ACCEPTED VERSION

Benedikt Heid, Julian Langer, Mario Larch
Income and democracy: evidence from system GMM estimates
Economics Letters, 2012; 116(2):166-169

© 2012 Elsevier B.V. All rights reserved..

This manuscript version is made available under the CC-BY-NC-ND 4.0 license
http://creativecommons.org/licenses/by-nc-nd/4.0/

Final publication at: http://dx.doi.org/=10.1016/|.econlet.2012.02.009

PERMISSIONS

https://www.elsevier.com/about/policies/sharing

Accepted Manuscript

Authors can share their accepted manuscript:

24 Month Embargo
After the embargo period

e via non-commercial hosting platforms such as their institutional repository
e via commercial sites with which Elsevier has an agreement

In all cases accepted manuscripts should:

e link to the formal publication via its DOI

e bear a CC-BY-NC-ND license — this is easy to do

o if aggregated with other manuscripts, for example in a repository or other site, be shared in
alignment with our hosting policy

e not be added to or enhanced in any way to appear more like, or to substitute for, the published
journal article

1 March 2024

http://hdl.handle.net/2440/107687



http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/=10.1016/j.econlet.2012.02.009
http://hdl.handle.net/2440/135524
https://www.elsevier.com/about/policies/sharing
https://www.elsevier.com/about/policies/sharing#definitions
https://www.elsevier.com/about/policies/sharing#definitions
https://www.elsevier.com/about/policies/hosting

Income and democracy:

evidence from system GMM estimates®

Benedikt Heid! Julian Langer! Mario Larch?

February 6, 2012

Abstract

Does higher income cause democracy? Accounting for the dynamic
nature and high persistence of income and democracy, we find a statis-
tically significant positive relation between income and democracy for
a postwar period sample of up to 150 countries. Our results are robust
across different measures of democracy and instrumentation strategies.
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1 Introduction

Higher levels of income cause the establishment of democratic regimes. This
cornerstone of “modernization theory” (see Lipset, 1959) is increasingly ac-
cepted by economists and political scientists alike. Reviewing the existing
literature reveals that the empirical evidence overwhelmingly supports mod-
ernization theory.! However, a recent paper by Acemoglu et al. (2008) argues
that the empirically observed correlation is spurious. They show that the
relationship between democracy and income breaks down when controlling
for country and time-fixed effects using a postwar period (1960-2000) sam-
ple of countries. Instead, both democracy and higher income are caused by
underlying changes in institutional arrangements and are contingent on spe-
cific historic events. This alternative view is dubbed the “critical junctures
hypothesis” (for a short review see Acemoglu et al., 2009).

Empirical evidence supporting modernization theory relies on SUR re-
gressions, fixed effects and non-linear panel specifications whereas Acemoglu
et al. (2008) employ the dynamic panel estimator by Arellano and Bond
(1991). All these studies do not take into account the high persistence of
income and democracy.

We therefore follow Arellano and Bover (1995) as well as Blundell and
Bond (1998) and present empirical evidence using system GMM which per-
forms well with highly persistent data under mild assumptions. We show
that even in the smaller postwar period sample with up to 150 countries
used by Acemoglu et al. (2008), we find a statistically significant positive
relation between income and democracy.?

2 Econometric methods and data
Acemoglu et al. (2008) estimate the following dynamic panel model:

dit = adip—1 + YYir—1 + X1 8 + 6 + pe + wit, (1)

where dj;; is the democracy level of country 4, y;+—1 is the lagged log GDP per
capita, x;;—1 is a vector of lagged control variables, ¢; and py denote sets of
country dummies and time effects and u;; is an error term with E(u;) = 0
for all ¢ and ¢.

!For example, Barro (1999) uses a SUR regression framework, Gundlach and Paldam
(2009) use repeated cross-sectional analysis, Corvalan (2010) uses a panel probit estimator,
Boix (2011) and Treisman (2011) use a fixed effects panel estimator, Benhabib et al. (2011)
use non-linear panel estimators and Moral-Benito and Bartolucci (2011) use the Arellano
and Bond (1991) estimator as well as a limited information maximum likelihood approach
(LIML).

’In a similar fashion, Bobba and Coviello (2007) show that the estimated effect of
education on democracy changes its sign when using system GMM.



Acemoglu et al. (2008) use the difference GMM estimator as proposed
by Arellano and Bond (1991) to estimate Equation (1).> However, this es-
timator suffers from potentially huge small sample bias when the number
of time periods is small and the dependent variable is highly persistent (see
Alonso-Borrego and Arellano, 1999). The literature tries to mitigate this
persistence by using five year intervals or averages. This reduces the number
of observations considerably, while income and democracy are still substan-
tially persistent. We follow Arellano and Bover (1995) and Blundell and
Bond (1998) and present system GMM estimates which circumvent the fi-
nite sample bias if one accepts a mild stationarity assumption.?

The asymptotic efficiency gains of the additional orthogonality conditions
of the system GMM estimator do not come without a cost: The number of
instruments increases exponentially with the number of time periods which
leads to finite sample bias and increases the likelihood of false positive results
as well as suspiciously high pass rates of specification tests like the Hansen
(1982) J-test (see Roodman, 2009b). We follow Roodman (2009b) and also
present results with a collapsed instrument matrix and use only two lags
for both the difference and system GMM estimators.® We use Windmeijer
(2005) finite sample corrected standard errors.

We employ an unbalanced panel with five-year interval data from 1960 to
2000 taken from Acemoglu et al. (2008). We use two different measures for
democracy: the Freedom House index and the composite Polity IV index.
The Freedom House index is normalized between zero and one, with one
corresponding to the most democratic institutions. It uses data from the
non-governmental organization Freedom House and is augmented by data
taken from Bollen (2001) for the years 1950, 1955, 1960 and 1965. It is
constructed from a checklist of questions concerning both political and civil
rights, such as free and fair elections and the prevalence of the rule of law.5
The main advantage of this index is its broad coverage of countries. For
reasons of comparison, we follow Acemoglu et al. (2008) and use the Freedom
House index as our main measure of democracy.

The Freedom House index is not without problems. One issue is that it
includes too many components, such as socio-economic rights, freedom from
war and freedom from gross socioeconomic inequalities, thus leading to a
maximalist definition of democracy potentially harming its discriminatory

3For a good textbook treatment of (dynamic) panel estimators see Baltagi (2008).

4Specifically, the deviations from the long-run mean of the dependent variable have to
be uncorrelated with the stationary individual-specific long-run mean itself (see Blundell
and Bond, 1998). As there are no a priori reasons to believe that the speed of change in
a country’s political system is related to its current level of democracy this stationarity
condition does not seem unduly restrictive.

®All GMM estimations are carried out using the xtabond2 package in Stata (see Rood-
man, 2009a).

SFor more information see http://freedomhouse.org/report/freedom-world/freedom-
world-2012.



power. Another problem is that the exact coding rules for the indicator
are not made publicly available. We therefore contrast our results with an
alternative minimalist measure of democracy, the Polity IV index from the
Polity IV research project.” The composite Polity IV index is also normalized
between zero and one, with one corresponding again to the most democratic
institutions. It combines the scores of democracy and autocracy indices to a
single regime indicator including information on competitiveness of political
participation and constraints on the chief executive.®

3 Results

Table 1 reports the baseline results of estimation of Equation (1) using the
Freedom House index as dependent variable. Column (1) and (2) show the
results of the pooled OLS and fixed effects (within) OLS estimator. Both
regressions use robust standard errors clustered by country. These estimates
provide the lower and upper bound for the autoregressive coefficient (for
details see Bond, 2002). The lower bound is equal to 0.379 whereas the
upper bound is 0.706. Both are positive and highly statistically significant.
Concerning lagged log GDP per capita we find a positive and significant
effect for pooled OLS and no systematic influence using fixed effects.

Columns (3) to (5) employ difference GMM estimators. In column (3) the
results from the one-step difference GMM estimator are reported, whereas in
columns (4) and (5) we report the results from the two-step difference GMM
estimator. All GMM regressions use robust standard errors and treat the
lagged democracy measure as predetermined. In the two-step GMM esti-
mates, the Windmeijer (2005) finite sample correction for standard errors is
employed. In column (5) also log GDP per capita is treated as endogenous.
Note that column (3) reproduces column (2) in Table 2 of Acemoglu et al.
(2008). While in all difference GMM estimates the autoregressive coefficient
lies within the bounds given by columns (1) and (2), the sign of the coeffi-
cient for lagged log GDP per capita becomes negative and weakly significant.
However, as motivated in the introduction and when discussing our identi-
fication strategy, the one- and two-step differenced GMM estimators do not
take into account the high persistence of income and democracy.

We therefore present system GMM estimates in columns (6) to (8).
Whereas column (6) reproduces column (5) using the system GMM estima-
tor, column (7) follows the advice given in Roodman (2009b) and collapses
the instrument matrix and only uses two lags as instruments. Column (8)
includes lagged log population, lagged education and lagged age structure
as additional controls. All specifications estimate an autoregressive coeffi-

"For more information see http://www.systemicpeace.org/polity /polity4.htm.
8For a discussion of existing democracy indices and measurement problems of democ-
racy see Munck and Verkuilen (2002).



cient that lies between the two bounds given in columns (1) and (2). How-
ever, lagged log GDP per capita has now a positive and significant effect on
democracy. The point estimate of lagged log GDP in the specification given
in column (6) is 0.118, implying that a one percent increase of lagged GDP
increases the steady-state value of democracy by 0.26 percentage points.?

The row for the Hansen J-test reports the p-values for the null hypothesis
of the validity of the overidentifying restrictions. In all specifications we do
not reject the null hypothesis. The values reported for the Diff-in-Hansen
test are the p-values for the validity of the additional moment restrictions
necessary for system GMM. Again, we do not reject the null that the ad-
ditional moment conditions are valid. The values reported for AR(1) and
AR(2) are the p-values for first and second order autocorrelated disturbances
in the first-differenced equation. As expected, there is high first order auto-
correlation, and no evidence for significant second order autocorrelation. To
sum up, our test statistics hint at a proper specification.

In Table 2 we check the robustness of our results against using the second
democracy measure and including additional external instruments as used
by Acemoglu et al. (2008). The first three columns reestimate specifications
(6) to (8) from Table 1 using the Polity IV index. GDP per capita still turns
out to be positive and significant in columns (1) and (2) albeit a bit smaller
in magnitude. In specification (3), GDP per capita is still positive but no
longer significant. This is similar as in specification (8) of Table 1, where
significance was also lower than in specifications (6) and (7). This may well
be due to the lower number of observations. The specification tests indicate
well-specified models. Hence, the choice of the democracy measure does not
influence our qualitative result.

Columns (4) and (5) in Table 2 use the trade-weighted world income of
the respective country as an additional external instrument. We report the
system GMM estimates as in columns (6) and (7) in Table 1. Again, as in
Table 1 the coefficient of GDP per capita changes its sign going from the
difference GMM (not reported) to the system GMM estimates. With sys-
tem GMM, it turns out to be positive and significant again. Again, all the
specification tests indicate a well-specified model. In columns (6) and (7)
we use the second lag of the savings rate of the countries as an additional
external instrument instead. Here, we again find a change in the sign from
negative to positive on the GDP per capita variable when moving from dif-
ference (not reported) to system GMM estimates. The model specification
tests also indicate a well-specified model across the different specifications.
Only the Diff-in-Hansen test for the system GMM estimates using the col-
lapsed instrument matrix in column (7) rejects the null of the validity of the
additional overidentifying restrictions. However, the autocorrelation tests
indicate that the model is well specified. This could well be due to the

9The long-run effect is calculated as /(1 — ).



use of the collapsed instruments as the asymptotic behavior of this ad hoc
method is not well understood (see Roodman, 2009b). As the Hansen tests
are known to have weak power and all results are in line with our previous
ones, we still believe that we have properly identified the influence of GDP
on democracy.

4 Conclusions

When studying the relationship between income and democracy, one has to
account for the dynamic nature and the high persistence of the data. Em-
ploying system GMM, we find a significant positive relation between income
and democracy for a postwar period sample of up to 150 countries. Our
results are robust to different measures of democracy and instrument sets.

References

AcemocGLu, D., S. JOHNSON, J. ROBINSON, AND P. YARED (2008): “In-
come and democracy,” American Economic Review, 98, 808-842.

Acemocru, D., S. JOHNSON, J. A. ROBINSON, AND P. YARED (2009):
“Reevaluating the modernization hypothesis,” Journal of Monetary Eco-
nomics, 56, 1043—-1058.

ALONSO-BORREGO, C. AND M. ARELLANO (1999): “Symmetrically nor-
malized instrumental-variable estimation using panel data,” Journal of
Business € Economic Statistics, 17, 36—49.

ARELLANO, M. AND S. BOND (1991): “Some tests of specification for panel

data: Monte Carlo evidence and an application to employment equations,”
Review of Economic Studies, b8, 277-297.

ARELLANO, M. AND O. BOVER (1995): “Another look at the instrumental
variable estimation of error-components models,” Journal of Econometrics,
68, 29-51.

Barract, B. H. (2008): Econometric Analysis of Panel Data, 4ed. Chich-
ester: John Wiley & Sons.

BARRO, R. J. (1999): “Determinants of democracy,” Journal of Political
Economy, 107, S158-5183.

BENHABIB, J., A. CORVALAN, AND M. M. SPIEGEL (2011): “Reestablishing
the income-democracy nexus,” NBER working paper 16832.

BLUNDELL, R. AND S. BOND (1998): “Initial conditions and moment re-

strictions in dynamic panel data models,” Journal of Econometrics, 87,
115-143.



BoBBA, M. AND D. COVIELLO (2007): “Weak instruments and weak identi-
fication, in estimating the effects of education, on democracy,” Fconomics
Letters, 96, 301-306.

Boix, C. (2011): “Democracy, development, and the international system,”
American Political Science Review, forthcoming.

BoLLEN, K. (2001): Cross-national indicators of liberal democracy, 1950-
1990, 2nd ICPSR version. Chapel Hill, NC: University of North Carolina,
1998. Inter-university Consortium for Political and Social Research.

BonD, S. R. (2002): “Dynamic panel data models: a guide to micro data
methods and practice,” Portuguese Economic Journal, 1, 141-162.

CORVALAN, A. (2010): “On the effect of income on democracy during the
postwar period,” New York University working paper.

GunDpLACH, E. AND M. PaLDAM (2009): “A farewell to critical junctures:

Sorting out long-run causality of income and democracy,” European Jour-
nal of Political Economy, 25, 340-354.

HANSEN, L. P. (1982): “Large sample properties of generalized methods of
moments estimators,” Fconometrica, 50, 1029-1054.

LipseT, S. M. (1959): “Some social requisites of democracy: economic de-
velopment and political legitimacy,” American Political Science Review,
53, 69-105.

MORAL-BENITO, E. AND C. BARTOLUCCI (2011): “Income and democracy:
Revisiting the evidence,” Banco de Espana working paper 1115.

MuNCK, G. AND J. VERKUILEN (2002): “Conceptualizing and measuring

democracy — evaluating alternative indices,” Comparative Political Studies,
35, 5-34.

ROODMAN, D. (2009a): “How to do xtabond2: An introduction to difference
and system GMM in Stata,” Stata Journal, 9, 86—136.

——— (2009b): “A note on the theme of too many instruments,” Ozford
Bulletin of Economics and Statistics, 71, 135-158.

TREISMAN, D. (2011): “Income, democracy, and the cunning of reason,”
NBER working paper 17132.

WINDMEIJER, F. (2005): “A finite sample correction for the variance of
linear efficient two-step GMM estimators,” Journal of Fconometrics, 126,

25-91.



Table 1: Baseline results

Pooled FE Dift-1 Diff-2 Dift-2 Sys-2 Sys-2 Sys-2
OLS OLS GMM (AJRY) GMM GMM END GMM END GMM END CL GMM END CL
(1) (2) (3) (4) (5) (6) (7) (8)

Dependent variable is Democracy; (Freedom House index)

Democracy—1 0.706%**  (.379%** 0.489%*** 0.528%** 0.432%%* 0.548%** 0.568*** 0.546%**
(0.035) (0.051) (0.085) (0.105) (0.085) (0.053) (0.063) (0.076)
Log GDP per capitaz_q 0.072%** 0.010 -0.129* -0.012 -0.097* 0.118%** 0.136*** 0.110*
(0.010) (0.035) (0.076) (0.065) (0.053) (0.020) (0.023) (0.060)
Controls No No No No No No No Yes
Instruments 959 59 90 108 16 21
Hansen J-test [0.260] [0.260] [0.273] [0.131] [0.778] [0.614]
Diff-in-Hansen test [0.298] [0.791] [0.268]
AR(1) [0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
AR(2) [0.448| [0.421] [0.540] [0.332] [0.297] [0.875]
Observations 945 945 838 838 838 945 945 676
Countries 150 150 127 127 127 150 150 95

Notes: Base sample — taken from Acemoglu et al. (2008) — is an unbalanced panel spanning from 1960-2000 with data at five-year intervals, where the start date of the panel refers
to the dependent variable. The dependent variable is the Augmented Freedom House Political Rights index. Standard errors are in parentheses, p-values in brackets. Pooled and
FE OLS regressions use robust standard errors clustered by country. All GMM regressions use robust standard errors and treat the lagged democracy measure as predetermined.
In addition to that, regressions with suffix “END” treat lagged log GDP per capita as endogenous and regressions with suffix “CL” follow Roodman (2009b) and collapse the
instrument matrix and use only two lags. In the case of two-step GMM, the Windmeijer (2005) finite sample correction for standard errors is employed. In the last column, lagged
log population, lagged education (average years of total schooling) and lagged age structure are added as controls. Age structure is specified as median age of the population at
t — 1 and four covariates corresponding to the percent of the population at ¢ — 1 in the following age groups: 0-15, 15-30, 30-45, and 45-60. *, ** and *** denote significance at the
10%-, 5%- and 1%-level, respectively. The row for the Hansen J-test reports the p-values for the null hypothesis of instrument validity. The values reported for the Diff-in-Hansen
test are the p-values for the validity of the additional moment restriction necessary for system GMM. The values reported for AR(1) and AR(2) are the p-values for first and second
order autocorrelated disturbances in the first differences equations.



Table 2: Robustness checks

Sys-2 Sys-2 Sys-2 Sys-2 Sys-2 Sys-2 Sys-2
GMM END GMM END CL. GMM END CL. GMM END GMM END CL. GMM END GMM END CL
(1) (2) (3) (4) (5) (6) (7)

Dependent variable is Democracy;

Polity IV index Freedom House index
World income instrument Savings rate instrument
Democracys—1 0.616%** 0.694%** 0.735%** 0.547%** 0.578*** 0.584%** 0.575%**
(0.071) (0.080) (0.082) (0.053) (0.066) (0.054) (0.072)
Log GDP per capita;_1 0.079*** 0.067*** 0.104 0.110%** 0.128%** 0.110%** 0.114%%*
(0.019) (0.023) (0.067) (0.023) (0.024) (0.018) (0.023)
Controls No No Yes No No No No
Instruments 108 16 21 109 17 107 16
Hansen J-test [0.139] [0.379] [0.207] [0.158] [0.597] [0.213] [0.058]
Diff-in-Hansen test [0.859] [0.167] [0.068] [0.185] [0.331] [0.630] [0.037]
AR(1) [0.000] [0.000] [0.001] [0.000] [0.000] [0.000] [0.000]
AR(2) [0.361] [0.329] [0.322] [0.367] [0.320] [0.441] [0.436]
Observations 854 854 640 895 895 891 891
Countries 136 136 92 124 124 134 134

Notes: Base sample — taken from Acemoglu et al. (2008) — is an unbalanced panel spanning from 1960-2000 with data at five-year intervals, where the start date of the panel
refers to the dependent variable. The dependent variable in columns (1)—(3) is the composite Polity IV index, the dependent variable in columns (4)—(7) is the Augmented Freedom
House Political Rights index. Standard errors are in parentheses, p-values in brackets. All GMM regressions use robust standard errors and treat the lagged democracy measure as
predetermined and either the second lag of the savings rate or trade-weighted world income as additional external instrument. In addition to that, regressions with suffix “END”
treat lagged log GDP per capita as endogenous and regressions with suffix “CL” follow Roodman (2009b) and collapse the instrument matrix and use only two lags. In the case
of two-step GMM, the Windmeijer (2005) finite sample correction for standard errors is employed. *, ** and *** denote significance at the 10%-, 5%- and 1%-level, respectively.
The row for the Hansen J-test reports the p-values for the null hypothesis of instrument validity. The values reported for the Diff-in-Hansen test are the p-values for the validity
of the additional moment restriction necessary for system GMM. The values reported for AR(1) and AR(2) are the p-values for first and second order autocorrelated disturbances
in the first differences equations.
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