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Abstract:  

This paper develops a unified framework to analyze the 
environmental, social, and economic dimensions of 
sustainable development within the context of a center-
periphery international system. It introduces a three-gap 
model to address the challenges posed by the 
discrepancies among three key growth rates: the 
maximum growth rate compatible with external 
equilibrium, the minimum growth rate required for social 
inclusion, and the maximum growth rate consistent with 
environmental sustainability. Using updated theoretical 
and empirical insights, the paper applies the model to 
Latin American economies, highlighting the structural 
constraints and opportunities for achieving sustainable 
development in peripheral regions. By quantifying the 
interactions between technological capabilities, green 
investments, and social inclusion policies, the study offers 
policy recommendations to foster balanced and inclusive 
growth paths aligned with global sustainability 
commitments. 
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In recent years, different contributions have sought to develop models integrating environmental, 
social, and economic sustainability within a unified framework (Grazini et al., 2024). In a center-
periphery international system, the challenges to advance in a sustainable development path are 
especially daunting and are reflected in differences in three rates of growth—the maximum rate 
of growth compatible with external equilibrium, the minimum rate of growth necessary for social 
inclusion, and the maximum rate of growth compatible with a target level of CO2 emissions. The 
distinction between “maximum” and “minimum” in these growth rates highlights the trade-offs 
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inherent in achieving sustainable development. While the first-rate depends on international 
competitiveness, the second reflects internal social needs, and the third incorporates 
environmental limits. Addressing the gaps between these growth rates requires specific policies 
and institutional frameworks to enable their convergence, which is discussed in section 1 
alongside the adjustment mechanisms that can facilitate this alignment. 

This paper builds on and updates previous theoretical and empirical exercises with the three-
gap model, using Latin American data to illustrate the challenges faced by peripheral economies. 
First, the Structuralist tradition in the center-periphery analysis is briefly reviewed, focusing on 
how the environment emerged as a key issue within this tradition. Secondly, a simple policy-
oriented model is developed, linking the three dimensions of sustainable development – 
economic, social, and environmental – to specific policy interventions. Thirdly, a set of simulations 
is presented, using a more rigorous methodology than previous papers to estimate the trade 
parameters. These results provide a clearer picture of the trajectory that key variables should 
follow for sustainable development in Latin America. The paper concludes by discussing the policy 
implications of these theoretical and empirical exercises. 

1. Sustainable development and the center-periphery system 

1.1. The structuralist perspective on sustainable development 

The first formulations of Latin American structuralism discussed the specific problems of 
economic development in the region and sought to overcome these problems through a program 
of state-led industrialization (Prebisch, 1950; Bielschowsky, 1998; Rodríguez, 2006). To this end, 
Prebisch first differentiated developed or central economies from underdeveloped or peripheral 
ones based on their main structural characteristics. Thus, a peripheral economy, in contrast to a 
central one, is characterized by low levels of productivity, specialization in commodities with 
scarce generation of technical progress, a heterogeneous productive structure (in the sense that 
a significant part of the labor force is in subsistence or in sectors with very low labor productivity), 
and institutions oriented more towards the maintenance of Ricardian or political rents than 
towards technological progress (Prebisch, 1950; Fajnzylber, 1983; Nochteff, 1996; Rodríguez, 
2006). Thus, given these asymmetrical structural features, according to Prebisch (1950), the 
problems of Latin American industrialization (which was considered the path towards economic 
development) can be explained by deteriorating terms of trade, foreign exchange shortages, 
balance of payments imbalances, and inflationary pressures. This center-periphery system 
outlined by Prebisch constituted a general interpretation of global capitalism, characterized by 
two poles whose asymmetries gave rise to relations of dependence and subordination in favor of 
the central economies, resulting in a system of unequal development (Torres and Ahumada, 
2022).  

Initially, the focus of the Structuralist authors was only on the economic aspects of 
industrialization, without considering social and, especially, environmental elements until the 
early 1960s. The first mentions of the relationship between environment and development were 
in relation to the role of natural resources and their rents (Porcile and Torres, 2024). 
Subsequently, Prebisch expressed some concerns about the deterioration of biodiversity due to 
the action of private economic activity and the social effects of environmental pollution generated 
by such activity (Prebisch, 1963, 1970). According to Porcile and Torres (2024), the 
environmental perspective of structuralism began to take shape towards the end of the 1970s 
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with a substantive contribution led by Osvaldo Sunkel and an interdisciplinary team of 
researchers who established this perspective within ECLAC. It is necessary, however, to mention 
some previous antecedents that helped to put the environment on the ECLAC agenda. First, the 
creation in 1971 of the United Nations Environment Programme (UNEP) and the studies by 
Meadows et al. (1972) on the limits of growth and the bioeconomic approach of Georgescu-
Roegen (1971). These works laid the first analytical foundations for the relationship between the 
economy and the environment on a global scale. Secondly, Furtado (1974) argued that peripheral 
economies could not replicate the growth pattern of central economies because natural resource 
reserves are finite and incapable of reproducing such patterns at a global scale. He pointed out 
that environmental pollution and consequent increases in global temperature would put life on 
Earth at risk (see Lima et al., 2024). 

In addition to the above, some ECLAC structuralist authors introduced an important and 
useful concept that would complement the analytical tools of Structuralism: development styles. 
Thus, Pinto (1976) defined a development style as how society organizes itself to allocate human 
and material resources to solve the problem of production, consumption, and distribution of the 
fruits of growth. He stressed that the interaction between economic structure and distributive 
dynamics tended to generate a perverse development style in peripheral societies, reproducing a 
regressive income distribution. Graciarena (1976) defines development style as the concrete and 
dynamic modality adopted by a social system in a defined sphere and at a given historical moment. 
This modality is influenced by conflicts between groups with diverse class interests, resulting in 
a dialectical process between power relations and social conflicts. These derive from the dominant 
forms of capital accumulation, the structure and trends of income distribution, the historical 
conjuncture, external dependence, and prevailing values and ideologies. 

The concept of development styles elaborated by these authors contributed to build a bridge 
between the environmental aspects of development and the economic discussion of the 
Structuralist school. Indeed, when Sunkel and his team began to study the environmental 
dimension in development, they used the concept of development style (Sunkel, 1980, 1981). 
Thus, the fundamental aspects that will shape Sunkel’s thinking on sustainable development can 
be summarized in the following points: 1) the recognition of the concrete effects that economic 
growth has on biodiversity in terms of pollution and waste generation; 2) the relationship 
between environmental damage and poverty; 3) ecosystemic biocapacity as an asset and as an 
economic resource; 4) environmental deterioration as a costly inefficiency in the development 
process; 5) the inter- and intra-generational distributive implications of the destruction of the 
environment; and 6) environmental management as a requirement for a functional development 
style (see Porcile and Torres, 2024; Lima et al., 2024). 

Finally, from a historical and structural perspective, it is extremely important to point out that 
center-periphery relations generate not only economic asymmetries but also geopolitical 
subordination of the global South to the global North. These phenomena are also adversely 
replicated at the environmental level. If the fruits of the economic process are distributed 
unequally between the peripheral and central poles, the distribution of the environmental damage 
generated by global capitalism is also regressive, as can be seen in figure 1, which shows the long-
term evolution of per capita CO2 emissions for selected central and peripheral regions. The 
accelerated and sustained growth in the level of emissions generated in North America, Europe, 
and Oceania since 1800, and the gap between them and South America and Asia is striking. This 
stylized fact undoubtedly poses a complex international political economy puzzle to enable a 
sustainable development style in the periphery in harmony with the central growth style. An 
analytical model that addresses these asymmetries is presented in subsection 1.2. 
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Figure 1 – A center-periphery environmental asymmetry 
(per capita CO2* emissions by world region 1800-2023, in tonnes) 

 

Source: own elaboration based on Our World in Data (https://ourworldindata.org/co2-and-greenhouse-gas-
emissions). 
* Carbon dioxide (CO₂) emissions from fossil fuels and industry. Land-use change is not included. 

 
 

1.2. A policy-oriented model of sustainable development 

The competitiveness function: economic sustainability 

Sustainable growth must meet three fundamental conditions: (a) it should be consistent with the 
balance of payments (BOP)-constrained growth rate, ensuring external equilibrium; (b) it must 
reduce inequality and foster social inclusion; and (c) it must comply with environmental 
commitments, particularly those established under the Paris Agreements. As argued by Porcile 
(2024), these three dimensions of sustainability—economic, social, and environmental—are 
crucial to defining a sustainable growth path. 

These conditions can be captured by three distinct growth rates: i) 𝑦𝑃 is the maximum rate of 
growth compatible with external equilibrium, where the rate of growth of exports matches that 
of imports, keeping the current account in a stable position (assuming no initial external debt); ii) 

𝑦𝑆 is the minimum rate of growth necessary to create formal employment, reduce poverty, and 
foster income redistribution, thereby promoting social inclusion and equality; and iii) 𝑦𝑒 is the 
maximum rate of growth that aligns with a target level of emissions (𝑒∗), reflecting the tendency 
for GDP growth and emissions growth to move in tandem (more on this below). 
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Achieving these three conditions simultaneously poses a complex challenge, as these 
objectives often compete or entail trade-offs. This highlights the need for an analytical framework 
that captures the interactions between economic, social, and environmental dimensions of 
sustainable development. 

Various models in the literature explore these interactions, placing environmental 
sustainability and social inclusion at the center of economic analysis (Magacho et al., 2023, 2024; 
Stark et al., 2023; Grazini et al., 2024). All these models offer valuable insights and stress different 
aspects of sustainable development. We will build on the three-gap model because it allows us to 
focus on center-periphery technological and productive asymmetries that strongly condition the 
growth path of the economies of the global South. Our analysis is empirically grounded in Latin 
American data. This allows us to extend prior research (e.g., Althouse, 2020; ECLAC, 2020; Porcile 
et al., 2023; Alatorre et al., 2024) and provide a comprehensive perspective on the challenges 
faced by peripheral economies in achieving sustainable development. 

Economic sustainability, in this context, is defined using the BOP-constrained growth model. 

Here, 𝑦𝑃 represents the long-run growth rate determined by the external equilibrium, described 
by the following equation: 

𝑦𝑃 =
𝜀

𝑚
𝑦𝐶 = 𝑓[ℎ, 𝜇, 𝜔]𝑦𝐶         (1) 

The long-run equilibrium rate of growth equals the ratio between the income elasticity of the 
demand for exports (𝜀) and the income elasticity of the demand for imports (𝑚), multiplied by the 

growth rate of the rest of the world (𝑦𝐶). Considering a center-periphery system from the 
perspective of the periphery, the “home” economy in equation (1) refers to the periphery. In 
contrast, the rest of the world corresponds to the center – denoted by the superscripts 𝑃 and 𝐶, 
respectively. This equation implies that if the periphery grows at a rate exceeding the one 
consistent with external equilibrium, it will accumulate unsustainable levels of foreign debt. 
Eventually, this imbalance would necessitate reducing the periphery’s growth rate to avoid 
external and exchange rate crises (for a detailed discussion, see Blecker and Setterfield, 2019; 
Blecker, 2022). In this context, 𝑦𝑃 represents the maximum growth rate compatible with external 
equilibrium. 

Moreover, equation (1) incorporates the idea that the income elasticity ratio between the 
demand for exports and imports depends on key variables that shape a country’s ability to 
compete globally across different sectors. 

The first critical variable is the technological capabilities in the periphery (ℎ). Extensive 
literature underscores the key role of technological competitiveness in driving long-run growth 
and exports (Dosi et al., 1990; Dosi and Nelson, 1994; Fagerberg and Verspagen, 2002; Freeman, 
2004; Cimoli and Porcile, 2011; Dosi et al., 2010, 2015). Higher technological capabilities enhance 
the degree of diversification and sophistication of the production structure, improving the 𝜀/𝑚 
ratio. Technological capabilities evolve as a function of the technology gap between the center and 

periphery, defined as 𝐻 =
ℎ𝐶

ℎ𝑃
 . Following Basilio et al. (2019), we assume that building 

technological capabilities in the periphery is a linear negative function of the gap:  

𝐻̂ = ℎ̂𝐶 − ℎ̂𝑃 = −(ℎ0 + ℎ1𝐻)⏟        
−ℎ̂𝑃

+ ℎ̂𝐶 , ℎ̂𝐶 > ℎ0      (2) 
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In equation (2), ℎ̂𝐶  represents the exogenous rate of growth of technological capabilities in the 
center, ℎ0 is the autonomous component of technological learning in the periphery (hence the 

term ℎ̂𝐶 − ℎ0 is the difference in the growth rate of autonomous technical change in center and 
periphery), and ℎ1𝐻 is the technological learning in the periphery associated with technological 
spillovers from the center. The higher the technology gap between the two regions, the higher the 
technological spillovers to the periphery, given the parameter ℎ1, which reflects the ability of the 
periphery to learn out of the stock of technology in the center. The equilibrium technology gap is 
given by: 

𝐻̂ = 0 → ℎ∗ =
ℎ̂𝐶−ℎ0

ℎ1
         (3) 

The level of the gap will increase when the international technological frontier (represented 
by the technological capabilities in the center) moves faster and decrease when the periphery 
steps up its efforts at catching up, as represented by a higher ℎ0 and ℎ1. These parameters, in turn, 
depend on the strength of the National System of Learning in the periphery (Lundvall, 2007). This 
specification of the technology gap dynamics is extremely simple but allows us to focus on the 
institutional conditions for sustainable development.1 

The second critical variable is the share of green capabilities in total technological capabilities 
(𝜇). The inclusion of 𝜇 reflects growing global concerns about environmental sustainability in 
international trade negotiations and the possibility of trade barriers targeting carbon-intensive 
exports (e.g., carbon border taxes, as discussed in the European Union). This is related to the 
“Porter Hypothesis”, which posits that pro-environment regulations can evolve into a competitive 
advantage. As Dávila-Fernández and Sordi (2020) argue, disseminating pro-environment 
sentiments across economic actors, driven by the increasing awareness of the negative 
consequences of climate change becoming common knowledge, reinforces this hypothesis. Green 
capabilities are increasingly seen as a competitive advantage not only by trade officials and the 
international bureaucracy, but also in the political debate, as climate change has become an 
important topic in public opinion. 

The prospect of a carbon tax on the border increases with heightened environmental concerns 
among consumers and governments. Moreover, the role of 𝜇 in competitiveness may also stem 
from technological externalities associated with investments in green technological capabilities. 
Green energy, greener production processes, and green products are more technology-intensive 
than most of the “brown” goods the periphery exports. Romero and Gramkow (2021) show that 
emissions per unit of GDP tend to be negatively correlated with economic complexity, an indicator 
of advanced and diversified technological capabilities. This underscores a significant connection 
between competitiveness, technology, and environmental sustainability. 

The third critical variable is the wage share in GDP (𝜔), which affects the specialization 
pattern. Under certain conditions, it is possible to show that 𝜔 and the real exchange rate (𝑞 =
𝑃∗𝐸 𝑃⁄ ) exhibit a negative association: higher 𝜔 leads to a lower 𝑞. These conditions may include 
imperfect competition with a variable mark-up factor (Blecker and Setterfield, 2019, pp. 190-
191). A similar conclusion is reached if the relative real unit labor costs between the center and 

                                                             
1 In particular, a nonlinear specification of the catching-up function would be a more realistic representation of 
technological spillovers to the periphery (see Verspagen, 1993). However, to maintain the model’s simplicity, we adopt 
a linear specification, which still effectively conveys the key message: the importance of active policies in building the 
institutions and technological infrastructure necessary for catching-up. For more on absorptive capabilities and the 
catching-up process, see Cohen and Levinthal (1990), Criscuolo and Narula (2008), and Bianchi et al. (2023).  
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periphery is taken as an indicator of price competitiveness. The real unit labor cost in the 

periphery is 𝑅𝑈𝐿𝐶𝑃 =
𝑊

𝑉𝑃
, where 𝑊 is nominal wages, 𝑃 is the price level, 𝑊/𝑃 is the real wage, 

and 𝑉 =
𝑌

𝐿
 is labor productivity. The real unit labor cost in the center is 𝑅𝑈𝐿𝐶𝐶 =

𝑊𝐶

𝑉𝐶𝑃𝐶
. Defining 

the wage share in GDP as 𝜔 =
𝑊𝐿

𝑃𝑌
, it is straightforward that the real unit labor cost equals the wage 

share. Therefore, the periphery-center relative real unit labor cost is the inverse of the periphery-
center wage share 𝑅𝑅𝑈𝐿𝐶 = 𝜔/𝜔𝐶 . If 𝜔𝐶  is exogenous (which is true if the periphery is a small 
country), 𝜔 can be used as a proxy for the periphery’s price competitiveness. A higher 𝜔 reduces 
price competitiveness. The importance of the real exchange rate as a source of export growth, and 
its interactions with technical change and industrial policy have been extensively discussed in the 
literature (Ocampo, 2016; Palazzo and Rapetti, 2017; Oreiro, 2020; Guarini and Oreiro, 2022; 
Palazzo, 2024). 

Employment and productivity 

The rate of employment growth in this economy is the difference between the rate of economic 
growth and labor productivity growth, as expressed in equation (4): 

𝐿̂ = 𝑦𝑃 − 𝑣          (4) 

Equation (5) defines the rate of labor productivity growth. It is assumed to be a function of 
labor-saving technical change, which depends positively on the economic growth rate (Kaldor-
Verdoorn effect) and the wage share (Carnevali et al., 2020). A higher wage share increases the 
incentives in this economy to introduce labor-saving innovations (see Storm and Naastepad, 2012, 
chapter 5; Marquetti et al., 2024, pp. 43-44). 

𝑣 = 𝑣0 + 𝑣1𝑦
𝑃 + 𝑣2𝜔         (5) 

Using equations (1), (4), and (5), we derive: 

𝐿̂ = 𝑦𝑃 − 𝑣 = 𝑓[ℎ, 𝜇, 𝜔] = 𝑦𝑃(1 − 𝑣1) − 𝑣0 − 𝑣2𝜔     (6) 

As generally accepted in Post-Keynesian and Structuralist models, income distribution 
depends on the relative power of capitalists and workers in labor and product markets. Formally: 

𝜔 = 𝜔(𝐿̂, ∅), 𝜔′(𝐿̂) > 0,𝜔′(∅) > 0       (7) 

Equation (7) states that the wage share 𝜔 responds positively to two forces. The first is the 

rate of growth of labor demand in the “modern” sector, 𝐿̂, which strengthens workers’ bargaining 
power in the labor market. The second force arises from social conventions regarding what is 
considered a socially acceptable consumption basket for workers (∅). These conventions are 
embedded within institutions that provide social protection, monetary transfers, and other forms 
of income redistribution to promote equality. In this sense, 𝜔 can be understood as a form of 
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“social wage” that emerges from labor market dynamics and political decisions related to the 
welfare state and labor protection. 

Finally, environmental sustainability is represented by CO2 emissions, as expressed by the 
following equation: 

𝑒 = 𝐸(𝑦𝑃, 𝜇),    𝐸𝑦𝑃 > 0, 𝐸𝜇 < 0        (8) 

The rate of growth of emissions is positively influenced by economic growth and negatively 
influenced by green capabilities within total capabilities. 

Defining the conditions for sustainable development and the space of social, technological, and 
environmental policies 

The above equations allow us to identify the conditions required for sustained development. 
While these conditions are defined at a theoretical level, they will be quantitatively specified in 
the next section. 

First, we define the desired social wage of the economy, 𝜔𝑆, based on social norms consistent 
with a stable democratic political system. Given ∅, equation (7) returns the rate of growth of 
employment consistent with the desired wage share: 

𝐿̂𝑆 = 𝑦𝑃 − 𝑣 = 𝑓[ℎ, 𝜇, 𝜔𝑆]𝑦𝐶(1 − 𝑣1) − 𝑣0 − 𝑣2𝜔
𝑆     (9) 

Here, given ∅ and the parameters of technical progress (𝑣0, 𝑣1, 𝑣2) the focus necessarily shifts 

to the growth rate 𝑦𝑆,2 that generates the desired level of employment 𝐿𝑆. However, this growth 
rate implies a certain level of emissions, as per equation (8). This level of emissions may be higher 
than the one required for sustainability from an environmental point of view. In other words, the 
growth rate necessary for creating jobs could lead to higher emissions levels than those required 
for environmental sustainability. 

Thus, it is necessary to find the combination of values for 𝜇 and ℎ1 that simultaneously satisfy 

𝑒 =  𝑒∗ and 𝑦𝑃  =  𝑦𝑆. This results in a system of two equations with two unknowns: the structural 
parameters related to technological capabilities and competitiveness (ℎ1) and the resources 
allocated to building the green capabilities required to curb emissions (𝜇). Given the positive 
correlation between emissions and GDP growth, it is always possible to find a maximum rate of 
growth 𝑦𝑒 that is compatible with the rate of growth of emissions 𝑒∗. However, this growth rate 

is likely much lower than the growth rate necessary for social equilibrium, i.e., 𝑦𝑒 < 𝑦𝑆. 

The equilibrium technological gap in equation (2) is determined as ℎ∗ =
ℎ̂𝐶−ℎ0

ℎ1
, where ℎ̂𝐶 − ℎ0 

is the difference in the autonomous rate of growth of technological capabilities in the center and 
periphery, respectively, and ℎ1 captures the periphery’s rate of catching-up through international 
technological spillovers. We assume that the autonomous components are given and focus on how 
changes in ℎ1 (the ability of the periphery to learn from the center) affect technological 
competitiveness.  

                                                             
2 Note that if there are social policies that succeed in improving welfare for a given level of employment growth, then a 

lower 𝑦𝑆 will be consistent with the desired 𝜔𝑆. 
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𝑒∗(𝜇, 𝑦𝑆) = 𝑦𝑆(ℎ1, 𝜇, 𝜔
𝑆)                 (10) 

𝑦𝑆 = 𝜖[ℎ1, 𝜇, 𝜔
𝑆]𝑦𝐶                    (11) 

Theoretically, it is possible to find a set of values for the parameters 𝜇, ∅, ℎ1 that ensures that 
the economy moves along a sustainable development path, represented by 𝑒∗, 𝑦𝑆, 𝜔𝑆 – the desired 
rate of emissions, economic growth and wage share, respectively, that define the sustainable 

development path – given all the other parameters, ℎ0, 𝑡̂
𝐶 , 𝑣0, 𝑣1, 𝑣2, and the functions 𝜖(∙)  and 

𝜔(∙). In economic policymaking, advancing towards this path would be a complex process (from 
a technological, productive and political point of view) – mired by difficulties and based on trial-
and-error learning – that would probably fail to comply with all the required conditions most of 
the time (for a stylized discussion of the political economy of this transition see Gatti, 2022). 
Nevertheless, those parameters and functions provide broad indications of the direction 
investment policies and institutional building should take. 

The purpose of this policy-oriented model is to emphasize the institutional and policy changes 
required to attain certain objectives rather than to find a set of equilibrium values for the variables 
given the values of the institutional and policy parameters.  

We highlight the model parameters where institutions and policies could make a difference 
(see also Alatorre et al., 2024; Grazini et al., 2024). For simplicity, we assume ∅ is given and then 
sequentially find the required values for the other parameters. However, a more realistic model 
should explore the potential interactions among all variables. The possibility that ∅ (the welfare 
function) could have a significant impact on learning and, consequently, ℎ1 is extremely important 
and well-documented in the literature (Evans and Heller, 2015). Virtuous feedback loops between 
𝜇, ∅, 𝜔 may exist, enhancing the feasibility of achieving a sustainable development path.  

2. Simulations: a set of quantitative goals for sustainable development in Latin America 

2.1. Estimating the rate of growth for social sustainability, 𝑦𝑆 

The following estimations focus on Latin America as a region, aggregating the economies of the 

entire area. As defining and measuring the desired social wage share (𝜔𝑆) for social sustainability 
is complex, we approximate it using a more straightforward indicator, namely what it takes to 
achieve the total eradication of poverty. This is an imperfect measure of the welfare implications 
of growth but a powerful one in countries that show such high poverty levels in total population, 
as is the case for most Latin American economies. In 2022, the percentage of people living in 
poverty was 29% of Latin America’s total population (181 million). In 2022, about 39% of the 
total households in the region (54.2 million) depended exclusively on informal employment 
(ECLAC, 2023a). 

A combination of monetary transfers and the expansion of formal employment can eliminate 
poverty. We first define a certain amount of monetary transfers representing the parameter ∅ in 
the model. Then, we estimate the growth rate of the economy that generates the desired level of 

employment, 𝑦𝑆, which, combined with the transfers, allows for the eradication of poverty in 
2030. Two growth scenarios are considered for the 2024 to 2030 period. The first scenario 
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assumes that the region keeps the rate of growth from 1990 to 2023 at approximately 2.5% per 
year, while the second scenario assumes a yearly regional economic growth of 4%. The method 
for estimating the elasticity of poverty to growth can be found in Appendix A at the end of the 
article.  

The redistribution strategy (which defines ∅ in equation (7)) is to tax the richest 10% and use 
the taxes to transfer an amount equivalent to one monetary poverty line to the poor. The initial 
tax and transfers equal 1.5 percentage points of the income share in GDP of the richest 10%.3 The 
tax and transfers then increase 0,5 percentage points every year until reaching 3 percentage 
points in 2027. Taxes and transfers remain at the same level thereafter.  
 

Table 1 – Poverty levels by different growth and redistribution scenario, 2030 

Economic growth 
(%) 

Poverty levels, 2030 
(million people) 

Poverty levels including  
a redistribution policy, 2030 

(million people) 

2.0 166 49 
2.5 156 34 
3.0 146 19 
3.5 136 5 
4.0 128 0 

Source: authors’ calculations. 

 

Figure 2 – Poverty levels by GDP growth scenario, 2021 – 2030 

 

Source: authors’ calculations. 
Note: the estimates of the fall in poverty assume the gradual redistribution of three percentage points of the income of 
the top 10 % towards the poor.  

                                                             
3 The top decile receives 21 times as much income as the bottom decile in 2022 (ECLAC, 2023a). 
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Table 1 and figure 2 show that “pure” income redistribution is not enough to eradicate poverty; 
growth also plays a critical role. Indeed, the simulations suggest that a rate of growth of 
approximately 4% is the minimum growth rate required to create formal jobs that – along with 
income distribution – eradicate poverty by 2030. In other words, the rate of growth consistent 
with the objective of social sustainability 𝑦𝑆 is approximately 4%. 

2.2. Promises and actual trends in the decarbonization rate 

Emissions are strongly linked to economic activity, especially GDP growth. This relationship has 
been weakened by technical change over time, leading to fewer emissions generated per unit of 
global production. This decoupling is due to improvements in energy efficiency, the greater 
proportion of renewables in the energy matrix, and the penetration of electromobility, among 
other factors. However, the rate of decoupling is far from the rates needed to achieve the goals 
mentioned above (ECLAC, 2023b).  

In 2023, the world emitted an average of 0.6 tons per thousand dollars. This indicator is a 
measure of the carbon footprint of the economy and, in general, has been falling over time, which 
implies that a decarbonization process is indeed taking place (see figure 3a). Decarbonization 
should be expected to gain momentum after the signing of the Paris Agreement in 2015. Globally, 
this has been the case: between 2000 and 2014, the economy decarbonized at a rate of 0.7% per 
year, and from 2015 it doubled this speed (see figure 3b). However, this did not happen in Latin 
America. While the region generates practically the same number of emissions per unit of GDP as 
the global average, the trend is not promising, as the speed of decarbonization has decreased 
slightly. 
 

Figure 3 – Carbon footprint and decarbonization trends by countries and regions 

a. Carbon footprint of the economy 
(Emissions per unit of GDP in tons per 

thousand dollars in 2015) 

b. Decarbonization rate of the economy 
(annual growth) 

  

Source: authors’ elaboration based on World Bank World Development Indicators and European Commission and 
others (2023), GHG emissions of all world countries – 2023, Publications Office of the European Union. 
Note: Emissions exclude land use change. 

0

0,5

1

1,5

2

2,5

2
0

0
0

2
0

0
2

2
0

0
4

2
0

0
6

2
0

0
8

2
0

1
0

2
0

1
2

2
0

1
4

2
0

1
6

2
0

1
8

2
0

2
0

2
0

2
2

India

China

-2,7

-2,3 -2,2

-0,9

-2,6

-0,8

-3,0

-3,8

-2,4

-0,7

-2,9

-1,6

-4

-3,5

-3

-2,5

-2

-1,5

-1

-0,5

0

0,5

1

2000-2014

2015-2023

China
European
Union 27 India LAC

United
States World



126            Sustainable development: Theory and some simple simulations 

PSL Quarterly Review 

The commitment Latin America has made after the Paris Agreements in the National 
Determined Contributions (NDCs) is to reduce emissions by 24% in 2030 concerning a business-
as-usual scenario; in case there is international assistance to development, the target would be a 
29% reduction in emissions (ECLAC, 2023b). We will use these benchmarks (set by the Latin 
American countries themselves) to define the growth rate consistent with environmental 
sustainability. Therefore, we estimated the growth rate consistent with this emission reduction 
(NDCs of 24% and 29 %), assuming that the historical decarbonization rate of 0.7% per year 
remains, i.e., that there are no additional efforts towards decarbonization.  

Figure 4 shows that without a more aggressive investment in reducing emissions – i.e. if the 
decarbonization rate continues to evolve as in the past 10 years – attaining the climate targets of 
the region would imply degrowth, which is inconsistent with the social objectives mentioned 
above. For the economy to keep growing at 2.5% per year and, at the same time, achieve the 
climate targets, the decarbonization rate should increase 7 times in the unconditional scenario 
and by 8 times in the conditional scenario with respect to the historical rate. If the economy aims 
to grow at 4 % per year, the decarbonization rate must be 9 and 10 times as fast as the historical 
rate for the unconditional and conditional scenarios.  
 
 

Figure 4 – GDP growth consistent with emission reduction, 2024-2030 

 

Note: author’s calculations. 

 

2.3. Structural change and the BOP-constrained rate of growth 

There is no endogenous mechanism in the economic system that ensures attaining either the rate 
of growth consistent with social goals or the rate of decarbonization necessary to comply with the 
promises made in the NDCs (as discussed in the previous section). On the other hand, there are 
endogenous mechanisms that will make the economy converge towards the growth rate 
consistent with external equilibrium. The rise of external debt, an exchange rate crisis, or a higher 
risk premium on new loans to a country already heavily indebted to foreign currency are forces 
that curb economic growth when it runs beyond the BOP-constrained growth rate. This is 
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especially valid in a world with high capital mobility and open capital accounts (Kaltenbrunner 
and Painceira, 2015; Hein and Truger, 2012; De Paula et al., 2017).  
 

Table 2 – Observed and estimated rates of growth using the BOP-constrained rate of growth 

  
Observed rate of growth,  

1962-2023 
Estimated rate of growth,  

1962-2023 

Argentina 2.2% 2.3% 

Brazil 3.7% 3.6% 

Chile 3.8% 4.3% 

Colombia 3.9% 3.6% 

Mexico 3.5% 3.4% 

Peru 3.2% 3.3% 

Latin America 3.2% 3.4% 

Source: authors’ elaboration based on the United Nations, UN Comtrade database, and World Bank World Development 
Indicators. 
Note: in estimating the Latin American aggregate income elasticity of exports, each country's income elasticity is 
weighted by its share of the total regional GDP.  

 

Table 3 – Income elasticity of the demand and Lall’s typology of technological intensity 

  
Primary  
products 

Resource-based  
manufactures 

Low-technology  
manufactures 

Medium-technology  
manufactures 

High-technology  
manufactures 

Argentina 0.605 0.631 0.999 1.393 3.272 

Brazil 0.635 0.631 2.019 2.718 2.628 

Chile 1.342 1.716 1.923 2.278 3.062 

Colombia 0.934 1.745 1.736 2.170 2.646 

Mexico 0.647 0.943 1.654 2.845 4.165 

Peru 0.918 1.081 1.481 1.973 2.422 

Latin America 0.692 0.851 1.707 2.466 3.199 

Source: authors’ elaboration based on the United Nations, UN Comtrade database. 

 
 

Recall that the BOP-constrained growth model suggests that the equilibrium rate is 𝑦𝑃 =

 
𝜀

𝑚
𝑦𝐶 , where 

𝜀

𝑚
 is the income elasticity ratio. Table 2 shows the observed growth rates in the 1962-

2023 period and the estimated rates using the BOP-constrained growth model for different Latin 
American economies and the Latin American region. It can be seen that the growth rates predicted 
by the model approach the observed rates very well. For the technical details of the econometric 
estimation of the income elasticity ratio, see Appendix B. 
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It was mentioned that the income elasticity ratio is a function of the importance of technology-
intensive sectors in the production structure. The idea that technology-intensive sectors show a 
higher income elasticity of exports is vital to establish a link between specialization and long-run 
growth – and, clearly, a link between the Schumpeterian/Structuralist view on technology and 
international competitiveness and the Keynesian view about the role of demand (more 
specifically, the demand for exports and imports) as an explanation of economic growth. Using the 
well-known Lall typology (Lall, 2000), table 3 shows that those more technology-intensive sectors 
also show a higher income elasticity of export demand. 
 

Table 4 – Growth, poverty, and the required income elasticity ratio 

Economic growth in Latin America (%),  
2024-2030 

Required elasticity ratio 

 𝜀/𝜋 

2 0.64 

2.5 0.79 

3 0.95 

3.5 1.11 

4 1.27 

Source: authors’ elaboration based on the United Nations, UN Comtrade database, and IMF, World Economic Outlook 
data, and IMF staff estimates. 

 

Figure 5 – Required Elasticity Ratios for Different GDP Growth Scenarios in Latin America,  
2024–2030 

 

Source: authors’ elaboration based on the United Nations, UN Comtrade database and IMF, World Economic Outlook 
data, and IMF staff estimates. 
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This positive association between technological capabilities and the dynamism of demand can 
be identified at each country's level and the Latin American region as a whole.  

Finally, table 4 shows the desired rate of growth and the associated income-elasticity ratios 
that would allow for attaining those rates without facing external unbalances. All the exercises 
assume a cumulative global economy growth rate of 3.5 % annually.  

Figure 5 shows that the historical income-elasticity ratio is close to unity. This ratio does not 
allow for convergence with the center countries – since, to keep the external balance, the region 
should grow at the same rate as the center, implying that the income per capita difference between 
the center and periphery would persist over time. We are particularly interested in the income 

elasticity ratio required for a 4% growth rate, which is required to eradicate poverty (𝑦𝑆). This 
ratio is about 1.2, significantly higher than the unity, which in turn implies that a major 
transformation of the pattern of specialization would be required (in the direction of a higher 
share of sectors more technology-intensive in GDP and export) if the Latin economies are to 
achieve the desired rate of 4%.  

3. Concluding remarks 

The policy-oriented model presented in this paper focuses on the structural and institutional 
changes required to transition towards a sustainable development path in Latin America. In line 
with other exercises made with the same model, the minimum growth rate necessary for social 
sustainability was estimated to be about 4% per year. This growth would create the formal jobs 
required (in parallel with a process of income redistribution) to lift the poor from below the 
poverty line in the region.  

However, to attain this growth rate without creating external imbalances that could eventually 
compromise the continuity of growth, the income elasticity ratio should increase from about unity 
to 1.2. This, in turn, implies a significant process of structural change to transform the production 
structure in the direction of more technology-intensive sectors, which would allow the periphery 
to participate in more dynamic international markets. However, even if this transformation is 
attained, growth can be sustained at the desired 4%; in a business-as-usual scenario, this would 
be incompatible with the NDCs. Technical change must have a direction: the building of 
technological and productive capabilities and the efforts at innovation and catching up should 
have decarbonization and the protection of the environment at its core. Our estimates indicate 
that the rate of decarbonization in Latin America should be multiplied by a factor of 9 to 10 if the 
region is to comply with the NDCs and grow at 4%.  

Addressing the multiple challenges of sustainable development requires a broad array of 
policies and institutions, carefully coordinated, long-term strategies for structural change, and 
constructing a welfare state that supports social inclusion and the positive impacts on innovation 
and learning associated with universal education and health services. The model presented gives 
a sense of the magnitudes and direction of the changes required. Still, the key problems are 
probably not on the technical side of the transition (although they are certainly important) but on 
the political side. A transition towards sustainable development implies a strengthening of the 
strategic role of the state and a redistribution of power and income that would certainly face 
resistance. It also needs levels of international cooperation that are at odds with the rise of 
geopolitical rivalry and the collapse of multilateral institutions, which make these policies less 
likely and effective. 
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Appendix A 

Estimating the elasticity of poverty to economic growth 

The elasticity of poverty to growth for Latin American countries, 𝜂, is obtained from a standard 
model, which includes, in addition to the change in income or consumption, changes in income 
distribution, represented by the Gini index:  

Δ𝑝𝑖𝑡 = 𝜂 ∗ (1 − 𝐺𝑖𝑛𝑖𝑖𝑡−1)Δ𝑦𝑖𝑡 + 𝑣𝑖𝑡           𝑖 = 1,… ,𝑁     𝑡 = 1,… , 𝑇    (A1) 

where lowercase letters represent the natural logarithm of the variables, therefore Δ𝑝𝑖𝑡 
represents the annual growth rate of the poverty count index in the country 𝑖 in year 𝑡, Δ𝑦𝑖𝑡 
symbolizes the growth rate of GDP per capita, or average income or consumption per person, 
𝐺𝑖𝑛𝑖𝑖𝑡−1 is the Gini index by country, in this case the initial measure of inequality. Finally, 𝑣𝑖𝑡 is the 
error term. 

Information on poverty data, GDP per capita, and the Gini index were obtained from ECLAC’s 
statistical database, CEPALSTAT.4 The final database contains 247 observations from 18 
countries5 from 2000 to 2019. In the case of Argentina, poverty measurements are used for the 
urban area; for the rest of the countries, the poverty indicator is national. The results are 
presented in table A1. 
 
 

Table A1 – Regressions of poverty and economic growth 

  Elasticity 

(1 − 𝐺𝑖𝑛𝑖𝑖𝑡−1)Δ𝑦𝑖𝑡  –3.37*** 

  (0.59) 

R2 0.34 

Adj. R2 0.34 

Obs 247 

Countries 18 

Note: robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 

 

                                                             
4 http://estadisticas.cepal.org/cepalstat/WEB_CEPALSTAT/Portada.asp 
5 Argentina, Bolivia (Est. Plur.), Brazil, Chile, Colombia, Costa Rica, Dominican Republic, Ecuador, El Salvador, 
Guatemala, Honduras, Mexico, Nicaragua, Panama, Paraguay, Peru, Uruguay and Venezuela (Rep. Bol.). 

http://estadisticas.cepal.org/cepalstat/WEB_CEPALSTAT/Portada.asp
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Appendix B 

Estimating the income elasticity ratio 

We use a Multi-sectoral Thirlwall’s Law to estimate the income elasticity ratio (Araujo and Lima, 
2007). The model postulates that a country produces a range of goods with different elasticities. 
This defines the equilibrium growth rate as: 

𝑦𝐵𝑀𝑆𝑡 =
𝑧𝑡⋅∑ 𝑤𝑥𝑖

𝑛
𝑖=1 ⋅ε𝑖

∑ 𝑤𝑚𝑖
𝑛
𝑖=1 ⋅π𝑖

  

Where ε𝑖is the income elasticity of exports of sector 𝑖, π𝑖  is the income elasticity of imports of 
sector 𝑖 𝑤𝑥𝑖and 𝑤𝑚𝑖 are the shares of exports and imports of the sector 𝑖 in total exports and 
imports. 𝑧𝑡 is the growth rate of the rest of the world. 

To estimate 𝜀𝑖  and 𝜋𝑖 for each technological sector, we have the following equations:  

𝐿𝑛 𝑀𝑖𝑡 = 𝜓𝑖 ⋅  𝐿𝑛 𝑅𝑡 + 𝜋𝑖 ⋅ 𝐿𝑛 𝑌𝑡  + 𝜇𝑖𝑡  

𝐿𝑛 𝑋𝑖𝑡 = 𝜂𝑖 ⋅ 𝐿𝑛 𝑅𝑡 + ε𝑖 ⋅ 𝐿𝑛 𝑍𝑡  +  𝜗𝑖𝑡   

where 𝑀, 𝑋, 𝑅, 𝑌, and 𝑍 represent imports, exports, the real exchange rate, domestic GDP, and the 
GDP of the rest of the world, respectively. 𝜓𝑖, 𝜋𝑖, 𝜂𝑖  and 𝜀𝑖  are the parameters to be estimated, and 
𝜇𝑖𝑡  and 𝜗𝑖𝑡 are the errors of the model. 

Using the classification of Lall (2000), we proceed to make a classification based on the 
technological intensity of imports and exports based on the data of SITC revision 1. Given this, 
there are six types of exporting/importing sectors: i) primary products, ii) resource-based 
manufactures, iii) low-technology manufactures, iv) medium-technology manufactures, v) high-
technology manufactures, and vi) other manufactures. Lall (2000) classified trade data by 
technological intensity based on SITC revision 2 from 1983 to 2001. Therefore, Lall’s classification 
was adapted using correspondence tables from SITC 2 to SITC 1.  

Since the series may be non-stationary, OLS estimation of the equations could yield spurious 
results and fail to reflect long-term relationships between the variables. To determine whether 
the series are stationary, unit root tests are conducted. A model reduction procedure selected the 
appropriate number of lags in the Augmented Dickey-Fuller (ADF) Test. At the same time, the 
structure of the deterministic component was specified using a general-to-specific approach, 
beginning with an auxiliary regression including both trend and drift. 

Our series are integrated of order 1 (I(1)), indicating that they are non-stationary in levels but 
become stationary after first differencing. Therefore, we apply cointegration techniques to 
capture the long-term relationships between variables, using the Johansen method to test for the 
presence of cointegrating vectors. 

The Johansen analysis uses the maximum likelihood principle, which assumes that the data 
distribution is constant over time. To select the optimal order for each system, we estimated a 
Vector Autoregressive model (VAR) for each country’s real GDP, exports, and imports (all in 
natural logs). The lag (order) that maximized the Schwarz Bayesian (SBC) or Hannan-Quinn (H-
Q) criterion for each country was selected as the optimal order for the VAR. 
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After estimating the VAR model, we tested the hypothesis of cointegrating vectors within the 
system of real GDP growth, exports, and imports using the procedures of Johansen (1988) and 
Johansen and Juselius (1990). The trace test was applied to assess the number of cointegrating 
relationships. 

The sample period covers annual data from 1962 to 2023 to test the multi-sectoral Thirlwall’s 
Law. GDP data was obtained from the World Development Indicators. The real exchange rate is 
the nominal exchange rate for each country multiplied by the ratio between the US consumer price 
index and that of each country. The real exchange rate was constructed using World Development 
Indicators data. Trade data have been collected from the United Nations Commodity Trade 
Statistics Database (COMTRADE) according to the Standard International Trade Classification 
(SITC) Revision 1. We have data for Argentina, Brazil, Chile, Colombia, Mexico, and Peru. These six 
economies accounted for 85% of Latin America’s GDP in 2023. 
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