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Abstract

The aim of this dissertation is to develop a model that would allow to analyze
under which conditions shocks to the economy can lead to reallocation of labor
between sectors and the so-called Dutch Disease, that in this paper is defined as the
reallocation of labor across sectors given changes to exogenous variables. It is proved
that there are changes in the exogenous variables that do not lead to labor
reallocation, and changes in variables such as total productivity factor of tradable
goods, relative prices of energy, and net foreign assets, lead to labor reallocation,
which under certain assumptions may harm growth. Furthermore, an analysis of
Angola’s economy over the last decade is carried out, in where there’s the conclusion
that the combined shock in the prices and production of oil have been followed by an
expansion of other sectors of production and not a decrease as expected. Therefore, it
is possible to show that the cause of the resource curse may not be the Dutch Disease.

The assumptions used in the model are presented in the following sections.
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1. Introduction

Countries with higher share of natural resource to GDP may tend to grow less than
resource poorer countries. In their influential paper, Sachs and Warner (1995; 2001) show
empirically that the abundance of natural resource decreases growth. These results are
consistent even when including variables that are considered important to economical
growth, as initial income, the trade policy, and investments rates (Sachs and Warner,1995)
either geographical or climatic variables (Sachs and Warner,2001).

Despite the lack of a unique reason for this phenomenon, the “Dutch Disease”, has
been presented as one of the reasons for bad performance in many resource-rich
countries. The “Dutch disease” in that sense is defined as the decrease in the tradable
sector (usually manufacturing) due to an increase in the exports of the natural resource
sector. This structural change would be optimal in the light of neo-classical theory, as long
as that wouldn’t have associated costs (Krugman, 1987). Since the manufacturing sector,
or non-resource tradable sector is seen as the one that creates the externalities to
production, the decrease in this sector is considered suboptimal and leads the economy to
incur costs related to the loss of competitiveness and in that way to lower growth and
even negative growth (Krugman, 1987; Sachs and Warner, 1995). This fact is a concern if
the shock is temporary wish leads to a shrinking of the non-resource tradable sector, and
loss of its comparative advantages. When the resources run out, it would be difficult for
the sector to regain its comparative advantages (Krugman, 1987).

Corden and Neary (1982) presented a model with three sectors, two tradable and
a non-tradable in which one of the tradable sectors is the extractive kind and the one that
faces an improvement in technology. In their simplest model, with labor being mobile
between sectors and capital sector-specific, Corden and Neary (1982) found that after a
boom in the resource sector that leads to a decrease in output of manufacturing and a
deterioration of trade balance in this sector, and leaves place to real appreciation (the
exchange rate is defined as the relative price of services in terms of manufacturing).

The aim of this dissertation is to analyze the effects related to unexpected changes

of growth that can lead to structural change, and eventually to the Dutch Disease. In the
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presented model, given the assumptions that the shock is permanent, there is full
employment, and there are no costs associated to labor movement across sectors, the
shocks will always lead to equilibrium with higher total production, and because of it, the
Disease in this paper is simply defined by the movement of labor across sectors. To
achieve that, the model developed in this dissertation tries to replicate the results found
by Corden and Neary (1982). The model is able to replicate most of the results presented
by the authors such as the de-industrialization effect, given by lower output in the
manufacturing, and the real exchange rate appreciation.

Lastly, the case of Angola, which is a resource-rich country that has been
performing badly since the 70’s is discussed. However, since the end of the war in 2002,
the country has been performing quite well, given the combined effect of prices and
production of Qil, which have been growing since 2000. Besides that and despite the
growing of the natural resource sector, the country has also been registering robust
growth in the other sectors, specifically; manufacturing, agriculture and also as expected
in services.

The plan of this paper will be: Section Il the literature review in which the main
facts about resource curse and possible causes are presented, Section Il presents the case
of Angola, in Section IV the model is presented, Section V is the calibration of the model,
in Section VI the main results of the model’s simulation are presented, Section VIl is

presented a comparison between the model and the literature, Section VIII conclusion.



2. Literature Review

2.1 Natural Resources Curse: Main Causes

It is expected that countries with large endowment of resources would have higher
growth rates than countries that are resource-poor, since the resource availability
increases national wealth which may result in investments and growth (Sachs and Warner,
1995). However, empirical evidence shows that most of resource-rich countries have
experienced lower growth than resource-poor countries and in some cases have
experienced negative growth rates (Davis, 1995; Sachs and Warner, 1995; Rodriguez and
Sachs, 1999; Van der Ploeg, 2011). According to Van der Ploeg (2011, p.471) from the 65
resources-rich countries analyzed, only four (Botswana, Thailand, Indonesia, Malaysia)
where able to achieve growth rates above 4 percent.

The most evident cases of resource-poor countries that performed better are the
Asian, such as South Korea, Japan and Taiwan which have been outperforming
resource-rich countries like Mexico, Nigeria, and Venezuela.

Sachs and Warner (1995) established an inverse association between resource intensity
and growth, but were not able to establish the main causes of it, even after controlling for
several variables such as initial income per capita, investments, bureaucratic inefficiency,
among others. They founded that resource-rich countries grew on an average about one
percent less than their counterparts between 1970 and 1989.

Collier and Venables (2008) found that in the short run, shocks to commodity
(non-agricultural) prices lead to an increase in short run growth rate, but in long run the
effects are negative. Additionally, they found that the negative effect is conditional to
governance, that in cases of countries with good governance as is the Norway, Australia
and Botswana’s case, the results of shocks in prices are positive even in the long run, but
for countries that have bad governance the impact on price is generally negative.

Similar results are also discovered by Sala-i-Martin and Subramanian (2003) where
the management of Oil revenues is analyzed in Nigeria. They concluded that in this case
the main reason for the bad performance was the rent seeking behavior, which can be
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translated into corruption, the appropriation of national wealth by the successive
dictatorship in the country which transferred huge amounts of wealth to tax havens.
Therefore they conclude that apart from the appreciation of the exchange rate, the real
problem of bad performance is related to the malfunction of legal institutions in the
country (Sala-i-Martin and Subramanian, 2003), a conclusion that is also shared by
Mehlum et al. (2006).

Given the above literature, it may be concluded that the prime causes of the
natural resource curse phenomenon are rent seeking behavior, volatility of resources
prices, and the "Dutch Disease" (Sachs and Warner 1999; Van der Ploeg ,2011; Oomes and
Kalcheva, 2007). In the next section each of these points are briefly analyzed, and special

attention is given to the Dutch Disease which is the focus of this paper.

2.1.1 Rent Seeking

According to Murphy et al (1993, p.409) Rent Seeking is "any redistributive activity
that takes up resources". Rent seeking can be either private or public, where private is
related to litigation, theft or other forms of transfers between private agents, while public
rent-seeking is related to transfers from the private sector to the government
bureaucrats, or from government to the private sector (Murphy et al., 1993).

Rent-seeking activity presents an increasing return to scale, and as result, the
weaker the legal institutions and property rights are, the higher will be the number of
agents that will engage in this activity instead of productive activities (Murphy et al., 1993;
Lane and Tornell, 1996).

As stated by Philip and Tornell (1996, p.214) when rent seeking is intense it
decreases the return of the investment, mostly due to the fact that investments are not
chosen in the perspective of efficiency, and as result the overall growth rate of economy
decreases (Murphy et al., 1993). They named this effect as voracity effect, which "is a
more than proportional increase in redistribution of response to a windfall".

The main channel that rent seeking activity constrains growth is through

innovation (Murphy et al., 1993). In a context of weak institutions and lack of property



rights, companies may find more barriers (licenses, permits, among other public goods) to
entry, given the corruption, which increases the total set up cost, deterring new entries
and more competition which result in less diversification and innovation (Murphy et al.,
1993; Shleifer and Vishny, 1993; Tornell and Lane, 1998).

Bribery acts as a fee that is a distortionary tax which is paid by the new or existing
companies, channeled to individuals and not to the government (Shleifer and Vishny,
1993; Murphy et al., 1993). As a result, the domestic and foreign direct investments are
lower (Shleifer and Vishny, 1993).

While in Sachs and Warner (1995) the effect of institutions was not important to
explain the resource curse, Mehlum et al (2006) found that the difference between
growth performances across resource rich countries is dependent on the quality of the
institutions. As presented by Mehlum et al (2006, pag.16), a combination of grabber
friendly institutions and resource abundance leads to lower economic growth, while
producer friendly institutions allow countries to benefit from their resource through high
growth rates. This fact can be easily seen in countries as Botswana, Norway, Australia that
are resource rich and had benefited from it, while countries like Angola, Nigeria, Zambia,
among others have failed to transform the abundance of resource in overall in sustained
growth Mehlum (2006). The first group of countries are well known for the quality of
institutions, being among the less corrupt countries according to the corruption
perception index (Transparency International, 2012), while the second group is mostly in

the bottom of the same index.

2.1.2 Volatility

Cavalcanti et al., (2012) found out in their study that the dependence upon resources is
not the cause of lower growth, since it does not affect directly the TFP (Total Factor
Produtivity). He found that the channels in which volatility lowers the growth are in fact
that commodity prices may harm the capital accumulation (either physical or human).
Using two data sets, one with 92 countries and other with 24 OECD countries

Ramey and Ramey (1995) discovered that there is a negative relationship between



volatility and growth, in which one standard deviation of volatility would imply a decrease
in growth of about one half in the 92 countries data set, and one third of OECD countries.

It is also stated that resource dependence can be a curse or not depending on the
economy composition. On a diversified economy, with a strong financial sector (as
Norway) it is a benefit, while in less diversified countries, as Nigeria which are highly
dependent on primary goods exports are more prone to “ boom and bust” periods (Van
der Ploeg and Poelhekke, 2009).

Hausmann and Rigobon (2002) shows that if the non-resource tradable sector is
large enough, the relative prices can be stable even when considering cases where there is
much volatility generated by the resource tradable sector. Otherwise, if the non-resource
sector is small the shocks related to the resource income will not be accommodated
through movement in the labor market, but by expenditure-switching (Hausmann and
Rigobon, 2002).

Van der Ploeg and Poelhekke (2009, p.14) found that "countries that are closed to
international trade, have a bad financial market, are landlocked and have a high share of
natural resource exports have higher volatility in unanticipated growth in output per
capita and therefore worse growth prospects".

Most of Africa’s resource rich countries share the characteristics mentioned by Van
der Ploeg and Poelhekke (2009, p.14), Combes and Guillaumont (2002), and as result in
their study they found out that the resource rich African countries had lost per annum
about 2.98% in growth (in the period 1970-2003) when compared to the South-East Asian
due to high volatility of unanticipated growth. In that sense volatility may be the main
cause for bad performance, and not the abundance of the resource itself (Van der Ploeg
and Poelhekke, 2009; Cavalcanti et al. 2012).

However if a country that is facing a windfall of resources decides to save them, for
instance in a fund, either stabilization or saving funds (also known as Sovereign Wealth
Funds), in order to minimize consumption, the effects related to the resource curse may

not exist (Sachs, 1995).



2.1.3 Dutch Disease

The Dutch Disease is generally presented as one of the main causes for lower
growth rate in some resource-rich dependent countries and will also be the main focus of
this work. As presented by Corden (1984, p.359) "The term Dutch Disease refers to the
adverse effects on Dutch manufacturing of the natural gas discoveries of the nineteen
sixties, essentially through the subsequent appreciation of the Dutch real exchange rate".

It is caused when there is a boom in one of the tradable sectors of production,
leading to a movement of resources (physical and human) from the non-boom sector to
the booming sector, causing an increase of production on the former, while the latter
decreases. This boom main be caused by shocks in productivity, in the international prices
of tradables, external Aid or foreign direct investment (Corden and Neary, 1982; Corden,
1984; Torvik, 2001).

In their influential work Corden and Neary (1982) present a model with three
sectors, two sector producing tradable goods (as manufacturing and energy, respectively)
and one sector that produces a non-tradable good (as service).

They showed that a permanent Hicks Neutral shock in the technology of the
energy sector, has two effects, the first one is the movement effect (Corden and Neary,
1982; Van Wijnbergen, 1984) which implies a transfer of resources (human and physical),
from the non-boom sectors of the economy to the boom sector (Corden, 1984; Corden
and Neary, 1982; Davis, 1995), and there would also be a real exchange appreciation (an
increase in the prices of services relative to prices of manufacturing). The resource
movement in that way affects the services and manufacturing, leading to a lower output
in both sectors.

The boom promotes an increase in the aggregate demands of goods due to the
higher real marginal returns on capital in the boom sector, simultaneously increasing the
demand for all goods. The increase in demand for the manufacturing goods will be
satisfied by increasing in imports, leading to a deterioration of the trade balance.

As a result of the movement effect, the output in the manufacturing sector and

services sector will decrease and so that leads to the phenomenon known as direct



de-industrialization (Corden and Neary, 1982; Corden, 1984; Oomes and Kalcheva, 2007;
Van Wijnbergen, 1984; Sachs and Warner, 1999).

The higher demand for services leads to an exchange rate appreciation that draws
out further resources from manufacturing (and under some assumptions can even draw
out resources from the boom sector) to the services, a fact that deepens the loss of
competitiveness in the manufacturing sector, allowing the rise of the
indirect-industrialization (Corden, 1984; Corden and Neary, 1982).

While the effects of the boom to the manufacturing sector are undoubtedly a
decrease in the output, the same (cannot be applied to the services sector, since the
movement effect may lead to a decrease in output, but the spending effect will lead to an
increase in output (Corden and Neary, 1982). The importance of the dominant effects is
dependent on the consumption of services in the economy.

However, the de-industrialization process may not completely offset the growth
effects from the increasing output of the boom sector. As aforementioned, the service
sector may experience a higher output and this effect combined with the increase in
energy can offset the negative effects on the loss of productivity in the manufacturing
sectors (Davis, 1995).

The following de-industrialization can be seen as the result of efficient resource
reallocation and market adjustments due to higher marginal productivity of capital, and in
that sense should not be seen as unpleasant to the economy (Davis, 1995), and in some
cases it may even lead to a higher overall output.

However, generally, most of the economic growth is attributed to Learning by
Doing, which may be translated as investment in human capital that is specific of a sector
but not appropriate by individual firms (Gylfason et al., 1999; Van Wijnbergen, 1984;
Krugman, 1987; Torvik, 2001). The Learning by Doing is assumed to be specific of the
tradable sector (mainly the manufacturing) in the papers presented by Gylfason et al.
(1999), Van Wijnbergen (1984) and Krugman (1987) and that is the case if the resource
windfalls are not permanent, but are long enough to promote an adjustment in the

market that will be difficult to reverse after the windfall is exhausted, the economy would



be worse (Krugman, 1987; Van Wijnbergen, 1984; Rodriguez and Sachs, 1999).

Therefore, increasing the productivity of primary sectors (excluding agricultural)
increases the real exchange rate, and as a result, decreases the profitability and
investment in manufacturing, reducing the human capital accumulation, and in that way
damages growth (Gylfason et al., 1999). Using a data set with 125 countries, from
1960-1992, Gylfason et al. (1999) found out that an increase in part of primary exports in
labor force from 5% to 30%, may lead to a decrease of growth per capita of about 0.5%
per annum.

In order to avoid the loss of competitiveness in the manufacturing sector, the
government may subsidize the companies, with part of the revenues from the windfall
that have the potential to generate learning by doing effects (Van Wijnbergen, 1984).

On the other hand, Torvik (2001) defends that both sectors are able to induce
learning by doing and there is also the spillover of it from one sector to another, in this
case the increase in productivity would lead not to a de-industrialization but to a
pro-industrialization.

This study uses a static general equilibrium model to analyze the impacts of
changes in variable as prices and productivity to analyze the change produced in
equilibrium. Since the analytical solution is very complex and makes it difficult to analyze
the impact on some variables, as the system uses multiple variables, the numerical
approach was implemented to draw some of the conclusions.

The main use of this model is, as stated before, the understanding of resources

reallocation due to shocks in the economy.

3. The Case of Angola

Angola is a Sub-Saharan African country, with an estimated population of about 20
million (World Bank, 2013) which gained its independence from Portugal in 1975, but after
that sank in a civil war that lasted about 30 years, ended in 2002. Since 2002, favored by
the end of war and by the higher production of oil and its high prices, where the oil prices

for the OPEC (Organization of the Petroleum Exporting Countries) basket, which Angola is
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member, achieved a maximum of USD 140, being the main exportation product, led the

country to a robust growth from 2004 to 2008 (Fig.1).

Fig. 1. Angola GDP growth
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This growth was also boosted by a growing non-oil sector, experiencing growth
rates close to the oil-sector from 2002 to 2008, of about 7% (Centro de Estudos e
Investigacdo Cientifica, 2008). Despite the dependence on Oil decreasing over the time,
it’s still highly dependent, where the production in the GDP was more than 50 percent
until 2009 (Banco Nacional de Angola, 2013). Besides the lower value, less than 50% since
2010, it is still above 40%, and the exposure of the country to international shocks is high,
as it can be seen by the financial crisis. Due to financial crises and technical issues, the Qil
production dropped by 5% in 2009, 2% in 2010 and 5% again in 2011 (Banco Nacional de
Angola, 2013). The growth rate during the same period was, 2.39%, 3.39% and 3.40%
(Banco Nacional de Angola, 2013; World Bank, 2012) respectively.

The positive growth rate was due to non-oil sector, mainly construction,
agriculture and energy on which each grew on an average of 15% in the same period
(Banco Nacional de Angola, 2013). The main source of public revenues is still from oil
revenues, which represents more than 40 percent of GDP in 2011 (Fig.2), while the

revenues from tax on the sectors still are less than 15%.
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Fig. 2 GDP share by segment 2011
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The country is the second major oil producer in the African continent, only after
Nigeria, with a production of about 1.9 million of barrels (African Economic Outlook,
2012). Being the main economic driver and capital-intensive, it may constrain economic
development since it has a small role in job creation, it employs less than 1% of total labor
force as seen in Fig.3 (African Economic Outlook, 2012; Centro de Estudos e Investigacdo
Cientifica, 2011). This fact is easily seen in the growth rate of employment which has been
increasing way below the economy. The highest growth rate in labor force was about 7%
in 2006, while at the same year the growth rate of output was about 21%. The period
2006-2011 Angola registered an average growth rate of output at about 11% while the

growth rate of labor force was only about 4%.
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Fig. 3.Labor Force Distribuition (Average 2005-2011)
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It is important to note that despite the increasing production and prices of oil, the
other sectors have been increasing substantially, mostly in agriculture, construction and
energy (non-oil). These results show that increases in one of the tradable sector, even in
the non-labor intensive sector may not lead to the Dutch Disease at least in the short run.
As stated by Corden and Neary (1982), the predominant effect in countries that are oil
producers is the spending effect, creating a demand of all goods in the economy. In this
case this income effect allowed the increase of production in the manufacturing and
services, mainly caused by public demand and also by the oil sector.

The oil sector still is the main driver of the country exports, representing about
90% of all exports (Centro de Estudos e Investigacdo Cientifica, 2007). The diamonds are
the second source of exports with an average of 5%, and goods as refined products, gas,
laminates fishery and coffee which represents only about 5% of the total exports.
Although the main source of employment is agriculture which is for internal consumption,
its low productivity in the sector still is predominantly familiar (CEIC, 2007). The
mechanized agriculture covering only about 2%, of the total cultivated area (Centro de

Estudos e Investigacdao Cientifica, 2011), meaning that more than 97% of the agriculture
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still is carried forward using rudimentary techniques. Another factor that harms
significantly the sector is the migration of young workers to cities, leaving the production
to the old and female workforce (Centro de Estudos e Investigagdo Cientifica, 2011). And
the lower level of fertility must-be taken in account (Centro de Estudos e Investigacdo
Cientifica, 2011).

In the next section the main assumptions of the model is presented.

4. The Model

The model represents a small open economy with three sectors, where the net
international interest, given by 1" (which is assumed to be the same across sectors), is

exogenous to the economy. The economy is said to be small because it is not able to
influence the world prices on neither the tradable goods nor the real interest rate.
Markets are competitive. There is the production of three goods, where two are tradable
and one is non-tradable’,

The tradable goods are energy (Y®) and a manufacturing (Y™ ), while the
non-tradable good is services (Y *°). Despite the fact that some categories of services can
be tradable, and some manufacturing can be non-tradable, in the model services it is
assumed to represent every non-tradable good and manufacturing to represent the
tradable goods besides energy. Every technology 1 is described by a neoclassical
production function that uses as inputs labor, N' and capital, K'.

Labor is mobile across sectors, and there is no international labor mobility, but we

can exclude the possibility of migrations. Capital is sector-specific, the initial stock of

capital, K,, is given and there is no capital accumulation, which restricts the analysis to

stationary environments. This assumption allows us to focus on the re-allocation of labor
across sectors, which we assume is behind the notion of Dutch Disease, buying us

simultaneously a very tractable model. Labor is supplied inelastically and money plays no

role in the economy. Total factor productivity is exogenous and is represented by A’ in

' The terminology used is the same as in the Corden and Neary (1982)
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every sector i. It is assumed to be multiplicative in the production function, as Hicks

neutral productivity. The households own the firms and can save through external assets
represented by B, that has a real return equal to international interest rate, r,". The
government spends a fixed amount of G, non-tradable goods, and uses a lump sum tax
Q, to finance its spending.

This model allows to study the changes in general equilibrium through permanent
shocks in the total factor productivity of every sector, namely energy, what would allow us
to study the so-called de-industrialization, and the effects on real output, and in this way
confirm or not the "Dutch Disease" theory. The main specifications of the model are given

below.

4.1 Households

There is one infinitely lived representative household with preferences over
consumption of sequences C" for manufactured goods, C° for energy good andC;’ ,

for services goods. The lifetime utility® is given by the following function:
U =3 ey (CEyaesy] o< pet
t=0

The households supply inelastically N units of time to work in the market. The

budget constraint is given by:

a'[+1 = al(1+ r’[*)+YtM + pEthE + pSthS _CtM - pEtCtE - pStCtS +Qt

Where a,,, is the private net foreign assets holdings, €2, refers to tax paid to the
government by the households and 1, is the international interest rate. The factor

prices, taxes and wealth are measured in terms of manufacturing goods, p,,, which is

? The utility function is differentiable at least twice and has the following properties: 1) U (') > 0, U (0) < O;

lim, U'(c')=0, lim

c' 5w

; U (CI ) = 00;2) IH is the discount factor and  }; >0 isthe proportion
c!' 5w !

of consumption of each good.

14
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used as numeraire, and normalized to one. pg, is the relative price of services in terms of
manufacturing, and pg, is the relative price of energy in terms of manufacturing.

In the budget constraint total income is given by the production of every period. Using the

W . . .
definition of Y'=—-N/+r, K'+7z', w, the return of labor factor in units of the
it

manufacturing and 1, the return of the stock of capital, in units of the manufacturing,
are exogenous to the household as well as K'. Since markets are competitive profits are
zero. The total return on labor is also exogenous since labor is in elastically supplied. Then
using the value of production in the budget constraint is equivalent to using the factors
return of each sector.

The Household problem is then given by:
max Y8 In[(C )1 (CEY2(€.5)?] 0< p<1
t=0

subject to:
A, = 61(1+ r’[*)+Y’[M + pEthE + pSthS _CtM - pEtCtE - pStCtS +Qt
and
The No-Ponzi game condition for households is:
a
Tlim % >0
H(1+ rj*)
=1

The static FOC are given by:

71(CtE) :i
72(CtM) Pet
71(Cts) =i
73(CtM) Pst

The dynamics FOC conditions are given by:

Ch =CMB+r,)

CL, =CEpLE (1+1))

Et+1
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These FOC plus the budget constraint (3), comprise the set of conditions that determine

the households choices when a0=a_0 , and the transversality condition holds as:

. a
|ImT¢:O

e H(“ rj*)
=

4.2 Firms

Firms are price takers, in goods markets and the labor market, and operate with
one of the three available technologies. These technologies are Cobb-Douglas functions, in

which the inputs are labor and capital for all the sectors.

YtM — AM (KM)l—a(NtM)a’ 0<a<1
YtE - AE(KE)l—H(NtE)H’ 0<0<1
YO = AS(KO)(NS), 0<p<1

where A' is the total factor productivity (TFP) of sector i, which is exogenous, K' is
the capital in each sector and Nti is the labor in each sector, where i=M,E,S?>. In each

period the firms maximizes:

*

. W . .
maxz' =Y, ——N{ -r,K'

it
subject to:

Yti - Ai(Ki)l_b(Nti)b
for i=M,E,S and b=«,0,

FOC for those firms are given by:

Manufacturing:

aAM Kl—a(NtM )a—l - \Nt

*> The production function is neoclassical, meaning that the following properties must hold:
1) crs: F'(AK",AN") = AF'(K',N") for any K, L and A>0; 2) Twice differentiable, with

F,>0; F, >0 and F}, <0; F}, <0;3)satisfy F;(0,N')=00, F¢(o0,N')=0
F.(K',0) =00, F{(K'0)=0.
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Services:

A (K Ny = 2

St

Energy:
OAE (K E)l—H(N E)Q—l - W
t

Et
Notice that, we are assuming that capital is constant across time and firms.
Equalizing equations (14)-(16) gives the optimal allocation of labor across sectors as

below:

Wt - OCAM Klfa(NtM )afl - pEtHAE(KE)lfg(NtE)Hfl - pStﬂAS (KS)lfn(NtS)U*l

4.3 Government
The model assumes that G, is the government spending in non-tradable and that

there are lump sum taxes, then the model has Ricardian equivalence, and without loss of
generality it is assumed that government does not borrow or lend. The government
budget constraint is balanced every period, which imply that the government budget

constraint can be written as:

G, =Q,
4.4 Market clearing

e Labor Market
Labor is allocated in manufacturing sector NtM, energy sector NtE, and in
services sector NtS according to the equilibrium condition given by equation (17). Labor

supply is inelastically constant over time and given by N. The labor market clearing
implies:
N=N"+N"+N?
e Goods Market
The output of tradable sectors, as well as imports in those sectors are used for

private consumption and can be exported, while the output of non-tradable sector is used
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for private and public consumption. There is no investment, and the value of capital is

G
fixed in every period. Assuming that ¢ EY—; which is the share of government’s
t

spending in the production of non-tradable.

YM=cM+T1B" (20)
YF=CF+TBF (21)
vs=csig = o (22)
1-9
Where TB' is the trade balance and is given by difference between exports and imports
(EX =IM), for i=M,E.
¢ Assets
Under the assumptions that there is only private savings, private wealth can be
defined as:
a =B +K (23)
And the accumulation of net asset holding, in units of M, is given by:
B., =B, (1+r")+ pgTB 5 +TB (24)
where B, isthe foreign net assets holdings, and 1" the international interest rate.
e External sector
The current account CA,, in units of manufacturing, is given by:
CA =B I, + p,TB5 +TB" (25)
In absence of shocks the economy is in a stationary equilibrium implying a current
account equal to zero and therefore:
P TBS +TBY =-B.r’ (26)

where subscript S stands for steady state.

In the next section the general equilibrium is solved using the central planner
problem.
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5. The Solution Method

The general equilibrium can be solved using the solution of a central planner
problem, constrained by the constant value of g . The condition that allows to determine
the equilibrium4 is now presented.

The central planner will choose the optimal value for

{cM,CE,Cc3,NM, NF, NS, TBE, TBY B, |, that solves the following problem:

[t 51

Max3 4 In[(C' ) (C)* (€)'

subject to:
AM (KM )1—a(NtM )a - CtM +TBtM
AE(KE)l—H(NtE)H - CtE +TBtE
_ CS
AS(KS (NS ==
[ Fronsy =2
N +NF+N° =N
TBtM + pEtTBtE = Bt+l - Bt (1+ rt*)
- BT 1 >
= >0
T“Dl -Jl-—:lil-i- ry )
given B,,.

The solution of this problem is summarized by the following conditions:

7(CE) _ onE(KEf(NE)”
7C") AV (KM (N

A _ Gy
75(C") aAV (K M )1*“ (NM)«?

7(CH) - 1
72 (CtM) P&t

Equations (33) and (34) show that marginal rate of substitution and marginal rate

* The proof is presented in Appendix (11).
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(30)

(31)

(32)

(33)
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of transformation must be equal in every sector. And equation (35) imposes that the
marginal rate of substitution equalizes the terms of trade that is the marginal rate of
transformation through trade. This condition is also part of the planner equilibrium
because the relative price of energy is exogenous to the planner, since it is an
international exogenous price.
The dynamics equations for the planner are given by:
Ch=C"Bl+r,)
CE =CEA-Pa(1+1y)
Et+1

The transversality condition is given by:

BT+1 - 0

lim 7—)
T—oo -JI.-=1 1+ I’J
In summary conditions (27)-(31) plus conditions (33)-(38), given B, determine

the central planner allocation.

5.1 Steady State conditions

In this section the stationary equilibrium conditions are described. Assuming that

the rest of the world is in the steady state and preferences are identical to our economy,

then SB(1+r’)=1 and P =1 (so the relative price of energy is constant over time
Et+1

and given by pg = Pg,; = Pz) and from equations (36) and (37) C!=C!, =C! for
i =M, E. By these assumptions the system can be reduced to:
Combining equation (33) and (35) it is imposed that MRTS is equal to the terms of

trade.

i: eAE(KE)l‘H(NSE)G—l >0
Pe A" (KM (NM)« B

Substituting equations (19), (34) into (35) and combining with (29) it reduces to:

E
1775Cs Pe =N-(NM+NF) t>0
M M @ M ya-1 S S
(1-g)aA™ (K™ (NM)* Ly,
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Substituting equations (26), (27) and (34) in (30) gives:

A (KM (NMe —”(ii+ e |25 (KEF/(NE)? —CE =B, ~B.(1+ 1) 120

2

In the stationary equilibrium as B, = B, = B,, the equation becomes:

e S MU ETe LS

2

Therefore if the system is reduced to the equations (39), (40) and (42) it allows to

obtain values for CS5,N5,NM . Using these allocations, it is possible to find the
equilibrium values for the others variables. Using the results found for CSE,NSE,NSM, the
equilibrium value for CSM is given by (33); the equilibrium value of NsS can be
calculated given the equation (30) and therefore the value of CsS from equation (35); the

values for TBS'VI and TBSE are given by equations (27) and (28) respectively. The
relative price of services is determined by:

o (KNS 1

oAV (KM (NM)=t s

and real wage by the equation of optimal labor allocation, equation (18).
Using the mentioned equations, it is possible to analyze how changes in

equilibrium may lead to a reallocation of labor across sectors. The initial stock of capital is
givenby K'=1, for i=M,S, while for the energy sector it will assume different values

from the unit which will be clarified in the calibration section.
From these conditions it is already possible to draw general conclusions, which are

stated in the following propositions.
Proposition 1: Assuming that p. is constant and that B(1+r)=1 the
economy is in steady state if A' = 0and ¢ is constant.

Proof. If P: = A' = 0 then it is true that (42) is the one restricting the equilibrium.

As we saw the conditions for relative price of energy and the relation between interest

rate and the discount factor, imply that @ is in the steady state, for i=M,E. If At =0
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it means that equilibrium equation (39), (40) and (42) determines that I/Vz therefore the
economy is in a steady state. Changes in A, B, and p. would lead to a new
stationary equilibrium with labor reallocation. The relative price of services is also
constant over time for a given value of A', B, and p., usingequation (43).

Proposition 2: If the TFP of all sectors changes by the same proportion the
economy is on a balanced growth path, with a constant labor allocation across sectors,
when B, =B, =0.

Proof. A common growth rate in overall TFP, would not change the equilibrium values of

NE, N, when B,=0, A(1+r")=1 and C!= A' The MRTS between energy and
manufacturing are constant as well as the MRTS between service and manufacturing,
equation (44). In that way no changes would occur in the relative prices of energy or
services, resulting that p; = 0 and that pg = 0 Since there are no changes in relative
prices of services, the changes in wages across sectors are equal to change in TFP, given as
W, = At. This can also explain why there is no labor reallocation and IVZ = (0 .The

production changes in every sector by ¥} = A* for i=M,E,S.

5.2 Permanent Shocks

Being the main question to answer by this model labor reallocation is described,
first in general terms and after numerically, how can we characterize labor reallocation
due to permanent shocks.

Proposition 3: Increasing non-tradable TFP relatively to tradable TFP does not lead
to labor reallocation.

Proof. From equilibrium conditions, (39), (40) and (42) it is possible to verify that
changes in services TFP do not enter into these equilibrium conditions. Therefore a
permanent change in services TFP, A®, will not change the allocation of labor in the
manufacturing or energy sector in this way N¥ = NF = 0 and consequently, 1@ =0.In
the new equilibrium, the relative price of services should decrease in the same proportion

as the increase in TFP of services, leadingto A5 = —pg, as we can see by:

22



A5 = [A" — (1 — ONF] - s + (1 — n)NS

Also using equation (29) E\SS and implicitly, CE, will change so the market clearing
condition for services holds. The intuition behind the above results is that increases in the
non-tradable sector TFP’s leads to a higher production of those goods, completely
compensated by the decrease of the relative prices of non-tradable that we must change
in order to restore the equilibrium. As result the production in the tradable sector in
unchanged.

The final equilibrium would have a higher output and consumption of services,
which is obtained due to lower relative price of services, but without labor reallocation
and with no changes in the tradable sectors output. From these results, it can be
concluded that the effects related to the Dutch Disease aren’t caused by changes in the
technology of non-tradable sector. After describing the effects of changes in TFP of
non-tradable, changes in TFP of tradable sector will be assessed.

Proposition 4: Permanent changes in the level of energy prices have identical
effects on equilibrium than permanent changes in energy TFP, except for the equilibrium
value of energy consumption, both will lead to labor reallocation.

Proof. From equation (39), (40) and (42) it is possible to see that NSM, NsE and
pECSE do not depend separately on p. and AE but on the product pEAE. Changes
in pgA° lead therefore to identical effects in the labor re-allocation across the tradable
sector, and between these and the non-tradable sector. Changes in pAF also have an
effect on p.CE. Whether the equilibrium is changed due to anew p. ortoanew AF
is just on CSE. Within the tradable sector, the increase in relative prices of energy lead to

a lower consumption of energy, while it has a positive impact in the consumption of
manufacturing, when compared with an increase of the energy TFP. From equation (35):
ppCE = CIf
As shown below in the numerical example, changes in productivity of energy, as
well as in the prices, will lead to labor reallocation from manufacturing to energy,

decreasing the output of manufacturing and increasing output of energy. The
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manufacturing sector would face a deterioration of its trade balance, since the imports
would substitute the domestic production of manufacturing.
It is not possible to determine the effect in labor of the shocks in the productivity and
prices of energy using this proof, but it possible to show that in the numerical simulations.
When TFP for tradable goods changes, the impact can be summarized in:

Proposition 5: Changes of the same proportion in TFP of every tradable sector do

not lead to reallocation of labor, when B; =0

Proof. If AM = AE we can see that equations (39), (40) and (42) are satisfied,
when B, =0, for AM = AE =(,,‘§\5 and for 1\757” =1\7§ = 0.

This proposition has similar results to proposition 2 and 3. From proposition 2 it
can be seen that simultaneous and proportional increases in the TFP of every sector in the
economy lead to an overall increase in production, but without labor reallocation. From
proposition 3 it can be seen that changes in TFP of non-tradable does not influence the
other sectors, only the relative prices of services and output. This means that if there are
changes restricted to tradable sector TFP, the wages in this sector increases, as well as the
wages in the non-tradable sector, by wg = AM = AF leading to higher demand of goods.
The relative prices of services increase in the same proportion than tradable TFP,
AM = AE = pDs, keeping the ratio of equation (43) unchanged. For homothetic
preferences, consumption of all goods would increase in the same proportion, but since
production does not change in the non-tradable sector, the relative price of services
increases, leading to a real exchange appreciation in order to restore the equilibrium in
the goods market. This increase of relative prices of services offsets the increase of
demand and keeps the output at the same level than before.

Proposition 3 and 5 shows that in this very simple model, labor reallocation does
not occur when permanent changes in productivity are concentrated either in the

tradable sector or in the non-tradable sector.

Proposition 6: Change in the net foreign assets leads to lower output in tradable

and to reallocation of labor to non-tradable.

24



A change that leads to a higher net foreign assets, either due to foreign aid or
other external reason, increases national wealth and consumption. From equation (42) it

is possible to infer that an increase of B, can lead either to lower the labor in tradable

sector or lead to higher the level of consumption on energy, or both effects. Since the
production in tradable is unchanged the excess demand for tradable may lead to higher
import and deterioration of the overall trade balance, while for the non-tradable sector
there is an exchange real appreciation. Different from an increase in TFP of non-tradable,
the real exchange appreciation leads to reallocation of labor from tradable to
non-tradable, due to higher real wages in non-tradable, increasing the output of non—
tradable while the output in tradable decreases, which leads to a further deterioration of
trade balance.

In the next section, an analysis of the effects of permanent shocks where there is
no analytical solution is made. The focus is on those permanent shocks related to Dutch

Disease, which will be tested numerically.

6. Numerical results

In this section the model is analyzed numerically to better understand the
mechanism behind the Dutch Disease, and whether it can harm welfare or growth.
In order to analyze the changes in the steady state we use the following assumptions :
1. Normalizing the values for capital to the unit for manufacturing and servicesK' =1,
for i=M,S while KE =500; the reason for this difference is explained in the next
section.
2. Normalizing the total labor N =1, this is fully employed across the three sectors and
can move free without any cost.
3. For numerical tractability output elasticity in manufacturing sector equals to one in
the energy sector (€ =«a). The solution is presented below and the derivations are in
Appendix (I). The implications of imposing this restriction are further discussed.

4. There are no initial external assets, implying B, =0, and therefore, given
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permanent shocks, trade is always balanced, where the value of imports equals the value
of exports. But since we will analyze exogenous changes in net asset foreign, due to
external reasons, B, is different from zero in the below equations.

5. Proportion of governments spending are exogenous and given by g =0.5 (note that

it is a share of non-tradable production).

Given the above assumptions and by using equations (39), (40) and (42) the system is

reduced to:
1
CsEpEs|:l+7l:| Bsrs*
NM - 2
M M a-1
A i +[ A Ej KE
(K™Y PeA
and

77}/3C5E pEs

AV o KE
1+[ Ej —
pEsA K

CSE pEs|:1+71i|_ Bsrs*

2
1 V2
M Nad
%+[KM+AE] ke
(KM) Pe A

Equations (46) and (47) determine the equilibrium values of the C£ and NXM.

(- galA" ) (k") {

Given that values the system can be solved to determine the remaining allocations and

prices.

6.1 Calibrating the model

For the calibration of the model the following assumptions are considered: the

output elasticity of labor in the non-tradable sector is 7=0.1; and in tradable is a =
6 =0.7; and the TFP values for each sector are A =300, A° =200 and A" =20. The

values for the parameters of utility function are given by » =0.6, »,=0.1 and
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73 = 0.3, which gives a higher weight in the consumption of manufacturing and services
compared to energy. The portion of public spending in services is given by g =0.5. The
relative price of energy is given by p. =2 and at this point B, =0.

It is important to notice that the setting « = @ limits the results regarding the
ability of the model to replicate some scenarios and also may be the reason why under
some shocks the results for the non-tradable sector do not change, as it will be presented

in the simulations.

Table 1. Parameters Values

Parameter Benchmark Value

Labor share, Manufacturing (a) 0.7
Labor shares, Energy (6) 0.7
Labor shares, Services(n) 0.1
Stock of Capital, Manufacturing (K™) 1

Stock of Capital, Energy (KE) 500
Stock of Capital, Services (K?) 1

Share of manufacturing consumption (y,) 0.6
Share of energy consumption (y,) 0.1
Share of service consumption (y3) 0.3
Total Factor Productivity, Manufacturing (A™) 300
Total Factor Productivity, Energy (AF) 20
Total Factor Productivity , Services(45) 200
Net Foreign Assets (Bg) 0

Share of government spendings in services (g) 0.5
Total Stock of labor (N) 1

Energy Relative price (pg)

The model benchmark parameters are given in table 1. The economy uses one
where energy and manufacturing has the same output elasticity of labor. The aim of the
parameters chosen below is to replicate an economy where the energy sector has a
positive trade balance, while the manufacturing sector has a negative trade balance.
These are characteristics of an economy like Angola, in which the main export goods are
of mineral kind. Given the simplicity of the model, and the assumption that « = 6 does
not allow to have at the same time a positive trade balance for energy and making this

sector the main production sector with lower labor (the energy sector employees only
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about 1% of the workforce in Angola). This is due the fact that to increase the production
it is necessary to increase the labor or the capital in that sector and this will always lead to
higher labor in energy, while the labor in manufacturing decreases.

In that sense a calibration is used with a benchmark where the manufacturing
sector employs more labor than the energy and the non-tradable sector, replicates
partially the conditions of Angola’s economy. Nevertheless, the results are still robust and
allow extending the findings of Section 5. Given these values to the parameters, the

benchmark scenario is given in table 2.

Table 2. Simulation 1: Benchmark

Description Benchmark Values
Consumption, Energy (ch 22.78
Consumption, Manufacturing (C¥) 273.36
Consumption, Services (C;‘?) 80.13
Labor, Energy (N£) 0.34
Labor, Manufacturing (NSM) 0.5549
Labor, Services (N3 ) 0.1091
Trade Balance, Energy (TBE) 37.36
Trade Balance, Manufacturing (TBM) -74.72
Production, Energy (YE) 60.14
Production, Manufacturing (Y¥) 198.64
Production, Services (Y3) 160.26
Total Production (YT) 592.29
Government Spendings (G;) 80.13
Equilibrium Wage (w;) 250.58
Real Exchante Rate (ps) 1.7058

As stated before total labor is set to unit, and the net assets are set to zero. This
assumption allows having an economy where the manufacturing is the more productive
sector, where labor employed in the sector is about 55%. The aim of this calibration is to
have an energy sector that is a net exporter while the manufacturing sector is a net

importer, and so replicating a country that is a net exporter of energy.
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6.2 Main Results

This section will present the effects in the equilibrium of permanent shocks in
exogenous variables mainly to assess the effects in labor allocation. All the shocks are

related to 20% change in the studied variable.

6.2.1 Improvementin TFP Energy Sector

In this section a change in TFP of energy is analyzed, keeping everything else

constant. The results are shown in the table (3) below.

Table 3. Simulation 2: Change in Energy TFP

Lo Changein
Description Benchmark Values

Energy TFP
Consumption, Energy (Cf) 22.78 24.733
Consumption, Manufacturing (CM) 273.36 296.80
Consumption, Services (CSS) 80.13 80.125
Labor, Energy (N£) 0.34 0.469
Labor, Manufacturing  (NM) 0.5549 0.422
Labor, Services (N$) 0.1091 0.109
Trade Balance, Energy (TBE) 37.36 66.417
Trade Balance, Manufacturing (TBM) -74.72 -132.84
Production, Energy (YE) 60.14 91.15
Production, Manufacturing (Y¥) 198.64 163.96
Production, Services (Y3) 160.26 160.26
Total Production (YT) 592.29 643.06
Government Spendings (G;) 80.13 80.125
Equilibrium Wage (wy) 250.58 272.06
Real Exchante Rate (ps) 1.7058 1.852

Changing energy’s TFP from 20 to 24 leads to an increase of marginal productivity
of labor, which means higher wages, which increase 8.6%, leading workers to move from
the manufacturing sector to the energy sector, decreasing the production in the former
and increasing in the latter. The total production in the energy sector increases about 52%
while the production in manufacturing decreases about 17%. In the model there is no
impact in production, or consumption, of services, due to a real appreciation that offsets
the effects related to the improvement of TFP on energy by equalizing the wages of the

non-tradable to the tradable, and so avoiding labor to move out of the sector. Given that
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the increase in energy TFP causes an income effect, translated in higher real wages, the
demand for goods increases the consumption for all goods, except for services. There is
also a positive effect on the trade balance of energy, since the increase in production is
higher than the consumption. In the case of manufacturing goods, the increase in demand
to be satisfied partially by higher imports that cover the decrease in production in this
sector. The overall effect of the improvement in the energy TFP is a higher national
welfare, given the higher overall consumption, despite the decrease in the manufacturing

sector (the de-industrialization).

6.2.2 Increase in energy prices
In this section a change in the energy relative price is analyzed, and the results are
presented in table 4. The result of this shock to labor allocation was already presented in
proposition 4, and now it is mainly intended to check the effects to consumption of energy

which was not possible to assess in the proposition.

Table 4. Simulation 3: Change in Energy Relative Prices

Change in Energy

Description Benchmark Values i )
Relative Prices

Consumption, Energy (ch 22.78 20.611
Consumption, Manufacturing (CM) 273.36 296.80
Consumption, Services (Cg) 80.13 80.125
Labor, Energy (NE) 0.34 0.469
Labor, Manufacturing (NSM) 0.5549 0.422
Labor, Services (N3 ) 0.1091 0.109
Trade Balance, Energy (TBE) 37.36 55.348
Trade Balance, Manufacturing (TBM) -74.72 -132.84
Production, Energy (Y£) 60.14 75.959
Production, Manufacturing (YY) 198.64 163.96
Production, Services (Y¥) 160.26 160.26
Total Production (YT) 592.29 643.06
Government Spendings (G;) 80.13 80.125
Equilibrium Wage (wy) 250.58 272.06
Real Exchante Rate (ps) 1.7058 1.852
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The increase in relative prices at the same proportion as in TFP of energy leads to
similar results, except for the consumption and production of energy. Equation (46) shows
that a change in relative price of energy has a positive effect in consumption of
manufacturing, but from that equation is not possible to know the effect on consumption
of energy. From the simulation it is possible to see that the increase in the energy relative
prices leads to a decrease of the consumption of energy, while there is an increase in
manufacturing consumption. The higher relative prices of energy moves workers from the
manufacturing to the energy sector, increasing the production of the energy sector by
26.3% and decreasing the manufacturing production in 17.46%. As in the first scenario and
the next scenario the output of the non-tradable services will not change due to the
adjustment of the real exchange rate.

In this simulation, the higher relative prices lead to a lower consumption of energy,
due to substitution effect, increasing the exports of energy. Due to the change in relative
prices is proportionally equal to changes the change in the TFP, the wages increase to the
same level of the improvement of energy TFP, and lead to reallocation of labor within
tradable sectors, but the increase in the total production is way below the one when there
is an improvement in technology. In the scenario of an improvement in the TFP there is an
increase of 52 % in the production of energy, while in this scenario, there is an increase in
production of only 26%. This is due the fact that more labor is in the energy sector, due to
high price, but the productivity of the energy sector is the same, while in the former
sector the productivity is higher. The total output increases 8.6% as in the first scenario,
with the new price, but if analyzed with prices before shock the total output just grew
3.4%.

As a result, the trade balance of energy faces a lower increase than the scenario of
an improvement in energy TFP, given the lower increase in the production of this good. In
this scenario it is possible to conclude that an increase in prices of energy has similar
effects of an improvement in the TFP in terms of labor reallocation, but the effect of
increasing the output is lower and the trade balance faces a lower increase than when

there is the same proportional change in energy TFP.
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6.2.3 Improvement in TFP of Manufacturing Sector

In this section the impact in the general equilibrium of a change in the

manufacturing sector TFP is analyzed.

Table 5. Simulation 4: Change in Manufacturing TFP

o Change in
Description Benchmark Values Manufacturing TFP

Consumption, Energy (ch 22.78 25.834
Consumption, Manufacturing (C¥) 273.36 310.01
Consumption, Services (Cg) 80.13 80.125
Labor, Energy (NE) 0.34 0.221

Labor, Manufacturing (NM) 0.5549 0.67

Labor, Services (N$) 0.1091 0.109

Trade Balance, Energy (TBE) 37.36 19.008
Trade Balance, Manufacturing (TBM) -74.72 -38.019
Production, Energy (YE) 60.14 44.842
Production, Manufacturing (YM) 198.64 271.99
Production, Services (Y3) 160.26 160.25
Total Production (YY) 592.29 671.68
Government Spendings (G;) 80.13 80.125
Equilibrium Wage (wy) 250.58 284.17
Real Exchante Rate (ps) 1.7058 1.935

An improvement in manufacturing technology, from 300 to 360, has similar results
of improvement in the energy sector technology, being different only regarding the
direction of labor movement. In this scenario the labor moves from the energy sector to
the manufacturing sector, increasing about 12 percentage points, and decreasing at the
same proportion in the energy sector. Given that TFP is higher in this scenario than in the
first one, the increase in 20 %, leads necessarily to a higher welfare, increasing the total
output by 13%, while in the other scenario the increase was 8.6%. The consumption of
energy and manufacturing goods increases as expected, given the income effect, while
services consumption is constant due to real exchange appreciation. The next section

presents the last shock to the model that refers to changes in the net foreign assets.
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6.2.4 Increase in the net foreign assets

In this section it is presented a change in the net foreign assets, changing from
B,=0 to B,=50.

Table 6. Simulation 5: Change in Foreign Net asset

Change in Net

Description Benchmark Values

Foreign Asset
Consumption, Energy (chH 22.78 23.11
Consumption, Manufacturing (C¥) 273.36 277.32
Consumption, Services (C¥) 80.13 80.24
Labor, Energy (NF) 0.34 0.335
Labor, Manufacturing  (NM) 0.5549 0.554
Labor, Services (Ns') 0.1091 0.111
Trade Balance, Energy (TBE) 37.36 36.957
Trade Balance, Manufacturing (TBY) -74.72 -78.913
Production, Energy (YE) 60.14 60.067
Production, Manufacturing (Y¥) 198.64 198.41
Production, Services (Y3) 160.26 160.48
Total Production (YT) 592.29 595.87
Government Spendings (G;) 80.13 80.24
Equilibrium Wage (wy) 250.58 250.71
Real Exchante Rate (ps) 1.7058 1.7281

An increase in net foreign assets, despite the increasing in national wealth, has
different effects in the overall output as an increase in the overall TFP. While a
proportional increase in sectors TFP leads to higher output, without reallocation of labor,
as per proposition 5, increasing the net foreign assets leads to reallocation from the
tradable to non-tradable sector. Increasing the net assets in 50 units, leads to an overall
increase of consumption of energy, manufacturing and services (1.44% for tradable goods
and 0.137% for non-tradable goods). The overall output of the tradable sector decreases
about 0.116%. The increase in the net foreign assets creates excess demand for all goods,
but since relative prices of tradable goods are exogenous, the increasing demand can be
satisfied by imports, while in case of non-tradable where the demand must be met
domestically, there is a real exchange rate appreciation and consequently higher real

wages, moving labor from the tradable sector to non-tradable, and as result there is a
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decrease in the output at the tradable sector and a deterioration of the trade balance of
energy on 1.07% and the balance of trade of manufacturing on 5.6%. There would be
labor re-allocation from the tradable sectors to the non-tradable on 1.31%, this value
being the combined decrease in the tradable sectors.

Using this simple model and the several scenarios studied, it seems that shocks on
fundamentals variables of the model as shocks in relative price of energy, changes in
productivity of each sector, except for the non-tradable, and changes in the net foreign

asset may lead to a disease as defined in this paper.

6.3 Different output elasticity of labor in tradable sector

As stated in the beginning of this section the fact that the output elasticity of labor
in the tradable sector is the same that may be the main limitation of the model and using
different values makes difficult to solve the model. We keep everything constant and
changing the value of q, it would result in a lower share of labor in the manufacturing,
while the share of labor in the energy sector or in the services sector would be higher,
being the exact movement of labor not possible to know from the equations.

The change either in a or 6, could lead to an excess demand, or to excess supply of
labor that would lead to a higher/lower wages and lead to a movement of labor across
sectors. The real exchange rate would appreciate/depreciate in response to this change
and labor in the non-tradable sector would decrease/increase, depending on the
parameters of the model, or even there could be no change if the real exchange rate could

offset the effects of the changes in these parameters.

7. The model versus the Literature

Corden and Neary (1982) try to assess the structural change of an open economy
due to a boom in the extractive traded sector and in that way to analyze the Dutch
Disease Phenomenon. To achieve that it was used a framework with two tradable goods

which are traded at exogenous world prices, and a non-tradable good in which prices are
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domestically set, to analyze changes in resource allocation (labor and capital). Their
approach “is to consider a sequence of real models characterized by different degrees of
intersectoral mobility factor”. But for comparison reasons with the model used in this
paper it is only presented the conclusion of their first approach, where it is assumed that
capital is specific for each sector, while labor is perfectly mobile across sectors.

They focus in their paper on the effect of a permanent Hicks-neutral improvement
in the energy technology sector and n this way to access the structural changes. Besides
this assumption they also realize models, and ignore monetary considerations. The prices
of the factors are presented in terms of manufacturing prices, and also that there are no
distortions in the commodity or in price factors, being the wages perfectly flexible,
assuring full employment.

Regarding the distribution of labor across sector, there is not a defined assumption
used by the authors, since they used a diagram to explain the movements in the labor
sector, without assuming any values for the share of labor across sectors, and the same
for the production in each sector. The values for these variables seems to be sharing the
same proportion between the non-tradable sector and the tradable sector (in their
analyses they kept the terms of trade constant , which allows us to carry the analysis as if
there was only two sectors).

They show that an improvement in technology would lead to re-allocation of labor
to direct de-industrialization, which results in the fall of the manufacturing output, due to
labor reallocation from this sector to the energy sector, and to indirect deindustrialization,
given by the real appreciation, which would lead to further movement of labor from
manufacturing to the non-tradable sector. The effects to the non-tradable sector may be
ambiguous according to the authors, since for this sector the movement effect reduces its
output by moving labor from this sector to the boom sector, and the spending effect
which increase the demand for non-tradable leading to higher demand and a the raise of
output. They assumed that the spending effect was stronger than the movement effect
and in that way the production of services increased.

In the numerical simulation 2 it is possible to replicate the labor reallocation due to
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changes in technology, where the labor moves from the energy to the manufacturing,
leading to de-industrialization. There is also a real appreciation despite the shock, but the
non-tradable sector is unchanged in our simulation, which as stated above can be the
result of setting the elasticity of output for energy and manufacturing sector. But despite
it was possible to replicate numerically must of the result founded in Corden and Neary
(1982).

In Corden and Neary (1982) it is also shortly discussed the effect of initial
unemployment, due to downward rigidity of real wages, in which it is concluded that with
initial unemployment the effect of the technology improvement would benefit the
manufacturing sector, given that the energy sector would be able to expand without
withdrawing resources from the other sectors, conclusion that only holds if monetary
considerations aren’t taken in account. Finally as in the model developed in this paper,
Corden and Neary (1982) shows that if the country is net exporter of energy an increase in
prices leads to same resource movements as in the case of the technology improvement
and the substitution effect that lead to an increase of demand for non-tradable (in our

case for non-tradable and manufacturing).
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8. Conclusions

In the literature it is presented that most of the resource-rich countries have
performed badly, mainly the mineral exports with some exceptions. Many of these
countries have been growing lower rates compared to the non-resource countries, and
some have even been registering negative growth rates. Generally, it would be expected
that resource rich countries would do better than its counterparts, because of the existent
wealth, but the evidence shows that for most of them it does not hold and this
phenomenon is generally known as the Natural Resource Curse.

From the several explanations of the resource curse, in this dissertation it was
chosen to study if Dutch Disease is a good explanation for the resource curse. Positive
changes in exogenous variables of the model always lead to a higher output, since it is a
static model. In that way the disease in the presented model is defined as any change that
can lead to a labor reallocation.

It was also shown that changes in productivity on the tradable sector (proportional
equal changes in the manufacturing and energy) would not lead to a labor reallocation as
well as changes in the productivity of tradable sector, and in that way this changes of
parameters would not lead to a disease. So changes to productivity of one of the tradable
sectors, in the relative prices of energy and in the net foreign assets would lead to labor
reallocation and be susceptible of leading to a disease.

In the model it was considered permanent shocks, and in that way the level of
output would always increase, but considering temporary shocks (as long as they are long
enough) or volatility with adjustments costs, probably the results of growth can be
different. We also saw that changes in prices and productivity have similar results, being
only different in the consumption of energy that decreases, given the substitution effect,
and the total production that also increases by a lower amount.

A limitation of the model is that in fact, it is impossible to observe the behavior of
labor allocation when labor output of elasticity is different in the tradable sector, which is
a point of further improvement.

The case of Angola is briefly discussed, where thanks to peace, and the combined
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effect of high oil prices and production, it have been able to experience in the last decade
two-digit average growth rates, which allowed the country to carry forward its rebuilding
process.

Despite the oil sector still representing more than 40% of the GDP, agriculture,
construction and services have also been growing very fast, a result that is different from
the literature and from the model. The increase in the oil revenues may be creating an
income effect that leads to an increase in the demand of all goods.

Probably the effect of high oil revenues may impose some constraints to the
further development of these sectors, regarding the real appreciation which may
constraint the competitiveness, but countries as Angola still have room to make the
non-resource sector grown, given the existent internal demand for goods, and the
existence low wages, and in that way the country may have comparative advantage in

some sectors and should take advantages on that to boost its growth.
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11. Annex

11.1 Appendix I-Household Problem

The F.O.C:
c’:
71 —
P A =0
c”
Ct:
,Bt %_ pEt/lt =0
t
CtS .
ﬂt %_ pSt/lt =0
t
a't+1:
—A+A4a.(1+1,)=0
A

&, = a‘[(1+ rt*)+YtM + pEthE + pSthS _CtM - pEtCtE - pStCtS +Qt

Combining equation (1) and (2) we get the marginal rate of substitution between energy

and manufacturing:

71(CtE) :i
7(C")  Pa

From equation (1) and (3) we get the marginal rate of substitution between services and
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(1)

(2)

(3)

(4)

(5)

(6)



manufacturing goods:

7/1(Ct8) - i (7)
V3 (CtM) Ps
The Euler equation is given by combining the equations (1), (2) with (4)
Cih =C" B(1+1y) (8)
cE=cipPe (i) (©)
Et+1
A, = al(1+ r’[*)+YtM + pEthE + pSthS _CtM - pEtCtE - pStCtS +Qt (10)
So the equilibrium conditions for the households are given by equations (6)-(10)
The firm’s problem
FOC
Manufacturing:
aAM Klfa(NtM )afl - \Nt (11)
Services:
N (SR (DS (12)
St
Energy:
E/w ENLO N ENOL — W
A" (KE)(NS) T =— (13)
Et
Competitive Equilibrium
For {CtM ,C5,C3,NM N5, N®, TB”, TBF,B,,, Py, }i;o, {r;l}::: and the given values for
Q. K', A", B, pg, Py, (i=M,E,S) equilibrium conditions are:
From Household’s problem
yl(CtE) :i (14)
e (CtM ) P
yl(CtS) - i (15)

V3 (CtM ) Ps
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Ch =C"p@+r,) (15)

aT+1 = a‘t(1+ rt*)+YtM + pEthE + pSthS _CtM - pEtCtE - pStCtS +Qt (16)

From technology and market clearing condition:

AM (KMY=e(NM)* =CcM +TBM (17)
AF(KE)Y(NF)? =CF +TBF (18)
A°(K®)(NS)" =C; (19)

From firm’s problem
W, = gAY K (NM)* = pg 0AF (KE)/(NE) = parpA® (KS 7 (N2)7 (20)
N=NM+NE+NS (21)

and the transversality conditions (since a, = B,, just one condition is necessary)

IimLZO (22)

o ll[(“ rj*)

=

11.2 Appendix lI-Planner Problem
L= S ey oy 2y Je T [ oy iy - TR o 3 A (k) (g~ CE T

+iﬂf [AS (KSf7(Nsy —c? ]+ i(bt [N-NM - NE-NSJ+ iwt[TBtM + pgTBE - B, +B,(1+1")]
=0 t=0 t=0

FOC
cM - gt Vi m
t
E. t Y2 4E _
C : p cE A = (24)
t
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2

&

W -

FOC:

pri-a=o
t

Al (K1) (NM)* —g, =0
AT (KEY Y (NE)" —4, =0
A (KNS ¢ =0

~Y (14 r,) =0
~ A" +y, =0
~ &+ Pay, =0
AY(KM) (N -cM -TBM =0

AE(KE)lfg(NtE)G _CtE _TBtE - O

C’
1-9)
N +NF+N°>-N=0

A KT N -

TBtM + pEtTBtE - Bt+1 + Bt (1+ rt*) =0

Combining equation (23) and (24)

And Combining equation (23) and (25)
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(26)

(27)

(28)

(29)

(30)

(31)
(32)

(33)

(34)

(35)

(36)

(37)



7/1(Ct;) :g (38)
73(C) A4

Combining equation (26) and (27) we have the relative prices of shadow prices and the

marginal rate of technical substitution between manufacturing and energy.

ﬂ QAE(KE)lfﬁ(NtE)Qfl

= 39
ﬂ/tE aAM (KM)l—a(NtM )a—l ( )
Combining equation (26) and (28) we have the relative shadow prices and the marginal
rate of technical substitution between manufacturing and services.
AIM UAS(KS)l_”(NtS)"_l
s M (1o M 1= My a-1 (40)
A oA (KT )T(NT)®
The Euler equations are given by:
Clh = AC" (1+1y) (41)
CE = pPE CE(er) (42)
Et+1
where —PE_ s the inflation factor
pEt+1
Equilibrium conditions:
The equilibrium conditions are given by the equality between marginal rate of substitution
and the marginal rate of technical substitution of :
From equation (37) and (39), we get:
letE HAE (K E )179 (NtE )4971
M = M M \1-a Mya-1 (43)
72C, aA" (KT )7 (N)
And from equation (38) and (40), we get:
7/1CIS - UAS (K ° )l_” (NtS )77_1 (44)
M M M \1-« Mya-1
7:Co AT (KT)T(N)
Therefore the equilibrium conditions are also given by:
C E
71_tM = i (45)
72C Pe
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Ct':/—ll = ﬁC:tM (1+ rt’-:-l)
AM (KM )1—a(NtM )a — CtM +TBtM
AE(KE)l—H(NtE)H — CtE +TBtE

Cts
1-9)
TBtM + pEtTBtE = Bt+l - Bt (1+ rt*)

AS (KS )Hi(Nts)z; -

B
lim <———20

)

j=1
For 68+ q,

From equation (43) and (45) we have:
i B HAE(KE)l—H(NtE)Q—l
P @AY (KM) T (N)™

From equation (44) and (45) we have:

CtS _ 7y, (CtE ) P

AN a-g) e (KM Ny,

LHS is from equation (49)

CS
(NS)” = 3
A (KS " (1-g)
(NS)” _ o

(N A (ks (N)(1-g)

CS
NS = —
A (K] () (1~ g)
And RHS is from equation (31)
NS = 17:C Pa

t —a o
(1-g)eA™ (KM J“(NM)“y,
Substituing equation (35) in equation (55) we have:

CE
7773( t)pEt :N_(NtM+NtE)

(1-g)aA” (K" (N")“ 2,
Substituting equation (32) and (33) in (36) we have:
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(46)
(47)

(48)

(49)

(50)

(51)

(52)

(53)

(54)

(55)

(56)



—a o ~0 *
A (KN =G+ pe A% (K= (NE)? ~CE = -y
In this case our system would be reduced to only three equations to three variables:
1
\ e _ l:aAM (KM )l—a(NtM )al:|9—1
t EY0 HrE
pe (KE ) on

7773(CtE)pEt :N—(NM+NE)
—a a— t t
(1-g)aA™ (KM (N})*y,

ey <20 s ey -cf B e
2
For 6 =c;
1
NE = aAM (KM )l—a(NtM )a—l a1
De (K& ) 0A°

1

M a-1 E
NtE :[ A Ej KM Nt'vI
Pe A K

Substituting (62) in (60) and solving for N," :

1 a
» . 7(CE o[ AV el KE .
AM(KM)1 (NtM) _M+ Pet AE(KE)1 (TJ K_MNtM _CtE :Bt+1_Bt(1+rt)
2 Pe
i (04
. —a o[ AV et KE .
(NM)“| AM (K" F + pe AS(KE S [ AEJ o :CtEpE{lJrﬁj—Btrt
pEt 2
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R+

NtM = 2 (63)
M M a-1
A KM+( A Ej c
(k™Y P A
Plugging equation (62) and (63) in equation (59) we find the value for CF :
E
(1-g)aA™ (KM J“(N")“ 2,
1
E M a-1 E
177:C, r—)(? =N-|N" +( A EJ KM N (64)
(1-g)aA" (K" f“(NM)“y, P=A") K

|-

73 (CtE) Pt

(- galA" e (kM )}

AM a1 KE
1+ 3 e
PeA K

CtE P& [l"' j:lj - Bt rt*

2

1 V2
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(KM)I{K J{pEtAEj “ ]
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11.3 Appendix llI-Tables

Table 7. GDP per sector

Usd 000.000
Description Average 97/00 2001 2002 2003 2004 2005 2006 2007
Agriculture and fishing 601.3 726.8 913.7 1,136.5 1,838.4 2,602.7 3,207.0 4,765.7
Petroleum and Refinery 3,756.9 4,562.4 6,151.1 6,673.4 9,855.6 17,038.9 23,382.7 33,173.3
Diamonds and Others 438.9 548.8 539.6 627.8 583.7 884.7 979.7 1,055.3
Manufacturing 297.7 345.1 422.1 526.1 909.7 1,240.8 2,029.8 3,155.2
Energy and water 3.3 3.6 4.8 5.4 37.9 30.3 38.5 49.3
Civi Construction 283.7 322.1 392.7 492.6 890.8 1,240.8 1,823.6 2,931.5
Services 1,162.7 1,376.3 1,609.0 1,965.2 2,615.5 4,509.4 7,040.1| 10,054.4
Others 613.1 831.2 1,207.0 2,086.1 2,274.4 2,723.8 3,479.5 4,263.5
GDP 7,157.5 8,716.4 11,239.8 13,513.2 19,006.1 30,271.5 40,938.4 59,448.2
GDP mineral 2,961.7 3,605.1 4,549.2 6,211.9 8,566.8 12,347.9 17,618.5 25,219.6
GDP non-oil 3,400.6 4,154.0 5,088.8 6,839.8 9,150.5 13,232.6 18,598.2 26,274.9
GDP per capita 502.9 595.2 745.8 871.4 1,191.1 1,843.6 2,484.7 3,419.4
Source: CEIC, Relatdrio Econdmico de Angola (2007).
Table 8. GDP per sector (%)
%
Description Average 97/00 2001 2002 2003 2004 2005 2006 2007
Agriculture and fishing 8.4 8.3 8.1 8.4 9.7 8.6 7.6 8.0
Petroleum and Refinery 52.5 52.3 54.7 49.4 51.9 56.3 55.7 55.8
Diamonds and Others 6.1 6.3 4.8 4.6 3.1 2.9 2.3 1.8
Manufacturing 4.2 4.0 3.8 3.9 4.8 4.1 4.8 5.3
Energy and water - - - - 0.2 0.1 0.1 0.1
Civi Construction 4.0 3.7 3.5 3.6 4.7 4.1 4.3 4.9
Services 16.2 15.8 14.3 14.5 13.8 14.9 16.8 16.9
Others 8.6 9.5 10.7 15.4 12.0 9.0 8.3 7.2
GDP 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
GDP mineral 41.4 41.4 40.5 46.0 45.1 40.8 42.0 42.4
GDP non-oil 47.5 47.7 45.3 50.6 48.1 43.7 44.3 44.2
Source: CEIC, Relatdrio Econdmico de Angola (2007).
Table 9.GDP growth rate per sector
%
Description Average 97/00 2001 2002 2003 2004 2005 2006 2007
Agriculture and fishing 9.3 18.0 13.4 11.7 14.1 17.0 9.8 27.4
Petroleum and Refinery 0.4 (1.0) 20.6 (2.2) 13.1 26.0 13.1 20.4
Diamonds and Others 12.8 19.5 (2.1) 19.8 0.8 16.2 30.9 5.1
Manufacturing 8.9 9.8 10.3 11.9 13.5 24.9 44.7 32.6
Energy and water 0.8 10.0 21.3 0.2 11.5 17.4 13.2 8.6
Civi Construction 7.5 8.5 10.0 12.6 14.0 16.9 30.0 37.1
Services 3.4 6.0 11.6 9.9 10.4 8.5 38.1 21.8
Others 1.5 1.0 2.5 1.9 2.5 2.6 8.2 4.6
GDP 3.7 5.2 13.2 5.2 11.3 20.6 18.6 20.9
GDP mineral 5.4 8.7 10.1 9.5 4.4 14.9 25.4 22.4
GDP non-oil 6.2 10.0 8.5 10.7 9.1 14.7 25.7 21.5

Source: CEIC, Relatério Econdmico de Angola (2007)
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Table 10. Employment per sector

Description 2005 2006 2007 2008 2009 2010 2011
Agriculture, forestry and fishing 4,740,650 4,827,796 5,445,137 5,655,729 5,806,632 5,906,276 5,928,306
Petroleum and Refinery 12,310 12,843 16,582 15,438 15,178 16,696 17,531
Diamonds and others 39,799 41,789 42,572 43,538 43,693 23,550 24,570
Manufacturing sector 32,533 37,261 40,056 42,484 45,222 48,616 52,155
Energy and water - - 2,468 2,477 8,741 13,791 18,269
Public works and construction 54,810 206,725 213,960 240,365 303,929 323,372 330,454
Trading, Banking Insurance services 152,852 202,002 276,446 334,834 459,821 477,028 506,516
Others 256,613 314,185 348,193 360,555 396,572 352,544 388,999
TOTAL 5,289,567 5,642,601 6,385,414 6,695,420 7,079,788 7,161,873 7,266,800

Source: CEIC, Relatério Econémico de Angola (2011)

Table 11. Employment per sector (%)

Description 2005 2006 2007 2008 2009 2010 2011
Agriculture, forestry and fishing 89.62% 85.56% 85.27% 84.47% 82.02% 82.47% 81.58%
Petroleum and Refinery 0.23% 0.23% 0.26% 0.23% 0.21% 0.23% 0.24%
Diamonds and others 0.75% 0.74% 0.67% 0.65% 0.62% 0.33% 0.34%
Manufacturing sector 0.62% 0.66% 0.63% 0.63% 0.64% 0.68% 0.72%
Energy and water - - 0.04% 0.04% 0.12% 0.19% 0.25%
Public works and construction 1.04% 3.66% 3.35% 3.59% 4.29% 4.52% 4.55%
Trading, Banking Insurance services 2.89% 3.58% 4.33% 5.00% 6.49% 6.66% 6.97%
Others 4.85% 5.57% 5.45% 5.39% 5.60% 4.92% 5.35%

Source: CEIC, Relatério Econdmico de Angola (2011), Author calculations.

Table 12. Employment per sector (growth rate)

Description 2006 2007 2008 2009 2010 2011
Agriculture, forestry and fishing 2% 13% 4% 3% 2% 0%
Petroleum and Refinery 4% 29% -7% -2% 10% 5%
Diamonds and others 5% 2% 2% 0% -46% 4%
Manufacturing sector 15% 8% 6% 6% 8% 7%
Energy and water 0% 253% 58% 32%
Public works and construction 277% 3% 12% 26% 6% 2%
Trading, Banking Insurance services 32% 37% 21% 37% 4% 6%
Others 22% 11% 4% 10% -11% 10%

Source: CEIC, Relatdrio Econdmico de Angola (2011), Author calculations.
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11.4 Appendix IV-Graphs

Table 13-OPEC Basket
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