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Abstract 
 

This paper revisits the debate on the relationship between economic growth and specialization or, 
conversely, diversification of a country’s production and export baskets. In earlier work, Imbs and Wacziarg 
(2003) and Cadot, Carrère, and Strauss-Kahn (2011) find a U-shaped relationship between income and 
concentration, implying that countries diversify first and then specialize as they climb the income ladders. 
This paper scrutinizes this finding to elicit the drivers of this result. First, the U-shaped relationship becomes 
an L-shaped one after excluding countries that are rich in natural resource from the sample. Second, analysis 
using more granular data to compute concentration finds that countries’ transition from middle-income to 
high-income status is associated with diversification, and not with specialization. Third, when looking at the 
universe of countries that transitioned from low-income status to middle-income status and to high-income 
status, the paper finds no particular pattern of specialization or diversification. However, it finds that 
regardless of the concentration of countries’ export baskets, the sophis�ca�on or complexity of products in 
the export basket progressively increases with country income.  
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Introduc�on 
 
Economic growth has been directly linked to the process of structural transforma�on in terms of both 
sectoral produc�on and exports. The seminal work by Imbs and Wacziarg (2003), and its extension by Cadot, 
Carrère, and Strauss-Kahn (2011) using trade data, established a widely cited regularity on the empirical 
rela�onship between income levels and the concentra�on of a country’s produc�on and export baskets. In 
par�cular, these studies show that specializa�on follows a U-shaped curve. At low levels of income, 
countries’ produc�on and exports are highly concentrated in a few sectors; as income grows, countries tend 
to diversify. But the results of these studies indicate a level of income beyond which the sectoral distribu�on 
of produc�on tends to concentrate again. According to these findings, sectoral diversifica�on goes through 
two stages: first, diversifica�on; and later, increasing concentra�on. Yet, another line of research convincingly 
shows a robust correla�on between income levels and diversifica�on (Hausmann and Klinger 2007; 
Hausmann et al. 2014). In light of this conflic�ng evidence, this paper revisits this ques�on and atempts to 
close the gap between these results. 
 
Exploring the tension between specializa�on and diversifica�on at higher levels of countries’ per capita 
income (GDP) is crucial to beter understand the rela�onship between economic growth and the process of 
structural transforma�on. Understanding this rela�onship is essen�al to beter inform economic policy. Does 
the transi�on from middle-income status to high-income status go along with specializa�on or 
diversifica�on? Both paths can be explained by different theories. On one hand, even a�er countries diversify 
and grow, they become more integrated in the global economy, allowing them to reconcentrate in a 
par�cular set of produc�on and export lines, fulfilling the gains from trade that come from compara�ve 
advantage. On the other hand, global integra�on also implies diffusion of knowledge, and this could also 
result in produc�vity gains across industries reflected in diversifica�on, rather than concentra�on (Bahar, 
Hausmann, and Hidalgo 2014). 
 
This paper empirically revisits the evidence of both Imbs and Wacziarg (2003) and Cadot, Carrère, and 
Strauss-Kahn (2011) that suggests a U-shaped rela�onship between income and concentra�on. The analysis 
sheds light on a number of important findings that complement their original results and show that there is 
a more nuanced rela�onship between the two variables. 
 
The analysis begins by showing that the right-hand side of the U-shaped rela�onship between sectoral 
income and concentra�on depends crucially on natural resources. That is, the U-shaped form of the 
nonparametric rela�onship between income and concentra�on is not robust to the exclusion of countries 
that are rich in natural resources. The respecializa�on stage found in previous research appears to be driven 
by countries that are rich in natural resources, which tend to have both high incomes and highly concentrated 
produc�on or export baskets, even with respect to their non–natural resource export baskets. Thus, the 
analysis excludes countries rich in natural resources, and a set of natural resource products, from the 
samples. When this is done, the rela�onship between income and concentra�on looks more like an L-shaped 
curve than a U-shaped one. 
 



 

 
 

Next, the analysis explores the nonparametric rela�onship between income and concentra�on using 
different levels of sectoral aggrega�on. It takes advantage of the fact that trade data provide enough 
granularity—much more than produc�on data—to make proper comparisons on this dimension. The analysis 
finds that the U-shaped rela�onship is much less pronounced when compu�ng the concentra�on indexes at 
higher levels of disaggrega�on (for example, sector and product classifica�ons at the detailed 6-digit level 
versus the aggregate 2-digit level based on the Harmonized System), implying that richer countries highly 
diversify within clusters. The analysis also shows that these results are not mechanically driven by certain 2-
digit codes having a different number of 6-digit lines underneath them in a way that correlates with income. 
 
Finally, instead of just looking at cross-sec�onal results, the analysis explores the dynamics of the handful of 
countries that transi�oned from below-median to high income levels. It finds that there is no clear patern 
in terms of diversifica�on or specializa�on. However, one characteris�c that seems to increase monotonically 
with income, regardless of diversifica�on or specializa�on, is the sophis�ca�on or complexity of a country’s 
export basket, measured by different metrics. 
 
This paper’s results speak to the important link between structural transforma�on and economic 
development. While the debate in the literature on whether economic development is related to 
diversifica�on or specializa�on is unsetled,1 overall empirical evidence is scarce. This paper—by revisi�ng 
the earlier seminal work of Imbs and Wacziarg (2003) and Cadot, Carrère, and Strauss-Kahn (2011)—provides 
some answers: the transi�on from low-income to middle-income status  goes along with diversifica�on of 
both sectors and varie�es, whereas the transi�on from middle-income to high-income status, in the rare 
occasions that it occurs, involves a slight concentra�on in sectors but con�nuing diversifica�on of lines within 
those sectors. 
 
The paper ra�onalizes the results by developing a simple neo-Ricardian model of interna�onal trade to show 
the rela�onship between income and concentra�on of produc�on and exports. When bringing the model to 
the data, for most countries, a produc�vity shock results both in increases in income and a more diversified 
por�olio of exports. In this simple model, the ini�al level of diversifica�on is crucial for whether the shock 
will diversify or concentrate produc�on. 
 

Data and Metrics 
 

Data Sources 
 
For most of the empirical analysis, the main source of data comes from data on interna�onal trade collected 
by the United Na�ons global trade data pla�orm, UN COMTRADE,  through the Atlas of Economic Complexity 
of The Growth Lab at Harvard University (Hausmann et al. 2014). The analysis focuses par�cularly on export 
data, and uses two product classifica�ons depending on the aim of the empirical analysis. The Standard 

 
1 See, for example, Imbs and Wacziarg 2003; Koren and Tenreyro 2007; Hidalgo et al. 2007; Hausmann et al. 2014; 
Cadot, Carrère, and Strauss-Kahn 2011.  



 

 
 

Industry Trade Classifica�on (SITC) Revision 2 dataset enables a look back to the mid-1960s, to as recently as 
2020, with approximately 760 product categories at the 4-digit level of disaggrega�on. The Harmonized 
System 1992 (HS92) dataset has consistent data star�ng in 1995 but has the advantage of containing nearly 
5,000 different product categories at the 6-digit level. While the SITC dataset will prove useful when exploring 
transi�ons of countries along the income distribu�on given its longer �me dimension, the HS92 dataset 
provides more degrees of freedom when exploring concentra�on measures at different levels of aggrega�on 
(for example, 2 digits versus 6). 
 
Most of the empirical analysis focuses on export data, instead of produc�on data as in Imbs and Wacziarg 
(2003), because export data have important advantages over produc�on data on several fronts. First, export 
data follow interna�onal standards and thus are beter suited to cross-country comparisons. Second, export 
data have higher levels of disaggrega�on, a feature that is central to this analysis. Third, in the cases in which 
export data from a given country are missing, they can be imputed by looking at the imports to all partner 
countries, which cannot be done with produc�on data. Fourth, trade data provide more than 60 years of 
disaggregated data following a fairly constant classifica�on. In this sense, parts of this paper closely follow 
not only the work of Imbs and Wacziarg (2003) but also of Cadot, Carrère, and Strauss-Kahn (2011), who 
exclusively use export data for their analysis, finding similar results.2 
 
The research also incorporates the Industrial Sta�s�cs (INDSTAT) database of the United Na�ons Industrial 
Development Organiza�on (UNIDO), used earlier by Imbs and Wacziarg (2003).3  These data are used to 
replicate the original results and to provide insights and robustness checks with it. These data sources are 
complemented with data on country-level per capita income from the Penn World Tables and data on rents 
from natural resources from the World Development Indicators. All in all, the analysis includes data for up to 
177 countries for up to about 6 decades of data, depending on the product classifica�on used in the 
es�ma�on. 
 

Concentra�on Metrics 
 
The analysis uses a number of concentra�on metrics to measure the level of concentra�on of a country’s 
produc�on or export basket. These measures include the Gini index, the Theil index, and the Herfindahl-
Hirschman index (HHI). The Gini and Theil indexes are measures of inequality. HHI is a measure of 
concentra�on. In their widely used formula�ons, the Gini and Theil indexes capture how far the observed 
distribu�on of produc�ons is from a uniform distribu�on. In theory, the Theil index can also compare the 
observed distribu�on to other distribu�ons, not only the uniform distribu�on. Another main advantage of 
the Theil index is its ability to be decomposed into subindexes, which will be used later in this paper. HHI, on 
the other hand, is a measure of concentra�on and effec�vely captures the number of industries in which 
produc�on or expor�ng is concentrated. The analysis also calculates the share of products that a country 

 
2 An addi�onal reason is that the UNIDO data require important assump�ons in terms of when is it reasonable to interpret zero 
values as missing ones, which has important implica�ons for the robustness of the results. This issue is discussed in detail in appendix 
B.  
3 The authors thank Jean Imbs and Romain Warcziag for generously sharing the data and code for replica�on. 



 

 
 

produces or exports with Balassa’s RCA ≥ 1, a measure of revealed compara�ve advantage (RCA) widely used 
in interna�onal economics. In this paper, this measure is labelled “ac�ve export lines.” In contrast to the 
previous measures, the ac�ve export lines increase with the level of diversifica�on. 
 
All the concentra�on measures are based on the distribu�on of produc�on or expor�ng in a country. 
Suppose that there are 𝐶𝐶  countries and 𝑁𝑁  industries. Let 𝑋𝑋𝑐𝑐𝑐𝑐,𝑡𝑡   denote the produc�on or exports of the 
country 𝑐𝑐 in industry 𝑖𝑖 in year 𝑡𝑡. Therefore, the share of industry 𝑖𝑖 in the produc�on or exports of the country 
𝑐𝑐 is given by:  

𝑠𝑠𝑐𝑐𝑐𝑐,𝑡𝑡 =
𝑋𝑋𝑐𝑐𝑐𝑐,𝑡𝑡

∑ 𝑋𝑋𝑐𝑐𝑐𝑐,𝑡𝑡𝑁𝑁
𝑐𝑐=1

. 

 
The Gini index is constructed by comparing the absolute differences between any pair of industries with the 
total sum of exports. If the distribu�on of shares or levels is uniform, then the Gini index approaches 0. The 
theore�cal maximum of the Gini index is 0.5. Mathema�cally, the Gini index for the country 𝑐𝑐 in year 𝑡𝑡  can 
be writen as: 
 

GINI𝑐𝑐,𝑡𝑡 =
∑ ∑ �𝑋𝑋𝑐𝑐𝑐𝑐,𝑡𝑡 − 𝑋𝑋𝑐𝑐𝑐𝑐,𝑡𝑡�𝑁𝑁

𝑐𝑐=1
𝑁𝑁
𝑐𝑐=1

2𝑁𝑁∑ 𝑋𝑋𝑐𝑐𝑐𝑐,𝑡𝑡𝑁𝑁
𝑐𝑐=1

=
∑ ∑ �𝑠𝑠𝑐𝑐𝑐𝑐,𝑡𝑡 − 𝑠𝑠𝑐𝑐𝑐𝑐,𝑡𝑡�𝑁𝑁

𝑐𝑐=1
𝑁𝑁
𝑐𝑐=1

2𝑁𝑁
. 

 
The Theil index is built on the concept of entropy developed in the field of informa�on theory. Given a sample 
mean denoted by 𝜇𝜇𝑐𝑐,𝑡𝑡 ≡ ∑ 𝑋𝑋𝑐𝑐𝑐𝑐,𝑡𝑡𝑁𝑁

𝑐𝑐=1 /𝑁𝑁 , the Theil index for country 𝑐𝑐 in year 𝑡𝑡 can be writen as: 
 

𝑇𝑇𝑐𝑐,𝑡𝑡 ≡
1
𝑁𝑁
�

𝑋𝑋𝑐𝑐𝑐𝑐,𝑡𝑡
𝜇𝜇𝑐𝑐,𝑡𝑡

ln�
𝑋𝑋𝑐𝑐𝑐𝑐,𝑡𝑡
𝜇𝜇𝑐𝑐,𝑡𝑡

� .
𝑁𝑁

𝑐𝑐=1

 

 
When compared to a uniform distribu�on, the index boils down to the Shannon entropy of shares minus a 
constant: 

𝑇𝑇𝑐𝑐,𝑡𝑡 ≡�𝑠𝑠𝑐𝑐𝑐𝑐,𝑡𝑡 ln�𝑠𝑠𝑐𝑐𝑐𝑐,𝑡𝑡�
𝑁𝑁

𝑐𝑐=1

− ln(𝑁𝑁). 

 
The Hirschman-Herfindahl index (HHI) can be thought of as an expected share of industry. The inverse of HHI 
is o�en used as a measure of the effec�ve number of industries in a country. Mathema�cally, the HHI of the 
country 𝑐𝑐 in year 𝑡𝑡 is given by: 

HHI𝑐𝑐,𝑡𝑡 ≡��𝑠𝑠𝑐𝑐𝑐𝑐,𝑡𝑡�
2.

𝑁𝑁

𝑐𝑐=1

 

 
The paper also presents results with the share of ac�ve product or export lines with a revealed compara�ve 
advantage (RCA) greater than or equal to one, out of the total possible export lines. An RCA equal or larger 



 

 
 

than one implies that a country’s produc�on or exports of a given product, in a given industry or sector, are 
above average rela�ve to the produc�on or exports of that same product overall in the world. 
 
Mathema�cally, the share of industry 𝑖𝑖 in the world produc�on is given by: 
 

𝑆𝑆𝑐𝑐,𝑡𝑡 =
∑ 𝑋𝑋𝑐𝑐𝑐𝑐,𝑡𝑡𝐶𝐶
𝑐𝑐=1

∑ ∑ 𝑋𝑋𝑐𝑐𝑐𝑐,𝑡𝑡𝑁𝑁
𝑐𝑐=1

𝐶𝐶
𝑐𝑐=1

. 

 
Specifically, the RCA of country 𝑐𝑐 in producing or expor�ng in industry 𝑖𝑖 at year 𝑡𝑡 is computed as: 
 

RCA𝑐𝑐𝑐𝑐,𝑡𝑡 ≡
𝑠𝑠𝑐𝑐𝑐𝑐,𝑡𝑡
𝑆𝑆𝑐𝑐,𝑡𝑡

. 

 
With a slight adjustment of nota�on, the share of ac�ve lines for country 𝑐𝑐 in year 𝑡𝑡 is calculated as: 
 

Lines𝑐𝑐,𝑡𝑡 ≡
1
𝑁𝑁𝑡𝑡
�(RCA𝑐𝑐𝑐𝑐,𝑡𝑡 ≥ 1)
𝑁𝑁𝑡𝑡

𝑐𝑐=1

. 

 
where 𝑁𝑁𝑡𝑡  denotes the number of different products in classifica�on traded in the world in year 𝑡𝑡. 
 

Main Results 
 
This analysis is based on the method developed by Imbs and Wacziarg (2003) to establish a nonparametric 
rela�onship between concentra�on of countries’ produc�on or export baskets and their income levels. 
Appendix A describes these methods4 and shows that this analysis can replicate the main results of Imbs and 
Wacziarg (2003) with a high level of precision (see figure A1). 
 
The main takeaway from Imbs and Wacziarg (2003) is that empirically a U-shaped rela�onship between 
income and concentra�on exists. Low-income countries tend to have produc�on baskets that are quite 
concentrated; as they grow their produc�on baskets diversify; and as they con�nue to transi�on from 
middle-income to high-income status, their produc�on basket concentrates again. Appendix B discusses the 
sensi�vity of these results based on a number of data choices. 
 
The analysis reexamines the U-shaped empirical rela�onship between income and concentra�on levels 
established by Imbs and Wacziarg (2003) and Cadot, Carrère, and Strauss-Kahn (2011) by incorpora�ng 
important considera�ons regarding the data, methods, and the dynamics of the countries’ actual transi�ons. 

 

 
4 This is the same methodology used by Cadot, Carrère, and Strauss-Kahn (2011) relying on export data, rather than produc�on 
data. 



 

 
 

First, it presents results showing that the inclusion or noninclusion of countries rich in natural resources in 
the analysis can significantly change the conclusions from previous studies. 
 
Second, it shows that when using different levels of disaggrega�on of the data, the respecializa�on patern 
that is seen in high-income countries becomes much less pronounced. 
 
Third, it explores the dynamics of countries that actually transi�oned across the income distribu�on over the 
past decades and find no clear patern in terms of diversifica�on or specializa�on. However, it finds that one 
characteris�c of their export basket that seems to be progressively increasing with income, regardless of 
diversifica�on or specializa�on, is the sophis�ca�on or complexity of products in their export basket. 
 
Most of these results rely on export data, given the reasons discussed in the introduc�on. 
 

The Role of Natural Resource–Rich Countries 
 
Natural resource–rich countries tend to be outliers in the rela�onship between per capita income and 
concentra�on of exports.  Moreover, countries that are rich in natural resources tend to have, as a 
consequence, more concentrated non-natural resource export baskets (Bahar and Santos 2018). Thus, an 
important considera�on is whether the paterns described by Imbs and Wacziarg (2003) and Cadot, Carrère, 
and Strauss-Kahn (2011) can be affected when the set of countries rich in natural resources is excluded. 
 
This analysis explores this ques�on by rees�ma�ng the rela�onship between income and concentra�on per 
capita including and excluding countries that are rich in natural resources from the es�mates. The defini�on 
of countries rich in natural resources includes countries that rank above the 75th percen�le in either of the 
following two variables: (1) rents of natural resources as a share of GDP (from the World Development 
Indicators) or (2) share of natural resource exports in the country’s total export basket.5 The list of countries 
that classified as rich in natural resources is presented in table C1 in appendix C. The appendix also shows 
that the results are robust to varying the threshold defining the sample of natural resource–rich countries. 
 
This analysis is performed with export data. Although the analysis yields robust results using the UNIDO data, 
the differences between the full sample and the sample excluding countries rich in natural resources are 
much less pronounced because there are few countries in the original sample of UNIDO data used by Imbs 
and Wacziarg (2003) that would qualify as rich in natural resources according to this paper’s classifica�on. 
 
Figure 1 compares the rela�onship between export concentra�on and income for all countries and for non-
natural resource–rich countries in the data. Panel a presents the results using the Gini index. Panel b uses 
the Herfindahl-Hirschman Index. Panel c uses the Theil index. Panel d uses the count of ac�ve export lines 
with an RCA equal to or greater than one. 

 
5 Both indicators of intensity of natural resources are calculated as averages over the period 1995–2020. Exports of natural resource 
products follow the list defined by Hausmann et al. (2014) using the SITC Rev. 2 classifica�on. 



 

 
 

 
The main takeaway from this exercise is that, when countries that are rich in natural resources are excluded 
from the sample, the U-shaped rela�onship becomes an L-shaped rela�onship: there is no patern of 
respecializa�on in the data for countries transi�oning from middle-income to high-income status. As such, 
countries rich in natural resources are driving the posi�ve rela�onship between income and concentra�on 
at the highest levels of income. 
 
Figure 1. The rela�onship between income and concentra�on, with and without countries rich in natural 
resources 

a. Gini index     b. HHI 

 
 

 c. Theil index d. Export lines (RCA ≥1) 

 

Source: Original calcula�ons for the World Development Report 2024.  
Note: The figure plots the nonparametric rela�onship between per capita income and concentra�on using a number of metrics: the 
Gini index in panel a; the Herfindahl-Hirschman Index (HHI) in panel b; the Theil index in panel c; and the number of ac�ve export 
lines with revealed compara�ve advantage greater than or equal to one (RCA ≥ 1) in panel d. The blue line plots the rela�onship 
using all countries, whereas the green line plots the rela�onship excluding countries that are rich in natural resources (defined as 
countries ranking above the 75th percen�le in either natural resource rents or natural resource exports as a share of GDP, on average 
for the period 1995 to 2020). The dots in the figures correspond to the observa�ons upon which the nonparametric form is 
calculated. The green circles represent countries that are rich in natural resources, whereas the blue crosses represent countries that 
are not rich in natural resources. NR = natural resource; PPP = purchasing power parity. 
 



 

 
 

This becomes clearer when focusing on the dots visualized in the figure, which correspond to the 
observa�ons upon which the nonparametric form is calculated. The green circles represent countries that 
are rich in natural resources, while the blue crosses represent countries that are not rich in natural resources. 
These visualiza�ons help reveal that on the extremes of the income distribu�on, par�cularly among the 
richest countries, there is an important presence of countries that are rich in natural resources that also have 
much more concentrated export baskets, driving the respecializa�on patern among richer countries. 
 
An important discussion to have regarding the importance of this dis�nc�on with respect to the original 
results of Imbs and Wacziarg (2003) is that in their paper they calculate the concentra�on of produc�on only 
using manufacturing sectors. As such, it follows that the empirical finding limited to the manufacturing sector 
only should not be affected by excluding countries that are rich in natural resources. However, as shown by 
Bahar and Santos (2018), countries rich in natural resources tend to be more concentrated even with respect 
to their non–natural resource export baskets. This paper shows that in the context of the rela�onship 
between income and concentra�on, this also maters (see figure C3 in appendix C ). In par�cular, even when 
natural resource lines are excluded from the calcula�on of the concentra�on measures, the rela�onship 
between per capita income and concentra�on is flater at higher incomes for the sample that excludes 
product lines rich in natural resources than the sample that includes all lines. 
 

The Role of Levels of Aggrega�on of the Data  
 
The level of disaggrega�on of the data can play an important role in explaining the documented paterns. 
Why? Because even if respecializa�on occurs at higher levels of per capita income, it might only occur in 
highly aggregated sectors. For instance, East Asian countries are concentrated in a few clusters—electronics 
being the most prominent one, but within such clusters there is wide diversifica�on. Thus, the limita�ons of 
data (as well as the conceptualiza�on of what a sector actually is) might offer a reinterpreta�on of the results. 
 
 The analysis explores this issue by rees�ma�ng the nonparametric rela�on between the different 
concentra�on indexes and per capita income, this �me using different levels of data disaggrega�on in terms 
of export lines. 
 
This is another important reason why the analysis in this sec�on is focused on exports instead of produc�on, 
given that produc�on data do not have enough detail beyond sectors comparable across countries, whereas 
export data do. 
 
For this exercise, the use of the Harmonized System export data is crucial because it allows us to es�mate 
that rela�onship using concentra�on measures computed based on 2-digit, 4-digit, and 6-digit codes.6 To 
illustrate what this disaggrega�on means, consider HS 2-digit code 61, which corresponds to “Ar�cles of 
clothing and clothing accessories, knited or crocheted.” HS 4-digit code 6101 corresponds to “Men’s or boys’ 

 
6 Going beyond 6-digits would not be appropriate for this exercise because when countries report beyond this level, there is much 
less certainty that the data are comparable across countries. 



 

 
 

overcoats, carcoats, capes, cloaks, anoraks (including ski-jackets), windbreakers and similar ar�cles, knited 
or crocheted." Furthermore, the HS 6-digit code 610130 specifies that it refers to clothing made out of “man-
made fibers." Given the level of specificity that is achieved with more disaggrega�on, it is crucial to 
understand whether the rela�onship between income and concentra�on is affected by the level of specificity 
when compu�ng concentra�on. 
 
Figure 2 presents the rela�onship between income and concentra�on per capita using export data 
disaggregated at the 2-digit, 4-digit, and 6-digit levels based on the Harmonized System. The figure is based 
on the sample of countries that excludes countries rich in natural resources (defined as having either rents 
or exports of natural resource both as a share of GDP that rank above the 75th percen�le, on average for the 
period of 1995 to 2020). Across the board, the results show that the respecializa�on patern at higher levels 
of income is more pronounced (certainly for the HHI and ac�ve export lines panels) the more aggregated the 
data are that are used to compute the different indexes. 
 
Figure 2. Income and concentra�on, using different levels of disaggrega�on 

 a. Gini index b. HHI 

 

 c. Theil index d. Export lines (RCA ≥1) 

 

Source: Original calcula�ons for the World Development Report 2024.  
Note: The figure plots the nonparametric rela�onship between per capita income and concentra�on using a number of metrics: the 
Gini index in panel a; the Herfindahl-Hirschman Index (HHI) in panel b; the Theil index in panel c; and the number of ac�ve export 
lines with revealed compara�ve advantage greater than or equal to one (RCA ≥1) in panel d. The blue line plots the rela�onship 
using concentra�on metrics calculated with export data disaggregated at the 2-digit level based on the Harmonized System, whereas 
the red line is based on 4 digits, and the green line is based on 6 digits. Es�mates are based on a sample that excludes countries rich 



 

 
 

in natural resources, defined by having rents or exports of natural resources as a share of GDP that rank above the 75th percen�le, 
on average for the period of 1995 to 2020. 
 
A more in-depth analysis of the data validates the visualiza�ons. Table 1 summarizes the level of 
concentra�on at different levels of the income distribu�on: a low level of $2,000 GDP per capita (which 
corresponds approximately  to Uganda’s current per capita income or the 10th percen�le of the income 
distribu�on), and a high level of $50,000 GDP per capita (which corresponds to approximately  the income 
of Germany, or the 90th percen�le of the income distribu�on).7 In essence, this table aims to compare the 
two edges of the nonparametric es�ma�on, as well as provide informa�on about the inflec�on point, which 
is the level of income at which the nonparametric rela�onship between income and concentra�on reaches 
its lowest concentra�on level. The table also shows the informa�on for the es�ma�ons at different levels of 
disaggrega�on (2, 4, and 6 digits based on the Harmonized System) and for all the concentra�on measures 
(Gini index, HHI, Theil index, and ac�ve export lines). It also summarizes the results when using the sample 
with all countries (right-hand side of the table) and for the sample excluding countries rich in natural 
resources, using the exclusion rule previously described (le�-hand side of the table). 
 
For example, the le�-hand side of the table shows that at the low-income level using the Gini index, the 
concentra�on is 0.86 at 2 digits, 0.96 at 4 digits, and 0.97 at 6 digits, whereas for the high level of the income 
distribu�on, the Gini index is 0.79 at 2 digits, 0.86 at 4 digits, and 0.88 at 6 digits. 
 
The results of the table yield several takeaways. First, the inflec�on point—the level of income at which 
countries move toward respecializa�on as their income grows—changes significantly depending on the level 
of disaggrega�on used to compute the concentra�on indexes. This is par�cularly the case when looking at 
the sample of non-natural resource–rich countries. For instance, when looking at the HHI at 2 digits for non-
natural resource–rich countries, the inflec�on point is $23,400, whereas at 6 digits it more than doubles to 
$55,000. That means that when looking at 6 digits as compared to 2 digits, diversifica�on is the common 
patern seen in countries that evolve from low- to middle- and even high-income status, to levels above the 
90th percen�le of the income distribu�on. This result is robust in all concentra�on measures. 
 
The second important takeaway of this table is that the respecializa�on patern no�ced in the nonparametric 
es�ma�on between income and concentra�on is, indeed, much weaker at higher levels of disaggrega�on 
(consistently with the shi� of the inflec�on point). For instance, the ra�o of concentra�on between the high 
income and low income levels in the table becomes smaller when moving from 2 digits to 6 digits for three 
out of the four concentra�on measures: HHI, Theil index, and the number of ac�ve export lines. That is, when 
looking at the HHI, at high income levels there is a reconcentra�on that corresponds to 52 percent of the 
level of concentra�on of low income levels at the 2-digit level, but at the 6-digit level this ra�o is 0.22. These 
calcula�ons provide more evidence that the U-shaped rela�onship between income and concentra�on is 
significantly less pronounced on the right tail of the income distribu�on than established in previous studies, 
the more disaggregated the data are. 
 

 
7 The results are robust to using lower or higher percen�les for comparison points. 



 

 
 

Table 1. Income and concentra�on, using different levels of disaggrega�on 

 
 

Source: Original calcula�ons for the World Development Report 2024.  
Note: The table summarizes the es�mated level of concentra�on at different levels of the income distribu�on: a low level of $2,000 
GDP per capita (which corresponds to the 10th percen�le of the income distribu�on), and a high level of $50,000 GDP per capita 
(which corresponds to approximately the 90th percen�le of the income distribu�on). It presents informa�on for es�ma�ons at 
different levels of disaggrega�on (2, 4, and 6 digits based on the Harmonized System) and for all concentra�on measures (Gini index, 
HHI, Theil index, and ac�ve export lines), including the concentra�on value as well as the inflec�on point (the lowest point of 
concentra�on across the income distribu�on for each es�ma�on). The right-hand side of the table presents informa�on for 
es�ma�ons using the sample with all countries, and the le�-hand side uses the sample that excludes countries rich in natural 
resources (defined as countries ranking above the 75th percen�le in either natural resource rents or natural resource exports as a 
share of GDP, on average for the period 1995 to 2020).  HHI = Herfindahl-Hirschman Index; RCA = revealed compara�ve advantage. 
 
When looking at export concentra�on computed using 2-digit categories, countries in the 1st percen�le of 
the income distribu�on have, on average, an HHI of 0.23. Countries in the median of the distribu�on have 
an HHI of 0.135, while countries in the 99th percen�le of the distribu�on have an HHI of 0.185, implying 
there is respecializa�on at this level. The level of concentra�on for countries in the 99th percen�le of the 
income distribu�on is about 53 percent of that in the 1st percen�le. A similar patern occurs with non-natural 

 (1) 
Excluding natural resource–rich countries 

 (2) 
All countries 

 2-digit  4-digit  6-digit  2-digit  4-digit  6-digit 

Gini index                  

Low $2,000  0.87   0.96   0.98   0.90   0.97   0.98 
High        $50,000  0.79   0.86   0.90   0.83   0.89   0.92 
Inflec�on point $25,300 0.77  $55,000 0.85  $55,000 0.88  $32,100 0.80  $38,500 0.87  $38,500 0.89 

                  
High/Low  0.91   0.90   0.92   0.92   0.91   0.93 
Low/Inflec�on  1.14   1.13   1.11   1.13   1.12   1.10 
High/Inflec�on  1.03   1.02   1.02   1.04   1.03   1.02 
                  

HHI                  
Low  $2,000  0.20   0.13   0.11   0.28   0.21   0.19 
High  $50,000  0.09   0.03   0.02   0.20   0.11   0.10 
Inflec�on point $23,400 0.08  $55,300 0.02  $55,000 0.01  $35,400 0.12  $35,400 0.05  $35,400 0.04 
                  
High/Low  0.45   0.22   0.18   0.71   0.53   0.55 
Low/Inflec�on  2.64   5.95   7.63   2.28   4.22   4.92 
High/Inflec�on   1.20   1.33   1.39   1.62   2.24   2.71 
                  

Theil index                  
Low  $2,000  2.12   3.78   4.70   2.44   4.26   5.26 
High  $50,000  1.46   2.15   2.66   1.86   2.78   3.43 
Inflec�on point $25,300 1.30  $55,300 1.96  $55,000 2.44  $35,400 1.57  $38,000 2.28  $38,000 2.78 
                  
High/Low  0.69   0.57   0.57   0.76   0.65   0.65 
Low/Inflec�on  1.64   1.92   1.93   1.56   1.86   1.89 
High/Inflec�on  1.12   1.09   1.09   1.19   1.22   1.23 
                  

Ac�ve export lines (RCA>=1)                  
Low  $2,000  0.21   0.07   0.04   0.17   0.06   0.03 
High  $50,000  0.33   0.28   0.23   0.28   0.23   0.19 
Inflec�on point $25,400 0.35  $55,000 0.31  $55,000 0.28  $38,400 0.32  $38,400 0.27  $38,400 0.23 
                  
High/Low  1.61   3.73   5.42   1.60   3.89   5.87 
Low/Inflec�on  0.59   0.24   0.16   0.55   0.22   0.14 
High/Inflec�on  0.94   0.88   0.85   0.88   0.86   0.83 



 

 
 

resource–rich countries. The respecializa�on in the upper end of the income distribu�on reaches levels are 
about 84 percent of the concentra�on in the botom of the distribu�on. 
 
What are the implica�ons of these results? They imply that while high-income countries tend to concentrate 
in par�cular sectors, they remain highly diversified in terms of industries or products within those sectors—
much more so than low-income countries. The results confirm that as more disaggregated data are used to 
compute the level of concentra�on, the respecializa�on patern documented by both Imbs and Wacziarg 
(2003) and Cadot, Carrère, and Strauss-Kahn (2011) weakens and o�en disappears. Thus, it might be the case 
that the respecializa�on patern previously documented, in fact, reflects the patern that the process of 
income growth is associated with the development of highly diversified clusters of economic ac�vity. 
 
An important considera�on for this exercise is whether this result is driven, to some extent, ar�ficially by 
different disaggrega�on levels of 2-digit industries more prevalent in high-income countries than in low-
income countries. That is, if low-income countries are, for instance, concentrated in 2-digit sectors—such as 
agriculture—that the Harmonized System disaggregates into fewer 6-digit industries than other 2-digit 
sectors more prevalent in higher-income countries, such as manufacturing, then the results would be driven 
by this irregularity in the data. Appendix D discusses this in detail and shows that this irregularity does not 
affect the main findings. 
 

Exploring the Transi�on from Low-Income to Middle-Income to High-Income Status 
 
Whereas the preceding es�ma�on takes into account only within-country varia�on, the shape of the curve 
might not necessarily reflect the path from low-income status to middle-income status and to high-income 
status for all countries. In par�cular, the nonparametric es�ma�on only requires enough countries—and 
several observa�ons for each country—along certain ranges of the income distribu�on. 
 
Thus, this subsec�on presents findings from an exploratory exercise that aims to understand how common 
the transi�on is from low-income to middle-income and to high-income status in the data, and how that 
transi�on looks in the concentra�on-specializa�on space, with the inflec�on point of the U-shaped curve as 
the benchmark. 
 
For this exercise to be meaningful, the HS export data present an important limita�on given their rela�vely 
short �me range (from the mid-1990s un�l the present) to study income dynamics. Hence, the focus here is 
on the main results using exports from the same source—UNCOMTRADE and Hausmann et al. (2014), but 
using a different classifica�on, the Standard Industry Trade Classifica�on (SITC), which has data from 1964 to 
the present.8 
 

 
8 The downside of the SITC classifica�on is that it disaggregates products up to 4 digits, and thus is not as suitable as the Harmonized 
System to study in detail the results regarding disaggrega�on in the previous subsec�on. Nonetheless, the disaggrega�on results are 
robust using the SITC dataset, too. 



 

 
 

A look at the data reveals that in the 60-year period from the 1960s to 2020, only a handful of countries—
23—transi�oned income levels from below the 50th percen�le to above the 75th percen�le. These 
economies are Austria; Belgium; Cyprus; Estonia; France; Finland; Germany; Greece; Hong Kong SAR, China; 
Hungary; Israel; Italy; Japan; Republic of Korea; Latvia; Lithuania; the Netherlands; Poland; Portugal; Slovak 
Republic; Spain; Trinidad and Tobago; and the United Kingdom. 
 
Figure 3 plots the trajectory of these countries in terms of income and diversifica�on of their export baskets 
with respect to the four diversifica�on measures used in the previous sec�ons: the Gini index, HHI, the Theil 
index, and the number of ac�ve export lines. The blue lines indicate the trajectories of those countries that 
ended up with more diversified export baskets. The red lines indicate the trajectories of countries that ended 
up with more specialized export baskets. 
 
 
Figure 3. Trajectories of countries using different measures of concentra�on 

a. Gini index b. HHI 

 
GDP per capita, PWT chained PPPs 2017US$ GDP per capita, PWT chained PPPs 2017US$ 

c. Theil index d. Export lines (RCA ≥ 1) 

 
 GDP per capita, PWT chained PPPs 2017US$ GDP per capita, PWT chained PPPs 2017US$ 

Source: Original calcula�ons for the World Development Report 2024.  
Note: The panels plot nonparametric trends (lowess) for each country that transi�oned from income (GDP) per capita of less than 
US$13,000 to more than US$31,000 (50th and 75th percen�le, respec�vely, in year 2019). In addi�on, in each panel, the 
nonparametric trend is shown by the black line. Each panel splits the sample of countries between those that diversified (shown in 
blue: that is, a country’s final trend is more diversified than its star�ng point) or those whose produc�on became more concentrated 
(shown in red). The figure uses Interna�onal Organiza�on for Standardiza�on (ISO) country codes. PWT = Penn World Table; PPP = 
purchasing power parity; RCA = revealed compara�ve advantage. 
 



 

 
 

The figure presents a number of interes�ng facts. First, there is no clear trend: about half the countries in 
that sample diversify their export baskets as they become richer, whereas the other half become more 
specialized as their income grows, according to all the four measures.9 
 
While this examina�on is not defini�ve, it does challenge the view that there are standard “stages of 
diversifica�on” broadly speaking: the sample of countries that transi�on from middle-income to high-income 
status is small, and among those, there is no clear patern of export basket concentra�on. 
 

Sophistication 

One aspect that remains unexplored in this se�ng is what type of product lines—rather than how many— 
are associated with a country’s growth trajectory. This line of inquiry follows the empirical evidence shown 
by Hausmann, Hwang, and Rodrik (2007), who find that there is a robust empirical rela�onship between the 
sophis�ca�on of products that compose a country’s export baskets and their levels of per capita income. 
 
The analysis next brings this test into our se�ng to study for the countries that actually transi�oned from 
low-income to middle-income and then to high-income status. To do so, the analysis uses three different 
proxies of product sophis�ca�on.10 
 

• The first is the share of products in their export basket that can be classified as "differen�ated"—as 
opposed to homogenous or reference-priced goods, using the classifica�on by Rauch (1999). 

• The second is the weighted average of the Product Complexity Index (PCI) of the export basket 
(Hausmann et al. 2014). 

• The third is the weighted average of the trade elas�city of subs�tu�on of a country’s exports, using 
Broda and Weinstein (2006). If the elas�city is high (low), it means consumers can easily switch from 
one good to another when the price of the first good rises (drops) rela�ve to the second. In essence, 
elas�city is high for products that are less specialized and less subs�tutable for other products in the 
market. 

 
The results for this exercise are shown in figure 4. It plots the transi�on of all countries iden�fied in figure 3 
(the only countries that transi�on from below the 50th to above the 75th percen�le of the income 
distribu�on since the mid-1960s un�l 2020). The figure uses the same color legend as figure 3 for 
consistency: Blue represents countries that diversified their export baskets during this transi�on, while red 
represents countries that experienced further concentra�on in their export baskets. 
 
Using all measures of sophis�ca�on, a robust increasing monotononic rela�onship between sophis�ca�on 
and income is apparent for all countries that made the transi�on, whether their export baskets became more 
or less diversified during their trajectory. 

 
9 There seems to be some sort of convergence to an average level of diversifica�on: countries that start highly specialized, diversify; 
and countries that start highly diversified, specialize. 
10 The analysis refrains from using the income/produc�vity level (PRODY) computed by Hausmann, Hwang, and Rodrik (2007) simply 
because it uses income as input, to avoid results being driven by an obvious circular rela�onship. 



 

 
 

 
Figure 4. Sophis�ca�on of export baskets 
 

a. Differen�ated products                                                        b. Economic complexity 

 

c. Elas�city of subs�tu�on 

 

Source: Original calcula�ons for the World Development Report 2024.  
Note: The panels plot nonparametric trends (lowess) for each country that transi�oned from GDP per capita of less than US$13,000 
to more than US$31,000 (50th and 75th percen�le, respec�vely, in year 2019). Each panel plots the nonparametric rela�onship 
between income and three variables (shown in black line): in panel a, the share of a country’s export basket that can be classified as 
differen�ated products; in panel b, the weighted average of the Product Complexity Index of its exports; and in panel c, the weighted 
average of the trade elas�ci�es of its exports. Each panel plots the sample of countries between those that diversified according to 
the Gini index (shown in blue/solid line—that is, a country’s final trend is more diversified than its star�ng point) and those whose 
produc�on became more concentrated (shown in red/dashed). The figure uses Interna�onal Organiza�on for Standardiza�on (ISO) 
county codes. PPP = purchasing power parity; PWT = Penn World Table. 
 

Linking Income and Diversifica�on via a Ricardian Model 
 
To beter understand the link between diversifica�on and income, the analysis next builds on a neo-Ricardian 
model of interna�onal trade, in which the industrial composi�on and income of a country are primarily 
determined by differences in produc�vity between countries. Hence, both income and diversifica�on are 
driven by the changes in produc�vity of countries in different industries. The analysis uses a simplified version 
of the model in Cos�not, Donaldson, and Kumunjer (2012), a mul�industry extension of celebrated model 
of Eaton and Kortum (2002). Within this simplified setup, the analysis shows how produc�vity changes lead 
to changes in concentra�on, as measured with HHI, and income. 



 

 
 

 
This model assumes that there are many countries indexed by 𝑐𝑐, and many goods indexed by 𝑖𝑖, with each 
good consis�ng of an infinite number of varie�es, 𝜔𝜔 . Labor is the single factor of produc�on, which is 
assumed to be freely mobile across industries but not mobile across countries. Let Lc denote the fixed supply 
of labor in country 𝑐𝑐, with 𝐿𝐿𝑐𝑐𝑐𝑐  workers employed in industry 𝑖𝑖 in country 𝑐𝑐. The labor employed in variety 𝜔𝜔 
of this industry is given by 𝐿𝐿𝑐𝑐𝑐𝑐(𝜔𝜔). 
 
Produc�on of variety 𝜔𝜔 in each industry 𝑖𝑖 is linear in the number of workers assigned to the industry, and it 
is given by: 
 

𝑦𝑦𝑐𝑐𝑐𝑐(𝜔𝜔) = 𝑧𝑧𝑐𝑐𝑐𝑐(𝜔𝜔)𝐿𝐿𝑐𝑐𝑐𝑐(𝜔𝜔), 
 

where 𝑧𝑧𝑐𝑐𝑐𝑐(𝜔𝜔) is the produc�vity level. It is assumed to be a random variable drawn independently for each 
triplet (𝑐𝑐, 𝑖𝑖,𝜔𝜔) from a Frèchet distribu�on, whose cumula�ve distribu�on func�on, 𝐹𝐹𝑐𝑐𝑐𝑐(. ), follows: 
 

𝐹𝐹𝑐𝑐𝑐𝑐(𝑐𝑐) = exp �− �
𝑧𝑧
𝑧𝑧𝑐𝑐𝑐𝑐
�
−𝜃𝜃
�, 

 
where 𝑧𝑧𝑐𝑐𝑐𝑐 > 0 is the loca�on parameter that governs the produc�vity level, and 𝜃𝜃 > 1 governs the intra-
industry heterogeneity. 
 
The wage for workers in country 𝑐𝑐 is 𝑤𝑤𝑐𝑐, and is the result of assigning workers across industries and varie�es 
un�l the labor markets clear. To simplify the discussion and without loss of generality, the model assumes 
that there are no trade costs. The heterogeneity in costs—that is, 𝑤𝑤𝑐𝑐/𝑧𝑧𝑐𝑐𝑐𝑐(𝜔𝜔)—generates scope for cross-
industry Ricardian compara�ve advantage. In any country 𝑚𝑚, the price of variety 𝜔𝜔 in industry 𝜔𝜔, 𝑝𝑝𝑐𝑐,𝑚𝑚(𝜔𝜔), is 
determined by the minimum cost producer of this variety globally: 
 

𝑝𝑝𝑐𝑐,𝑚𝑚(𝜔𝜔) = min �
𝑤𝑤𝑐𝑐

𝑧𝑧𝑐𝑐𝑐𝑐(𝜔𝜔)� . 

 

The demand of households in the country 𝑚𝑚 is governed by a two-�er consump�on u�lity func�on (nested-
CES u�lity func�on). In the upper level, consumers decide what share of their income they will spend in 
industry 𝑖𝑖. It is assumed that these shares, denoted by 𝛼𝛼𝑐𝑐, are the same in all countries. In the lower �er, 
consumers decide among the varie�es, with a constant elas�city of subs�tu�on func�on with elas�city 𝜎𝜎𝑐𝑐. 
Therefore, the expenditure of country 𝑚𝑚 in industry 𝑖𝑖 is given by: 
 

𝑥𝑥𝑐𝑐,𝑚𝑚(𝜔𝜔) = �
𝑝𝑝𝑐𝑐,𝑚𝑚(𝜔𝜔)
𝑝𝑝𝑐𝑐,𝑚𝑚

� (𝛼𝛼𝑐𝑐𝑤𝑤𝑚𝑚𝐿𝐿𝑚𝑚)      with    𝑝𝑝𝑐𝑐,𝑚𝑚 = ��𝑝𝑝𝑐𝑐,𝑚𝑚(𝜔𝜔)1−𝜎𝜎𝑖𝑖�
1/(1−𝜎𝜎𝑖𝑖)

 

  
where 𝑝𝑝𝑐𝑐,𝑚𝑚 is the CES price index, 𝜎𝜎𝑐𝑐 < (1 + 𝜃𝜃) is the elas�city of subs�tu�on, and 0 ≤ 𝛼𝛼𝑐𝑐 ≤ 1 is the Cobb-
Douglas share. 



 

 
 

 
Due to the uniform price assump�on, the price index for industry 𝑖𝑖 is the same between countries. With 
these assump�ons, and by using the proper�es of the Frèchet distribu�on, the exports of country 𝑐𝑐  in 
industry 𝑖𝑖 can be writen as: 
 

𝑥𝑥𝑐𝑐𝑐𝑐 = �
(𝑤𝑤𝑐𝑐/𝑧𝑧𝑐𝑐𝑐𝑐)−𝜃𝜃

∑ (𝑤𝑤𝑐𝑐′/𝑧𝑧𝑐𝑐′𝑐𝑐)−𝜃𝜃𝑐𝑐′𝑚𝑚

𝛼𝛼𝑐𝑐𝑤𝑤𝑚𝑚𝐿𝐿𝑚𝑚 = �
(𝑤𝑤𝑐𝑐/𝑧𝑧𝑐𝑐𝑐𝑐)−𝜃𝜃

∑ (𝑤𝑤𝑐𝑐′/𝑧𝑧𝑐𝑐′𝑐𝑐)−𝜃𝜃𝑐𝑐′𝑚𝑚

𝛼𝛼𝑐𝑐GDP𝑊𝑊, 

 
where GDP𝑊𝑊 = ∑ 𝑤𝑤𝑚𝑚𝐿𝐿𝑚𝑚𝑚𝑚  is the total world GDP. Assume that each country is small rela�ve to the world 
such that: 
 

𝛼𝛼𝑐𝑐GDP𝑊𝑊
∑ (𝑤𝑤𝑐𝑐′/𝑧𝑧𝑐𝑐′𝑐𝑐)−𝜃𝜃𝑐𝑐′

≡ Φ𝑐𝑐     ⟹    𝑥𝑥𝑐𝑐𝑐𝑐 = (𝑤𝑤𝑐𝑐/𝑧𝑧𝑐𝑐𝑐𝑐)−𝜃𝜃Φ𝑐𝑐,  

 
Φ𝑐𝑐 is constant for a small change in each country’s increase in the produc�vity. With this simplifica�on, the 
share of industry 𝑖𝑖 in country 𝑐𝑐’s produc�on can be writen as: 
 

𝑠𝑠𝑐𝑐𝑐𝑐 =
𝑥𝑥𝑐𝑐𝑐𝑐

∑ 𝑥𝑥𝑐𝑐𝑐𝑐′𝑐𝑐′
=

(𝑤𝑤𝑐𝑐/𝑧𝑧𝑐𝑐𝑐𝑐)−𝜃𝜃Φ𝑐𝑐
∑ (𝑤𝑤𝑐𝑐/𝑧𝑧𝑐𝑐𝑐𝑐′)−𝜃𝜃Φ𝑐𝑐′𝑐𝑐′

=
𝑧𝑧𝑐𝑐𝑐𝑐𝜃𝜃Φ𝑐𝑐

∑ 𝑧𝑧𝑐𝑐𝑐𝑐′
𝜃𝜃 Φ𝑐𝑐′𝑐𝑐′

. 

 
Given the shares, changes in the concentra�on of produc�on/exports can be related to  changes income 
rela�ve to a shock in the produc�vity of an industry with the following proposi�on: 
 
Proposi�on 1. For a small increase in the productivity of industry 𝑗𝑗 in country 𝑐𝑐, the change in HHI 
is given by: 
 

d HHI𝑐𝑐
d log 𝑧𝑧𝑐𝑐𝑐𝑐

= 2𝜃𝜃𝑠𝑠𝑐𝑐𝑐𝑐�𝑠𝑠𝑐𝑐𝑐𝑐 − HHI𝑐𝑐�, 

 
and change in wage (income) is given by: 
 

d log𝑤𝑤𝑐𝑐
d log 𝑧𝑧𝑐𝑐𝑐𝑐

=
𝜃𝜃

1 + 𝜃𝜃
𝑠𝑠𝑐𝑐𝑐𝑐. 

 
The proof of the proposi�on is given in Appendix E. Intui�vely, the proposi�on implies that any technological 
shock results in an increase in income. But the income increase is largest if the shock affects the dominant 
industries of the country. On the other hand, concentra�on, as measured by HHI, will increase only if a 
produc�vity shock occurs in an industry 𝑗𝑗 such that 𝑠𝑠𝑐𝑐𝑐𝑐 > HHI𝑐𝑐. 
 



 

 
 

To quan�fy how likely this is to happen, a back-of-envelope calcula�on is performed using current export 
data. The exercise is to randomly select a product with a probability propor�onal to the product’s weight in 
the export basket of a country, and then determine whether HHI increases. Assuming that shocks are 
correlated with industry size, assume that research and development (R&D) efforts and management 
enhancements are more intensively allocated to the predominant sectors of a country. Figure 5 shows the 
results of the plot of dynamics derived from the model. The horizontal axis plots the ini�al concentra�on of 
each country’s export basket. The ver�cal axis plots the probability of the shock resul�ng in increased 
concentra�on. The figure displays natural resource–rich countries in blue. Figure 5 shows that for most 
countries, a produc�vity shock results in a more diversified por�olio of exports because the likelihood of 
concentra�on is below the 50 percent threshold. Most countries above the 50 percent threshold—for which 
a random produc�vity shock is likely to increase concentra�on—are rich in natural resources are unusually 
highly concentrated to begin with. 
 
Figure 5. Produc�vity shocks and concentra�on 

 
Hirschman-Herfindahl Index 

Source: Original calcula�ons for the World Development Report 2024.  
Note: This figure plots probability of a produc�vity shock resul�ng in higher concentra�on (ver�cal axis) versus the ini�al 
concentra�on level (horizontal axis) for each country in the sample. Countries in blue are natural resource-rich countries and 
countries in green are non-natural resource–rich countries. The figure uses Interna�onal Organiza�on for Standardiza�on (ISO) 
country codes. HHI = Hirschman-Herfindahl Index. 

 

Concluding Remarks 
 
What is the rela�onship between structural transforma�on and economic development? This paper explores 
this ques�on by revisi�ng some of the stylized facts that have been established in the literature. Although 
economic theory suggests that specializa�on is a result of openness to trade, it is less clear empirically how 



 

 
 

this plays out in general equilibrium, where so many other factors beyond integra�on play a role in this 
rela�onship. 
 
Diversifica�on of a country’s export basket could be both a cause and a consequence of the process of 
economic growth and development. The evidence in this paper, however, suggests that a�er taking into 
account measurement peculiari�es, respecializa�on is not necessarily the norm in the transi�on from 
middle-income to high-income status. 
 
As such, it is not the level of diversifica�on or concentra�on that holds the explanatory power to explain 
economic growth when looking at a handful of countries that have transi�oned from middle-income to high- 
income status over the past few decades. Rather—as suggested by Hausmann, Hwang, and Rodrik (2007), 
the content and the sophis�ca�on of their produc�on and export basket seems to have a clear increasing 
monotonic rela�onship with income. This rela�onship is not seen when exploring the dynamics of 
concentra�on or diversifica�on of countries’ export baskets. 
 
 



 

 
 

Appendix A. Nonparametric es�ma�on and replica�on of Imbs and Warcziag 
(2003) 
 

To explore the rela�on between economic diversifica�on and income levels, this paper follows the 
nonparametric “lowess" inspired method of Imbs and Wacziarg (2003), which imposes as litle structure as 
possible. In a nutshell, the method consists of running regressions using a local sample defined over a 
bandwidth of income levels; and the procedure repeats, moving the window by a fixed dollar amount un�l 
comple�ng the distribu�on of income level under study. The result is a figure of the fited diversifica�on 
values (and its confidence intervals) for the midpoint of each income bandwidth. As opposed to running a 
polynomial regression over the whole sample, this method ensures that the es�mates in each income 
window (such as low-income) are independent of the es�mates of other windows (such as high-income). 
Because the data used is from a panel of countries over �me, each country could appear several �mes in 
each income window. To control for mul�ple observa�ons of the same country, the regression includes 
country fixed effects. Hence, each es�mate is equivalent to using a flat or rectangular weigh�ng scheme, as 
opposed to the lowess method, which generally uses triangular weights. 
 
The method requires two parametric choices: the range of the income window; and the size of the step 
increments when moving the sample. Following the implicit decisions of Imbs and Wacziarg (2003), this 
analysis set the bandwidth at $8000, which is approximately equivalent to the standard devia�on of income 
levels in the full sample. Increments of $100 dollars were set, which is approximately equivalent to the choice 
of $25 used by Imbs and Wacziarg (2003) once adjustments are made for purchasing parity. As Imbs and 
Wacziarg (2003) note, there are many ways of choosing the bandwidths and se�ng increments, but these 
do not qualita�vely change the results. For instance, choosing smaller bandwidths could result in a 
poten�ally more vola�le figure when the results are ploted because each es�mate is dependent on a smaller 
local sample. On the other hand, choosing larger bandwidths and step increments would result in a smoother 
figure. As in Imbs and Wacziarg (2003), the parameters chosen allow this analysis to achieve the goal of 
recovering clear diversifica�on paterns across income levels. 
 
Using this methodology this analysis has been able to replicate with a high degree of precision the results of 
Imbs and Wacziarg (2003). Figure A1 presents the results graphically using the Gini index as a measure of 
concentra�on of countries’ produc�on baskets (based on value added) and per capita income. 
 
One of the features of the data is that the density of observa�ons (country-year combina�ons) at low levels 
of income is significantly larger than at high levels of income. This is not a salient feature, as shown by the 
curves rela�ng diversifica�on and income. For this reason, to show how observa�ons scater over the income 
distribu�on, figure A1 adds binscaters version of the data in the background. That is, the income distribu�on 
was divided in segments of $200 and the average of each diversifica�on measure used in the analysis was 
ploted in the ver�cal axis. Dots are differen�ated depending on the propor�on of the underlying 
observa�ons that are classified as natural resource–rich countries or not. This procedure avoids 



 

 
 

overcrowding the figure and simplifies the visualiza�on. The resul�ng figure emphasizes the distribu�on of 
observa�ons and the concentra�on of natural resource–rich countries along the income distribu�on. 
 
Figure A1. Replica�ng the Main Result of Imbs and Warcziag (2003)  

 
Source: Original calcula�ons for the World Development Report 2024.  
Note: The figure plots the nonparametric rela�onship between per capita income and concentra�on of the produc�on basket (using 
data from the United Na�ons Industrial Development Organiza�on, UNIDO) based on the Gini index, following the es�ma�on 
methodology of Imbs and Wacziarg (2003) (shown in red line). The dashed black lines indicate the 95% confidence interval.  
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Appendix B. Deep dive into the original results of Imbs and Warcziag (2003)  
 
A�er replica�ng the original results by Imbs and Wacziarg (2003) with a high degree of precision, this paper 
further examines the sensi�vity of the results to different data choices. 
 
This appendix focuses on two main issues: the treatment of missing values in the data; and the exclusion of 
countries with a large number of missing values. The two issues are intertwined. This appendix, unless 
otherwise noted, focuses on the United Na�ons Industrial Development Organiza�on (UNIDO) data that 
report value added sta�s�cs (the findings are consistent if employment sta�s�cs are used). 
 
Overall, missing values pose an important empirical challenge in every respect. In this context, if some 
countries have an unusually large number of industries with presumably missing values, then it would make 
sense to exclude some of those countries from the analysis due to lack of data. 
 
However, the analysis finds that the sensi�vity of the results to what cons�tutes a “large” number of 
industries with missing data is high. This could generate different results based on sample selec�on. 
 
For example, in the original study, the authors include country-year observa�ons for which there is repor�ng 
(that is, nonmissing values) for at least 27 out of 28 industry classifica�ons used in the data. Under this 
condi�on, for example, France would be excluded from the calcula�ons that use UNIDO data because in 
many instances France reports two industries with missing values: oil (ISIC 354), and nonferrous metals (ISIC 
361). Thus, France reports nonzero values in a total of 26 industries—and thus falls below the threshold of 
27.  
 
On the other hand, Argen�na in 1975 does not have any missing observa�ons. However, it has posi�ve 
entries (nonzero values) for only 4 industries and zeros (indica�ng no produc�on) for the remaining 24 
industries. Accordingly, Argen�na in 1975 would be included in the sample. However, most countries produce 
at least some product in every industrial classifica�on; it is thus hard to believe that the frequent number of 
zeros for Argen�na represent actual zeros, instead of missing values. 
 
Given such discrepancies, the analysis performs a number of robustness checks that vary the sample of 
country-year observa�ons along two margins. First, the analysis assumes that all zeros in the data indicate 
missing values because it is rare for a country to produce nothing at all (zero) in highly aggregated sectors; 
hence, zeros could simply represent a missing value. This would naturally exclude many more country-year 
observa�ons than the original study (for example, Argen�na in 1975 would be excluded because it reports 
only 4 industries with nonzero values. This paper refers to this refined sample as the “revised” sample. 
 
Second, the analysis varies the threshold of the minimum number of industries required to have nonmissing 
values to include in the calcula�ons. The original study retained this threshold at 27.  
 



 

 
 

Figure B1 summarizes the results regarding the treatment of missing values.  It computes the nonparametric 
rela�onship between the different concentra�on measures and income for the original and the revised 
sample. In both cases, the original rule of including country-year observa�ons for which 27 or more industries 
are nonmissing is used. As the figure shows, the trend of the resided sample, while s�ll U-shaped for the Gini 
index, the Herfindahl-Hirschman Index (HHI), and the Theil index (and with an inverted U-shape for 
produc�on lines), is much less pronounced in both ends than the original result. 
 
Figure B1. Original sample versus revised sample (trea�ng zero values as missing values) 
 

a. Gini index                                                                                         b. HHI 

 

 c. Theil index d. Produc�on lines (RCA≥1) 

 

Source: Original calcula�ons for the World Development Report 2024.  
Note: The figure plots the nonparametric rela�onship between per capita income and concentra�on using a number of metrics: the 
Gini index in panel a; the Herfindahl-Hirschman Index (HHI) in panel b; the Theil index in panel c; and the number of ac�ve produc�on 
lines with revealed compara�ve advantage greater than or equal to one (RCA ≥1) in panel d. Following the original paper (Imbs and 
Wacziarg (2003), both lines include countries that have nonmissing values for at least 27 industries to compute each concentra�on 
index. The blue line presents results using the original data, while the red line presents results using a revised sample that treats zero 
values as missing values for the value added of industries for country-year observa�ons. I&W = Imbs and Wacziarg. 
 
Figure B2 summarize results regarding the exclusion of countries with a large number of missing values. In 
par�cular, it plots the nonparametric rela�onship between concentra�on (using the Gini index) and income 
both using the original sample (shown in panel a) and the revised sample (shown in panel b), varying the 
nonmissing industries threshold upon which country-year observa�ons are included in the sample. 
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The lines represent different rules of exclusion of country-year observa�ons:  the original rule of 27 or more 
industries with nonmissing values (nonmissing industries) (in orange); a second threshold of 25 or more 
nonmissing industries (in red); a third threshold of 22 or more nonmissing industries (in green); and a fourth 
threshold of 20 or more nonmissing industries (in blue). Each plot includes the number of countries included 
in each varia�on of the threshold; naturally, the higher the threshold, the fewer countries are used. The 
difference between the more conserva�ve (27) and less conserva�ve (22) thresholds results in a significant 
difference in the number of countries included in the calcula�ons, o�en by about one-third. 
 
The main takeaway of figure B2 is that the choice of threshold can result in less pronounced U-shaped 
rela�onship between income and concentra�on. In the case of the revised sample (panel b), the U-shaped 
rela�onship is less robust overall. 
 
Figure B2. Varying thresholds of exclusion of country-year observa�ons based on nonmissing industries 
 

a. Original sample b. Revised sample (zeros as missing) 

 
 

Note: 
Blue: 20 or mor, obs1=2206, ctries = 101 
Green: 22 or more, obs2 = 2148, ctries = 97 Red: 25 or 
more, obs3 = 1905, ctries = 84 
Orange: 27 or more, obs4 = 1493, ctries = 67 

Note: 
Blue: 20 or mor, obs1=2206, ctries = 101 
Green: 22 or more, obs2 = 1831, ctries = 82 
Red: 25 or more, obs3 = 1508, ctries = 67 
Orange: 27 or more, obs4 = 1144, ctries = 48 

 
 
Source: Original calcula�ons for the World Development Report 2024.  
Note: The figure plots the nonparametric rela�onship between per capita income and concentra�on using the Gini index. Panel a 
presents plots using the original data, while panel b presents plots using a revised sample that treats zero values as missing values 
for the value added of industries for country-year observa�ons. Each line represents the aforemen�oned computed nonparametric 
rela�onship using different exclusion thresholds for country-year observa�ons with missing industry data needed to compute the 
concentra�on index. The four lines present the cases of countries that have nonmissing values for: at least 27 industries (as in the 
original paper) (in orange), 25 industries (in red), 22 industries (in green), and 20 industries (in blue).  
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Appendix C. Natural Resources–Rich Countries 
 
Table C1 lists all countries considered rich in natural resources and excluded from the analysis when 
rees�ma�ng the rela�onship between income and concentra�on. The list includes countries that rank above 
the 75th percen�le in terms of their 1995 to 2020 average in either rent of natural resources as a share of 
GDP (based on data from the World Development Indicators) or share of natural resource exports in the 
country’s total export basket (based on data from UN COMTRADE and the classifica�on provided by 
Hausmann et al. 2014). 
 
Table C1. List of Natural Resource–Rich Countries 

  Natural resource rents  Natural resource exports    Natural resource rents  Natural resource exports 
Country  % GDP  Percen�le  % GDP  Percen�le  Country  % GDP  Percen�le  % GDP  Percen�le 
Algeria  21.3  0.91  75.2  0.91  Liberia  21.2  0.89  31.8  0.78 
Angola  34.4  0.95  96.3  0.99  Malaysia  11.2  0.76  10.4  0.75 
Azerbaijan  27.2  0.93  62.1  0.92  Mauritania  11.8  0.78  54.2  0.87 
Burundi  21.2  0.90  32.2  0.53  Mongolia  14.9  0.82  65.8  0.93 
Bahrain  19.2  0.87  15.8  0.70  Mozambique  11.5  0.77  39.2  0.79 
Bolivia  6.6  0.63  59.3  0.83  Namibia  1.8  0.41  44.6  0.84 
Botswana  2.0  0.43  84.3  0.93  Nigeria  15.6  0.83  90.6  0.89 
Central African Republic  10.3  0.75  38.5  0.60  Norway  7.6  0.68  56.5  0.85 
Chad  18.9  0.87  49.9  0.75  Oman  35.9  0.96  78.6  0.98 
Chile  7.1  0.66  48.5  0.81  Peru  5.8  0.61  53.5  0.77 
Congo, Dem. Rep.  23.2  0.91  83.8  0.82  Qatar  30.9  0.95  78.9  0.97 
Congo, Rep.  40.2  0.98  81.4  1.00  Russian Federa�on  13.1  0.80  50.0  0.81 
Ecuador  10.2  0.74  38.9  0.77  Saudi Arabia  36.1  0.97  76.7  0.95 
Equatorial Guinea  37.9  0.97  70.1  0.97  Sierra Leone  12.2  0.80  58.6  0.80 
Ethiopia  18.1  0.86  4.3  0.08  South Africa  4.4  0.58  40.2  0.76 
Gabon  28.3  0.94  80.8  0.95  Tajikistan  1.6  0.37  49.4  0.79 
Ghana  11.1  0.76  38.7  0.73  Trinidad and Tobago  12.0  0.79  31.7  0.85 
Guinea  14.7  0.82  84.5  0.91  Turkmenistan  40.2  0.99  59.4  0.86 
Guinea-Bissau  16.9  0.85  12.8  0.50  United Arab Emirates  20.7  0.89  58.7  0.94 
Iran, Islamic Rep.  24.4  0.92  74.3  0.83  Uzbekistan  16.2  0.84  30.7  0.63 
Iraq  44.5  1.00  93.6  0.96  Venezuela, RB  19.7  0.88  66.9  0.88 
Kazakhstan  17.6  0.85  64.0  0.90  Yemen, Rep.  25.4  0.93  79.3  0.87 
Kuwait  43.0  0.99  73.4  0.99  Zambia  11.6  0.78  68.0  0.89 

Source: Original calcula�ons for the World Development Report 2024.  
Note: The table lists all countries considered rich in natural resources in the baseline results. It includes countries that rank above 
the 75th percen�le in terms of their rent of natural resources or natural resource exports as a share of GDP, on average for the period 
1995 to 2020. 
 
 
Using different concentra�on measures, figure C1 visualizes how results excluding natural resource–rich 
countries are robust to different rules for their exclusion. The red line represents the nonparametric 
rela�onship between income and concentra�on using all countries. The light blue line excludes countries 
ranking above the 75th percen�le in either natural resource rents or natural resource exports both as a share 
of GDP and both averaged between 1995 to 2020. The grey line excludes countries ranking above the 75th 
percen�le in terms of their share of natural resource exports as a share of GDP, averaged between 1995 to 
2020. The black line excludes countries above the 75th percen�le in either natural resource rents as a share 
of GDP, averaged between 1995 to 2020. The results show that our choice of criteria to define (and exclude) 
natural resource–rich countries is robust to other criteria, too.  



 

 
 

 
Figure C1. Varying exclusion criteria for natural resource–rich countries  
 

a. Gini index                                                                                         b. HHI 

 

 c. Theil index d. Export lines (RCA ≥1) 

 

Source: Original calcula�ons for the World Development Report 2024.  
Note: The figure plots the nonparametric rela�onship between per capita income and concentra�on using a number of metrics: the 
Gini index in panel a; the Herfindahl-Hirschman Index (HHI) in panel b; the Theil index in panel c; and the number of ac�ve export 
lines with revealed compara�ve advantage greater than or equal to one (RCA ≥ 1) in panel d. The red line represents the 
nonparametric rela�onship between income and concentra�on using all countries. The light blue line excludes countries ranking 
above the 75th percen�le in either natural resource rents or natural resource exports as a share of GDP, averaged between 1995 to 
2020. The grey line excludes countries ranking above the 75th percen�le in terms of their natural resource exports as a share of GDP, 
averaged between 1995 to 2020. The black line excludes countries above the 75th percen�le in either natural resource rents as a 
share of GDP, averaged between 1995 to 2020. NR = natural resource; PPP = purchasing power parity; RCA = revealed compara�ve 
advantage. 
 
Figure C2 shows that the results are robust to using different thresholds to define countries rich in natural 
resources, from above the median in terms of rents or exports of natural resources as share of GDP to above 
the 90th percen�le. 

 



 

 
 

Figure C2. Varying threshold criteria for iden�fying natural resource–rich countries 

 a. Gini index b. HHI 

 

 c. Theil index d. Export lines (RCA ≥1) 

 

 Source: Original calcula�ons for the World Development Report 2024.  
Note: The figure plots the nonparametric rela�onship between per capita income and concentra�on using a number of metrics: the 
Gini index in panel a; the Herfindahl-Hirschman Index (HHI) in panel b; the Theil index in panel c; and the propor�on of ac�ve export 
lines with revealed compara�ve advantage greater than or equal to one (RCA ≥1) in panel d. The red line represents the 
nonparametric rela�onship between income and concentra�on using all countries. The light blue line excludes countries ranking 
above the 90th percen�le in either natural resource rents or natural resource exports as share of GDP, and both averaged between 
1995 to 2020. The grey line excludes countries ranking above the 80th percen�le. The black line excludes countries ranking above 
the 75th percen�le (our baseline results). The blue line excludes countries above the median. Each panel uses a different 
concentra�on measure. PPP = purchasing power parity. 
 

Finally, figure C3 presents an important empirical result that explains why it is important in this exercise not 
only to compute concentra�on measures using only manufacturing or the basket of non–natural resource 
products—as done by Imbs and Wacziarg (2003), but rather to exclude countries that are rich in natural 
resources. In the figure, each line computes plots the nonparametric rela�onship between per capita income 
and concentra�on using a number of metrics: the Gini index in panel a; the Herfindahl-Hirschman Index (HHI) 
in panel b; the Theil index in panel c; and the number of ac�ve export lines with revealed compara�ve 
advantage greater than or equal to one (RCA ≥ 1) in panel d. The red line represents the nonparametric 
rela�onship between income and concentra�on using all countries. The light blue line excludes countries 
ranking above the 75th percen�le in either natural resource rents or natural resource exports both as a share 
of GDP, averaged between 1995 to 2020. The grey line excludes countries ranking above the 75th percen�le 
in terms of their natural resource exports as a share of GDP, averaged between 1995 to 2020. The black line 



 

 
 

excludes countries above the 75th percen�le in either natural resource rents as a share of GDP, averaged 
between 1995 to 2020. The rela�onship between income and concentra�on per capita becomes even flater 
at higher levels of income when excluding countries that are rich in natural resources (blue and orange lines) 
than when simply excluding export lines that correspond to natural resources (green line). This is consistent 
with the work by Bahar and Santos (2018), who show that countries that are rich in natural resources, and 
thus more prone to Dutch Disease, have more concentrated non-natural resource–rich export baskets. 
 

Figure C3. Excluding natural resource lines and natural resource–rich countries 

 a. Gini index b. HHI 

 

 c. Theil index d. Export lines (RCA ≥1) 

 

Source: Original calcula�ons for the World Development Report 2024.  
Note: The figure plots the nonparametric rela�onship between per capita income and concentra�on using a number of metrics: the 
Gini index in panel a; the Herfindahl-Hirschman Index (HHI) in panel b; the Theil index in panel c; and the number of ac�ve export 
lines with revealed compara�ve advantage greater than or equal to one (RCA ≥ 1) in panel d. The red line represents the 
nonparametric rela�onship between income and concentra�on using all countries. The green line excludes from the concentra�on 
measures export lines that correspond to natural resources (using the defini�on provided by Hausmann et al. (2014). The blue line 
excludes countries that are rich in natural resources (defined as countries ranking above the 75th percen�le in either natural resource 
rents or natural resource exports as a share of GDP, on average for the period 1995 to 2020).  The orange line excludes the natural 
resource–rich countries (using the same criteria as the blue line) and for those countries it excludes from the concentra�on measures 
export lines that correspond to natural resources. NR = natural resources. 

Per capita income Per capita income 

Per capita income Per capita income 



 

 

Appendix D. Disaggrega�on considera�ons 
 
The considerable varia�on of 6-digit codes within each 2-digit code of the Harmonized System (HS) dataset 
used in this analysis has important implica�ons for this analysis. As figure D1 shows, some 2-digit HS codes, 
such as 29, having nearly 300 6-digit varie�es, whereas the average 2-digit sector has 52.5 varie�es. Of the 
96 2-digit sectors, only 29 exceed the average. Thus, it is important to consider the extent to which the results 
are being driven ar�ficially by this irregularity. 
 
Figure D1. Number of HS 6-digit codes within 2-digit sectors 

 

Source: Original calcula�ons for the World Development Report 2024.  
Note: The figure plots the number of 6-digit lines within each one of the 96 2-digit sectors for the Harmonized System (HS). The 
dashed line marks the average number of 6-digit sectors (52.5). 
 
To deal with this, the Theil index is decomposed to allow the nonparametric rela�onship between income 
and concentra�on to be es�mated in a way that is not affected by the varying number of 6-digit lines across 
the different 2-digit sectors.  
 

Decomposing the Theil index 
 
Suppose there are 𝑁𝑁  agents indexed by 𝑖𝑖  with characteris�c 𝑥𝑥𝑐𝑐 . Suppose that sum of all 𝑥𝑥𝑐𝑐  is 𝑆𝑆  and their 
average is 𝜇𝜇 such that: 
 

𝑆𝑆 ≡�𝑥𝑥𝑐𝑐

𝑁𝑁

𝑐𝑐=1

= 𝑁𝑁𝜇𝜇. 

 

Then the Theil’s T index is defined as: 
 



 

 

 
 
Note that if we define: 
 

𝑝𝑝𝑐𝑐 = 𝑥𝑥𝑐𝑐/𝑆𝑆, 
 
Then 
 

𝑇𝑇 = ln(𝑁𝑁) −�𝑝𝑝𝑐𝑐 ln(𝑝𝑝𝑐𝑐)
𝑁𝑁

𝑐𝑐=1

. 

 

The second term is the entropy and ln(𝑁𝑁) is the maximum entropy that the system has. Hence, Theil’s T 
index captures the difference between the maximum entropy and the system entropy. 
 
Suppose that instead of a single level, there are disaggregated sec�ons (shown with 𝐷𝐷) within aggregated 
classes (shown with 𝐴𝐴). 
 
Let 𝑁𝑁𝐴𝐴 denote number of aggregated classes and 𝑁𝑁𝐷𝐷  total number of disaggregated sec�ons. For an 
aggregate class 𝑎𝑎, denote the disaggregated sec�ons belonging to this class with 𝐼𝐼𝑎𝑎. The number of 
disaggregated sec�ons in this class is shown by 𝑁𝑁𝐴𝐴 ≡ |𝐼𝐼𝑎𝑎|.  
 
Define the total and the mean for an aggregate class 𝑎𝑎 as: 
 

𝑆𝑆𝑎𝑎 = �𝑥𝑥𝑐𝑐
𝑐𝑐∈𝐼𝐼𝑎𝑎

≡ 𝑁𝑁𝑎𝑎𝜇𝜇𝑎𝑎 . 

  
Define within-region inequality with ta: 
 

 , 
 
and across-region inequality with TA: 



 

 

 

 
 
The Theil’s T index calculated using the disaggregated sec�ons can be decomposed into aggregate classes 
with: 

 

 
 
The first term captures the inequality at the regional level. The second term aggregates the within-region 
inequali�es. The third term corrects for the regional sizes. The term 𝑁𝑁𝐷𝐷/𝑁𝑁𝐴𝐴  gives the average region size. If 
all regions are of equal size, the contribu�on from the last term will be exactly 0. 
 
Equivalently, the index can be writen using only the regional inequali�es as: 
 

 
 



 

 

Es�ma�on 
 
The nonparametric rela�onship between income and concentra�on is then rees�mated using the Theil 
index, with and without the adjustment for the different number of lines within each 2-digit sector, using the 
Harmonized System export data. The results are presented in figure D2. The figure plots the es�ma�on of 
the nonparametric rela�onship between income and concentra�on using the Theil index based on 6-digit 
industries for the sample that exclude non-natural resource–rich countries. The blue line represents the 
es�ma�on using the regular Theil index, whereas the green light represents the adjusted Theil index that 
accounts for the irregularity in the data of certain 2-digit sectors having a different number of 6-digit lines 
underneath them, as shown in figure D1. The figure shows that when adjus�ng for this, at higher level of 
income, there is no strong evidence of a respecializa�on patern; the evidence is even weaker when using 
the regular Theil index. Thus, the findings are not driven mechanically by the irregularity in the data. 
 
Figure D2.  Rela�onship between income and concentra�on using the regular Theil index and adjusted 
for the number of 6-digit lines 

 
Source: Original calcula�ons for the World Development Report 2024.  
Note: The figure plots the es�ma�on of the nonparametric rela�onship between income and concentra�on using the Theil index 
based on 6-digit industries for the sample that exclude non-natural resource–rich countries (defined as countries ranking above the 
75th percen�le in either natural resource rents or natural resource exports as a share of GDP, on average for the period 1995 to 
2020). The blue line represents the es�ma�on using the regular Theil index. The green line represents the adjusted Theil index that 
accounts for the irregularity in the data of certain 2-digit sectors having a different number of 6-digit lines underneath them. The 
doted black lines represent 95% confidence intervals.  
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Appendix E.  Proofs 
 
The proof of Proposi�on 1: 
 
Shares are given by: 
 

𝑠𝑠𝑐𝑐𝑐𝑐 =
𝑥𝑥𝑐𝑐𝑐𝑐

∑ 𝑥𝑥𝑐𝑐𝑐𝑐′𝑐𝑐′
=

(𝑤𝑤𝑐𝑐/𝑧𝑧𝑐𝑐𝑐𝑐)−𝜃𝜃Φ𝑐𝑐
∑ (𝑤𝑤𝑐𝑐/𝑧𝑧𝑐𝑐𝑐𝑐′)−𝜃𝜃Φ𝑐𝑐′𝑐𝑐′

=
𝑧𝑧𝑐𝑐𝑐𝑐𝜃𝜃Φ𝑐𝑐

∑ 𝑧𝑧𝑐𝑐𝑐𝑐′
𝜃𝜃 Φ𝑐𝑐′𝑐𝑐′

=
�̃�𝑧𝑐𝑐𝑐𝑐Φ𝑐𝑐

∑ �̃�𝑧𝑐𝑐𝑐𝑐′Φ𝑐𝑐′𝑐𝑐′
, 

 
where �̃�𝑧𝑐𝑐𝑐𝑐 ≡ 𝑧𝑧𝑐𝑐𝑐𝑐𝜃𝜃 . The Herfindahl-Hirschman Index (HHI) for country 𝑐𝑐 is defined as: 
 

HHI𝑐𝑐 = �𝑠𝑠𝑐𝑐𝑐𝑐2

𝑐𝑐

. 

 

For a small increase in the produc�vity of industry 𝑗𝑗 in country 𝑐𝑐, the change in HHI is: 
 

d HHI𝑐𝑐
d �̃�𝑧𝑐𝑐𝑐𝑐

= �2𝑠𝑠𝑐𝑐𝑐𝑐
d 𝑠𝑠𝑐𝑐𝑐𝑐
d �̃�𝑧𝑐𝑐𝑐𝑐𝑐𝑐

. 

 
For 𝑗𝑗 = 𝑖𝑖: 
 

d 𝑠𝑠𝑐𝑐𝑐𝑐
d �̃�𝑧𝑐𝑐𝑐𝑐

=
𝑠𝑠𝑐𝑐𝑐𝑐
�̃�𝑧𝑐𝑐𝑐𝑐

− 𝑠𝑠𝑐𝑐𝑐𝑐
𝑠𝑠𝑐𝑐𝑐𝑐
�̃�𝑧𝑐𝑐𝑐𝑐

. 

 
For 𝑗𝑗 ≠ 𝑖𝑖: 
 

d 𝑠𝑠𝑐𝑐𝑐𝑐
d �̃�𝑧𝑐𝑐𝑐𝑐

= −
�̃�𝑧𝑐𝑐𝑐𝑐Φ𝑐𝑐Φ𝑐𝑐

(∑ �̃�𝑧𝑐𝑐𝑐𝑐′𝑐𝑐′ )2 = −𝑠𝑠𝑐𝑐𝑐𝑐
𝑠𝑠𝑐𝑐𝑐𝑐
�̃�𝑧𝑐𝑐𝑐𝑐

. 

 
Hence: 
 

d HHI𝑐𝑐
d �̃�𝑧𝑐𝑐𝑐𝑐

= 2𝑠𝑠𝑐𝑐𝑐𝑐
𝑠𝑠𝑐𝑐𝑐𝑐
�̃�𝑧𝑐𝑐𝑐𝑐

− 2
𝑠𝑠𝑐𝑐𝑐𝑐
�̃�𝑧𝑐𝑐𝑐𝑐

�𝑠𝑠𝑐𝑐𝑐𝑐2

𝑐𝑐

= 2
𝑠𝑠𝑐𝑐𝑐𝑐
�̃�𝑧𝑐𝑐𝑐𝑐

�𝑠𝑠𝑐𝑐𝑐𝑐 − HHI𝑐𝑐�. 

 
From this, the change with respect to 𝑧𝑧𝑐𝑐𝑐𝑐  can be calculated as: 
 

d HHI𝑐𝑐
d 𝑧𝑧𝑐𝑐𝑐𝑐

=
d HHI𝑐𝑐

d �̃�𝑧𝑐𝑐𝑐𝑐

d �̃�𝑧𝑐𝑐𝑐𝑐
d 𝑧𝑧𝑐𝑐𝑐𝑐

= 𝜃𝜃𝑧𝑧𝑐𝑐𝑐𝑐𝜃𝜃−12𝑠𝑠𝑐𝑐𝑐𝑐𝑧𝑧𝑐𝑐𝑐𝑐−𝜃𝜃�𝑠𝑠𝑐𝑐𝑐𝑐 − HHI𝑐𝑐� = 2𝜃𝜃
𝑠𝑠𝑐𝑐𝑐𝑐
𝑧𝑧𝑐𝑐𝑐𝑐

�𝑠𝑠𝑐𝑐𝑐𝑐 − HHI𝑐𝑐�. 

 
 



 

 

With log changes, this yields: 
 

d HHI𝑐𝑐
d log 𝑧𝑧𝑐𝑐𝑐𝑐

= 2𝜃𝜃𝑠𝑠𝑐𝑐𝑐𝑐�𝑠𝑠𝑐𝑐𝑐𝑐 − HHI𝑐𝑐�. 

 
Income, on the other hand, can be obtained by solving for the wage for each country. The wage 
is pinned down by: 
 

𝑤𝑤𝑐𝑐𝐿𝐿𝑐𝑐 = �𝑥𝑥𝑐𝑐𝑐𝑐
𝑐𝑐

= �(𝑤𝑤𝑐𝑐/𝑧𝑧𝑐𝑐𝑐𝑐)−𝜃𝜃Φ𝑐𝑐
𝑐𝑐

. 

 
Solving for the wage: 
 

𝑤𝑤𝑐𝑐 = ��
Φ𝑐𝑐

𝐿𝐿𝑐𝑐
𝑧𝑧𝑐𝑐𝑐𝑐𝜃𝜃

𝑐𝑐

�
1/(1+𝜃𝜃)

 

 
 

Hence, with a small change in 𝑧𝑧𝑐𝑐𝑐𝑐, the wage can be expected to change by: 
 

d 𝑤𝑤𝑐𝑐
d 𝑧𝑧𝑐𝑐𝑐𝑐

=
1

1 + 𝜃𝜃 �
�

Φ𝑐𝑐

𝐿𝐿𝑐𝑐
𝑧𝑧𝑐𝑐𝑐𝑐𝜃𝜃

𝑐𝑐

�
−𝜃𝜃/(1+𝜃𝜃)

Φ𝑐𝑐
𝐿𝐿𝑐𝑐
𝜃𝜃𝑧𝑧𝑐𝑐𝑐𝑐𝜃𝜃−1 

=
1

1 + 𝜃𝜃
1

𝐿𝐿𝑐𝑐𝑧𝑧𝑐𝑐𝑐𝑐
Φ𝑐𝑐�𝑤𝑤𝑐𝑐/𝑧𝑧𝑐𝑐𝑐𝑐�

−𝜃𝜃
 

=
1

1 + 𝜃𝜃
𝑥𝑥𝑐𝑐𝑐𝑐
𝐿𝐿𝑐𝑐𝑧𝑧𝑐𝑐𝑐𝑐

=
1

1 + 𝜃𝜃
𝑠𝑠𝑐𝑐𝑐𝑐

𝑤𝑤𝑐𝑐
𝑧𝑧𝑐𝑐𝑐𝑐

 

 
 
Wri�ng log changes in wage (income) yields: 
 

d log𝑤𝑤𝑐𝑐
d log 𝑧𝑧𝑐𝑐𝑐𝑐

=
𝜃𝜃

1 + 𝜃𝜃
𝑠𝑠𝑐𝑐𝑐𝑐. 
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