks of completion and
compilation, the individual purchases listed were varied from industry

to industry to reflect the most important inputs in each (as suggested by
_appropriate Census of Production returns). The example shown is for the
Hosiery and Knitwear industry. Simplified variants of this questionnaire
were used in 'difficult' firms in manufacturing and in most service

industries.

Questionnaire (2) is the type of questionnaire which was used in the

postal survey (in this case for Distributive firms).

A brief explanation for requesting certain information is given, and the
information asked for is kept to a minimum. letters of introduction from

the University and from Shetland Island Council accompanies each questionnaire,
and 'reminders' were went to non-responding firms. It was hoped in

this way that response rate could be maximised.

Questionnaire (3) was used in interview situations with oil-related

firms, particularly with the 0il Supply Bases on the island,
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SHETLAND — TNOUT=-OUTPUT  STUDY ; ' CONIPTDEMTTAY,
GENFRAT,:
1. NAME or FIRM: '0lllo.o‘l.t.ll'l..v!a’v!lt!'.c|.

3.

h,

HOW MANY LSTABLISHMENTS IN SHETLAND ARE INVOLVED IN FIRM?

WHAT IS PRINCIPAL PRODUCT OF FIRM?:
WHAT OTHER PRODUCTS DOES FIRM PRODUCI? AND WHAT PERCENTAGCE
ARE THESE OF TOTAL SALES?

PRODLCT PERCENTAGE OF TOTAL SALRS

NOTE: In all the following sections, answers should refer only to
establishments in Shetland where possible,

EMPLOYMENT AMALYSIS:

PLEA

1

SE STAYE YRAR T0 WHICH REPLIES HKFFRI:
MonTH YFAR -
FROM :
T0:

IF. POSSIBLE DETAILS FOR THE CALENDAR YFEAR 1971 ARF PREFERRVD, W
THIS IS NOT AVATLABLE.PLEAGE GIVE DETATLS FOR NEAREST CALENDAR 07

FINANCIAL YEAR TO 7T,

HOW MANY PIREONS ON AVERAGE MORKED IN AIY CAPACITY 1 "'Our« BUSTNESS T
a) APRIL - SEPTEMDMR OR "SUMR' |
MALE | FEMALLE

FULL-TT"E

/

PART-TT'F
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EIETTAND  TNDPUT-AUTHUT  S§TUDY. ' ' CORTTIDUNTTAL

b) REST OF YEAR
MALE FEMALE
FULL-TIME
ARP-TTME
2. CONSIDER (a) APOVEZ HOW WOULD YOU ALLOCATE TMUESE PERSONS TO TIE
FOLLOWING CASEGORIES:
CATEGORY NO. OF PERSONS
MANAGERIAL & ADMINISTRATIVE
CLERICAL & SECRETARTAL
SKTLLED MANUAL
ALL OTHER
3. DID THE NUMBEF OF PERSONS LMPLOYED TH YOUR FUSTHRSS CHANGE 51GHTFICILY

BETWEEN 1971 AND 19737

PLEASE TICK VES

L. 1IF YES T 3. .’)TD THE NUMBER INCREASE OR DWCREASE AND EY HOUW MANIY?
NUMEER
INCREASE

DECRFASE

5. WOULD YOU AT PRESENT EMPLOY MORE PERSONS IF THESE WERF AVATLABLE:

PLEASE TICK YES

= NO

6. WHAT WFRE THE TOTAL CRNSS FARMINGS (INCLUDING OVERTIMEP . PONUCES, ETC,

BUPT BRFORY ANY DEDUCTIONS FOR TAX, PATIONAL INOURANCE, EIC,) PAID %9
ALL PERSQNS INCLUDING QUTWORKERS WORKIMNG IN YOUR RUSINESS GVER THE VEAR:

/ £
1971
1973
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7. OF THE AROVE TOTAL CGROGS FARNINGS, POV MUCIH YOULD YOU BOTTMATE WAQ

PTAID TO RESIDENTS OF SHETLAND.
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PURCHASES ANALYS1S:

VALUE OF <TOCKS OF MATERTALS, WORIZ IN PROGEESS, AND UNFTHISHED
GONDaA:
AT BEGINNTIG OF YEPAR

AT ¥R OF YEAR

WHAT WERE THE PROFITS OF THE FIRM (BOTH PAID OUT AND RETATNED) :

OF THE TOTAL PROFITS EARNED RY THE FIRM, PLEASE ESTIYATE HOY “tUCHE

OF THIS WAS PAID TO RESIDERTS OF CHFTLAND?

COST OF ALL CAPITAL ASSETS PURCHEASED ¢

VALUE OF ALL CAPITAL ASGETS SOLD:
ALLOVALCES FOR DEPRECTATION:

PLEASE VALUZ YOUR DUSINESS'S PURCHASES OF GNODS ALD SERVICES

ACCORDING TC THE CATEGORIES NI THE ACCOMPANIYING SHENT,



SHIILALD TIPUYT-0ULTUT STUDY CONYFTDRERTTIAL
= - Lot

L

; . 239
. PURCHASES  DAYA

HOSIKRY £ WNYDWEAR THDUSTRY
IF ESTTVATES ARX GIVEN, PLEASE PUT 'e' AFTER FIGURT QUOTED
AMOUNT PURCHASED

3 £

Cotton yarn ceveeae " e
All mansmade yarns o 6o iE e co s
Spun & Continuous teseene va e
_ Wool Yarn TR cees
Varp knitted fabrics, all materiels ....... oo

Other knitted fabrics, all
materials i i § @ e

Cotton woven piece poods (other

than narrow fabrics) T S (O

Man nmade [ibre woven piece goods 3 G 00 & ‘o

Fasteners(e.z. 2ips, buttons,
hooks, press studs, etc.) AP e

Textile narrov fabrics (incl.
tapes, braids, riktbons, woven

labels, ctc.) vess sae Y
Covered rubbher thread . v e © ewae
Flastomeric turead Gios wwn coes
Dyesturfs . ‘ A treeses oiv 4%
Lubricating oils and greases ol 03 inie o : P
Replacement parts EEEEEE e
ﬁosiery needles ; swew e ay | e

Other materials used in production
(please specify)

lu se e s e e
20 ’ ¢ 0.9 070 CRCEE
30 Ce v e e CRCE R

jc.

AMOUNT PURCYIACED TROM
SUPPLIEKS O

St TLARD
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AMOUNT PHRCHASED (TROM
SUPPLIERS ON GHETLAND

AMOUNT PURCHASGED

£ £
AIJIJ PACKA("TI‘IG ‘1AT1'IRIALS DU I ) o0 e e e
GAS, ELECTWICITY & WATLR ceeeeee Ceesaa
COAL&COKE LR DU B
ALIJ IJTQ[JID FUELS URCRC LU R ]

ALL TRANSPOKL COSTS,
INCLUDING OWN TRANSPORT creaeae

LN Y

CURRENT OPERATING EXPENDITURES: PER CENT PATD TA

SHETLARD €UPPLTERS
1y £

AVOVIT PATD

1. ADVERTISING, MARKET RESEARCH, ETC, Ceeraa

2., REPAIRS & MAINTENANCE TO BUILDING,

V\IAnn\ M nm
ru\u;,u;v. e ee 0 e e e

3, HIRE OF PLANT & MACHINERY EEERE)

k., TAX PAYMENTS TC GOVERIMENT B TR el T

5., INSURANTE PAYMENTS, TEES, :
IJICI;!‘C];S, Erl‘c . ) st e e " LR A

6. - POSTAGE, TELEPHONE, IZNC, . o,

soaiiaes o oacp G sl B 25 e aaes” Snmhetadind
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2

[ v

BALES ANALYGIS:

1. WHAT WAS THE TOTAL VALUE OF SALES DURTNG THE T_’ER.T@D. (FXCLUDE ANY
TRADE DISCOUNTS, REBATES, COMMIOSSTON, ETC. AND ANY TAX PAYMENTS 0Ol

GOODS SOLD), Bossmena
2. ARE THESE VALUED ON AN EX-WORKS OR DFLIVERED PASIS:

3, WHAT WAS THE VALUR OF THE INVENTORY OF GOODE ON HAND FOR SALT: g
£
AT THE BEGINNING OF TVE YEAR: ?
AT THE END OF THE YEAR:

ki, WHAT PER CENT OF YOUR SALES WOULD YOU ESTIMATE WENT:

a) DIRECT T0 SHETLAND HOUSEHOLDS | Loonvan

b) DIRECT TO SHETLAND RETATLERS
AND WHOLESALFERS B vnnens

5, HAS 'THE VALUE OF YOUR SALES CHANGED QIGHIFICANTLY SINCE 19717 YES /NN
6, 1IF 80, HAS IT INCRFASED OR DECRFASKED? THCRFACED /DECRTVASED

7- BY HO‘J .’qUC”? f.. seo 0 0
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GEINERAL:

I‘ I'NdE OF I“Ilh\{: .0.'.l....l........I0.....".....0..-‘

2., IS FIRM (a) SHETLAND OWNED
(please tick)
(b) PART OF A LARGER GROUP

EMPLOYMENT ANALYSIS

A clear picture of the pre-oil employment structure in Shetland
is necessary if changes in employment brought about by oil or other

developnent are to be estimated.

PLEASE STATE YFAR TO WHICH REPLIES REFER*¥*

MONTH YEAR
FROM:

. TO:

%*If possible details for the calendar year 1971 are preferred. if these are

not available please give details for nearest calendar or financial year to it.

1, HOW MANY PERSONS WORKED IN ANY CAPACITY IN YOUR BUSINESS ON AVERAGE OVER
THE YEAR?
MALE FEMALE

FULL-TIME:
PART-TIME:

2. HAS YCUR LAEOUR FORCE INCREASED OR DECREASED SINCE 1971? YES/NO

IF 50, DY HOW MANY:  yyopppSED.yssveess  DECREASED.uesesseoes
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3. WOULD YOU EMPLOY MORE PERSONS AT PRESENT IF THESE WERE AVATLABLE YES/NO'

4, WHAT WERE THE TOTAL GROSS EARNINGS (INCLUDING OVER TIME, BONUSES, ETC,BUT

BEFORE DEDUCTIONS FOR TAX, NATIONAL INSURANCE ETC,) PAID TO ALL PERSONS,

INCLUDING DIRECTORS; WORKING INtYOUR BUSINESS OVER THE YEAR feiuvvevsoenee

PURCHASES ANALYSIS:

In this section you are asked to list' the value of purchases of
certain goods made during the course of your business in 1971(or other year).
this information is invaluable in establishing the way in which ell local

industries depend on one another by buying and selling from each other.

1. ESTIMATES ARE ACCEPTABLE WHERE NECESSARY

AMOUNT PURCHASED ANMOUNT PURCHASED FRCM
SUPPLIERS Il SHETLAND
£ £
Cost of L’,OOdS for Resale' Cesccee s
Packaginz M’ltcrials R R
Electricity & water sesesne sessene
ndvcrtising,printing,etc esesone R
Postege & Telephone cesenes tesenee
All other purchases of goods )

and services sessene 0sescse
2. Transport: expenditure on own transport ceesene
cost of hired transport services 6§ 8

3. TOTAL TURNOVER DURING THE YEAR feveevcevene

l{. CHANGE IN STOCKS OVER THE YEAR: +£ooooooooo.oo “or "2-..-.000.00



G i o

SHETLAND INPUT-OUTPUT STUDY . : CONFIDENTTIAL

GENERAL:
I, NAME OF FIRM: o o o o o o o' o o o s o 0 s o n s o0
" 2. WHEN DID FIRM BEGIN OPERATIONS IN SHETLAND? . . . . .

Si.iﬁHAT'IS THE PRINCIPAL ACTIVITY OF THE FIRM IN SHETLAND?

—————_— - - - ] S o

* EMPLOYMENT ANALYSIS:

NOTE: In this section, and in those following, please give details
for the latest calendar year if available. If the firm has not

been in operation for a full year in Shetland, please give estimated
details for first full year.

I. PLEASE STATE YEAR TO WHICH REPLIES REFER:
MONTH YEAR
FROM:
TO:

2. HOW MANY PERSONS WORKED IN ANY CAPACITY IN YOUR BUSINESS IN
SHETLAND ON AVERAGE DURING THE YEAR:
MALE FEMALE

FULL-TIME :

PART-TIME:

3. HOW WOULD YOU ALLOCATE TRE ABOVE PERSONS TO THE FOLLOWING
CATEGORIES :

CATEGORY ’ NO. OF PERSONS

MANACERTAL & ADMINISTRATIVE
CLERICAL & SECRETARIAL

" SKILLED MANUAL

ALL OTHER
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4. HOW MANY OF THE PERSONS EMPLOYED IN YOUR BUSINESS WERE RESIDENT
IN SHETLAND BEFORE YOUR BUSINESS ARRIVED:

5. DO YOU EXPECT THE LABOUR FORCE OF YOUR FIRM IN SHETLAND TO
CHANGE OVER THE NEXT FEW YEARS YES/NO. IF SO, COULD YOU ESTIMATE
ITS EXPECTED PERMANENT LEVEL:

6. WHAT WERE THE TOTAL GROSS EARNINGS (INCLUDING OVERTIME, BONUSES, f
_ ETC. BUT BEFORE ANY DEDUCTIONS FOR TAX, NATIONAL INSURANCE, ETC.)
PAID TO ALL PERSONS WORKING IN YOUR BUSINESS IN SHETLAND OVER
THE YEAR: ’ .

£ll|lllll.l.

7. OF THE ABOVE GROSS EARNINGS, HOW MUCH WOULD YOU ESTIMATE WAS
PAID TO PERSONS WHOSE FAMILY HOMES ARE IN SHETLAND?
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CONF IDENT 1AL

NOTE ¢ lnﬁ\ﬂis section as before please give detalls for the latest/
first full year.

. WHAT WAS THE TOTAL COST OF CONSTRUCTING ANY FACILITIES (INCL.
OFFICE BUILDINGS, WAREHOUSES, ETC.) REQUIRED FOR YOUR OPERATIONS
IN SHETLAND:

£l..‘....0...‘.

2. OF THE ABOVE TOTAL, HOW MUCH WAS TENDERED TO SHETLAND BASED
FIRMS:

£oocout:an.-o.

3, THE FOLLOWING IS A LIST OF SOME GF THE PURCHASES YOU MAY MAKE

IN THE COURSE OF YOUR BUSINESS.
PURCHASES IN EACH CATEGORY:

CATEGORY

Specialised oilfield

equipment

2.Food stores

3.

4.

D

6.

7.
8.

Ship chandelry

Stationary, prlnflng'

etc.
Repairs, etc.

\
liquid fuels

Plant hire

Road haulage
services

TOTAL AMOUNT
PURCHASED*

‘ees 000

L B A )

0600 00

LU B B )

»

COULD YOU GIVE THE VALUE OF SUCH

F.
AMOUNT PURCHASED
FROM SHETLAND®
SUPPLIERS

£

CRCRC R NN B N I B
IR I BB B

R R I N R

@00 08 s 000000
LRI RE BRI

U R B B B

X |F ESTIMATES AREGIVEN, PLEASE PUT 'E' AFTER FIGURE QUOTED

*
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3( Contd.)
CATEGORY : TOTAL AMOUNT AMOUNT PURCHASED
PURCHASED* FROM SHETLAND*
SUPPLIERS
t £ Sk
Ai.r/.sea 'frarISpOFT ., DO RO sese e
Small tools, clothing, i
c'ei'ning maferials, BTC. EEEERK] ' EEEERE
Guest house/Hotel
accomOd. .. CRC B A I B B B A
Telephone, pOS'l' EEREEEE) . EEREEE]
electricity & water cesseee ” vecsene
Car/TaXi hire CRCRC B B I B 0 8 00 0
Laundry Services " eessens ceseane
Secretarial Services cecsses cenmis
Bankino & insurance _ ,
Services CRCRCRC R I I CR RN B )
Agency Services (travel,
estate, employment, efc.) sescese cesvens
Catering Services cesesas saeseee
Any ther pUrChasesl . cssssee’ . no.cco-o‘

¥ |F ESTIMATES ARE GIVfN, PLEASE PUT 'E' AFTER FIGURE QUOTED
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SALES ANALYSIS

I, WHAT WAS THE TOTAL VALUE OF SALES OF GOODS AND-SERVICES MADE
~ BY YOUR SHETLAND OPERAT IONS OVER THE YEAR:

£.Il...l.'..l

2. OF THE ABOVE SALES FIGURE, HOW MUCH, IF ANY, WAS MADE TO LOCAL
SHETLAND FIRMS: :

£........."
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