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Resource windfalls, innovation, and growth

Elissaios Papyrakis*

Institute for Environmental Studies, Vrije Universiteit Amsterdam, Amsterdam, The Netherlands;
School of International Development, University of East Anglia, Norwich, UK

This paper explores the connection between resource abundance and innovation, as a
transmission mechanism that can elucidate part of the resource curse hypothesis, i.e.
the observed negative impact of resource wealth on income growth. We develop a var-
iation of the Ramsey-Cass-Koopmans model with endogenous growth to explain the
phenomenon. In this model, consumers trade off leisure versus consumption, and firms
trade off innovation efforts versus manufacturing. We show that an increase in
resource income frustrates economic growth in two ways: directly by reducing work
effort and indirectly by inducing a smaller proportion of the labor force to engage in
innovation.

Keywords: natural resources; growth; innovation

JEL Classifications: O13, O51, Q33

1. Introduction

Directing work effort towards entrepreneurial activities is an important driving force of
economic development. To some extent and in parallel, technological progress and
improvements in labor productivity come as a by-product of other economic activities
such as investment in educational quality or physical capital. In that respect, in the trade
literature in particular, the link between learning-by-doing and the Dutch Disease has
been explored in a number of papers. The main motivating idea (going back to Arrow
1962) assumes that as firms produce goods, they inevitably think of ways to improve
their production techniques. Krugman (1987) assumes in his model that learning-by-doing
(as a side effect of capital) occurs only in the traded sector. A discovery of tradeable nat-
ural resources will lead to an appreciation of the real exchange rate and a crowding out
of other tradeable sectors. Such a shift of production of tradeable sectors from a home
country abroad will result in declining relative home productivity. Similarly, Sachs and
Warner (1995, 1999) assume that learning-by-doing (as a side effect of employment)
takes place only in the traded sector. A resource boom in their model will drive labor
away from the traded sector to the non-traded one and reduce the steady-state growth rate
in the economy, since learning-by-doing takes place only in the traded sector. Torvik
(2001) develops a model of learning-by-doing and the Dutch Disease assuming that
learning-by-doing (as a side effect of labor) can occur in both the traded and the non-
traded sector and that positive spillover effects between the two sectors may also take
place (although weaker than the direct effects). In this way, the occurrence of Dutch

*Email: elissaios.papyrakis@ivm.vu.nl

Journal of Economic Policy Reform
Vol. 14, No. 4, December 2011, 301–312

ISSN 1748-7870 print/ISSN 1748-7889 online
� 2011 Taylor & Francis
http://dx.doi.org/10.1080/17487870.2011.595570
http://www.tandfonline.com

D
ow

nl
oa

de
d 

by
 [

V
ri

je
 U

ni
ve

rs
ite

it 
A

m
st

er
da

m
] 

at
 0

4:
50

 1
1 

M
ar

ch
 2

01
2 



Disease phenomena depends on the relative magnitude of learning-by-doing effects
among sectors.

To a large extent, we learn to produce more efficiently by taking active steps in that
direction. Booming primary sectors are likely to distort innovative activities in the econ-
omy and relocate entrepreneurial talent elsewhere. Individuals may prefer to become
engaged in rent-seeking rather than productive activities, as described in Lane and Tornell
(1996), Tornell and Lane (1999), Baland and Francois (2000), Torvik (2001) and Caselli
and Cunningham (2009). They may even direct their skill and talent into parasitic activi-
ties such as warfare and robbery in order to improve their rent appropriation techniques
(see Mehlum et al. 2003). In that respect, the crowding out of innovation or entrepreneur-
ship is often neglected in the resource-curse literature. Sachs and Warner (2001) point out
that wage premia in the resource sector may encourage innovators to engage in the pri-
mary rather than the R&D sector, but they do not further develop this idea. They claim
that average weekly earnings in the oil industry may be more than twice the size of those
in other manufacturing sectors in oil-producing countries such as Trinidad and Tobago.
In Zambia, a labor aristocracy backed up by powerful trade unions preserved higher
wages in the copper industry in the 1960s and 1970s (Burger 1974; Gupta 1974). The
European Bank for Reconstruction and Development (EBRD) claims that the potential
rent on Russian fossil fuels averaged 26% of GDP during 1992–2000, one third of which
is estimated to have accrued to exporters (European Bank for Reconstruction and Devel-
opment (EBRD) 2001).

In our model, the crowding-out effect of resource wealth on innovation and entrepre-
neurial activity is not an outcome of informal or illegal rent-seeking competition. It sim-
ply stems from formal possibilities of skilled employees to direct their work effort
between alternative sectors. Furthermore, resource affluence does not only affect innova-
tive activities by distorting the distribution of labor force among sectors, but also by
encouraging individuals to work less intensively. Resource transfers reduce the need for
labor income and increase the demand for leisure. For instance, it is highly likely that
resource transfers in the form of unemployment benefits will discourage participation in
the labor market. This rationale is consistent with the general tendency of resource-depen-
dent countries to underutilize their factors of production (Gylfason 2001).

In Section 2, we develop a variation of the Ramsey-Cass-Koopmans model with
endogenous growth, where individuals trade off consumption and leisure in terms of util-
ity. Contrary to previous approaches (Krugman 1987; Matsuyama 1992; Torvik 2001)
technological progress does not come as a side-effect (learning-by-doing) without
resources being devoted to R&D activities. Innovation is the outcome of intentional
actions rather than the by-product of other activities. The analysis is novel in that respect,
since it attempts to elucidate how resource abundance may distort the incentives to
engage into R&D production. Section 3 derives the dynamic equilibrium and main propo-
sitions linking resource abundance to innovation and economic performance. We show
that an increase of the resource base in the economy induces a reduction in the steady-
state labor supply. Resource rents allow individuals to reduce their work effort (and
related disutility) and use the resource revenues to pay for extra consumption. Further-
more, we show that resource abundance affects growth indirectly by inducing a smaller
proportion of the labor force to engage in innovation. Finally, Section 4 concludes.

Our formal analysis bears resemblance to recent work by Elíasson and Turnovsky
(2004), who also examine the resource curse within an endogenous growth model. In
both their and our approach, labor movements between sectors play an important role,
but our study differs from their analysis with respect to the underlying mechanisms of
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economic growth. In their model, economic growth is based on increasing returns to scale
in the manufacturing sector, due to capital spillover effects on labor productivity. A shift
of labor and capital away from manufacturing towards the resource sector reduces the
spillover effect and restricts economic expansion. In our model, we specify R&D explic-
itly through a third sector producing innovations, and this works as the engine of eco-
nomic growth. The negative relationship between resource affluence and economic
growth arises due to both a decrease in labor supply and a shift of labor away from
R&D.

2. A model on resources and R&D

2.1. Consumers

In this section we analyze a Ramsey-Cass-Koopmans type of model, where infinitely-liv-
ing households choose over time both the level of consumption and the share of time
devoted to leisure in order to maximize their intertemporal utility. We also incorporate in
our analysis an endogenous growth channel, where returns to technology investments
(which can alternatively be conceived as knowledge or labor quality) depend positively
on the level of labor input in the economy. The intuition is straightforward. Innovation
and education become more productive when work effort increases. In other words, the
harder we work, the more efficient, innovative and knowledgeable we become.

We assume that the economy consists of identical infinitely-lived agents. Population
N(t) remains constant at each point in time. Thus,

NðtÞ ¼ N ð1Þ

For the type of model we employ, a stable population level is a convenient assumption
that precludes an ever-increasing growth rate for income per capita and allows the econ-
omy to converge to a balanced growth path.

Individuals divide their available time between work and leisure. A proportion l(t) of
their time is devoted to work and the rest to leisure activities. Therefore, the level of
labor input L(t) in the economy is determined respectively by:

LðtÞ ¼ lðtÞN ð2Þ

Each representative household maximizes the following inter-temporal utility function:

U ¼
Z 1

0

u½cðtÞ; lðtÞ�e�qtdt ð3Þ

where c(t)=C(t)/N denotes consumption per person at time t, C(t) stands for total con-
sumption and q is the rate of time preference, which is assumed to be time-invariant and
positive, implying that agents value future utility less comparatively to current utility.
Thus, U(t) is a weighted sum of all future discounted utility flows u[c(t),l(t)], where u[c
(t),l(t)] represents the instantaneous utility function (also referred to as felicity function)
of each agent at a given date.

We assume that the instantaneous utility function u[c(t),l(t)] is separable with respect
to its two arguments and depends positively on the consumption level c(t) and negatively
on work intensity l(t). Thus, we assume that there is a disutility of working effort, or in
other words, that agents obtain satisfaction from leisure activities. For convenience, we
assume a logarithmic consumption utility function and a labor disutility function with
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constant elasticity r. Furthermore, we omit time references for the rest of the analysis,
unless there is need for clarification. Utility’s functional form is now:

uðc; lÞ ¼ lnc� l1þr ð4Þ

Each household faces the following budget constraint when maximizing utility:

_v ¼ wl þ Q

N
þ rv� c ð5Þ

where v=V/N stands for total value of assets hold per person, the dot denotes the deriva-
tive over time, wl and Q/N stand for wage and resource income per person, and r for the
real interest rate obtained per unit of asset value. Each household, thus, maximizes utility
subject to the budget constraint of Equation (5). Therefore, we set up the following
Hamiltonian:

H ¼
Z 1

0

ðln c� l1þrÞe�qt þ l½wl þ Q

N
þ rv� c� ð6Þ

The first-order conditions with respect to the control variables c and l and the dual vari-
able l lead to the Ramsey Rule (7) and Equation (8), which describe the evolution of
consumption over time and the substitution possibilities between consumption and leisure
respectively:

_c

c
¼ r � q ð7Þ

ð1þ rÞlr=c ¼ w ð8Þ

2.2. Producers

It is assumed that there are four sectors in our economy. First, there is a manufacturing
sector with constant returns to scale with respect to its inputs labor and intermediates.
The price of the final good produced in the manufacturing sector is normalized to unity.
Following Romer (1990), we adopt the conventional specification of a continuum of
intermediate capital goods, indexed by i2[0,A]. Each intermediate capital good i repre-
sents a distinctive design, and the amount of designs A measures the total stock of
knowledge. All designs are imperfect substitutes, whose level of substitution is captured
by a parameter 0<a<1. Together, this leads to the following Cobb-Douglas production
function for the manufacturing sector:

YM ¼ ðcLÞ1�a
Z A

0

xai di ð9Þ

where 0<c<1 is the share of laborers working in the manufacturing sector, and xi is the
input of capital of type i.

Firms in the manufacturing sector produce competitively and choose the level of labor
and intermediate capital goods that maximize their profits:
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max
cL;xi

ðcLÞ1�a
Z A

0

xai di� wcL�
Z A

0

pixidi ð10Þ

where w and pi denote the labor wage (in the manufacturing sector) and the price of
durable good i, respectively. The first-order conditions imply that each firm in the manu-
facturing sector faces the following demand equations for labor and durable goods:

w ¼ ð1–aÞðcLÞ–a
Z A

0

xai di ¼
ð1� aÞYM

cL
ð11Þ

pi ¼ aðcLÞ1–axa–1i ð12Þ

The first-order conditions, given by Equations (11) and (12), illustrate that firms pay
labor and capital the value of their marginal products.

Secondly, there is a capital goods sector, where all capital intermediates are produced.
Every durable good xi is produced by a unique firm using a distinct patent (idea). This
implies that all manufacturers of intermediate goods can exert monopolistic power, since
their goods are imperfect substitutes, whose characteristics are determined by a specific
design. Patent and copyright laws allow the specific firm that purchases and owns the
design to use exclusively the corresponding idea and produce the related intermediate
good. After incurring the fixed cost of innovation or the design purchase, each firm in
the intermediate sector produces each durable good proportional to its capital input. In
this way, intermediates can also be understood as durables, implying that K ¼ R A0 xidi,
where K is a measure of the total capital stock.

Firms producing in the intermediate-goods sector buy the ownership for a design at
price PA, and after incurring the fixed cost of the design purchase, maximize profits p:

max
xi

pi ¼ piðxiÞxi � rxi ð13Þ

where pi(xi) is the demand function for each durable good from the side of the manufac-
turing sector firms, as shown in Equation (12). Therefore, pi(xi)xi equals the revenues of
each firm operating in the intermediate-goods sector. The second part of the maximization
represents the interest cost firms face when producing each durable good xi. As stated
above, each firm in the intermediate sector transforms one unit of raw capital into one
unit of intermediate good. The first-order condition with respect to xi provides us with:

dpiðxiÞ
dxi

xi þ piðxiÞ ¼ r

and after taking account of the demand function for durables, Equation (12), we can see
that the monopoly price of each durable good is a mark-up over marginal cost that is
equal for every design:

pi ¼ p ¼ r=a ð14Þ

As Equation (14) reveals, all intermediate capital goods sell at the same price. Since the
demand function (12) refers to each individual intermediate good produced, Equation
(14) implies that each durable good is purchased and employed by the manufacturing
sector by the same amount x. Therefore, we have:
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K ¼
Z A

0

xidi ¼ Ax ð15Þ

The profits make the ownership of a design a valuable asset with price PA and, as such,
they constitute a return to this asset value:

rPA ¼ pþ _PA ð16Þ

On a balanced growth path, Equation (16) simplifies to rPA = p.
Third, we assume an R&D sector where designs for new intermediate goods are pro-

duced as in Romer (1990). This sector adds to the knowledge base. It employs a fraction
1–c of the labor input, which is the remainder of the labor force not employed in the
manufacturing sector. The production function of knowledge has constant returns to scale
with respect to labor. This specification abstracts from duplication of effort; nor is there a
positive spillover between researchers in the R&D sector. Furthermore, the production of
designs depends positively on the stock of knowledge already discovered on a one-to-one
base. This implies that the growth rate of innovation (the rate of design accumulation) is
independent of the level of knowledge. The stock of knowledge is freely available to all
researchers in the R&D sector as a public good, and this fosters innovation. Thus,
designs evolve according to:

_A ¼ Að1� cÞL ð17Þ

Knowledge is produced in the innovation sector, where labor earns its marginal value.
Every design invented is sold to a firm in the intermediate-goods sector for a price PA.
Marginal productivity of labor in the innovation sector thus becomes:

w ¼ APA ð18Þ

Last, we assume there is a resource sector exploiting the natural resource endowment
of the economy (e.g. oil reserves, mines, fishing banks, timber etc). The production of
the resource sector Q depends on the resource endowment available G (for instance the
oil reserves discovered or the stock of fish) and the stock of physical capital K. The first
component is apparent. The larger the resource base available, the larger is the potential
to process and exploit the resource endowment. Resource booms make a larger amount
of natural resources available for the resource sector to be exploited. The second compo-
nent assumes that as a side effect of capital accumulation, natural resources are exploited
more effectively. We take the simple proportional production function,

QðK;GÞ ¼ GK ð19Þ

2.3. Closure

The production function for the manufacturing sector, after taking account of the capital-
intermediate identity, equation (15), becomes:

YM ¼ ðcLÞ1–aAxa ¼ ðAcLÞ1–aKa ð20Þ

Equation (20) reveals that production in manufacturing resembles the neoclassical Solow
model. The commodity flows are closed by setting total output, or income Y, from the
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manufacturing and resource sectors, equal to consumption C plus capital accumulation
K�:

Y ¼ ðAcLÞ1–aKa þ KG ¼ C þ _K ð21Þ

3. Analysis

3.1. Dynamic equilibrium

In this sub-section, we determine the equations governing the dynamics for consumption,
the capital stock, labor supply and the share of labor involved in innovation.

First, we determine the share of labor employed in the manufacturing sector versus
the innovation sector. We compare wages for labor employed in the innovation sector
and manufacturing sector, and the rate of returns to the two assets, knowledge A and cap-
ital K. Labor arbitrage between the manufacturing and innovation sector ensures equal
wages. Thus, Equation (11) and (18) make:

APA ¼ ð1� aÞYM

cL
ð22Þ

Next, we determine the level of the interest rate r for capital K. From the demand
function (14), we know that the interest rate is the product of the parameter a and the
durables price p. After substituting for the price p from Equation (12), the amount of
each durable demanded and produced x from Equation (15) and taking account of the
production function in the manufacturing sector, Equation (9), we know that the level of
interest rate r is proportional to the ratio of the manufactured output to capital:

r ¼ a2
YM

K
ð23Þ

We then proceed to calculate the interest earned on knowledge.
The immediate profits of each firm in the intermediate-goods sector are calculated by

incorporating Equations (12), (14) and (15) into (13):

pi ¼ p ¼ að1� aÞðcLÞ1�axa ¼ að1� aÞYM

A
ð24Þ

Taking account of Equations (24) and (16) determining the price of patents PA and the
level of monopolistic profits p, in balanced growth, Equation (22) becomes:

r ¼ acL ð25Þ

After incorporating Equation (23) into Equation (25), we can express the share of the
labor input engaged into the manufacturing sector in terms of the ratio of output (in man-
ufacturing) to capital:

c ¼ a
L

YM

K
¼ a

lN

YM

K
ð26Þ

For the analysis of dynamics, it is useful to write equations in intensive form. From
Equation (21), we can derive the intensive form of total income in the economy by divid-
ing the left-hand-side by labor in effective terms AL:
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ŷ ¼ c1�ak̂1�a þ Gk̂ ð27Þ

where lower letter variables with hats denote variables expressed relative to effective
labor supply, ŷ = Y/AL, k̂ = K/AL, ĉ = C/AL.

Substituting for the output in the manufacturing sector from Equation (20) into Equa-
tion (23) allows us to express the interest rate in terms of capital per effective labor,

r ¼ a2k̂a�1c1�a ð28Þ

and the share of laborers in the manufacturing sector from Equation (26) as

c ¼ ð a
lN

Þ1ak̂a�1
a ð29Þ

We rewrite Equation (7) in its intensive form, and substitute Equations (17) and (28):

_̂c

ĉ
¼ r � q�

_A

A
�

_l

l
¼ a2k̂a�1c1�a � q� ð1� cÞlN �

_l

l
ð30Þ

Subsequently, we rewrite Equation (21) in its intensive form substituting (27):

_̂k

k̂
¼ c1�ak̂a�1 þ G� ĉ

k̂
�

_l

l
� ð1� cÞlN ð31Þ

These two equations show that consumption and capital dynamics depend on labor sup-
ply dynamics. To solve for _l=l, we first express the level of labor wage in terms of capital
per labor k. From Equations (11) and (20), we can calculate:

w ¼ ð1–aÞkac–aA1–a ð32Þ

Combining Equations (8) and (32) provides us with the following equation:

ð1þ rÞlrc ¼ ð1–aÞkac–aA1–a ð33Þ

which can be expressed in terms of effective labor as:

ð1þ rÞl1þrĉ ¼ ð1� aÞk̂ac�a ð34Þ

Together, we have four equations that determine the dynamics of ĉ, Equation (30), k̂
Equation (31), and the levels of c, Equation (29) and l, Equation (34). For use in the
steady state analysis, we also derive equations that describe the labor supply l and use c
dynamics. Equation (34) implies that l evolves according to:

_l

l
¼ a

1þ r

_̂k

k̂
� 1

1þ r

_̂c

ĉ
� a
1þ r

_c
c

ð35Þ

From Equation (29) we see that c evolves according to:
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_c
c
¼ a� 1

a

_̂k

k̂
� 1

a

_l

l
ð36Þ

Combining Equations (35) and (36), we see that l evolves according to:

_l

l
¼ 1

r

_̂k

k̂
�

_̂c

ĉ

 !
ð37Þ

3.2. Steady state

Along a balanced growth path, capital K, consumption C, output Y and technology A
grow at the same rate, which implies that the levels of k̂, ĉ and ŷ remain constant along
the path. It can be seen from Equations (36) and (37) that the working intensity l and the
labor input share c remain constant as well. Therefore, along the balanced growth path
Equations (30) and (31) become:

a2k̂a�1
s c1�a

s � q� ð1� csÞlsN ¼ 0 ð38Þ

c1�a
s k̂a�1

s þ G� ĉs

k̂s
� ð1� csÞlsN ¼ 0 ð39Þ

where the subscript S denotes the steady-state value of each variable along the balanced
growth path.

Equations (29) and (34), evaluated at the steady-state, give the following levels of
labor supply l and the share of laborers employed in innovation,

cs ¼ ð a
lsN

Þ1ak̂a�1
a

s ¼ ða
N
Þ1al�1

a
s k̂

a�1
a

s ð40Þ

ð1þ rÞl1þr
s ĉs ¼ ð1� aÞk̂as c�a

s ð41Þ

Along with Equations (38) and (39), these two equations constitute a system of four
equations depending on the four steady-state levels k̂s, ĉs, ls and cs. Substitution of these
four equations produces a single equation linking resource income to labor supply ls:

G ¼ q
1þ a
1þ aN

N

a
þ 1� a
1þ r

N

a
l�r
s � 1þ a

1þ aN
N 2

a
ð1� aÞls ð42Þ

The right-hand-side of Equation (42) is strictly decreasing in labor supply, ls, so that there
is only one unique steady-state value, and we can derive that

dls
dG

¼ �r
1� a
1þ r

N

a
l�1�r
s � 1þ a

1þ aN
N 2

a
ð1� aÞ

� ��1

< 0

This shows that an increase in resource abundance as captured by G results in a decrease
of labor intensity at the steady state. Individuals trade off consumption and leisure in
terms of utility. An increased amount of resource wealth gives them the opportunity to
enjoy the same level of utility for a reduced labor effort. In other words, resource
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abundance increases leisure and reduces man-made output. We state this finding as the
first proposition:

Proposition 1. The steady state level of labor supply ls is decreasing in the resource
base G.

The rate of knowledge accumulation at the steady-state is given by equation (17). We
label the steady state rate of knowledge accumulation by vs ¼ ð _As=AsÞ,

vs ¼ ð1–csÞlsN ð44Þ

From Equations (40) and (A5), in the Appendix, we derive the ratio of the labor force
engaged in the R&D sector (1–cs):

1� cs ¼ 1� N þ ql�1
s

1þ aN
ð45Þ

Equation (45) implies that a decrease in labor intensity at the steady-state due to an
increase in resource endowments, as indicated by Equation (43), decreases the ratio of
the labor force engaged in the R&D sector. Therefore, the accumulation of knowledge
decreases for two reasons. First, the reduction in labor intensity directly retards knowl-
edge accumulation. Secondly, the decrease in labor intensity reduces the rate of knowl-
edge accumulation indirectly by lowering the percentage of the labor force engaged in
the R&D sector. From Equation (44), we see that technological progress depends nega-
tively on the level of resource endowment (both directly and indirectly):

dvs
dG

¼ ð1� csÞN þ q
ð1þ aNÞls

� �
dls
dG

< 0 ð46Þ

where the derivative dls
dG is negative from equation (43).

Therefore, a resource-abundant country with a large natural resource base G will
experience a lower labor intensity ls at the steady state and a lower rate of knowledge
accumulation ws. The economy will grow at a slower pace. Thus, Proposition 2 is our
major finding.

Proposition 2. Steady state R&D effort and implied economic growth ws is decreasing
in the resource base G.

4. Conclusion

Technological progress is one of the main driving forces behind economic growth, and as
such it deserves particular attention. Countries grow faster over time, as they invest in
projects that improve their productivity of capital and labor. Directing work effort
towards R&D activities is an obvious way to support productivity growth. In that direc-
tion, it is of particular interest to explore the resource curse hypothesis within an endoge-
nous growth perspective.

In this section, we investigate a resource curse mechanism not extensively discussed
in the literature: the relationship between resource abundance and innovation. The pursuit
by innovators of new ideas and designs is motivated by their interest in profiting from
them. In our model, natural resources reduce the incentives of innovators to engage in
R&D. This happens for two reasons. First, the discovery of resource reserves reduces the
need to support consumption through labor income and therefore increases leisure and
reduces work effort. Secondly, resource wealth negatively affects the allocation of entre-
preneurial activity between the manufacturing and the R&D sector in favor of the former.
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Extensions of the analysis should take into account the possibility that work effort may
also be allocated in the primary sector, as suggested by Sachs and Warner (2001). In this
case, the share of the labor force employed as researchers in the R&D sector will be
directly affected by the amount of resource rents, rather than indirectly (through labor
intensity) as happens in our model. Furthermore, a more extensive database should allow
us to disentangle the effect of natural resources into more specific consequences of its
components. It is possible that specific categories of natural resources, such as minerals
and ores have stronger (or weaker) crowding-out effect on innovation than others. Addi-
tionally, we believe that as soon as there is a collection of reliable data on innovation for a
large number of countries (especially developing ones), it will be particularly promising to
identify a similar growth-frustrating mechanism of resource abundance across countries.
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Appendix. Derivation of steady-state dynamics

Incorporating Equation (40) into Equations (38), (39) and (41) yields:

l
a�1
a

s k̂
a�1
a

s ða
N
Þ1að1þ aNÞ � q� lsN ¼ 0 ðA1Þ

l
a�1
a

s k̂
a�1
a

s ða
N
Þ1�a

a ð1þ aÞ þ G� ĉs

k̂s
� lsN ¼ 0 ðA2Þ

and

ĉs ¼ Nð1� aÞ
að1þ rÞ l

�r
s k̂s ðA3Þ

Incorporating Equation (A3) into Equation (A2) yields:

l
a�1
a

s k̂
a�1
a

s ða
N
Þ1�a

a ð1þ aÞ þ G� 1� a
1þ r

ða
N
Þ�1l�r

s � lsN ¼ 0 ðA4Þ

Rearranging Equation (A1) yields:

k̂
a�1
a

s ¼ ðqþ lsNÞða
N
Þ�1

að1þ aNÞ�1l
1�a
a

s ðA5Þ

Incorporating Equation (A5) into Equation (A4) solves for the steady-state value of labor inten-
sity in Equation (42).
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