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Abstract 
 
Climate change has various effects on economic factors, which are unequally distributed across different 

regions on earth. Through its effects on comparative advantage, we can analyze how sector specializations 

and trade patterns are affected by climate change. To this extent, we investigate the two basic models for 

comparative advantage: the Ricardian model of trade and the Heckscher-Ohlin model, which will be 

extended to eight different models. By adding possibilities for multiple factors, goods and countries, 

differences in technologies and non-homothetic preferences, we obtain a broad range of models in which 

we investigate how climate change effects will alter comparative advantages. These effects can depend 

on technologies, endowments and wealth of nations. We apply the results of existing literature on climate 

change effects on relevant determinants to make predictions for future comparative advantage, where 

we generally find a tendency of agricultural comparative advantage to northern regions, while 

manufacturing industries become more appealing in the global south. Moreover, the framework of models 

provides a manual which can be used to predict comparative advantage movements due to climate change 

effects in specific cases.  
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1 Introduction 

In recent times, there has been high emphasis on climate change in economic research. The effects of 

climate change on economic outcomes have become more salient, since report after report shows us that 

time is running out for climate change mitigation (IPCC 2022). Societies face increased risks through higher 

temperatures, floods, sea level rises, droughts, wildfires, extreme weather events like hurricanes and 

many other climate effects (Goulder and Pizer, 2005). The economic effects are broad, since every 

economic factor is likely to be affected by global warming. These impacts can be direct, such as lower crop 

yields, or indirect, such as higher incidence of diseases (Brenton and Chemutai, 2021). 

 

While climate change affects every region on earth, the consequences of it are not distributed equally. 

There exist great differences in severity of environmental effects between societies. Inequalities in effects 

can be found in any climate impact context. For instance, productivity losses due to extreme temperatures 

are amplified in nations of the poorest quartile (Nath 2020). Low- and middle-income countries account 

for 89% of people exposed to floods (Rentschler et al., 2022), suffer disproportionally from sea-level rises 

and increased storms (Dasgupta et al., 2011), and face higher mortality rates in extreme weather events 

(Ranson et al, 2016). To make matters worse, these areas have the least (financial) capacity to mitigate 

climate effects (Brenton and Chemutai, 2021). Meanwhile, there are also regions that profit from climate 

change in some aspects. For instance, average temperature rises in northern regions can result in 

agricultural productivity increases through increases in arable land endowments (Zhang and Cai, 2011) or 

more favorable temperatures (Costinot et al., 2016, Cline, 2007).  

 

As climate change affects the economic factors of regions differently, this will significantly change global 

trade patterns (WTO, 2022). A framework through which we can investigate the effects of climate change 

on economic factors and trade patterns is that of comparative advantage, a well-known economic concept 

discovered by Ricardo (1817). The Ricardian model of trade has been built upon and extended ever since, 

and has been the basis for many models of international trade. In this framework, nations differ in relative 

labor productivities in sectors (relative to other sectors), which leads to specializations in particular goods 

between countries. The trade of these goods between nations creates opportunities for country-level 

welfare increases for all countries. While not every nation has an absolute advantage in the production of 

a good, all have a comparative advantage in at least one good. Following the theory of comparative 

advantage, countries will specialize in and export the goods in which they have a comparative advantage.  
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The principle of comparative advantage is that countries differ in their relative costs of producing different 

goods (Faccarello, 2015). These relative costs are based on the costs of producing the goods, and the costs 

of production that other countries face. In other words, a country has the comparative advantage in a 

particular good over other nations if it can produce the good at lower opportunity costs. In the model of 

Ricardo, these are based on technology differences between nations and sectors, where a high relative 

productivity in a sector leads to lower costs of production. Meanwhile, in models like the Heckscher-Ohlin 

model, comparative advantage is based on differences in factor endowments between nations. If a nation 

is relatively factor-abundant, a good requiring that factor intensively in production will be less costly to 

produce. 

 

A variety of analyses has been done to investigate changes to comparative advantages (and subsequently 

welfare) due to climate change effects. Costinot et al. (2016) predicted how projected crop yields will alter 

comparative advantage in agriculture, and how welfare losses due to climate change can be reduced by 

adjustments to production and trade patterns. Candau et al. (2022) connected predicted water capabilities 

to comparative advantages, and Nath (2020) considered the effects of extreme temperatures on 

productivity rates of agriculture vs. industry, which resulted in changes in comparative advantage. While 

very sophisticated research on the topic already exists, an overview of how climate change affects 

comparative advantages in theoretical models is yet to be created. By considering these effects in various 

models for comparative advantage, this thesis views climate change effects on comparative advantage 

from multiple perspectives. Furthermore, as comparative advantage is a very relevant determinant of 

trade patterns (Kowalski, 2011), and thus for economies and welfare around the world, knowledge about 

how climate change will alter global trade patterns and economic distributions across nations could be 

improved. By establishing expectations for comparative advantage changes due to climate effects, results 

of this thesis give insight into what future production and trade patterns will be most efficient. Moreover, 

the models in this thesis can be used as a manual for determining climate change effects on comparative 

advantage, when specific data is available. 

 

To address the research problem, the research question ‘How does climate change affect comparative 

advantage?’ arises. To answer this question, we divide it into different parts. First, we want to know what 

determinants of comparative advantage are relevant to climate change. To this extent, we introduce eight 

models of comparative advantage, which consist of different extensions of the Ricardian and Heckscher-

Ohlin models, where we highlight the determinants of comparative advantage that will be relevant to 
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climate change. Second, we are interested in what the general effects of changes to these determinants 

on comparative advantages are, which we also analyze in all different models. Third, we should investigate 

what the effects of climate change on the relevant determinants actually are. We do this by using existing 

literature on climate change effects. All of this eventually comes together when we establish expectations 

for comparative advantage movements due to climate change, where the existing results in climate change 

literature are combined with the analysis of general effects of determinant changes on comparative 

advantage. This way, we find different effects for regions around the world in different models. These 

imply how climate change is projected to alter patterns of comparative advantage between nations in the 

future, and thus provide indications for global future trade and wealth. 

 

The remainder of this thesis is organized as follows: In the first chapter, we introduce the eight considered 

models of comparative advantage, in which we highlight the determinants of comparative advantage that 

will be relevant to climate change. In the second chapter, the general effects of changes to these 

determinants on comparative advantage are analyzed. The third chapter consists of reviewing existing 

literature on climate change effects on the relevant determinants. In the fourth and last chapter, we 

establish expectations about the effects of climate change on the comparative advantages of various 

regions around the world. 
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2 Models for comparative advantages and determinants relevant to climate 

change 

We want to establish which factors of comparative advantage in an economy can be affected by climate 

change. We do this by considering different models that incorporate comparative advantages, in which 

different factors determine the comparative advantage of countries in various sectors. Since the Ricardian 

model of comparative advantage and the Heckscher-Ohlin model are often used as the basis for more 

extensive models (Elmslie and Maneschi, 2000), we will also start off with these models and distinctly 

extend the two models. We will extend these into different, more complex models in which several 

additions are made. This should be wise to do, since the Ricardian model and the Heckscher-Ohlin model 

face different limitations. Most notably, the Ricardian model has only one factor of production, limiting 

the analysis of changes in different endowments and their productivities. The Heckscher-Ohlin model 

however assumes identical technologies and results in factor price equalization (FPE), which both are 

doubtful properties.  

 

The additions consist of allowing for multiple/a continuum of goods, multiple countries, non-homothetic 

preferences, differences in technologies, multiple factors of production and more. This way, we end up 

with 8 possible models for comparative advantage, in each we will establish what determinants are 

relevant/subject to change due to climate change effects. This way, we have various models which we can 

utilize and compare for our analysis of climate change effects on comparative advantage, such that we 

have a broad basis for this thesis. In the section further on, we will work out the models even more to 

analyze the effects on comparative advantage due to changes in the relevant factors. 

2.1 Ricardian models 

2.1.1 The basic Ricardian model 

When considering models for comparative advantages, the first basic model we should consider is the 

Ricardian model, which description here is inspired by Feenstra (2002). This model entails only one factor 

of production, labor, which is used to produce two goods in two countries, home and foreign. The labor 

force in the home country is denoted by L, that in the foreign country by L*. The basis of trade in this 

framework is the existence of cross-country differences in technologies (Matsuyama, 2008), which can be 

seen as differences in productivity of labor between countries. Let us denote the labor required for one 

unit of good i (= 1, 2) by ai, while we denote this by ai* in a foreign country, while full-employment of labor 
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is assumed: a1q1 + a2q2 = L, and a1
*q1

* + a2
*q2

* = L*. In this model we assume that labor is perfectly mobile 

between the industries, but immobile across countries. Then both goods are only produced if wages in 

both industries are the same: p1/a1 = p2/a2, where we assume perfect competition, such that wage equals 

the marginal product of labor. Whenever the two countries are in autarky and thus do not engage in trade, 

the relative price pa = p1/p2 equals a1/a2, while in the foreign country pa* = p1
*/p2

* = a1
*/a2

*. In this basic 

model with only two countries comparative advantage is seen through these autarky prices. Suppose the 

home country has a comparative advantage in the production of good 1, and that country 2 has a 

comparative advantage for good 2. This would mean that a1/a2 < a1
*/a2

* (or a1/a1
* < a2/a2

*), since the 

efficiency of production of good 1 relative to good 2 in the home country is higher than in the foreign 

country. Vice versa, the same holds for the foreign country, although then for good 2 relative to good 1. 

 

Now, we are interested in what determinants are possibly affected by climate change. Clearly, in this 

model only the required labor per unit of production (i.e. productivity) in each sector would change due 

to climate change. A productivity increase as an effect would lead to a lower unit labor requirement ai in 

a specific sector, while a productivity decrease leads to a higher unit labor requirement. The variables 

representing the labor forces (L and L*) are also subject to change, but the effect of these changes on 

comparative advantage should be viewed through the productivity variables. Since the equation between 

the two relative unit labor requirements determines the comparative advantages of the two countries in 

this model, these are the relevant factors for environmental changes to consider. However, since this 

model is as basic as it gets, we want to investigate more elaborate models. 

2.1.2 Ricardian model with a continuum of goods 

We would like to consider a Ricardian model as above, and add more goods than just two. An elegant way 

to do this is by allowing for a continuum of goods, which means it is possible to have an infinite amount of 

goods in our model. This can be viewed as a generalization of a Ricardian model with multiple goods, since 

it can be specified to that case. This model was first proposed by Dornbusch, Fischer and Samuelson (1977), 

and inspired the model of Matsuyama (2008), which we will consider here. It is relevant to consider models 

with more than 2 goods, since then the comparative advantages of countries will depend on the 

productivities in all sectors rather than just two, which brings along different mechanisms determining 

these. 
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Consider a continuum of industries z ϵ [0,1], which all produce a separate good. Again, there is one factor 

of production, labor. We denote a(z) and a*(z) as the unit labor requirements for the production of one 

unit of good z in the home and foreign country. Then we take A(z) = a*(z)/a(z). For convenience, we can 

index these goods such that this A(z) is non-increasing in z, which means that the home country will have 

a comparative advantage in the low-indexed goods, while the foreign country has the comparative 

advantage in the high-indexed goods. The autarky prices of each good are given by pa(z) = wa(z), and pa*(z) 

= w*a*(z). 

 

When engaged in free trade, the price of commodity z will be determined by the minimum of the autarky 

prices, p(z) = p*(z) = min{wa(z), w*a*(z)}. Since A(z) = a*(z)/a(z) is decreasing in z, for a given the relative 

wage rate w/w* there exists a marginal good m for which w/w* = A(m), such that the home country will 

only produce goods [0,m), and the foreign (m,1] (while neither of the countries has a comparative 

advantage in good m, which they both produce). That is because for z ϵ [0,m) we have wa(z) < w*a*(z), 

while for z ϵ (m,1] we have wa(z) > w*a*(z). Thus, the home country has a comparative advantage for the 

goods z in [0,m) and exports these, while foreign has the comparative advantage in all goods (m,1] and 

exports these. We assume that preferences are identical and homothetic, such that people in both nations 

consume all goods in the same proportion, with no differences due to income differences. Then we also 

know that home income (wL) equals the total expenditure on home goods, m(wL + w*L*) (both populations 

spend fraction m on goods from the home country), so that we obtain w/w* = m/(1-m) (L*/L). 

 

So, we can see from this framework that the comparative advantage both countries have in the sectors 

depend on differences in unit labor requirements/labor productivities between the countries in different 

sectors, as well as the labor forces of the nations. Given the unit labor requirements, the labor forces 

determine the marginal product m and thus in which sectors the countries have their comparative 

advantage in. This is seen through the equations w/w* = A(m) = a*(m)/a(m) and w/w* = m/(1-m) (L*/L), 

where the relative wage will adapt to changes in unit labor requirements and labor forces. Thus, the factors 

for comparative advantage we should consider in this model relevant to climate change are the unit labor 

requirements of each good in both nations, a(z) and a*(z) for all z in [0,1], and also the labor forces L and 

L*. 

 

Furthermore, this model can be limited to a two-country model with a finite set of goods, say N goods. 

Then we can set z = z1 for z ϵ [0,α1), z = zi for z ϵ [αi-1,αi) and z = zN for z ϵ [αN-1,1] (where 0 < α1 < … < αN = 1). 
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These goods are also ordered such that A(i) = ai
*/ai is decreasing in i, so we have a1

*/a1 > … > aN
*/aN. Then 

there is a good zm such that A(zm) ≥ w/w* and A(zm+1) ≤ w/w*, such that the home country has a comparative 

advantage in goods z1 up to zm, while the foreign country has a comparative advantage in goods zm+1 up to 

zN. Using this finite number of goods, the model still works the same way. 

2.1.3 Ricardian model with a continuum of goods and non-homothetic preferences 

In the model above, we extended the model of Ricardo by adding a continuum of goods. However, 

demands of consumers were assumed to be homothetic: this implies that all goods in the model have the 

same income elasticity of 1 and the rich and poor consume all goods in the same proportion (Almas and 

Kjelsrud, 2017). This assumption is far from realistic, as empirical results show that specific goods (like 

food) account for a much larger share of consumption in low-income countries compared to richer 

countries (Deaton and Muellbauer, 1980). Furthermore, this assumption puts restrictions on the analysis 

of international trade on several issues. For instance, following Matsuyama (2000), if the world economy 

grows, a (poor) country specializing in goods with a low income elasticity of demand will gain less than a 

(rich) country specializing in goods with a high income elasticity, since relative demand shifts towards the 

high income elasticity goods in this case. Moreover, as we will see, the addition of non-homothetic 

demands in a model brings different results in comparative advantage when relevant factors are affected 

by climate change. Lastly, this model is easier extended to a multi-country model than the homothetic 

model. For this section, we use the model proposed by Matsuyama (2000), in which we consider 

homogeneous populations, as we are interested in effects on comparative advantage of a nation as a 

whole. 

 

We again take a continuum of goods z, now indexed by integers so that z ϵ [0,∞). These goods have labor 

(L) as the only factor of production, a(z) and a*(z) are the unit labor requirements in the home and foreign 

country respectively. Again, we set the function A(z) = a*(z)/a(z) and order the goods such that this function 

is non-increasing, which means that the home country has a comparative advantage in low-indexed goods 

and foreign country in high-indexed goods. This time, we set the wage in foreign as 1 and denote w as the 

relative wage to foreign, so that the price (under perfect competition) of good z becomes p(z) = min{a*(z), 

wa(z)}. Again, there exists a marginal good m such that w = a*(m)/a(m), and thus home produces goods z 

for z ϵ [0,m] (under price p(z) = wa(z)) and foreign goods z for z ϵ [m,∞) (under price p(z) = a*(z)) and the 

countries have a comparative advantage in these ranges. Furthermore, the assumption is made that a(z) 

> a*(z) for all z ϵ [0,∞), such that the foreign country has an absolute advantage in the production of any 
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good, which implies that w < 1 (w = a*(m)/a(m)) and the foreign country is richer in this context, i.e. all 

foreign households can afford more than home households). 

 

Since we assume populations to be homogeneous, we assume that every household is attributed with one 

unit of effective labor. We thus have a labor force of L households in the home country and of L* in the 

foreign. Moreover, we assume that households purchase one unit of each good at most, such that extra 

income leads to diversification of consumption. We also assume all households to have the same 

preferences. For notation purposes, let us define E(z) =  ∫ p
z

0
(s) ds. We denote u for the utility acquired by 

home households, such that z is consumed by a home household for z ϵ [0,u] and not consumed otherwise. 

Similarly, u* is the utility of foreign households, for which z is consumed for z ϵ [0,u*]. For this u and u*, we 

have E(u) = ∫ p
u

0
(s) ds = w and E(u*) = ∫ p

𝑢∗

0
(s) ds = 1, where m < u < u*. Thus, an increase in income allows 

for an increase in the variety of goods consumed. 

 

Furthermore, we set b(z) as the utility weight function for good z, and we assume b(z)/a(z) and b(z)/a*(z) 

to be strictly decreasing, such that b(z)/p(z) is strictly decreasing too for any given w. This implies that 

households buy goods z in the same order from 0 to ∞, and thus that home has a comparative advantage 

in lower-indexed goods purchased by all, while foreign has it in the higher-indexed goods, which are only 

purchased by wealthier households. 

 

Thus, in this model non-homothetic preferences are shown through the demand of higher-indexed goods 

in case of a higher income of households. So, there is a difference in the amount of goods and the diversity 

of goods that households with different incomes will purchase. The assumption of every consumer buying 

at most one unit of each product only facilitates this in the model, since then demands for additional goods 

will shift to higher-indexed goods after purchasing the good. Thus, additional income leads to increased 

diversity of consumption, not of increased consumption of the same goods (Murphy et al., 1989). This 

makes sense, as we have ordered the goods such that they are increasingly desired when income rises. 

 

In this model we can calculate equilibrium conditions that are relevant to how comparative advantages 

are determined. We have E(z) =  ∫ p
z

0
(s) ds. Given wages w and 1 in the home and foreign country and the 

labor forces L and L*, we obtain the demand for good z: 

Q(z) = max{0, L(1 – E(z)/w)} + L*(1 – E(z)) 
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where on the right side we see the population sizes times the parts of the two populations that can afford 

good z (as foreign households are richer, these will be able to purchase a larger range of goods than home 

households (w < 1)). Furthermore, we have L = ∫ a
m

0
(s)Q(s) ds, since a(s) denotes the labor requirements 

per unit of good s. Additionally, Matsuyama derives: 

wL = w∫ a
m

0
(s)Q(s) ds = L min{w, E(m)} + L* min{1, E(m)} 

where the left side denotes national income and the terms on the right are home and foreign spending on 

home produced goods respectively. These should be equal, as all income in the home country comes from 

home and foreign spending on home produced goods. Similarly, we have: 

L* = ∫ a
∞

m
*(s)Q(s) ds = L max{w – E(m), 0} + L* max{1 – E(m), 0} 

where E(m) has already been spent on goods produced by the home country, such that these spendings 

on foreign produced goods remain. Given all these equations (and using Walras’s law, see Ewing et al. 

(2006)), Matsuyama rearranges this into: 

L max{1 - ∫ a
m

0
(s) ds, 0} = L* min{1/w, ∫ a

m

0
(s) ds} 

and since w < 1 in this model, we obtain ∫ a
m

0
(s) ds = L/(L + L*), which is an essential result, as now m is 

determined by the population sizes and the home technology, but not by the foreign technology. 

 

Similar to the model with homothetic demands, the relevant factors we should consider for our analysis 

of the effects of climate change are the labor forces L and L*, and the unit labor requirements a(z) and a*(z) 

for z ϵ [0,∞). However, as we will see further on, the mechanisms of this model differ from the model with 

homothetic demands, as the effects on demand due to changes in these factors differ for different utility 

levels of households, which could possibly impact comparative advantage too. Thus, we should consider 

the same factors, while the mechanisms of the effects on these will vary between the two models. 

2.1.4 The multi-country case 

Now, we are interested in applying the same model to a world with multiple countries, which we will need 

for our analysis. Luckily, this extension is not that hard to make in the model of Matsuyama (2000). This 

would have been more difficult in the homothetic demands model of Matsuyama (2008) or the model of 

Dornbusch et al. (1977). In those models it is unclear how the additional supply and consumption by these 

countries will lead to an equilibrium, as all goods are desired equally. In the non-homothetic case however, 

there exists an ordering in which the goods will be consumed, such that richer countries will consume all 

goods from poorer nations. For this section, we again use the extension given by Matsuyama (2000). 
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We denote J for the number of countries we consider in our model, for which we let j be the index of each 

country, so j = 1, …, J. We denote the unit labor requirement for each country in the production of good z 

by aj(z). This time, we assume aj+1(z)/aj(z) to be strictly decreasing in z for all j ϵ [1,J-1] and z ϵ [0, ∞). Thus, 

between countries j and j+1, country j has the relative comparative advantage in low-indexed goods and 

country j+1 the relative comparative advantage in high-indexed goods. We denote the wage rate in 

country j by wj. Now, for each j there exists a mj such that wj/wj+1 = aj+1(mj)/aj(mj) and country j produces 

only goods in [mj-1,mj), and m0 = 0 and mJ = ∞. Furthermore, aj+1(z)/aj(z) < 1 is assumed for all goods z ϵ 

[0,∞) and countries j ϵ [1, J-1], so that the countries are ordered by absolute advantage in all goods, and 

wages are increasing in j. Thus, wj < wj+1 for all j ϵ [1, J-1], such that households in country j+1 can afford 

more products than households in country j. Prices are given by p(z) = wjaj(z) for z ϵ [mj-1,mj), and labor 

forces are denoted by Lj. The demand side of the model remains the same, now with a utility level of uj for 

households in country j, while the setup is similar due to identical preferences of households across 

nations. These utilities are rising per country j, such that households in the higher-indexed countries can 

afford more than the lower-indexed countries. 

 

So now, we have an extension for the non-homothetic model to a multi-country world. We have similar 

equations for each country j ϵ [1,J] to the two-country case. However, we now have an interdependence 

of the countries, since the range of goods [mj-1,mj) country j has a comparative advantage in does not 

depend on one other nation only, but on all other nations included in the model. Furthermore, we see that 

the countries and goods are ordered such that the lower-indexed countries will have the comparative 

advantage in the lower-indexed goods and higher-indexed countries in the higher-indexed goods. 

Moreover, since the countries are assumed to be ordered by increasing absolute advantage in all goods, 

the countries are increasingly rich, such that households in higher-indexed countries can afford more 

products and thus have a higher utility level. 

 

Similar to the model before, we should include the unit labor requirements per sector in each country, and 

the labor force in each country. Thus, we should include aj(z) and Lj for each j ϵ [1,J]. 

2.2 Heckscher-Ohlin models 

2.2.1 The basic Heckscher-Ohlin model 

When dealing with models for comparative advantage, we should consider the Heckscher-Ohlin model, a 

well-known model for international trade which is based on relative factor endowments and allows for 
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two factor endowments instead of only just labor. This means that the mechanisms of the H-O model will 

be quite different from those in the Ricardian model, since there are now two factors of production, and 

trade is based on relative endowments instead of differences in technologies. The description we use of 

the model is again inspired by Feenstra (2002), who also provides a framework for extensions of the model. 

 

Consider a Heckscher-Ohlin model with two countries (home and foreign, foreign again indicated with an 

asterisk (*)) that produce two goods, which are reliant on two factors of production, labor (L) and capital 

(K). Both endowments are needed for both goods, but in different proportions. Suppose good 1 is labor 

intensive (i.e. an agricultural good), while good 2 is capital intensive (i.e. an industrial good). These 

production factors have factor prices: wage (w) for labor, rent (r) for capital. Furthermore, an essential 

assumption of the H-O model is that there exist identical technologies between the countries. 

 

We assume labor and capital to be fully mobile between industries, but immobile across countries, such 

that we have the restrictions L1 + L2 ≤ L and K1 + K2 ≤ K (for the home country, foreign is analogous). Let y1 

and y2 be the outputs of production of good 1 and good 2 respectively. We have production functions fi(Li, 

Ki) = yi for both sectors in each nation. We denote aiL as the unit labor requirement for good i and aiK as the 

unit capital requirement for good i. These unit factor requirements are the same for both countries, since 

technologies are assumed to be identical. Then we have the equalities a1Ly1 + a2Ly2 = L, and a1Ky1 + a2Ky2 = 

K, which holds due to the assumption of full-employment of factors. 

 

When the countries engage in trade, the pattern of trade in the model will be determined by the relative 

endowments of factors both countries have, which is seen through the ratios L/K and L*/K*. Since we 

assumed industry 1 to be labor intensive and industry 2 to be capital intensive, we have a1K/a1L < a2K/a2L. 

Let us assume in this scenario that the home country is relatively labor abundant, so that the foreign 

country is relatively capital abundant. This implies that L/K > L*/K*. The Heckscher-Ohlin theorem states 

that, given the countries’ relative abundances of factors, each country has a comparative advantage in the 

good that uses its relatively abundant factor intensively in production and thus will export this good, while 

both countries are able to produce both goods. In this case, this means that the home country has a 

comparative advantage in good 1 and the foreign country in good 2, such that each country exports the 

good which they have a comparative advantage in. As a result of trade between the countries according 

to their comparative advantages, in the H-O model there exists factor price equalization: factor prices, w 
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and r, are equalized between the nations due to adjustments in demands for goods in both countries due 

to trade. 

 

We should note that in the framework of Heckscher-Ohlin, comparative advantage is viewed rather 

differently than in the Ricardian framework. In the Ricardian models, comparative advantage was based 

on production technology differences between nations in various sectors. In the H-O model however, 

comparative advantage is based on differences in relative endowments, while productivities are assumed 

to be identical. 

 

Thus, when considering the Heckscher-Ohlin model, the factors that determine comparative advantage 

are the factor endowments of both nations. The relative ratios of these will determine the comparative 

advantage each of them has, which implies the pattern of trade that will occur. Thus, the factors relevant 

to examining the effects of climate change on comparative advantage in this case are L, K, L* and K*. 

 

Problems of the Heckscher-Ohlin model: 

However, the Heckscher-Ohlin model has some limitations and has received quite the criticism, which is 

mainly about the poor predictive power of the model about trade patterns. The most famous example of 

this is Leontief’s paradox, which showed that despite being capital abundant, the United States tended to 

export labor intensive products and import capital intensive products (Leontief, 1953). Different reasons 

were given for the finding of these results. One is that in the H-O framework identical technologies are 

assumed, while in reality these can differ heavily. Furthermore, a factor like land is ignored, and labor 

should be disaggregated by skill. Another issue with the H-O model is the result of factor price equalization, 

which is doubtful since there is limited evidence supporting this concept within international trade 

(Boianovsky, 2020). On the other hand, there are indications of FPE in the long run (Doroodian and Jung, 

1995, Berger and Westermann, 2001). However, since FPE will not always apply and is also possible in 

models where factor prices may differ, it is wise to look at models without FPE too. 

 

Further on, we will consider an extension for which differences in productivities could be included in the 

Heckscher-Ohlin model (which implies factor price non-equalization), after which we will include multiple 

goods, factors and countries in that model. In these models, the problem of Leontief’s paradox is actually 

solved, since then we are looking at effective (virtual) endowments rather than the endowments 

themselves. 



Max van der Woude Jun. 30, 23 Master Thesis, Economics 

16 

 

2.2.2 The specific factors/Ricardo-Viner model 

An extension of the model of comparative advantage by Ricardo is the Ricardo-Viner model, which is also 

called the specific factor model and which description here is inspired by Feenstra (2002). This is a model 

for trade between two countries with identical technologies and tastes which produce 2 goods, where 

there are three factors of production: Labor (L) and two capital factors (K1, K2) that are sector-specific 

(often land for agriculture and capital for industry). This means that these capital factors can only be used 

in their respective sectors, such that these are immobile between sectors. In the long run, sector-specific 

capital/factors could become mobile, such that the Ricardo-Viner model can be viewed as a short-run 

model of the H-O model (Neary, 1978). The only mobile production factor is labor, such that we have labor 

usages L1 and L2 in sector 1 and 2 with L1 + L2 ≤ L, and the two sectors can differ in labor intensity. There 

are diminishing returns to labor endowment increases, since an increase in labor in a sector will mean that 

less capital per labor unit can be used in this sector, such that each extra labor unit will add less productivity 

than the previous one. Thus, labor will flow between the sectors, until the marginal product of labor is 

equal in both sectors. We have production functions fi(Li, Ki), which equal the respective outputs yi (i = 1,2). 

In this model the rentals of the capital endowments can differ, since these are dependent on the amount 

of labor distributed to their specific sector. However, wages between the sectors will equalize due to the 

equal marginal products of labor between the industries.  

 

Now, the differences in relative endowments between the nations can be computed again. This time 

however, the comparative advantage of the nations is dependent on three endowments instead of two. 

This means that the division of comparative advantage between the nations is different in different 

contexts. The factor endowments of both nations determine the comparative advantage, given the 

production function fi, which is identical in both countries due to the assumption of identical technologies. 

We should note that we cannot talk about comparative advantage movements with certainty, but we can 

predict tendencies of comparative advantage between two nations (Amano, 1977). This is because we 

have to consider multiple factors and ratios. We can compare ratios Ki/L between nations for both specific 

factors, but also ratios K1/K2. Since relative abundancy of a factor to another factor compared to another 

country determines comparative advantage depending on the relative abundancies of factors to all other 

factors in both countries, we should be careful in what we state about comparative advantages in this 

model. 
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What we can say is that, ceteris paribus, a higher relative sector-specific capital endowment tends to lead 

to an improved comparative advantage in that specific sector. Furthermore, we can also say that, ceteris 

paribus, an increase in relative labor endowment tends to improve the comparative advantage of the 

labor-intensive sector (Amano, 1977). 

 

All in all, for our analysis of the effects of climate change on comparative advantage, we should consider 

all factors of endowment of both nations, as well as the production functions of both goods, as climate 

change can alter production efficiency differently between sectors (so that f1 or f2 changes for both 

countries and technologies stay identical). 

2.2.3 H-O model with differences in technologies 

In the H-O model identical technologies are used, which is assumed with the argument that the H-O model 

is a long-run model and that technologies will equalize over time (Fisher, 2011). However, technological 

equalities between nations hardly ever occur, and technological differences will keep emerging in future 

times (Cicera et al., 2022). If the results from Leontief’s paradox were to be true, we should find that the 

U.S. is actually labor-abundant in the H-O framework. An explanation for this would be that labor in the 

U.S. is very productive relative to other nations around the world. 

 

Thus, the effective factor endowment should be considered instead of the factor endowment computed 

by the amount of workers or the amount of capital (Feenstra and Taylor, 2019). Another way to see this, 

is to use the given factor endowments, but change the unit factor requirements for the production of the 

goods (note that we could also allow for general differences in factor productivity by including effective 

factor endowments like Feenstra and Taylor, but that the method here allows for production technology 

differences between sectors as well). If we allow for production technology differences in sectors across 

nations, it could very well be that the U.S. indeed is labor-abundant in effective terms. To incorporate this, 

we use the model proposed by Fisher (2011), which allows for technological differences between 

countries, and hence does not assume factor price equalization. In his framework, differences in 

technologies (unit factor requirements) are allowed, while endowments are viewed through a reference’s 

country technology matrix. Thus, since we want to combine this with the H-O framework, we are 

interested to know what a country’s endowments would be if they were viewed through a reference 

country’s technology. 
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In this model, we allow for differences between the unit factor requirements aiL, aiK, aiL
* and aiK

* for both 

industries. This way, we obtain two technology matrices A and A*: 

A = (
a1L a1K

a2L a2K
)  A* = (

a1L
∗ a1K

∗

a2L
∗ a2K

∗) 

In this extension, these matrices are allowed to differ, such that we use these to obtain virtual 

endowments, i.e. endowments seen through a reference nation’s technology, after which equal 

technologies and thus the H-O model can be assumed. We again assume full-employment of both factors 

L and K, such that: 

v = (L
K

) = AT (y1
y2

) = ATy v* = (L∗

K∗) = A*T (y1
∗

y2
∗) = A*Ty* 

where v and v* are the home and foreign endowment vectors. Now, we will apply the concept of virtual 

endowments ṽ and ṽ*, which was introduced by Fisher (2011), and links the endowment differences and 

production technology differences between nations together. This measurement can then be used to 

compute in which sector a country has a comparative advantage. For a very detailed elaboration on the 

mathematics behind this model I would like to refer the interested reader to the paper by Fisher, in which 

all mechanisms are greatly explained. For our purposes, it is sufficient to use the results of the model. 

 

As v = ATy is given for both countries, the author takes one of these as the reference country, suppose the 

foreign country in this case. Then the virtual endowment ṽ is defined as: 

ṽ = A*Ty 

So we essentially compute the amount of factors we would need for the same home production, but now 

with the technology of the foreign country. Through some mathematical tricks (Fisher, 2011), we see that 

(where the error term of Fisher vanishes, since we are not considering the reference country): 

ṽ = A*T(AT)+v 

in which the notation A+ means the Moore-Penrose pseudo-inverse of a matrix A. This is a mathematical 

generalization of the inverse matrix, which in all cases relevant to this thesis conveniently has the formula: 

A+ = (ATA)-1AT (for more information, see Rohatgi et al. (1976)). If matrix A is invertible, we have A+ = A-1. 

This inverse has the symmetry property: BT(AT)+ = (A+B)T, such that we can write: 

ṽ = (A+A*)Tv 

In the context of Heckscher-Ohlin, we can even assume A+ = A-1, as a 2x2-matrix is invertible if the rows of 

A are independent, i.e. the capital/labor ratios of two considered products differ, which we can assume 

since we consider a labor-intensive and a capital-intensive good. 
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So, here we have the useful description of the virtual endowment vector, which can be used to compare 

the nations to obtain the patterns of comparative advantage. For instance, given the countries’ 

endowment vectors v = (L
K

) and v* = (L∗

K∗), and given the technology matrices 

A = (
2 1
3 1

)  A* = (
21 2
30 1

) 

we obtain ṽ = (9L + 3K
−L + 4K

), and since foreign was used as reference ṽ* = (L∗

K∗). What this means is that an 

additional unit of labor in the home country is 9 times more efficient for the effective labor endowment, 

but also has negative effects on the effective capital endowment. Capital changes also affect both virtual 

capital and virtual labor, while both these effects are positive. The reason why capital and labor affect both 

virtual endowments is the differences in unit requirements of the factors in the sectors in both nations. If 

L increases, outputs in the home country will change (more of labor-intensive good). However, since unit 

labor requirements are different in the foreign country, establishing these outputs using foreign unit factor 

requirements will likely necessitate changes to both labor and capital endowments. Thus, both 

endowments are able to affect both virtual endowments, based on the technology matrices of the nations. 

 

Now, we should compare the vectors ṽ and ṽ* for our analysis of the comparative advantages of the 

nations, which we actually can do given the endowment vectors of both nations. 

So, we compare the ratios ṽ1/ṽ2 and ṽ1
*/ṽ2

*. Thus, the home country has a comparative advantage in the 

good using labor intensively if (and the foreign in the other good) if ṽ1/ṽ2 > ṽ1
*/ṽ2

*, and the home country 

has a comparative advantage in the good using capital intensively (and the foreign in the other good) if 

ṽ1/ṽ2 < ṽ1
*/ṽ2

*. 

Thus, in this much more sophisticated model than the basic Heckscher-Ohlin model, we see that there are 

now more factors to consider when computing the comparative advantage of nations in the different 

sectors. Not only should we look at the effects of climate change on the factor endowments of the nations, 

but also at the effects on the productivities in each sector. This is because the extension of allowing for 

differences in unit factor requirements leads to these influencing relative (virtual) factor endowments, just 

as nominal endowments do. Thus, the relevant determinants for analyzing the effects of climate change 

on comparative advantage in this model are the endowments L, K, L* and K*, as well as the technology 

matrices A and A*, in which the unit factor requirements aiv are relevant (i = 1,2, v = K, L). 

2.2.4 The multi-country, many goods, many factors case 

The model above by Fisher is actually defined for allowing for multiple countries, goods and factors at the 

same time. This is very useful, since we are interested in models with these properties, while this model is 
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very convenient for the extension as it is defined on this definition. Suppose we have countries j ϵ [1,J], 

goods n ϵ [1,N] and factors f ϵ [1,M]. Then we define Aj = [anf
j]nϵ[1,N], fϵ[1,M] as the technology matrices for 

each country j, with anf
j denoting the unit factor requirements of factor f for good n in country j. We denote 

vj = [vf
j]fϵ[1,M] as the vector of factor endowments of country j. Then, from full-employment of endowments, 

we have vj = Aj
Tyj. We then take country 1 as the reference category, such that we obtain the virtual 

endowment vector for country j: ṽj = A1
Tyj. Similar to the 2-country case, it can be shown that ṽj = A1

T(Aj
T)+vj 

= (Aj
+A1)Tvj (where an additional error term is only non-zero for the reference country, which case we do 

not consider). So now we have the virtual endowment vectors for all countries 1 to J, since for country 1 

we take ṽ1 = v1. 

 

We are interested in the way comparative advantage is determined through this model. However, since 

there are now many countries, factors and goods, this mechanism will be quite different. To illustrate this, 

let us consider this model with two countries and three factors of production (say capital K, low-skilled 

labor L and high-skilled labor H). Given these endowments for both nations, we can compute the different 

endowment ratios of both countries. Suppose that country 1 is capital abundant relative to both low-

skilled and high-skilled labor compared to country 2, such that K1/L1 > K2/L2 and K1/H1 > K2/H2, while high-

skilled labor in country 1 is relatively abundant to low-skilled labor compared to country 2, such that H1/L1 

> H2/L2. These inequalities imply that L1/L2 < H1/H2 < K1/K2. In this case, we could say that country 1 is K-

abundant and country 2 is L-abundant. However, we can say that country 1 is H-abundant relative to factor 

L compared to country 2, while we can also say that country 2 is H-abundant relative to factor K compared 

to country 1. Thus, considering comparative advantage, we can only say something about factor 

abundancies, since the comparative advantage of a country in a good is also reliant on the factor intensities 

of each good. So, we cannot say that country 1 has a comparative advantage in K-intensive goods, as the 

reliance of these goods on H is not known necessarily. 

 

So, in a multi-country, multi-factor, multi-good world, we should also consider the factor intensities when 

looking at comparative advantages. We obtain virtual factor endowments ṽj. Then, for countries j and k, 

given two goods n and m, we define Cf,n,m(j, k) = (anf/amf) (ṽf
j/ṽf

k). This is a coefficient that denotes the 

relative productivity of factor f between good n and m, accounting for the relative (virtual) abundancy of 

factor f, and can be used to determine the comparative advantages between countries j and k. 
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Then there exists factors g and h such that Cg,n,m(j, k) ≥ Cf,n,m(j, k) and Ch,m,n(j, k) ≥ Cf,m,n(j, k) for all factors of 

production f ϵ [1,M] (when comparing countries j and k, in each sector there is a factor that is most 

effective relative to another sector, given the virtual endowments). Then, if Cg,n,m(j, k) > Ch,m,n(j, k), the 

comparative advantage of country j compared to country k is greater in good n than in good m. If Cg,n,m(j, 

k) < Ch,m,n(j, k), the comparative advantage of country j compared to country k is greater in good m than in 

good n. In words: there must exist an industry in one of the countries j and k that profits the most from 

current unit factor requirements and factor endowments between the nations. 

 

Applying this to all goods n ϵ [1,N], we should then have a sequence of goods, in which the comparative 

advantage of country j compared to country k is decreasing. This means that given an initial set of values 

on comparative advantages between country j and k, this model is able to predict how these will change 

due to changes in unit factor requirements for each good in each country and all factors, and changes 

factor endowments across nations. 

 

Thus, we see that in this model, we should again consider the effects of climate change on factor 

endowments vf
j for j ϵ [1,J] and f ϵ [1,M], and also on unit factor requirements/productivities anf

j for j ϵ 

[1,J], as these factors jointly determine the pattern of comparative advantage in this model. 

2.3 Overview of the models 

All in all, we end up with 8 different models for analyzing comparative advantage. These are based on the 

standard models about comparative advantage, the Ricardian model and the Heckscher-Ohlin model, and 

are extended to allow for more countries, more factors, sector-specific factors, more goods, non-

homothetic preferences and differences in technologies to be able to test various different models that 

differ in predicting accuracy of trade patterns. The overview of this chapter can be seen in Table 1 below, 

where per model the relevant determinants of comparative advantage are stated with a short description. 

These determinants will be used in the next sections to investigate how climate change affects them and 

how changes to them affects comparative advantage. 
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Model Relevant determinants Description 

Basic Ricardian model ai, ai
* (i = 1, 2) Unit labor requirements 

(productivity) per sector 

Ricardian with continuum of 

goods 

a(z), a*(z) (z ϵ [0,1]), L, L* Unit labor requirements 

(productivity) per sector and 

labor forces 

Ricardian with a continuum of 

goods and non-homothetic 

preferences 

a(z), a*(z) (z ϵ [0, ∞)), L, L* Unit labor requirements 

(productivity) per sector and 

labor forces 

Ricardian with continuum of 

goods, many countries and 

non-homothetic preferences 

aj(z) (z ϵ [0, ∞), j ϵ [1,J]) , Lj (j ϵ 

[1,J]) 

Unit labor requirements 

(productivity) per sector and 

labor forces of each nation 

Basic Heckscher-Ohlin model L, K, L*, K* Labor and capital 

endowments of both nations 

Specific factors/Ricardo-Viner 

model 

L, K1, K2, L*, K1
*, K2

*, f1(L1, K1), 

f2(L2, K2) 

Labor and sector-specific 

capital/factor endowments 

of both nations and 

production functions for 

both sectors 

Heckscher-Ohlin with 

differences in technologies 

L, K, L*, K*, A = (
a1L a1K

a2L a2K
), A* = 

(
a1L

∗ a1K
∗

a2L
∗ a2K

∗) 

Labor and capital 

endowments of both 

nations, unit factor 

requirements per sector 

Heckscher-Ohlin with 

differences in technologies, 

many goods, many factors and 

many countries 

vj = [vf
j]fϵ[1,M], Aj = [anf

j]nϵ[1,N], fϵ[1,M] 

(j ϵ [1,J], f ϵ [1,M], n ϵ [1,N]) 

Factor endowments per 

country and unit factor 

requirements per sector per 

country per factor 

TABLE 1. OVERVIEW OF THE MODELS, THE RELEVANT DETERMINANT OF COMPARATIVE ADVANTAGE AND THEIR DESCRIPTION 
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3 Determinant change effects on comparative advantage  

In this section, we  to the models for comparative advantage we presented in the first section, and analyze 

what changes to the determinants will do to the comparative advantages of nations in different sectors. 

We do this by viewing these changes in every model we considered in the first section, and examine how 

comparative advantage changes in each model if the relevant determinants change. Effectively, we are 

looking at changes of productivities of factors in different sectors and changes of endowments themselves. 

 

Antoci et al. (2022) show that it is relevant to consider climate change effects on the determinants of 

comparative advantage. In their analysis, the researchers show that due to climate change, i.e. 

environmental degradation, comparative advantage in a Ricardian model could shift between nations, and 

this could even lead to comparative advantage reversals when environmental degradation between 

nations differ sufficiently. For our eight models we similarly analyze what climate change could do to 

comparative advantages of nations. Again, we distinguish Ricardian and Heckscher-Ohlin models and their 

respective extensions. After discussing the effects of determinants change in all models, in section 3.3 we 

create and overview of the effects in the models. 

3.1 Ricardian models 

3.1.1 The basic Ricardian model 

In our first, basic Ricardian model, we had two goods, two countries and only one factor of production: 

labor. This meant that the only determinants relevant for computing the comparative advantages are the 

unit labor requirements ai and ai* (i = 1, 2) for both countries in both sectors. Comparative advantages are 

determined by comparing the ratios a1/a2 and a1
*/a2

*. Thus, in this model, it is straightforward to see how 

determinant changes due to climate change will affect comparative advantage. Say a1/a2 < a1
*/a2

*, so that 

the home country has a comparative advantage in good 1 and foreign in good 2. Then, if the ratio of home 

declines more than the ratio of foreign, the existing comparative advantage of both will be enhanced. That 

would be the case if climate change diminished a1 relative to a2 in home less than it diminishes a1
* relative 

to a2
*. If this was the other way around, this would lead to the ratio of home declining less than the ratio 

of foreign, which lowers the comparative advantage both countries have in their specialized goods and 

could even lead to a switch in comparative advantage, if effects on the ratios c = c1/c2 and c* = c1
*/ c2

* are 

such that c(a1/a2) > c*(a1
*/a2

*), thus (a1/a2)/(a1
*/a2

*) > c*/c. 
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3.1.2 Ricardian model with a continuum of goods 

In the Ricardian model for a continuum of goods by Matsuyama (2008), the determinants of comparative 

advantages between the two nations were the productivity factors/unit labor requirements and the labor 

forces per country. These factors came together in the equations w/w* = A(m) = a*(m)/a(m) and w/w* = 

m/(1-m) (L*/L), in which the marginal good m decides what goods the home and foreign country have a 

comparative advantage in (home in goods [0,m), foreign in goods (m,1]). Thus, we can consider several 

effects by climate change. So, we should first consider the effects of productivity changes. This means that 

a(z) or a*(z) changes. In the case of uniform technical progress higher in the foreign country than in the 

home country, we obtain that A(z) drops for every z. This means that m drops for w/w* = A(m), so that the 

home country loses comparative advantage in some industries close to the original marginal good, and the 

foreign country gains the comparative advantage in these goods. 

 

Whenever these unit labor requirements change disproportionately, we could get a different ordering of 

goods z ϵ [0,1], since we take A(m) to be decreasing. This means that the set in which a country has a 

comparative advantage can change, depending on the proportions the productivity of creating good z in 

both countries changes. Say we take two goods z1 and z2, for which we initially have A(z1) > A(z2), so that 

home has more of a comparative advantage in good 1 than good 2. If effects c(z12) = c(z1)/c(z2) and c*(z12) 

= c*(z1)/c*(z2) are such that this difference increases, the comparative advantage in good 1 compared to 

good 2 increases, while if this difference decreases, the opposite occurs. When these effects are large 

enough ((a(z1)/a(z2))/(a(z1)*/a(z2)*) > c*(z12)/c(z12)), this would switch the two goods in the order of 

decreasing comparative advantage of the home country. 

 

Meanwhile, a change to the labor forces in this model also alters the comparative advantage of the 

nations. This is seen through a change in relative labor forces L*/L. If this ratio increases, m has to decrease, 

due to m/(1-m) (L*/L) = A(m) = a*(m)/a(m), as A(z) is decreasing in z. Thus, the home country loses some 

comparative advantages close to the original marginal good, while the foreign country gains these 

comparative advantages over the home country. Following this mechanism, the wage ratio w/w* will 

adapt. This mechanism can be seen in Figure 1 below, where the equilibrium between m and the relative 

wages is illustrated. Here, the relative wage ratio is seen as a function of m following the two equations 

we have. Since the ratio L*/L increases, the slope of m/(1-m) (L*/L) increases, thus shifting the graph of the 

function, while the function A(m) does not change. So, we see a shift of the curve w/w* = m/(1-m) (L*/L), 

while we shift along the curve w/w* = A(m), which results in a lower m and thus a higher w/w*. 
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FIGURE 1. EQUILIBRIUM CONDITION BETWEEN W/W* AND M (MATSUYAMA, 2008) 

3.1.3 Ricardian model with a continuum of goods and non-homothetic preferences 

In the model with a continuum of goods and additionally non-homothetic preferences, the determinants 

of comparative advantage are the same as in the last model, namely the unit labor requirements (here 

a(z) and a*(z) for z ϵ [0,∞)) and the labor forces L and L* of both countries. However, since demands are no 

longer homothetic in this model, there are differences in the effects of factor changes on comparative 

advantages, due to differences in the goods the richer country and the poorer country can afford. 

 

Recall that in the model, Matsuyama derived ∫ a
m

0
(s) ds = L/(L + L*). Now, this result is highly relevant, as 

the marginal good m (and thus comparative advantages) will be determined by only the population sizes 

and the home technology, but will not be affected by foreign technology. 

 

Thus, we now look what factor changes in this model will lead to in terms of comparative advantage. If the 

relative labor force increases (L/(L + L*)), then due to the equation ∫ a
m

0
(s) ds = L/(L + L*) we have that m 

increases, such that the home country obtains the comparative advantage in additional goods at the cost 

of the foreign country. Another consequence of this relative increase in labor force in the home country is 

the increase in the range of goods produced. As labor increases relatively in the home country, m increases 

such that industries move from the rich country to the poorer. Since prices of these products become 

cheaper, the rich country can afford higher-indexed goods, such that new industries are born, in which the 

rich country has the comparative advantage. If the foreign relative labor force increases, the opposite 

occurs. Now, m decreases due to the same mechanism, and foreign gains the comparative advantage of 

industries that home loses. Meanwhile, as wage decreases in the foreign country (w increases), foreign 
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inhabitants can afford less, such that u* drops and the foreign country loses a range of its highest-indexed 

industries. 

 

Considering productivity changes, there are differences in effects between the home and foreign country. 

In case of a productivity increase in the foreign country and no change in the home country, there is no 

change in the marginal product m, since it does not depend on the technology of the foreign country. 

However, due to lower costs in the foreign country, u* rises and new industries are born in the foreign 

country, in which the foreign country has the comparative advantage. 

 

If this productivity improvement is uniform over all goods, then comparative advantage patterns between 

the goods remain unchanged. However, when productivity increases with z, then the existing pattern of 

comparative advantage is amplified, something which is also true for the model before. Thus, comparative 

advantage is most significantly improved in the sectors with the highest productivity improvement, a 

logical result (which also holds for the homothetic case). 

 

For the case of productivity increase of the poor country, things are different. In this case, the reduced 

values of a(s) lead to a higher m due to the equality ∫ a
m

0
(s) ds = L/(L + L*), and thus the poor country gains 

the comparative advantage of additional products over the rich country. Again, since now more industries 

move from the rich country to the poor and prices of those products drop, additional demand in the rich 

country leads to a rise in u* and thus an increase in the range of produced goods, in which the rich country 

obtains a comparative advantage. The same pattern arises when global productivity increases uniformly, 

since m only depends on the home country’s productivities. 

 

Comparing the non-homothetic model to the homothetic model, we see some differences in the results 

for comparative advantage. In the homothetic model, we saw that a relative increase in the labor force 

will lead to an increase in the range of goods a country has a comparative advantage in. In this model, the 

same holds, but there is a difference. In the non-homothetic case we see that an increase of the poor 

country’s labor force leads to a higher m, but that in the rich country new higher-indexed industries will 

open up, in which the rich country has the comparative advantage. In case of a relative increase of L* the 

opposite occurs: the rich nation gains comparative advantage in some industries close to the original 

marginal good, while it loses some high-indexed industries. 
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Considering productivity changes, for improvements in the poor nation/nation producing low-indexed 

goods results are similar. The only difference is that in the non-homothetic model new industries in the 

rich country will open up due to lower costs of goods which production move to the poor country. 

However, for productivity changes of the rich country/country producing high-indexed goods, things are 

very different, since in the non-homothetic model the marginal good m is independent of the rich country’s 

productivities. In this model an improvement of the rich nation’s productivity leads only to the opening of 

new higher-indexed industries in the rich country. In the homothetic model, productivity improvements 

in the country producing high-indexed goods have the same effect as labor force increases, a lower m and 

thus a larger range of industries the country has a comparative advantage in. 

3.1.4 The multi-country case 

In the multi-country case of the model with non-homothetic demands and a continuum of goods, the same 

determinants are relevant for comparative advantage. However, now we have the unit labor requirements 

of goods aj(z) and labor forces Lj for all countries j ϵ [1,J], which determine the comparative advantages of 

the nations. Given the wage rates wj and functions aj(z) per country, there then exist mj’s for all j ϵ [1,J-1] 

(m0 = 0, mj = ∞)  such that wj/wj+1 = aj+1(mj)/aj(mj) (wJ = 1) and country j produces goods [mj-1,mj), which 

country j has the comparative advantage in. Furthermore, these countries are ordered increasingly rich, 

where aj+1(z)/aj(z) < 1 is assumed for all goods z ϵ [0,∞). Similar to the two country case, the aj(z) are 

ordered such that aj+1(z)/aj(z) is strictly decreasing for all j ϵ [1,J-1] and all z ϵ [0,∞). 

 

Now, determining the effects of changes to these factors becomes more complicated, as the comparative 

advantages of the nations are interdependent and more countries are included. For our understanding, 

let us consider a model with 3 countries from Matsuyama (2000), after which we should be able to identify 

what mechanisms for comparative advantages exist when considering many countries. 

 

Since we now have the assumptions a3(z)/a2(z) < 1 and a2(z)/a1(z) < 1, this ensures w1 < w2 < w3 = 1 and 

also u1 < u2 < u3. Furthermore, given these wage rates, there exist m1 and m2 such that w1/w2 = 

a2(m1)/a1(m1) and w2/w3 = w2 = a3(m2)/a2(m2). We write sj = Li/(L1 + L2 + L3) for the share of labor force of 

country j relative to the world labor force. 

 

Now, there are two possibilities: we could have m1 < m2 < u1 < u2 < u3 or we could have m1 < u1 < m2 < u2 < 

u3. In each case, we then obtain w1L1 = (L1 + L2 + L3) E(m1) (income of country 1 equals the spending on 
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their products from all nations). In the first case (m2 < u1) we also have w2L2 = (L1 + L2 + L3) (E(m2) – E(m1)), 

since all nations can afford all goods from country 2 and E(m2) – E(m1) denotes the total price of a unit of 

each good produced by country 2. Since we know 

E(m1) = w1∫ a1
m1

0
(s) ds  E(m2) – E(m1) = w2∫ a2

m2

m1
(s) ds 

we then obtain ∫ a1
m1

0
(s) ds = s1 and ∫ a2

m2

m1
(s) ds = s2. This case is quite similar to the two-country case, 

since now we see that m1 is only affected by a1(s) or country 1’s world labor share s1 and m2 is only affected 

by a2(s) and s2. That way, if unit labor requirements in country 1 decrease, m1 increases and m2 increases, 

while if these drop in country 2 only m2 increases. If productivity improves in country 3, this will only result 

in an increase in u3 and thus the creation of new industries in the third country. Relative labor force 

changes will also act similar to the two-country case, such that an increase in L3 will lead to a lower m1 and 

a lower m2, while the interval [m1,m2] narrows. Meanwhile, increases in labor forces in country 1 and 2 

will widen their respective production interval, whilst if m2 increases, new industries will be born in country 

3 because of lower prices in industries that have moved to country 2. 

 

The second case (m1 < u1 < m2 < u2 < u3) is more interesting. Now, we still have w1L1 = (L1 + L2 + L3) E(m1) 

and thus ∫ 𝑎1
𝑚1

0
(s) ds = s1. However, since inhabitants of country 1 cannot afford all goods produced in 

country 2, we obtain: 

w2L2 = L1(w1 – E(m1)) + (L2 + L3)(E(m2) – E(m1)) 

(as country 1 can now only afford products from country 2 up to w1 = E(u1)), from which we can derive 

E(m2)/w2 = s2/(s2 + s3). Meanwhile, we also know that E(m2) = w1∫ a1
m1

0
(s) ds + w2∫ a2

m2

m1
(s) ds = w1s1 + 

w2∫ a2
m2

m1
(s) ds, so that we find: 

∫ a2
m2

m1
(s) ds + (w1/w2)s1 = s2/(s2 + s3)  (Equation 1) 

Meanwhile, we have w1/w2 = a2(m1)/a1(m1) and w2 = a3(m2)/a2(m2). For productivity changes and changes 

in s1 outcomes for country 1 are identical to the previous case. However, for the second country, effects 

of labor force and productivity changes become quite different. An increase in their labor force L2 results 

in a higher s2 and a lower s1 and s3. Thus, s2/(s2 + s3) increases, and thus the left side of the equation 

increases. Since s1 decreases, from ∫ a1
m1

0
(s) ds = s1 we obtain that m1 decreases. Since a2(z)/a1(z) is 

decreasing in z, then w1/w2 increases and thus the effect on m2 is ambiguous. m2 is likely to increase, as 

the right hand side of the equation increases. However, since it is context-dependent by how much m1 and 

s1 decrease and w1/w2 increases, we do not know if and by how much m2 will increase, but we do know 

that the range of goods country 2 has a comparative advantage in broadens. If s3 increases, we see that 
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m1 decreases, while again the effect on m2 is ambiguous for similar reasons, but m2 is likely to drop and 

the production interval [m1,m2] is likely to narrow. 

 

If unit labor requirements decrease in country 1, from ∫ a1
m1

0
(s) ds = s1 we obtain a higher m1 and thus the 

range of industries country 1 has a comparative advantage in increases. Meanwhile, as w1/w2 decreases 

(w1/w2 = a2(m1)/a1(m1) decreases if m1 increases) and m1 rises, m2 also has to rise due to equation 1, while 

the range [m1,m2] broadens. Thus, country 2 loses the comparative advantage in some markets to country 

1, but less than it gains it in industries from country 3, which loses some markets but by lower prices can 

afford to open up new industries. If unit labor requirements in country 2 decrease, we see that m1 stays 

equal since it does not depend on it. However, w1/w2 decreases and a2(s) decreases, thus equation 1 shows 

that the range [m1,m2] country 2 has the comparative advantage in broadens. Thus, m2 has to increase, 

leading to comparative advantage loss for country 3 in some industries and the birth of new industries in 

country 3. Since m1 and m2 are independent of productivity improvement in country 3, this will only lead 

to the opening of new markets in country 3, of which its inhabitants will be the only able to afford products 

from these. 

 

For a higher number of nations involved, we get a similar pattern such that we can extend the 3-country 

case by Matsuyama to J different countries. If we have countries j ϵ [1,J], we define sj = Lj/L, where L is the 

total labor force of the world. Following the calculations for the three-country case, we now have: 

∫ a1
m1

0
(s) ds = s1 

If mj-1 < uk < mj does not hold for all k ϵ [1,j-1]: 

∫ aj
mj

mj−1
(s) ds = sj 

For t and k such that t ≤ k ≤ j – 1 and mj-1 < uk-t < … < uk < mj: 

∫ aj
mj

mj−1
(s) ds + (wk-t/wj)sk-t + … + (wk/wj)sk = sj/(sk+1 + … + sJ) (Equation 2) 

Here we see the same pattern as in the 3-country case. Unit labor requirement decreases in country j will 

always lead to the gain of comparative advantage in additional industries for country j, which will be taken 

from the country/countries richer than them, since the equations for the countries below them are 

independent of aj(z) for all z ϵ [0,∞) and wj increases as aj(z) decreases. Then, this will lead to a shift of 

comparative advantage ranges of countries richer than country j, as the sizes of these ranges stay equal, 

but are shifted due to the productivity increase in country j. This cascade will eventually lead to the birth 

of new industries in the richest country, as the productivity increase in country j implies lower prices in the 
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sectors that move there because of it. For labor force increases for country 1 we still get a higher m1, while 

increases of sj in the first case (mj-1 < uk < mj does not hold for all k ϵ [1,j-1]) lead to a broader comparative 

advantage range [mj-1,mj], while it is unclear if mj-1 decreases, mj increases, or both. In the second case we 

see that the right hand side of Equation 2 increases when sj increases, while the effect on mj-1 and mj is 

ambiguous, as the wage ratios wk-t/wj up to wk/wj increase. But since sk-t up to sk decrease, it is likely that 

∫ aj
mj

mj−1
(s) ds increases and the comparative advantage range [mj-1,mj] broadens. However, precise results 

are context-dependent and determined together with equations wj/wj+1 = aj+1(mj)/aj(mj). 

3.2 Heckscher-Ohlin models 

3.2.1 The basic Heckscher-Ohlin model 

The Heckscher-Ohlin model added the factor capital to production next to only labor in the Ricardian 

model. In the context of Heckscher-Ohlin identical production technologies between the two nations is 

assumed, such that comparative advantage is not based on differences in productivity. Rather, 

comparative advantage in this context is based on the relative abundancy of the two countries in the two 

factors of production. The country relatively abundant in labor has the comparative advantage in the labor-

intensive good and will export this good, according to the H-O theorem. Vice versa, the other country will 

be relatively capital-abundant and has the comparative advantage in the capital-intensive good. We are 

thus interested in the effects of changes to the factors of production K and L of both nations. 

 

Thus, given the effects on the ratios L/K and L*/K*, we can see what will happen to comparative advantages 

between the two nations. Suppose we initially have L/K > L*/K*, such that the home country has the 

comparative advantage in the labor-intensive good (and foreign in the capital-intensive good). If due to 

climate change effects the difference between L/K and L*/K* increases, the existing comparative advantage 

pattern gets strengthened (home comparative advantage in L-intensive good increases, in K-intensive 

good decreases, vice versa for foreign). Meanwhile, if due to changes in labor and capital endowments 

this difference diminishes, the existing pattern of comparative advantages weakens, and the pattern can 

even reverse whenever L/K < L*/K* occurs in the new situation. 

 

Moreover, in the theory of the Heckscher-Ohlin model, a relevant corollary is found, the Rybczynski 

theorem. This theorem states that whenever there is an increase of a factor in a nation, the production in 

the industry that uses this factor intensively increases, and this increase is proportionally higher than the 

initial factor increase. The first of these statements is straightforward and as one would expect, while the 
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second is less obvious. Feenstra (2002) explains it as follows: suppose the labor endowment in a country 

increases and industry 1 is labor-intensive, while industry 2 is capital-intensive. Then, since factor price 

equalization will still hold, the labor/capital intensity in both industries will remain unchanged. This will 

mean that industry 1 will not only absorb the entire extra labor endowment, but it will also absorb further 

labor and capital from industry 2 for the labor/capital ratios of the industries to remain unchanged. 

Algebraically, we can see this by using the notation of Feenstra and Taylor (2019): 

L/K = (L1 + L2)/K = (K1/K) (L1/K1) + (K2/K) (L2/K2) 

From this equation, we can see that if L increases, L/K increases, thus the right hand side increases. 

However, since L1/K1 and L2/K2 will not change, K1 and K2 will change. Since industry 1 is labor-intensive, 

we have L1/K1 > L2/K2. Thus, the right hand side of the equation will only increase in case of a K1 increase 

(and thus a K2 decrease, as K = K1 + K2 stays equal). Thus, as L1/K1 and L2/K2 will not change, L1 should 

increase proportionally to K1 and L2 should decrease proportionally to K2, such that L1 increases by even 

more than the total labor increase in L. This means that endowment changes should lead to changes in 

comparative advantage and thus outputs, and that these changes will be proportionately larger than the 

initial endowment changes themselves. 

 

Since the Rybczynski theorem links endowment changes to production rather than comparative 

advantage, it can be seen as an indication of revealed comparative advantage (Fisher and Marshall, 2011), 

which measures the outcomes of these comparative advantage in trade flows (Balassa and Noland, 1989). 

However, since it is a result about output and comparative advantage is a relevant determinant of trade 

patterns (Kowalski, 2011), the results of the Rybczynski theorem should affect comparative advantage as 

well. However, the Rybczynski theorem only holds when factor-price equalization holds, such that the 

theorem is replaced by somewhat similar ‘Rybczynski effects’ in further models. 

3.2.2 The specific factors/Ricardo-Viner model 

In the specific factors model, effects of endowment changes are quite different from the H-O model. Recall 

that following Amano (1977), we should talk about tendencies of changes to comparative advantage 

instead of certain change, since context-dependence on multiple relations between factor endowments 

prohibits us from making general statements about comparative advantage in this model. 
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In the specific factors model, we had two sector-specific capital endowments (K1 and K2), while labor is 

divided between these sectors (L1 + L2 ≤ L). Labor allocations to both industries can be derived by using the 

GDP-function: 

G(p, L, K1, K2) = maxLi ≥ 0  ∑ p2
i =1 i fi(Li, Ki) 

From this, we derive ∂G/∂L = w = p1f1L(L1, K1) = p2f2L(L2, K2), which helps us derive tendencies of comparative 

advantage due to endowment or productivity changes. From this equality, the labor allocations to both 

industries can be derived, when prices and capital endowments are fixed. 

 

Now, suppose the capital endowment in industry 1 increases, ceteris paribus. This then leads to a higher 

marginal product of labor in this industry, since for every unit of labor allocated to industry 1 there is more 

capital to work with. As we see in Figure 2 below, this implies that more labor will be allocated to industry 

1, as labor flows between the sectors until marginal products of labor are equal. Since K1 rises, the marginal 

product of labor in sector 1 rises, leading to a higher wage in both sectors. Because of the marginal product 

increase in sector 1 L1 increases and L2 decreases. Thus, comparative advantage of the country tends to be 

strengthened industry 1, while it will worsen in industry 2. This is then seen in the resulting outputs, as y1 

increases and y2 decreases. The exact opposite occurs when K2 increases, ceteris paribus. Compared to a 

foreign nation, this would mean that an increase in K1 larger than in K1
* would mean that the comparative 

advantage in industry 1 tends to flow more towards the home country, while the comparative advantage 

in industry 2 tends to flow towards the foreign country. 

 

FIGURE 2. LABOR ALLOCATION IN SPECIFIC FACTORS MODEL WITH K1 INCREASE (FEENSTRA, 2002) 

In case of an increase in the labor force, we still have that labor is allocated to the two industries until the 

marginal product of labor is equalized between the industries. Thus, as L increases, we see that L1 and L2 

will both increase (see Figure 3). Meanwhile, the industry that increases most from this is the one that is 
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the most labor-intensive, which here is industry 2 (since L2 increases by more than L1/the marginal product 

of labor decreases by less in industry 2 for additional labor units, as p2f2L is flatter than p1f1L). Then, the 

country’s comparative advantage in this sector tends to improve, while the comparative advantage in 

industry 1 tends to worsen. 

 

FIGURE 3. LABOR ALLOCATION IN SPECIFIC FACTORS MODEL WITH L INCREASE (FEENSTRA, 2002) 

Lastly, in case of a change in production functions fi(Li, Ki) due to changes in productivity, we see the 

following. In case of a productivity increase of a specific factor Ki, comparative advantage tends towards 

the industry i of that specific factor (depending on both specific factor endowments, the labor 

endowments and the labor intensity of that sector). Moreover, a productivity increase of labor L in tends 

to lead to an improvement of comparative advantage in the labor-intensive sector. However, since it is 

assumed that both countries have equal production functions, these effects occur in both countries. Thus, 

in case of a factor productivity improvement in a sector, comparative advantage in that sector between 

the nations tends to flow towards the country that is relatively abundant in that specific factor. In case of 

a labor productivity improvement in a sector, that sector’s comparative advantage will tend to flow 

towards the country that is relatively abundant in that sector’s specific factor. 

3.2.3 H-O model with differences in technologies 

When we add the differences in technologies to the H-O model, we use somewhat of the same rhetoric as 

in the H-O model. However, in this case we use the virtual endowments ṽ and ṽ* instead of the 

endowments themselves, to account for differences in technologies. So, with the Heckscher-Ohlin model 

in mind, the comparative advantage of the home country in the labor-intensive good will increase 
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whenever L̃/K̃ increases more than L̃*/K̃*. Likewise, comparative advantage in the capital-intensive good 

will move towards the foreign nation. 

 

So comparative advantage behaves similar to the standard Heckscher-Ohlin model. However, now we are 

dealing with virtual endowments, which are dependent on endowments and unit factor requirements of 

goods in both countries. This means that changes to comparative advantage due to changes in unit factor 

requirements or endowments are context-dependent. Since the virtual endowments are dependent on 

both endowments and the production technologies of both nations, an endowment increase can lead to 

a relative increase of both virtual endowments. Thus, the effects on comparative advantage of changes to 

endowments differ between cases. Only if the virtual endowment ratio L̃/K̃ improves relatively to L̃*/K̃*, 

we can say that the home country’s comparative advantage in the labor-intensive good has increased. It 

can even be that increases of labor endowments lead to worse virtual labor endowments and improved 

virtual capital in a country (see Appendix, 7.1). 

 

To illustrate the context-dependence of virtual endowment changes, take A = (
3 2
2 4

) and A* = (
4 1
2 3

). 

Then A+ = A-1 = 1/8 (
4 −2

−2 3
), and A+A* = (

3

2
−

1

4

−
1

4

7

8

). Since ṽ = (A+A*)Tv, we then obtain: ṽ = (
3

2
𝐿 − 

1

4
𝐾

−
1

4
𝐿 + 

7

8
𝐾

), 

while ṽ* = (𝐿∗

𝐾∗). Thus, every extra unit of L in the home nation leads to 3/2 unit increase and 1/4 decrease 

in virtual labor and capital respectively, while every extra unit of K will lead to a 1/4 decrease and 7/8 

increase of virtual labor and capital respectively. 

 

Now, if A* changes only slightly, to A* = (
4 2
2 3

), this will lead to virtual endowments ṽ = (
3

2
𝐿 − 

1

4
𝐾

1

4
𝐿 + 

5

8
𝐾

). This 

small change thus implies different virtual endowments, where most notably additional labor endowment 

will now increase virtual capital endowment instead of having a negative effect. Thus, endowment changes 

will affect virtual endowment ratios and thus comparative advantage dependent on the technology 

matrices. 

 

Changes to the technology matrices of both countries will also induce differences in virtual endowments. 

Like we see above, the unit labor requirement change in A* leads to different virtual endowments for the 

home nation, where L̃ remains unchanged, but K̃ decreases by 1/4K, while it increases by 1/2L. Again, we 
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see that the effects of these changes are context dependent and differ for different technology matrices. 

Given the endowments and unit factor requirements, these effects can be computed, since then we can 

calculate virtual endowments. 

 

A more direct and very useful way to see comparative advantage changes due to alterations in factor 

productivities and endowments is through the Rybczynski matrices of both countries. Since we assume 

full-employment of endowments, we have vj = Aj
Tyj for country j. Then, for the Moore-Penrose pseudo-

inverse, it can be shown that the output vector yi can be expressed like: 

yj = (Aj
T)+vj + (I – (Aj

T)+Aj
T)zj (James, 1978) 

Since in this equation the only part depending on vj is (Aj
T)+vj, such that (Aj

T)+ = (Aj
+)T accounts for what 

effect changes in vj will have on outputs in a nation. In the theory of Heckscher-Ohlin, it can thus be viewed 

as an indication of the revealed comparative advantage of nations (Fisher and Marshall, 2011). In this 

matrix, we can see what effects changes to factor endowments (indicated by columns) will have on the 

output of goods (indicated by rows). Thus, they are a fine indicator for the changes in comparative 

advantage that will lead to the changes in outputs. In this context, a factor f increase should improve the 

comparative advantage of a nation in a sector n whenever the corresponding coefficient (anf
j)+T is positive, 

while it worsens it if it is negative. Furthermore, a unit labor requirement increase for a good in the 2-

factor case will likely result in a higher output of the capital-intensive good relative to the labor-intensive 

good, and vice versa (see Appendix, 7.2). That means that comparative advantage should shift more 

towards the good that intensively uses the factor which productivity has relatively increased. 

3.2.4 The multi-country, many goods, many factors case 

In Fisher’s model with multiple countries, goods and factors, results are similar. Now, for countries j ϵ [1,J], 

goods n ϵ [1,N] and factors f ϵ [1,M], we have Aj = [anf
j]nϵ[1,N], fϵ[1,M] as technology matrices . Then, virtual 

endowments ṽj are defined as ṽj = (Aj
+A1)Tvj, where technology of country 1 is used as reference. 

 

In this framework, we again see the context-dependence of relations between factor endowments and 

their virtual endowments, where factors can affect all virtual endowments positively and negatively, while 

endowment increases may also lead to the worsening of relative virtual endowment of that factor (see 

Appendix,7.1).  
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So in this case, computing the effects on comparative advantage of effects on virtual endowments 

becomes more complicated. Now, we have the coefficients Cf,n,m(j, k) = (anf/amf) (ṽf
j/ṽf

k) for factor f, goods 

n and m, in country j and k. These are used to determine the comparative advantages between country j 

and k. Virtual endowments can once again depend on multiple endowments, which is dependent on the 

technology matrices of the nations. Changes in the factor endowments of country j can lead to an increase 

in its virtual endowment ṽf
j and thus an increase of the ratio (ṽf

j/ṽf
k), but the effects on comparative 

advantage are dependent on unit factor requirements for all factors for all goods, since the effect on 

comparative advantage is determined through comparing these coefficients. Thus, the effects are again 

context-dependent, which also holds for unit factor requirement changes. What we can say is this: for two 

goods n and m, there exist g and h such that Cg,n,m(j, k) ≥ Cf,n,m(j, k) and Ch,m,n(j, k) ≥ Cf,m,n(j, k) for all factors 

of production f ϵ [1,M]. Suppose we have Cg,n,m(j, k) > Ch,m,n(j, k), such that the comparative advantage of 

country j compared to country k is greater in good n than in good m. If due to a change in endowments 

and/or unit factor requirements we obtain that there exist factors g’ and h’ such that Cg’,n,m(j, k) ≥ Cf,n,m(j, 

k) and Ch’,m,n(j, k) ≥ Cf,m,n(j, k) for all factors of production f ϵ [1,M], and now we have Cg’,n,m(j, k) < Ch’,m,n(j, 

k), then the comparative advantage order between good n and m when comparing nations j and k has 

reversed. In words: if there occurs a change such that industry m profits more than industry n from the 

new situation, the comparative advantage of country j compared to country k in good m will become larger 

than in good n. 

 

While this does provide a way to predict comparative advantage changes due to determinant changes in 

Fisher’s model given sufficient data, it is a very complicated method with many inputs needed, while it is 

quite indirect. A more direct way to look at (revealed) comparative advantage is through the Rybczynski 

matrices, which are defined by (Aj
+)T. As stated, the coefficients in this matrix show the Rybczynski effects: 

what will an increase in an endowment do to the output of each good. Thus, a factor f increase should 

improve the comparative advantage of a nation in a sector n whenever the corresponding coefficient 

(anf
j)+T is positive, while it worsens it if it is negative. In the model with multiple countries, goods and factors 

it is however hard to make general statements about this matrix, as results are very context-dependent. 

What we do know is that for a country j in which a good n uses a factor f most intensively (compared to 

other goods), the coefficient (anf
j)+T will be positive. 
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3.3 Overview of effects in the models 

Model Determinant change effect 

Basic Ricardian model - Relative productivity decline (greater decrease in a1/a2 than in a1
*/a2

*) leads to 

diminished comparative advantage in sector 1 and greater comparative advantage in 

sector 2 in home country (vice versa for foreign country). 

Ricardian with continuum 

of goods 

- Uniform productivity increase in home nation leads to a higher m (a greater number 

of sectors in which home has the comparative advantage). 

- Effects on relative productivities (as in basic Ricardian model) change the order of 

decreasing comparative advantage for the home country. 

- Productivity changes lead to greatest comparative advantage improvements where 

productivity improves most. 

- Increase of the (foreign) relative labor force L*/L leads to a lower m (loss of 

comparative advantage in sectors close to original marginal good). 

Ricardian with a continuum 

of goods and non-

homothetic preferences 

- Effects on relative productivities (as in basic Ricardian model) change the order of 

decreasing comparative advantage for the home country. 

- Productivity changes lead to greatest comparative advantage improvements where 

productivity improves most. 

- Productivity increases in the poor country implies a higher m, and the opening of 

new industries in the rich country (a higher u*). 

- Productivity increases in the rich country have no effect on m, while new industries 

are born in the rich country. 

- Increase of the (home/poor country) relative labor force L/(L + L*) leads to a higher m 

(gain of comparative advantage in sectors close to original marginal good). New 

industries in rich nation are born (rise in u*). 

Ricardian with continuum 

of goods, many countries 

and non-homothetic 

preferences 

- Productivity increases in country j lead to gain in comparative advantage taken from 

richer country/countries. comparative advantage ranges of richer nations shift 

upward, new industries are born in the richest nation. 

- Share of labor force increase likely leads to a broader comparative advantage range 

[mj-1,mj]. 

- Poorest share of labor force increase leads to a higher m1 (greater number of sectors 

in which country 1 has comparative advantage). 
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Basic Heckscher-Ohlin 

model 

- Greater increase in L/K than in L*/K* leads to strengthening of comparative advantage 

in L-intensive good and weakening in K-intensive good in home nation (vice versa for 

foreign nation). 

- Due to Rybczynski theorem endowment effects on comparative advantage are likely 

to be amplified. 

Specific factors/Ricardo-

Viner model 

- An increase in sector specific capital Ki tends to strengthen comparative advantage in 

sector i. 

- An increase in the labor force tends to improve comparative advantage in the most 

labor-intensive sector. 

Heckscher-Ohlin with 

differences in technologies 

- Virtual endowment increases will lead to improved comparative advantage in the 

sector using that endowment intensively. These effects are context-dependent, as 

endowment and changes can affect both virtual endowments differently. 

- Given the Rybczynski matrices, a factor f increase should improve (revealed) 

comparative advantage in sector n whenever the corresponding coefficient in the 

matrix is positive. 

- Factor productivity increases likely lead to (revealed) comparative advantage shifting 

towards the good intensively using the factor. 

Heckscher-Ohlin with 

differences in technologies, 

many goods, many factors 

and many countries 

- An increase in endowment and/or factor productivity increase leads to a different 

order of comparative advantage in goods between countries j and k, depending on 

the relations between the coefficients Cf,n,m(j, k) for factor f and goods n, m. 

- Given the Rybczynski matrices, factor endowment increases lead to increased 

(revealed) comparative advantage in sector n for country j if the corresponding 

coefficient in the matrix is positive (decreased if negative). 

TABLE 2. OVERVIEW OF THE EFFECTS OF CHANGES TO THE DETERMINANTS OF COMPARATIVE ADVANTAGE IN THE MODELS  
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4 Climate change effects on determinants of comparative advantage 

Now that we have established the relevant determinants of comparative advantage, and how comparative 

advantage changes due to effects on these determinants in all eight models, we want to utilize these 

models to predict changes in comparative advantage due to climate change effects. Before we will be able 

to do any analysis on comparative advantage, we ought to know what effects climate change will have on 

the factors that define them. In this section we will therefore investigate the various ways through which 

climate change will affect the relevant determinants of comparative advantage. This is done by examining 

existing literature concerning the topic, from which results could also possibly be utilized for testing 

hypotheses. For our analysis, we consider the following factors of endowment and their productivities: 

low- and high-skilled labor, arable land, water resources and capital. We choose these factors since these 

are all relevant to climate change impacts, and to consider a broad but focused set of factor endowments.  

 

When analyzing the effects of climate change we see that the relevant factors we consider consist of 

different national factor endowments and the productivities of these factors (unit factor requirements). 

Thus, we should take the effects of climate change on these factors into account. 

4.1 Effects on productivities 

We are interested in the effects of climate change on productivities of different countries in different 

sectors. These differences in effects imply the differences in comparative advantages in the models from 

the last section. By these productivity changes we can see which sectors will be affected most in their 

productivity and how these effects differ between nations. First we consider labor productivity, on which 

the effect of climate change is mainly seen through the increase in averages temperatures and the 

occurrence of extreme temperatures. 

 

Viewing the productivity of labor, Nath (2020) analyzed the effects of climate change through the in- or 

decrease of extreme temperature occurrences in different sectors between nations, while also using the 

work and data of Cline (2007). He finds different effects between the distribution of extreme temperature 

frequency effects in agriculture and manufacturing/services. In the manufacturing and services sector, 

Nath finds a small negative effect of climate change on productivity nearly everywhere, with small 

increases in labor productivity in Scandinavian countries and some larger decreases in central-Africa. In 

agriculture however, there is much more of an unequal distribution of labor productivity effects between 
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nations. For most countries in the northern hemisphere, the labor productivities actually improve in 

agriculture (with the largest improvements in Scandinavia), while nearly all countries in the southern 

hemisphere lose in labor productivity (with the biggest outliers in Africa and southern Asia). This 

distribution is also largely seen when considering labor productivity effects in agriculture relative to 

manufacturing, with only a few outliers in some African countries that improve agricultural labor 

productivity relative to manufacturing labor productivity. Results by Dasgupta et al. (2021) on average 

labor productivity effects of climate change concur with these results, with little improvements to no 

effects on labor productivity in the global north, and most places in the global south losing, with greatest 

losses close to the equator, especially in northern Africa. 

 

What we can take from this research (and which results in data we could use) is that labor productivity, 

due to increased extreme weather frequencies, slightly decreases quite the same in manufacturing sector, 

while the effects are quite unequally distributed in the agricultural sector. Since these productivity effects 

are predicted per country, these predictions could be used for changes in productivities (unit labor/factor 

requirements) in our models. 

 

Furthermore, it has been shown that increases in average temperatures also leads to changes in labor 

productivity, as average temperatures deviating more from the optimum (20-25 ◦C) lead to decreases in 

labor productivity. Moreover, these effects are larger in industries involving manual labor, which can be 

seen as low-skilled labor (Day et al., 2017). Also, manufacturing and services are more high-skilled labor 

intensive than agriculture (Nath, 2020), such that low-skilled labor will endure more climate change effects 

than high-skilled labor. Thus, change of climate will lead to differences in labor productivity, which effects 

are larger in lower-skilled labor. 

 

Another relevant factor of production of which productivity changes significantly is arable land. The 

worsening of land productivity is also called land degradation, of which two drivers are affected by climate 

change: the frequency, intensity and amount of heavy precipitation and the increase of heat stress. Due 

to increased temperatures, floods, drought intensity and frequency, acidification, biodiversity loss, storms 

(i.e. cyclones), coastal erosion due to sea level rise among other effects land degradation is induced (IPCC 

2019). However, there are also examples of climate change improving land productivity in certain areas, 

due to more optimal temperatures, weather conditions and climate in general, such as crop productivity 

improving in most northern countries of the world in Scandinavia (Costinot et al., 2016). And while land 
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productivity might worsen in some sectors, it can increase in other sectors. In the results from Costinot et 

al., the authors find that the Middle-East and North-Africa lose in land productivity due to climate change 

for many crops, but actually gain massively in crop productivity for the production of maize. Furthermore, 

as land productivity is much more vital in agriculture (in other sectors less arable land is used, but also less 

intensively), land productivity in this sector is affected more than in others. 

 

While land productivity can improve instead of worsen (land improvement against land degradation), over 

long periods most countries lose land productivity. There are many methods to analyze overall land 

degradation, while it is hard to disentangle these effects from climate variation (Murthy and Bagchi, 2018). 

An approach to do so is by using Rain Use Efficiency (RUE), defined as the biomass production per unit of 

rainfall, which Bai et al. (2008) use as an indicator for land degradation/improvement per country. In their 

results, they find that in the period 1981-2003 Africa south of the equator, south-east Asia, China and 

Australia have been hurt the most considering land degradation due to climate change. 

 

Water resources are affected in total endowment (quantity), but also in their productivities (quality). 

Because of increased temperatures, water quality can be negatively affected through less self-purifying 

capacity, while there are higher risks of water pollution due to floods and droughts (UNESCO, 2020). These 

are effects seen mainly in freshwater resources, but also the effects on oceanic waters have consequences. 

Ocean acidification through increased carbon dioxide levels in the atmosphere leads to lower productivity 

of waters in fishing industries, which makes up a great part of many economies (N.S.W., 2018). An indicator 

that can be used to identify water productivity effects of climate change is coastal eutrophication potential 

(a measurements for harmful algae growth conditions), which negatively affects the productivity of water 

resources of countries (Hofste et al., 2019). Results show that this indicator is particularly high in many 

parts of Europe and south-east Asia, making water resources in those places more vulnerable to water 

productivity declines. 

 

The effects of climate change on the productivity of capital, especially compared to other effects on 

productivities and endowments, will not be highly significant, as the efficiency of physical assets remains 

similar during environmental changes. Meanwhile, physical assets can be damaged (see effects on capital 

endowments). However, we could view effects on capital productivity through the effects on the prices of 

capital goods. As prices of these goods (buildings, machinery, etc.) increase, more investment is needed 

for the same amount of physical assets in production. Due to climate change effects like increased extreme 



Max van der Woude Jun. 30, 23 Master Thesis, Economics 

42 

 

weather events and higher temperatures, prices tend to increase. In their analysis, Kotz et al. (2023) find 

that climate effects on overall prices are the most extreme in many third-world countries in Sub-Saharan 

Africa, Asia and South-America. Unfortunately there is no such evidence on only capital goods in 

production, but as these effects will not be very important, this limitation becomes more acceptable. 

4.2 Effects on endowments 

First, we consider the effects of climate change on labor forces of countries. Next to labor productivity 

changes due to climate change, also the labor supply is affected by global warming. Working hours are 

reduced due to higher temperatures, to avoid damages to health. In case of more deviation from optimal 

working temperatures, time allocated to labor beyond certain thresholds drop. These effects are mainly 

seen in the sectors that are most exposed to weather, such as agriculture (Dasgupta et al., 2021). Labor 

supply can however also be negatively affected by lower temperatures that deviate from the optimal 

temperature. In their analysis, Dasgupta et al. find that climate change has affected labor supply the worst 

in central Africa (over a 20 year period), while medium-sized effects are also seen in the most northern 

countries in the world. When analyzing the predicted future effects of global warming on labor supplies, 

the  authors find decreases in almost the entire southern hemisphere, with the worst effects in Africa, 

South-America and south-east Asia. Meanwhile, labor supply stays quite equal for countries on the 

northern hemisphere, while all effects are exacerbated under more severe climate change scenarios. 

These results are amplified for labor that is highly exposed to weather conditions, since optimal 

temperatures for this kind of labor lie lower than for low-exposed labor. Thus, low-skilled labor should be 

affected even more than high-skilled labor, since high-exposed labor often entails low-skilled labor (like 

construction workers or harvest workers), mostly in agriculture (Parsons et al., 2021). 

 

Another relevant consequence of climate change is migration. Due to increased extreme weather events, 

worse economic situations and home displacements because of climate change, migratory flows develop 

(Desmet and Rossi-Hansberg, 2015). While most mobility related to this has been observed within 

countries (Clement et al., 2021), migratory flows between countries as a result of climate change is to be 

expected, as climatic hazards and extreme weather events are projected to increase in severity and 

frequency (Beyer and Milan, 2023). Since these movements of people should also affect the labor forces 

of the nations, the effects of climate change on migratory flows should be included. The data of Beyer and 

Milan shows that these displacements induced by climate change are mostly seen in East-Asia, the pacific 

and southern Asia, while effects are lowest for northern Africa and Europe.  
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Climate change also has effects on the endowments of arable land. Droughts, floods among other climate 

change effects will not only result in loss of land productivity, but also in the loss of total land endowment, 

such that an area of land is not arable anymore. However, environmental effects may also induce the gain 

of arable land in specific regions, since warmer and wetter climate conditions may increase cultivable land 

(Zhang and Cai, 2011). In their research, Zhang and Cai find that under future scenarios Europe, Africa and 

South-America will lose significant amounts of arable land, while China, Canada, the United States and 

Russia will actually gain arable land because of changes to the climate, because of their relatively high 

latitudes. These effects are different from land productivity effects, as in the long run all countries lose in 

arable land productivity (Bai et al., 2008). 

 

Water endowments are vulnerable to climate change through effects like increased droughts, 

precipitation, rising sea levels and changed water cycles (Carretta et al., 2022). While in many cases water 

endowments will be depleted due to climate change effects, there also exist areas that will gain water 

resources because of environmental changes. Future predictions show that water supply will decline 

mostly in countries near the equator, while increases are seen in the most northern parts of the world 

(Luck et al., 2015). Also, seasonal variability in water supply will be affected through climate change, 

implying lower water securities (Padrón et al., 2020) and thus less secure water resources for nations. 

These variabilities are projected to increase most in nations on the southern hemisphere and nations near 

the equator, while this indicator improves for many northern countries. Altogether, the effects on water 

resources will be highly relevant to agricultural production, as water is used intensively in agricultural 

sectors (OECD, 2017).  

 

If we look at environmental impacts on capital endowments, we should look at the ways that climate 

change affects capital goods in production processes. Capital goods entail tangible assets like machinery, 

buildings, equipment and transportation capital goods (Hagemann, 1987). Another name for tangible 

capital goods in production processes is corporate physical assets. Under growing numbers of extreme 

weather events (like hurricanes, heatwaves and floods), these assets are exposed to increased risks of 

being damaged, resulting in capital endowment losses in production. Meanwhile, as climate change effects 

are not uniformly distributed across nations, these risks and thus capital endowment losses will differ 

between nations. In their report, Naik and Lord (2021) find that different parts of the world face different 

corporate physical asset risks from climate change. They find that physical asset damages due to extreme 
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weather events are most likely in Asia (particularly East-Asia), Oceania, Latin America and the Caribbean. 

The risks are lowest in Europe, while they are comparable with those in North-America and Africa.  

 

Another indication of climate change effects on capital endowments is the effects on GDP of nations. A 

decrease in capital will then lead to lower possibilities to invest in buildings, machinery, etc. for production 

purposes. Thus, when we analyze the effect of climate change on capital endowments, we should consider 

the effect on GDP. In analyzing the economic consequences of climate change, the OECD (2015) finds 

varying effects of climate change on GDP for different parts of the world. The worst effects on capital are 

found in the third-world: African nations, south-east Asia and the Middle-East show the greatest projected 

drop in GDP (by 4%) due to climate change by 2060, while capital stocks in OECD countries are expected 

to drop only slightly, with South-America in between. Although GDP effects are an indicator of capital 

endowment effects, this indicator is more problematic, as all endowment and productivity effects of 

climate change will affect GDP. This means that it is an indicator of overall climate change effects on the 

economy, not just capital endowments in production. Thus, it should be used as an auxiliary indicator next 

to the indicator of effects on corporate physical assets. 
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5 Climate change effects on comparative advantage: expectations 

Now that we have established the relevant determinants of comparative advantage in the models, the 

effects of changes to these on comparative advantage, and the various effects of climate change on the 

determinants, we combine these sections in our final chapter. Using the previous results, we should be 

able to come up with different expectations on the effects of climate change on comparative advantage 

through our models. These expectations show the similarities, but also the differences between the 

predictions for comparative advantage between the models. Given the chapters before, we are able to 

make several predictions on the movements of comparative advantage between nations due to climate 

change effects. These are mainly focused on the distribution of comparative advantage in agriculture and 

manufacturing, as most data is on those kinds of sectors. However, we note that the models are also 

capable of including many other sectors and factors, although the predictions will then become more 

complex. The models and their predictions of climate change effects could therefore also be viewed as a 

manual for analyzing cases in which data for all relevant determinants are available. The models then give 

predictions for comparative advantage pattern changes that differ and can then be tested. This also relates 

to the issue of context-dependence, which prevent us from making more precise predictions in general for 

some models, but in specific cases will be solved.  

5.1 Ricardian models 

5.1.1 The basic Ricardian model 

In the basic Ricardian model, comparative advantages are entirely determined by labor productivities in 

the sectors. Thus, we only have to account for effects on those productivities. Comparing results for 

manufacturing/services and agriculture, different effects are found. These become most evident in the 

analysis of Nath (2020) when comparing the effect of climate change agricultural labor productivities 

relative to the effect on manufacturing/services productivity. Broadly speaking, most countries on the 

northern hemisphere experience productivity increases in agriculture relative to manufacturing/services, 

while this is reversed for the southern hemisphere. Scandinavian countries, Kazakhstan and Egypt gain 

most in this sense, while countries in central Africa lose the most. Meanwhile, there are nations in the 

south that do improve in this scale (i.e. Somalia, Kenia, Congo and New Zealand). Following the basic 

Ricardian model, we should expect that comparative advantage for agricultural products will improve for 

those countries that improve in this relative productivity measure, while comparative advantage for 

manufactured goods and services will improve in nations that worsen in this measure. In a broader 
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perspective, this leads to the hypothesis that comparative advantage in agriculture will move towards the 

northern hemisphere, while comparative advantage in manufacturing and services will move to (most 

parts of) the southern hemisphere. 

 

When adding effects of average labor productivity (Dasgupta et al., 2021), we see that central Africa loses 

most in this sense, with south Asia, Oceania and countries close to the equator in general losing as well. 

As labor-intensities in agriculture are higher than in manufacturing (Cali et al., 2016), these effects are 

amplified in agriculture (services are also labor-intensive, but much less weather-exposed). Furthermore, 

extraction industries are even less labor-intensive, such that this industry will lose less in labor 

productivity. Thus, the regions with highest labor productivity losses by Dasgupta et al. will be expected 

to lose comparative advantage in agricultural sectors, while gaining it in other sectors (like manufacturing 

and extraction), and vice versa for regions (relatively) improving most. These results thus support the 

expectations above about comparative advantage in agricultural and manufacturing sectors.  

5.1.2 Ricardian model with a continuum of goods 

For extension of the model to a continuum of goods, effects of climate change on labor forces should be 

included, as these affect comparative advantage in this model. Dasgupta et al. (2021) found greatest losses 

of labor forces in the south, with worst effects in central Africa, South-America and south-east Asia, 

amplified for weather-exposed work, often low-skilled labor. Meanwhile, labor forces stay quite alike 

during climate change on the northern hemisphere. Adding to this, climate displacement risks are largest 

in south-east Asia and the Pacific region (Beyer and Milan, 2023), leading to further labor endowment 

losses in these regions.  

 

In this model, we expect to see some of the results of the basic Ricardian model, as labor productivity 

changes change the order of decreasing comparative advantages in industries between two nations. For a 

nation the industries in which labor is worst affected should shift further down the ordering of goods 

compared to other nations (agriculture further down for southern countries losing agricultural labor 

productivity, manufacturing up). Furthermore, as productivity and labor force losses lead to a lower 

marginal good m between two nations, these effects should additionally lead to the loss of comparative 

advantage in industries close to the original marginal good.  
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Thus, we expect the number of goods central Africa, South-America and south-east Asia (and parts of 

Oceania to a lesser degree) have the comparative advantage in to drop, and due to labor productivity 

losses also other countries close to the equator and the southern hemisphere in general are expected to 

see a loss in the range of goods the regions have a comparative advantage in. Meanwhile, for many 

northern regions (especially Scandinavia), these ranges are predicted to increase. This means that the 

comparative advantage losses of some (mainly poor) regions are not only more severe, but also broader 

than in the basic Ricardian model. These additional losses (and gains for other regions) are expected to be 

in industries in which comparative advantage differences were already relatively small, as losses are close 

to the original marginal product. Thus, for countries that specialize most in industries in which they have 

small comparative advantages (close to the marginal good), this will be most relevant, as then these losses 

and gains concern more of those economies. 

5.1.3 Ricardian model with a continuum of goods and non-homothetic preferences 

When we add non-homothetic preferences in the discussion, we see that effects are somewhat different 

than in the homothetic case. In this case, labor productivity effects in a richer nation do not matter for the 

marginal good m between two nations, such that it does not affect the range of comparative advantages 

of the poorer nation. Meanwhile, comparative advantage order changes due to labor productivity effects 

are still the same as in the homothetic case, i.e. effects on the ordering of z (such that a*(z)/a(z) will still 

be non-increasing) are similar the homothetic model. However, labor productivity change effects in this 

model differ from the homothetic case, since the effect on labor productivity in a richer nation (a*) does 

not affect the marginal product (m) between a poorer and the richer nation, so the total effect on m is 

smaller. Thus, the effects on the marginal product will be smaller between the negatively and positively 

affected nations in labor productivity by Dasgupta et al. (2021) than in the homothetic case. Thus, the 

nations that are adversely affected (i.e. countries close to the equator, and global south) lose less sectors 

in terms of comparative advantage than the homothetic case would predict.  

 

Labor force effects do still apply, such that the range of goods a country has the comparative advantage 

in lowers for those that suffer from labor force losses (central Africa, South-America, south-east Asia, 

Oceania), while other regions gain in their range of comparative advantage goods. The relative increase of 

labor forces in the northern regions and lower labor productivities in poorer regions in the model would 

also lead to lower utility levels in the richer regions (Europe, North-America, Scandinavia), such that 

highest-indexed industries in these countries will suffer, i.e. technological progress will be hampered.  
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Again, for countries that specialize most in industries in which they have small comparative advantages 

(close to the marginal good), effects on marginal products are most relevant, as then these losses and 

gains concern more of those economies. Meanwhile, these effects are smaller than in the homothetic 

case, and will be more relevant for poorer countries. 

5.1.4 The multi-country case 

As we have seen in section 3.1.4, in the extension of the previous model to multiple countries labor 

productivity increases (labor requirement losses) lead to the gain of comparative advantage in additional 

industries taken from a richer country, while poorer countries are not affected. Moreover, this leads to a 

cascade of comparative advantage range shifts of richer countries, and eventually a higher utility in the 

richest nation. Meanwhile, labor productivity decreases lead to opposite effects: losses of comparative 

advantage to the next richest country (while poorer countries are unaffected), and a cascade of downward 

comparative advantage range shifts, and eventually a lower utility in the richest nation. This means that 

the labor productivity losses seen in the south (i.e. central Africa, South-America, south-east Asia) will not 

only lead to lower comparative advantage ranges, but also to the loss of the highest-indexed industries in 

the wealthiest nation. Meanwhile, labor productivity effects in a richer nation will not affect the range of 

comparative advantage products of poorer nations, such that marginal goods aren’t affected as much as 

in the homothetic model.  

 

Furthermore, labor productivity changes on the order of comparative advantages (now between all 

nations) still applies. These are now interdependent, meaning that comparative advantage in sectors will 

be lost most for those countries worst affected in their labor productivity in those sectors. Thus, we should 

see comparative advantage losses and gains in agricultural, manufacturing, services etc. according to the 

expectations of the basic Ricardian model, but now in relation to the labor productivities and labor forces 

of many other nations.  

 

Additionally, in this model the effects of relative labor force increases are less certain than in the 2-country 

model. This is because now relative labor force increases will only likely lead to comparative advantage 

ranges broadening for countries, while previously this would be certain. Thus, effects can be expected to 

be similar to the 2-country model, but more deviations should be expected (which depend on the utilities 

and unit labor requirements of the countries). Meanwhile, for the poorest nation in this model labor force 
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increases will lead to a comparative advantage gain in additional industries, such that similar outcomes to 

the 2-country case will be more expected in the poorest regions. 

5.2 Heckscher-Ohlin models 

5.2.1 The basic Heckscher-Ohlin model 

In the framework of Heckscher-Ohlin an additional factor of production is to be included, capital. Since 

identical technologies are assumed, for the basic model we are only interested in endowment changes to 

labor and capital due to climate change. As we saw, labor endowments will deplete in the southern 

hemisphere, mostly in central Africa, south-east Asia, South-America and the Pacific region. As for capital 

endowment losses due to climate change (corporate physical asset damage risks), greatest risks lie in 

eastern Asia, Oceania and the Caribbean, while Europe suffers the least in this sense.  

 

In the H-O model, this would mean that comparative advantage of countries more affected in labor 

endowments than in capital endowments will tend towards capital-intensive products. This would apply 

for central Africa, Australia/New Zealand and South-America. Meanwhile, comparative advantage of 

European, northern Asia and North-American countries tends to move towards labor-intensive products, 

since effects on labor are very small, while capital damage risks are significant for these regions. 

Comparative advantage of the Caribbean region also moves towards labor-intensive industries, as capital 

endowment losses there are projected to be larger than labor endowment losses. However, for south-east 

Asia and Oceania, both capital and labor endowments are affected severely. Thus, this would imply in the 

H-O framework that comparative advantage in these regions could move either way, while the effects are 

softened due to great losses of both endowments.  

 

This means that for Europe, northern Asia, the Caribbean and North-America comparative advantage 

tends towards agriculture rather than manufacturing and that of central Africa and South-America towards 

manufactured goods, machinery/transport goods, chemicals etc. (Shirotori et al., 2010). Meanwhile, 

effects on comparative advantage in south-east Asia and Oceania are ambiguous, as both labor and capital 

endowments suffer in these regions. 

 

While these effects apply to all nations, the effects described are most salient for countries that are very 

specialized (often small countries), as these will endure most vulnerability from endowment changes, since 

then a greater share of an economy is more severely affected by endowment changes. Thus, possible 
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(relative) gains are larger, but so are possible (relative) losses, while these economies are more vulnerable 

due to lower diversity in production. 

5.2.2 The specific factors/Ricardo-Viner model 

The effects of climate change on comparative advantage in the specific factors model can be seen two-

fold: we can view different endowments as sector-specific capital in this model, but we can also view the 

model as a short-run version of the H-O model, such that capital endowments are fixed per sector. Then, 

capital would be unable to move between industries to cope with climate change effects most efficiently. 

 

If we consider our first interpretation, we can view land as the sector-specific capital for agriculture and 

capital as sector-specific capital for manufacturing (Jones, 1971). Meanwhile, labor can flow between the 

two industries freely. For capital endowment effects due to climate change we again use the physical asset 

risks by Naik and Lord (2021) (eastern Asia, Oceania and the Caribbean lose most, Europe the least), while 

for land endowment effects, Zhang and Cai (2011) found that greatest losses will be suffered in Europe 

(mostly southern), Africa and South-America, while China, Canada, the United States and Russia gain 

arable land. This would mean that comparative advantage of Europe, Africa and South-America tends 

towards manufactured goods, while for China, Canada, the United States and Russia comparative 

advantage tends towards agricultural goods. However, we should also include labor force changes, which 

stay similar on the northern hemisphere, while labor endowments will deplete in the southern 

hemisphere, mostly in central Africa, south-east Asia, South-America and the Pacific region. For these 

regions, comparative advantage tends to move away from labor intensive sectors such as agriculture, and 

more towards sectors that require relatively less labor, such as manufacturing. Thus, effects for European 

comparative advantage towards manufacturing will be diminished, as relative labor forces increase. 

Meanwhile, South-America and Africa are expected to have even worse effects on agricultural 

comparative advantage. Comparative advantage in Oceania and the Caribbean should tend towards 

agriculture, while effects for south-east Asia are unclear, as labor force and capital endowment losses 

induce contrary effects on their comparative advantage.  

 

If we consider our second interpretation of the specific factors model (short-run version of H-O model), 

additional results by Naik and Lord (2021) show that highest capital endowment risks lie in utilities and 

material sectors, while lower risks apply to industrial sectors, energy and agriculture (lowest in services). 

These results would imply greatest losses of comparative advantage in utilities and materials in the regions 
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that have the highest capital endowment losses (eastern Asia, Oceania and the Caribbean lose most, 

Europe the least), while these regions tend to gain comparative in less capital-risky sectors. Meanwhile, 

labor force effects still apply, thus reducing the effects in eastern Asia, since labor intensive sectors endure 

less capital damage risks (thus implying a reversed tendency). In this interpretation, European comparative 

advantage tends towards industries with high capital endowment risks (utilities, materials), while these 

effects will be softened by relative labor force increases.  

 

Again, we see that small economies (more specialized) endure more uncertainty of climate effects on their 

comparative advantage. Moreover, labor endowment change effects are most relevant to countries that 

are sufficiently endowed with both land and capital, such that adapting to changes in labor endowments 

and thus more efficient production is possible.  

5.2.3 H-O model with differences in technologies 

When we consider the extension of the H-O model by Fisher (2011), we should include labor and capital 

productivities next to the labor and capital endowment effects of climate change.  

 

In this framework, factor endowment and productivity changes lead to comparative advantage 

improvements in sectors depending on the relation between endowments and virtual endowments. Thus, 

results are very context-dependent, such that we can’t really establish many general predictions using this 

model. However, we can consider some cases in which we can predict comparative advantage effects of 

climate change (i.e. if virtual endowment behaviour follows that of factor endowments). 

 

While capital productivity effects are quite insignificant, labor productivity effects are seen as in the basic 

Ricardian model. As for endowments, labor endowments drop in southern regions, mostly in central Africa, 

south-east Asia, South-America and the Pacific region, while in these regions labor productivity (mostly in 

agriculture) also drops. Capital endowment losses were mainly seen in Asia, Oceania and the Caribbean, 

while the least in Europe. 

 

If relative virtual endowments increase similar to relative endowments, we expect to see similar results as 

in the H-O model. However, now productivity changes play a role (at least labor productivity changes). In 

the H-O model, we expect that comparative advantage of Europe, northern Asia, the Caribbean and North-

America moves towards agriculture, while comparative advantage in central Africa, south-east Asia, 
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Australia/New Zealand and South-America moves towards manufactured goods. Since labor productivity 

losses are predicted in southern regions (central Africa, southern Asia, Oceania and countries close to the 

equator), we expect capital to become more salient in their virtual endowments. However, effects on 

comparative advantage then depend on the relative virtual endowments (thus technologies and 

endowments), such that these could be opposite of the H-O model predictions. 

 

As factor productivity increases likely lead to an improvement of (revealed) comparative advantage for 

sectors using that factor intensively in this model, labor productivity changes also provide predictions for 

comparative advantage changes. As the results of Nath (2020) indicate improvements of agricultural 

comparative advantage in northern regions, these predictions support the H-O model results. However, 

there are southern countries that improve agricultural labor productivity as well (Somalia, Kenia, Congo 

and New Zealand), such that the possible negative effects on agricultural comparative advantage above 

are weakened (or positive effects are strengthened) for these nations. Meanwhile, no improvements 

(quite uniform small negative effect) in manufacturing productivities are found, thus similar support for 

the predicted manufacturing comparative advantage shifts from the H-O model by this method are not 

possible. 

 

Furthermore, predicted effects will be supported if corresponding coefficients in the Rybczynski matrices 

match with the effects. That is, if the coefficient of factor f in sector n is positive, a decrease in the factor 

should lead to a worsening of comparative advantage in sector n of the nation. Thus, Rybczynski matrices 

can be used as a second tool for predictions about comparative advantage effects of climate change. 

5.2.4 The multi-country, many goods, many factors case 

When we analyze Ricardian model with non-homothetic demands for multiple countries, goods and 

factors, we see that complexity increases. For our predictions, we should add the different factors of 

production. Land endowments decrease for Europe (mainly southern), Africa and South-America, while 

the US, Canada, China and Russia gain in this factor. Meanwhile, land productivity is lost most in China, 

central Africa, south-east Asia and Australia (Bai et al., 2008). Effects on arable land will be most relevant 

to land-intensive sectors, mainly in agriculture (food/animals, crude materials), and least in manufacturing 

sectors (Shirotori et al., 2010). Water endowments are predicted to improve most in the most northern 

regions, while they will decrease in the south, especially near the equator (Padrón et al., 2020, Luck et al., 

2015). Results by Hofste et al. (2019) show water productivity decreases in south-east Asia and Europe. 
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These effects will be most relevant in water-intensive industries, such as agricultural, material and fossil 

fuel industries, and least in manufacturing, transportation and services (CDP, 2023). Distinguishing high-

skilled and low-skilled labor, we see that climate change effects amplify for lower-skilled labor, while low-

skilled labor is used more intensively in low-income countries (Cali et al., 2016). Furthermore, 

manufacturing/services require more high-skilled labor and agriculture more low-skilled labor, such that 

the effects on both are more relevant in those respective sectors. 

 

Now, in this model virtual endowments are again dependent on multiple endowments and productivities. 

Furthermore, now comparative advantages are determined through the coefficients Cf,n,m(j, k) = (anf/amf) 

(ṽf
j/ṽf

k). This again shows the context-dependence of this model, such that making exact predictions 

becomes a challenge in this model. While endowment and productivity increases may lead to relative 

virtual endowment improvements of a nation, the interdependence of the countries in their technologies 

can still alter the comparative advantage pattern predicted by this model. Even if Cf,n,m(j, k) improves 

significantly (compared to other factors), if there is a factor h such that Cf,n,m(j, k) < Ch,m,n(j, k) the 

comparative advantage pattern between goods n and m between countries j and k stay similar.  

 

If relative virtual endowment ratios behave similar to relative endowment ratios, we see that it is very 

probable that south-east Asia and (central) Africa will lose in terms of agricultural comparative advantage, 

since these region lose in land productivity, water endowments and productivity (Asia) and (low-skilled) 

labor productivity and endowments. However, if virtual endowment ratios behave oppositely of 

endowment ratio changes, these effects will not be seen or will not be as intensive. The same holds true 

for relative virtual endowments for other regions. If these behave similar to relative endowments, it is also 

quite probably that Australia and South-America and countries near the equator in general suffer from 

agricultural comparative advantage losses, as many of the relevant factors for comparative advantage in 

agriculture drop in those regions. Meanwhile, in many northern regions (most for Scandinavia) then the 

agricultural comparative advantage has high probability to rise, as these indicators improve (or stay alike) 

for these regions. For China and Europe however, it is not fully clear, as negative land and water (Europe) 

productivity effects are contrary to positive land endowment (China) and labor effects (Europe).  

 

Comparing this to manufacturing sectors, we see that higher capital endowment losses in eastern Asia, 

Oceania and the Caribbean would soften the comparative advantage tendency of the regions towards 

manufacturing sectors (as well as the lesser effect of climate change on high-skilled labor than on low-
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skilled labor). Furthermore, as we see that factors relevant to manufacturing stay similar for many 

northern regions, the tendency of comparative advantage in those regions towards agriculture would be 

supported. Again, these effects will not be observed if relative virtual endowments of these regions behave 

very differently than relative endowments. 

 

Thus, there are multiple possible effects of climate change on comparative advantage in the H-O 

extensions of differences in technologies, especially when we consider multiple countries, goods and 

factors. Meanwhile, when sufficient data on unit factor requirements, factor endowments, factor 

intensities and climate data are provided (such that the Rybczynski matrices and thus virtual endowments 

can be computed), these models provide a detailed framework in which climate change effects on 

comparative advantage can be determined. Thus, these models should be viewed rather as a manual of 

computing climate change effects on comparative advantage, where precise predictions can be made 

when confronted with enough data. 

5.3 Overview of expectations 

Model (Expected) comparative advantage effects 

Basic Ricardian model - Most northern countries improve agricultural labor productivity relative to 

manufacturing, opposite for many southern countries. So, agricultural comparative 

advantage moves towards northern regions, further away from southern regions. 

- Manufacturing/services comparative advantage moves oppositely. 

- Comparative advantage losses in weather-exposed, labor intensive sectors in central 

Africa, southern Asia, Oceania and nations close to the equator, since these regions 

endure highest average labor productivity losses. 

Ricardian with 

continuum of goods 

- Labor productivity changes lead to change in order of decreasing comparative 

advantage industries between nations (manufacturing down for south, agriculture up, 

opposite for northern regions). 

- Regions suffering labor force losses (southern hemisphere, worst in central Africa, 

South-America and south-east Asia) lose in range of comparative advantage goods, 

northern regions gain in range. 



Max van der Woude Jun. 30, 23 Master Thesis, Economics 

55 

 

Ricardian with a 

continuum of goods 

and non-homothetic 

preferences 

- Labor productivity changes also lead to order change of decreasing comparative 

advantage as in homothetic case (manufacturing down for south, agriculture up, 

opposite for northern regions). 

- Labor productivity effects lead to smaller effects for ranges of comparative advantage 

than in homothetic model. 

- Regions suffering labor force losses (southern hemisphere, worst in central Africa, 

South-America and south-east Asia) lose in range of comparative advantage goods. 

Northern regions ranges shift (as northern labor forces remain similar), such that 

highest-indexed industries suffer.  

Ricardian with 

continuum of goods, 

many countries and 

non-homothetic 

preferences 

- Labor productivity changes lead to order change of decreasing comparative advantage 

as in the 2-country case, but now comparative advantage of a nation in a sector is lost 

most for countries worst affected in labor productivity of that sector. So agricultural 

sectors move down the order most for worst affected regions considering labor 

productivity (central Africa, southern Asia, Oceania and countries close to the equator). 

- Labor productivity losses in southern (poorer) regions (central Africa, southern Asia, 

Oceania and countries close to the equator.) lead to lower comparative advantage 

ranges for these regions, while these ranges shift downward for wealthier (northern) 

countries, where the highest-indexed industries suffer. 

- Labor force loss effects are less certain than in 2-country model. Losses in labor forces 

in central Africa, South-America and south-east Asia only likely lead to lower 

comparative advantage ranges for these regions. 

Basic Heckscher-Ohlin 

model 

- Comparative advantage of countries suffering more labor endowment losses than 

capital endowment losses will tend towards capital-intensive products (manufacturing). 

This is the case in Africa, Australia and South-America. Meanwhile, European, northern 

Asian and North-American comparative advantage tends towards labor-intensive 

industries (agriculture).  

- Oceania and south-east Asia endure both severe capital and labor endowment losses, 

such that effects are ambiguous and softened in these regions. 

Specific 

factors/Ricardo-Viner 

model 

- 1st interpretation: Capital and land endowment losses/gains lead to European, African 

and South-American comparative advantage tending towards manufactured goods, 

while that of China, Canada, the U.S., Russia, Oceania and the Caribbean tends towards 

agriculture.  
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- Labor force losses lead to even worse effects for agricultural comparative advantage in 

South-America and Africa, while effects for south-east Asia are ambiguous, as labor 

force and capital endowment losses are contrary. 

- 2nd interpretation: Regions with highest capital endowment losses (eastern Asia, 

Oceania and the Caribbean) lose most comparative advantage in sectors with highest 

capital loss risks, utilities and materials. Europe gains the most comparative advantage 

in these industries. Meanwhile, labor force effects still apply, thus effects in eastern Asia 

are softened, since labor force decreases lead to comparative advantage losses in 

sectors that are not very capital-intensive. 

Heckscher-Ohlin with 

differences in 

technologies 

- Effects on comparative advantage are dependent of relations endowments and virtual 

endowments, which depend on unit factor requirements and factor endowments. 

- Factor productivity increases likely lead to improvements of comparative advantage in 

sectors using that factor intensively, so northern regions are expected to improve 

comparative advantage in agriculture, while possible other negative effects on 

agricultural comparative advantage for countries as Somalia, Kenia, Congo and New 

Zealand are softened (or positive effects strengthened). 

- Effects are supported if corresponding coefficients in the Rybczynski matrices match 

with the effects. 

Heckscher-Ohlin with 

differences in 

technologies, many 

goods, many factors 

and many countries 

- If relative virtual endowments behave similar to relative endowments, south-east Asia 

and (central) Africa will lose agricultural comparative advantage. Also Australia and 

South-America will lose agricultural comparative advantage, while northern regions gain 

in this sense. Chinese and European effects are ambiguous, as there exist contrary 

effects for different factors. 

- Severe capital endowment losses in eastern Asia, Oceania and the Caribbean would 

weaken tendency towards manufacturing goods in these regions. 

- Effects will be opposite or less intensive if virtual endowments behave differently than 

factor endowments. 

- Effects are supported if corresponding coefficients in the Rybczynski matrices match 

with the effects. 

TABLE 3. OVERVIEW OF EXPECTATIONS OF CLIMATE CHANGE EFFECTS ON COMPARATIVE ADVANTAGE IN THE MODELS 
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6 Conclusion and discussion 

The aim of this thesis was to answer the research question: ‘How does climate change affect comparative 

advantage?’ To this extent, we considered eight different models for comparative advantage, in which we 

analyzed the various effects of climate change on the relevant determinants of comparative advantage. 

These models consisted of extensions of the basic Ricardian and Heckscher-Ohlin models, where 

complexity rose with each addition. For each model we established what the changes to the relevant 

determinants meant for comparative advantages. Combining this with existing climate change literature, 

we established multiple expectations for comparative advantage distributions around the world, which 

vary between the models. 

 

Some of the established expectations were similar between the models. In most cases, we saw more 

severe effects of climate change on the global south and countries close to the equator. These mainly 

predicted decreasing agricultural comparative advantages of those regions, mostly in central Africa and 

south-east Asia. Meanwhile, as opportunity costs of agriculture in northern regions decrease, especially in 

Scandinavia, agricultural comparative advantage is expected to move there. Since the predicted effects on 

manufacturing sectors are less intensive, comparative advantage in manufacturing sectors to move in the 

reversed direction. Furthermore, in the models that incorporate comparative advantage ranges, we saw 

that these ranges will contract in areas that are hit most by factor endowment and productivity losses. 

This was also mainly seen in southern nations, and was amplified in areas close to the equator. 

 

However, the models also differed in the predictions they provided for climate change effects on 

comparative advantage. For instance, the specific factors model predicts European agricultural 

comparative advantage to weaken due to climate change, while in most other models we expect this to 

improve. Furthermore, predictions differ in which areas effects on comparative advantage will be largest. 

As an example, when considering land endowment losses in the H-O model with technological differences 

and many countries, possible European agricultural comparative advantage improvements become less 

significant and certain than in earlier models. 

 

In models that include marginal goods, we saw that northern countries gain in their comparative 

advantage ranges, especially in Scandinavia. Meanwhile, these ranges are predicted to contract in 

southern regions, with the worst effects in central Africa, South-America and south-east Asia. These effects 
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are predicted to be smaller in the non-homothetic model, while these become less certain in the multi-

country case. Moreover, effects of climate change on endowments and their productivity are more salient 

in countries that specialize more, as these kind of economies are more vulnerable to shocks, since larger 

parts of these economies are then subject to change. Thus, the predictions of this thesis are even more 

relevant to specialized (small) countries. 

 

Establishing explicit statements on global comparative advantage movements in this thesis was often 

impeded, as many models face the issue of context-dependence. This is a significant limitation of this 

research. Especially when the models increase in the number of determinants considered and in 

complexity, we see that we have to be cautious about making general statements on climate change 

effects on comparative advantage. For instance, in some cases that we ought to talk in terms of tendencies, 

or we are limited in establishing tendencies at all (this was especially seen when adding virtual 

endowments to the analysis). However, in general we can see a worrisome tendency for many low-income, 

mainly southern countries. These are losing comparative advantage in sectors that are vital and large parts 

of their economies, while moving towards other industries is nearly impossible due to subsistence needs 

(Nath, 2020). This implies a possible trap for developing countries, that already experience lower welfare 

and also suffer most from climate change effects. Because of this issue, trade pattern worsening and 

welfare losses can be expected for many developing countries because of climate change, as this trap 

forces developing countries to keep engaging in industries that become less efficient. While richer nations 

are able to adapt to comparative advantage changes, this will lead to an even greater division between 

poor and rich regions. Thus, great efforts and initiatives are essential to alleviate negative environmental 

effects globally, while developing nations need help to be able to move towards other industries and trade 

will be vital for future welfare. 

 

While this thesis does provide general insights like these, it can also be viewed as a manual for analyzing 

effects of climate change on comparative advantage in different models. The models can be applied to 

cases with specific datasets. While precise outcomes of the models are often context-dependent 

(especially in the H-O extensions to different production technologies), this will not be an issue in particular 

cases with sufficient data on endowments, unit factor requirements, factor intensities of sectors and 

climate data. Future research could focus on testing which of the models predict pattern changes of 

comparative advantage in specific contexts, for which precise data will lead to precise hypothesized effects 
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for comparative advantage. This way, it can be assessed which of the models gives the most accurate 

predictions. 

 

When testing for these kind of effects, we ought to take various matters into consideration. As Nath (2020) 

points out, comparative advantage does not exclusively, or primarily determine sectoral specialization and 

trade patterns. This means that when testing for the effects, one should question if using an indicator like 

revealed comparative advantage would be fitting, as this is a variable based on outcomes of trade patterns. 

Furthermore, differences in the way countries will deal with climate change effects should be considered. 

This means that we should not only include the effects on relevant determinants, but also an indicator like 

the readiness indicator of the ND-GAIN index (Chen et al., 2015), which includes how well societies cope 

with climate change from an economic, governmental and social perspective. By adding this, we should 

get a more realistic representation of the economic effects of climate change on our determinants of 

comparative advantage. Furthermore, further extensions and other models of comparative advantage 

could be introduced in this framework, such as adding non-homothetic demands in the H-O model (Bond 

et al., 2010) or the inclusion of iceberg costs/transportation costs (Matsuyama, 2008). Thus, the 

completeness of the models in this thesis is limited, where more variables could be included. 

 

An important limitation of this research is that we only focus on comparative advantages. Meanwhile, 

trade patterns (and welfare) are determined by many more factors. For instance, future researchers could 

also investigate climate change effects on trade partnerships, poverty traps as in Nath (2020), or price 

volatility. Furthermore, it is important to also research climate change effects on welfare that is not seen 

through trade patterns, as welfare depends on much more than just trade. For instance, it would be wise 

to also incorporate welfare effects seen through a concept like the Human Development Index, to get a 

better understanding of actual welfare effects of climate change. 
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7 Appendix 

7.1 Elaboration of statements on pages 34-35: 

Virtual factor endowments need not to behave as factor endowments. 

In the 2x2x2-model, virtual endowments look like ṽ =(A-1 A*)Tv, since we can assume that there is a labor-

intensive good and a capital-intensive good, such that when A = (
a b
c d

), a/b ≠ c/d and thus A is invertible 

(since det(A) = ad-bc ≠ 0). Then, the inverse of A will be A-1 = 
1

ad−bc
(

d −b
−c a

), and we compute (A-1A*)T = 

1

ad−bc
(

de −  bg −ce + ag
df −  bh −cf + ah

). As ṽ = (A+A*)Tv = (A-1A*)Tv, we obtain ṽ1 = L̃ = 
1

ad−bc
 ((de-bg)L + (-ce+ag)K and 

ṽ2 = K̃ = 
1

ad−bc
 ((df-bh)L + (-bf+ch)K. Now, suppose the first good is labor intensive and the second capital 

intensive. Then we have a/b > c/d (and e/f > g/h), and thus ad-bc > 0. Then virtual labor L̃ behaves as L if 

an increase in L leads to a higher increase in L̃ than in K̃, thus if (de-bg) > (df-bh), i.e. d(e-f) > b(g-h). 

However, there are many cases in which this does not hold, such that d(e-f) ≤ b(g-h) (i.e. b/d ≥ (e-f)/(g-h)), 

in which case an L increase does not lead to a relative increase in L̃/K̃, or even leads to a decrease, such 

that virtual labor loses relatively from a labor increase. For instance, if A = (
3 1
1 2

), this does not hold for 

A* = (
2 1
7 4

), where in both countries the first good is labor intensive, and the second good is capital 

intensive (a/b > c/d and e/f > g/h). This then leads to L̃ = -
3

4
L + 4

3

4
K and K̃ = -L + 2

3

4
K, where we now see that 

relative virtual endowment moves oppositely from relative endowments, since L̃/K̃ increases as K 

increases and decreases as L increases. 

 

In the model with many goods, factors and countries virtual endowments were defined by ṽj = (Aj
+A1)Tvj, 

where technology of country 1 was used as reference. In this case, we also see that virtual endowments 

are able to differ from endowments in their behavior (i.e. factor increases can lead to larger increases of 

virtual endowments of other factors relative to the increase of the virtual endowment of that factor). To 

illustrate this, suppose we have Aj = (
1 1
2 1
3 1

), we have A j
+ = (

−
1

2
 0

1

2
4

3

1

3
−

2

3

). Then, if A1 = (
5 2

11 4
3 1

), the 

relative factor intensity order of the sectors in both nations is equal (the first sector is most reliant on v2, 

while the last sector is the least reliant on v2). Then, we have (Aj
+A1)T = (

−1 8
1

3

−
1

2
3

1

3

), such that ṽ1 = -v1 + 
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8
1

3
v2, and ṽ2 = -

1

2
v1 + 3

1

3
v2. So now, we have that v1 increases lead to increases of ṽ2 relative to ṽ1, and v2 

increases lead to increases of ṽ1 relative to ṽ2. Thus, the behavior of the virtual endowments is not only 

different from the endowments behavior, but even opposite. Thus, we see that virtual endowments are 

able to act very differently than factor endowments themselves. 

7.2 Proof of statement on page 35: 

In the H-O model with technology differences, a unit labor requirement increase for a good in the 2-factor 

case will likely result in a higher output of the capital intensive good relative to the labor intensive good, 

and vice versa.  

 

Suppose we have a technology matrix A = (
a b
c d

) for a country, and we assume that good 1 is labor 

intensive, while good 2 is capital intensive, such that ad – bc = det(A) > 0. Then, the Rybczynski matrix is 

defined as (A+)T, while in this case A+ = A-1 as A is invertible. Then, (A+)T = 
1

ad−bc
(

d −c
−b a

), for which we 

know that a factor f increase should improve the comparative advantage of a nation in a sector n whenever 

the corresponding coefficient (anf
j)+T is positive, while it worsens it if it is negative. Now, we have that if 

unit labor requirements increase (a or c), for the same endowments we have a higher output of good 2 

(capital intensive) and a lower output of good 1 (labor intensive). Meanwhile, increases in unit capital 

requirements (b or d) lead to lower output of good 2 and higher output of good 1, given the same 

endowments as before. Thus, we see that the statement is proven. 
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