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Abstract 
 

The existing literature on demand-driven industrialisation has difficulties to account for a 
number of empirical regularities. These are, in particular, a) the remarkable successes of 
certain smaller economies in industrialising, from 19th century Switzerland and Belgium to 
20th century Hong Kong and Singapore; and b) the ambiguous role of agricultural productivity 
in development. In constructing a multi-location general equilibrium model with transport 
costs, I show how costly international trade and relative geographical position can provide a 
potential answer. Access to foreign markets allows smaller countries to industrialise despite 
limited domestic demand. However, due to the existence of transport costs, proximity to large 
markets is crucial. Similarly, the role of agricultural productivity in industrialisation is not 
only influenced by the degree of openness of an economy but also by the specialisation 
pattern of proximate countries. An empirical test of the model’s main predictions suggests 
that economic geography is indeed relevant in explaining the size of the manufacturing sector 
in developing countries. 
 
KEY WORDS: Industrialisation, Economic Geography, International Trade. 
JEL CLASSIFICATION: F11, F12, F14, O14. 
 
 
 
 
 
 

This Version: August 31, 2004 
 
 
 
 
 
 
 
 
 
* London School of Economics and Centre for Economic Performance, Houghton Street, 
London WC2A 2AE. E-mail: h.breinlich@lse.ac.uk. 



 

 

2



 

 

3

1 Introduction and Contribution 
Industrialisation that is the decline in agriculture’s share in GDP and the corresponding rise of 
manufacturing1 is generally viewed as an essential part of a successful development strategy2. 
It is accompanied by strong rises in income levels and accumulation of factors of production. 
Although the direction of causality is open to dispute, it is generally considered to run both 
ways (Chenery, Robinson, and Syrquin, 1989). Indeed, virtually every country that has 
experienced steep increases in living standards over the last 200 years has done so by 
industrialising. Yet despite the evident gains and the success stories of some emergent market 
economies, many other countries still remain predominantly agricultural and poor. This fact is 
even more puzzling nowadays as one would expect that in an ever more integrated world, 
where modern communication technologies allow for a free exchange of ideas, the adaptation 
of advanced technologies necessary for industrialisation should be fast and widespread. 

Economists have proposed a number of explanations for this apparently puzzling observation. 
One train of thought has argued that prosperous economies have better institutions or cultures 
more attuned to the requirements of modern life, encouraging the accumulation of human and 
physical capital and the adaptation of new technologies (e.g. Parente and Prescott, 2000). A 
second strand in the literature has focused on local demand as the crucial determinant of 
industrialisation. In a closed, low income economy, the main part of individual income goes 
into subsistence agricultural consumption, implying very low levels of manufacturing 
demand. Thus, even with supply-side characteristics favourable to industrialisation such as 
high skill levels of the labour force, high capital stocks and knowledge of advanced 
production techniques, the manufacturing share in GDP will be low. This consideration is 
even more important if there are increasing returns to scale in manufacturing production: the 
high initial investment required for the adaptation of advanced technologies needs a minimum 
level of demand to be profitable. Accordingly, factors determining local demand for 
manufacturing such as agricultural productivity, population size or levels of income inequality 
have been extensively analysed in the existing literature (see in particular Rosenstein-Rodan, 
1943 and Murphy et al., 1989a/b)3. 

However, from the point of view of theories stressing the importance of a large local market, 
there are a number of puzzling empirical observations. Why is it that relatively small 
countries such as Belgium and Switzerland were among the first to industrialise and not 
populous India or China? How come it was the small economies of Hong Kong, Singapore 
and Taiwan that led the wave of industrialisation in South-East Asia? This paper will argue 
that these puzzles do not necessarily imply that the role of demand has simply been 
overstated. Rather, it will be shown that international trade plays an important role in 
industrialisation by enabling small countries to access the demand of foreign markets4. 
                                                           
1 The manifold changes usually associated with industrialisation, like the reallocation of labour and capital from 
rural to urban areas and the arrival of mass production, are caused by this basic change in production structure; 
see Chenery, Robinson, and Syrquin (1986) and Chenery and Syrquin (1989). 
2 See Chenery, Robinson, and Syrquin (1986) or Murphy et al. (1989a). 
3 Other contributions include Fleming (1953), Fafchamps and Helms (1997), Skott and Ros (1997), Temple and 
Voth (1998) and Ciccone (2002). 
4 Many authors focusing on local demand are aware that international trade could modify the role of domestic 
markets but very few actually try to provide evidence that it can safely be neglected as quantitatively 
unimportant. Murphy et al. (1989a) cite work by Chenery, Robinson and Taylor (1986) who show that the 
expansion of domestic demand accounts for 50-75 percent of increases in industrial output. However, this leaves 
important room for foreign demand in particular since these figures are for the period 1950-1970 and cannot take 
into account subsequent decreases in transport costs and trade liberalisations. The aggregate figures also neglect 



 

 

4

However, even with low political barriers to exchange international trade is costly and 
geographical proximity is crucial5. For example, a common feature of Hong Kong, Singapore 
and Taiwan is the combination of export oriented trade policies with close proximity to the 
large Japanese market. Indeed, a cursory look at the relation between manufacturing shares 
and geographical location suggests that this argument has more general relevance (see figure 
1). Developing economies close to one of the world’s main markets in the U.S., the European 
Union and Japan show proportionately higher levels of industrialisation6. 

Figure 1: Manufacturing share in GDP (%) and minimum distance to the U.S., the European Union and 
Japan; figures for 1990; source: World Development Indicators (2001). 
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The role of costly international trade also sheds new light on another debate in demand-driven 
development. As traditional approaches argue, increases in agricultural productivity can be of 
crucial importance for industrialisation (Rosenstein-Rodan, 1943, Murphy et al. 1989b). The 
additional income they generate lifts people out of subsistence consumption and enables the 
creation of a market for manufacturing goods. However, so the critics of this view, in an open 
economy, agricultural productivity shocks may actually lead to deindustrialisation as a 

                                                                                                                                                                                     
substantial inter-country variation. Indeed, the purpose of this paper is not to show that local demand is irrelevant 
but that the exclusive focus on it misses part of the bigger picture and fails to explain a number of empirical 
observations.  
5 See Anderson and van Wincoop (2003) for a detailed survey on the magnitude of transport costs. 
6 Developing countries are defined as countries belonging to the income categories “low”, “lower middle” and 
“upper middle” published by the World Bank (corresponding to less than 9,265 USD in 1999). Also including 
developed countries does not change this basic finding, although the distance-manufacturing share correlation is 
less negative (for 1990, the coefficient in a regression of manufacturing shares on the log of the minimum 
distance measure is -1.47 for all countries as compared to a coefficient of -5.34 for developing countries only; it 
is significant at the 1% level in both cases). As will be argued later on, this decline is consistent with the theory 
to be proposed in this paper. 
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country gains a comparative advantage in the production of agricultural goods and specialises 
accordingly (Matsuyama, 1992). With the lowering of international trade barriers, the creation 
of free trade zones and the corresponding massive increase in international trade, one would 
assume that this second argument should be the dominant one in today’s world7. Yet a look at 
the simple correlation between manufacturing shares and measures of relative labour 
productivity in agriculture as compared to manufacturing reveals a peculiarly positive relation 
for developing countries (see figure 2)8. Costly international trade may again provide an 
explanation. It is not that countries can still be seen as isolated locations or that (Ricardian) 
comparative advantage is simply unimportant9. Rather, as productivity patterns are fairly 
similar across neighbouring countries, a relatively high agricultural productivity does not 
necessarily imply a comparative advantage over surrounding locations. And as trade declines 
with distance, countries further away play a much lesser role in the specialisation pattern of a 
location. With comparative advantage thus having a smaller impact on industrialisation, the 
traditional channel of influence through rising local manufacturing demand may again 
dominate. 

Figure 2: Manufacturing share in GDP (%) and relative labour productivity in agriculture and 
manufacturing; figures for 1990; source: World Development Indicators 2001. 
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7 See Baier and Bergstrand (2001) for evidence on the roles of trade liberalisation and declining transport costs 
in the surge in international trade since the Second World War. Even historically, the comparative study of 
different industrialisation episodes seems to provide evidence for the importance of comparative advantage (e.g. 
Belgium and Switzerland vs. the Netherlands in Europe). For more details, see Matsuyama, 1992, and Duranton, 
1998, and the sources cited in these papers. 
8 Developing countries are defined as in footnote 6. Weighting observations by measures of trade openness or 
excluding outliers such as Bhutan, Guinea or Angola does not change the reported finding.  
9 Here and in the following, for simplicity I use the terms comparative advantage and Ricardian comparative 
advantage interchangeably, though the former is obviously a more general concept. 
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The contribution of this paper will be to formalise the ideas just expressed in a model of 
economic geography. Using specifications implied by theory it will also be demonstrated that 
these ideas stand the test of a more thorough empirical investigation. Thus, it is shown how 
economic geography can be used to deepen our understanding of how international trade and 
geographical position are related to development10. While much of the existing literature has 
focused on institutions and local demand conditions, this paper draws attention to 
geographical proximity as a new and potentially important factor in explaining the dramatic 
differences in levels of industrialisation across the world. 

The remainder of this paper is organised as follows. Section 2 reviews the existing economic 
literature related to industrialisation. Section 3 develops a New Economic Geography style 
multi-location model with transport costs. This model is then used to shed light on the puzzles 
raised in this introduction (section 4). I also derive more precise empirical predictions which 
are put to a test in section 5. Finally, section 6 concludes. 

2 Existing Literature 
The literature relevant for this paper can be roughly split into three groups. The first group 
comprises the development economics literature that looks at the determinants of local 
manufacturing demand and how its level influences industrialisation. In terms of the 
economic mechanisms analysed, this is the literature to which the present paper is most 
closely related. A second group again examines different determinants of industrialisation but 
from a supply-side angle, focusing mainly on the abundance of factors of production, levels of 
technology and the institutional settings that determine these variables. Finally, contributions 
within the New Economic Geography literature form a third group. The present work is 
related to these papers mainly by the common modelling framework, though a few 
contributions have also addressed the phenomenon of industrialisation. 

The idea that sufficient local demand may be a prerequisite for successful industrialisation has 
a long intellectual tradition in development economics, going back at least to Rosenstein-
Rhodan (1943). Rosenstein-Rodan argued that lacking demand might prevent profitable 
implementation of advanced production techniques if these are based on increasing returns to 
scale. Only events which lead to rises in local demand, like agricultural productivity increases 
or co-ordinated large-scale industrialisation in several sectors (the so-called “Big Push”), can 
lead a country out of this underdevelopment trap. In two papers, Murphy et al. (1989a, 1989b) 
formalised and extended the ideas of Rosenstein-Rodan and other earlier authors (e.g. 
Fleming, 1955). They showed under which conditions the original “Big Push” argument holds 
and considered the effects of agricultural productivity shocks and export booms under 
different distributions of income. Murphy et al.’s seminal contributions generated a sizeable 
literature, almost exclusively theoretical in focus. Most importantly, Murphy et al.’s (1989a) 
model has been modified to include intermediate goods (Temple and Voth, 1998; Ciccone, 
2002) and versions with more open economies have been proposed (Fafchamps and Helms, 

                                                           
10 This paper focuses on economic geography, in particular on the proximity to foreign markets. This is in 
contrast to a related but separate literature on the effects of physical geography on standards of living (e.g. 
Gallup and Sachs, 1999). For expositional ease, the terms geography and economic geography will be used 
interchangeably. 
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1996; Skott and Ros, 1997)11. At the same time, there has also been some critical discussion 
of the role of agricultural productivity. Matsuyama (1992) and Duranton (1998) take issue 
with the view expressed in Murphy et al. (1989b) and most of the standard development 
literature that increased agricultural productivity is a prerequisite for industrialisation. Using a 
Ricardian comparative advantage argument, they point out that in an open economy, 
increased productivity can actually lead to deindustrialisation as countries specialise in 
agriculture12. 

A common feature of all the above contributions is that they are a-geographical in nature. 
Most papers focus on closed economies and even those that consider the potential influence of 
interactions with other locations do not take into account their geographical position relative 
to the location in question. While not denying the importance of local demand, this paper 
argues that this focus is too narrow and fails to account for the empirical regularities 
demonstrated in the introduction. 

A second related group of papers could be described as supply-side oriented approaches, 
though this categorisation is not always exact. Firmly rooted in International Trade theory are 
the contributions by Leamer (1987) and Schott (2003) who trace the implications of changes 
in domestic factor supplies for paths of development, using a standard Heckscher-Ohlin type 
model. While Leamer finds only weak empirical support in a cross-section of developed 
countries, Schott improves the model’s fit by allowing for multiple cones of specialisation and 
using an improved classification of goods according to factor usage. Another much larger 
group of papers has its origins in the economic growth literature. These papers are much 
simpler in the underlying framework determining specialisation than the above trade papers, 
as they exclusively focus on closed or small open economies. However, in contrast to all 
papers discussed so far, they are explicitly dynamic in nature and take into account the role of 
capital accumulation in industrialisation. One strand of this literature looks at how barriers to 
capital accumulation and technology adaptation can help explaining the huge differences in 
per capita income levels across the world (Parente and Prescott, 1994, 2000; Chari et al., 
1997; Parente et al., 2000; McGrattan and Schmitz, 1998). While the structural changes 
underlying these processes are not always explicitly linked to the shift from agricultural to 
industrial production, this is what the authors seem to have in mind13. A second strand of this 
literature is concerned with paths of development, trying to explain the time-series behaviour 
of per capita and population growth over very long time periods (often going back hundreds 
or even thousands of years). Contributions in this group include Goodfriend and McDermott 
(1995), Galor and Weil (2000), Jones (1999), Hansen and Prescott (1999) and Tamura 
(2002)14. Again, while the transition to modern growth is not always explicitly linked to 
industrialisation, the specification of “traditional” and “modern” production technologies in 
these papers suggests this interpretation. 

                                                           
11 The latter papers all introduce some component which preserves the decisive role of local demand, like non-
tradable intermediates or upper bounds on exports due to rapidly increasing marginal costs as production 
expands beyond local demand.  
12 Compare footnote 7. However, Echevarria’s (1995) results show that specialisation in agriculture is not 
necessarily detrimental to growth perspectives, at least in the short-run, since lower technological progress in 
agriculture may be partially offset as the static gains from trade are used for capital accumulation. 
13 See, for example, the final discussion in Parent and Prescott (2000) where the authors examine how their 
theory can explain differences in the timing of industrialisation across countries. 
14 A paper bridging these two approaches is Ngai (2004) who uses differences in the timing of industrialisation 
to explain levels and changes of cross-sectional income differences between countries. 
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As with the contributions focusing on local demand, the supply-side literature is strictly a-
geographical in nature. Though many papers in this group have the advantage over the 
demand-based literature of being explicitly dynamic in their modelling approaches, they 
cannot and indeed were not designed for explaining the type of empirical facts presented in 
the introduction. The focus on closed or small open economies (in the growth literature) or the 
assumption of free trade (in the Heckscher-Ohlin papers) eliminates any role for transport 
costs which, as has been argued, are crucial for understanding these puzzles. Again, without 
denying the importance of the contributions that this literature has made towards 
understanding differences in industrial structure, income levels and paths of development 
across countries, this paper argues that for a more complete picture of industrialisation one 
needs to have a closer look at economic geography. 

This leads us to a third strand of the literature which tries to incorporate trade costs into 
models of international trade and production structure. As trade costs are usually positively 
related to distance, these approaches introduce an explicitly geographical aspect into 
economic modelling. The present paper borrows heavily from the tools developed in this 
literature which provide a fairly tractable way of building transport costs into multi-location 
models15. Though the main link of this paper to the economic geography literature is 
methodological in nature, a few papers have also argued for the importance of geography in 
different contexts. Most importantly, Puga and Venables (1996) use a New Economic 
Geography model to shed light on industrialisation in South-East Asia. However, their focus 
is on the implications of intermediate goods usage for the forming of agglomerations and the 
sequential spread of industries across countries. The present paper abstracts from linkages 
created by intermediate goods and has no role for cumulative causation and thus multiple 
equilibria which makes empirical testing much more straightforward. Also, the issue of the 
different effects of agricultural productivity shocks is not analysed by Puga and Venables16. 
Insofar, the present contribution is probably more related to the above literature on demand-
driven industrialisation, both thematically and in terms of the underlying economic 
mechanisms. 

3 The Model 
In this section, I develop a multi-location model with transport costs. The model is set in a 
world with R locations. In each location, there are a large number of agricultural and 
manufacturing firms. Agricultural production takes place under constant returns to scale and 
perfect competition and every location produces one differentiated variety. Manufacturing 
production has increasing returns to scale and operates under monopolistic competition with 
an endogenous number of varieties in every location. Both sectors use labour as their only 
input. 

I start with a description of preferences (section 2.1) and production structures (2.2) and then 
derive the general equilibrium (2.3). In the analysis, the following notational convention will 

                                                           
15 See, in particular, Fujita, Krugman and Venables (1999). A different approach towards treating transport costs 
in multi-location models is presented in Eaton and Kortum (2003) who use a probabilistic formulation of cost 
advantages instead of relying on product differentiation. 
16 The latter authors use increases in effective labour endowment as the force that drives changes in their model. 
Though this would also be possible in the model presented later on, this direction has not been pursued so far. 
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be used: l will index producer/exporter location, j importer location, and i manufacturing 
varieties. The order within indices is producer/exporter, importer, variety (l, j, i). 
 
3.1 Preference Structure 

The representative consumer in location j maximises a Cobb-Douglas utility function over 
consumption of an agricultural and a manufactured composite good. Both are represented by a 
CES-subutility function. 
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Mj is location j’s consumption of the composite manufacturing good which consists of a large 
number of varieties produced by a continuum of firms in the different locations. The mass of 
firms active in l is i=[0, il], where il ≥ 017. I denote mlji the amount of the ith variety produced 
in location l and demanded in j. The elasticity of substitution between all varieties is assumed 
to be constant at σM. 

Aj is consumption of the agricultural composite and alj is the amount of the variety produced 
in l that is consumed in j. Every location produces one differentiated variety. The elasticity of 
substitution between these varieties, σA, is constant but not necessarily equal to σM. Rather, 
given the generally assumed greater substitutability of agricultural goods for each other, one 
would expect σA>σM

18. A  denotes minimal consumption of agricultural goods, i.e. the 
subsistence level. This preference structure guarantees that above this level the expenditure 
share of agricultural goods declines with rising per capita income – this is the so-called 
Engel’s law which has strong empirical foundations (see Crafts, 1980). In the following, I 
assume that AlA θ> , where θAl is agricultural productivity. This assumption guarantees that 
per capita income in each location is sufficient to reach the subsistence level. Thus, at least 
some expenditure will be devoted to manufacturing products. 

The budget constraint in location j is given by: jjMjjAj YMPAP =+ , where Yj is income in j. 
PMj and PAj are price indices for the manufacturing and agricultural composite goods defined 
as: 
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17 Thus, the number of varieties a location produces is not fixed. Indeed, the appearance of entirely new 
manufacturing consumption goods is one aspect of industrialisation. One could thus consider calling il the 
number of sectors in an economy, each producing a different good (as usual with CES-utility functions, the 
distinction between varieties within the same sector and goods produced in different sectors is not clear-cut). 
However, in the following, I stick to the convention in the literature to speak of varieties instead of sectors or 
goods. 
18 See e.g. Rauch (1999) who divides goods into three main categories, depending whether their prices are 
quoted on organised exchanges (the most homogenous category), trade journals or whether no reference price at 
all is obtainable. 



 

 

10

 
)1/(1

1

1

)1/(1
1

1
)()(

A

A

A

A

R

l
ljAl

R

l
AljAj TppP

σ
σ

σ
σ

−
−

=

−
−

=









=








= ∑∑  (2) 

Prices paid for the different products in the importing location j, pMlji and pAlj, consist of the 
mill price charged in location l plus iceberg-type transportation costs Tlj

19.  

Utility maximisation yields total demand for manufactured good variety i produced in l and 
for agricultural goods produced in l: 
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The last equality in the above two equations uses the definition of EMj and EAj, the total 
expenditures on manufacturing and agricultural goods in location j, respectively: 

 αα APYE AjjAj +−= )1(  (3) 

 ( )APYE AjjMj −= α  (4) 

Aggregate income in location l, Yl, consists of income from labour only, as in equilibrium, 
zero profits are made in both the agricultural and manufacturing sector (see section 2.2). I 
assume perfect labour mobility between sectors (though not between locations) and thus 
equalisation of wages: 

ilwww lAlMli  ,       ∀==  

This implies that aggregate income can be written as: 

lMlAlll wLLwY =+= )(   (5) 

where I chose units such that the total labour force is unity and made use of a full employment 
condition:  

1=+= MlAll LLL . (6)  

3.2 Production Structure 
 
a) Agricultural Sector 

Each location produces a differentiated variety of the agricultural good. This can be justified 
either simply by an Armington-type assumption (the same type of product from different 
locations is in fact seen as a different good) or by appeal to a comparative advantage 

                                                           
19 In the following, I assume that transport costs in both agricultural and manufacturing trade are identical. None 
of the following results is affected by this assumption. For empirical evidence on the relative magnitude of these 
transport costs see Davis(1998) and Evans(2003). 
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argument (i.e. a country has a Ricardian comparative advantage in the production of a certain 
agricultural good20).  

The agricultural sector in each location is perfectly competitive, operates under constant 
returns to scale and uses labour as its only input. The amount of labour employed in 
agriculture in location l is LAl and agricultural labour productivity is denoted by θAl : 

AlAl
S
l Lz θ=   

where zl
S denotes supply of the local variety. Recall from above discussion that demand for 

agricultural goods produced in l is given by: 
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In order to satisfy this demand, Tlj units must be shipped for every unit demanded, yielding an 
effective agricultural demand for goods from l of: 
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Profit maximisation under perfect competition implies that prices equal the cost of producing 
one unit of output: 

Al

l
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=  (7) 

Inserting this result into the demand equation, setting supply equal to demand (zl
S = zl

D) and 
solving for the output level zl we get: 
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From the equation for zlS, the corresponding labour demand in agriculture is: 
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b) Manufacturing Sector 

Production in manufacturing takes place under increasing returns to scale with a fixed cost 
requirement. As in agricultural production, labour is the only factor used. Formally, the 
production technology takes the form: 

( ) MliMlili LFx θ=+  

where xli is production of variety i in location l, F is the fixed cost requirement which is 
identical across locations and varieties, and θMli is a productivity parameter (indicating labour 

                                                           
20 This comparative advantage would have to be in addition to the overall comparative advantage in agriculture a 
location has. The latter is formally modelled below, the former is not. 
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productivity of manufacturing production of variety i in location l). LMli denotes labour 
employed in the production of variety i in location l. 

Effective demand for manufacturing in l is derived analogously to effective agricultural 
demand as: 

∑
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11 σσσ  (10)  

Love of variety in manufacturing demand and increasing returns to scale imply that every new 
firm will choose to produce a different variety of the manufacturing good. It sets prices to 
maximise profits, which results in a fixed mark-up over marginal costs. In the following, I 
assume that manufacturing productivity is equal across industries and locations and I choose it 
to be )1/( −== MMMMli σσθθ 21. This implies that the resulting profit maximising price is the 
same across industries in a location l and equals the wage rate: 
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Inserting the profit maximising price in the equation for profits yields: 
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Free entry in manufacturing guarantees that profits are pushed down to zero in the long-run. 
This implies that output per firm will be FM )1( −σ . Note that this output level is identical 
across varieties and locations. From the implied total labour demand in manufacturing in 
location l, LMl, I can solve for il, the equilibrium number of active sectors: 

F
L

i
M

Ml
l )1( −
=

σ
 (13) 

The full employment condition (6) can be used together with labour demand in agriculture (9) 
to solve for LMl as a function of wl: 
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3.3 Equilibrium 

The equilibrium in this model is fully determined by the (Rx1) vector of wage rates 
(w1,…,wR). All other variables are functions of this vector. To compute wl, I turn to the 
clearing condition in the manufacturing goods market. Substituting for xl in the zero-profit 
condition using demand for manufacturing goods as given in (10) yields22: 
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21 This assumption is innocuous insofar as my interest in the following will be on changes in agricultural 
productivity and the relative productivity of agriculture and manufacturing, only. 
22 The number of firms, il, appears on both sides of the equation and cancels out. 
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Equations (E1) for each of the R locations form a system of R non-linear equations, 
determining wl and thus all other variables of the model. As the focus of this paper is on 
industrialisation, I also introduce the share of manufacturing in GDP as a further variable 
which in the following is also referred to as the level of industrialisation of a location: 

lAllMMl

lMMl

lAllMl

lMl

zpiFp
iFp

zpxp
xp

+×−
×−

=
+

=
)1(

)1(MShare lGDP, σ
σ  (I1) 

where xl and zl are total output levels of manufacturing and agricultural goods varieties in l. 
Using the expressions for il, pMl, pAl, and zl defined in (13), (11), (7) and (8), respectively, 
MShareGDP can also be expressed as a function of wl only. 

Proposition 1: For infinitely high or zero transport costs, or for the case of identical 
parameter values and bilateral distances across locations, the model has an analytic solution 
and the share of manufacturing in GDP is uniquely determined as a function of the model’s 
parameters. 

Proof: See appendix A. 

Proposition 1 shows that the model has a unique equilibrium in three important cases. Of 
particular interest is the uniqueness of equilibrium for the case of identical locations and 
bilateral distances. This is because models of the New Economic Geography (NEG), the setup 
of which is very similar to the model presented here, usually have multiple equilibria for 
intermediate levels of transport costs, even with symmetric locations23. The reason this is not 
the case here is the absence of both labour mobility between locations and intermediate goods, 
the existence of either of which can introduce multiple equilibria into NEG models. For the 
case of positive transport costs with asymmetric locations, there are no analytic results, but 
simulations show that there is a unique solution for a large number of parameter values. 

4 Analysis 
This section analyses the properties of the model just developed and uses it to shed light on 
the puzzles raised in the introduction. That is, how do comparative advantage and access to 
markets influence the level of industrialisation in a world with costly international trade? For 
comparison with the existing literature, the introductory sections  4.1 3.2 and  4.2 present 
analytic results for the cases of infinite and zero transport costs (“closed economy” and “free 
trade”, respectively). Section  4.2 also helps building intuition for the general case with 
positive but finite levels of transport costs (section  4.3). For this central part of section 4, no 
analytic results are available so simulation analysis will be used. 

4.1 Closed Economy 

With infinitely high levels of transport costs, i.e. autarky, the expression for the share of 
manufacturing in GDP simplifies to (see appendix A): 









−=
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θ

α 1MShare lGDP,  (IAUT) 

                                                           
23 See, for example, Fujita et al. (1999). 
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As is apparent from (IAUT), the manufacturing share in GDP increases with agricultural 
productivity. The existence of non-homothetic preferences (which is due to a positive 
subsistence consumption level in agriculture, 0>A ) is crucial for this result. Intuitively, the 
increases in per capita income resulting from higher values of θAl lead to a decline of the share 
of subsistence consumption in total expenditure. As every unit of income above the 
subsistence level is spent in fixed proportions on agricultural and manufacturing varieties, the 
expenditure share of the latter rises. In a closed economy, this in turn leads to a shift of labour 
into manufacturing and an increase in MShareGDP. In the following, I will refer to this positive 
impact of agricultural productivity on industrialisation as the “income effect” of agricultural 
productivity shocks24. Very similar effects are obtained in the existing literature (e.g. 
Matsuyama, 1992, or Murphy et al., 1989b).  

4.2 Free Trade 

Under free trade, Ricardian comparative advantage emerges as an additional factor for the 
determination of the level of industrialisation. With costless trade, the share of manufacturing 
in GDP can be expressed as follows (see appendix A): 

)1/(
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This expression has a straightforward economic interpretation. First, the higher the share of 
manufacturing in non-subsistence expenditure, and thus the lower (1-α), the higher the 
manufacturing share in GDP. The next term, CAl, captures the Ricardian comparative 
advantage in agriculture of a location l as compared to the rest of the world. As in standard 
models of international trade, being relatively productive in agriculture means a lower share 
of manufacturing in GDP as the location specialises accordingly (recall that manufacturing 
productivity is normalized to equal the constant mark-up over marginal cost so that 
agricultural productivity alone determines comparative advantage). 

Let me now turn to the last summand in expression (IFT). This part captures the effect of 
subsistence consumption in agriculture. Most straightforwardly, the manufacturing share of 
all locations declines if subsistence consumption of agricultural varieties, A , increases. A 
higher expenditure share of manufacturing, α, has the same effect. As α rises, subsistence 
consumption sees its share in total agricultural consumption increase, making the last 
summand in (IFT) quantitatively more important. Third, a higher comparative advantage again 
leads to deindustrialisation. Being relatively productive in agricultural production increases 
subsistence demand from all other locations and lowers MShareGDP. Finally, rises in 
agricultural productivity (θAl) have the opposite effect once we control for comparative 
advantage. Intuitively, a higher productivity means that a given level of subsistence demand 
can be produced with less labour. 

                                                           
24 Of course, the change in agricultural productivity also brings a substitution effect with it as prices and wages 
change and agricultural goods become relatively cheaper. As this effect is overcompensated in the closed 
economy version of the model, I do not analyse it here. However, it plays a crucial role in the open economy (see 
next section) where it determines changes in comparative advantage. 
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In summary, under free trade we will observe deindustrialisation as a consequence of an 
agricultural productivity shock. Though the income effect described above is still intact, it is 
overcompensated by adverse changes in comparative advantage, to which in the following I 
will refer to as the “comparative advantage effect”25. 

4.3 Positive Transport Costs 

I now move on to the general case with positive but finite levels of transports cost. As 
analytical results are unavailable here, the use of numerical methods becomes indispensable26. 
Two main findings emerge from the different simulations. First, the results on agricultural 
productivity and comparative advantage from sections  4.1 and  4.2 carry through qualitatively 
but with one important qualification: proximity plays a role now, i.e. the effects of 
productivity shocks stay geographically limited. As will be shown, this result can help explain 
why empirically one might observe a positive correlation between relative labour 
productivities in agricultural and manufacturing, on the one hand, and the share of 
manufacturing in GDP, on the other hand. Second, the presence of intermediate levels of 
transport costs creates a role for centrality in the sense of proximity to product markets. I will 
show that under certain empirically relevant conditions, being more central than other 
locations leads to higher shares of manufacturing in GDP. This is reminiscent of the home 
market effect in trade theory as described by Krugman (1980) and Krugman and Helpman 
(1985)27. 

For the simulations that follow, I will concentrate on the case with three locations (R=3). This 
is the minimum number of locations needed to demonstrate the role of costly international 
trade and geographical location for levels of industrialisation, as will become apparent below. 
Transport costs (TC) between locations are given by a 3x3-matrix, where the element (i,j) 
contains transport costs between i and j. As I use iceberg-type transportation costs, diagonal 
elements are equal to one, off-diagonal elements bigger than or equal to one. I also assume 
that TCij = TCji so that the matrix is symmetric. Total bilateral transport costs are calculated as 
transport costs per distance unit multiplied by bilateral distance28. In the following, when I 
speak of transport costs, I refer to the per-distance costs as bilateral distances remain 
unchanged within the different experiments. 

4.3.1 Comparative Advantage with Costly Trade 

The first important change as we move to a world with positive but finite transportation costs 
is that besides the relative labour productivity of a location relative to all others, it also 
matters where that location is situated geographically. For example, having a comparative 
advantage in agriculture over a location close by has a larger de-industrialising effect than 
having the same advantage over a location further away. 

                                                           
25 For the net effect of agricultural productivity shocks to be strictly negative, we require that σA>1 which I 
assume in the following. 
26 All simulations in this paper are performed on Matlab 6.1 using Broyden’s algorithm for non-linear equation 
systems. 
27 A difference to the models of these authors arises from the fact that I consider more than two locations. In this 
case, home market effects may arise even for locations that are identical except for relative location. 
28 That is, total transport costs are: tcpddistTC ijij ×+= 1 , where tcpd stands for transport cost per distance 
unit. 
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To demonstrate this role of economic geography, assume that initially all three locations have 
identical parameter values. Then consider an increase in agricultural productivity in location 
3, i.e. a decrease in comparative advantage in locations 1 and 2. The results from sections  4.1 
and  4.2 tell us that we should expect an increase in the level of industrialisation in locations 1 
and 2, whereas the direction of the effect on location 3 should depend on the level of transport 
costs. Figure 3) shows that these insights do indeed carry through qualitatively. It plots the 
change in MShareGDP as compared to the initial situation against the general level of transport 
costs. For very high levels of transport costs we approach the autarky case and the results 
from section  4.1 apply: whereas nothing happens in locations 1 and 2, section 3 experiences 
an increase in the level of industrialisation due to the income effect of agricultural 
productivity shocks. However, as transport costs drop, the comparative advantage effect 
becomes active. As predicted in section  4.2, location 3 deindustrialises and locations 1 and 2 
industrialise. The effect is strongest for zero levels of transport costs as specialisation is no 
longer hampered by costly trade. For intermediate transport costs, there is also another 
important feature. Location 2 which is set closer to location 3 and thus has lower bilateral 
transport costs for every level of per unit transport costs experiences stronger increases in 
MShareGDP. This holds both for the timing of the onset of industrialisation and its extent at 
intermediate levels of transport costs. 

Figure 3: Increase in agricultural productivity in location 3 (parameter values: see appendix B) 

 

How do these findings help us to explain the upward sloping form of the relationship between 
relative labour productivity and manufacturing shares in GDP shown in figure 2? The 
intuition in this model is the same as the one presented in the introduction. If relative 
productivity levels tend to be similar across neighbouring locations and as the influence of 
more distant countries is less important due to transport costs, high levels of agricultural 
productivity do not necessarily imply a strong effective comparative advantage in agriculture. 
In such a case, the income effect of agricultural productivity might eventually dominate the 
comparative advantage effect and the manufacturing share will rise. 



 

 

17

To show that this intuition holds in the model, consider the following simulation example, 
again using three locations. Locations 2 and 3 are close geographical neighbours while 
location 1 is further away. I first consider a gradual increase in agricultural productivity in 
location 3 for intermediate levels of transport costs. Then, I simultaneously increase the 
productivity of locations 2 and 3, representing the similarity in relative productivities across 
neighbours. Figure 4 shows the results. In the first case (left panel), the effects are similar to 
figure 3. Location 3 deindustrialises and locations 2 and 1 industrialise, though the effect on 
location 2 is much stronger due to its close proximity to location 3. Note that the income 
effect is still present but is overcompensated by the adverse change in comparative advantage. 
Thus, as manufacturing productivity is identical in all three locations, these results would 
imply a negative correlation between the share of manufacturing and relative productivity. 
Now consider the second case. As shown in the right panel of figure 4, all three locations 
experience a relative expansion of the manufacturing sector. This is due to the fact that 
locations 2 and 3 now do not have a comparative advantage over each other. They are more 
productive in agriculture than location 1 which explains why the latter shows a slight increase 
in levels of industrialisation as well (it gains a comparative advantage in manufacturing). But 
as location 1 is further away, this effect is dominated by the rise in local manufacturing 
expenditure following the rise in income levels. That is, the income effect overcompensates 
the comparative advantage effect. In this second case, relative productivity is positively 
correlated with manufacturing’s share in GDP. Note that for this effect both positive transport 
costs and similarity in relative productivity patterns across neighbouring locations are needed. 
With zero transport costs it does not matter where a location is situated (compare figure 3 at 
free trade) and increases in agricultural productivity in both 2 and 3 would still lead to 
deindustrialisation in these locations. However, simply having positive transport costs does 
not necessarily imply the positive correlation observed in the data, as has just been shown via 
the differences in figures 4a) and 4b). This emphasises the point that it is not sufficient to 
simply look at the level of openness of a location to gauge the impact of agricultural 
productivity on industrialisation, as suggested by Matsuyama (1992). 

Figure 4: Relative productivity and manufacturing share in GDP (see appendix B for parameter values) 
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Let us now have a closer look at the positive correlation between levels of industrialisation 
and relative productivity levels. From above considerations, it should be clear that such a 
finding does in no way imply that comparative advantage in agriculture has no or even a 
positive causal impact on industrialisation. Even in a model in which comparative advantage 
has a negative effect – as the one presented here – one can easily generate the positive 
correlation found in the data, as has just been demonstrated. In fact, the simple regression 
implicit in figure 2 suffers from at least two sources of bias. First, higher relative productivity 
in agriculture relative to manufacturing could be associated with higher absolute agricultural 
productivity29. Second, measures of comparative advantage that do not take into account 
relative geographical position are likely to suffer from measurement error. Both sources lead 
to an upward bias which might explain the positive correlation between relative productivity 
and manufacturing shares observed in the data30. To see this, we first need to derive the data 
generating process implied by the model presented here. As above simulation results show, 
relative bilateral productivities have to be weighted by transport costs. That is, the free trade 
formula for comparative advantage (IFT) has to be adjusted to give more distant locations 
lesser weight. In the following, I work with the formula 
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to which I will refer as distance-weighted comparative advantage31. Thus, the true data 
generating process is of the form: 
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where CA* and θAl capture the comparative advantage and income effect, respectively. From 
the earlier discussion, β1<0 and β2>0. However, the model implicitly estimated in the 
introduction is: 
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Proposition 2: The probability limit of the OLS-estimate for β1 derived from estimating 
model (M2) is given by: 221111lim BBp ββββ +−=

)
, where B1, B2 > 0. 

Proof: See appendix A. 

                                                           
29 Empirically, this does indeed seem to be the case (see Gollin, Parente and Rogerson, 2000). 
30 In this section, I use the terms relative productivity and comparative advantage interchangeably. Strictly 
speaking, this is not correct as comparative advantage is a measure comparing a country’s productivity to all 
other countries’ ( 1
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along both variables gives an identical ordering if comparative advantage is not distance-weighted. Thus, log-
regressions involving these variables give almost identical results (see section 5.2 for an illustration).  
31 As no analytic results are available this formula has to be seen as an approximation. Simulation results show 
that manufacturing shares in GDP implied by inserting the formula into (IFT) on page 14 track the numerical 
results closely. 
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The bias β2B2 results from the omission of agricultural productivity, the bias –β1B1 from using 
non-distance weighted comparative advantage. Since β1 in (M1) is negative, both biases are 
positive. 

In summary, this section has provided an explanation for the observed positive correlation 
between comparative advantage in agriculture and the share of manufacturing in GDP that is 
consistent with standard international trade theories of Ricardian comparative advantage. 
Implicitly, it has also pointed out an additional empirical prediction: once one controls for 
agricultural productivity and distance-weighs comparative advantage, the comparative 
advantage measure should again display a significantly negative coefficient. Section 5.2 will 
investigate whether the model passes this additional test. 

 

4.3.2 Centrality and Levels of Industrialisation 

Let us now turn to the second observation made in the introduction, i.e. the apparent positive 
impact of proximity to foreign markets on the manufacturing share in GDP. It is a long 
standing theoretical result in international trade theory that the size of the home market 
matters for industrial structure (Krugman, 1980, Krugman and Helpman, 1985). Recently, 
Davis and Weinstein (1998) found empirical support for home market effects in a study on 
OECD countries. However, their finding depended crucially on taking into account demand 
linkages across locations, indicating the importance of foreign demand32. In models of 
industrialisation, however, the role of access to foreign markets has been ignored so far, even 
though its inclusion seems to be a logical extension of the existing literature. In a world with 
positive transport costs, central locations have effectively a larger market size as they are 
closer to sources of demand, ceteris paribus. Note that this holds in addition to any size 
advantage the domestic economy may have and depends on its position relative to other 
locations. There are several theoretical reasons why one would expect central locations with 
better access to foreign markets to have a higher manufacturing share than peripheral ones. 
First, being more central increases demand for both agricultural and manufacturing goods and 
raises wages33. With non-homothetic preferences, this leads to an expansion of domestic 
manufacturing expenditure which with positive transport costs will translate into a higher 
domestic manufacturing share. Second, higher wages lead to higher prices of both types of 
goods. If agricultural goods are more homogeneous than manufacturing goods, i.e. if they 
have a higher elasticity of substitution, central locations will specialise in the latter as demand 
for them is less sensitive to higher prices. Finally, if manufacturing uses increasing returns to 
scale production techniques, central locations will be the first, ceteris paribus, to reach the 
critical level of demand that makes IRS production profitable. Note that this last factor is 
absent from the model presented here as there is no integer constraint on the number of active 
firms, il

34. However, the empirical section of this paper defines home market effects broadly 
enough to comprise this last point. 
                                                           
32 Indeed, in an earlier version of the same paper (Davis and Weinstein, 1996) that interpreted local demand as 
purely domestic and ignored linkages across borders, the authors were unable to detect home market effects. 
33 Compare Redding and Venables (2004) for empirical evidence on the positive effect of centrality on income 
levels. 
34 There are two alternative ways of introducing scale effects into this model. The first would be to impose that i 
can only take e.g. integer values (though this would come at the cost of less tractability). The second way would 
be to impose a market structure similar to Murphy et al. (1989b). However, their definition of manufacturing as 
everything produced under increasing return to scales is not suited to empirical implementation. Indeed, when 
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I now present some simulation results which demonstrate that above intuition holds in the 
model analysed here. Again return to the case of three locations where location 2 is situated at 
equal distance in between locations 1 and 3 and thus is more central than the other two. 
Productivity levels are identical across locations. Furthermore, σA=σM and there is subsistence 
consumption ( 0>A ). Figure 5a) shows relative manufacturing shares of location 2 as 
compared to any of the two other locations for different levels of per distance unit transport 
costs35. The effect of centrality is strongest for intermediate levels of transport costs. For both 
very high and zero transport costs, demand patterns are identical everywhere and so are wages 
and manufacturing shares. 

Figure 5: Impact of Centrality at different levels of transport costs and relative elasticities of substitution 
(parameter values: see appendix B) 

 

Next, consider the case of different elasticities of substitution and no subsistence consumption 
( 0=A ). Figure 5b) plots the relative manufacturing share against σA/σM for identical 
intermediate levels of transport costs. For σA<σM, the central location specialises in 
agricultural varieties as demand for them declines by less following the increase in the wage 
rate and prices. For the same reason, the picture reverses for σA>σM. Then, as σA/σM continues 
to increase, the centrality effect disappears. This is the analogue of this multi-location model 
to Davis (1998): with identical transport costs in agriculture and manufacturing, where 
agricultural output is homogeneous and manufacturing output differentiated, there is no home 
market effect. Transferring manufacturing production into the central location is not profitable 
given that agricultural goods would have to be imported from the periphery36. On this point, 
note that the present model addresses Davis’ (1998) critique that home market effects will 
disappear once one allows for transportation costs in agriculture. In fact, Davis only analyses 
the special case of completely homogeneous agricultural goods. Once one moves to more 

                                                                                                                                                                                     
one classifies goods into agriculture and manufacturing according to their consumption characteristics (as it is 
the case in national accounting, see e.g. Schott, 2003, p.692), Murphy et al.’s model actually predicts a decline of 
the employment share of manufacturing as population size increases! 
35 As locations 1 and 3 are completely identical in both relative position and productivity patterns, their 
manufacturing share is also identical and I can choose any one of them for comparison with location 2. 
36 See Davis (1998), p.1273 for details. 
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general settings, the home market effect reappears again even with identical transport costs in 
agriculture and manufacturing trade. 

Considering the available empirical evidence, it seems likely that proximity to foreign 
markets leads to industrialisation even in the absence of scale effects. That preferences on 
agricultural and manufacturing goods are indeed non-homothetic is suggested by empirical 
studies of Engel’s law (e.g. Crafts, 1980)37, for evidence on elasticities of substitution see 
Rauch (1999). 

5 Empirical Evidence 
In the preceding sections, I have constructed a model of economic geography to demonstrate 
how costly international trade can help explain the apparent importance of proximity to 
foreign markets for levels of industrialisation and the positive correlation of relative 
productivity levels and manufacturing’s share in GDP. This section puts the different 
predictions implied by the model to a more thorough empirical test. I proceed in two steps. 
Section 5.1 examines the empirical evidence on access to foreign markets and 
industrialisation and section 5.2 looks at distance weighted comparative advantage and 
agricultural productivity. There are two main reasons for undertaking this separation. First, 
the preceding results provide no indication how centrality interacts with comparative 
advantage and agricultural productivity. Second, problems of finding proxies for agricultural 
productivity and comparative advantage sharply reduce both the number and quality of 
available observations. Problems are much smaller for the case of centrality, making a 
separate analysis desirable. 

5.1 Centrality 

This section focuses on the empirical relevance of the impact of access to foreign markets on 
the share of manufacturing in GDP. MShareGDP,l is measured as a country’s share of 
manufacturing value added in GDP38. As manufacturing shares are limited to a range between 
0 and 1, I first perform a logistic transformation, yielding the dependent variable ltshareM39: 
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Access to foreign markets (“centrality” in the following) is measured as the sum of all other 
countries’ GNP40, weighted by the inverse of bilateral distances which are taken to proxy for 
transportation costs between locations41. Formally: 
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37 Further indirect support comes from several studies on the decreasing share of agriculture with rising per 
capita income (e.g. Chenery , Robinson and Syrquin,1986). It should be noted that this finding could also capture 
other causalities as biased technological progress which leads to specialisation in manufacturing. 
38 “Manufacturing” as defined by the World Bank Development Indicators 2001 contains ISIC sections 15-37. 
39 For details on the standard logistic model, see Abegaz (2002). 
40 I use GNP rather than GDP as the former is a better measure of purchasing power in that it focuses on locally 
available income rather than production. 
41 The exponent -1 is chosen in accordance with standard results from trade-flow gravity equations. 
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I also use per capita GDP and population size as control variables as these measures figure 
prominently in the few existing empirical cross-country studies on industrialisation42. 
Population size is included as a proxy for the extent of the domestic market while per capita 
GDP will also partly capture supply-side characteristics such as human and physical capital 
per worker and production technologies. For further details on the data and their sources as 
well as a list of countries included in the following regressions, see appendix C. 

All in all, I have data on 142 countries over the period 1980 to 1999. However, as the 
theoretical model used in this paper explicitly ignores the service sector which plays an 
increasingly important role in developed economies, it strictly speaking only applies to 
developing countries. Indeed, the share of manufacturing in GDP changes most at lower 
levels of income whereas it remains fairly stable and even declines in rich, industrialised 
countries43. Due to these considerations, I exclude high-income countries from my regression 
sample, though of course, all available countries are used to calculate the centrality measure44. 
The econometric specification estimated is: 

ltltltlt CENpcGDPPOPt εββββα +++++= )log()log()log(ltshareM 3210ltGDP,  

where t is a time-trend that is included to capture any general trends in the level of 
industrialisation. The first column of Table 1 shows results for a pooled OLS-regression. Both 
population size and per capita GDP have a significantly positive influence on manufacturing’s 
share in GDP. The same is true for centrality. However, there are a number of concerns with 
this specification. First, there might be problems of reverse causality, i.e. a higher level of 
industrialisation also leads to higher income levels and population size. It is harder to make a 
similar argument for my measure of centrality, though one could argue that a higher 
manufacturing share in location l indirectly influences the GNPs of surrounding locations, e.g. 
through increased technological spillovers45. A second problem with the OLS-specification is 
omitted variable bias. Indeed, a Hausman test rejects random effects in favour of fixed effects 
and thus implicitly the OLS specification, too. This points to the possibility that time-
invariant unobserved heterogeneity might drive at least some of the results. Column (2) thus 
runs a fixed effects regression on the same sample which relies on within-unit variations 
only46. As seen, results are qualitatively the same as in column (1). For population and per 
capita GDP, this finding is similar to the results of Syrquin and Chenery (1989) who show 
that cross-country patterns resemble the ones found in time-series data for single countries. 
Note, though, that the magnitude of the coefficients has increased considerably, suggesting 
that country specific, time-invariant unobserved heterogeneity might actually be negatively 
correlated with the regressors.  

                                                           
42 See Chenery, Robinson and Syrquin (1986), Syrquin and Chenery (1989) and Abegaz (2002) for the most 
recent studies. 
43 See Abegaz (2002), Chenery, Robinson, and Syrquin (1986), and Chenery and Syrquin (1989). 
44 I use the World Bank’s income classification and exclude all countries with gross national income per capita in 
excess of 9,265 USD in 1999 (“high income countries”). Robustness checks including all countries yield lower 
estimates on both centrality and per capita GDP as had to be expected from above considerations (richer 
countries both have significantly higher values for centrality and per capita GDP though their manufacturing 
sector is in decline due to reasons not considered in my model).  
45 One might also argue that the left-hand side variable has GDP as its denominator which is also represented on 
the right-hand side since log(GDP per capita) + log(population) = log(GDP). However, this would speak in 
favour of a negative bias of the coefficients on pcGDP and POP, thus strengthening my results. 
46 I use country dummies instead of taking deviations from unit means which explains the high R2 of this 
specification. 



 

 

23

As an additional check, I also run an IVE-regression (column 3). The goal is to isolate 
variation in the regressors unrelated to any omitted variables or reverse causation. 
Instrumental variable estimation also helps controlling for potential measurement error 
problems. I use country area as an instrument for population and a dummy for participation in 
an external war 1960-1985 and the proportion of a country’s land area situated in the 
geographical tropics as instruments for per capita GDP. For centrality, I use the minimum 
distance to one of the world’s main markets, the U.S., Japan, and the Netherlands (the latter 
representing distance to the European Union). See appendix C for details. As always, there are 
concerns about the validity of the instruments. For example, it could be argued that being 
situated in the geographical tropics is detrimental to modern manufacturing production due to 
the direct negative impact of climate and disease burdens on the omitted variable 
manufacturing productivity. However, similar arguments have been made for agriculture. 
Gallup (1998) estimates that even after controlling for differences in technology and inputs 
used (e.g. fertilizer, machinery, irrigation) tropical agriculture suffers a productivity 
decrement of about 30%. In any case, a Sargan test of the model’s overidentifying restrictions 
cannot reject the validity of the instruments (p-value 0.2). Though this result should not be 
overestimated due to the small power of this test, it lends some additional support to the 
robustness of the results presented here. 

Table 1: Manufacturing shares in GDP and Centrality 

 (1) OLS (2) FE (3) IVE 
 ltshareM ltshareM ltshareM 
time trend -0.011 -0.048 -0.007 
 (3.78)** (8.60)** (1.66) 
lCEN 0.203 0.587 0.162 
 (5.26)** (4.25)** (2.53)* 
lGDPc95 0.233 0.334 0.285 
 (18.27)** (5.89)** (6.20)** 
lPOP 0.162 1.074 0.085 
 (22.89)** (6.18)** (5.10)** 
Observations 1667 1667 1467 
R-squared 0.35 0.90 0.26 
Robust t statistics in parentheses    
+ significant at 10%; * significant at 5%; ** significant at 1%   

5.2 Comparative Advantage and Agricultural Productivity 

I now turn to comparative advantage. I estimate equations based on the two econometric 
specifications derived in section 4.3.1 and restated here for convenience: 

lAllCA εθββα +++= 2
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Again, I proxy transport costs by bilateral distance. Concerning the parameters θAl, a number 
of issues arise. First, we have to keep in mind that for expositional ease, manufacturing 
productivity had been standardised in the model to equal the mark-up over marginal cost, 
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making comparative advantage a function of agricultural productivities only. Of course, when 
taking the model to the data, one has to use relative productivities. Second, theory does not 
give clear indications on the empirical proxy of choice. Indeed, θAl stands for both labour 
productivity and total factor productivity in the model due to the assumption of only one 
factor of production. Keeping in line with existing studies on Ricardian comparative 
advantage (e.g. Golub and Hsieh, 2000), I follow the former interpretation47. This also has the 
additional advantage of considerably increasing the number of available observations. This is 
not only a matter of increasing estimation precision. More importantly, it is essential to 
achieve a maximum coverage of countries in a given year, so that the measure used captures 
the aggregate comparative advantage of a country and is not biased due to the exclusion of 
important trading partners. Unfortunately, even when using labour productivity, existing 
sources for the manufacturing sector only provide limited coverage, in particular for 
developing countries48. Thus, I will proxy manufacturing labour productivity by labour 
productivity in industry, taken from the World Bank’s World Development Indicators (WDI), 
which is available for a much larger number of countries. The Development Indicators also 
provide data on labour productivity in agriculture (see appendix C for a more detailed 
description of the data). On first glance, industrial productivity seems to be a poor proxy for 
manufacturing productivity, in particular for a number of developing countries with rich 
primary resources like oil or minerals. However, for the observations for which data on both 
manufacturing and industrial productivity is available, the correlation between the two 
measures is in excess of 80%. The results presented below also proved to be robust to a 
number of modifications, such as replacing industrial productivity with manufacturing 
productivity where possible or excluding primary resource abundant states (see appendix D 
for more details and estimation results). 

Again, estimation requires a similar sample composition between periods, as otherwise the 
measure of comparative would vary intertemporally simply because data for additional 
countries become available or drop out. This condition is only fulfilled for 1980 and 1990, 
yielding a total of 141 observations where again I exclude developed countries from the 
regression but use them in the calculation of comparative advantage. Finally, population size 
is used as a control variable to capture the extent of the local market49.  

                                                           
47 Golub and Hsieh (2000) point out that although most expositions of the Ricardian model of comparative 
advantage – including the present contribution – implicitly or explicitly derive differences in output per worker 
from differences in technology, this is only one potential source of cross-country variation. Others include 
differences in capital-labour ratios, labour intensity of production or human capital per worker. To see this, 
consider a production function of the form αα −= 1)( llll HAKY , where K is the capital stock of country l, H is the 
human capital augmented labour used in production and Al is an indicator for labour augmenting technology. 
This equation can be rewritten as ααα −−= 11)/()/(/ lllllll ALHLKLY  where L is the number of workers 
employed in production. Thus, output per worker is not only influenced by technology levels but also by the 
capital labour ratio, human capital per worker and the capital intensity of production, α. 
48 Sources I considered are: the World Bank’s “World Development Indicators 2001”, the United Nations’ 
“Industrial Statistics Database 2001”, the Groningen Growth and Development Centre and the International 
Labour Organization’s “Key Indicators of the Labour Market”. 
49 Inclusion of per capita GDP as in the last section was not possible due to the very high correlation between per 
capita GDP and agricultural productivity (82%). This correlation creates severe multicollinearity problems and 
makes a separate identification of the influence of the two variables impossible. One might object that the 
exclusion of per capita GDP as an additional regressor leaves open the possibility that the true causality runs 
from per capita income (capturing levels of human/physical capital and production technology) to manufacturing 
shares in GDP. Relative productivity/comparative advantage might then simply capture this relation, e.g. because 
advanced economies display very high levels of agricultural productivity. However, including GDP per capita 
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I estimate the following econometric specifications: 

ltltlt POPCA εββα +++= )log()log(ltShare 311ltGDP,  (1) 

ltltltlt POPAOPWCA εβββα ++++= )log()log()log(ltShare 3211ltGDP,  (2) 

ltltltlt POPAOPWCA εβββα ++++= )log()log()log(ltShare 32
*

11ltGDP,  (3) 

where CA and CA* represent the two measures of comparative advantage (as defined above), 
AOPW stands for agricultural output per worker (the proxy for θAl). Given the theoretical 
predictions and the positive correlation between relative productivity and industrialisation 
presented in the introduction, β1 should be biased and positive as long as a non-distance 
weighted measure of comparative advantage is used. However, I expect that including 
agricultural productivity and distance weighting comparative advantage will make β1 
negative. The coefficient on agricultural productivity, β2, is expected to be positive, capturing 
the income effect of agricultural productivity increases. From results of earlier studies (e.g. 
Syrquin and Chenery, 1989), the coefficient on population size is also expected to be 
significantly positive. Table 2 presents results for the baseline OLS-regression. I start by 
basically replicating the results from the introduction, by regressing ltshareGDP on relative 
productivity and population size (Column 1). As we see, both including population size as a 
control and using a larger sample does not change the basic finding presented earlier. Column 
2 presents results with replacing relative productivity with a non-distance weighted measure 
of comparative advantage. As expected from the construction of these two measures, the 
results are practically identical50. Including agricultural labour productivity as an additional 
regressor lowers the coefficient on CA, as expected. Also, AOPW has a significantly positive 
coefficient. So far, the evidence is consistent with both the model presented here and more 
traditional theories of demand-driven industrialisation. Proponents of the latter may simply 
remark that developing economies are apparently still sufficiently closed for comparative 
advantage not to play a significant role (indeed CA is not significantly different from zero 
anymore). However, results in column 4 show that using the distance-weighted measure of 
comparative advantage leads to a further large drop in the coefficient on CA which now 
becomes significantly negative. This provides an indication that comparative advantage does 
matter after all once we use the correct measure. Finally, population size enters significantly 
positive in all four regressions, as predicted. 

There are a number of concerns with this basic specification. First, labour productivity in the 
WDI is measured as value added per worker, that is no correction for differences in hours 
worked is made. However, this is unlikely to influence the robustness of my results. To begin 
with, I use the ratio of labour productivity in agriculture and manufacturing, so any cross-
country variation in average hours worked is eliminated. More problematic are differences in 
hours worked across the two sectors that vary across countries. However, as long as such 
cross-country sectoral differences are unrelated to manufacturing’s share in GDP, the 

                                                                                                                                                                                     
instead of agricultural productivity lowers the coefficient on RELPR/CA only very marginally to 0.18 and it 
stays significantly positive. 
50 The log-correlation between these two regressors is very high (99%). Intuitively, the sorting of countries along 
both variables implies an identical ordering as having a high relative level of output per worker also implies high 
values in the sum of comparative advantages used in the non-distance weighted CA variable. 
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resulting measurement error will tend to bias coefficients towards zero which rather 
strengthens the results above51. 

Two further issues arise from the distance weighting used in the second comparative 
advantage measure. To begin with, the weighting implies much lower values for both mean 
and standard deviation in this second measure than in the non-distance weighted measure. 
Accordingly, regression coefficients on the two measures are not directly comparable. 
Column 3 and 4 thus display the impact on the dependent variable of a one standard deviation 
change in the corresponding comparative advantage measure in square brackets below the 
original coefficient. As seen, above results stay qualitatively intact, though the adjustment 
makes clear that the bias introduced by not performing distance weighting is similar in size to 
the one due to omitting agricultural productivity. Second, distance weighting also reduces the 
values of comparative advantage measures of remote countries relative to more central ones. 
However, since remoteness seems to have a negative effect on levels of industrialisation (as 
demonstrated in the last section) this would imply a positive bias, thus strengthening my 
results. Still, column 5 includes the centrality measure constructed above to control for this 
effect of distance weighting. Including this additional regressor changes results very little. 
Also note that the coefficient on CEN is very similar to the baseline regression results from 
the last section. It is now only very marginally significant, however, which is probably due to 
the much smaller number of observations available here. 

Table 2: Manufacturing shares in GDP and comparative advantage (OLS) 

 (1) (2) (3) (4) (5) 
 ltshareM ltshareM ltshareM ltshareM ltshareM 
lRELPR 0.215     
 (4.22)**     
lCA(non 
d.w.) 

 0.212 
[0.212] 

0.088 
[0.088] 

  

  (4.27)** (1.32)   
lCA (d.w)    -1.943 

[-0.087] 
-2.111 
[-0.095] 

    (2.03)* (2.19)* 
lPOP 0.132 0.131 0.150 0.151 0.148 
 (4.46)** (4.43)** (5.21)** (5.36)** (5.39)** 
lAOPW   0.208 0.251 0.240 
   (3.95)** (6.60)** (6.09)** 
lCEN     0.178 
     (1.19) 
Observations 141 141 141 141 141 
R-squared 0.25 0.25 0.35 0.36 0.37 
Robust t statistics in parentheses      
+ significant at 10%; * significant at 5%; ** significant at 1%   

Finally, there are a few potential econometric problems. Starting with reverse causality, 
increases in the share of manufacturing in GDP could lead to increases in both output per 
worker in manufacturing and agriculture. The former might be due to learning-by-doing 

                                                           
51 Even if countries with higher manufacturing shares had relatively longer working hours in manufacturing, the 
resulting upwards bias would be similar for all comparative advantage measures and thus not influence the 
gradual drop as we move from the single regressor non-distance weighted specification to the one including 
agricultural productivity and distance-weighting. 
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effects on productivity or increased incentives for physical and human capital accumulation. 
The latter could be expected to arise from better availability of factors of production such as 
fertilizer or machinery and technological spillovers from the manufacturing sector52. These 
considerations suggest an upward bias of the coefficient on both agricultural output per 
worker and comparative advantage53. Second, omitted variable bias is an obvious problem. 
For example, the quality of local institutions might influence the incentives for technology 
adaptation or human and physical capital accumulation and influence both comparative 
advantage and agricultural productivity and the size of manufacturing’s share in GDP. 

Table 3: Manufacturing shares in GDP and comparative advantage (IVE) 

 (1) (2) (3) 
 ltshareM ltshareM ltshareM 
lCA (non d.w.) 0.731 [0.676] 0.030 [0.028]  
 (4.02)** (0.07)  
lCA (d.w.)   -13.843 [-0.637] 
   (1.71)+ 
lAOPW  0.344 0.382 
  (1.67)+ (5.24)** 
lPOP 0.127 0.093 0.046 
 (2.16)* (1.39) (0.58) 
Sargan test, p-
value 

0.20 0.39 0.84 

Observations 127 127 127 
Robust z statistics in parentheses 
+ significant at 10%; * significant at 5%; ** significant at 1% 

I again address these issues by instrumental variable estimation which also should reduce 
problems arising from measurement error, both that discussed above and that resulting from 
the more general problems of compiling internationally comparable estimates of output per 
worker particular54. I use the fraction of a country’s land area situated within temperate 
climate zones, its mean elevation and indices of soil suitability as instruments for comparative 
advantage. For agricultural productivity, I additionally include the prevalence of malaria55, 
and for population, land area is used. Appendix C provides more details on the different 
instruments. Again, a Sargan test of the model’s overidentifying restrictions cannot reject the 
validity of the instruments. Table 3 presents the results of the corresponding 2SLS regression. 
The main changes as compared to the OLS specification are a general drop in the precision of 
the coefficient estimates and a strong increase in the magnitudes of the coefficients on the 
comparative advantage measures and – too a lesser extent – of the coefficient on agricultural 
output per worker. The coefficient on population drops and becomes insignificant once 
AOPW is included which points to a potential endogeneity problem. The overall qualitative 
impression from the OLS-regressions, however, stays intact: the non-distance weighted 
measure of comparative advantage is significantly positive but becomes insignificant once 

                                                           
52 See Gallup (1998) on determinants of agricultural output. 
53 At first, one is tempted to say that the latter bias should be negative as one expects developed countries to have 
a comparative advantage in manufacturing. However, the data suggest otherwise. This seems to be due to the 
very low level of agricultural labour productivity and not to a high level of manufacturing labour productivity in 
many developing countries (on this point, compare Gollin, Parente and Rogerson, 2000). 
54 See World Development Indicators (2001) for a discussion of some issues. 
55 Malaria prevalence is not used as an instrument for comparative advantage as it is not clear whether its 
detrimental influence on productivity is biased in favour of agriculture or manufacturing (Gallup et al., 1999). 
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agricultural productivity is included. Applying distance-weighting reduces the coefficient 
further, though the large magnitude of the coefficient on the distance-weighted measure is 
again misleading, due to its small standard deviation. As the standardised coefficients (again 
reported in square brackets) indicate, the reduction in bias induced by distance-weighting is 
again similar to that induced by including agricultural productivity. 

6 Conclusion and Extensions 
This paper started out by drawing attention to two empirical observations that are puzzling 
from the point of view of theories that stress the role of local demand in industrialisation: the 
apparent importance of proximity to foreign markets and the surprising positive correlation 
between non-distance weighted comparative advantage and the share of manufacturing in 
GDP. It was pointed out that supply-side based approaches also have difficulties to account 
for these findings. A formal model was then developed that combined a key element of the 
theories on demand-driven industrialisation – non-homothetic preferences – with a richer 
geographical structure by introducing multiple locations and transport costs. It was 
demonstrated how such an approach can help explain above empirical findings. A more 
careful test of the model’s predictions found further support for the importance of costly 
international trade and relative location for levels of industrialisation. While not denying the 
importance of traditional theories of industrialisation, this paper shows that incorporating 
elements of economic geography in models of demand-driven industrialisation can lead to a 
deeper understanding of the forces underlying economic development. 

The results of this paper have a number of policy implications. First, they provide an 
additional argument for a further reduction in barriers to international trade as a means for 
improving access to foreign markets. This holds for trade liberalisation among developing 
countries with similar specialisation patterns, in particular. Such countries could benefit from 
both the traditional gains from trade and higher market access without suffering from the 
potentially deindustrialising long-term effects due to comparative advantage. Similarly, the 
concerns of some economists that agricultural reforms might actually be counter-productive 
by preventing successful industrialisation are probably exaggerated. In a world where 
neighbouring countries show similar specialisation patterns, comparative advantage effects 
are less significant, in particular if agricultural reforms are coordinated across countries in a 
geographical region. To the contrary, by raising income above subsistence levels they not 
only alleviate rural poverty still widespread in many parts of the globe but generate the 
demand for manufacturing goods necessary for a successful industrialisation. 

Of course, a model trying to analyse a phenomenon as complex as industrialisation has to 
make some compromises to remain tractable. The most serious shortcoming is probably the 
absence of additional factors of production, capital and land in particular. As is well known in 
international trade theory, having more than one production factor introduces relative factor 
abundance as a second determinant of comparative advantage besides technological 
efficiency. Also, allowing for capital accumulation and decreasing returns to scale in food 
production due to a fixed supply of land might modify the dynamic implications of the model, 
limiting specialisation in agriculture56. However, I conjecture that none of these 
                                                           
56 Amending the model for these shortcomings would also allow accounting for another puzzling observation: 
looking at relative labour productivities between developing and developed countries suggests that the former 
enjoy a comparative advantage in manufacturing (compare footnote 53). This seems to be inconsistent with the 



 

 

29

considerations would change the central theoretical messages of this paper: proximity to 
major markets is beneficial to industrialisation of developing countries and measures of 
comparative advantage (whether of the Ricardian or Heckscher-Ohlin type) have to take into 
account relative geographical positions. Another problem on the modelling side is the reliance 
on simulation results for the demonstration of many of the core properties of the model which 
raises concerns about their generality. More analytic results might be obtained by combining 
elements of models of economic geography with closed-form solutions (e.g. Forslid and 
Ottaviano, 2003) and alternative modelling strategies of costly trade in models of Ricardian 
comparative such as Eaton and Kortum (2002). Concerning the empirical sections of this 
paper, an interesting extension would be the estimation of both transport costs and measures 
of access to foreign markets from gravity equations of international trade (see Redding and 
Venables, 2004). More fundamentally, an important area for further empirical research is the 
attempt to disentangle the relative quantitative importance of institutions and supply-side 
factors on the one hand, and demand-based explanations of industrialisation, on the other 
hand. 

                                                                                                                                                                                     
empirical finding that the share of manufacturing is positively correlated with levels of development (this still 
holds true even within the group of developed countries though the correlation there has been steadily decreasing 
since 1960). The explanation implied by this paper is that this correlation captures high levels of agriculture 
productivity while the associated gain in comparative advantage is softened by comparable gains in 
neighbouring countries. This is not entirely convincing since one would expect non-homotheticity to play a 
much lesser role in rich countries. However, redefining comparative advantage and taking into account 
decreasing returns to scale may solve this contradiction: abundance in low-skilled labour might lead developing 
countries to specialise in low-tech agriculture. Low technological progress and decreasing returns to scale in this 
activity could then explain high relative productivity in manufacturing. 
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APPENDIX A: PROOFS OF PROPOSITIONS 

PROPOSITION ONE 

For convenience, I restate the manufacturing goods market clearing condition (E1):  
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As the right-hand side of this equation is identical across locations, I obtain the equilibrium 
conditions: 
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In the following, I take the price of the agricultural good in location one as numéraire. This 

pins down the wage rate in that location at 11 Aw θ=  since 
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= . Now consider in turn the 

three cases proposed: 

1. Infinitely high transport costs (“closed economy”). For  ,        jlTlj ≠∀∞→ all terms 

involving AT σ−1 drop out and (E2) simplifies to: 
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which holds for any combination of wl and wm. Similarly, (E1) holds as an identity in each 
location. Intuitively, we are back to the case of R closed economies. This implies that we 
are effectively examining R general equilibria in which as usual only relative prices are 
determinate. However, the manufacturing share in GDP is uniquely determined from (I1) 
which simplifies to: 
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Economically, a share α (the share of manufacturing in non-subsistence expenditure) of all 
labour not used on the production of the subsistence level will be employed in 
manufacturing. 

2. Zero transport costs (“free trade”). For  ,,       1 jlTlj ∀= the second set of brackets on each 
side of (E2) are identical across locations and cancel out, yielding the solution: 

121 ... ARwww θ==== . 

The share of manufacturing in GDP is now given by: 
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3. Identical parameters and bilateral transport costs across locations: Again, the second set of 
brackets is identical across locations and cancels out and we obtain once more 

121 ... ARwww θ==== . The share of manufacturing in GDP can now be expressed as: 
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PROPOSITION TWO: 
From the standard OLS-formula for the case of a constant and one (non-stochastic) regressor 
we have: 
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Under the usual regularity conditions, Khinchine’s law of large numbers and Slutzky’s 
theorem apply. Thus, as R becomes large the above expression converges in probability to57: 
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Expanding the latter term yields  
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where for the last step I assumed that the measurement error ( )ll CACA −*  is uncorrelated with 
εl and that the usual OLS assumption [ ] 0* =llCAE ε  holds. Furthermore, since ( ) 0var >lCA  

and [ ] 0>= AllAll CACAE θθ , we have that B2>0. Finally, as 11 <− A
ljT σ  for all foreign locations, 

we have ll CACA <*  and thus ( )[ ] 02** <−=− llllll CACACACACACAE . That is B1>0 which 
completes the proof. ▄ 
 
 

                                                           
57 The second step below requires E(vl)=0 which for simplicity I assume holds. None of the results is 
qualitatively affected if one allows for E(vl)≠0. 
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APPENDIX B: SIMULATION PARAMETERS 
 
Transportation Cost Matrices and other parameters 
In the simulations of this paper, transportation cost matrices take the form: 

 
















×+×+×+
×+×+×+
×+×+×+

TdTdTd
TdTdd

TdTdTd

)3,3(1    )2,3(1     )1,3(1
)3,2(1    )2,2( 1     T)1,2(1

)3,1(1     )2,1(1     )1,1(1
     

where d(i,j) stands for distance from i to j and T for per distance unit transport costs. The 
remaining parameters are as follows: 

Figure 3: Increase in agricultural productivity in location 3 

Initial position: σA = σM = 5, R = 3, A = [0.2 0.2 0.2], α = [0.7 0.7 0.7], θA=[1 1 1], θM=[1.25 1.25 1.25],  

 dist=[0 1 2; 1 0 1; 2 1 0] 

Change in agricultural productivity in location 3 from 1 to 1.2. Per unit transport costs as indicated in figure 3. 

Figure 4: Relative productivity and manufacturing share in GDP 

Initial position:  σA = σM = 5, R = 3, A = [0.2 0.2 0.2], α = [0.7 0.7 0.7], δL=1, δEU=0, θA=[1 1 1], 
θM=[1.25 1.25 1.25],  dist=[0 3 4; 3 0 1; 4 1 0]. 

Then increase in agricultural productivity in location 3 (left panel) and locations 2 and 3 (right panel). Increases 
in percentages of initial productivity values as indicated in figures. 

Figure 5: Impact of Centrality at different levels of transport costs and relative elasticities of substitution 

Figure 5a):  σA = σM = 5, R = 3, A = [0.5 0.5 0.5], α = [0.7 0.7 0.7], δL=1, δEU=0, θA=[1 1 1], θM=[1 1 1] 

 EU=[1 1 1], N=[1 1 1], dist=[0 1 2; 1 0 1; 2 1 0] 

Figure 5b): σA /σM = as indicated in figure (σM=5), R = 3, A = [0 0 0], α = [0.7 0.7 0.7], δL=1, δEU=0, θA=[1 1 
1], θM=[1 1 1], EU=[1 1 1], N=[1 1 1], dist=[0 1 2; 1 0 1; 2 1 0] 

 

 

 
APPENDIX C: DESCRIPTION OF DATA USED IN SECTION 4  
 
Dependent variables and regressors: 
 
Variable Source 
Gross domestic/national product in 
1995 USD 

World Development Indicators 2001 

Per capita GDP in 1995 USD World Development Indicators 2001 
Share of manufacturing value added 
in GDP (1995 USD) 

World Development Indicators 2001 

Population size World Development Indicators 2001 
Bilateral distances between countries NBER World Trade Database 
Value added per worker in agriculture 
and industry (1995 USD) 

World Development Indicators 2001 

Value added per worker in 
manufacturing (1995 USD) 

United Nations Industrial Statistics Database 
2001 
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Instrumental variables: 

All data published by the Centre for International Development, Harvard University. See 
http://www.cid.harvard.edu/ciddata/ciddata.html and Gallup and Sachs (1999) for a detailed 
description. 
 
Variable Name Variable Explanations 
mindist Minimum distance to main 

markets 
Minimum distance (in km) to 
either of Netherlands, USA 
or Japan 

soilsui1 Mean soil suitability 1, very 
suitable (%) 

soilsui2 Mean soil suitability 2, 
moderately suitable (%) 

Soil suitability is an estimate 
of the percentage of each soil 
type that is very suitable, 
moderately suitable and 
unsuitable for each of six 
rainfed crops 

irrsuit1 Mean irrigation suitability, 
very suitable (%)  

irrsuit2 Mean irrigation suitability, 
moderately suitable (%) 

Suitability of soil for 
irrigation 

malfal94 Malaria index, 1994  Index of malaria prevalence 
based on a global map of 
extent of malaria in 
1994 (WHO, 1997), and the 
fraction of falciparum 
malaria 

area Area (sq km)  Land area 
wardum External war, 1960-85  Dummy indicating 

occurrence of external war 
1960-85. 

zboreal Boreal regions (% land area) 
zdrytemp Dry Temperate (% land area) 
zwettemp Wet Temperate (% land area) 
zsubtrop Subtropics (% land area) 
Ztropics Tropics (% land area) 

Fraction of land area situated 
in the specified climate zone 

 
 
 
List of country codes and names used: 
 
Country Code Country Name World Bank 

income 
classification 

Country Code Country Name World Bank 
income 
classification* 

AFG Afghanistan L KEN Kenya L 

ALB Albania LM PRK 
Korea, Dem. 
Rep. L 

DZA Algeria LM KOR Korea, Rep. UM 
AGO Angola L KWT Kuwait HNO 
ARG Argentina UM LAO Lao PDR L 
AUS Australia HOECD LBN Lebanon UM 
AUT Austria HOECD LBR Liberia L 
BHS Bahamas, The HNO LBY Libya UM 
BHR Bahrain UM MDG Madagascar L 
BGD Bangladesh L MWI Malawi L 
BRB Barbados UM MYS Malaysia UM 
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BLZ Belize LM MDV Maldives LM 
BEN Benin L MLI Mali L 
BMU Bermuda HNO MLT Malta UM 
BTN Bhutan L MRT Mauritania L 
BOL Bolivia LM MUS Mauritius UM 
BRA Brazil UM MEX Mexico UM 
BRN Brunei HNO MNG Mongolia L 
BGR Bulgaria LM MAR Morocco LM 
BFA Burkina Faso L MOZ Mozambique L 
BDI Burundi L MMR Myanmar L 
KHM Cambodia L NPL Nepal L 
CMR Cameroon L NLD Netherlands HOECD 

CAN Canada HOECD ANT 
Netherlands 
Antilles HNO 

CYM Cayman Islands HNO NZL New Zealand HOECD 

CAF 
Central African 
Republic L NIC Nicaragua L 

TCD Chad L NER Niger L 
CHL Chile UM NGA Nigeria L 
CHN China LM NOR Norway HOECD 
COL Colombia LM OMN Oman UM 
COM Comoros L PAK Pakistan L 

ZAR 
Congo, Dem. 
Rep. L PAN Panama UM 

COG Congo, Rep. L PNG 
Papua New 
Guinea LM 

CRI Costa Rica LM PRY Paraguay LM 
CIV Cote d'Ivoire L PER Peru LM 
CUB Cuba LM PHL Philippines LM 
CYP Cyprus HNO POL Poland UM 
DKF Denmark HOECD PRT Portugal HOECD 
DJI Djibouti LM QAT Qatar HNO 

DOM 
Dominican 
Republic LM ROM Romania LM 

ECU Ecuador LM RWA Rwanda L 
EGY Egypt, Arab Rep. LM SAU Saudi Arabia UM 
SLV El Salvador LM SEN Senegal L 

GNQ 
Equatorial 
Guinea LM SYC Seychelles UM 

FJI Fiji LM SLE Sierra Leone L 
FIN Finland HOECD SGP Singapore HNO 
FRA France HOECD SLB Solomon Islands L 
GAB Gabon UM SOM Somalia L 
GMB Gambia, The L ZAF South Africa UM 
DEU Germany HOECD ESP Spain HOECD 
GHA Ghana L LKA Sri Lanka LM 
GRC Greece HOECD SDN Sudan L 
GRL Greenland HNO SUR Suriname LM 
GTM Guatemala LM SWE Sweden HOECD 
GIN Guinea L CHE Switzerland HOECD 

GUY Guyana LM SYR 
Syrian Arab 
Republic LM 

HTI Haiti L TZA Tanzania L 
HND Honduras LM THA Thailand LM 

HKG 
Hong Kong, 
China HNO TGO Togo L 

HUN Hungary UM TTO 
Trinidad and 
Tobago UM 

ISL Iceland HOECD TUN Tunisia LM 
IND India L TUR Turkey LM 
IDM Indonesia L UGA Uganda L 

IRN 
Iran, Islamic 
Rep. LM ARE 

United Arab 
Emirates HNO 

IRQ Iraq LM GBR United Kingdom HOECD 
IRL Ireland HOECD USA United States HOECD 
ISR Israel HNO URY Uruguay UM 
ITA Italy HOECD VEN Venezuela, RB UM 
JAM Jamaica LM VNM Vietnam L 
JPN Japan HOECD YEM Yemen, Rep. L 
JOR Jordan LM ZMB Zambia L 
   ZWE Zimbabwe L 

* L: low income, LM: lower middle income, UM: upper middle income, HOECD: high income, OECD; HNO: 
high income, non-OECD. 
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APPENDIX D: ADDITIONAL REGRESSION RESULTS  
 
This appendix present results for two additional proxies of manufacturing labour productivity. 

Excluding observations: The first proxy again uses industrial productivity but excludes 
countries that are likely to have large differences between industrial and manufacturing 
productivity. These are countries whose industrial activity consists mainly of non-
manufacturing activities as mining or oil production. In particular, I exclude all observations 
that have a ratio of the share of industry in GDP to the share of manufacturing in GDP in 
excess of 3. However, countries for which manufacturing productivity (where available) was 
not too different from industrial productivity were kept (more specifically, all observations 
were retained for which 0.5 < productivity in industry/productivity in manufacturing < 2). I 
experimented with different threshold levels and result were qualitatively unaffected as long 
as the number of observations stayed sufficiently large. Tables D1 and D2 present results for 
the same regressions as in section 5. 

Table D1: Manufacturing shares in GDP and comparative advantage (OLS) 

 (1) (2) (3) (4) 
 ltshareM ltshareM ltshareM ltshareM 
lCA (non d.w.) 0.178 [0.143] -0.005 

[-0.004] 
  

 (2.79)** (0.06)   
lCA (d.w.)   -2.628 

[-0.076] 
-2.764 
[-0.080] 

   (1.94)+ (2.01)* 
lPOP 0.118 0.143 0.135 0.134 
 (3.98)** (4.99)** (4.65)** (4.66)** 
lAOPW  0.237 0.242 0.237 
  (5.31)** (7.18)** (6.91)** 
lCEN    0.088 
    (0.60) 
Observations 121 121 121 121 
R-squared 0.18 0.35 0.37 0.37 
Robust t statistics in parentheses     
+ significant at 10%; * significant at 5%; ** significant at 1%  

Table D2: Manufacturing shares in GDP and comparative advantage (IVE) 

 (1) (2) (3) 
 ltshareM ltshareM ltshareM 
lCA (non d.w.) 0.613 

[0.563] 
-0.134 
[-0.123] 

 

 (2.85)** (0.36)  
lCA (d.w.)   -17.684 

[-0.725] 
   (1.28) 
lPOP 0.118 0.129 0.079 
 (2.25)* (2.70)** (1.14) 
lAOPW  0.337 0.322 
  (2.18)* (4.61)** 
Observations 110 110 110 
Sargan test, p-
value 

0.26 0.68 0.83 

Robust z statistics in parentheses    
+ significant at 10%; * significant at 5%; ** significant at 1%   
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Making use of available data on manufacturing labour productivity: The second additional 
proxy uses manufacturing productivity data and fills in missing observations by making use of 
industrial productivities. The following procedure was used: 

1. Use all available observations of manufacturing productivity for 1980 and 1990. 

2. Use adjacent values of manufacturing productivity where data for 1980 and 1990 missing, 
i.e. 1979, 1981 for 1980 and 1989, 1991 for 1990. 

3. Use adjusted values of industrial productivity to fill in missing values (first, use the ratio 
of manufacturing to industrial productivity in adjacent years; then use ratio predicted from 
regression of this ratio on the relative share of industry to manufacturing in GDP). 

Tables D3 and D4 present results for similar regressions as in section 4. 

Table D3: Manufacturing shares in GDP and comparative advantage (OLS) 

 (1) (2) (3) (4) 
 ltshareM ltshareM ltshareM ltshareM 
lCA (non d.w.) 0.161 

[0.175] 
-0.002 
[-0.002] 

  

 (3.15)** (0.03)   
lCA (d.w.)   -1.093 

[-0.092] 
-1.112 
[-0.093] 

   (3.53)** (3.72)** 
lPOP 0.147 0.159 0.149 0.146 
 (5.55)** (6.21)** (5.76)** (5.72)** 
lAOPW  0.249 0.255 0.247 
  (4.63)** (7.15)** (6.65)** 
lCEN    0.124 
    (0.85) 
Observations 150 150 150 150 
R-squared 0.21 0.35 0.37 0.38 
Robust t statistics in parentheses     
+ significant at 10%; * significant at 5%; ** significant at 1%  
  

Table D4: Manufacturing shares in GDP and comparative advantage (IVE) 

 (1) (2) (3) 
 ltshareM ltshareM ltshareM 
lCA (non d.w.) 0.571 

[0.573] 
-0.151 
[-0.151] 

 

 (3.98)** (0.81)  
lCA (d.w.)   -7.294 

[-0.343] 
   (1.59) 
lPOP 0.098 0.101 0.090 
 (1.57) (1.63) (1.38) 
lAOPW  0.457 0.377 
  (3.79)** (5.90)** 
Observations 134 134 134 
Sargan test, p-
value 

0.03 0.26 0.77 

Robust z statistics in parentheses    
+ significant at 10%; * significant at 5%; ** significant at 1%  
  
 


