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Abstract

We introduce a renewable resource sector into an endogenous growth model of a
small economy, deriving the transitional dynamic equilibrium. The model generates
a long-run equilibrium in which a resource sector of limited size can coexist with
constant ongoing growth elsewhere. The key feature of the model is the allocation of
labor between harvesting the resource and its use in the final output sector. This
naturally generates the empirically observed negative relationship between resource
abundance and growth. We examine both the dynamic and long-run responses of the
economy to various shocks pertaining to technological production conditions and
resource sector parameters.
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1. Introduction

Renewable resources are an important component of many small economies. An obvious
example is that of Iceland, where in the year 2000 the Fish and Fish Processing sector was around
10% of GDP, having been 15% just a decade earlier.' The bulk of the fish are sold abroad and the
revenues used to purchase imports of consumption and other goods. Another example is New
Zealand, which has developed a substantial forestry sector, with much of the timber being harvested
for export. More generally, the environment can be viewed as a renewable resource, with pollution
generated by economic activity -- i.e. a reduction in the environmental quality -- playing the role of
“harvesting” of the resource; see Aghion and Howitt [1].

The relationship between natural resources and growth is an important issue. Somewhat
surprisingly, extensive empirical evidence suggests that natural resources have an adverse effect on
the equilibrium growth rate; see e.g. Sachs and Warner [26,27], Gylfason, Herbertsson, and Zoega
[11], Rodriguez and Sachs [24], and Gylfason and Zoega [12]. Several reasons have been advanced
to explain this negative relationship. An early paper by Nordhaus [23] introduces a nonrenewable
resource into a constant returns to scale production function, as a result of which capital and labor
run into jointly diminishing returns. Faster population growth increases the pressure on the finite
resource, thereby reducing per capita growth. Sachs and Warner [26] suggest that a greater
abundance of resources may cause economies to shift away from competitive sectors in which
externalities necessary for ongoing growth are generated. In contrast, Lane and Tornell [19] provide
a political explanation, arguing that resource booms tend to place resources in the hands of the
government, encouraging rent-seeking, rather than growth-enhancing behavior. Rodriguez and
Sachs [24] suggest an alternative hypothesis, namely that resource-rich countries are likely to live
beyond their means during a transitional phase while the stock of its resource is being depleted.
Finally, Gylfason, Herbertsson, and Zoega [11] argue that a resource intensive economy is likely to
be associated with a more volatile exchange rate, which in turn is likely to inhibit investment and

growth.

! Fish and Fish Processing sector fell by 14% in constant prices between 1990 and 2001, while GDP grew by 40%.
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The adverse relationship between resource abundance and growth is particularly pronounced
for Latin American countries and Gulf oil states. But it contrasts with the traditional views of
economic historians who argued that the earlier development of natural resources was the source of
the subsequent wealth of current rich countries. Most notable among these is Habbakuk [13] who
argued that greater natural resource endowments in the United States helps to explain why it
surpassed England in wealth during the 19th century. Sachs and Warner [27] argue that whereas
resource endowment may have been important in earlier periods, with declining transport costs, the
immediate proximity of resources is much less important. Thus, the relationship between growth
and resources is an old topic that merits careful analytical treatment.

In this paper we analyze the equilibrium growth rate for an economy having a renewable
resource. In so doing we focus on two main issues. The first is the fact that the harvesting of the
resource requires the use of productive factors, such as labor and/or capital, that otherwise could be
employed in a final output sector that produces capital goods, thereby enhancing the economy’s
potential for growth. Under plausible restrictions on the production technologies this provides an
alternative and natural explanation for the inverse relationship between resource endowment and
growth. The second is that by its nature the resource sector is limited in size, which raises questions
about the nature of its coexistence with a growing sector in a balanced growth equilibrium.?

The literature on renewable resources and growth can usefully be divided into two categories.
The first makes assumptions about the resource sector that are necessary for on-going equilibrium
growth to persist. Typically it assumes that advances in technology happen sufficiently faster in the
use of the resource good than in the use of other inputs, thereby enabling the increasing relative
scarcity of the former to be offset. This is done without taking the resource dynamics into account.
In addition, the cost of extracting or harvesting the resources is ignored; see e.g. Tahvonen and

Kuuluvainen [31]. Also, the resource is often treated as a source of a constant costless exogenous

*Solow [29] discusses the use of natural resources in neoclassical growth models. He regards the resource good as one of
the inputs used in the production function and concludes that use of renewable resources can be incorporated into the
neoclassical growth model without difficulties. The only modification needed is that the exogenous rate of technical
change has to be sufficiently fast, such that the effects of increasing relative scarcity of the resource good are offset.
However, he suggests that introducing nonrenewable resources in the same way is less satisfactory, because that would
rely too heavily on the rate of technical change for the model to remain plausible (Solow [29, p. 656]).
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inflow of revenues, very much as in the Dutch disease literature; see e.g. Sachs and Warner [26].”

The second type of growth model with renewable natural resources allows for the resource
dynamics, but at the cost of giving up either economic growth or the resource sector in the long run.
For example, in the AK model of Stokey [30] as discussed by Aghion and Howitt [1, Chapter 5],
where the renewable resource serves as a productive input in final output, a positive growth rate of
consumption cannot be maintained indefinitely. Herbertsson [15, chapter 6] introduces a growth
model with a resource sector, where its harvest requires the use of capital, thereby recognizing the
need to allocate factors of production between the resource sector and other growing sectors in the
economy. Capital is allocated between sectors in fixed proportions and he assumes that the resource
sector is in equilibrium, which results from free access to the resource. Given these assumptions, he
shows that continuous growth is inconsistent with positive equilibrium output in the resource sector:
ever accumulating capital would eventually lead to extinction of the resource.

The task of integrating a well-specified model of renewable resources that can maintain a
finite equilibrium size in an endogenously growing economy is an important and challenging
endeavor. Several attempts have been undertaken and merit discussion. Aghion and Howitt [1]
derive conditions for ongoing growth where a natural resource is used as an input in the production
of a final good. Their result is driven by innovations in the production of intermediate goods. The
natural resource in their model is interpreted as environmental quality, but the reader is invited to
interpret it as a renewable resource, such as a fishery or a forest. However, while the natural growth
function they propose may be appropriate in the context of environmental quality, it is less well
suited as a description of traditional renewable resources, such as fisheries or forests.* Bovenberg
and Smulders [3] develop a model in which the equilibrium growth rate is related to the
environment, modeled as a renewable resource, through a diverse range of channels. More

specifically they write that: “...the natural environment performs several important functions. In

? Rodriguez and Sachs [24] add a natural resource to a Ramsey growth model. The resource is free in the sense that
extraction does not require any resources. Extraction occurs at a decreasing rate, consistent with a fixed rate of harvest
in per capita terms (allowing for population growth), or optimal depletion of a (non-renewable) resource.

*More specifically, they propose a linear proportional natural growth function, rather than the logistic function, which
introduces the carrying capacity of the resource stock, traditionally associated with renewable resources, and specified in
equation (2) below. For further discussion of this issue see Eliasson [8].
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particular, environmental quality determines nature's capacity to grow, features an amenity value,
and affects the living and working conditions in the economy. Moreover, it absorbs wastes from
economic activity and provides natural inputs into production.” These far-ranging attributes are also
more characteristic of the environment rather than of a more traditional natural resource.’

The approach taken in this paper is different from those mentioned above. We focus on a
small open economy in which the renewable resource is used to purchase imports of a consumption
good, thus characterizing the situation in a number of small economies such as Iceland. A key
component of the model is that the harvesting of the renewable resource requires the use of labor, so
that an important part of the decision involves the allocation of labor across the resource sector and
the final output sector. We show that assuming a conventional Romer-type production function, the
equilibrium is such that the traditional sector experiences ongoing growth, while the resource sector
maintains a finite size. This of course means that the relative size of the resource sector declines
over time, something that is consistent with, for example, the fisheries industry in Iceland. The main
results of our analysis are summarize below.

The empirical result that the equilibrium growth rate in an economy endowed with a
renewable resource is less than it would be in the absence of such a resource emerges very naturally
from our steady-state equilibrium. It does so without invoking arguments about over-utilization,
rent-seeking, or the sub-optimal allocation of resources. The endowment of a natural resource
creates a comparative advantage in the resource good, thus opening up the potential for trade with
other countries, and thereby allowing the economy to enjoy more diversity in its consumption
pattern than would otherwise be possible. But the cost of this increase in variety is a lower
equilibrium growth rate. Indeed, the presence of a natural resource sector having the characteristics
described above exacerbates the effect of the externality associated with the conventional one-sector
Romer model. This is because by undervaluing the true return to investment, private agents allocate
too much labor to the resource sector, thereby reducing the equilibrium growth rate further, relative

to its social optimum.

> Li and Lofgren [20] obtain sustainability in a pure consumption growth model with a natural resource by assuming two
types of agents, having different discount rates. However, their model abstracts from production.
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We analyze the dynamic and long-run adjustments of the economy in response to a number
of changes pertaining to technology and the structure of the resource sector. The key determinant of
the responses is the impact on the allocation of labor across the two sectors. Thus, for example, an
increase in the productivity of either sector will attract labor to the final output sector, thereby
increasing the rate of investment and growth in that sector. An adverse supply shock, in the form of
an instantaneous decline in the stock of the natural resource, causes labor to be diverted from the
resource sector to the final output sector, until the stock of the resource is restored to its (unchanged)
steady-state level. More investment and growth occurs until the resource is fully recovered.

Some of the shocks generate sharply contrasting short-run and long-run responses in the
economy. For example, an increase in the maximum sustainable stock of the resource eventually
attracts labor away from the domestic final output sector to the natural resource sector, causing a
decline in the long-run growth rate. But the long-run accumulation of the resource requires a short-
run reduction in its harvest, diverting productive factors away from the resource sector and toward
the internal growth sector, and thus raising investment and growth in the short run. The ability of
the model to be able to generate these reversals between the short-run and the long-run responses is
important, because evidence does suggest that despite the negative long-run relationship between
resource abundance and growth, discoveries of resources are likely to lead to short-run spurts in
economic growth; Gylfason [10].

By contrast, a fall in the exogenous foreign price of the imported consumer good (terms of
trade shock) has no effect on saving, capital accumulation or sectoral labor allocation. All it does is
to raise the consumption level of the imported good. It therefore matters whether a change in
resource revenues is caused by changes in the resource stock, which has conseqences for the
dynamics, or in its price, when it does not. This is in contrast to simple Dutch-disease models in
which both terms of trade shocks and resource shocks generate intertemporal allocation effects.

The remainder of the paper is structured as follows. The analytical framework is set out in
Section 2, with the macroeconomic equilibrium derived in Section 3. Section 4 characterizes the
steady state balanced growth equilibrium. The transitional dynamics, particularly in response to the

effects of resource sector shocks on the growth path of the economy are discussed in Section 5,
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while Section 6 concludes. Technical details area provided in an Appendix, where the equilbria

resulting from two important variations of the model are also set out.

2. Analytical Framework

The economy is endowed with a stock of a renewable resource, S, which for expositional
purposes we shall identify as being a forest or a fishery. At any point of time, the net rate of change

of the resource is given by

S=G(S)-X (1)

where G(S) describes the gross reproduction rate of the resource and X is the rate of harvest. The
reproduction function is assumed to be concave in the current stock of the resource and is typically
positive in an interval between S and S where § is the minimum viable stock size, and S is the
carrying capacity of the environment, the maximum stock of the resource that the environment can
sustain, given space and food constraints.® For simplicity, we shall set S=0 and shall assume that

the growth of the resource, G(S), is governed by the logistic function

G(S)=rS(1-5/5) >0 )

where r is the intrinsic rate of growth of the resource.” In the absence of harvesting, (X = 0) and S
converges to its maximum sustainable stock S .
The harvesting of the natural resource requires economic resources and we shall make the

assumption X depends only upon labor, in accordance with the production function
X=BL;" 0<p<l (3)

where Ly is the amount of labor employed in the resource sector. The constant B may also reflect

the possibility that the fishery sector employs a fixed amount of capital. The equation (3) implies

8G(S) is analogous to a production function, although it differs in that the rate accumulation of the stock is bounded.
See Brown [5] for further discussion of G(S) and its standard properties. Koskela, Ollikainen, and Puhakka [18] employ
a general growth function having the above concavity properties in their analysis of renewable resources in an
overlapping generations model. They also discuss the logistic function as a special case.

" The logistic function is a standard specification of growth in many fish and animal species; see Brown [5].
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that harvest from applying a given effort in the area where the resource is located is independent of
the stock size.® This is a plausible assumption for forests where the location of the resource can be
easily ascertained. It is also reasonably appropriate for fish that live close to the surface and move
around in large shoals, [such as herring, Hannesson 14, p. 7], in which case the stock keeps its
density fairly constant.’

The economy comprises a large number of identical infinitely-lived representative agents,

each of whom produces a domestic final output (nontraded) good using the production function'

Y, =AK (KL, )™ O<a<l (4)

This production function is of the Romer [25] type and has constant returns to scale in the

individual's own capital stock, K, and his labor, L, , measured in efficiency units, (KL, ), where K

is the economy-wide average stock of capital and serves as a measure of productivity (knowledge) in

the economy. Assuming all agents are identical, K, = K, yielding the aggregate production function
Y= AKL" (5)

where for convenience the subscript identifying the individual can be dropped, and without loss of
generality the number of agents can be normalized to unity. Thus the aggregate production function
is of the "AK" form, where the productivity of capital is a function of the employment of labor in the
final output sector.

The agent is endowed with a unit of labor that can be allocated to harvesting the resource

good or producing final output:

¥ Allowing harvest to share capital with the growth sector introduces complications, since one sector is growing in
equilibrium, while the other is limited. It is therefore assumed that the economy is endowed with a fixed amount of labor,
which is the only shared input. Similar results would be obtained if sector specific capital is used in addition to labor. See
Eliasson [8, ch. 3] for a growth model in which capital is allocated between a resource sector and a growth sector.

’ An alternative used specification of the harvest function in the fisheries literature is the Schaefer harvesting function,
X =ES, where E denotes effort (labor supply); see Brown [5]. The assumption that the harvest is proportional to the
abundance of the renewable resource (its stock) may be a reasonable approximation for bottom-dwelling fish, such as
cod, see Hannesson [14]. In the Appendix, we summarize the steady-state equilibrium for a more general formulation,
which includes the Schaefer harvesting function as a special case.

""While the standard representative agent model is appropriate for our purposes, we should note that an important aspect
of the management of renewable resources involves intergenerational allocation issues for which the overlapping
generations model is more appropriate. Contributions using the OLG approach include Kemp and Long [17],
Mourmouras [22], and Koskela, Ollikainen, and Puhakka [18].
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=L, +L, (6)

The final output that the agent produces can be allocated between consumption, C,, and new capital

accumulation,

K=Y-C, (7)

where for simplicity, capital does not depreciate. The agent also consumes an imported consumption

good, C,, which is financed by the sale abroad of the (traded) harvested resource, X, namely,
pC, =X 8)

where p is the price of the imported good, in terms of the harvested resource, taken as given.
The representative agent's objective is to choose his consumption, C,,C,, labor allocation,

L,,L,, and his rate of asset accumulation K,S to maximize the intertemporal utility function

J:l(cycg)r e’dt, y<1, $>0, y(+¢) <1 ©)
subject to the resource dynamics (1), the capital accumulation constraint (7), the balanced trade

assumption (8) and the allocation of labor (6), given the production functions (3) and (4). The
exponent, ¢, measures the relative weight assigned to the imported good in utility, and the elasticity,

""" Since the empirical

7, is related to the intertemporal elasticity of substitution, &, by e=1/(1-y).
evidence strongly supports €< 1, we shall maintain the assumption that y <0, although it is also
convenient to focus on the logarithmic case as a simple benchmark.

Performing the maximization leads to the optimality conditions'?

¢ [p'BL ] =2 (10a)

""" The utility function is equivalent to the logarithmic utility function if y=0. More precisely,

1n<CYCZ¢ ) =lim_,, ([(C),Cgj )y —1} / )/). In Section A.3 of the Appendix we set out the steady-state equilibrium in the

case where the utility function (9) is generalized to be of the Constant Elasticity of Substitution form.

' In performing the optimization the individual agent takes the externality generated by the aggregate stock of capital, K,
as given. The optimality conditions summarized in (10) evaluate these at equilibrium by imposing the equilibrium
condition K; =K. Since all agents are assumed to be identical, the subscript i identifying the representative agent is

dropped for notational convenience.
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EAKL;“ = ¢C, L, — uBL)" (10b)
i A
adAL," =p-= (10c)
A
adLy* - =r(1-25/5) (10d)
y7]
lim AKe ™ =0 (10¢e)
limu'Se™” =0 (10)

where A, i’ are the shadow values of capital and the renewable resource, measured in terms of the
domestic good and the resource good, respectively, and u= 1’/ A expresses the shadow value of the
resource good in terms of the domestic (nontraded) good. The first condition (10a) equates the
marginal utility of consumption of the non-traded good to the shadow value of capital where
equations (3) and (8) have been used to substitute for consumption of the imported good in the
consumption function. Equation (10b) is a key equation and equates the marginal productivity of
labor in the two sectors. While the marginal return to employing labor in the final output sector is
just its conventional marginal physical product, the marginal benefit yielded by labor in the resource
sector equals the marginal utility benefits of the imported consumption good that can be purchased
from the harvest less the value of the resources foregone in the process. This assumes perfect
property rights of the resource. If there is open access to the resource it will not be used efficiently,
and several problems arise. In particular an equilibrium balanced growth path with output in the
resource sector is less likely to result, and even if it does, it will probably be an inefficient
equilibrium. This introduces a role for a government to conduct an active resource policy in order to
enforce a sustainable equilibrium (see Eliasson, [8, chs. 7 and 8] for further discussion).

Equations (10c) and (10d) are two arbitrage conditions. The former equates the rate of return
to investing in capital, given by the left hand side, to the rate of return on consumption, both returns
measured in terms of the domestic final good. The latter equates the rate of return to investing

capital to the rate of return on investing in the resource (fish), given by the right hand side, both



measured in terms of the resource good. The last two equations, (10e) and (10f), are transversality
conditions asserting that no asset of value should remain at the end of the planning horizon.

The model is intended to emphasize the transitional dynamics in an endogenously growing
economy with a renewable resource sector.”” The two production functions, the harvest function (3)
and the final goods production function (4), differ in that, although both employ labor, the marginal
product of which is decreasing in both cases, capital is an input in the final goods sector only, where
it has constant marginal productivity. This sector is therefore the source of ongoing growth, and the
larger the resource sector, the less labor employed in the final output sector, and the lower is the
equilibrium growth rate. This also drives the negative relationship between the equilibrium resource
stock and the equilibrium growth rate, a result supported by the extensive empirical evidence cited
above. Thus the model permits the coexistence of a resource sector of finite size with equilibrium
balanced growth elsewhere in the economy, an additional widely observed empirical regularity.

Despite the fact that the empirical evidence is mostly cross sectional, and therefore relates to
long-run relationships, we view an explicit dynamic analysis to be important for at least two reasons.
First, it is important to ensure that any steady-state relationships that provides the basis for analyzing
cross-sectional evidence be derived from a consistently specified underlying intertemporal
framework. Second, understanding the dynamics provides key insights into the role played by the
accumulation of natural resources as economies grow in response to underlying structural changes.

As noted, the harvest function can be interpreted as incorporating a fixed amount of sector
specific capital. The resulting equilibrium may therefore be conveniently interpreted as relating to
the medium term. In the long run the allocation of capital must also be determined endogenously, in
which case the long-run equilibrium growth rate is determined by the international rate of return and

- 14
is independent of the resource sector.

1 Herbertsson et al. [16] have stressed the importance of labor rather than capital in transmitting shocks through small
open economies with primary sector exports, supporting this with some empirical analysis.

' See Eliasson [8, ch. 3] for an example, where capital allocation between a growth sector and a renewable resource
sector is determined endogenously, and the asymptotic balanced growth rate is the same as the growth rate in the absence
of the resource sector. Empirical evidence by Evans [9] rejects the proposition that long-run growth rates of small open
economies (having different resource endowments) can deviate from the average world growth rate.
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3. Macroeconomic Equilibrium

The macroeconomic equilibrium we shall consider is one in which in the long-run, domestic

final output, its consumption, and capital, all grow at the same balanced growth rate

= = lﬁ

~ |~
= | o
Il

<
CY

while the resource sector (fisheries) is fixed in size. We shall focus our attention on interior
solutions, recognizing that polar assumptions on the technology and preferences may lead to the
extinction of the resource, though using the logistic growth function helps attain interior solutions.

In Section A.1 of the Appendix we summarize the macroeconomic equilibrium in terms of
three dynamic equations in the stationary variables, L,, ¢=C,/K and S, from which other
important variables, in particular various equilibrium growth rates, can be derived. In the
neighborhood of steady state this results in the system

Y oy O, O LY_LY
- (11)

where ~ refers to steady state values, and @, >0, @, <0, o;>0, @, <0, v,, >0, @,, >0,

w,, >0, w,; >0 > Evaluating the determinant we find that it is

Er) ieq- 28,28 g
A{ALY ( a)ay(l §]+ 2 - y)LX} (12)

where A= m,m,, — m,m, >0,and E and the m;'s are defined in the Appendix.'®

We will show in the next section that provided a unique feasible solution exists, the term in
parentheses is positive, in which case the determinant is negative. It is immediately seen from (11)

that the trace is positive, which implies that this system has two positive (unstable) and one negative

!> The matrix elements are defined in Appendix A.1.
'® From the definition of the matrix M = (m;) in (A.5) we see that my; <0,m, > 0,m,; <0,m,, <0,implying A >0.
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(stable) eigenvalues. Since the labor allocation and the consumption to capital ratio can adjust
instantaneously, while the stock of the resource is constrained to adjust continuously, the equilibrium
in (11) defines a well-behaved saddle path.'” Starting from an initial stock of the renewable

resource, S, the economy follows the unique stable transitional adjustment path

S(t)=5+(S,-8)e" (13a)
L(t)-L, = —{MJ<S(t)—§) (13b)
@,
x @, (055 — 1) — 0,05 _3a
o(r)-¢ _{ =) }(S(t) S) (13¢)

where 7 <0 denotes the stable eigenvalue. The relationships (13b) and (13c) describe the stable
saddlepaths for the allocation of labor to the final output sector and the consumption-capital ratio,
both of which are negatively sloped. As the equilibrium stock of the renewable resource increases, it
is optimal to devote more resources to harvesting, moving labor to that sector and leaving less
available for the employment in the final output sector.

In the Appendix we establish that

S<

N | L

so that the steady-state stock of the renewable resource is less than 50% of its potential maximum,
level S. It is well known that for the logistic growth function, (2), the quantity S / 2 defines the
level of the stock that permits the resource to be harvested at the maximum sustainable rate, and is
referred to as the maximum sustainable yield (MSY)."® The above inequality asserts that the steady-
state equilibrium stock of the resource should be less than the MSY level. Consequently, an increase
in the stock raises its growth rate. The harvest rate, and thus employment in the resource sector must
rise or otherwise the stock will continue to grow beyond the MSY level. At the same time, the

increase in the stock of the renewable resource increases the return to accumulating physical capital,

' The determinant is certainly negative in the case of the logarithmic utility function (7 =0).
'8 See Brown [5] for a discussion of this concept.
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both directly, by raising its relative scarcity, and indirectly by increasing the productivity of labor in
the final output sector. Both these effects cause consumption of the domestic (nontraded) good to
decline and account for the negative slope of (13c¢).

Using (13) we can derive linearized stable paths for various growth rates. Noting (A.2) from
the Appendix and linearizing around the common balanced growth rate, we see that the transitional

path for the growth rate of capital is described by
= =A(-a)L," (L, — L)~ (c—¢)

= {—A(l —a)L,” (@; 1 j{“’%“’sl — 0y, (95 —n)}}(s(t) -5) (14)

@y, (@,, —17)

which consists of two offsetting effects. The first is due to shifting employment from the resource to
the growth sector, (13b). To the extent the current stock of the resource is below its steady-state
equilibrium level, employment in the growth sector and the growth rate of capital are both above
their respective long-run equilibrium levels. Accordingly, as S increases during the transition, the
growth rate of capital decreases through time. The second is the effect due to the substitution of
domestic for imported goods in consumption, (13¢). If S(¢)< S’, ¢ exceeds ¢, causing the growth
rate of capital to be below its steady-state level. Thus, as S increases through time, this effect
declines, thereby raising the growth rate of capital. On balance, the slope of (14) depends upon
which effect dominates. The transitional path for the growth rate of output is

L
sy/Y:y/K+(1—a)L—Y (15)

Y

~ |~

and exceeds the growth rate of capital as long as labor is moving to the final output sector. The
interesting aspect of this relationship is that despite the simple AK technology, the opportunity for
labor to be allocated between the final output and the resource sector means that output and capital
may grow at differential rates throughout the transition.

For expositional simplicity, in describing the transitional dynamics, we shall focus on the

case of the logarithmic utility function (¥ =0), when (14) simplifies to

13



wK(r)—zﬁ=—A(1—a>£;“[“’”’”](“C‘”j(sm—ﬁ) (16a)
25 c—n

In this case, the negative labor allocation effect will dominate the positive consumption effect and
the w,(#)— S(?) locus is unambiguously negatively sloped. Likewise, the corresponding transitional
paths for the growth rate of output is:

w,(6) -7 =_(1_0{)[M]{AZY“(“C_”}Zl}(sa)—ﬁ) (16b)

@y,

which is also negatively sloped, although less so than (16a)."”

4. Steady-State Equilibrium

Steady-state equilibrium is attained when LY =¢=S=0 and is summarized by the following

relationships:
_ rl-a N
g LZ1AL” G oyaite (17a)
1=y
Fl-a _
g=4h —p (17b)
1-y
S' ~ rl-a
r|1-25|=e-0-a)al; (17¢)
rS1-8/5)=Ba-1,)" (17d)

which jointly determine iy, ¢, S, and w. Equations (17a) and (17b) are analogous to the

corresponding conditions from standard one-sector endogenous growth models with endogenous
labor supply; see e.g. Turnovsky [33]. The first term on the right hand side of (17a) describes the
conventional relationship between consumption and the return to capital, and incorporates the fact

that the latter includes both an income and a substitution effect, the net effect of which depends upon

% If the intertemporal elasticity of substitution is sufficiently small, the consumption effect in (14) may dominate and the
two transitional paths will be positively sloped, with (16b) being steeper. It is also possible for the y, —S locus to be
negatively sloped but for the y, —S locus to be positively sloped.

14



the elasticity . The second term reflects the fact that, in addition, consumption increases pari passu

with labor income. Equation (17b) asserts that the equilibrium growth rate equals the difference

between the return to capital and the rate of time preference, all multiplied by the intertemporal

elasticity of substitution, 1/(1— 7). Assuming an interior solution in which labor is allocated across
both sectors, 0 < L~Y <1, this implies that an economy with a renewable resource sector that requires
labor to harvest will in the long-run grow at a slower rate than it would if it were not so endowed.

Equation (17c) combined with (10d) leads to

E_aii'-e=y (18)
Y7,

Thus (17¢) describes the equilibrium stock of the renewable resource necessary to ensure that the
rate of growth of its shadow value (relative to that of capital) just equals the growth rate of capital,
thereby enabling the relative values of the two assets — one finite, the other growing — to remain
constant along the equilibrium balanced growth path.”® Finally, (17d) asserts that in equilibrium the
harvest rate must just equal the gross reproductive rate, so that the net stock of the renewable
resource remains constant.

Combining (17a) and (17¢) implies the relationship

o _ Fl-a
RR 122 | o pzorAly” (19)
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This equation asserts that in steady-state equilibrium the marginal return to investing in the resource
must equal the fraction of income from capital allocated to consumption. In general, it describes a
locus between employment in the final goods sector, iy, and the stock of the renewable resource, S ,
that generates the growth rates that will equate the rate of return on the resource to the rate of return

on capital, both measured in terms of the domestic good. In the plausible case that the intertemporal

% Combining equations (10b) and (17b), we find that the relative value of the natural resource to capital along the
equilibrium balanced growth path is

a$ (#2/0-L))-(a-a)/(-p) AL’ o
K r(1—§/§)

Having determined c, iy,S' , the relative value can be readily evaluated.
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elasticity of substitution is less than unity (¥ <0), this relationship can be easily shown to be
negatively sloped and convex with respect to the origin and is illustrated as RR in Fig. 1 and
identified as such in (19).”!

In the case of the logarithmic utility function, the marginal return to the resource must equal
the rate of time preference and in this case, the equilibrium ratio of the resource to its potential

maximum is simply

S r-p
== 19°
S (19

Several interesting observations can be made in this case. First, the long-run equilibrium ratio of the
renewable resource to its potential maximum is independent of any characteristics of the harvest
function, depending only upon its natural growth rate and the rate of time preference. Also, for
plausible values of these two key parameters (e.g. »= 0.05,p=0.04) the ratio is extremely low, of
the order of 10%. We see further that in this case, the RR locus is a vertical line. Finally, (19)
highlights the fact that if the intrinsic growth rate of the resource is less than the rate of time
preference, then the equilibrium will be one in which the resource stock is driven to extinction.

Combining (19) with (17b), we may rewrite the former as

28 N
VEI—?J—P—W (20)

Written in this way, we can conveniently compare the steady-state stock of capital in this general
equilibrium macro growth model with that implied by the standard optimal harvest problem of
renewable resources.”> Assuming that the objective of the policy maker is to maximize the net value

of the harvest, the corresponding optimality condition is (see e.g. Brown [5]):

28 :
r(l—?J—p (20°)

2! It is also immediately seen from (19) that y < 0 is sufficient to ensure S < S, / 2, the MSY level as asserted above. We

should point out that it is theoretically possible for S to exceed the MSY level of the resource for implausibly high
values of the intertemporal elasticity of substitution (0 < y <1).
22 See e.g. Conrad and Clark [6].
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Comparing (20) and (20°) we see that in the plausible case where (i) the intertemporal elasticity of
substitution is less than one, and (ii) the equilibrium is one of ongoing growth, then S<S. The two
equilibria will coincide if either the utility function is logarithmic (as in (197)), or the equilibrium is
one of zero growth.

Rewriting (17d) as

HH rS’(l —%] =B(1-L,)"” (21)

defines a second locus, HH, in Fig 1, which describes the tradeoff between harvesting of the
resource and its gross reproduction rate that will maintain a fixed stock of the resource.

Steady-state solutions for ZY and S are defined by the point of intersection of these two
curves, assuming that this occurs in the positive orthant. Sufficient conditions for this to be so

include

r(l—y)> p—-yaA

_ (22)
4B > rS

conditions that we shall assume hold. Under these conditions, it is evident from Fig.1 that the two
curves intersect at the unique point A in the positive orthant. Moreover, it is clear that at the point of

intersection

dL,
ds

dL,
<
w dS

<0

HH

and computing the slopes of the two curves at the intersection point from (18a) and (18b), we can

show that at that point

AL (1 —a)ay{l —%SJ +%B(1 -p)(A-pLL >0

In other words, the condition that there be a unique equilibrium ensures that the determinant of the
transitional matrix in (11) be negative, and in conjunction with the trace condition ensures that the

dynamic system be a saddle-point is met.
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The third locus in Fig. 1, GG, describes the relationship between employment in the final
output sector and the equilibrium growth rate specified by (17b). Given the positive but diminishing
marginal productivity of labor in that sector, this locus has the concave shape as illustrated.

Table I summarizes the equilibrium responses to key parameter changes. An increase in the
productivity of the harvest sector, B, reduces the equilibrium stock of the renewable resource.
Harvesting can be accomplished using less labor, leaving more labor to be employed in the final
output (growth) sector, thereby enhancing the growth rate. An increase in the productivity of the
final output sector, 4, will stimulate the employment of labor in that sector, thereby also increasing
the growth rate. The reduction of employment in the resource sector, given productivity, will reduce
the harvest. With a lower harvest rate the resource stock will be in equilibrium only at a smaller
stock size, given that it has to be smaller than the MSY level.

An increase in the maximum sustainable stock of the renewable resource, S, will have the
opposite effects. It will increase the equilibrium stock of the renewable resource, leading to a greater
proportion of labor being devoted to its harvest, less labor being employed in the final output sector,
and a resulting reduction in the equilibrium growth rate. An increase in 7, the intrinsic growth rate of
the renewable resource has precisely the same qualitative effects.

As the table shows the direction of change in the steady state values it can also be used to
compare the steady-state values of two economies that differ only in the size of a particular
parameter. Thus, for example, a larger carrying capacity will, other things equal, lead to a larger
steady-state stock size, less employment in the growth sector, lower equilibrium growth rate and a
smaller consumption to capital ratio. The economy that has access to a more bountiful fishery
therefore makes an intertemporal tradeoff. It chooses to use the resources available, enabling,
through harvesting and trade, more consumption today, at the cost of slower growth.

All of these effects can be easily studied in terms of the shifts of the RR and HH curves in
Fig.1. We shall use the figure to illustrate two points. First, it illustrates clearly the decline in the
long-run growth rate due to the presence of the resource sector. Corresponding to the equilibrium
resource stock and labor allocation at point A, we see that the equilibrium growth rate is given by

point B on GG. In the absence of a resource sector, all labor would be allocated to final production,
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(iy = 1), leading to the higher equilibrium growth rate at the point C.

We can also use the figure to consider the effect of an increase in the rate of time preference;
see Fig. 1B. This causes RR to shift to the left causing the equilibrium to move from A to C with a
reduced stock of the resource and an increase in employment in the final output sector. In addition,
the direct effect of the higher p is to shift GG to the right. The net effect is that the growth rate
shifts from point B to point E, a move that can be decomposed into two components. On the one
hand the direct effect is to reduce the growth rate from B to D, which is the complete response in a
simple one-sector AK model with fixed labor supply. But this is offset by the positive effect

stemming from the shift in RR, which is represented by a move along DE.
4.1 Constant Growth of Resource

It is of interest to briefly comment on the steady state that would obtain in the case where
there is no sustainable maximum stock of the resource so that the growth function describes constant
growth, G(S)= rS, an assumption that has also been adopted in the literature.”> This is obtained by

letting S — o in (17), with the RR, and HH locuses now being expressed by

_ Fl-a
RR r:pftﬂ (197
-y
HH rS=B(1-L,)"” (21°)

In this case the RR locus is a horizontal line that determines equilibrium employment, Zy, with HH

then determining the corresponding stock of the resource. In order for (19”) to yield an interior
solution 0 < ZY <1 the first condition in (22) must be reversed. The GG locus remains unchanged,
and determines the corresponding growth rate as before.

If, in addition, the utility function is logarithmic, (19”) simplifies further to yield the

constraint »= p, so that the steady-state conditions (17) now provide only three independent
relationships to determine the four endogenous variables, Zy,(?,S’,l/?. But in addition, one of the

eigenvalues of the linearized dynamic system (11) becomes zero. As a result, the steady state now

3 See e.g. Kemp and Long [17] and Mourmouras [22].
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depends upon the initial stock of the resource, S, and it is the accumulation of the resource from its
starting point that provides the additional steady-state relationship.

The structure of the model thus now becomes almost identical to that of a standard small
open economy having access to a perfect world capital market. As has been extensively discussed,
in such an economy the rate of time preference must equal the world interest rate for an interior
steady state to be sustained. This in turn imposes a zero eigenvalue on the dynamics, thereby
rendering the steady state dependent upon the initial conditions; see e.g. Turnovsky [32, Chapter 2].
In effect, the constantly growing resource that can be sold on a perfect world commodities market

plays the role of a perfectly tradable foreign bond insofar as the small economy is concerned.
4.2 Centrally Planned Economy

A well known consequence of the production externality in the basic Romer model being
employed here is that it leads to under-investment and a growth rate that is less than would prevail in
a first best-best equilibrium. In this economy, the under-investment also has consequences for the
resource sector.

It is straightforward to show that a central planner who internalizes the production externality

will guide the system to a steady-state equilibrium summarized by:

AL —p
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By taking account of the social return to investing, the Central Planner shifts the RR curve to the left,
(relative to that in a decentralized economy) while the HH curve remains unchanged. This causes
labor to be moved from the resource sector to the final output sector, increasing steady-state
employment in that sector and leading to a smaller long-run stock of the renewable resource. The

increase in ZY raises the long-run equilibrium growth rate. But in addition, the fact that the central
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planner is responding to the social return to capital also shifts the GG curve to the left, further
increasing the equilibrium growth rate. Thus the decentralized economy grows at a sub-optimally
slow rate for two reasons. First, it undervalues the true return to investment, an effect that is present
in the one-sector economy. But in a resource-endowed economy this has the further adverse effect

of allocating too much labor to the resource sector. As in the one-sector model, this distortion can be

fully corrected by subsidizing the return to capital at the rate s = (1- )/« 2
4.3 Open Access Resource

The assumption of perfect property rights introduced into this model is an important
determinant of the equilibrium. A much discussed property of many natural resources, and fisheries
in particular, is their open access characteristic. It is therefore worth while to take a brief look at
what would happen if the perfect property rights assumption is dropped in favor of open access. This
question is particularly interesting in the light of the contrasting results derived in a similar setup, but
under the open access assumption, by McAusland [21]. She follows Brander and Taylor [4] in first
studying an equilibrium solution in a closed economy, and then considering how the equilibrium
solution would react to free trade. This assumes that the closed economy derives utility from
consumption of the resource good. In contrast, our model emphasizes the role of a resource good in
a resource abundant small open economy, where the resource good is traded for imports.”

McAusland’s model is also a two sector endogenous growth model with a renewable resource
sector. Growth results from learning-by-doing, which is modeled as human capital that accumulates
as a byproduct of production in both sectors. Production in both sectors is linear in human capital,
and allocation of labor between the sectors is determined endogenously. Harvesting of the resource
is achieved by a Schaefer function, where effort is Ly and H is human capital. Using this model,
McAusland shows that even if the resource sector is not restricted with respect to growth (due to
human capital accumulation), growth is not sustainable in the closed economy and can be sustained

in the open economy only as long as the labor force engaged in harvesting the resource shrinks over

 See e.g. Turnovsky [33] for an analysis of optimal tax policy in the one-sector Romer model.
 For example if the people of Iceland were to consume the entire catch of fish each individual would have to consume
about twice his own body weight every week. The current catch is believed to be below the MSY.
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time. In contrast, we have shown, in a slightly different, but nonetheless similar model assuming
perfect property rights, that even if the resource sector is restricted with respect to growth, its
existence, while in general reducing the equilibrium growth rate, will not preclude growth in the
economy if it exports the resource good.

As McAusland discusses, the constraint imposed on growth under open access arises because
if access to harvesting is unrestricted then each agent has no incentive to consider the resource
dynamics. That is, labor has no incentive to consider the impact of current harvesting decisions on
the size of the future stock. In the case of a fishery, for example, the stock that is left in the ocean is
left there for others to harvest rather than for the future. In the current framework this amounts to
assigning a zero value to the shadow value of the stock, i.e. # = 0. The first order condition (10b)

simplifies to
l-a _ )

while (10d) now ceases to apply.
The equilibrium thus reduces to (10a), (10b’), and (10c), together with (5), (6), and (7). This

can be shown to reduce to a single unstable differential equation in ¢ implying that ¢,L,,L, and the

growth rate, i are always at their respective steady-state values denoted by stars, and determined by

L, +L, =1 (67)
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There are therefore no transitional dynamics in either labor allocation or the growth rate. Given the

equilibrium labor allocation, the accumulation of the open access resource is determined by
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S=rS(1-5/8)-B(Ly)"™”

which will either converge to the stationary level defined by
rS"(1-8"/8)=B(L,)” (17d°)

or result in depletion of the resource, depending on the value of L', and the initial size of the

resource stock. One can analyze how the steady-state equilibrium values, L, L,,c ,i", and S, for

the open access resource economy respond to the structural changes considered in Table I and also
compare its equilibrium growth rate with that obtained earlier in the case of perfect property rights.
In order to generate stable transitional dynamics to the internal economy, a sluggish variable,
in addition to the capital stock, is required. In the model with perfect property rights this role is
played by the resource stock, since its development is taken into account by the representative agent.
But this link is lost in the open access case (regardless of whether the harvest function depends on
the stock size). Introducing human capital in the resource sector, along the lines conducted by
McAusland, provides one potential remedy, while the introduction of public capital provides

another. Clearly the consideration of the open access resource merits further detailed study.

5. Transitional Adjustments

We now turn to the transitional adjustment of the small open economy, in response to four
different types of disturbances. The shocks we consider include: (i) an exogenous price shock, (ii)
an adverse shock to the resource, (iii) an increase in technology in the output sector, and (iv) an

increase in the sustainable stock of the resource. All of these yield distinct forms of adjustment.

5.1 Exogenous Price Shock

The foreign price of the imported good in terms of the resource good (fish), p, has been
assumed to be an exogenously given constant. This assumption is appropriate, given that the
economy is small and it is selling the fish in international markets. The price of fish can thus be

interpreted as the terms of trade. We now consider what happens if there is a decline in p. Neither
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the steady state values of S, Ly and ¢, nor their dynamic equations depend on p. If p drops, then the
shadow value of capital increases (equation (10a)), and the shadow value of the resource (in units of
capital) falls accordingly, offsetting all effects in the dynamic system (equation (11)), which
therefore remains unaffected.

There is, however one effect. The reduction in p means that more of the imported good can be
acquired in return for fish. A drop in p (an improvement in the terms of trade) results in a higher
consumption level at no cost, and therefore unambiguously increases the utility level of the
representative agent. This is in contrast to the Brander and Taylor [4] model, where an increase in
the world price could lower the utility level, given that the economy was at an open access
equilibrium in autarchy, with the domestic economy consuming the resource good. The model
studied here assumes that there would be no use for the resource good in the closed economy. It is
simply a currency that is used to pay for imports.

Because the dynamics are independent of p, whether the shock to p is permanent or temporary
affects only consumption and utility. Thus if a terms of trade shock is temporary then its effect on
consumption and utility will be only temporary as well. Price shocks are a source of fluctuations in
total consumption, and in GDP, (measured in units of the domestically produced good). These

fluctuations will be larger, the larger the resource sector is relative to the rest of the economy.”

5.2 Adverse Shock to the Resource Stock

Assume that the economy is in a steady-state balanced growth equilibrium when the resource
stock is hit by an adverse shock. This is represented by a reduction in the initial stock, S, and the
dynamics can be conveniently described using Fig. 2. Starting from the steady state at A in Fig 2.A.
the shock immediately shifts the economy to a point such as B where the stock size is smaller than in
steady state, but the labor allocation has not yet changed. Upon reaching B, labor will be
instantaneously reallocated from the resource sector to the growth sector, thus moving from B to X

on the stable locus. With the employment in the resource sector reduced, the rate of harvest declines

26 This result is in part a consequence of the assumed absence of a world capital market. In the conventional case where
the small open economy faces a perfect world capital market a temporary terms of trade shock not only affects the
accumulation of capital, but also has a permanent effect; see Sen and Turnovsky [28].

24



allowing the stock size to recover. As the resource stock accumulates, the share of labor in the
resource sector gradually increases. S and Ly move in the direction XA along the stable arm until the
initial equilibrium values of S and ZY are restored. While this is happening in the resource sector,
the consumption to capital ratio in the growth sector also responds. Following the negative resource
shock, the consumption to capital ratio will immediately rise [see (13c)], taking the economy to the
stable path in (c-S)-space (not illustrated). This happens because as labor shifts from the resource
sector, less of the imported good will be available, and the agent compensates by shifting into
consumption of the non-traded good. Then, as the resource stock recovers, the consumption to
capital ratio slowly declines, again until the original equilibrium, c~,L~Y is regained. As a result of the
resource dynamics (and the agents’ responses) a shock to the resource stock is necessarily
temporary, since the stock eventually recovers.

Hence, after the economy completes its recovery to the resource shock, it reverts to the same
equilibrium values of the variables ¢, ZY and S and thus the same equilibrium growth rate .
However, as is evident from (16a) and (16b), the growth rates of capital and output, y, and y,
diverge during the transition, before returning to their original common equilibrium value. This is
shown in Fig. 2B. For the logarithmic utility function, the initial positive jump in y, exceeds that
of y, so that immediately after the shock capital grows faster than output. However, as labor moves
back to the resource sector during the transition, the growth rate of capital declines more rapidly as
both growth rates converge to the common equilibrium growth rate.

This behavior is different from the Dutch-disease models, such as Sachs and Warner [26],
where the resource harvest is treated as an exogenous source of revenues. In those models a shock

to the size of the resource is indistinguishable from a price shock, as discussed in Section 5.1.
5.3  Technological Improvement

Fig.3 illustrates the dynamics in response to an increase in A, the productivity in the final
output sector. In the case of the logarithmic utility function there is no long-run effect on either the

long-run sectoral labor allocation, Zy, or on the stock of the resource, 5’, and hence there are no

long-run transitional dynamics. All that happens is that the increase in A4 raises the productivity of
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labor employed in the final output sector, leading to an immediate (and sustained) increase in the
growth rate. This is illustrated in the Panels A(i) and A(ii) of Fig. 3.

If the intertemporal elasticity is less than unity (7 < 0), the adjustment takes time. In this
case, an increase in 4 leads to a long-run increase in iy together with a decline in S (see Table I).
The resource is ultimately going to increase in scarcity, thus raising its shadow value. With forward-
looking agents, the fact that it is known to increase in value will encourage its extraction in
anticipation and in the short run labor will switch from final output production to harvesting, causing
L,(0)to decline. The corresponding increase in L,(0) leads to an increase in the rate of harvest and
the stock of the resource begins to decline. As this occurs it is optimal to devote less labor to
harvesting, leaving more available for the employment in the final output sector. Employment
therefore undergoes a reversal during the transition.

Panels B(i) and (ii) illustrate the dynamics in the case where y is slightly less than O (the
intertemporal elasticity of substitution slightly less than one), such that there are transitional

dynamics, while at the same time dy / dS"dA <dy/ dS|mble < 0. In this case the direct positive effect

of the higher productivity on the growth rate more than offsets the negative effect due to the
reduction in L,(0) and the growth rate of capital initially rises, and continues to rise during the
transition, as L,(¢) increases. With labor being attracted to the final output sector, the growth rate of
final output exceeds that of capital during the transition. However, as the intertemporal elasticity of
substitution declines further, it is possible for the initial negative employment effect to dominate and
for the initial growth rates of both capital and output to decline as well, before increasing during the

transition. This is illustrated in Panels C(i) and C(ii).”’
54 Increase in the Sustainable Stock of the Resource

Fig.4 illustrates the dynamics in response to a technological advance that increases the

. . = 28 . .
maximum sustainable stock of the resource, S.” As we have seen this leads to a long-run increase

*7 One further case not illustrated arises if the intertemporal elasticity of substitution is sufficiently small for the stable
transitional paths of the growth rates to be positively sloped. In this case the growth rates will approach the steady state
from above and will therefore initially jump up in response to the shock.

% The interpretation of this shock merits some discussion, since to an important degree carrying capacity is determined
by nature. An increase in carrying capacity may be due to a reduction in the stock of a predator (e.g. increased whaling)
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in the steady-state stock of the resource, leading to the long-run reallocation of labor to its harvest,
away from the final output sector, causing a decline in the long-run growth rate. The effect on the
short-run allocation of labor, and therefore the growth rate, depends upon two offsetting effects.

Recalling (13b),

Q) _OLy [ @s=n )05 (23)
5 & e )3

we see that on the one hand, the anticipation of the long-run decline in employment in the final
output sector tends to have an immediate contractionary effect in that sector. But offsetting that, the
anticipation of the long-run increase in the resource stock and the corresponding decline in its value
will discourage its extraction and in the short run labor will be encouraged to move to the final
output sector. For the logarithmic utility function, the net qualitative effect is summarized by

oL, (0) _ r-p 5
sgn( I j— sgn( r +77] (237)

For plausible parameters (» =0.05,0=0.04) (23°) will be negative as long as 7<-0.005. Given

that |77| represents the speed of convergence, the empirical evidence for which exceeds 2-3% per

annum at a minimum, we can be confident that the positive effect dominates in the short run.”

Accordingly, in the short run, employment in the final output sector is likely to increase, leading to
an initial increase in the short-run growth rate.

Thus we see that both the sectoral allocation of labor and the growth rate will move in the
opposite direction in the short-run from how they will ultimately respond. The reason for this is if
the equilibrium stock of the renewable resource is to increase in the long run, then during the
transition the harvest must initially decline. For this to occur the labor must initially be reallocated
from the harvesting of the resource to the production of final output, thereby increasing the growth

rate in the short run.

or due to improved technology in fish farming. It may also reflect an expanded jurisdiction over an area that had
previously been over-utilized.

* Empirical estimates of the rate of convergence obtained in empirical growth models range from around 2-3% to 8%;
see Eicher and Turnovsky [7]. These estimates have been obtained for closed economies and are likely to be somewhat
faster for small open economies, having access to world financial markets.
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Indeed, both types of technological shocks considered in Sections 5.3 and 5.4 imply a
negative long-run relationship between growth and the share of the labor force employed in the
resource sector. This is consistent with the empirical evidence on this issue presented by Gylfason
[10]. The result is also consistent with the negative relationship between growth and the share of

resource exports in GDP, for which these technology shocks may provide a partial explanation.

6. Conclusions and Some Caveats

Renewable resources are important for many small economies. Motivated by this
observation, this paper has introduced a renewable resource sector into an endogenous growth model
of a small trading economy. We have shown how the macroeconomic equilibrium can be
represented by a dynamic system in three stationary variables: the sectoral allocation of labor, the
consumption to capital ratio in the growth sector, and the resource stock S. We show that for
plausible assumptions, the rational agent by taking the shadow value of the resource stock into
account, ensures the transitional dynamics are stable. The model thus generates a steady-state
equilibrium in which a resource sector of limited size can coexist in an economy that experiences
constant ongoing (endogenous) growth in other sectors. This feature, characteristic of some well
known situations, such as the Fisheries sector in Iceland, have not always been successfully captured
by previous models. In some cases growth is associated with the long-run extinction of the resource
sector, while in others, the coexistence may prevail only under restrictive conditions

The steady-state equilibrium is characterized by two features. First, the equilibrium stock of
the renewable resource (assuming an equilibrium exists) is smaller than that associated with the
maximum sustainable yield. Second, and more importantly, the model very naturally yields the
result that the equilibrium growth rate in an economy endowed with a renewable resource is less
than it would be in the absence of such a resource.

We have examined both the short-run and long-run responses of the economy to a number of
important shocks pertaining to technological production conditions and tastes. We have shown how
varying types of shocks can lead to sharply contrasting transitional adjustment paths. In particular,
we have contrasted the transitional path for output from capital, showing they diverge in the short
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run, before ultimately converging to their common equilibrium growth rate.

Of particular interest we find that a larger carrying capacity for the resource (greater resource
abundance) implies a larger equilibrium resource stock requiring larger employment in the resource
sector for its harvest, leaving less employment in the final output sector and a lower equilibrium
growth rate. This is the price paid for the increased variety in consumption made possible by trading
the resource good abroad. It provides an additional explanation for the observed long-run negative
relationship between resource abundance and growth.

At the same time, by embedding the analysis in a dynamic framework we highlight the
intertemporal tradeoffs involved. The accumulation of a larger equilibrium resource stock (in
response to greater resource abundance) requires less harvesting in the short run, more employment
in the final output sector and therefore a positive short-run relationship between resource abundance
and growth. It would be interesting to see the extent to which the empirical evidence is consistent
with these theoretical predictions.

Although we regard the model as being quite rich, it is inevitably subject to a number of
limitations. First, the result that resource abundance is associated with a lower growth rate is a
consequence of the assumptions of decreasing returns to scale in the resource sector, together with
increasing returns in the final output sector. It is possible to obtain a positive relationship, if the
returns to scale assumptions in the two sectors are reversed. Indeed amending the technological
assumptions in this way may help to support the traditional view advanced by economic historians
arguing that countries well endowed with natural resources have been able to grow at a faster rate.”
Second, while the analysis focuses on resource abundance, issues pertaining to organization,
institutions and technology directed to exploit resources are important, but are ignored in our
analysis.®' In particular in cases of non—renewable resources such as land or oil we can interpret the
resource stock itself as a form of capital. Its use can be increased at a cost, up to a certain point (if

we maintain the assumption that the total stock of a natural resource is limited by nature). After

3% In fact a simple formulation where technology in the resource sector advances sufficiently faster than in other sectors
has been used to enforce growth rates in resource sectors that allow their output to grow at par with the output in other
sectors (see e.g. Solow [29]).

31 Wright and Czelusta [34] link nation-wide learning and technological progress to explain the success of the US.
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discovery of the resource we might expect a higher growth rate than normal for a period while more
of the resource is put into production. This is, however, beyond the scope of the current paper.
Finally, the fact that lower resource abundance leads to lower growth, certainly does not
imply that resources harm the economy. Indeed, the economy could choose to allocate its labor
entirely to the final output sector (and thereby ignore the resource) in which case it would replicate
the growth rate of a resource-less economy. But that would be non-optimal. By allocating labor
across the two sectors, consumption and therefore welfare is improved at the expense of future
growth, yielding an intertemporal tradeoff. A resource-rich country should exploit the resource
stock with which it is endowed, while a resource-poor country should exploit the returns to scale in
the final output sector and increase its growth rate. In contrast to the simple Barro [2] model, in
which growth maximization and welfare maximization coincide, this model involves a tradeoff

between these two objectives.™

32 Actually, the Barro result in which the objectives of growth maximization and welfare maximization coincide is not
robust, and breaks down, for example in the presence of risk and other market imperfections. The presence of renewable
resources provides a further important example in which the two objectives of growth and welfare maximization diverge.
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Effects on Long-run Equilibrium
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A. Determination of Steady State

B. Increase in Rate of Time Preference

Fig 1. Steady-State Relationships
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B. Growth Paths
Fig. 2: Adverse Resource Shock
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Fig. 3: Increase in Productivity



B. Growth Paths

Fig. 4: Increase in Sustainable Stock



