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Abstract This paper asks whether the income gap between rich and poor nations can be
explained by multiple equilibria. We explore the quantitative implications of a simple two-
sector general equilibrium model that gives rise to multiplicity, and calibrate the model for
127 countries. Under the assumptions of the model, around a quarter of the world’s econo-
mies are found to be in a low output equilibrium. We also find that, since the output gains
associated with an equilibrium switch are sizeable, the model can explain between 15 and
25% of the variation in the logarithm of GDP per worker across countries.
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1. Introduction

It is common for journalists and popular commentators to present league tables of countries,
ranked by GDP per worker. If this was a sports league, the spectators would have long since
lost interest: the Spearman rank correlation between GDP per worker in 1970 and GDP per
worker in 2000 1s 0.91. Or consider the following statistics: at least 35 of the world’s countries
have never exceeded their 1970 level of GDP per worker by more than 40%. At least 20 have
never exceeded their 1970 level by more than 20%! .

I These figures are based on real GDP per worker for 1970-2000 from version 6.1 of the Penn World Table. The
sample excludes countries with populations lower than one million in 2000. The patterns are almost identical
when using data on GDP per capita instead of GDP per worker. The figures on stagnation are less striking if
1960 is chosen as the start date, because the 1960s were a good decade for many developing countries. See
Easterly (1994) for more on the prevalence of stagnation.
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A popular explanation for these stylized facts, and the vast income differences between
rich and poor nations, is the role of poverty traps, or multiple equilibria. The basic idea can be
found in Malthus, and has reappeared many times in the literature on aggregate development.
In this paper, we take the possibility of multiple equilibria seriously enough to explore the
quantitative implications of one such model. Our paper is among the first to undertake this
task, and we believe that it represents a promising way forward for research on multiple
equilibria.

Our starting point is the variable-returns-to-scale (VRS) model from trade theory. This
model allows for a simple analysis of the production equilibrium of a small open economy
with two sectors, agriculture and non-agriculture, where returns to scale vary across the two
sectors. For the version of the model we study, a moderate extent of increasing returns in
non-agriculture will give rise to multiplicity for a wide range of parameter values. We then
develop and apply a method for calibrating the model when there is more than one equi-
librium. Under the assumption that we observe economies in equilibrium, we show how
to solve for alternative equilibrium allocations, where they exist. The calibration exercise
requires only a small number of parameter assumptions and readily available data. We take
advantage of this simplicity by calibrating the model for 127 countries.

This exercise has several appealing features. Under the maintained assumptions of the
model we can infer whether a given country is in a low output or high output equilibrium.
We also examine the conditions on parameters under which a large or small number of the
world’s countries might be regarded as in a poverty trap. Furthermore, by establishing the
nature of any alternative equilibrium solution, we can compute the productivity gains asso-
ciated with switching from the low output equilibrium to the high output equilibrium. We
then compare the current world income distribution with a counterfactual one, where each
country is in its high output equilibrium. This allows us to study the extent to which the VRS
model can account for the observed variation in levels of income across countries.

The calibration also casts light on international differences in total factor productivity
(TFP). In economic environments characterized by multiple equilibria, countries with iden-
tical preferences, factor endowments and production technologies may converge to different
long run outcomes. This implies that aggregate TFP may differ across countries, even when
technologies can be costlessly transferred across national borders. Our analysis allows us to
investigate this, and quantify the contribution of multiplicity to observed differences in TFP.
In our model, when a country switches to its high output equilibrium, the gain in output is
achieved without any increase in factor inputs, and therefore corresponds to an increase in
aggregate TFP. As well as quantifying this effect, we can also examine what the cross-country
distribution of TFP might look like if all low output equilibria were eliminated.

Our main findings are as follows. Even for a moderate extent of increasing returns, about
a quarter of the world’s economies are found to be in a low output equilibrium. The exact
proportion varies with parameter choices, but one finding is particularly robust: the model
can explain the low incomes of the poorest, predominantly agricultural economies, rela-
tive to middle-income countries. It performs less well in explaining development levels in
middle-income East Asia and Latin America, relative to the OECD economies, since the
middle-income countries are usually found to be in their best available equilibrium.

We find that the income differences across low output and high output equilibria are size-
able. On switching to the high output equilibrium, output can easily rise by a factor of two
or three. Gains of this magnitude are much smaller than the output gaps between the world’s
richest and poorest economies, but could make a substantial contribution to explaining inter-
national differences in TFP. Since the low output equilibrium is associated with low aggregate
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TFP, the model also helps to explain the “twin peaks” in the cross-country distribution of
TFP that were identified by Feyrer (2003).

Once we combine these two findings—a quarter of the world’s economies in a low output
equilibrium, and sizeable gains from switching to a high output equilibrium—we can quantify
the impact of multiplicity on the cross-country distribution of income. Under our preferred
parameterizations, the VRS model can rationalize between 15% and 25% of the variation in
the logarithm of GDP per worker across countries. This may well understate the overall effect
of multiplicity, because it does not include any secondary effects that might be associated
with an equilibrium switch, such as endogenous investments in physical and human capital,
or improvements in institutions.

The exercise we undertake illuminates some of the strengths and weaknesses of the VRS
explanation for underdevelopment, but we should also note the limits to our analysis. We
do not provide a formal statistical test of the VRS model. Instead, our aim is to learn more
about the quantitative properties of the model, and its potential for explaining certain fea-
tures of the data under plausible parameter assumptions. Our main focus is whether the
multiple equilibria arising in the VRS model could ever give rise to income disparities of
the magnitude observed in the data; this could be seen as examining a necessary condi-
tion for the VRS version of multiplicity to be a useful modelling device for output differ-
ences.

Hence, the paper asks if the model can rationalize the cross-section distribution of GDP
per worker at a single point in time. We do not examine whether the model can be used to
understand the evolution of the international distribution of GDP per worker over long time
spans. Unlike recent theoretical papers such as Galor and Weil (2000), we do not model
the dynamics of long-run development, nor do we consider how countries may ultimately
emerge from a poverty trap.

A closely related limitation to the paper is that we do not model the process of equilib-
rium selection. In theoretical models in the growth literature, equilibrium selection is often
determined by initial conditions, as in the examples considered by Galor (1996). Our paper
is closer to ones in which equilibrium selection is determined by expectations. For the main
adjustment process we consider, starting from any initial employment allocation, there are
typically feasible paths leading to both equilibria. We do not wish to claim that the coordi-
nation of expectations is central to the development process, however. To address this issue
would require us to posit a specific model for resolving the indeterminacy in expectations.
Such a model could incorporate many aspects of an economy’s history or conditions. For
the purpose of answering our central question, we do not posit such a model, but simply
interpret the multiplicity of equilibria in the VRS model as an outcome associated with some
form of coordination failure. We sidestep the difficult question of the origins of this coor-
dination failure, including the process by which one equilibrium might be arrived at rather
than another.

The remainder of the paper is structured as follows. The next section discusses the relation-
ship between our work and previous research. Section 3 sets out the VRS model and provides
some intuition for the presence of multiple equilibria. Section 4 introduces our calibration
strategy. Section 5 describes the data we use and the main parameter assumptions. Sections 6
and 7 present the central results. Section 8 reports the results of a sensitivity analysis, before
we conclude in Section 9. Some technical results and a description of our data can be found
in Appendices A to C.
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2. Relation to existing literature

Models of multiple equilibria in output levels have a long history in economics. Almost
two centuries ago the Reverend Thomas Malthus sketched the possibility in Book II of his
Principles, observing “that there are many countries not essentially different..., which yet,
with nearly equal natural capabilities, make very different progress in wealth” (Malthus, 1836,
p-310). In the post-World War II period, the now famous contributions of Rosenstein-Rodan
(1943), Nurkse (1953) and Myrdal (1957) implied that models with multiple equilibria might
be crucial to explaining underdevelopment. Even Solow’s (1956) seminal paper on the neo-
classical growth model discussed possible extensions generating multiple equilibria.

The resurgence of interest in growth in the late 1980s and early 1990s led to several
important papers on poverty traps, often formalizing and extending the earlier contribu-
tions of writers like Rosenstein-Rodan. Key papers include those by Azariadis (1996, 2001),
Galor (1996), Krugman (1995), Matsuyama (1991), Murphy, Shleifer, and Vishny (1989),
Rodriguez-Clare (1996) and Rodrik (1995, 1996). More recently Bond, Jones, and Wang
(2005), Karayal¢in and Mitra (1999) and Murata (2002) have all developed multi-sector
models in which poverty traps and/or growth takeoffs are possible outcomes. Ray (2000) has
emphasized the importance of this general approach to understanding development.

Despite the long history of theoretical work, the possibility of multiplicity has rarely influ-
enced empirical research.? This is partly because conventional regression methods are not
well suited to the analysis of multiple equilibria, and are likely to yield misleading results
in this context (see Durlauf & Johnson, 1995; Durlauf & Quah, 1999; Galor, 1996).> While
it is possible to develop formal statistical tests for the presence of multiple equilibria, as in
Bloom, Canning, and Sevilla (2003), doing so is difficult for a number of reasons. The use
of more sophisticated statistical methods often requires relatively large samples and, given
the limited number of countries in the world, such techniques can ask a lot of the available
data. One concrete manifestation of these challenges is the debate on whether the ergodic
world distribution is bimodal, with competing approaches generating different answers (for
example, Kremer, Onatski & Stock, 2001 versus Quah, 2001).

For these reasons, we do not pursue a statistical approach in this paper. Instead, we use
calibration to explore the quantitative properties of a specific theoretical model. As with most
other calibration exercises, this does not constitute a formal test of the model. Instead, we
use the calibration results to examine whether the VRS model has the potential to explain the
data. It is worth emphasizing that the approach is a useful complement to, and not a substitute
for, direct model estimation.

We now describe the basic structure of the model we calibrate, which gives rise to mul-
tiplicity in a straightforward way. We consider a small open economy with two sectors,
agriculture and non-agriculture. The outputs of both sectors can be traded on world mar-
kets. The agricultural production technology has constant returns in labor, capital and a fixed
factor that we call land. This implies decreasing returns to the variable inputs. In contrast,
the non-agricultural production technology has increasing returns. This model is a specific
example of the variable-returns-to-scale (VRS) models of trade theory. It is well known that
VRS models can give rise to non-uniqueness, and also have other properties that distinguish

2 This contrasts sharply with the Solow model, which has served as the organizing framework for influential
development accounting and empirical growth research, as in Christensen, Cummings, and Jorgenson (1981),
Hall and Jones (1999), Klenow and Rodriguez-Clare (1997), Mankiw, Romer, and Weil (1992) and Prescott
(1998) among many other contributions.

3 The presence of multiplicity raises distinctive identification issues that are reviewed in detail by Cooper
(2001).
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them from the more familiar constant returns to scale case.* Panagariya (1988) argues that a
VRS model can explain a wide variety of stylized facts about the development process.

The introduction of increasing returns creates well known difficulties for modelling. In
this paper, following much of the VRS literature, we assume that increasing returns arise
through a sector-specific output-generated externality. This greatly simplifies the analysis,
because we can retain the standard assumptions of perfect competition and marginal produc-
tivity factor pricing, while considering the multiple equilibria created by increasing returns.
In the remainder of this section, we discuss the empirical support for external economies and
more general forms of increasing returns.

The practical importance of external economies remains open to debate. In an influen-
tial contribution, Caballero and Lyons (1992) present statistical evidence consistent with
substantial externalities across industries. Later work has sometimes cast doubt on the gen-
erality of this finding, but one of the contributions of our paper is to show that multiple
equilibria can play an important role in generating income differences across countries even
when the extent of increasing returns is modest.’

Moreover, broader support for the importance of increasing returns can be found in the
cross-country empirical work of Backus, Kehoe, and Kehoe (1992), in the analysis of trade
flows by Antweiler and Trefler (2002), and in the work on gravity explanations of trade by
Evenett and Keller (2002) and Rossi-Hansberg (2005). In the last of these, Rossi-Hansberg
(2005) develops a spatial theory of trade that relies on agglomeration effects associated with
production externalities. The presence of these externalities can then rationalize several well-
known findings in international economics, including the unexpectedly large “border effects”
found in models of trade flows. Looking at the trade data more directly, Antweiler and Trefler
(2002) conclude that increasing returns are present in about a third of goods-producing indus-
tries and form an important source of comparative advantage. Although increasing returns
may arise in several ways, their work implies that significant, industry-wide production exter-
nalities cannot be ruled out.

An important criticism of the VRS model, and many other models with increasing returns,
is their prediction of a scale effect at the aggregate level. Larger population sizes, by raising
the scale of the non-agricultural sector, will tend to increase the productivity of the economy
as a whole. This effect will be partially offset in our model by decreasing returns in agricul-
ture, but the existence of a sizeable scale effect remains problematic. Empirical studies of
these effects, most recently Rose (2005), have tended to conclude that average productivity
and population size are essentially uncorrelated in the cross-country data. This conflicts with
the popular and increasingly well-supported view that larger markets are associated with a
greater division of labour, increasing returns and higher productivity. For example, Duranton
and Jayet (2005) find that the extent of the division of labour is influenced by city size, consis-
tent with recent evidence that larger city sizes and/or greater population density are generally
associated with higher productivity.® One possible reconciliation of the microeconomic and
cross-country evidence is offered by Rossi-Hansberg and Wright (2005), who argue that city

4 The VRS trade literature is reviewed by Choi and Yu (2003). Additional key references include Kemp and
Schweinberger (1991) and Panagariya (1981, 1988).

5 The empirical literature on external economies is briefly surveyed by Benhabib and Farmer (1996,
p. 434-435) and Farmer (1999, p. 149-152 and 171-173). Burnside (1996) argues that much of the empirical
literature suffers from severe identification problems. More recently, Conley and Dupor (2003) have addressed
some of these problems and found that returns to scale are generally constant or modestly increasing, where
the precise results depend on the instrument set.

6 See Rosenthal and Strange (2004) for a recent survey of this literature.
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structure acts as an adjustment margin, so that external economies might be offset at the
aggregate level by changes in the size distribution of cities.

Since the microeconomic and cross-country evidence tend to conflict, we think there are
still strong grounds for considering models with increasing returns. For example, the well-
known tendency for economic activity to be spatially concentrated suggests that returns are
increasing over at least some range of production. As we have discussed, external economies
or increasing returns can also be useful in explaining both business cycles and trade flows.
And it is worth noting that a model only slightly more complex than ours—for example,
one in which additional scale ceased to benefit productivity beyond some threshold for
population—would help to avoid unrealistic predictions for China or India, while retaining
the basic properties of the VRS model.” For these reasons we think the quantitative impli-
cations of VRS models are still worth exploring. We also focus on calibrations with only
modest external economies, helping to limit the effects of population size.

3. The model

This section describes two versions of a VRS model with multiplicity. The first is a simple
one-factor model that we will use to illustrate the principles behind the multiplicity result
and our calibration procedure. The second, more complex model, is the one that forms the
basis for our main calibration results.

In the simple model there is only one factor of production, labor. There are diminish-
ing returns to labor in agriculture and, due to an externality, increasing returns to labor in
non-agriculture. We assume that the relative price of the agricultural good is fixed by world
prices, since both goods can be traded on world markets. We also assume that labor is paid
its private marginal product in both sectors (implicitly a fixed factor in agriculture receives
the remainder of agricultural income).

The agricultural production function is:

Ya = ALY,

where 0 < ¢ < 1. For non-agriculture, we introduce a simple form of externality, namely
that the output of each individual firm is an increasing function of total non-agricultural
employment. Using j to index the firms, we have Y;,; = AnLn.,-Lﬁ where Yy and L, are the
output and employment of firm j and L, is total employment in this sector. The externality
parameter is greater than zero (A > 0). Aggregating over firms we then have:

Yo = A LA

Firms set employment levels L, ; without taking into account their effect on total employment
L,. Hence, the private marginal product and wage in the non-agricultural sector is given by
wy = AnLﬁ .

We focus on equilibria with incomplete specialization for which the wage is the same in
both sectors. Defining a = L,/L where L = L, + L, is total employment, labor market
equilibrium implies:

a1 -at=¢ (3—:) Lo

7 Some unrealistic predictions could also be avoided if we allowed some small countries, well-integrated
with their neighbours, to benefit from international spillovers. The model we calibrate rules out these effects,
since firms only benefit from the production of other firms in the same country. For some sources of external
economies, this assumption is clearly a little artificial.
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This equation will usually yield two solutions for the agricultural employment share, a, where
0 < a < 1. This is the multiplicity result. The underlying intuition is that, due to the external-
ity, the labor demand curve for the non-agricultural sector as a whole is upward sloping: as
the sector expands, it can afford to pay higher wages, due to increased productivity.® Hence
this upward-sloping curve may intersect more than once with the downward sloping labor
demand curve in agriculture.

We now describe the full model that will form the basis for our quantitative results. It is
a general equilibrium model of production for a small open economy with two sectors, in
which both goods can be traded. As is often assumed in such models, the economy is closed
to international flows of capital and labor. Capital and labor are mobile between sectors,
while there is a fixed factor in agricultural production, which we call land. The assumption
of a sector-specific externality in non-agriculture creates the possibility of non-uniqueness
in equilibrium allocations of labor and capital, a result that we will derive formally later in
the paper.”

Aggregate output is the sum of agricultural output, Y,, and non-agricultural output, Y},:

Y=Y,+ Yy,

where the assumptions about trade, and appropriate choice of units for the two outputs, allow
the prices of both goods to be normalized to one.

We assume that all factors of production are fully employed and that factors receive their
private marginal products. We treat the agricultural sector as made up of a large number of
landowners and perfectly competitive, profit-maximizing firms. These firms produce using
a Cobb-Douglas technology that has constant returns to physical capital, land and labor.
Land is rented from the landowners, and all firms pay the same factor costs. Under these
assumptions we can restrict attention to a representative firm, and write total agricultural
output as:

Yo = [K — Knl*[RIP[Auh(L — L)) 7P, 4))

where K, L, and R refer respectively to the aggregate (economy-wide) stock of capital, the
total labor force, and a fixed quantity of land. For the sake of our later empirical work on
productivity differences, we are also allowing the effectiveness of labor to be augmented by
an index of human capital, #.1° Labor-augmenting technology is indexed by A,.

In the non-agricultural sector, output for firm j = 1, ..., J is given by:

Yoj = f (Knj, AnhLyj)v(Yy)
= f (k, Anh)v(Yn) Lnj,

8 This is the case even though the demand for labor of individual firms is not upward sloping. Note also
that the intuition is similar to that in the one sector business cycle model analysed in Farmer (1999, p. 156).
The simple one-factor, two-sector model is closely related to models studied by Panagariya (1981) and Ethier
(1982b), both of whom provide further intuition for the presence of multiple equilibria.

9 In the theoretical literature on poverty traps, the presence of external economies arises from explicitly mod-
elled microfoundations, such as a division of labor process, as in Rodriguez-Clare (1996) and Rodrik (1996).
Here we concentrate on a simpler model which captures the same fundamental ideas.

10 From the perspective of calibrating the model for individual countries, our decision to augment labor in both
sectors by the same skills factor, £, is equivalent to merely changing the scale of the productivity terms A, and
Ap. Nevertheless, we choose to include an explicit role for human capital at this stage, because cross-country
variation in skills will influence our later calculations of international variation in measures of productivity.
An attractive generalization of the model would allow for heterogeneity in skills, with workers tending to
locate in sectors according to their comparative advantage, as in Matsuyama (1992).

@ Springer



12 J Econ Growth (2006) 11:5-41

where f(.) exhibits constant returns to scale and k = K, /Ly, is the capital-labor ratio. The
second line follows from the use of constant returns technology by profit-maximizing firms.
As is standard, the assumption that all firms within this sector pay the same factor costs, and
use the same technology, ensures that all firms choose the same capital-labor ratio.

Note that each firm’s output is also a function of total non-agricultural output, Yy, which
could reflect the presence of agglomeration economies or other external effects. In order to
retain a standard treatment of competitive equilibrium, we assume that each firm is small
enough to disregard its effect on total output. We write total non-agricultural output as:

Vo= 3 Yo = £ k. Auu () (3 L)

=f (Z Knj’ Anh ZLnj)v(Yn)
= f(Kn, AxhLp)v(Yy).

For simplicity, we will take f(.) to be Cobb—Douglas, given by f(.) = KY (AghLy)' 7.

We also assume that v(¥,) = Y, . Then output in non-agriculture is

Yo = [Kal?/ TP [A AL, ) @)

where the key parameter A captures the extent of increasing returns for the sector as a whole.
For example A = 0.3 implies that if all non-agricultural firms simultaneously increase their
use of capital and labor by 10%, total non-agricultural output would rise by 13% (from
1.1'3 ~ 1.13). The presence of increasing returns means that labor productivity depends on
the scale of the sector.

The model is completed by imposing factor market equilibrium conditions. We assume
that capital is perfectly mobile between sectors, so that the private returns to capital are
equalized, giving!!

ra=ra. 3)

The second equilibrium condition applies to the labor market. Here we leave open the pos-
sibility of a sustained wage differential:

wy = wa(l +6). “4)

This differential could reflect costs of migration or disutility from urban life, or perhaps
some degree of risk aversion together with a lack of informal insurance mechanisms in urban
areas.!? As we will see in calibrating the model, the data appear to imply substantial inter-
sectoral wage differentials under plausible parameter assumptions. Therefore we allow such
differentials to be a potential feature of the equilibrium solution of the model. The extent
of the differential will have implications for the output gain associated with an equilibrium
switch. We explore this issue in our sensitivity analysis later in the paper.

An equilibrium for our model is defined by an intersectoral allocation of capital and labor
such that equations (3) and (4) hold simultaneously.13 These equilibrium conditions are typ-
ically satisfied by more than one allocation of labor and capital, and in the next section we

11 The results are easily generalized to allow for a permanent differential in rental rates across sectors.

12 Banerjee and Newman (1998) discuss insurance mechanisms in the context of a dual economy. Caselli and
Coleman (2001) analyse a model in which a cost of acquiring skills needed for the urban sector leads to a
wage differential.

13 There is another equilibrium, in which all the labor force will be engaged in agricultural production. Since
this is never observed in the data, the paper considers only interior equilibria, corresponding to incomplete
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Wages

Ly" (low)

10 20 30 40 50 60 70 80
Non-agricultural employment, L,

Fig. 1 Increasing returns and multiple equilibria

Notes. The figure depicts the labor demand curves for non-agriculture, wy (Lp; 6), and agriculture, wa (Ln; 0),
respectively. Equilibria are defined by the intersection of the two curves. The arrows illustrate the dynamics
of the system when labor follows a Marshallian adjustment process, where migration between sectors takes
place at a rate proportional to the current wage differential

present conditions which ensure two interior equilibria. These different allocations will be
associated with different levels of aggregate output per worker and TFP, and also with differ-
ent factor shares and returns to capital and labor. As in the simpler model, the multiplicity
property is driven by the externality in the non-agricultural sector, which yields returns to
scale that are increasing for the non-agricultural sector as a whole. Given that capital is
mobile, the externality offsets diminishing returns to labor. There will be a range of inter-
sectoral labor allocations for which wages in non-agriculture are increasing in the number
of people employed in the sector, even though labor demand curves are always downward
sloping at the firm level.

To see this more formally, we first note that if capital mobility ensures that rental rates are
equalized, the capital stock employed in the non-agricultural sector, K, will be a function
of non-agricultural employment L, and a vector of fixed parameters that we denote by

0=,y a ,3,?, 57 Z, h, Ay, Ayp).

Hence we can write K, = ¢(Ly, 0) and this implies that the wage in each sector depends on
L, and 6 alone. In terms of an equilibrium condition,

Wy (Ln; 0) = (1 4+ 80)wa(Ln; 0). ©)

This reduces our two equilibrium conditions to a single equation in one unknown, namely
non-agricultural employment L. Figure 1 graphs the right and left-hand-sides of (5) for

specialization. In principle it would be attractive to modify the model, so that there is always at least some
labour in non-agriculture in equilibrium. Unfortunately, such modifications would be likely to undermine our
ability to calibrate the model without data on sectoral productivity levels or capital stocks, and this would be
a significant cost.
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the case with no equilibrium wage differential (6 = 0). These lines show agricultural and
non-agricultural wages as a function of non-agricultural employment, so an equilibrium is
defined by the intersection of these two curves. The figure illustrates a case where the curves
intersect twice, corresponding to the presence of two interior equilibria.

We end our description of the model with an important digression on dynamics in the
VRS model. In calibrating the model, we compare outcomes under alternative static equilib-
ria, and do not need to explicitly specify a mechanism for disequilibrium factor adjustment.
Consideration of the dynamics nonetheless remains relevant: depending on the form of the
adjustment mechanisms for capital and labor, one of the equilibria may be locally unstable,
and thus unlikely to be observed in practice.

We can establish that local stability for both the interior equilibria is a possible outcome,
given a suitably specified intersectoral labor migration process. This is a surprising result
since standard approaches to stability analysis—for example positing a Marshallian adjust-
ment process with § = 0 as depicted in Fig.1-would imply that the first interior equilibrium
is unstable.!# This is not true, however, provided there is a fixed cost of switching sectors.!®
In this case there will be a range of wage differentials which are insufficient to cover the fixed
cost, creating a sphere of stability around both of the equilibria depicted in Fig. 1.

‘We can also show local stability of both interior equilibria in the context of a fully specified
migration model based upon rational and forward-looking decisions. To do this we build on
an insight of Howitt and McAfee (1988). Local stability of the first interior equilibria can be
obtained when, in addition to the positive externality emphasized above, a small ‘crowding
diseconomy’ is introduced.'® The crowding diseconomy means that the cost of intersectoral
labor migration is increasing in non-agricultural employment, and this mechanism can pro-
duce local stability of all interior equilibria. In the specific example of the appendix, one
equilibrium is a sink and the other a saddle point. Since the details of our stability analysis
are not essential to grasping the main ideas and concerns of the paper—although essential to
making them rigorous—we leave a full treatment to Appendix A.

4. Calibration strategy

This section now describes our strategy for calibrating the model. Throughout, we will use
a to denote agriculture’s share of employment, as observed in the data, and s to denote agri-
culture’s share of output, again as observed in the data. Note that the output share in both the
model and the data corresponds to the nominal share of value added, as evaluated at domestic
relative prices; it is the prices faced by domestic producers which are relevant to domestic
allocations. Our calibration method is fully consistent with relative prices that differ across
countries, perhaps because of tariffs or transport costs, for example.

We assume that we observe the world in equilibrium. More precisely, we assume that the
agricultural employment and output shares observed in the data correspond to one of the
possible equilibrium allocations. Under this assumption, we can solve for alternative equilib-

14 This feature is familiar from related models in the literature, including Panagariya (1981), Diamond (1982),
Ethier (1982a, 1982b), Krugman (1991), and Matsuyama (1991).

15 We are grateful to Michael Kremer for this observation.

16 The interaction of agglomeration economies and crowding diseconomies in the determination of city size
is one theme in the new economic geography literature. See Fujita, Krugman, and Venables (1999).
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rium allocations in a way that greatly restricts the need for parameter assumptions and data.
This makes the calibration exercise unusually straightforward.!’

Given the observed sectoral structure of employment and output, we use the assump-
tion of intersectoral capital mobility to solve for the sectoral allocations of capital that are
compatible with equilibrium. This allows us to reduce the equilibrium conditions (3) and
(4) to a single non-linear equation. Given our assumption that the observed data correspond
to one equilibrium solution, this equation depends upon only the technology parameters
(A, v, a, B) and the agricultural output and employment shares. We can solve this equation
numerically to identify all the labor allocations that satisfy the requirements for equilibrium.
These solutions will include, by construction, the observed allocation, but also any others
consistent with equilibrium.

The great strength of our approach is that it circumvents the need for data on such
hard-to-measure variables as the capital stock, total employment and sectoral TFP levels.
Initially this may seem counter-intuitive, but we can briefly illustrate the underlying prin-
ciple by returning to the simple one-factor model described at the start of Section 3. We
indicated that, in this simple model, any interior equilibrium allocation of labor (with agri-
cultural employment share @) must satisfy:

A
a0 -at=¢ (—a) L1
Ap
Denote the left-hand side as g(a; ¢, 1). Note that for an observed value of a and assumed val-
uesforg and A, g (a; ¢, A) is aknown quantity, i.e., anumber. If there is any other equilibrium
labor allocation (which we denote as b) it must satisfy an equation of the same form:

A
P01 —b)*=¢ (J) L9717,
An
Combining the above two equations means that we can write an equation directly relating
the observed employment share, a, to the alternative equilibrium allocation, b:

gbi¢,r) —gla:¢,2) =0

(=) R

Since our assumptions imply that g(a; ¢, 1) is a known quantity, we can solve for alternative
equilibrium allocations by finding another solution b such that (6) holds. This illustrates that
we do not need to know anything about A,, Ay, or L to derive the alternative equilibrium
solution. Instead, all we need to know is the form of the equation g(.; ¢, 1) and the value of
the employment share found in the data, a.

This principle carries over directly to the more complex model that we calibrate, and
to which we now return. We again reduce the equilibrium conditions to one equation and
one unknown, where the unknown is the alternative solution for an equilibrium employment
share, b, given the observed employment share, a. Appendix B shows that our model implies:

g) —gla)=0

_ a—y(1+A)
vvhereg<q>=q'3(1—q)l[l—q(l—g s ! “)} o

yl—s a

17 Although the assumption that we observe the world in equilibrium may appear a strong one, we have
experimented with allowing for simple forms of disequilibrium. These experiments have not modified our
general findings.
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Appendix B also shows that, under the parameter restriction

a 1—s
yd+r) —A<a<y , ®)
1l—a =

there will almost always be two solutions to (7). 18 One of these solutions will be the observed
agricultural employment share, a. The other solution will be the other possible equilibrium
allocation of labor, b.

How can we distinguish whether a given country is in a low output or high output equi-
librium? The most obvious method is to solve (7) numerically and compare the alternative
solution, b, with the observed employment share, a. This is easily done by using Newton’s
method to solve for the roots of (7). An alternative method for inferring the nature of an equi-
librium is available, however. Appendix B shows that it is possible to compare the observed
employment share @ with a country-specific critical threshold value, a*, defined as:

. B+ 55 le+B -y +2)]
a* = , ©))
(1+y1 S)[a+/3+k—y(l+x)]

where a country is in a high output equilibrium when @ < a™*. Note that for a greater extent
of increasing returns (higher 1) the country-specific threshold a* will be lower for each
country. This implies that there will be fewer countries for which the observed agricultural
employment share is low enough to indicate a high output equilibrium.

As well as assigning countries to equilibria, our framework allows us to compute the ratio
of output in the alternative equilibrium allocation of labor to agriculture (here denoted b) to
that in the observed equilibrium (with agricultural employment share a and output share s).
Appendix B shows that this ratio is equal to:

Y’ 1—b (I=y)(1+2) a—b
A= —= l—s|{——
Y 1—a a(l —b)
y (14+3)
1+ 2 ()

1+2 (5 s)(‘m(%b)

This equation reveals yet another advantage of the simplicity of the VRS model. We
can quantify the output effects of equilibrium switching very easily, using our parameter
assumptions and data. Again, we do not require knowledge of the sectoral TFP levels or
factor endowments.

(10)

5. Data and assumptions

In this section, we briefly describe the data and parameter assumptions that will be required
to calibrate the VRS model. In assigning each country to a low or high output equilibrium, we
require data on agriculture’s share of employment and value added (a and s in our notation).
These data are taken from the World Development Indicators CD-ROM 2000, supplemented
with other sources where necessary. We will also use data from Hall and Jones (1999), and
data on the stock of agricultural land from the FAO Yearbook, when examining international

18 Our parameter choices, to be discussed later, will imply that the restriction is satisfied for almost all of the
countries in our data set.
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differences in total factor productivity later in the paper. The full data set is described in more
detail in Appendix C.

For the three technology parameters, our benchmark case assumes y = 0.35, @ = 0.40
and B = 0.20."° We have based the value for the non-agricultural capital share, y, on
the aggregate capital share often used in growth accounting (see for example Collins and
Bosworth, 1996). Our figures for the capital and labor shares in agriculture (o and ) are
similar to those used in the GTAP global trade project described in Hertel (1997), which has
drawn together data on factor shares from a variety of countries. We have also examined the
factor shares implicit in the Martin and Mitra (2001) estimates of a CRS translog production
function for agriculture. Their estimates, based on data from the mid-1960s to the present,
yield factor shares similar to those adopted here. Later in the paper we will show how our
findings on the incidence of poverty traps vary with alternative choices for y, o and B.

One partial check that our parameter assumptions are plausible is to consider their impli-
cations for the aggregate labor share. This share is simply a weighted average of the sectoral
labor shares, where the weights are the shares of each sector in nominal value added. Since
our production functions are Cobb—Douglas and factors receive their marginal products, the
aggregate labor share is:

n=s(l—a—pPB+{U—-s5)(1—y).

In our data set, the value of the agricultural output share, s, ranges from 0.3% to 69.3%,
with a median of 15.7%. This implies that the aggregate labor share, under our parameter
assumptions, will vary between 48% in the most agricultural countries to 65% in the least
agricultural, with a median of 61%. Measurement of aggregate factor shares is made diffi-
cult, especially in developing countries, by self-employment and unincorporated enterprises
(Gollin, 2002). Nevertheless, the range of labor shares implicit in our calibration exercise
does not look inconsistent with the available data.?

The final parameter to consider is A, which captures the strength of the externality in non-
agricultural production. We will report calibration results based on a wide range of values.
Caballero and Lyons (1992) find external economies large enough to be consistent with a
value for A of roughly 0.20-0.30. Our quantitative exercise will show that even low values
for X, on the order of A = 0.05, can generate interesting results.

6. What can the VRS model explain?

We now calibrate the model for 127 countries, as observed in 1988, where the sample is that
of Hall and Jones (1999).2] Under the maintained assumptions of our model, we can derive
both of the possible interior equilibrium allocations of labor, where two exist. We can infer the
nature of a country’s equilibrium, low output or high output, and calculate the ratio of output
in the high output equilibrium to that in the low. We can also assess the potential contribution

19 Ag is standard in the comparative growth literature we assume y, «, B and A do not vary across countries.
This appears the most sensible approach given the lack of reliable data on sectoral factor shares in developing
countries.

20 Although our assumptions imply that the labor share and GDP per capita will be positively correlated, the
covariance is low. This is because, extreme cases aside, the variation in the aggregate labor share is limited: our
assumptions imply the interquartile range is just 5.7%. Hence our assumptions are not necessarily inconsistent
with the finding of Gollin (2002) that factor shares and income levels appear unrelated.

21 All the calibration experiments were implemented using a program written in Mathematica that is available
from the authors on request.
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of multiplicity to international variation in output levels, and explore the implications of the
model for the world distribution of income.

These results all follow from the same basic idea, namely that for each country we observe
an equilibrium allocation of employment, while our calibration exercise allows us to compute
an alternative equilibrium allocation implied by the model. Given our highly stylized assump-
tions, we focus upon the broad patterns that emerge from our calibrations rather than specific
results for any individual country. In this section, we will summarize the broad patterns in
tables and graphs. For interested readers, the detailed results for individual countries are listed
in Appendix Table A.1. That table shows whether each country is found to be in a low or high
output equilibrium, the output gains associated with being in the high output equilibrium,
the two possible employment shares, and the intersectoral differential in marginal products
that is implicit in our calculations (all for the case where A = 0.10).

We begin by presenting the implications of multiplicity for the international pattern of
sectoral structure. Figure 2 presents a kernel density plot for the share of employment that is
engaged in non-agriculture. The solid line is the distribution observed in the cross-country
data, while the dotted lines are the counterfactual distributions that would obtain if all coun-
tries were in their high output equilibrium. These latter distributions vary depending on the
assumed extent of increasing returns.

As is apparent from the figure, the observed distribution of the non-agricultural employ-
ment share has several modes, but the distribution is much closer to unimodal when low
output equilibria are eliminated. Hence, when the countries initially in a low output equilib-
rium switch to their higher equilibrium, economies converge in sectoral structure. Note also
that the effects of multiplicity are concentrated among the most agricultural economies, an
observation that we return to below.

We now address the question posed in the title of our paper, namely, how much of the
international variation in output per worker can multiple equilibria explain? To answer this
question, we compute summary measures of the cross-country inequality in output per worker.
We use inequality measures that are decomposable, so that after dividing our sample of coun-

25 A=0.2

Kernel density estimate

P —

0.2 0.4 0.6 0.8 1

Non- agricultural labor share

Fig. 2 Labor allocations across high and low output equilibria

Notes. Kernel density estimates for the observed distribution of employment shares across countries, and a
selection of counterfactuals, as discussed in the text. Bandwidths were chosen using Sheather and Jones’
(1991) plug-in method. The kernel is a univariate standard normal density function
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tries into two groups, those in a low and those in a high output equilibrium, we can decompose
the sources of inequality into its ‘within-group’ and ‘between-group’ components. Note that
the assignment of countries to one group or the other, and hence the inequality decomposition,
will vary with the assumed extent of increasing returns.

We carry out the inequality decompositions based on two different summary measures of
inequality in output per worker. The first measure is a decomposable ‘Generalized Entropy’
index, due to Shorrocks (1980), with a parameter value of two. This measure is equal to
one-half of the coefficient of variation squared, and so has a simple relation to the variance.
The second measure we use is the Theil index of inequality.

These two decompositions are reported in columns (1) and (2) of Table 1, for five differ-
ent values of 1. The within-group fraction, corresponding to the proportion of inequality due
to the within-group dispersion in levels of income, is denoted ?(%). The between-group
fraction, corresponding to the proportion of overall inequality due to differences in income
levels between those countries in a low output equilibrium and those in a high output one, is
denoted ?(%). The between-group component provides an upper bound on the extent of the
cross-country inequality in output per worker that might be attributed to multiple equilibria.

The results from this exercise are quite dramatic. For the highest values of A that we
examine, we can assign more than half of the inequality in living standards to differences in
output levels between those countries in a low output equilibrium and those in a high output
one. Even for a value of A as low as 0.05, our inequality decompositions assign 18-28% of
international inequality to between-group differences. It is essential to note, however, that
income levels may vary across low and high equilibrium countries for reasons other than
the low or high nature of their current equilibrium. Countries in a low output equilibrium
will typically have other characteristics that lead to low output per worker. In this case our
decomposition provides only an upper bound on the variation in the cross-country data due
to multiple equilibria.

To address this problem, column (3) reports an alternative experiment. First, we com-
pute the variance in the logarithm of output per worker across countries. Next, we force all
countries in a low output equilibrium into their alternative, high output equilibrium, calculate
the associated increase in output, and then recalculate the variance for this hypothetical or

Table 1 Multiplicity and the dispersion of income levels

(1) (2) 3)

_ 1 2 _ _ . Var(]nyHIGH)
I'=5CV2=0.408 I = Theil =0.389 1 - T Var@ny)
() 7% T e (%)
A =0.05 81.9 18.1 72.0 28.0 0.146
A =0.10 70.5 29.5 57.5 42.5 0.253
A =0.20 61.4 38.6 49.9 50.1 0.393
A =0.30 53.9 46.1 44.7 553 0.481
A =0.50 45.9 54.1 39.9 60.1 0.593

Notes: Columns (1) and (2) report inequality decompositions. The extent of inequality in output per worker
is partitioned into a within-group component (%(%)) and a between-group component (?(%)). The two
groups are countries in low output equilibria and high output equilibria. The decomposition uses a ‘General-
ized Entropy’ measure for inequality with a parameter equal to two (see Mookherjee and Shorrocks, 1982) and
the Theil coefficient. The former measure is identical to one-half the cofficient of variation squared. Column
(3) takes a different approach to quantifying the impact of multiple equilibria on the world distribution of
income, and reports one minus the ratio of the counterfactual variance in the log of output per worker (that
would be observed if all countries were in their high output equilibrium) to the variance observed in the data
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0.6 |
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Kernel density estimate

7 8 9 10 11
Log of GDP per worker

Fig. 3 Multiplicity and the world distribution of income (density estimates)

Notes. This figure graphs kernel density estimates for the observed distribution of the logarithm of output per
worker across countries, and for the counterfactual distributions that would obtain if all countries were in their
high output equilibrium. The cases considered are where A equals 0.10 and 0.20. Bandwidth selection is by
the plug-in method of Sheather and Jones (1991)

counterfactual distribution. By computing the ratio of the two variances, we can see what
would happen to the cross-country variation in living standards if all countries in a low output
equilibrium were to switch to their high equilibrium.

Even under this new approach, for a value of A of 0.20 we can explain around two-fifths of
the international variance in log output per worker. Note that in contrast to our first approach,
this method probably understates the amount of output variation due to multiple equilibria.
This is because it ignores some dynamic or general equilibrium effects that might follow an
equilibrium switch: these could include endogenous investments in physical capital or school-
ing, or induced improvements in the quality of institutions and other important determinants
of productivity. In what follows, we will refer to these as ‘secondary’ effects.

Next, we ask a closely related question. What would the world distribution of income
look like, if all countries were in a high output equilibrium? It has been suggested by Quah
(1993, 1997) and Jones (1997) that the world income distribution may be bimodal, or at least
tending towards that form. We investigate whether the VRS model can explain this feature.
For simplicity, we do not model the general equilibrium effects that operate at the level of
the world as a whole.??

Figure 3 plots kernel density estimates for the actual distribution of output per worker (the
solid line) and a selection of our counterfactual distributions, generated by placing all coun-
tries in their high output equilibrium. Clearly, the poverty traps implied by the VRS model
are mainly restricted to the poorest countries. This model appears best suited to explaining
income differences between the poorest, predominantly agricultural countries and middle
income countries, rather than differences between middle income countries and the OECD
member countries.

A remaining question is the size of the output gains associated with a switch to the high
output equilibrium. It is clear that, to be of practical interest, a theoretical model of multi-

22 The simplification here is to treat world prices as fixed throughout. In principle, we should allow world
prices to vary as patterns of sectoral structure change. This is an important consideration if a high proportion
of economies are found to be in a low output equilibrium.
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Table 2 The Implications of multiple equilibria for output

(1) (@) 3

# of counties in low (%) # of counties in high (%) Mean/Median (y H/yL)
for “low” group
A =0.05 21 (16.5%) 106 (83.5%) 1.55/1.31
A =0.10 33 (26.0%) 94 (74.0%) 1.70/1.53
A =0.20 44 (34.6%) 83 (65.4%) 2.03/1.70
A =0.30 56 (44.1%) 71 (55.9%) 2.20/1.74
A =0.50 67 (52.8%) 60 (47.2%) 2.69/2.11

Notes: The table reports the distribution of equilibrium assignments for various values of A. Column (3) reports
the mean and median ratio of output in the high output equilibrium to that in the low, for countries found to
be in a low output equilibrium

plicity should yield equilibria that greatly differ in terms of output per worker. Table 2 offers
some insight into this question for our model. We consider a range of cases, corresponding
to different values of the externality parameter A.

We focus on columns (1) and (2) initially. These columns report the number of countries
found to be in a low and high output equilibrium respectively. Importantly, even with a mod-
erate extent of increasing returns (A = 0.10), we find that roughly a quarter of the countries
in our sample are found to be in a low output equilibrium. With a greater extent of increasing
returns, the VRS model implies a greater incidence of poverty traps, as indicated previously.

In column (3), we report the mean and median output ratio across the high and low equi-
libria for countries found to be in a low output equilibrium. We can see that if low output
equilibrium economies switched to their high output equilibrium then output per head would
approximately double, where the exact figures depend on returns to scale in the two sectors,
and the characteristics of the individual countries.?® The median output gain is similar to the
mean, so output gains of this magnitude are not unrepresentative. Once again, it is important
to emphasize that the output effects are likely to be underestimates, because in practice output
gains would often be magnified by secondary effects.

While the output gains are substantial, it is clear that the model cannot explain the vast
income differences between, say, the USA and sub-Saharan Africa, without assuming implau-
sibly strong increasing returns, or building in powerful secondary effects. The results indicate
that the model is most useful in explaining differences between the low end and the middle
of the world income distribution. This is consistent with the common idea that poverty trap
models are best at illuminating the transition to ‘modern economic growth’ (in the sense of
Kuznets, 1966) rather than the differences between middle income countries and the OECD
economies. This is also a natural consequence of our focus on sectoral structure. The poverty
trap in our model is associated with an inefficiently high level of agricultural employment.
This is more plausible for low-income countries than middle-income countries: in the latter,
urbanization patterns are often similar to those in richer countries, and the scope for further
reallocation away from agriculture will be limited.

This discussion relates to an important point raised by an anonymous referee: is equi-
librium selection related to productivity levels, when productivity levels are compared for a
given equilibrium? If equilibrium selection and ‘intrinsic’ productivity are unrelated, multi-
plicity will have less impact on international inequality than if low-productivity countries are

23 There are several influences on this output gain: increasing returns in non-agriculture, decreasing returns
in agriculture, and the differential in the marginal product of labor across sectors. We will examine this issue
further in Section 8 below.
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also more likely to be in their low output equilibrium. Our results indicate the latter case is
more likely. Countries that we classify as trapped in a low-output equilibrium would remain
at the lower end of the cross-country income distribution even after switching to their higher
equilibrium.

Although this may be an artifact of ruling out secondary effects, it could also reflect a
role for development levels in determining equilibrium selection. This issue is not straight-
forward to investigate: without greater faith in our results for specific countries, it would be
hard for us to establish why one equilibrium is selected rather than another. As we noted in
the introduction, history might play an important role in addition to expectations. For these
reasons, we have preferred to examine the quantitative implications of the model without
attempting to establish a specific selection rule.

7. Multiple equilibria and aggregate TFP

In this section, we explore the implications of the VRS model for understanding interna-
tional differences in total factor productivity (TFP). Several researchers have argued that
substantial differences in aggregate TFP are needed to explain the observed variation in
output per worker across countries. Some important contributions include those of Hall and
Jones (1999), Klenow and Rodriguez-Claré (1997), and Prescott (1998). Subsequent research
has focused on developing theoretical explanations for these TFP differences, as in Acemoglu
and Zilibotti (2001), Basu and Weil (1998), and Caselli and Coleman (2005).

Itis possible that some of the international variation in aggregate TFP reflects the presence
of multiple equilibria, rather than technology differences. Consider two countries identical in
terms of preferences, technologies and factor endowments, but where one is in a low output
equilibrium while the other is in a high output equilibrium. A ‘levels accounting’ exercise
in the tradition of Hall and Jones (1999) will identify a difference in aggregate total factor
productivity, even though the sectoral productivity parameters are constant across the two
countries.

One reason to study this effect can be found in the work of Feyrer (2003). He finds that the
possible bimodality in the world distribution of income is largely explained by bimodality in
total factor productivity, rather than in endowments of physical capital or human capital. The
VRS model naturally gives rise to bimodality in TFP, whereas other models of multiplicity
typically imply that bimodality would arise in the distributions of physical or human capital
instead.

To investigate this further, we will compare the cross country dispersion of a standard
measure of aggregate TFP with the dispersion that would be observed if all countries were
in their high output equilibrium.?* We will show that the VRS model can indeed account for
a significant fraction of the international variation in aggregate TFP. For comparison with
previous work on TFP differences, we will take into account international differences in
human capital. Our adjustments are identical in form to those of Hall and Jones (1999). The
basic idea is to construct units of ‘effective’ labor that are compatible with the Mincerian
wage regressions of labor economics. We define 1 = ), where ¢ (E) is the efficiency of
a worker with E years of schooling relative to a worker with no schooling. The form of ¢ (.)
is piecewise linear as constructed and parameterized by Hall and Jones (1999). For simplic-

e Although our two sector model allows a more sophisticated decomposition of output differences, based on
measurement of productivity at the level of the two sectors, here we concentrate on the aggregate decompo-
sitions favored by most researchers.
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Table 3 Multiple Equilibria and the World Distribution of TFP data

(€)) () 3

V(log TFP; —logTFP) % Variance from Multiplicity 77, D nK
TFP (Actual) 0.234 - 0.600  0.040  0.360
TFP (A =0.05)  0.200 14.5 0.608  0.034  0.358
TFP (A =0.10)  0.177 24.1 0.614  0.029 0.357
TFP (A =0.20)  0.166 29.1 0.622  0.022 0.356
TFP (A =0.30)  0.169 27.6 0.628  0.018  0.354
TFP (A = 0.50)  0.203 13.1 0.635 0.012  0.353

Notes: The table lists the variance of the log of aggregate TFP (Column (1)). TFP is calculated using the Chris-
tensen et al. (1981) method for the observed data, and then for the counterfactual data obtained by placing
all countries in their high output equilibrium. The percentage of the variance due to multiple equilibria, column
(2), is then calculated as one minus the ratio of the counterfactual variance of TFP to the observed variance of
TFP. Column (3) reports the average factor shares implied by our model for the observed and counterfactual
data

ity, we assume that workers in agriculture and non-agriculture are equally well educated, so
effective labor in sector i is then hL;, where i = n, a. 25

We calculate aggregate TFP using Tornqvist comparisons between individual countries
and the world mean, as in Christensen et al. (1981). To make these comparisons, we use
the aggregate factor shares implied by our model. Let 1., ;, ng,; and nk ; be the aggregate
income shares for labor, land, and capital in country i. Under the assumptions of our model,
it is easily shown that these shares are equal to:

i =sill—a—=B)+ A =s)(1—y) (11)
nr,i = siP (12)
nk,i = sie+ (1 —s5)y, (13)

where s; is agriculture’s share of output in country i. We then compute the logarithm of
aggregate TFP relative to its world mean:

N Y; Y nk.i + Nk K; K
log A; —Tog A& = |log ~- —log — | — (MK TTK ) g 20 jog = 14
0g A 0og 0og L OgL ( 3 ) 0og L OgL (14)
_(mrit AR R R
2 8L, L
- (%) [log ki —logh],

where a line over a variable indicates an average over the countries in our sample.

To obtain the counterfactual distribution of TFP, we force all countries into their high
output equilibrium, recalculate (11) to (13) using the new sectoral structure of value added,
and then recalculate (14). Table 3 shows the results for various assumptions about the exter-
nality parameter, 1. According to the VRS model, up to 30% of the observed variation in the

25 Some measures of schooling differences between urban and rural populations are now available (Ulu-
basoglu & Cardak, 2005) but only for a subset of the countries we consider. In our framework, from an
efficiency units perspective, adjusting for skill differences would be closely equivalent to making adjustments
to the observed employment shares. If workers in the non-agricultural sector are more skilled on average, the
observed employment share will overstate the relative allocation of efficiency units of labour to the agricultural
sector, and our calculations would then overstate the number of countries in a low-level equilibrium.
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Fig. 4 Aggregate TFP measures

Notes. Kernel density estimates for the observed distribution of aggregate TFP across countries and a selection
of the counterfactuals discussed in the text. Bandwidths were chosen using Sheather and Jones’ (1991) plug-in
method. The kernel is a univariate standard normal density function

logarithm of aggregate TFP can be explained by multiplicity. Figure 4 shows the cross-country
distribution of aggregate TFP and the impact of multiple equilibria on this distribution. The
solid line is a kernel density estimate for the observed distribution of the logarithm of TFP.
The two dashed lines are density estimates for the counterfactual distributions when A = 0.10
and A = 0.30 and all countries are in their high output equilibrium.

From the figure, it is clear that allowing for multiplicity leads to a tightening of the aggre-
gate TFP distribution, and moves the distribution towards one that is single-peaked. Yet, even
after eliminating the effects of multiplicity, significant variation in TFP remains. This sug-
gest that the simple VRS story cannot fully account for international differences in TFP. The
story would need to be supplemented with barriers to technology transfer, or other sources
of productivity variation, such as institutions, geography and climate.

Our framework also allows us to investigate productivity measures at the level of sectors,
or Ay and A, in our notation. Given the two sector structure of the VRS model, these are the
most appropriate indices of the technologies used by a given country. In principle it is easy
to use the techniques in this paper to compute an estimate of TFP for each of the two sectors,
but that analysis must take into account differences in prices across countries. See Caselli
(2005) and Chanda and Dalgaard (2005) for related contributions.

8. Sensitivity analysis

In this section, we consider whether our main results are sensitive to alternative parameter
assumptions. The first part of the section investigates how the incidence of poverty traps will
vary with assumptions on the technology parameters «, 8, y and A. The remainder of the sec-
tion looks at the role of intersectoral differentials in the marginal product of labor. Although
these differentials help to determine the output gain from switching equilibria, we show that
our results are broadly unchanged when we consider lower differentials than previously.

We indicated earlier that the assignment of countries to a low output or high output equi-
librium can be achieved by comparing the observed intersectoral labor allocation, a, with a
country-specific critical value a*, given by:
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N

ﬂ+%1%[a+ﬂ—y(l+k)]
(1+%ﬁ) [e+B+r—yd+n]

a* =

5)

where a given country is in a high output equilibrium if ¢ < a*. When the numerator is
positive, this critical value for a is decreasing in the magnitude of the externality parameter,
X, and increasing in the exponent on land, 8. The greater the extent of increasing returns, the
lower is a*, the fewer economies for which a < a*and so the higher the number of economies
found to be in a poverty trap.

By differentiating (15) with respect to « and y, it is also possible to establish conditions
under which a* is decreasing in « and increasing in y. These conditions are functions of the
three technology parameters (¢, B8, ¥ ) as well as the agricultural employment and output
shares, a and s. The required conditions are satisfied for almost all countries in our data
set when evaluated at our assumed parameter values, but cannot be assumed to hold more
broadly.

We therefore investigate the sensitivity of our findings using graphical methods. The four
panels of Fig. 5 show the fraction of the 127 countries that are found to be in a low output
equilibrium, for various configurations of parameters. From the top-right panel, it is clear
that the incidence of poverty traps is increasing in A and decreasing in 8, as our theoretical
analysis shows. The other panels show the more complex patterns associated with varying
the other technology parameters, «, y and A, in each case holding one constant and varying
the other two.

The second aspect of our sensitivity analysis is more subtle. Recall that we have quanti-
fied the output gain associated with an equilibrium switch, for each country in the data set.

0.6
0.4
NN 06
0.2
0.41
0 0.2

06 04 02
A 0

Fig. 5 Robustness to different parameter assumptions

Notes. This figure illustrates the importance of our assumptions regarding «, 8, y and A for equilibrium assign-
ment. Reading across from the top-left: (Panel 1) y and S held fixed at 0.35 and 0.20. (Panel 2) y and « held
fixed at 0.35 and 0.40. (Panel 3) « and S held fixed at 0.40 and 0.20. (Panel 4) 8 and A held fixed at 0.20 and
0.30
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The size of these output gains depend on the returns to scale in the two sectors, but also
on the magnitude of the equilibrium intersectoral wage gap. This is because any wage gap
corresponds to a marginal product differential. This reinforces the output gain from reallo-
cating labor to non-agriculture, because workers are being reallocated to a sector where their
marginal product is higher.

One drawback of our version of the VRS model is that plausible values for technology
parameters yield large intersectoral wage differentials for some countries (see the last column
of Table A.1). It is possible that our previous analysis overstates the extent of marginal prod-
uct differentials and therefore the output effects of an equilibrium switch. In the remainder
of this section we assess the importance of this concern.

To do this, we use a simple trick that allows lower wage differentials to be considered
while retaining our other assumptions. The trick is to assume that a certain fraction of agri-
cultural output, €, is unmeasured in the national accounts. Some agricultural output may be
produced for non-marketed household consumption, for example. Under various assumptions
about the magnitude of €, we adjust agriculture’s share in GDP for this mismeasurement,
and then recalculate the equilibrium solutions and the associated welfare effects. We intend
this exercise to be primarily a sensitivity analysis, asking whether high marginal product
differentials drive our main results, rather than a preferred explanation for the data. Sizeable
differences in marginal products can be explained in many other ways, without appealing to
output mismeasurement.?®

One advantage of this approach is that it has a straightforward effect on the wage differen-
tial implicit in our calculations. The Cobb—Douglas production functions imply that marginal
products and wages are proportional to average products. As a consequence, when assuming
(say) € = 0.5 so that ‘true’ average labor productivity in agriculture is double that in the
unadjusted data, this will halve the ratio of wages in non-agriculture to agriculture that is
implicit in our calculations.

The adjustments are easily made. We denote true agricultural output as ;" and measured
agricultural outputas Y,= (1 — €) ¥;*. Hence true output is Y *=Y;* 4 ¥; and measured output
is Y=Y, + Y;. The data we have on agricultural output shares correspondtos = Y, /(Ya+Yy).
We want to calculate the ‘true’ or adjusted output shares s* = Y /(Y + Yy). It is easy to
show that the ‘true’ share equals

_ s
T l—e+se

*

Using this result, we adjust the output share data for various possible values of € and then
recalculate some of our earlier statistics. The results are shown in Table 4 for the case of
A = 0.10. The quantity of most interest is the output gain from switching between equilibria.
As € is increased from the benchmark case of accurate measurement (¢ = 0) the effect of an
equilibrium switch on output diminishes, consistent with the lower intersectoral wage ratios
that are implicit in these calculations. Yet the reductions in the output gain are modest, sug-
gesting that our earlier results are not driven simply by large marginal product differentials
across sectors.

26 These explanations could include heterogeneity in worker skills, migration costs, and various efficiency
wage arguments. See Temple and Woessmann (2004) for evidence that marginal products differ across agri-
cultural and non-agricultural sectors, and Temple (2005) for simple models that yield such differentials.
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Table 4 Robustness of main results to mis-measured agricultural output

1) 2) 3) @)

1- %(%) %inlow  %inhigh (%) Mean yf/yL for “low” group
€=000 253 26.0 74.0 1.70
€=0.10 247 26.0 74.0 1.67
€=020 241 26.8 732 1.61
€=030 233 28.3 717 1.54
€=040 223 283 71.6 1.49
€=050 209 30.7 69.3 1.41

Notes: Column (1) reports the ratio of the counterfactual variance of the log of GDP per worker, calcu-
lated when all countries are in their high output equilibrium, to the observed variance. We consider various
assumptions regarding the extent to which agricultural output is undermeasured. Columns (2) and (3) show
the consequences for the incidence of poverty traps, while column (4) reveals the consequences for output
gains

9. Conclusion

Although models with multiple equilibria are a popular explanation for the gulf between rich
and poor nations, few papers have investigated the empirical relevance of such models. In
this paper, we have examined the quantitative implications of a simple model of multiplicity.
We have shown how this model can be calibrated in a way that limits the need for parameter
assumptions and data. We have exploited this property and calibrated the model for 127
countries.

Our exercises suggest a number of interesting findings. Sections 6 and 8 established that,
for some parameter choices, a substantial fraction of countries are found to be in a low
output equilibrium under the maintained assumptions of the model. Moreover, the gains
from moving to a high output equilibrium can be sizeable. An immediate corollary is that
multiple equilibria can explain a significant fraction of the international inequality in output
per worker. In our preferred sets of calibrations, the model accounts for between 15% and
25% of the variation in log GDP per worker across countries.

As this result implies, however, the VRS model is a less than complete explanation of
cross-country income differences. This is clear from the output gains associated with an
equilibrium switch. Holding all else constant, a switch to a more productive equilibrium can
increase output by a factor of two or three, with the precise figure depending on the returns
to scale in the two sectors and the characteristics of individual countries. This output gain,
though substantial, is well short of the differences in output per worker between rich and poor
nations. The effects are more impressive when considered in terms of aggregate total factor
productivity. The output gain is obtained while holding factor inputs constant, and therefore
represents an unusually dramatic increase in total factor productivity at the aggregate level.

There is another reason that the VRS explanation is incomplete. The model implies that
only the poorest, predominantly agricultural economies are in a low output equilibrium.
Hence, although the VRS model can explain a significant portion of the output gap between
poor and middle-income countries, it cannot explain why labor productivity in middle-income
Latin America and East Asia remains below that of the USA and Western Europe.

The model we have used is a highly stylized one, and its underlying assumptions are
strong. Although our calibration results can offer some useful insights into the properties
of the VRS model, nothing in this paper approaches a formal test of its validity. Nor do we
provide an explanation for why countries arrive at particular equilibria. For all these reasons,
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we are keen to emphasize that our investigation of multiplicity is far too preliminary to draw
any lessons for policy. Nevertheless, we think it is intriguing that even a simple model can
give rise to such wide-ranging implications. The quantitative investigation undertaken here
has revealed a great deal about the potential explanatory power of one candidate model, and
its strengths and limitations. We believe this to be a promising way forward for research on
multiple equilibria.

A. Stability analysis

This appendix outlines a specification for the dynamics which implies that both interior equi-
libria are locally stable. It also briefly discusses the approximation involved in our use of
a simpler model for calibration purposes. It is important to note that the approach we take
involves strong assumptions not just on the specific form of migration costs, but also con-
cerning the formation of expectations. For example, although we can show that the interior
equilibria are locally stable under perfect foresight dynamics, this result would be unlikely
to hold under adaptive learning.

In specifying the dynamics, we retain the assumption that capital costlessly moves between
sectors to equalize rental rates, but now assume that labor migration is costly. In particular,
migration costs are described by a convex cost function, C (Ln, L), where C; > 0,Cq >
0,Cy > 0and C12 > 0and C(0, L,) = 0. Migration costs are increasing in the current flow
of migrants to the non-agricultural sector and in the amount of labor already employed in the
non-agricultural sector. Both of these effects arise from crowding diseconomies.

The representative individual chooses the level of migration, Ly, to maximize the present
discounted value of income net of migration costs:

oo
V(Ly) = max/ e 7T [Yy + Yy — C(Ln, Ly)]dr, (16)
{Ln T=t

where o'is the discount rate. Since the representative individual is not a social planner she does
not take into account the presence of the agglomeration externality in the non-agricultural
sector when choosing the optimal migration path. Neither does she internalize the externality
generated by the crowding diseconomy in C(-).

We characterize the solution to the sequence problem defined by (16) using a dynamic
programming argument. From the envelope theorem, and the fact that the representative
individual does not internalize the effects of the agglomeration economies or the crowding
diseconomies, we have:

oo
W) _ / e 7T [wy — wy]dr, a7
dLIl =t
where ¢ is equal to the market value of having an additional unit of labor in non-agriculture
instead of agriculture, namely, the expected net present value of future wage premia that an
individual realizes from migrating.
To derive a continuous time Bellman Equation we begin with the discrete time optimality
condition:

V(Ly) = max [(Ya 4 Yo — Clh, Ly) AL + (1 + oAD" V(L;)] ,
(L)

@ Springer



J Econ Growth (2006) 11:5-41 29

where L) = L, + AL,. Rearranging yields:

oV (Ly)At = max [(1 + 0 AD)Ya + Yo — C(Ly, Ly))At + V(L) — V(Ln)] .
{Ln)

Letting At — 0 and setting all terms of d>or higher equal to zero yields the continuous time
Bellman Equation:

o V(Ly)dt = max [(Yy + Yn — C(Ln, Ly))dt + qLndt]. (18)

n

The first order condition for optimal migration is:
Ci(Ln, Ln) =g (19)

Migrants therefore equate marginal moving costs with the net present value of expected wage
premia from switching sectors. Inverting (19) yields the optimal migration rate:

Ly =C'(q, Ly). (20)

Migration is increasing in the discounted expected stream of future wage premia, ¢. Optimal
behavior, or rationality, also imposes constraints on the path of ¢ over time. Differentiating
(17) with respect to time yields:

0q = Wy — Wy + 4. (21

The cost of staying in the non-agricultural sector, o¢q, equals the current wage premium,
wn—W,, plus “capital gains” or increases in the expected value of future wage premia, ¢.
Equation (21) makes explicit the importance of expectations regarding future wage paths on
migration behavior. Positive migration from agriculture to non-agriculture may occur, even
if such a movement is associated with an instantaneous wage loss, when the long run gains
from switching sectors are expected to be high.

To evaluate the local stability properties of the dynamic system defined by ( 20) and (21)
we linearize the system around a steady state. For simplicity consider the case where C (-, -)
takes a quadratic form such that C(Ln, Ly) =1/2m (l;n)2 + (1/2n2)(Ly + f)Ln; where f
represents fixed moving costs. We can then rewrite (20) as:

; M
Ly=mqg——(Ln+ f). (22)
2
The Jacobian matrix of coefficients for this system is thus:
_ S(wn—w,)
A= [" 8L ] . (23)
m ~m

The roots of the linearized system (g1, ¢2) are defined by tr(A) = ¢1 4+ ¢2 and det(A) = ¢162.
A sufficient condition for local stability of all equilibria is therefore o < '7—; 27 The interaction
of expectations, increasing returns, and a small crowding diseconomy can result in local sta-
bility of all interior equilibria if individuals are sufficiently patient (small o) or the crowding
diseconomy is relatively strong (small 7).

A set of representative dynamics for the system defined by (21) and (22) are depicted
in Fig. 6. The dynamics of the system can be quite complex, but all our empirical exercise
requires is local stability of the two interior equilibria. This is a sufficient condition for both

27 Saddle-stability holds when det(A) < 0, which holds at the high output equilibrium, but not the low output
equilibrium.
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Fig. 6 Expectations and equilibrium stability

Notes. The figure depicts the migration dynamics for the system defined by the system of differential Equa-
tions (22) and (21). The figure illustrates that under our fully specified migration process both of the interior
equilibria are locally stable and thus observable under occasional perturbation. However, our migration model
also gives rise to local indeterminacy, generating multiple perfect foresight paths for any given initial labor
allocation

equilibria to be observable under occasional perturbation. For a more detailed discussion
of the interaction between expectations and stability in the context of increasing returns,
see Howitt and McAfee (1988), Krugman (1991), and Matsuyama (1991). Graham (2000)
provides an extensive discussion in the context of the present model.

‘We now briefly discuss the implications of this analysis for the equilibrium wage gap. The
dynamics for L, and g described by (21) and (22) imply that in equilibrium, the intersectoral
wage gap will equal

W — Wy = —(Ln + f). (24)
n2

In contrast, the model we calibrate is based on a simpler equilibrium condition, namely that
the wage ratio is the same for both equilibria. Hence we must think of our calibrated model
as only an approximation to the one analyzed here, with its more complete specification
of the migration process. In the more complete model, Equation (24) shows that the wage
gap between sectors is greater in the high output than in the low output equilibrium. This
is potentially compatible with our calibration assumption that the wage ratio is fixed across
equilibria. Since wages are greater in the high output than in the low output equilibrium, a
fixed wage ratio corresponds to a wage gap that is greater in the high output equilibrium.
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B. Calibration

This appendix shows how to derive an expression that an alternative equilibrium factor allo-
cation must satisfy, and thus forms the basis for our calibration exercise. It also sketches a
proof that there will be at most two interior equilibria, under a parameter restriction described
below, and provides a simple method for distinguishing whether an observed economy is in
a low or high output equilibrium.

In what follows, we denote the fraction of total capital allocated to agriculture in the
observed equilibrium by x. ¥, and Y, are the agricultural and non-agricultural output lev-
els associated with the alternative equilibrium, if one exists. The derivation starts from the
payment of private marginal products to capital and labor:

w, = (1 B) Ya (25)
a = — 0 — e
al
fa (26)
Fqg =0—
xK
wy = (1— )L (27)
" YaZoL
—y— (28)
YAoK

We substitute the expressions for wages into the labor market equilibrium condition (4),
which implies:

(l—a—ﬁ)ﬁ—(i)(l— )i (29)
o \U+s YaZor

This indicates that we can express the ratio of value added in the two sectors as a function
of the technology parameters, the agricultural employment share, and the intersectoral wage

differential:
Y, 1— 1
a_ S Y a . 30)
Ya 1—ys l—a—p8 1—a 1+56

This equation demonstrates that the intersectoral wage differential (w,/w, =1+ §) is a
function of the technology parameters and the observable variables a and s.

An equation of this form must also hold in any alternative equilibrium with incomplete
specialization. For this alternative equilibrium, we use v to denote agriculture’s share of value
added, and b the share of employment allocated to agriculture. So the corresponding equation

will be:
/ J—
o () (5) () o
Y 1—v l—a—8 1-b 1+6

Equations (30) and (31) imply that:
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o () () () @

Next we derive an equation for the proportion of capital allocated to agriculture, x, in the
observed equilibrium. We denote the rental rate by r (= r; = ry). This implies that:

K K, Y Y.
=20l fa 33)
K Ya VKY
=, (34)
s+ (1 —s)y

where the last line uses marginal productivity factor pricing (so that r K, /Y, = «, see Equa-
tion 26) and the identity that holds for the aggregate capital share (rK /Y = sa + (1 — 5)y).

Once again, if there is an alternative equilibrium with incomplete specialization, the frac-
tion of capital allocated to agriculture in that equilibrium (which we denote z) must satisfy
a corresponding equation:

K/ va
7= —=

K va+(-vy’

and together with equation (32) this allows us to write z in terms of b, s and a and technology
parameters:

(35)

The system of equations is completed by making use of the production functions, to write
down the ratio of agricultural to non-agricultural output for both possible equilibria. Using
our sectoral production functions (1) and (2) we get:

s Y. [xK]*RP[Ahal]' —*—F 36)
l—s Yo [(1=x)KPUHD[Aph(l —a)L]0-+0
Y, K1“RP[A.hbL) P
v _ Y [zK1"RP[AuhbL] an

l—v Y, [(1=2)KPU+D[Ah(1 = b)L]A-0+20)"
Dividing (37) by (36), simplifying, and using expression ( 32) yields the following equa-

tion:
ane (1 —x\' O gnatp (1 —q)0-n0+-1
1=(- — —_— . 38
(=) O 6=) G8)

The next step is to use the two equations for the intersectoral capital allocations (x and z)
to eliminate these variables from (38). When this is done, we obtain our key equation:

. 1 | o a—y(1+1)
ey [roe (-5 )
1= (3) a i : (39)
b 1-b l_b(l_gslfa)
Y
which can be expressed as Equation (7) in the text.
This has reduced the system to one equation and one unknown, b. The solutions for

b € (0, 1) represent all the interior allocations of labor that satisfy the equilibrium conditions,
one of which will be the observed equilibrium labor allocation a and the other an alternative
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Fig. 7 On the number of
equilibria

Notes. An example sketch of log
g(a), the horizontal line, and log
g(b), the curve. This sketch
indicates that there will be at
most two interior equilibria under
strict concavity of log g(b)

log g(a), log g(b)

0 2 4 & 3 1
Agricultural employment share

equilibrium allocation, where it exists. The underlying intersectoral capital allocations are
easily recovered using Equations (34) and (35).

We now investigate the number of equilibria, and also provide a simple way to distinguish
whether an observed economy is in a low output or high output equilibrium. To find the
equilibrium solutions, we are essentially solving for the roots of the equation in b that is
formed by rewriting (39 ) as:

g(b) — g(a@) =0 (40)
a—y(1+A)
where g(¢) = ¢# (1 — ¢)* [1 —61(1 _%lsfs%)] ’ ’

and g(a) is a known quantity fixed by the data and our parameter assumptions. We now show
that under the parameter restriction
a 1—s

yI+A) —A<a<y s 41
l—a s

there will be at most two equilibria with incomplete specialization. 28

The underlying idea of the proof can be gained by considering a plot of log g(a) and
log g(b) against all the potential values of b, that is for b € (0, 1). An example is shown
in Fig. 7. Since g(a) is a known quantity, log g(a) is a horizontal line. The intersections
of log g(b) with this horizontal line correspond to the possible equilibrium employment
allocations, since at these points g(a) = g(b). Note also that g(0) = 0 and g(1) = 0.

Hence a sufficient condition for there to exist at most two solutions for b between zero and
one is that the curve log g(b) should be strictly concave. This implies that log g(b) crosses
the straight line log g(a) twice at most, for values of b where 0 < b < 1.

To show strict concavity of log g(b), we will use (40) to write:

gb) =bP (1 —b)* [1 — bk’ 42)

where k = 1 — %ﬁl%a and 6 = o — y(1 4+ 1). Note that our parameter restriction (41)
corresponds to assuming € + A > 0 and 0 < k. Also, since a, s, @ and y all lie between zero
and one, then k < 1.

If 6 > 0 then it is easy to show that the logarithm of (42) is strictly concave. We now

show that this property also holds when 6 > —A. We can rewrite (42) as:

g(b)zbﬁ('_b

1 — bk

A
) - bk]9+)u ,

28 We are grateful to Mathan Satchi for suggesting the argument used here.
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and so:

log g(b) = Blogb + Xlog (%) + (6 + 1) log(1 — bk). 43)
Since the sum of strictly concave functions is strictly concave, all we need to show is
that each of the three terms in (43) is strictly concave. For the first term, this is obvious by
inspection. It is straightforward to show that the final term is also strictly concave (noting
that & + A > 0 by assumption).
The second term can be rewritten as follows:

1—b 1 I-1
AMog| —— ) =Arlog—-{1— k ,
1 — bk k %_

and this implies that the second term is also strictly concave in b, given our assumption that
0 < k < 1. This completes our sketch of the proof that, under the parameter restriction (41),
there will be at most two equilibria with incomplete specialization.

We can also use this result to infer from the observed employment and output shares
whether an economy is in its best available equilibrium or one with lower output. Consider
the derivative of g(b) with respect to b. The key idea is that for an observed economy to be
in its high output equilibrium, and therefore at the leftmost intersection in the figure, this
derivative should be greater than zero when evaluated at b = a. Conversely if the derivative
is less than zero when evaluated at a, the economy must be in a low output equilibrium. There
is also a knife-edge case where the derivative of g(b) with respect to b, evaluated at a, is zero.
Given strict concavity of log g(b) this implies that there is only one interior equilibrium.

We can use this idea to generate a condition on the observed employment share (a) that
reveals whether or not a given economy’s sectoral structure is consistent with a high output
equilibrium. The derivative of g(b) with respect to b, evaluated at a, can be written as:

Since ak < 1 and therefore g(a) > 0, the sign of the above expression can be evaluated
from the bracketed term alone. Substituting in for 6 and k, and rearranging, we can rewrite
the necessary condition for a high output equilibrium, namely that dg/9b|p=, > 0 as the
condition that a < a*, where the critical value a* is given by:

ﬁ+%ﬁ[a+ﬁ—y(l+k)]
+ 8 ) e+ B -y )]

This is the critical value discussed at several points in the main text.

We now turn to the output effects associated with equilibrium switching, by showing how
to calculate the ratio of output in the alternative equilibrium to that in the current one. Here we
use b to denote the alternative equilibrium labor allocation to that observed (a). The quantity
of interest is:

Y, +Y,
Yo+ Y,

Ap
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which can be rewritten as (recall that units have been chosen to eliminate relative prices):

Y, (1 + %)
e e @

n

Now we make use of the non-agricultural production function, together with equation
(32). This yields:

_ p\ U= U+2) Ny | T+ % La) (1
AF=(1 b) (1 z) (1 (S)( ) s

1—a 1—x

Substituting in the expressions for z and x and simplifying yields the output ratio associated
with an equilibrium switch, equation (10) in the text.

C. Data sources

Our data on the sectoral structure of output and employment come primarily from the World
Development Indicators 2000 CD-ROM. This source is supplemented where necessary with
figures drawn from the United Nations’ Yearbook of National Accounts Statistics (1980)
and its successor National Accounts Statistics: Main Aggregates and Detailed Tables (1991,
1994, 1995), The United Nations’ Statistical Yearbook CD-ROM, various World Develop-
ment Reports, and Mitchell’s (1998a, 1998b, 1998c) handbooks of historical statistics. In
a few cases, the figures were obtained directly from national sources, but over 90% of the
observations are drawn directly from World Bank or UN sources.

Our dataset for the TFP calculations builds upon that assembled by Hall and Jones (1999).
We use their GDP per worker data, as well as their aggregate human and physical capital stock
estimates. We add an estimate of agricultural land area using data from the FAO Yearbook:
Production. Our measure corresponds to arable and pastoral land combined. Since the Hall
and Jones (1999) output data are measured net of mining output, we adjust our sectoral value
added data accordingly, using their estimate for the fraction of total GDP due to mining. Data
limitations preclude a corresponding adjustment to the employment data, so we assume that
total employment in the mining sector is zero. The distortions introduced by this assumption
are modest given the enclave nature of mining and its high capital intensity. Even in a highly
mineral dependent economy such as Botswana, where roughly one half of GDP is due to
mining, less than 5% of the labor force works in the mining sector.
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Table A.1 Complete calibration results with @ = 0.40, 8 = 0.20, y = 0.35, A = 0.10

World Country Log output Log output Ratio of Agricultural  Agricultural Implied

bank isin per worker in  per worker in  high-to-low labor share  labor share  equilibrium
code loweq? loweq. high eq. eq. output  (low Eq.) (high eq.) wage wedge
DZA O 8.83 9.36 1.70 0.93 0.28 2.7
AGO 1 7.06 7.42 1.42 0.75 0.53 16.5
ARG O 9.09 9.60 1.68 0.99 0.12 1.3
AUS O 9.66 10.30 1.90 1.00 0.06 1.1
AUT O 9.14 10.13 2.69 0.99 0.08 34
BGD 1 8.41 8.46 1.05 0.67 0.63 6.8
BRB 0 9.06 9.57 1.67 1.00 0.07 0.8
BEL 0 9.44 10.30 2.36 1.00 0.03 1.4
BEN 0 7.62 7.64 1.02 0.66 0.64 4.5
BOL O 8.20 8.51 1.37 0.81 0.48 4.0
BWA 0 7.70 8.11 1.50 0.77 0.50 11.7
BRA O 8.65 9.33 1.97 0.94 0.26 39
BFA 1 6.95 8.32 391 0.92 0.26 39.4
BDI 1 6.96 8.02 2.88 0.92 0.28 14.2
CMR 1 7.90 8.06 1.17 0.70 0.59 9.4
CAN O 9.69 10.41 2.06 1.00 0.04 1.1
CPV 0 7.44 7.89 1.57 0.91 0.32 2.5
CAF 1 7.07 7.48 1.51 0.81 0.46 6.1
TCD 1 7.04 7.72 1.99 0.84 0.41 13.9
CHL O 8.52 9.14 1.86 0.97 0.19 2.5
CHN 1 7.66 7.90 1.27 0.73 0.56 10.7
COL O 8.78 9.14 1.44 0.93 0.29 1.6
COM 1 7.13 7.47 1.40 0.78 0.50 6.8
ZAR 1 7.05 7.15 1.10 0.69 0.61 72
CoG O 8.03 8.37 1.41 0.78 0.51 7.3
CRI 0 8.66 9.12 1.58 0.93 0.28 2.1
CIv 0 8.06 8.14 1.09 0.70 0.61 4.1
CYP O 8.93 9.67 2.10 0.98 0.16 29
CSK 0 8.30 8.92 1.87 0.99 0.12 1.7
DNK O 9.44 10.10 1.94 1.00 0.06 12
DOM 0 8.44 8.90 1.58 0.94 0.26 2.0
ECU O 8.53 9.03 1.66 0.89 0.35 35
EGY 0 8.41 8.80 1.48 0.84 0.44 4.1
SLV. 0 8.23 8.62 1.48 0.88 0.38 2.7
FII 0 8.81 9.18 1.44 0.82 0.46 44
FIN 0 9.57 10.17 1.82 0.99 0.09 1.3
FRA O 9.44 10.27 2.30 1.00 0.06 2.0
GAB O 8.34 8.62 1.33 0.74 0.54 12.2
GMB 1 7.45 8.08 1.89 0.82 0.43 15.8
DEU 0 9.16 10.27 3.06 1.00 0.04 34
GHA O 7.47 7.53 1.06 0.73 0.60 1.4
GRC O 9.18 9.72 1.72 0.95 0.24 2.4
GIM 0 8.68 8.91 1.27 0.77 0.53 42
GIN 1 7.33 8.37 2.82 0.88 0.34 34.0
GNB 1 7.24 7.78 1.73 0.86 0.40 6.1
GUY O 8.12 8.23 1.11 0.96 0.23 0.2
HTI 1 7.61 7.68 1.07 0.68 0.62 52
HND O 8.07 8.43 1.43 0.83 0.45 3.8
HKG 0 8.47 9.98 451 1.00 0.01 3.9
HUN O 9.04 9.29 1.28 0.98 0.16 0.5
ISL 0 9.85 10.16 1.36 0.99 0.11 0.4
IND O 8.02 8.02 1.00 0.65 0.65 53
IDN O 8.08 8.27 1.21 0.74 0.56 49
IRN 0 8.94 9.25 1.37 0.87 0.40 22
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Table A.1 (Continued)

World Country Log output Log output Ratio of Agricultural  Agricultural Implied
bank isin per worker in  per worker in  high-to-low labor share  labor share  equilibrium
code loweq? loweq. high eq. eq. output (low Eq.) (high eq.) wage wedge
IRL 0 9.37 9.93 1.74 0.98 0.15 1.7
ISR 0 9.35 10.06 2.02 1.00 0.04 1.1
ITA 0 9.34 10.29 2.60 0.99 0.09 35
JAM 0 7.63 8.43 2.24 0.93 0.26 5.7
JPN 0 8.87 9.94 2.92 0.99 0.08 4.1
JOR 0 8.85 9.60 2.11 0.98 0.16 29
KEN 1 7.60 8.11 1.67 0.80 0.46 13.2
KOR O 8.86 9.51 1.92 0.96 0.21 29
LSO 0 7.39 7.71 1.38 0.87 0.40 23
LUX O 9.47 10.46 2.70 1.00 0.04 2.4
MDG 1 7.27 7.70 1.53 0.79 0.48 9.7
MWI 1] 6.95 7.61 1.92 0.87 0.38 79
MYS O 8.81 9.16 1.41 0.92 0.30 1.5
MLI 1 7.11 7.85 2.09 0.87 0.37 11.5
MLT O 9.22 9.71 1.62 1.00 0.03 0.3
MRT O 7.37 7.49 1.12 0.72 0.59 33
MUS O 8.67 9.13 1.60 0.97 0.19 1.5
MEX 0 8.82 9.64 2.26 091 0.30 74
MAR 0 8.41 8.80 1.47 0.81 0.47 5.7
MOZ 1 7.23 7.76 1.69 0.83 0.43 8.1
MMR 1 6.93 7.04 1.12 0.74 0.58 23
NAM 0 8.49 8.84 1.41 0.78 0.51 7.4
NLD O 9.63 10.26 1.88 1.00 0.05 0.9
NZL 0 9.56 10.14 1.79 0.99 0.11 1.4
NIC 0 8.23 8.40 1.19 0.93 0.30 0.6
NER 1 6.92 8.01 2.99 0.90 0.30 232
NGA 0 7.40 7.45 1.04 0.85 0.45 0.3
NOR 0 9.36 10.20 2.31 1.00 0.07 2.1
OMN 0 9.06 9.62 1.75 0.80 0.46 16.6
PAK 0 8.20 8.42 1.25 0.76 0.53 43
PAN 0 8.29 8.97 1.99 0.93 0.27 4.2
PNG 1 7.92 8.39 1.60 0.80 0.47 10.4
PRY O 8.45 8.70 1.28 0.87 0.40 1.6
PER 0 8.39 9.03 1.91 0.88 0.37 7.0
PHL 0 8.09 8.41 1.37 0.81 0.47 3.7
POL O 8.49 9.04 1.74 0.93 0.28 3.0
PRT 0 8.58 9.47 2.45 0.96 0.19 5.0
PRI 0 8.94 10.13 3.32 1.00 0.05 4.1
REU 0 8.24 8.99 2.10 0.99 0.09 2.0
ROM 0 7.83 8.30 1.59 0.94 0.26 2.0
RWA 1 7.32 8.53 3.35 0.92 0.27 23.7
SAU 0 9.13 9.84 2.02 0.95 0.23 3.7
SEN 1 7.84 8.30 1.59 0.78 0.49 18.3
SYC 0 8.10 8.94 2.31 0.99 0.10 2.8
SLE 1 7.73 7.75 1.02 0.68 0.65 1.6
SGP 0 8.86 9.97 3.05 1.00 0.00 1.0
SOM 1 7.45 7.54 1.09 0.76 0.56 1.2
ZAF 0 8.33 9.09 2.15 0.98 0.14 2.8
SUN 0 9.46 9.60 1.15 0.97 0.18 0.2
ESP 0 9.24 10.09 2.34 0.98 0.13 33
LKA 0 8.34 8.61 1.30 0.80 0.49 33
SDN 1 7.77 7.89 1.13 0.70 0.60 6.7
SUR 0 8.51 9.11 1.81 0.96 0.22 2.5
SWZ 0 8.20 8.67 1.59 0.85 0.42 4.9
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Table A.1 (Continued)

World Country Log output Log output Ratio of Agricultural  Agricultural Implied
bank  isin per worker in  per worker in  high-to-low labor share  labor share  equilibrium
code loweq? loweq. high eq. eq. output  (low Eq.) (high eq.) wage wedge
SWE 0 9.41 10.24 2.28 1.00 0.06 1.9
CHE 0 9.44 10.34 2.47 1.00 0.06 2.3
SYR O 9.48 9.65 1.18 0.91 0.34 0.7
OAN 0 8.69 9.67 2.67 0.95 0.22 72
TZA 1 7.02 7.57 1.72 0.85 0.41 6.9
THA 1 8.62 8.66 1.04 0.65 0.63 14.7
TGO 1 7.25 7.27 1.02 0.66 0.64 4.4
TTO O 8.66 9.78 3.05 0.99 0.11 5.4
TUN 0 8.36 8.95 1.81 0.92 0.30 3.8
TUR O 8.70 8.95 1.29 0.74 0.55 79
UGA 1 7.02 7.55 1.69 0.85 0.41 6.1
GBR 0 9.35 10.16 2.24 1.00 0.02 1.0
USA O 9.58 10.48 2.46 1.00 0.03 1.6
URY O 9.03 9.40 1.45 0.98 0.15 0.8
VEN 0 9.13 9.71 1.91 0.99 0.12 1.9
YEM O 8.90 8.92 1.03 0.65 0.63 13.2
YUG O 8.63 9.27 1.90 0.91 0.31 4.7
ZMB 1 7.50 7.86 1.43 0.75 0.53 17.7
ZWE 1 7.75 791 1.18 0.69 0.59 16.4
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