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while critics say it increases regional inequality. The empirical evidence is
mixed and based mostly on developed countries due to a lack of income data
for lower administrative regions. We combine night-lights data captured by
satellites with a new database on decentralization derived from actual laws
that are institutionalized and circumscribed from a global sample of countries.
We then analyze the impact of decentralization on regional convergence using
income data from the first and second administrative regions. We find that
decentralization hinders within-country regional convergence, especially in
the developing countries.
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1 | INTRODUCTION
In the last few decades, more than 70 countries have implemented some form of decentralization reform by giving subnational governments power to tax, spend, legislate, and elect government officials within their jurisdiction. Decentralization has been at the center of institutional reforms not only in developed countries but also in many developing and
transition economies in Africa, Asia, and Latin America (Bardhan, 2002; Garman et al., 2001; Hooghe et al., 2010). This
momentum is likely to continue as subnational movements, national governments, and multilateral organizations often
praise the benefits of decentralized governments (Burki et al., 1999; The World Bank, 2000).
One of the primary stated objectives of decentralization is to improve economic growth. Decentralization can
improve economic growth by increasing the public sector's effectiveness and efficiency by fostering competition among
regional governments and by better matching resources and preferences of communities and governments (Arcalean
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GADM, Global Administrative Areas; GFS, Government Financial Statistics; GPW, Gridded Population of the World; IMF, International Monetary
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Co-operation and Development; RAI, Regional Authority Index.
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et al., 2010; Ezcurra & Pascual, 2008; Oates, 1993; Qian & Weingast, 1997; Teibout, 1956; Weingast, 1995). These “market preserving” theories are supported by empirical findings for developed countries (Akai & Sakata, 2002; Fisman &
Gatti, 2002; Gemmell et al., 2013; Sobel et al., 2013). However, there is very little empirical evidence to support such
reforms in developing countries.
A major argument against decentralization is the belief that it can inhibit growth in poorer regions, creating an even
larger disparity between richer and poorer regions. Decentralization can increase regional inequality through various
channels. First, limited state capacity and weaker endowments in poorer regions can lead to lower infrastructure spending in schools, roads, and electricity. Second, richer regions can provide comparable public goods at a lower average tax
per resident than poorer regions, which makes poorer regions less attractive to businesses and investments. Third, governments in poorer regions are more prone to elite capture than governments in richer regions or national governments
(Bardhan & Mookherjee, 2005; Prud'Homme, 1995; Tanzi, 1995).1 Finally, decentralization can limit the redistributive
role of the central government, further worsening regional disparity (Meltzer & Richard, 1981).
Thus, whether decentralization affects regional convergence is ultimately an empirical question. Yet, due to lack of
comparable data, quantifying the impact of decentralization from actual country experience has proved elusive, especially in the developing countries.
This article fills that gap by analyzing whether decentralization promotes or hinders convergence between a country's rich and poor regions using a sample of 69 developed and developing countries across the world. We find strong
evidence of unconditional within-country convergence across the world, using both first-level and second-level subnational data.2 However, we find that decentralization slows down the speed of such regional convergence. These
results are statistically significant and economically meaningful in the case of developing countries, whereas the estimates are mostly statistically insignificant for the high-income countries. For instance, calculations based on the coefficients from our preferred specifications (Table 2 Panel A) suggests that if the decentralization index of a country
changes from the lowest possible value to the highest possible value, the growth rate of a region that is halfway to the
country frontier (i.e., country's richest region) would decrease by about 8%. The estimates from other specifications also
suggest that decentralization slows down the speed of regional convergence toward zero, and in a few specifications, it
even leads to regional divergence, although at a negligible rate.
We also analyze the impact of changes in different components of decentralization such as fiscal autonomy, institutional depth, policy autonomy, and political representation on regional convergence. The subcomponent analysis reinforces our baseline findings that decentralization substantially slows down the regional convergence in the developing
countries. There is some heterogeneity in the magnitude of convergence coefficients across different components of
decentralization. Still, one pattern stands out: most of the estimates for the developing countries are statistically significant, but the estimates for the high-income countries are mostly statistically insignificant.
We find that decentralization hinders not only within-country regional convergence but also within-firstsubnational division regional convergence. In fact, the convergence coefficients of within-first-subnational division are
larger than within-country convergence coefficients. This suggests that the growth of first subnational regions in developing countries is mostly driven by the growth of a few second subnational regions within that first subnational region.
There are various challenges in estimating the actual impact of decentralization. First, subnational government data
on economic activity do not exist in most of the developing countries. Thus, most of the convergence literature uses
cross-country data to measure the impact of decentralization on between-country convergence. Such cross-country
studies face multiple empirical challenges due to endogeneity issues tied to omitted variables and reverse-causality
(Ebel & Yilmaz, 2002; Hooghe et al., 2016; Martinez-Vazquez et al., 2017; Thornton, 2007). Third, existing measures of
decentralization such as expenditures going through the subnational budgets or revenues raised by subnational governments do not accurately reflect the true measure of fiscal decentralization. For instance, using existing measures of
decentralization, countries such as Sweden, Norway, Finland, and Denmark, where subnational governments spend
and tax according to national laws, appear equally decentralized as countries such as Germany and the United States,
where subnational governments enjoy genuine autonomy.
Our article addresses all of these challenges, contributing to two strands of literature: decentralization and convergence. First, to circumvent the subnational data unavailability problem, we create a proxy for subnational income per
capita by combining night-time lights data captured by US Air Force Satellite with georeferenced subnational population data from the Gridded Population of the World database. There are various advantages of using satellite data to
measure economic activity: it provides data for a large number of countries, makes data immune to manipulation by
the national or subnational governments, and makes data highly comparable across countries since the differences in
fiscal or statistical capacity across countries do not affect data quality. Due to these advantages, satellite data have been
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Impact of decentralization on within-country convergence
Full sample

High-income countries

Developing countries

−0.118***

−0.132*

−0.114***

(0.0153)

(0.0751)

(0.0146)

0.408***

0.420***

0.359***

(0.0580)

(0.0673)

(0.0781)

0.182***

0.101

0.221***

(0.0554)

(0.157)

(0.0740)

0.112***

0.127*

0.116***

(0.0280)

(0.0721)

(0.0360)

Number of countries

69

35

34

Number of observations

24,958

11,433

13,525

−0.127***

−0.0935**

−0.140***

(0.0282)

(0.0441)

(0.0334)

0.0606

0.0654**

0.293***

(0.0702)

(0.0316)

(0.0551)

Panel A: First subnational level
L.Distance PC

Frontier growth PC

L.Self-rule
L.Self-rule × distance PC

Panel B: Second subnational level
L.Distance PC

Frontier growth PC

L.Self-rule

0.214

0.0190

0.345

(0.236)

(0.230)

(0.302)

0.0937**

0.0652

0.117**

(0.0396)

(0.0695)

(0.0440)

Number of countries

69

35

34

Number of observations

549,857

234,731

315,126

L.Self-rule × distance PC

Notes: The outcome variables in all specifications is subnational level growth rate of lights per capita. Column 1 uses all countries with requisite data, column 2
uses high-income countries with requisite data and column 3 uses developing countries with requisite data. All regressions include country fixed effects and
year fixed effects. Panel A presents analysis using first subnational level data and panel B presents analysis using second subnational level data. The SEs, in
parenthesis, are clustered at the country level.
*p < .1; **p < .05; ***p < .01.

used extensively to measure economic activity both at the national level and subnational level (see Donaldson &
Storeygard, 2016 for an excellent survey of such studies). However, Lessmann and Seidel (2017) and Chanda and
Kabiraj (2020) are the only study we are aware of that uses satellite data to analyze regional convergence.3 The previous
literature on the effects of decentralization has been limited to country-level analysis (Akai & Sakata, 2002; Sobel
et al., 2013; Xie et al., 1999) or regional analysis of high-income economies (Baskaran & Feld, 2013; Gemmell
et al., 2013; Sorens, 2014; Thornton, 2007).4 However, there are very few studies on developing countries. Moreover,
they are all individual country cases such as Bagchi (2003) on India, Bonet (2006) on Colombia, Hill (2008) on Indonesia and Philippines, and Zhang and Zou (1998) and Liu et al. (2017) on China. Thus, our primary contribution is to
expand the literature on the impact of decentralization to include a large number of developing countries.
Second, we contribute to the decentralization literature by using newly available data on decentralization, the
Regional Authority Index, which improves previous measures used in the literature in two important ways (Hooghe
et al., 2016; Sorens, 2015). First, it provides a comprehensive picture of decentralization by measuring it across dimensions such as fiscal autonomy, borrowing autonomy, institutional depth, policy autonomy, and representation. Second,
it measures decentralization more accurately since this measure is derived from actual laws that are institutionalized
and circumscribed and are collected from documents such as constitutions, laws, executive orders, statutes, or other
written documents that are publicly available.5 There are few studies (Fan et al., 2009; Hammond & Tosun, 2011;
Rodriguez-Pose & Ezcurra, 2010; Sorens, 2014) that use a more comprehensive measure of decentralization like ours,
however, Sorens (2014) is the only study that studies the impact of decentralization on regional convergence. Thus, we
contribute to the decentralization literature by expanding it to include measures other than fiscal decentralization.
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Third, we combine national data on decentralization with subnational data on per capita income, which allows us
to significantly mitigate the endogeneity problems tied to omitted variables and reverse-causality in cross-country studies that constitute the bulk of the convergence literature. As we use subnational data, it allows us to include country
fixed effects to control for the time-invariant country characteristics. We also include the growth rate of the country's
frontier region to control for the country's growth potential and omitted factors that exert mutual influence on the
country's growth potential and decentralization tendencies such as cities pushing for more autonomy as they grow
larger. On top of that, we implement a within-country version of the cross-country Schumpeterian growth model developed in Aghion et al. (2005). This implementation allows us to use the region's distance-to-country-frontier to capture
the region's relative development level rather than its initial income level. Since the individual region's distance-tocountry-frontier is mostly independent of the country's growth rate or development level, it further mitigates the endogeneity issues. Thus, it is unlikely that the country-level decentralization reforms are prompted by the growth patterns
of the average subnational regions, conditional on country-fixed effects and frontier region's growth (Che &
Spilimbergo, 2012). However, there are concerns in the literature that endogeneity issues might still exist under some
circumstances. To mitigate such concerns, we conduct various robustness tests to see if potential endogeneity due to
reverse causality affects our results. First, we test if our results are robust when we remove from the sample the capital
regions and the richest regions of the countries, both of which could potentially affect a country's decision to decentralize. For instance, it is likely that Buenos Aires in Argentina or Lima in Peru exert a significant influence on the fiscal
decision of the respective countries. Removing capital regions and rich regions from the analysis alleviates such concerns. Second, we remove countries from the sample with a very high initial level of regional inequality and those that
experienced internal conflicts in the sample period since the literature suggest these as potential causes of decentralization. Our main results are robust, suggesting that our findings are not driven by regional inequality, growth or urbanization in developing countries, internal conflict, or other sources of reverse-causality.
The rest of the article is organized as follows. In Section 2, we discuss the data collection process and their sources.
In Section 3, we present our empirical model for testing the effect of decentralization on regional convergence. We present our findings in Section 4, and robustness of the baseline results in Section 5. Finally, in Section 6, we conclude the
article with a discussion on possible mechanisms through which decentralization affects regional convergence.

2 | DATA
We study the effect of decentralization on regional convergence of administrative regions at the first and second subnational government for 69 countries from 1992 to 2010.6
Comparable data on income per capita at the subnational level are scarce. Hence, we construct an annual panel
dataset of economic activity and economic activity per person at the second subnational level by combining satellite
data on night-time lights with georeferenced data on population. We combine these data with country-level measures
of decentralization from Regional Authority Index (RAI) compiled by Hooghe et al. (2016) and Regional Autonomy in
Developing Democracies dataset compiled by Sorens (2015).
The night-time lights data is recorded by the satellites from the United States Air Force Defense Meteorological Satellite Program (DMSP) using Operational Linescan System sensors. Each satellite observes every location on the planet
every night at some instant between 8:30 p.m. and 10:00 p.m. local time. The data is then processed by the scientists at
the National Oceanic and Atmospheric Administration's (NOAA) National Geophysical Data Center (NGDC) before
releasing it to the public. The scientists process the data to remove observations for places where the earth's surface is
obscured by the cloud so that the human-made lights are properly recorded. They also remove the places experiencing
the bright half of the lunar cycle, the summer months when the sun sets late, auroral activity (the northern and southern lights), and forest fires. These restrictions remove intense sources of natural light, leaving mostly human-made
light. Finally, data from all orbits of a given satellite in a given year are averaged over all valid nights to produce a
satellite-year dataset. It is this dataset that is distributed to the public (Henderson et al., 2012).7
Each satellite-year dataset is a grid reporting the intensity of lights for every 30 arc-second output pixel (approximately 0.86 square kilometers at the equator) between 65 degrees south and 75 degrees north latitude. The exclusion of
high-latitude zones affects about 10,000 people or 0.0002% of the world's population. We further exclude pixels from
regions that produce intense night-time lights due to gas flares.8
The intensity of light at each pixel is recorded as an integer between 0 (implying no detectable light) and 63 (implying maximum detectable light). The lights data is top-coded at 63, which affects a small fraction of pixels (0.1%),
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generally in rich and dense areas. If top-coding is extensive, then it can limit the variation in lights data in rich and
dense areas. Thus, the variation in the population data will drive the variation in lights per capita of these regions. We
aggregate the pixels at second subnational level region. So, when aggregated, the impact of top coding is lessened. However, some regions are comprised of mostly urban areas, in which case the issue of top coding is present as the variation
in total lights of the region is limited. In order to control for the issue of top-coding, we assign a dummy variable for second subnational level regions that include a top-coded grid for all of our analysis. We also run robustness checks by
removing those regions entirely as well as removing country capitals, which are likely to have top-coded lights reading.
The de facto sensor settings vary over time across satellites and with the age of a satellite, so that comparisons of
raw digital numbers over the years can be problematic. However, as suggested by Henderson et al. (2012), we can control for such issues with year fixed effects. For years with multiple satellite readings, we calculate simple averages across
satellites. We then aggregate the data at the second administrative region using the map from the Global Administrative
Areas (GADM) database.9 We add 1 to the recorded night-time lights data in all of the second-subnational regions.
There are two reasons for doing so. First, the night-time lights of 0 do not necessarily mean there is no presence of
human-made light. It only means that no human-made light is detectable by the satellite from outer-space. It is possible
there is at least some economic activity in the region when night-time lights data reading is 0. Second, our outcome variable is measured in the log, hence avoiding a value of zero allows us to take the log of all of the observations. The
dependent variable then is the total night-time lights intensity (Lightict) for region i in country c at time t.
We obtain population information at the subnational level from the Gridded Population of the World (GPW) database developed by the Center for International Earth Science Network (CIESIN) at Columbia University. The GPW data
are constructed using population census tables from various subnational levels (such as city and region). We use GPW
v4 as the primary population database and supplement it with GPW v3 for the years 1990 and 1995.10 CIESIN provides
population data for every fifth year, so we linearly interpolate data for missing years. Hence, our study includes lights
per capita data on 45, 279 Level 2 subnational regions within 2, 542 Level 1 subnational regions from 130 countries for
years between 1992 and 2013.
To measure decentralization at the country level, we use the RAI compiled by Hooghe et al. (2016) and Regional
Autonomy in Developing Democracies dataset compiled by Sorens (2015). The Hooghe et al. (2016) RAI data is available for 81 countries from 1950 to 2010. We add eight countries from Sorens' (2015) update of the Hooghe et al. (2016)
data, giving us 89 countries in total.11
Most of the studies in the literature use tax and expenditure data from the International Monetary Fund (IMF)'s
Government Financial Statistics (GFS) to construct a measure of fiscal decentralization. First of all, as explained in
Dziobek et al. (2011) and Gadenne and Singhal (2014), there are significant gaps in the coverage of IMF data, especially
in the case of developing countries. Moreover, expenditures going through the subnational budgets or revenues raised
by subnational governments do not accurately reflect the true measure of fiscal decentralization, the authority that subnational governments exercise in its territory. For instance, using existing measures of decentralization, countries such
as Sweden, Norway, Finland, and Denmark, where subnational governments spend and tax according to national laws,
appear equally decentralized as countries such as Germany and the United States, where subnational governments
enjoy genuine autonomy (see Ebel and Yilmaz (2002); Hooghe et al. (2016)). Thus we use decentralization measures
from RAI compiled by Hooghe et al. (2016) and Regional Autonomy in Developing Democracies dataset compiled by
Sorens (2015), which measures the authority of regional governments across fiscal, political, and administrative dimensions, hence providing a better measure of decentralization.
There are two components of the RAI: self-rule and shared-rule. Self-rule measures regional government's authority
within its jurisdiction and shared-rule measures regional government's influence on the central government. For our
study, we use self-rule as the measure of decentralization. Self-rule measures the authority of regional governments
across five dimensions.12 They are (i) institutional depth, which encodes the extent to which regional governments can
make independent policy decisions. It ranges from 0 if there is no functioning general-purpose regional administration
to 3 if regional governments' decisions are not subject to the central government veto and the relationship between the
regional governments and the central government are lateral rather than hierarchical; (ii) policy scope, which encodes
the range of policies for which regional governments are responsible. The policies are categorized into five groups: economic, cultural and educational, welfare, constitutive and coercive, and immigration and citizenship. It ranges from
0 if regional governments do not exercise authority in any of the policy groups to 4 if regional governments exercise
autonomy in at least four of the policy groups; (iii) fiscal autonomy, which encodes regional governments' authority to
set the rules for taxation and spending in their jurisdiction. It ranges from 0 if the central government sets the base and
rate of all regional taxes to 4 if regional governments set the base and rate of at least one major tax (i.e., personal
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income tax, corporate income tax, value-added tax, or general sales tax); (iv) borrowing autonomy, which encode the
capacity of regional governments to borrow in financial markets independently. It ranges from 0 if regional governments are prohibited to borrow due to centrally imposed rules to 3 if regional governments may borrow without any
centrally imposed restrictions; and (v) representation, which encodes the autonomy of regional governments in
selecting legislative and executive bodies in their jurisdiction. It ranges from 0 if regions have no regional assembly and
the regional executive is appointed by the central government to 4 if regions have a directly elected assembly and the
executive is appointed by a regional assembly or is directly elected.
Since the value for institutional depth and borrowing autonomy range from 0 to 3 and the value for policy scope, fiscal autonomy, and representation range from 0 to 4, the regional self-rule measure we use in the baseline analysis
ranges from 0 to 15, where 0 indicates a highly centralized system and 15 indicates a highly decentralized system.13
These regional self-rule scores are then aggregated at the country level to generate the country-level measure of selfrule.14 We normalize the indices to be between 0 and 1, with 0 being the minimum level of decentralization and 1 being
the maximum.15
Based on the self-rule measure, the most decentralized countries in our sample are the United States, Belgium, Germany, Italy, and Spain, while the least decentralized countries are Albania, Costa Rica, Croatia, Czech Republic, El Salvador, Estonia, Latvia, Lithuania, Slovakia, and Slovenia. Figure 1 displays the distribution of self-rule scores in 1992.
As illustrated in the figure, most of the country's self-rule score is toward the lower tail of the distribution, indicating a
low level of decentralization in 1992. Many countries in our sample experience some level of decentralization over the
sample period. The top 10 countries with the biggest change in self-rule (reported in parenthesis) are Indonesia (14),
South Korea (10), Croatia (9), Czech Republic (9), Greece (9), Slovak Republic (8), (Bolivia (8), Paraguay (7), Italy (7),
and Finland (6).

3 | EMPIRICAL FRAMEWORK
In this section, we outline the empirical framework we use to analyze the role of decentralization on regional convergence. We implement a within-country version of the cross-country Schumpeterian growth model developed in Aghion
et al. (2005). That is, we analyze whether or not poor regions of a country catch up with the frontier regions of the country, which is known as β-convergence in the growth literature.16 To do so, we first define Frontier region as the region
that has the highest lights per capita among all regions within a country in a given year. Then, how far a region is from
the Frontier region, or the Distance, is defined as the log difference in lights per capita between a region and the frontier
region of a respective country. The Distance is formally expressed as,


Distanceict = lnðLight ict Þ− ln Light frontier
ct

ð1Þ

is the total lights per capita
where, Lightict is the total lights per capita for region i of country c at year t, and Light frontier
ct
for the Frontier region of country c at year t.
The growth rate of lights per capita in region i of country c at time t is expressed as,

F I G U R E 1 Distribution of self-rule values in 1992 for the 69 countries in the sample. The histogram presents the distribution of self-rule
measure for 69 countries in 1992. The vertical dashed line is the mean value of self-rule in 1992
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ΔY ict = lnðLight ict Þ −lnðLight ict − 1 Þ

ð2Þ

The baseline specification we use to study the effect of decentralization on β-convergence is then given by,
ΔY ict = β0 + β1 Distanceict − 1 + β2 Decentralizationct − 1
+ β3 Distanceict − 1 × Decentralizationct − 1 + β4 ΔY frontier
+ λc + δt + eijt
ct

ð3Þ

where Decentralizationct − 1 is the measure of decentralization, Distanceict − 1 × Decentralizationct − 1 is the interaction
term, and ΔY Frontier
is the growth rate of frontier region. λ are country fixed effects that control for time-invariant counct
try characteristics such as geography, and δ are year fixed effects that control for unobservables specific for the year, as
well as variation in data due to different satellite settings.17 The primary coefficient of interest is β3 as it indicates
whether decentralization promotes convergence (i.e., negative β3) or hinders convergence (i.e., positive β3).
We reduce the endogeneity problem due to omitted variables and reverse-causality found in the country-level convergence literature by combining national data on decentralization with subnational data on per capita income and
using the Schumpeterian growth model developed in Aghion et al. (2005). As we use subnational data, we can include
country fixed effects to control for the time-invariant country characteristics and the growth rate of the country's frontier region to control for the country's growth potential and omitted factors that exert mutual influence on the country's
growth potential and decentralization tendencies. Moreover, we implement a within-country version of the crosscountry Schumpeterian growth model developed in Aghion et al. (2005). This allows us to use the region's distance-tocountry-frontier to capture the region's relative development level rather than its initial income level. Since the individual region's distance-to-country-frontier is mostly independent of the country's growth rate or development level, it further mitigates the endogeneity issues. Thus, we argue that it is unlikely that country-level decentralization reforms are
prompted by the growth patterns of the subnational regions, conditional on country-fixed effects and frontier region's
growth (Che & Spilimbergo, 2012).18

4 | R E SUL T S
4.1 | Regional convergence
Figure 2a,b present within-country convergence graphs using data on first and second subnational levels, respectively.
The vertical axis plots the beta coefficients obtained from regressing regional growth rate of per capita night-lights
between 1992 and 2010 on per capita night-time lights in the year 1992 for individual countries and the horizontal axis
plots the coefficient's t-statistics. These coefficients measure unconditional within-country convergence since we do not

F I G U R E 2 Within-country unconditional convergence from 1992 to 2010 around the world. The variable on the vertical axis is the beta
coefficient of regression capturing the average growth rate of night-time lights per capita on initial night-time lights per capita for individual
countries in the sample of 69 countries, and the variable on the horizontal axis is the coefficient's t-statistics
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use any other controls in the regression. These figures demonstrate strong convergence across regions in most of the
countries around the world.19 Most of the estimates are negative and statistically significant at the conventional level,
demonstrating a systematic tendency for regions that start with lower economic activity (measured here by night-time
lights per capita) in 1992 to grow more rapidly over the next two decades compared to the regions that start with higher
economic activity in 1992. However, there are some countries, especially high-income countries that experience
regional divergence in our sample period, especially when using subnational Level 1 data.20 Thus, we analyze the
regional convergence tendencies for the full sample as well as the sample of high-income countries and developing
countries next.
Table 1 presents the formal analysis of the graphs presented in Figure 2a,b using first and second subnational level
data for the sample of 69 countries that have data on decentralization.21 Column 1 presents the analysis on the full sample of countries, column 2 presents the analysis on the sample of high-income countries, and column 3 presents the
analysis on the sample of developing countries.22 Panel A presents the analysis using first subnational level data, and
panel B presents the analysis using second subnational level data. The dependent variable for all of the regressions is
the regional growth rate per capita. All specifications include country and year fixed effects, and none of them include
region fixed effects or any other controls for regional characteristics. Hence, the coefficients on the lagged value of the
log of lights per capita (i.e., L.Log Light Per Capita) are the coefficients of within-country unconditional convergence.23
The estimates range from −0.09 to −0.06, which are quite large and economically meaningful. For instance, a convergence coefficient of −0.075 implies that a region that is halfway to the frontier region grows 5.2% faster than the frontier
region (0.075 × ln(2)). Even though we find regional convergence in all specifications, the estimates for the developing
countries are larger and robustly significant, while the estimates for the high-income countries are smaller and their
statistical significance are not robust to specification changes. Thus, we conclude that there is a strong and robust
regional convergence in developing countries.
In the next subsection, we examine the impact of decentralization on the speed of regional convergence. Since backward regions tend to catch up with frontier regions regardless of policies, the hope then is that decentralization speeds
up the convergence process. However, we find that decentralization hinders convergence in developing countries.

4.2 | Decentralization and regional convergence
Table 2 shows the results for the baseline specification (Equation (3)). Column 1 is the analysis on the full sample of
countries, column 2 is on the sample of high-income countries, and column 3 is on the sample of developing countries.
Panel A presents the analysis using first subnational level data, and panel B presents the analysis using second subnational level data. The dependent variable is the regional growth rate per capita in each of the regressions. Each
TABLE 1

Within-country unconditional convergence
Full sample

High-income countries

Developing countries

−0.0797***

−0.0686

−0.0808***

(0.0166)

(0.0421)

(0.00996)

Number of countries

69

35

34

Number of observations

25,135

11,538

13,597

−0.0882***

−0.0635**

−0.0921***

(0.0170)

(0.0244)

(0.0204)

Number of countries

69

35

34

Number of observations

552,525

236,952

315,573

Panel A: First subnational level
L.Log light per capita

Panel B: Second subnational level
L.Log light per capita

Notes: The outcome variables in all specifications is subnational level growth rate of lights per capita. Column 1 uses all countries with requisite data, column 2
uses high-income countries with requisite data and column 3 uses developing countries with requisite data. All regressions include country fixed effects and
year fixed effects. Panel A presents analysis using first subnational level data and panel B presents analysis using second subnational level data. The SEs, in
parenthesis, are clustered at the country level.
*p < .1; **p < .05; ***p < .01.
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regression includes country fixed effects and year fixed effects.24 The distance from the frontier region is given by L.
DistancePC, the per capita growth rate of the frontier region of each country is given by GrowthFrontierPC, and the
measures of decentralization used (i.e., Self-rule) is given by L.Self − rule.25 The interaction terms of distance with measures of decentralization are the coefficients of interest, which indicates the impact of decentralization on the speed of
convergence. We call them the convergence coefficient from now on.
The coefficient on the variable L.Distance is negative and statistically significant in all specifications. A negative
coefficient implies that the farther a region is from the frontier, the higher its growth rate, reinforcing the idea that
regions with the lower initial economic activity level tend to grow faster in the absence of decentralization.
The convergence coefficients are positive and significant for the full sample, indicating that decentralization
impedes regional convergence. When we divide the sample into high-income countries and developing countries, we
find that the estimates are positive and significant at the 5% or better level for the developing countries. However, the
estimates for the high-income countries are significant at the 10% when using first subnational level data and insignificant at the conventional level when using second subnational level data. The coefficients range from 0.09 to 0.12, with
coefficients of developing countries being slightly larger than that of the full sample.
These findings indicate that decentralization hinders regional convergence. The effect is always significant at the
conventional level for the sample of developing countries, while they are not robust for the high-income countries. To
analyze how economically significant these estimates are, we can look at the effect on the growth rates for certain
regions compared to the frontier region of the country when the value of self-rule changes. To illustrate, in the full sample (column 1), the convergence coefficient of 0.112 implies that if the decentralization index of the country changes
from the lowest possible value (i.e., 0) to the highest possible value (i.e., 1), the growth rate of a region that is halfway
to the country frontier would decrease by about 8%.26 In a few specifications, the convergence coefficients suggest that
decentralization is associated with regional divergence, although at a negligible rate. For instance, for the full sample,
the difference in growth rate between the region and the frontier region of the country changes from about 8% to about
0.42% when the decentralization index changes from 0 to 1. However, for the sample of developing countries using first
subnational level data, the difference in the growth rate between the region and the frontier region of the country
changes from about 8% to about −0.14%, resulting in divergence.
These findings are in line with the studies that find the detrimental effect of decentralization on developing countries such as Zhang and Zou (1998); Davoodi and Zou (1998); Liu et al. (2017). Based on the findings for different subsamples, we can conclude that decentralization hinders regional convergence in developing countries. The impact on
high-income countries are not conclusive since the convergence coefficient for high-income countries is significant at
the 10% level when first subnational level data are used, but the significance disappears when second subnational level
data are used. The implication of this analysis is substantial, especially in developing countries, as we find that regions
which are relatively behind in development level tend to grow slower, and hence lag further behind, than a relatively
more developed region within a country.

4.3 | Components of decentralization and regional convergence
In this section, we study how individual components of decentralization (i.e., fiscal autonomy, institutional depth, policy autonomy, and representation) affect regional convergence.27 The results are presented in Table 3.28 Panel A presents results for analysis using first subnational level data and panel B presents results for analysis using second
subnational level data. Column 1 presents results for the full sample, column 2 presents results for the sample of highincome countries, and column 3 presents results for the sample of developing countries.
For the full sample, we find that almost all of the components have a significant impact on convergence. The convergence coefficients on the institutional depth, policy autonomy, and representation are all positive, range from 0.05 to
0.20, and significant using both first and second subnational level data. The coefficient on the fiscal autonomy (0.09) is
positive and significant using second subnational level data only.
The subcomponent analysis reinforces the findings from the analysis of the overall decentralization index that there
is no robustly significant impact of decentralization on high-income countries. In the sample of high-income countries,
we do not find a significant effect of any of the components of decentralization, except for Policy Autonomy, which is
statistically significant when first subnational level data are used but only at the 10% significance level.
In the case of developing countries, the result is more nuanced but provides evidence that all components of decentralization substantially reduce regional convergence. We find that fiscal autonomy and representation have a robust
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TABLE 3

Impact of components of decentralization on within-country convergence
Full sample

High-income countries

Developing countries

0.00830

−0.0567

0.112***

(0.0926)

(0.100)

(0.0408)

0.196***

0.244

0.180***

(0.0389)

(0.147)

(0.0465)

0.0774***

0.111*

0.0539

(0.0254)

(0.0622)

(0.0408)

0.122***

0.161

0.0885***

(0.0286)

(0.102)

(0.0311)

Number of countries

69

35

34

Number of observations

24,958

11,433

13,525

0.0852*

0.0532

0.117*

(0.0507)

(0.0738)

(0.0599)

0.0856**

0.113

0.0816

(0.0458)

(0.0896)

(0.0547)

Panel A: First subnational level
Fiscal autonomy

Institutional depth

Policy autonomy

Representation

Panel B: Second subnational level
Fiscal autonomy

Institutional depth

Policy autonomy

0.0997**

0.0409

0.132**

(0.0466)

(0.0381)

(0.0631)

0.0486*

0.0328

0.0730**

(0.0290)

(0.0601)

(0.0315)

Number of countries

69

35

34

Number of observations

549,857

234,731

315,126

Representation

Notes: The outcome variables in all specifications is subnational level growth rate of lights per capita. The coefficients reported are the convergence coefficients
(coefficients of the interaction term between the decentralization measure used and the distance measure). Column 1 uses all countries with requisite data,
column 2 uses high-income countries with requisite data and column 3 uses developing countries with requisite data. All regressions include country fixed
effects and year fixed effects. Panel A presents analysis using first subnational level data and panel B presents analysis using second subnational level data. The
SEs, in parenthesis, are clustered at the country level.
*p < .1; **p < .05; ***p < .01.

impact on regional convergence. The estimated coefficients range from 0.07 to 0.12 and are significant at the conventional level using both first and second subnational level data. The institutional depth and policy autonomy indicators
also suggest that decentralization hinders convergence, but the estimates are not robustly significant. The coefficient on
institutional depth (0.179) is significant using first subnational data only, and policy autonomy (0.132) is significant
using second subnational level data only.

4.4 | Decentralization and within-first-subnational region convergence
In this section, we extend our analysis on the effect of decentralization to study if decentralization promotes or hinders
convergence between the poor and rich regions within each first subnational level division of a country. To do so, we
use second subnational level data and add first subnational level region fixed effects to the baseline regression. Thus,
we can interpret the coefficient on the interaction between distance and measures of decentralization as the impact of
decentralization on within-first-subnational level regional convergence. Note that we also modify the variable Distance,
which now represents distance to the frontier second subnational level region within a first subnational level region.
Specifically, Distance is now defined as,
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Distanceijct = ln Light ijct −ln Light Frontier
jct

ð4Þ

where Light Frontier
is the light per capita of frontier second subnational level region in first subnational level region j.
jct
The impact of decentralization on within-first-subnational region convergence is then give by,
ΔY ijct = β0 + β1 Distanceijct − 1 + β2 Decentralizationct − 1
+ β3 Distanceijct − 1 × Decentralizationct − 1 + β4 ΔY Frontier
+ β5 ΔY Frontier
jct
ct

ð5Þ

+ γ jc + λc + δt + eijct
where Distanceicjt − 1 is the distance to the frontier second subnational level region within a first subnational level
region and Decentralizationct − 1 is the measure of decentralization. The coefficient on the interaction term Distanceicjt
− 1 × Decentralizationct − 1 is the coefficient of primary interest as it indicates whether decentralization promotes
within-first-subnational level regional convergence (i.e., negative β3) or hinders convergence (i.e., positive β3). γ jc is the
first subnational level region fixed effects, λc is the country fixed effects, and δt is year fixed effects. We control for the
first subnational region growth potential by including growth of frontier region within each of the first subnational
. In some specifications, we also control for the country growth potential by including growth of first
regions, ΔY Frontier
jct
.
subnational level frontier region of the country, ΔY Frontier
ct
Table 4 presents the results. The results are similar to the baseline study. The convergence coefficients are positive
and significant in the full sample and the sample of developing countries, but not significant at the conventional level
for the high-income countries.
These findings suggest that decentralization hinders not only within-country convergence but also within-region
convergence. The convergence coefficients are larger than in the analysis of within-country convergence for both the
full sample and the sample of developing countries. Taken together, the results from within-country and within-firstsubnation convergence suggest that the growth of first subnational level regions in developing countries is mostly
driven by the growth of a few second subnational level regions within that first subnational level region. Since these
within-subnation convergence estimates are larger than within-country convergence estimates from our baseline
results, it also implies that the lack of regional convergence is more pronounced at the local level.

TABLE 4

Impact of decentralization on within-first-subnational region convergence
Full sample

L.Distance PC

Level 2 frontier growth PC

L.self-rule
L.Self-rule × distance PC

High-income countries

Developing countries

−0.146***

−0.146***

−0.0922*

−0.0919**

−0.162***

−0.162***

(0.0365)

(0.0366)

(0.0455)

(0.0451)

(0.0445)

(0.0443)

0.582***

0.592***

0.539***

0.543***

0.598***

0.577***

(0.0677)

(0.0633)

(0.127)

(0.129)

(0.0540)

(0.0516)

0.156

0.165

−0.138

−0.132

0.290

0.276

(0.149)

(0.143)

(0.141)

(0.137)

(0.209)

(0.208)

0.153**

0.153**

0.0865

0.0861

0.172**

0.172**

(0.0584)

(0.0584)

(0.0757)

(0.0755)

(0.0697)

(0.0692)

Level 1 Frontier Growth PC

−0.0435

−0.0126

0.0873*

(0.0356)

(0.0173)

(0.0443)

Number of countries

69

69

35

35

34

34

Number of observations

549,857

549,857

234,731

234,731

315,126

315,126

Notes: The outcome variables in all specifications is second subnational level growth rate of lights per capita. Columns 1 and 2 illustrate results for all countries
with requisite data, Columns 3 and 4 illustrate results for high-income countries with requisite data and Columns 5 and 6 illustrate results for developing
countries with requisite data. All specifications include country, year, and first subnational level region fixed effects. The SEs, in parenthesis, are clustered at
the country level.
*p < .1; **p < .05; ***p < .01.
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5 | R OBUSTNESS TESTS
To probe the robustness of our main results, we perform a series of tests. First, we estimate regional convergence using
the traditional approach that compares regional growth with the country average instead of the frontier region's growth.
Second, we address the common concerns of causes of endogeneity in the literature by estimating the baseline model
controlling for, and removing, country capitals, removing top-coded cities, removing countries with very high regional
inequality at the beginning of our sample, and removing countries with internal conflicts or civil wars during our sample period. Third, we use alternative definitions of income, such as total lights or lights per area, to test if our results are
sensitive to the use of lights per capita as a measure of income. Fourth, we remove the second subnational regions that
belong to the bottom 5 percentile in terms of lights per capita since small changes in those regions can lead to large
growth rates, potentially biasing our estimates. Fifth, we conduct various robustness tests to see if rapid urbanization in
developing countries biases our results. The results of these robustness tests are presented in the next subsection.
In the online Appendix, we conduct several additional robustness tests. First, we test the robustness of our findings
to an alternative estimation approach by using a Dynamic Panel Model. Second, we estimate the baseline regression
excluding one country at a time to study if any particular country is driving the result. Third, we include first subnational fixed effects and various other subnational characteristics in our baseline specification to control for observed
and unobserved confounders at the regional level. Fourth, we keep the frontier region the same throughout the sample
period by using the frontier region of 1992 to test if poorer regions catch up to the initial frontier region. Fifth, we test
the sensitivity of our baseline model to the changes in access to electricity. Sixth, we perform additional robustness tests
which include analyzing regional convergence using the data on decentralization from Hooghe et al. (2016) only, using
four-year averages of our panel data, comparing differences in convergence coefficients between high-income countries
and developing countries using alternative definitions of high-income countries, removing outliers by trimming the
data, and augmenting the baseline specification to include important control variables from the cross-country growth
literature.
The robustness tests support our baseline findings. There is robust evidence to support that the decentralization hinders regional convergence in the developing countries, while results on the high-income countries are not robust.

5.1 | Convergence toward country average
In this section, we study the impact of decentralization on convergence using a traditional approach that compares
regional growth with country average instead of the frontier region's growth. The specification is as follows.
Growthdiff ict = α0 + α1 × Lightdiff ict − 1 + α2 × Decentralizationct − 1
+ α3 × Decentralizationct − 1 × Lightdiff ict − 1 + ϵijt

ð6Þ

where GrowthDiff is the growth differential between a region and the country where it is located,
Growthdiff ict = ðlnðLight ict Þ−lnðLight ict − 1 ÞÞ− ðlnðLight ct Þ −lnðLight ct − 1 ÞÞ

ð7Þ

and Lightdiff is the log difference in the level of night-time lights per capita between a region and the country it is
located in,
Lightdiff ict = lnðLight ict Þ −lnðLight ct Þ

ð8Þ

In this specification, the impact of business cycles is eliminated from the series by subtracting the country-level
growth rate. The coefficient of interest is denoted by α3, which measures the effect of decentralization on regional convergence. If α3 < 0, it implies faster convergence and if α3 > 0, it implies slower convergence or divergence due to
decentralization.29
Table 5 presents the results. Panel A presents the analysis using first subnational level data and panel B presents the
analysis using second subnational level data. Column 1 presents the result for the full sample, column 2 presents the
result for the sample of high-income countries, and column 3 presents the result for the sample of developing countries.
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Robustness test: Impact of decentralization on within-country convergence toward country average
Full sample

High-income countries

Developing countries

−0.102***

−0.104

−0.0998***

(0.0145)

(0.0753)

(0.0137)

−0.00754

−0.0256**

0.00132

(0.00768)

(0.00985)

(0.0125)

0.0930***

0.100

0.0830**

(0.0263)

(0.0753)

(0.0361)

Number of countries

69

35

34

Number of observations

24,958

11,433

13,525

−0.143***

−0.101*

−0.157***

(0.0346)

(0.0507)

(0.0414)

0.0198

−0.0251

0.0863**

(0.0255)

(0.0372)

(0.0365)

0.136**

0.103

0.151**

(0.0558)

(0.0833)

(0.0621)

Number of countries

69

35

34

Number of observations

549,857

234,731

315,126

Panel A: First subnational level
L. Diff in GDP

L.Self-rule
L.Self-rule × Light Diff

Panel B: Second subnational level
L. Diff in GDP

L.Self-rule
L.Self-rule × Light Diff

Notes: The outcome variables in all specifications is the growth differential between a region and the country it is located in. Column 1 uses all countries with
requisite data, column 2 uses high-income countries with requisite data and column 3 uses developing countries with requisite data. Panel A presents analysis
using first subnational level data and panel B presents analysis using second subnational level data. The SEs, in parenthesis, are clustered at the country level.
*p < .1; **p < .05; ***p < .01.

The variable Light diff is the log difference of light per capita between a region and country as defined in Equation (8).
The interaction term between Light diff and decentralization measure are the coefficients of interest as they indicate the
role of decentralization in the speed of convergence. The coefficients on Light diff are mostly negative and statistically
significant, suggesting higher growth in regions with lower initial lights per capita than the country's lights per capita.
The coefficients of convergence are positive and statistically significant at the conventional level for the full sample
and the sample of developing countries using both first and second subnational level data. The magnitudes of coefficients inform us how regional growth differential changes as the index for decentralization increases, at different values
of the initial lights per capita differences. The magnitude of 0.093 in column 1 indicates that for a region with initial
lights per capita 50% lower than the country average, if the decentralization index of the country changes from the lowest possible value to the highest possible value, the predicted growth of the region would decrease by more than 6%.
The coefficients on the sample of high-income countries are not statistically significant. Hence the effects are inconclusive. These findings support the results from our baseline specifications that decentralization has a detrimental
impact on the convergence process in the sample of developing countries. Also, these results suggest that the choice of
our baseline specification does not drive our findings.

5.2 | Common causes of reverse causality
In this section, we run various regressions to address the endogeneity issues discussed in the literature. In particular,
we analyze within-country convergence controlling for, and removing, country capital, removing top-coded cities,
removing countries with very high regional inequality at the beginning of our sample, and removing countries with
internal conflicts or civil wars during our sample period.
We start by controlling for Level 1 regions where the country capitals are located. We do so in two ways: by adding
a dummy variable for the regions with country capitals and by removing those regions entirely from the analysis. The
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purpose of the exercise is to mitigate endogeneity issue that may exist due to government policies being influenced by
capital cities. This can be an issue in developing countries where the capital cities are large and generate a significant
share of national income. In such cases, the growth of these regions likely influences the government's policies in these
countries.30
We then analyze the baseline model by excluding the regions that contain top coded grids. Doing so removes any
bias caused by the presence of top-coding since the true growth rate of the top-coded region is not reflected by the
regional growth rate per capita. The presence of top-coded grids has been cited as one of the important sources of bias
in studies using satellite lights data as it can deflate the total lights reading, and hence lights per capita, in the cities
with the brightest night lights. In addition, this exercise also eliminates regions with large cities that, like country capitals, could potentially influence national policies.
Two other concerns commonly raised in the literature that could influence federalism are internal conflicts or civil
wars, and high regional inequality. Deiwiks et al. (2012) finds that high inequality in a country increases the risk of
internal conflict and such conflicts could influence the decision on federalism. To remove such concern in our study,
we analyze the baseline regression by omitting countries that had internal conflicts during the sample period, and then
the countries that had a high level of regional inequality at the beginning of our sample period. Data on conflicts is
obtained from the Armed Conflict Dataset (Gleditsch et al., 2002). They define conflict as “contested incompatibility
that concerns government or territory or both where the use of armed forces between two parties results in at least
25 battle-related deaths. Of these two parties, at least one is the government of a state”. Based on this definition, we
have 14 countries that had internal conflicts.31
Finally, we remove 10 countries that had the highest level of regional inequality in 1992. This exercise alleviates the
concerns that the results may be driven by countries that have a high level of inequality. We use Lessmann and Seidel (2017) dataset to identify countries with the highest level of regional inequality.32
Table 6 presents the results of the tests. To save space, we only report the convergence coefficients of each test. Column 1 presents the convergence coefficients from the analysis that uses dummy variables to control for Level 1 regions
with country capital. Column 2 presents the convergence coefficients from the analysis that exclude regions containing
country capitals from the sample. Column 3 presents the results of analysis omitting regions with top coded grids, column 4 presents the results from the analysis omitting countries with internal conflict, and column 5 presents the results
removing countries with very high regional inequality in 1992. Row 1 presents the analysis on the full sample of countries, row 2 on the sample of high-income countries, and row 3 on the sample of developing countries. Panel A presents
the analysis using the first subnational level data, and panel B presents the analysis using the second subnational level
data. Each regression includes country fixed effects and year fixed effects.
The results are similar to the baseline analysis, both qualitatively and quantitatively. Most of the convergence coefficients for the full sample and the sample of developing countries are positive and statistically significant, indicating the
detrimental effect of decentralization on regional convergence. Note that the coefficients when excluding countries with
conflicts are significantly larger compared to the baseline and other analyses, suggesting a possible bias in the baseline
estimates due to the countries with conflicts. However, the qualitative results of the baseline model are still valid. For
the sample of high-income countries, the coefficients are positive and statistically significant only for three specifications when first subnational level data are used. Hence, we cannot establish robustness for high-income countries. The
findings alleviate the concerns that the capital cities, large cities, internal conflicts, and high regional inequality that
could influence national policies on decentralization cause endogeneity problems in our study.

5.3 | Alternative definitions of economic activity
In our baseline results, we use the growth rate of per capita lights to measure regional convergence, following the vast
literature that uses the growth of per capita income or output to measure convergence (Abreu et al., 2005; Barro & Salai-Martin, 1992). Normalizing total income by population is prevalent in growth literature because it measures the wellbeing of the population more precisely than not normalizing or using other normalization techniques such as geographic area. For instance, using total income can underestimate average well-being for countries with smaller areas,
like most Western European countries. Whereas, normalizing by geographic area can underestimate average well-being
if the large part of the country or region is uninhabited or sparsely populated, such as in the United States and Canada.
However, when using lights as a measure of economic activity, the per capita measure can bias the estimate if there
is a significant migration between regions and if the relationship between lights and population is relatively inelastic.
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Robustness test: Impact of decentralization on within-country convergence
Capital regions 1

Capital regions 2

Top-coded

Conflict

Inequality

0.103***

0.105***

0.130***

0.119***

0.133***

(0.0286)

(0.0356)

(0.0215)

(0.0316)

(0.0280)

0.122*

0.143*

0.0795**

0.121

0.132

(0.0718)

(0.0844)

(0.0347)

(0.0880)

(0.0784)

0.109***

0.113***

0.116***

0.206***

0.148***

(0.0352)

(0.0385)

(0.0379)

(0.0442)

(0.0482)

Number of countries

69, 35, 34

69, 35, 34

67, 33, 34

57, 34, 23

59, 33, 26

Number of observations

24,958, 11,433,
13,525

23,798, 10,806,
12,992

19,947, 7566,
12,381

16,603,
9810, 6793

20,465,
10,875, 9590

0.0937**

0.0991**

0.0962**

0.119*

0.112**

(0.0396)

(0.0417)

(0.0419)

(0.0695)

(0.0530)

Panel A: First subnational level
Full sample

High-income countries

Developing countries

Panel B: Second subnational level
Full sample

High-income countries

Developing countries

0.0654

0.0717

0.0670

−0.0291

0.0608

(0.0679)

(0.0747)

(0.0795)

(0.0505)

(0.0739)

0.117**

0.123**

0.118**

0.214**

0.148**

(0.0439)

(0.0467)

(0.0444)

(0.0963)

(0.0701)

Number of countries

69, 35, 34

69, 35, 34

69, 35, 34

55, 33, 22

59, 33, 26

Number of observations

549,857, 234,731,
315,126

529,090, 221,877,
307,213

517,255, 204,677,
312,578

412,275, 190,958,
221,317

496,190, 229,277,
266,913

Notes: The outcome variables in all specifications is the subnational level growth rate of lights per capita. The coefficients reported are the convergence
coefficients (coefficients of the interaction term between the decentralization measure used and the distance measure). Column 1 is the analysis that controls
for Level 1 regions where country capitals are located and column 2 is the analysis excluding those Level 1 regions. Column 3 is the analysis excluding regions
that include top-coded grids, column 4 is the analysis excluding countries with internal conflicts and column 5 is the analysis excluding 10 countries with the
highest regional inequality. All regressions include country fixed effects and year fixed effects. Panel A presents analysis using first subnational level data and
panel B presents analysis using second subnational level data. In both panels, row 1 uses all countries with requisite data, row 2 uses high-income countries
with requisite data, and row 3 uses developing countries with requisite data. The SEs, in parenthesis, are clustered at the country level. Number of Countries
and Number of Observations indicate the number of countries and the number of observations for the full sample, the sample of high-income countries, and
the sample of developing countries, respectively.
*p < .1; **p < .05; ***p < .01.

To elaborate, if there is out-migration from poor regions to rich regions, then the population decreases in poor regions,
leading to higher lights per capita in those regions. On the other hand, if the light is not growing as fast as the population in richer regions, then it decreases lights per capita in those regions. Thus, if there is significant migration from
poor regions to rich regions and the relationship between lights and population is inelastic, then it can lead to a
mechanical convergence, inflating our baseline convergence coefficient.
Since there is a strong relationship between development and migration, especially in developing countries, we need
to test the sensitivity of our results to the use of lights per capita as a measure of economic activity (Henderson
et al., 2018). We do so using two alternative measures of income—total lights and lights per geographic area
(i.e., average lights). We begin by estimating convergence coefficients without the inclusion of any of our decentralization measures similar to the baseline results in Table 1. The results are presented in Table 7. Since our outcome variables are not normalized by population, we present results for unconditional convergence as well as convergence
controlling for regional population growth rate. We find that all convergence coefficients have the same sign as the
baseline results, indicating convergence across first and second subnational regions within a country. However, there
are some important differences. When using the first subnational level data, the coefficients are smaller than the baseline coefficients across the board. When using second subnational level data, the estimates are similar to the baseline
for most specifications except for developed countries, which has smaller coefficients than the baseline results. Thus,
our estimates using lights per capita are possibly inflated in some specifications, but the qualitative results are similar.
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TABLE 7

Robustness test: Within-country unconditional convergence for alternative definitions of economic activity
Total lights

Total lights

Average lights

Average lights

−0.0491***

−0.0491***

−0.0295***

−0.0295***

(0.00958)

(0.00958)

(0.00364)

(0.00363)

Panel A: First subnational level
Full sample

−0.0415*

−0.0415*

−0.0246***

−0.0246***

(0.0236)

(0.0236)

(0.00506)

(0.00504)

−0.0504***

−0.0504***

−0.0294***

−0.0294***

(0.00480)

(0.00478)

(0.00442)

(0.00443)

Subnational population
growth

No

Yes

No

Yes

Number of countries

69, 35, 34

69, 35, 34

69, 35, 34

69, 35, 34

Number of observations

25,135, 11,538, 13,597

25,135, 11,538, 13,597

23,254, 9879, 13,375

23,254, 9879, 13,375

High-income countries

Developing countries

Panel B: Second subnational level
Full sample

High-income countries

−0.0890***

−0.0892***

−0.0687***

−0.0689***

(0.0130)

(0.0131)

(0.0104)

(0.0104)

−0.0588***

−0.0591***

−0.0454***

−0.0456***

(0.0175)

(0.0176)

(0.0134)

(0.0135)

−0.0970***

−0.0971***

−0.0762***

−0.0763***

(0.0146)

(0.0146)

(0.0119)

(0.0119)

Subnational population
growth

No

Yes

No

Yes

Number of countries

69, 35, 34

69, 35, 34

69, 35, 34

69, 35, 34

Number of observations

552,525, 236,952,
315,573

552,525, 236,952,
315,573

523,280, 209,426,
313,854

523,280, 209,426,
313,854

Developing countries

Notes: The outcome variables in columns 1 and 2 is subnational level growth rate of total lights and in columns 3 and 4 is subnational level growth rate of
average lights. The coefficients reported are the convergence coefficients. All regressions include country fixed effects and year fixed effects. Columns 2 and 4
also control for subnational level population growth rate. Panel A presents analysis using first subnational level data and panel B presents analysis using
second subnational level data. In both panels, row 1 uses all countries with requisite data, row 2 uses high-income countries with requisite data, and row 3 uses
developing countries with requisite data. The SEs, in parenthesis, are clustered at the country level. Number of Countries and Number of Observations indicate
number of countries and number of observations for the full sample, the sample of high-income countries, and the sample of developing countries,
respectively.
*p < .1; **p < .05; ***p < .01.

Next, we examine the impact of decentralization on the speed of regional convergence using these alternative outcome variables. The results are presented in Table 8. Columns 1 and 2 present the coefficient for analysis with lights as
the outcome variable and columns 3 and 4 uses average lights as the outcome variable. Columns 2 and 4 control for
subnational population growth. Row 1 presents the analysis on the full sample of countries, row 2 on the sample of
high-income countries, and row 3 on the sample of developing countries. Panel A presents the analysis using the first
subnational level data and panel B presents the analysis using the second subnational level data. All regression specifications include country fixed effects and year fixed effects.
We find that the results are qualitatively similar to our baseline results. That is, when using the full sample, we find
that poorer regions converge to their frontier regions over time, but decentralization hinders the rate of convergence.
The results are statistically significant across all the specifications for the full sample. Moreover, the full sample analysis's coefficients on the second subnational level are quantitatively similar to the baseline results. However, compared
to the baseline results, the results for developing countries become weaker in most specifications, while the results for
developed countries become stronger in most specifications.
To conclude, we find that the results of this sensitivity test are qualitatively similar to the baseline results. In the
baseline case, we may have overestimated both the unconditional convergence coefficient as well as the hindrance in
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Robustness test: Impact of decentralization on within-country convergence for alternative definitions of economic activity
Total lights

Total lights

Average lights

Average lights

0.0520***

0.0520***

0.0469***

0.0469***

(0.0157)

(0.0157)

(0.0109)

(0.0109)

0.0637

0.0639

0.0532**

0.0532**

(0.0380)

(0.0204)

(0.0189)

(0.0204)

0.0323

0.0317

0.0428**

0.0429**

(0.0223)

(0.0224)

(0.0161)

(0.0162)

Subnational population
growth

No

Yes

No

Yes

Number of countries

69, 35, 34

69, 35, 34

69, 35, 34

69, 35, 34

Number of observations

24,958, 11,433, 13,525

24,958, 11,433, 13,525

23,092, 9788, 13,304

23,092, 9788, 13,304

0.104*

0.104*

0.141***

0.141***

(0.0528)

(0.0528)

(0.0410)

(0.0411)

0.106*

0.106*

0.188***

0.188***

(0.0615)

(0.0617)

(0.0619)

(0.0622)

0.0632

0.0634

0.0944**

0.0949**

Panel A: First subnational level
Full sample

High-income countries

Developing countries

Panel B: Second subnational level
Full sample

High-income countries

Developing countries

(0.0563)

(0.0562)

(0.0413)

(0.0415)

Subnational population
growth

No

Yes

No

Yes

Number of countries

69, 35, 34

69, 35, 34

69, 35, 34

69, 35, 34

Number of observations

549,857, 234,731,
315,126

549,857, 234,731,
315,126

520,771, 207,364,
313,407

520,771, 207,364,
313,407

Notes: The outcome variables in columns 1 and 2 is subnational level growth rate of total lights and in columns 3 and 4 is subnational level growth rate of
average lights. The coefficients reported are the convergence coefficients (coefficients of the interaction term between the decentralization measure used and
the distance measure). All regressions include country fixed effects and year fixed effects. Columns 2 and 4 also control for subnational level population growth
rate. Panel A presents analysis using first subnational level data and panel B presents analysis using second subnational level data. In both panels, row 1 uses
all countries with requisite data, row 2 uses high-income countries with requisite data, and row 3 uses developing countries with requisite data. The SEs, in
parenthesis, are clustered at the country level. Number of Countries and Number of Observations indicate number of countries and number of observations for
the full sample, the sample of high-income countries, and the sample of developing countries, respectively.
*p < .1; **p < .05; ***p < .01.

convergence due to decentralization. The overall result that the decentralization hinders within-country regional convergence still holds, however. Given that the literature uses output per capita or income per capita almost exclusively
due to various issues with not normalizing income or using the geographic area to normalize income, we use lights per
capita as our primary outcome while noting above-discussed caveats (Abreu et al., 2005; Barro & Sala-i-Martin, 1992).

5.4 | Removing areas with close to zero lights
About 2% of second subnational regions in our sample have a light reading of zero. In our baseline specifications, we
added 1 to the recorded night-time lights data in all of the second-subnational regions for two reasons. First, the nighttime lights of 0 do not necessarily mean there is no presence of human-made light. It only means that no human-made
light is detectable by the satellite from outer-space. Second, our outcome variable is measured in the log, hence avoiding
a value of zero allows us to take the log of all of the observations.
However, regions with low lights are likely to be uninhabited areas or areas with a very low population such as
deserts, water bodies, parks, etc. Regions with light close to zero can show high growth rates even when the change in
light or population is small, which can create noise in the data and bias our estimates. To address potential bias due to
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the presence of regions with lights close to zero, we analyze the baseline model eliminating regions with zero light as
well as regions that belong to the bottom 5 percentile in terms of light readings. Table 9 presents the result of the analysis. Columns 1, 3, and 5 are analysis removing regions with zero light and columns 2, 4, and 6 remove regions with the
bottom 5% light readings. We find that eliminating regions with light readings close to zero does not significantly affect
the findings in the baseline analysis.

5.5 | The role of urbanization
Many countries in the world have gone through rapid urbanization in the last few decades. And with increasing urbanization, more people from poor regions migrate to richer regions in search of better education, employment, health care,
and other opportunities. Henderson et al. (2018) finds a strong correlation between economic growth and urbanization.
As countries and especially some regions within countries grow, they can exert pressure on the central government for
more economic and political autonomy. As a consequence, the country may implement more self-rule policies. Such a
positive relationship between growth, urbanization, and decentralization would lead to reverse-causality and our framework would overestimate the effect of decentralization. This is an important issue for the developing countries as
urbanization is more rapid in these over the last few decades.

TABLE 9

Robustness test: Impact of decentralization on convergence after removing areas with close to zero lights
Full sample

High-income countries

Developing countries

Zero light

Bottom 5%

Zero light

Bottom 5%

Zero light

Bottom 5%

−0.119***

−0.133***

−0.132*

−0.173*

−0.115***

−0.127***

(0.0151)

(0.0171)

(0.0751)

(0.0878)

(0.0142)

(0.0174)

0.409***

0.431***

0.420***

0.475***

0.359***

0.360***

(0.0580)

(0.0618)

(0.0673)

(0.0682)

(0.0781)

(0.0786)

0.184***

0.190***

0.101

0.138

0.225***

0.264***

(0.0553)

(0.0675)

(0.157)

(0.176)

(0.0738)

(0.0793)

0.113***

0.126***

0.127*

0.169**

0.119***

0.144***

Panel A: First subnational level
L.Distance PC

Frontier growth PC

L.Self-rule
L.Self-rule × distance PC

(0.0276)

(0.0331)

(0.0721)

(0.0759)

(0.0355)

(0.0389)

Number of countries

69

69

35

35

34

34

Number of observations

24,957

23,207

11,433

9864

13,524

13,343

Panel B: First subnational level
L.Distance PC

Frontier growth PC

−0.128***

−0.127***

−0.0936**

−0.0934**

−0.141***

−0.140***

(0.0283)

(0.0285)

(0.0441)

(0.0454)

(0.0336)

(0.0334)

0.0606

0.0773

0.0654**

0.0755**

0.292***

0.293***

(0.0701)

(0.0736)

(0.0316)

(0.0349)

(0.0550)

(0.0551)

0.217

0.192

0.0196

−0.0304

0.348

0.333

(0.237)

(0.250)

(0.230)

(0.266)

(0.302)

(0.303)

0.0942**

0.0891**

0.0653

0.0544

0.117**

0.115**

(0.0398)

(0.0410)

(0.0695)

(0.0786)

(0.0443)

(0.0439)

Number of countries

69

69

35

35

34

34

Number of observations

549,751

523,084

234,729

209,147

315,022

313,937

L.Self-rule
L.Self-rule × distance PC

Notes: The outcome variable in all specifications is subnational level growth rate of lights per capita. Columns 1 and 2 illustrate results for all countries with
requisite data, Columns 3 and 4 illustrate results for high-income countries with requisite data and Columns 5 and 6 illustrate results for developing countries
with requisite data. Columns 1, 3, and 5 remove regions with zero light readings and columns 2, 4, and 6 remove regions with bottom 5% light readings. All
specifications include country and year fixed effects. The SEs, in parenthesis, are clustered at the country level.
*p < .1; **p < .05; ***p < .01.
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To mitigate such concerns, we conduct various robustness tests to see if potential endogeneity due to reverse causality affects our results. First, in all of our specifications, we include the growth rate of the country's frontier region to
control for the country's growth potential and omitted factors that exert mutual influence on the country's growth
potential and decentralization tendencies such as cities pushing for more autonomy as they grow larger. Second, we test
if our results are robust when we control for the capital regions or the richest regions of the countries as well as when
we remove them from the sample. Similarly, since most of the migration happens from poor regions to rich regions,
controlling for or removing capital and richest regions from the sample helps control for the effects of urbanization on
decentralization. The results are presented in Table 6. Third, we address issues created by out-migration from poor
regions by controlling for or removing regions with low light readings in Table 9. Fourth, we further address any potential issue caused by changes in population to our primary outcome variable, lights per capita, by analyzing the growth
of total lights and lights per geographic area in Table 8. All of these analysis supports the qualitative findings in our
baseline analysis that decentralization hinders regional convergence in the developing countries. Hence, the findings
suggest that the effect of decentralization is real and the estimates are not primarily driven by growth or urbanization.

6 | C ON C L U S I ON S
In this article, we attempt to understand how decentralization affects regional convergence using a global sample of
countries. The theoretical prediction, as well as the empirical estimation in the literature, provides an ambiguous
answer: decentralization can either cause convergence or divergence of subnational economies. Decentralization can
improve economic growth by increasing the effectiveness and efficiency of the public sector by fostering competition
among regional governments and by better matching of resources and preferences of the communities and governments. However, decentralization can also inhibit growth in more impoverished regions due to their limited state
capacity, weaker endowments, a higher incidence of elite capture, and the limited redistributive role of the central government in a decentralized economy that can lead to an even larger disparity between richer and poorer regions.
We use data on night-time lights intensity at the regional level to proxy for local economic activity (or GDP) and
Regional Authority Index's self-rule and its components to measure decentralization. The use of night-time lights data
allows us to cover a large number of developing countries in our sample, which was not possible before. The use of selfrule and its components as measures of decentralization provides a broader measure of decentralization as it allows us
to study a wide range of fiscal, political, and administrative authority of subnational regions.
We study within-country as well as within-first-subnational level convergence and find that the decentralization
hinders the convergence process in developing countries. We find that when the decentralization index of the country
changes from the lowest possible value (i.e., 0) to the highest possible value (i.e., 1), the convergence rate of a region
that is halfway to the country frontier slows down by about 8%. We find that the decentralization hinders not only
within-country convergence but also within-first-subnational region convergence. In fact, the convergence coefficients
of within-first-subnational region analysis are larger than within-country convergence analysis. It suggests that the
growth of first subnational level regions in the developing countries is mostly driven by the growth of a few second subnational level regions within that first subnational level region. The findings on the sample of high-income countries
are not robust, and hence, we refrain from drawing any conclusion on the impact of decentralization on high-income
countries.
We also analyze the impact of changes in different components of decentralization such as fiscal autonomy, institutional depth, policy autonomy, and political representation on regional convergence. The subcomponent analysis reinforces the findings from the analysis of the overall decentralization index that decentralization severely reduces the
convergence process in developing countries. It also sheds light on the notion that the political and administrative
dimensions of decentralization are also essential in explaining the impact of decentralization on regional convergence.
Although our analysis fills an important gap in the literature, there are some limitations to our study. For instance,
although night-time lights data allows us to cover a large number of developing countries, it is an imperfect proxy for
regional income. Due to lack of data, we are also unable to explore the channels through which decentralization hinders convergence in the developing countries but not in the developed countries. Does the link operate via the differential provision of public goods, via elite capture at the subnational level, or via less redistributive role of the central
government? Thus, we review the decentralization literature and provide some possible explanations. First, an effective
intergovernmental transfer of resources to jurisdictions with lower fiscal capacities is important in a decentralized system. However, developing countries are less likely to have an effective equalization program that assists with public
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expenditures in poorer regions (Boadway & Flatters, 1982; Boadway & Shah, 2007; Meltzer & Richard, 1981). Thus, it
can lead to lower infrastructure spending in poorer regions of developing countries, which impedes their future growth.
On top of that, Stein (1997) finds that the average cost of providing public goods is higher under a decentralized system.
Second, local governments in developing countries are more prone to elite capture than those of high-income countries.
Hence, misappropriation of public funds by special interest groups are more likely in poor regions of the developing
countries (Bardhan & Mookherjee, 2005; Prud'Homme, 1995). Third, poorer regions have a lower tax base than richer
regions. Thus, their average tax rate would have to be higher to raise the same amount of revenue and provide comparable public goods. These factors can lead to both lower infrastructure spending and lower level of private investments
in poor regions (Boadway, 1982; Boadway & Shah, 2007; Prud'Homme, 1995). Fourth, the composition of subnational
government's spending is also important for the convergence process. If subnational governments of poorer regions are
spending a relatively large amount in current spending and welfare programs than in capital spending, then that can
lead to slower growth in the future, exacerbating the initial gap in income across regions (Davoodi & Zou, 1998). Fifth,
human capital in developing countries is generally lower than that of high-income countries. Hence, officials in local
governments of developing countries are likely to be less skilled. So, a centralized system may be more beneficial where
the central government can use the expertise of the few skilled government officials for policymaking
(Prud'Homme, 1995). Sixth, the efficiency gains of decentralization may not materialize in developing countries as local
governments may not be as responsive to the preferences of the residents. This can occur when residents do not elect
local government officials or when the residents are unable to “vote with their feet” due to a lack of resources.
We conclude by noting that the methods and data used in this article can be applied to study the impact of various
phenomena such as structural reforms, democratic reforms, trade openness, and globalization on regional inequality
and convergence.
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E N D N O T ES
1

The elite capture is used to describe situations in which political and economic elites misappropriate resources and public funds.

2

To put into perspective, the first subnational government for the United States is the state and the second subnational government is the
county.

3

Our study differs from Lessmann and Seidel (2017) in two major ways. First, they focus on providing evidence of regional convergence,
whereas we examine decentralization's role in facilitating regional convergence. Second, their unit of observation is a country, whereas
our unit of observation is a subnational region. Our study differs from Chanda and Kabiraj (2020) in two major ways. First, they only focus
on regional growth and convergence in India. Second, they do not study the effect of decentralization on regional convergence.

4

There is another strand of literature that studies the impact of decentralization on a country-level measure of regional disparity such as
the Gini coefficient or the coefficient of variation. These studies also mostly focus on developed countries due to the lack of data (Canaleta
et al., 2004; Lessmann, 2009; Rodriguez-Pose & Ezcurra, 2010).

5

Following a different approach, Thornton (2007) and Baskaran and Feld (2013) use disaggregated data on the sources of tax revenue to
create a more accurate measure of decentralization (e.g., own-source subnational revenue as a share of total national revenue). Unfortunately, due to data limitations, their sample is limited to the Organization for Economic Co-operation and Development (OECD)
countries.

6

The sample consists of the following high-income countries: Argentina, Australia, Austria, Belgium, Canada, Chile, Croatia, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Italy, Japan, Latvia, Lithuania, Netherlands, New Zealand, Norway,
Poland, Portugal, Russia, Slovakia, Slovenia, South Korea, Spain, Sweden, Switzerland, United Kingdom, United States, Uruguay, and
Venezuela and the following developing countries: Albania, Bolivia, Bosnia and Herzegovina, Botswana, Brazil, Bulgaria, Colombia, Costa
Rica, Cuba, Dominican Republic, Ecuador, El Salvador, Ghana, Guatemala, Haiti, Honduras, Indonesia, Malaysia, Mali, Mexico, Namibia,
Nepal, Nicaragua, Panama, Paraguay, Peru, Philippines, Romania, Senegal, Serbia, South Africa, Thailand, Turkey, and Zambia. We
exclude 20 countries that have data on decentralization from the analysis because they either do not have second subnational regions or
their lights data are potentially contaminated by glares from large water bodies nearby. Most of these countries are small islands with a
population of less than 500,000 and excluding them does not affect the outcomes significantly.

7

The data is available to download at https://ngdc.noaa.gov/eog/dmsp/downloadV4composites.html.

8

Gas flaring is a practice of burning the natural gas produced as a byproduct in the process of producing petroleum. If there is gas flaring, it
emits intense light. Thus, we remove the pixels where the GADM database has flagged gas flaring.

9

GADM is a spatial database of the location of the world's administrative boundaries and is available at http://www.gadm.org/. We use version 2.8, which was released in November 2015.
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10

For details, see https://sedac.ciesin.columbia.edu/data/collection/gpw-v.

11

We could use 8 out of 17 countries from Sorens (2015) that are not in Hooghe et al. (2016). Sorens' (2015) data are on the subnational level
with different naming convention than ours, but it does not have data on subnational population, hence making it difficult to aggregate
the data to create a measure of decentralization following Hooghe et al. (2016) approach. We use eight of the countries because they only
have one subnational level, so we can use the index as country aggregate.

12

Sorens (2015) measure of self-rule does not include borrowing autonomy, hence, we create two different self-rule measures, one including
and the other one excluding the borrowing autonomy. For baseline specifications, we use the measure excluding borrowing autonomy as
it gives us a larger sample size. The result using all five components of decentralization is very similar and is presented in the robustness
section of the online Appendix.

13

The self-rule measure including all five components ranges from 0 to 18 for each regional tier and individual regional governments in a
country.

14

Hooghe et al. (2016) aggregate the regional self-rule scores in three steps. First, they calculate a score for each standard and non-standard
region in a regional tier. Second, they weight scores by population. If a tier is composed of regions with different scores, a score for that tier
is calculated by weighting each region's score by its share in the national population. Third, they sum the weighted regional scores for
each tier. Thus, in a few cases, the self-rule measure at the country-level exceeds 15 when using the four components or 18 when using
five components of self-rule. See Hooghe et al. (2016) for details.

15

When normalizing, we divide by the maximum value of the actual country-level self-rule rather than 15 in our baseline specifications or
18 when including borrowing autonomy.

16

In the growth literature, β-convergence implies a negative partial correlation between growth in income per capita over time and its initial
level, while the σ-convergence implies that the dispersion of real income per capita across economies decreases over time. In this study,
we focus on β-convergence for two reasons. First, β-convergence is a necessary condition for σ-convergence (Quah, 1993, 1997). Second,
analyzing σ-convergence would require us to aggregate our data at the country-level while studying β-convergence allows us to use the
data at the subnational level. The country-level measure of convergence estimates thus would not have sufficient power to analyze the
subsamples of countries, which is the main contribution of our paper. Second, it is harder to mitigate endogeneity concerns when the
decentralization, as well as the unit of observation, is at the same (i.e., country) level.

17

We do not use regional fixed effects in our specifications because using regional fixed effects gives us the speed that each region converges
to its own steady-state instead of converging to the country frontier.

18

A well-known econometric issue that occurs in a panel regression with a large number of countries and a small number of years is that
when the lagged dependent variable is included in the regression, the fixed-effect estimate is inconsistent due to the correlation between
the lagged dependent variable and the error term (Nickell, 1981). The typical bias in dynamic panels is much less of an issue in our case
since we use regional data, but we estimate the equation with only country-level fixed effects. Thus, if N is the number of regions in a
country and T is the number of years in the sample. The inconsistency is to the order of 1/(T × N), which would be less than 1/10, 000 in
our specification with the smallest N, instead of being (1/T), which would be 1/34 in the same specification if we used country-level
dynamic model.

19

The graphs include the 69 countries in our sample. Graphs for 130 countries are presented in the online Appendix, and the results are
similar.

20

This finding is similar to Lessmann and Seidel (2017) where they also find that about a quarter of the countries experience regional
divergence.

21

We also analyze the sample of all 130 countries, the results are presented in the online Appendix and the results are similar.

22

Country classifications are based on the World Bank's classification. We classify all the countries that are not in the high-income group as
developing countries. Developing countries consist of upper-middle-income countries, lower-middle-income countries, and low-income
countries.

23

Analysis excluding year fixed effects for the sample of 130 countries are presented in the online Appendix and the results are qualitatively
similar with slightly larger coefficients.

24

The analysis excluding year fixed effects is presented in the online Appendix. The results are qualitatively similar but with slightly larger
coefficients quantitatively.

25

We use self-rule measure that excludes borrowing autonomy in the baseline specifications because by excluding borrowing autonomy we
can increase the sample of countries with all requisite data to 69.

26

The coefficients in our study are larger than previous studies. This difference could be because previous studies compare the growth rate
of a region to the country's average growth rate, while we compare it to the country's frontier region's growth rate. Thus, the difference is
likely to be higher. In fact, in the robustness tests section, we analyze the convergence toward the country average and find the coefficient
to be smaller (0.093, which implies 6% slower convergence). Another reason could be due to our data since lights data is not a perfect
proxy for the actual growth rate. For instance, Henderson et al. (2012) find that the elasticity between two growth rates is 1.15, which
implies that our coefficients slightly overstate the actual convergence coefficient.
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27

For consistency, we exclude borrowing autonomy from the analysis as we use self-rule measure without borrowing autonomy in the baseline analysis.

28

To save space, we only present estimates of the convergence coefficients from regressions that include year fixed effects. The specifications
excluding year fixed effects yield similar results, both quantitatively and qualitatively.

29

Following our baseline specifications, we do not include regional level fixed effects because the speed of convergence when the regional
fixed effects are present is the speed that each region converges to its own steady-state, instead of converging to the country average.

30

We chose to control for, and remove, Level 1 regions with country capital instead of Level 2 regions for two reasons. First, a lot of country
capitals are themselves a Level 1 region. Second, in a lot of countries, the capital city is the Level 2 region. In those cases, neighboring
Level 2 regions could exert a similar influence on national policies. Also, our approach is more conservative than removing Level 2 regions
and hence, should mitigate the potential issue of endogeneity more.

31

The following 14 countries are classified as countries with internal conflicts. Indonesia, Guatemala, Senegal, Croatia, Serbia, Philippines,
Peru, Colombia, Turkey, Bosnia and Herzegovina, Mali, Russia, Thailand, and Nepal.

32

Following countries have the highest level of regional inequality in our dataset: Senegal, Uruguay, Paraguay, Philippines, Botswana, Nicaragua, Slovenia, Zambia, Thailand, and Ghana.
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