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Abstract

I examine whether transitory events can tip the scales against authoritarian regimes
and lead to persistent democratization. I think of situations where this is a possibil-
ity as democratic tipping points. The transitory events I focus on are rainfall shocks
in the most agricultural countries in the world. I show that while these shocks only
affect agricultural output contemporaneously, they have persistent effects on po-
litical institutions. Authoritarian regimes experiencing negative rainfall shocks are

more likely to be democratic three, five, and ten years later.
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1 Introduction

I examine whether transitory events can tip the scales against authoritarian regimes and lead
to persistent democratization. I think of situations where this is a possibility as democratic
tipping points. The transitory events I focus on are rainfall shocks in the most agricultural
countries in the world. I show that while these shocks only affect agricultural output con-
temporaneously, they have persistent effects on political institutions. Authoritarian regimes
experiencing negative rainfall shocks are more likely to be democratic three, five, and ten years
later. This holds using different indicators of authoritarian versus democratic regimes.

An influential theory of political transitions with democratic tipping points is Acemoglu and
Robinson (2001). In their theory, the initially disenfranchised poor majority can contest the
political power of a rich elite. As the opportunity cost of contesting power is lower following
transitory negative economic shocks, transitory negative shocks can lead to democratization.
Democratization may be followed by autocratic reversal or it may be permanent, depending on
the constellation of several factors — income inequality and the opportunity cost of coups for
example. The constellations of factors where transitory negative economic shock would lead to
permanent democratization can be thought of as democratic tipping points.

The most agricultural countries in the world are a logical place to look for democratic tipping
points. In the 1960s and 1970s, towards the beginning of the time period I examine, almost all
of them were ruled by authoritarian regimes. Half a century later, around half of these countries
had become democratic. The factors enabling a political transition from an authoritarian to
a democratic political system must therefore have been in place in these countries. Moreover,
the great importance of agriculture and the lack of irrigation in these countries make rainfall
shocks an important source of economic shocks. It is therefore natural to ask whether transitory
rainfall shocks could have lead to persistent democratization by tipping the scales against the
authoritarian regimes that were ruling these countries.

I start my empirical analysis by examining the effect of rainfall shocks on agricultural
output. I find a comparatively strong and entirely contemporaneous effect of rainfall shocks
on agricultural output in countries with agricultural GDP shares in the top quintile of the

distribution. The median year-on-year drop in rainfall causes a drop in agricultural output of



around 1% in these countries.

I then go on to show that transitory rainfall shocks have persistent effects on democratic
institutions in these countries, whether I use dichotomous measures of democratic institutions
that classify regimes into either autocratic or democratic, or multi-valued indices of the quality
of democratic institutions. The two dichotomous political regime classifications I use are the
classification of Geddes, Wright, and Frantz (2014) and the classification of Przeworski, Al-
varez, Cheibub, and Limongi (2000) as updated by Cheibub, Gandhi, and Vreeland (2010) and
Bjornskov and Rode (2017). I find that the median year-on-year negative rainfall shock makes
countries ruled by authoritarian regimes around one to two percentage points more likely to be
democratic after one to three years. After ten years, these countries are two to three percentage
points more likely to be democratic. The finding that negative rainfall shocks trigger persistent
democratization is confirmed when I use the Polity Project combined polity score to measure
democratic change and also when I use the Freedom House index of political rights. Taken
together, my empirical results indicate that exogenous, transitory events can tip the scales
against authoritarian regimes and lead to persistent democratization.

My work fits into the literature on the economic determinants of democratic change. Some
of the more recent contributions are Przeworski and Limongi (1997), Barro (1999), Przeworski,
Alvarez, Cheibub, and Limongi (2000), Acemoglu, Johnson, Robinson, and Yared (2008), Burke
and Leigh (2010), Bruckner and Ciccone (2011), Aidt and Franck (2015), and Caselli and
Tesei (2016). My contribution is to investigate the existence of democratic tipping points
by examining whether transitory shocks can lead to persistent democratization. Within the
literature, I am closest to Acemoglu, Johnson, Robinson, and Yared (2008) and to Bruckner
and Ciccone (2011). Acemoglu, Johnson, Robinson, and Yared and I have in common that we
both examine the effect of income changes on democratic change over the short run as well as
the longer run. The main difference is that I examine the effect of transitory income shocks,
while they analyze the consequences of more persistent changes in income. Bruckner and
Ciccone and I have in common that we both examine the consequences of rainfall shocks. The
main difference is that they solely examine the short-run, year-on-year change in democratic
institutions, while my interest is in longer-run, persistent changes.

Lipset (1959) appears to be first in observing that democratic change is often sparked by



economic recessions. Haggard and Kaufman (1995) and Acemoglu and Robinson (2001, 2006)
add empirical content and Acemoglu and Robinson provide a theoretical framework to study
the link between economic factors and democratization. Their theory brings out a key point:
economic recessions can lead to persistent democratic change even if the recession itself is
short-lived. My contribution to the literature is to investigate this hypothesis empirically.
The remainder of this paper is structured as follows. Sections 2 and 3 present the data and

the empirical specifications. Section 4 discusses the results. Section 5 concludes.

2 Data

2.1 Agricultural Output and Rainfall Data

The agricultural output data I use is the real crops production index of the United Nation’s
Food and Agricultural Organization (FAOSTAT, 2016). The index is available annually since
around 1960 for some 160 countries. I use it to examine the effect of rainfall on agricultural
output in countries grouped by their average share of agriculture in GDP over the sample
period. The agricultural GDP shares come from the World Development Indicators (2016).

The rainfall data comes from the United States Government’s National Oceanic and Atmo-
spheric Administration. This data is available globally on a 0.5 degree latitude times 0.5 degree
longitude grid. The temperature data comes from the United States Government’s Center for
Environmental Prediction and is available globally on a 2 degree latitude times 2 degree lon-
gitude grid at the equator. I aggregate the rainfall and temperature data to the country-year
level (to match the country-year agricultural output and democratization data).

For the time period since 1980, I also use alternative measures of country-year rainfall and
temperature. These are obtained by combining the disaggregated rainfall and temperature
data mentioned above with new, high-resolution satellite data on growing seasons for most
countries in the world between the years 1982 and 2012 (Garonna, de Jong, and Schaepman,
2016). My alternative measures of country-year rainfall and temperature, capture rainfall and
temperature over agricultural land during the growing season and are constructed following

the agricultural economics literature (e.g. Schlenker and Lobell, 2010; Lobell, Schlenker, and



Costa-Roberts, 2011; I follow Maertens, 2016, who uses this approach for Sub-Saharan African
countries with satellite data available for these countries only). I first use the Garonna, de Jong,
and Schaepman (2016) data to obtain the average start and end dates of the growing season
in each weather cell. I then calculate the total amount of rainfall and the average temperature
during the growing season in each cell. Finally I weight each cell by the share of agricultural
land in it using the data in Nachtergaele and Petri (2013) for the year 2000 and aggregate these

weighted cells to the country level.

2.2 Measuring Democracy

I use two dichotomous measures of democratic institutions that classify regimes into either
autocratic or democratic, and two multi-valued measures of the quality of democratic institu-
tions. The two dichotomous measures are the autocratic/democratic regime classification of
Geddes, Wright, and Frantz (2014) and of Przeworski, Alvarez, Cheibub, and Limongi (2000)
as updated by Cheibub, Gandhi, and Vreeland (2010) and Bjornskov and Rode (2017). I drop
years where according to Geddes, Wright, and Frantz, the country is not independent, occu-
pied by a foreign nation, or there is no government controlling most of the territory. The
two multi-valued indices measuring the quality of democratic institutions I use are the Polity
Project’s combined polity score and Freedom House’s index of political rights (Marshall and
Jaggers, 2005; Freedom House, 2007). I drop so-called interregnum years where according to
the Polity Project there is no government controlling most of the territory. Former colonies are
only included since independence.

It is useful to keep in mind that the different measures of democratic improvements I employ
differ in definitions and technical implementation. As a result, they indicate a somewhat
different timing for democratic improvements over short periods and sometimes even longer
periods, even though they point in the same direction in the long run.

Countries with a high share of agriculture in GDP over the time period I study were over-
whelmingly autocratic at the beginning of the period (for most countries the first observation
is between 1960 and the early 1970s). For example, according to the classification of Geddes et
al. or Przeworski et al., almost all countries with agricultural GDP shares in the top quintile

were autocratic at the beginning of my time period. The average combined polity score in this
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group of countries in 1970 was -6 (with -10 the most autocratic and 10 the most democratic
value on the scale). By 2013, the end of the time period I study, around half of these countries

were classified as democratic and their average polity score was 2.

3 Empirical Framework

The estimating equation for the effect of rainfall on real agricultural output follows the agricul-
tural economic literature, see Schlenker and Lobell (2010), Lobell, Schlenker, and Costa-Roberts
(2011), and Maertens (2016) for example. The literature finds the within-country effect of rain-
fall on agricultural output to be quadratic and inverted-U-shaped. I therefore model the effect

of rainfall on agricultural output as

Real AgriculturalOutputIndex,, = Controls., (1)

+ (aoRc,t + boRit) + (ach,t—l + blRZt_l) + (GQRc,t—z + bQRZt_g)

where the three terms aR + bR? capture the (quadratic) within-country effect of rainfall at
different lags and Controls.; always include (i) country fixed effects; (ii) year fixed effects;
(iii) country-specific linear time trends, and (iv) linear-quadratic terms for temperature that
match the lag structure of the rainfall variable. The quadratic specification for the effect of
rainfall implies that there can be too much rain as far as agricultural productivity is concerned.
The method of estimation is least squares with robust standard errors clustered at the country
level !

The estimating equation for the effect of rainfall on democratization outcomes between years

t-1 and T mirrors the estimating equation for agricultural output

Democratization!, ; = Controls., (2)

+ (OéoRc,t + ﬁoRit) + (a1Rc,t—1 + BlRit_l) + (OZQRc,t—2 + 523375_2)

T also estimate the equation using GDP per capita from the Penn World Tables on the left-hand side but
never find any significant effects. A likely explanation is the noise in PWT GDP per capita, see Johnson,
Papageorgiu, and Subramanian (2013).



where the three terms aR 4+ SR?* capture the effect of rainfall at different lags and Controls.,
always include (i) country fixed effects; (ii) year fixed effects; (iii) country-specific linear time
trends, and (iv) linear-quadratic terms for temperature that match the lag structure of the rain-
fall variable.? The method of estimation is least squares with robust standard errors clustered
at the country level.

Democratization between t-1 and T in (2) is measured in two main ways. The first mea-
sure is a democratization indicator based on dichotomous political regime classifications. The
democratization indicator takes the value of 1 if the country is an autocracy in year t-1 but a
democracy in year T. The democratization indicator takes the value of 0 if the country is an
autocracy in year t-1 and an autocracy in year T. The second measure of democratization is
based on multi-valued indices measuring the quality of democratic institutions. In this case,
democratization between t-1 and T is measured as the absolute change between t-1 and T in
the index if this change is towards more democratic institutions.

If the effect of rainfall on agricultural output in (1) is inverted-U-shaped and the effect of
rainfall on democratization is through agricultural output, the effect of rainfall on democratiza-
tion in (2) should be U-shaped. Moreover, the vertex of the inverted-U-shaped effect of rainfall
on agricultural output should be at a similar level of rainfall as the vertex of the U-shaped

effect of rainfall on democratization.

4 Empirical Results

4.1 Effects on Agricultural Output

Table 1 summarizes the results on the effect of rainfall on agricultural output using equation
(1). The different columns look at results for different groups of countries.

Column (1) considers countries whose average share of agricultural output in GDP over the
1960-2013 period is in the top quintile of the distribution. The group consists of 32 countries
with data for around 50 years. The contemporaneous effect of rainfall on agricultural output is

statistically significant and inverted-U-shaped, and the lagged effects are statistically insignifi-

2My empirical specifications actually include one additional rainfall lag but it is usually statistically insignif-
icant and not reported.



cant. To get a sense of the strength of the contemporaneous effect, it is useful to calculate the
fall in agricultural output caused by the median year-on-year drop in rainfall starting at the
median level of rainfall (which I refer to as the median negative rainfall shock). This effect is
around -1%. As the average share of agriculture in countries in the top quintile of the distribu-
tion is around 40%, the implied effect on GDP of the median negative rainfall shock is around
-0.4%.3 The lagged effects of rainfall are not only statistically insignificant but also small quan-
titatively. The conclusion of column (1) is that rainfall has a significant but transitory effect
on agricultural output in the most agricultural countries in the world.

Column (2) considers countries whose average share of agricultural output in GDP is outside
of the top quintile of the distribution (the complement of the group of countries in column (1)).
Now both the contemporaneous and the lagged effects of rainfall on agricultural output are
statistically insignificant. The implied contemporaneous effect of the median negative rainfall
shock on agricultural output is basically zero.

Columns (3) and (4) consider countries whose average share of agricultural output in GDP
is in the top quarter and the top tercile of the distribution respectively. The contemporaneous
effect of rainfall on agricultural output is statistically significant and inverted-U-shaped, and the
lagged effects are statistically insignificant. The implied contemporaneous effect of the median
negative rainfall shock on agricultural output is around -0.3% in countries in the top quarter of
the distribution and around -0.4% in countries in the top tercile. This is substantially smaller
than in countries with agricultural GDP shares in the top quintile of the distribution. Given
the average GDP shares of agriculture in the top quarter and the top tercile of the distribution,
the implied effect of the median negative rainfall shock on GDP is around -0.1% to -0.15%.
This is approximately one third of the implied GDP effect in countries with agricultural GDP
shares in the top quintile of the distribution.

One explanation for the drop off in the effect of rainfall on agricultural output as one
moves outside the group of countries with agricultural GDP shares in the top quintile, is
irrigation. There is very little irrigation in countries in the top quintile of the distribution of

agricultural GDP shares. According to the World Development Indicators (2016), the median

3I do not find any significant effects when I reestimate the equation with (log) GDP per capita from the
PWT on the left-hand side of the regression (see footnote 1). This is true for all groups of countries in Table 1.



share of irrigated agricultural land in these countries over the 2000-2010 period was around
0.5%. Outside of the group of countries in the top quintile, the share of irrigated agricultural
land is much higher. For example, the median share of irrigated agricultural land in countries
with agricultural GDP shares in the top tercile but not the top quintile of the distribution, was
around 10%. Another explanation is that as one moves outside of the group of countries with
agricultural GDP shares in the top quintile, more and more of the measured rainfall is not over
agricultural land and hence will not have an effect on agricultural output.

Column (4) considers all countries with agricultural output data. The contemporaneous
quadratic effect of rainfall on agricultural output is statistically significant and inverted-U-
shaped, and the lagged effects are statistically insignificant. The implied contemporaneous
effect of the median negative rainfall shock on agricultural output is small, around -0.1%, and

the implied effect on GDP is even smaller, around 0.01%.

4.2  Effects on Democratic Change: From Short to Longer Term

Tables 2, 3, and 4 summarize the short- and longer-run effects of transitory rainfall shocks on
different measures of democratic change in countries with agricultural GDP shares in the top
quintile of the distribution. I start with indicators of democratization based on the dichotomous
political regime classifications of Przeworski, Alvarez, Cheibub, and Limongi (2000) and of
Geddes, Wright, and Frantz (2014), and then turn to measures of democratic change based on

the Polity Project combined polity score and the Freedom House political rights index.*

Measuring democratization following Przeworski et al. The left panel of Table 2
summarizes the results when the measure of democratization in (2) is based on the dichotomous
political regime classification of Przeworski, Alvarez, Cheibub, and Limongi (2000) as updated
by Cheibub, Gandhi, and Vreeland (2010) and Bjornskov and Rode (2017) — which I refer to as
Przeworski et al. in short. In this case, democratization is an indicator which is only defined if
the country is an autocracy in year t-1. The democratization indicator between years t-1 and
T takes the value of 1 if the country is a democracy in year T. If the country is an autocracy in

year T, the democratization indicator takes the value of 0. The table summarizes the effect of

4The measures of democracy are not always available for all countries.



rainfall shocks on this democratization indicator for different T. The results indicate the effect
of rainfall on the probability that an autocracy in year t-1 is a democracy in year t (one year
later); in year t+2 (three years later); in year t+4 (five years later); and in year t+9 (ten years
later).

The main empirical finding is that the effect of rainfall in year t on the Przeworski et al.
democratization indicator is statistically significant and U-shaped for democratization between
year t-1 and year t (one year later); year t+2 (three years later); year t+4 (four years later);
and year t49 (ten years later).” The strength of the effect of rainfall shocks on the probabil-
ity of democratization is illustrated in Figure 1 for the median negative rainfall shock in year
t. The median negative rainfall shock is defined as the median year-on-year drop in rainfall
starting at the median level of rainfall. The figure contains the point estimates (the dots) and
the corresponding 90% confidence intervals. It can be seen that the median year-t negative
rainfall shock increases the probability of democratization between years t-1 and t by around
1.5 percentage points. The 90% confidence interval ranges from 0.5 percentage points to 2.5
percentage points. By year t42, the median year-t negative rainfall shock increases the prob-
ability of democratization by 2.3 percentage points. The 90% confidence interval goes from
0.5 percentage points to 4.1 percentage points. By year t+4, the increase in the probability of
democratization is above 3 percentage points. And by year t+9, the increase in the probability
of democratization is around 2.5 percentage points, with a 90% confidence interval from 0.8
percentage points to 4.2 percentage points. Hence, transitory negative rainfall shocks lead to
persistent democratization according to the Przeworski et al. political regime classification.

Figure 3 compares the effect of year-t rainfall on agricultural output (solid line, measured on
the left scale) calculated using Table 1 column (1), with the effect of year-t rainfall on the prob-

ability of a Przeworski et al. democratization between years t-1 and t (dotted line, measured on

> Appendix Tables 1 and 2 contain separate results for, respectively, Sub-Saharan African countries and
countries outside of Sub-Saharan Africa. It can be seen that rainfall affects short- and longer-run democratization
as defined by Przeworski et al. in both groups of countries (despite the smaller sample size). Appendix Tables
3 and 4 contain results for the time period since 1980 for all countries with agricultural GDP shares in the
top quintile since 1980. This (shorter) time period allows me to compare the effects of rainfall with the effect
of rainfall over agricultural land during the growing season (for the latter the necessary data is only available
since 1982; see the data section for details). It can be seen that rainfall as well as rainfall over agricultural land
during the growing season affect short- and longer-run democratization since 1980 (despite the smaller sample
size).



the right scale) calculated using Table 2 column (1). The effect of rainfall on agricultural output
is inverted-U-shaped. The effect of rainfall on the probability of democratization is U-shaped.
The vertex of the inverted-U-shaped effect on agricultural output is at a similar level of rainfall
as the vertex of the U-shaped effect on democratization, as it should be if the effect of rainfall
on democratization arises through agricultural output. A formal hypothesis test cannot reject

that the two vertices are reached at the same level of rainfall at any standard confidence level.®

Measuring democratization following Geddes et al. The right panel in Table 2
summarizes the results when the democratization indicator in (2) is based on the dichotomous
political regime classifications of Geddes, Wright, and Frantz (2014). The results again indicate
a statistically significant, U-shaped effect of rainfall on the probability of democratization over
different time periods.” The timing of the rainfall effect is somewhat different than for the
Przeworski et al. classification in the left panel. In particular, for the shorter one- and three-
year periods, it is rainfall in year t-1 that is statistically significant. Differences in timing
are not particularly surprising as the two classifications use different regime definitions and
measurement criteria. A specific difference between the Geddes et al. and the Przeworski et
al. regime classifications that probably matters most for the particular difference in the timing
of the rainfall effect is that Geddes et al. do not follow “the convention” (their own words)
in coding the start date of democratic regimes. If a democratic regime becomes established in
year t, the convention is to code December 31 of that year as the start date. Geddes et al. use
January 1 of the subsequent year instead (Przeworski et al. use the convention for the start
date of democratic regimes). To see how the convention regarding democratic regime start
dates affects the results imagine that a negative year-t rainfall shock causes a democratization

in year t. With the December 31 convention, the democratization is recorded in year t and

SThe test that the two vertices are reached at the same level of rainfall is based on a SURE regression
combining the estimating equations in (1) and (2).

"Appendix Tables 1 and 2 contain separate results for, respectively, Sub-Saharan African countries and
countries outside of Sub-Saharan Africa. It can be seen that rainfall affects short- and longer-run democratization
as defined by Geddes et al. in both groups of countries (despite the smaller sample size). Appendix Tables 3
and 4 contain results for the time period since 1980 for all countries with agricultural GDP shares in the top
quintile since 1980. This (shorter) time period allows me to compare the effects of rainfall with the effect of
rainfall over agricultural land during the growing season (for the latter the necessary data is only available since
1982; see the data section for details). It can be seen that rainfall as well as rainfall over agricultural land during
the growing season affect short- and longer-run democratization since 1980 (despite the smaller sample size).
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researchers would observe that negative year-t rainfall shocks result in democratization in year
t. With the January 1 convention, the democratization is recorded in year t+1 and researchers
would observe that negative year-t rainfall shocks result in democratization in year t+1 (or put
differently, that year-t democratizations are related to negative rainfall shocks in year t-1).

Because of the unconventional rule for the start dates of democratic regimes used by Geddes,
Wright, and Frantz, I illustrate the strength of the effect of the median negative rainfall shock
in year t on the probability of democratization in Figure 3 in two different ways. My first
approach uses the results in Table 2, column (5) and therefore relies on the original Geddes
et al. data. The corresponding point estimates are the red dots in Figure 3. It can be seen
that the median year-t negative rainfall shock increases the probability that an autocracy in
year t-1 is a democracy in year t by around 0.8 percentage points. The 90% confidence interval
ranges from -0.2 percentage points to 1.8 percentage points. The probability that the autocratic
country is a democracy in year t+4 or in year t+9 is around 2.5 percentage points. The 90%
confidence interval goes from around 0.6 percentage points to around 4.3 percentage points.
Hence, transitory negative rainfall shocks lead to persistent democratization according to the
political regime classification of Geddes, Wright, and Frantz. My second approach recodes
the start dates of regimes in the Geddes et al. data according to the convention, reestimates
the specification in Table 2, column (5) using this recoded data, and then uses these results
to illustrate the strength of the effect of the median negative rainfall shock in year t on the
probability of democratization between years t-1 and t. The corresponding point estimates are
the blue squares. In this case, the median year-t negative rainfall shock increases the probability
of democratization between years t-1 and t by around 1.5 percentage points. The 90% confidence
interval ranges from 0.2 percentage points to 2.8 percentage points. The probability that the
autocratic country is a democracy in year t+4 or in year t+9 is around 2 percentage points.
The 90% confidence interval goes from 0.1 percentage points to 4 percentage points.

The effect of rainfall on the probability of a Geddes et al. democratization between years t-1
and t can be compared with the effect of rainfall on agricultural output as well as the effect of
rainfall on a Przeworski et al. democratization in Figure 2. Because of the unconventional rule
for start dates of regimes used by Geddes at al., the figure shows the probability of a Geddes et

al. democratization in function of rainfall in t-1. The effect of rainfall on the probability of a
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Geddes et al. democratization can be seen to be U-shaped and similar to the effect of rainfall on
the probability of a Przeworski et al. democratization (dashed and dotted lines, measured on
the right scale). The vertex of the U-shaped effect of rainfall on the probability of a Geddes et
al. democratization is at a similar level of rainfall as the vertex of the inverted-U-shaped effect
of rainfall on agricultural output, as it should be if the effect of rainfall on democratization
arises through agricultural output. A formal hypothesis test cannot reject that the two vertices

are reached at the same level of rainfall at any standard confidence level.

Measuring democratic improvement following the Polity Project The left panel
in Table 3 summarizes the results when democratic change in (2) is measured by the improve-
ment in the Polity Project combined polity score. The polity score ranges from -10 to 10, with
higher values indicating more democratic institutions.

As I am interested in improvements in democratic institutions in autocracies, I use the
positive change between years t-1 and T in the combined polity score in autocracies in t-1 as
the measure of democratic improvement. Negative changes, which correspond to democratic
setbacks, are dropped from the analysis (the results including negative changes are similar, see
Appendix Table 5). I follow the convention that countries with a polity score smaller or equal
-1 are autocracies. By focusing the analysis on democratic improvements in autocracies, I am
staying as close as possible to the analysis of democratization in Table 2.

Table 3 shows the results for the effect of rainfall on the democratic improvements between
year t-1 and year t (one year later); year t+2 (three years later); year t+4 (four years later);
and year t49 (ten years later) in a country that is an autocracy in year t-1. The effect of year-t
rainfall is statistically significant and U-shaped over all time periods.

The strength of the effect of rainfall shocks on democratic improvements is illustrated in
Figure 4 for the median negative rainfall shock. The figure illustrates the point estimates (the
dots) and 90% confidence intervals. The effect of the median year-t negative rainfall shock
on the improvement in the polity score between years t-1 and t is around 0.12 polity points.
The 90% confidence interval ranges from 0.01 to 0.23 polity points. The improvement in the
polity score between years t-1 and t+2 (three years later) is around 0.31 points. The 90%
confidence interval goes from 0.11 to 0.51 polity points. By year t+4 and year t+9 (five and
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ten years later), the improvement in the polity score increases to around 0.35-0.4 points. The
90% confidence interval of the effect on democratic improvement by year t+9 ranges from 0.12
to 0.58 polity points. Hence, transitory negative rainfall shocks lead to persistent democratic
improvements according to the Polity Project.

Figure 5 compares the effect of year-t rainfall on agricultural output (solid line, measured
on the left scale) calculated using Table 1 column (1), with the effect of year-t rainfall on the
democratic improvement between years t-1 and t according to the polity score (dotted line,
measured on the right scale) calculated using Table 3 column (1). The effect of rainfall on
democratic improvement can be seen to be U-shaped. Moreover, the vertex of the effect of
rainfall on democratic improvement is at a similar level of rainfall as the vertex of the effect
of rainfall on agricultural output. A formal hypothesis test cannot reject that the vertices are
reached at the same level of rainfall at any standard confidence level.

The right panel in Table 3 contains the results for the effect of rainfall on a democratization
indicator based on the dichotomized combined polity score. I follow the convention in classifying
countries with a polity score smaller or equal -1 as autocracies and all other countries as
democracies. The results indicate statistically significant, U-shaped effects of rainfall on the
probability of democratization over different time periods. However, the timing of the rainfall
effect on the dichotomized polity score is different than the timing for the improvement in the
polity score in the left panel of Table 3 and the timing for the democratization indicators in Table
2. This is not particularly surprising as the different measures of democratization are based on
different definitions. For example, the results for the improvement in the polity score in the left
panel of Table 3 indicate the effect of rainfall on improvements in the polity score no matter
which level is reached. On the other hand, the results for the dichomotomized polity score in
the right panel of Table 3 indicate the effect of rainfall on improvements in the polity score
that are large enough for the score to cross the threshold level where the country starts being
classified as a democracy. The timing difference between the results for the dichomotomized
polity score in the right panel of Table 3 and the dichotomous democratization indicators in
Table 2, probably reflects that the dichotomous regime classifications in Table 2 have a narrower
focus on free and fair elections.

The strength of the effect of rainfall shocks on the probability of a polity democratization
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is illustrated in Figure 6 for the median year-t negative rainfall shock. The median year-
t negative rainfall shock increases the probability of democratization between t-1 and t by
around 0.8 percentage points. The 90% confidence interval ranges from -0.5 percentage points
to 2.1 percentage points. By year t+2, the median year-t negative rainfall shock increases the
probability of democratization by around 3 percentage points. The 90% confidence interval
goes from around 1 percentage points to around 5 percentage points. By year t49, the increase
in the probability of democratization is around 2.4 percentage points. The 90% confidence

interval ranges from 0.4 percentage points to 4.4 percentage points.®

Measuring political rights following Freedom House Table 4 summarizes the
results when democratic improvement in (2) is measured by the improvement in the Freedom
House index of political rights. The index ranges from 1 to 7, with higher values indicating less
political rights. Put differently, an improvement in political rights corresponds to a drop in the
political rights index. To make results more comparable with those obtained using the Polity
Project combined polity score, where higher values indicate more democratic institutions, I use
the negative of the Freedom House political rights index as the basis of my empirical work. This
leaves the range of the index unchanged but ensures that positive changes over time correspond
to improvements in political rights. Just like in the case of the combined polity score, I focus on
improvements in political rights and drop years where political rights deteriorate (the results
including negative changes are similar, see Appendix Table 5).°

Table 4 shows the results for the effect of rainfall on the improvements in political rights
between year t-1 and year t; year t+2 (three years later); year t+4 (five years later); and year
t+9 (ten years later). The effect of rainfall in year t on improvements in political rights is
statistically significant and U-shaped over all time periods.

The strength of the effect of negative rainfall shocks on improvements in political rights

is illustrated in Figure 7 for the median year-t negative rainfall shock. The figure illustrates

8This effect is statistically significant although the corresponding linear and quadratic effects in Table 3
column (8) are not, because the standard error for the effect of the median negative rainfall shock on the
probability of democratization by year t+9 also depends on the covariance of the estimates for the linear and
quadratic rainfall effects.

9T am not looking at results in autocracies only as the Freedom House political rights index is not used for
classifying countries into democratic and autocratic regimes.
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the point estimates (the dots) and 90% confidence intervals. The effect of the median year-t
negative rainfall shock is an improvement in political rights of around 0.03 points in year t. The
90% confidence interval ranges from -0.02 to 0.08 points. By year t+2, the increase in political
rights is around 0.08 points and the 90% confidence interval goes from 0.02 to 0.14 points.
By year t+4 and year t+9 (five and ten years later), the improvement in political rights rises
to around 0.15 points. The 90% confidence interval ranges from 0.06 to 0.24 points. Hence,
transitory negative rainfall shocks lead to persistent improvements in political rights according

to Freedom House.

5 Conclusion

The idea that persistent differences in political institutions may be driven by entirely transitory
events is intriguing. I examine it empirically by analyzing the effects of transitory rainfall
shocks on political institutions in the most agricultural countries in the world. I focus on the
most agricultural countries in the world because many of them did make a transition from
authoritarian regimes to democracies over the last half century, and because the importance
of agriculture and the lack of irrigation make rainfall shocks a significant source of economic
shocks in these countries. My empirical work first establishes that transitory rainfall shocks
affect agricultural output in these countries and that the effect is transitory. I then go on to
show that rainfall shocks have persistent effects on political institutions. In particular, negative
rainfall shocks make it significantly more likely that autocracies are (more) democratic three,
five, and ten years later. This leads me to conclude that transitory events can tip the scales

against authoritarian regimes and lead to persistent democratization.
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TABLE 1. Rainfall Shocks and Agricultural Output since 1960:
Effect by Share of Agriculture in Gross Domestic Product

All Countries

Except Top
Top Quintile Quintile Top Quarter Top Tercile
Agricultural Agricultural Agricultural Agricultural All
Countries Countries Countries Countries Countries
(1) (2) (3) (4) (5)
Rainfall t 2.23%%* 0.59 1.07** 1.17** 0.84*
(0.63) (0.59) (0.54) (0.46) (0.46)
Quadratic -0.059*** -0.03 -0.033*** -0.034%** -0.032**
Rainfall t (0.013) (0.024) (0.01) (0.01) (0.016)
Rainfall t-1 0.12 0.28 -0.31 -0.046 0.35
(0.63) (0.63) (0.52) (0.46) (0.49)
Quadratic -0.01 -0.02 0.0002 -0.003 -0.02
Rainfall t-1 (0.014) (0.024) (0.01) (0.01) (0.017)
Rainfall t-2 0.25 -0.46 -0.27 -0.16 -0.16
(0.62) (0.67) (0.51) (0.45) (0.52)
Quadratic -0.002 -0.002 0.007 0.005 -0.006
Rainfall t-2 (0.014) (0.025) (0.012) (0.011) (0.018)
Linear &
Quadratic
Temperature Y Y Y Y Y
in Different
Years
Country Fixed
Effects Y Y Y Y Y
Year Fixed
Effects Y Y Y Y Y
Country
Specific Linear Y Y Y Y Y
Time Trends
Countries 32 129 40 53 164
Observations 1,514 5,684 1,891 2,434 7,220
R Squared 0.066 0.017 0.032 0.024 0.022

Note: The left-hand side variable is an index of real agricultural output. Countries are assigned to
subsamples by the average share of agricultural in GDP over the sample period. The table reports
robust standard errors clustered at the country level. * denotes significance at the 10% level; **
significance at the 5% level; and *** significance at the 1% level.



TABLE 2. Rainfall Shocks and Democratization since 1960:
From Short to Longer Term

Przeworski et al. Democratization Geddes et al. Democratization
Przeworski et al. Democratization between t-1 and Geddes et al. Democratization between t-1 and
t(1- t+2 (3- t+4 (5- t+9 (10- t+2 (3- t+4 (5-
Year) Year) Year) Year) t (1-Year) Year) Year) t+9 (10-vear)
(1) (2) (3) (4) (5) (6) (7) (8)
Rainfall t -0.032** -0.042** -0.058*** -0.046** -0.013 -0.011 -0.035* -0.047**
(0.014) (0.02) (0.021) (0.02) (0.01) (0.016) (0.019) (0.02)
Quadratic 0.0008* 0.0009* 0.0012** 0.001* 0.0003 0.0001 0.0005 0.001*
Rainfall t (0.0005) (0.0005) (0.0005) (0.0006) (0.0003) (0.0004) (0.0004) (0.0005)
Rainfall t-1 0.011 -0.018 -0.024 -0.048** -0.034** -0.033* -0.046** -0.035%*
(0.0122) (0.018) (0.017) (0.019) (0.015) (0.019) (0.018) (0.018)
Quadratic -0.0003 0.0002 0.0003 0.001%** 0.0009** 0.0009* 0.0011** 0.0009**
Rainfall t-1 (0.0003)  (0.0004) (0.0005) (0.0005) (0.0004)  (0.0005) (0.0005) (0.0004)
Rainfall t-2 -0.022%* -0.034* -0.017 -0.031 0.014 -0.016 -0.026 -0.038**
(0.013) (0.017) (0.016) (0.019) (0.012) (0.016) (0.015) (0.019)
Quadratic 0.0003 0.0006 0.0003 0.0005 -0.0004 0.0002 0.0005 0.0007
Rainfall t-2 (0.0003)  (0.0004) (0.0004) (0.0005) (0.0003)  (0.0004) (0.0004) (0.0005)
Linear &
Quadratic . y y y y y y y y
Temperature in
Different Years
Country Fixed v v v v v v v v
Effects
Year Fixed Effects Y Y Y Y Y Y Y Y
Country Specific
Linear Time Y Y Y Y Y Y Y Y
Trends
Countries 26 26 26 26 26 26 26 26
Observations 1,051 1,013 978 892 1,048 1,011 977 889
R Squared 0.033 0.033 0.034 0.022 0.023 0.03 0.052 0.039

Note: The left-hand-side variable in columns (1) and (5) is an indicator variable that takes the value of 1 if a country that is an autocracy
at t-1 is a democracy at t and the value of 0 otherwise. The left-hand-side variable in columns (2) and (6) is an indicator variable that
takes the value of 1 if a country that is an autocracy at t-1 is a democracy at t+2 and the value of 0 otherwise. The left-hand-side
variable in columns (3) and (7) is an indicator variable that takes the value of 1 if a country that is an autocracy at t-1 is a democracy at
t+4 and the value of 0 otherwise. The left-hand-side variable in columns (4) and (8) is an indicator variable that takes the value of 1 if a
country that is an autocracy at t-1 is a democracy at t+9 and the value of 0 otherwise. The classification of democratic and autocratic
regimes in columns (1)-(4) is based on Bjornskov and Rode (2017) who extend the dataset of Cheibub, Gandhi, and Vreeland (2010) and
Przeworski, Alvarez, Cheibub, and Limongi (2000). The classification of democratic and autocratic regimes in columns (5)-(8) is based on
Geddes, Wright, and Frantz (2014). The included countries are all countries in Table 1 column (1) (countries with an average share of
agricultural in GDP over the sample period in the top quintile of the distribution) with democratization data. The table reports robust
standard errors clustered at the country level. * denotes significance at the 10% level; ** significance at the 5% level; and ***
significance at the 1% level.



TABLE 3. Rainfall Shocks and Polity Project Democratic Change since 1960:
From Short to Longer Term

Polity Project Democratic Improvement Polity Project Democratization
Polity Improvement between t-1 and Polity Democratization between t-1 and
t+2 (3- t+4 (5- t+9 (10- t+2 (3- t+4 (5- t+9 (10-
t(1-Y t(1-Y
(1-Year) Year) Year) Year) (1-Year) Year) Year) Year)
(1) (2) (3) (4) (5) (6) (7) (8)
Rainfall t -0.22* -0.66*** -0.66*** -0.64** -0.014 -0.052%** -0.053*** -0.036
(0.12) (0.21) (0.25) (0.26) (0.014) (0.02) (0.02) (0.023)
Quadratic 0.005* 0.016*** 0.012** 0.013** 0.0003 0.001** 0.0009* 0.0006
Rainfall t (0.0028) (0.005) (0.005) (0.006) (0.0003) (0.0005) (0.0005) (0.0006)
Rainfall t-1 -0.09 -0.12 -0.21 -0.19 -0.007 -0.022 -0.014 -0.005
(0.1) (0.19) (0.2) (0.27) (0.011) (0.017) (0.017) (0.02)
Quadratic 0.002 0.002 0.004 0.005 0.0001 0.0003 0.0002 0.0001
Rainfall t-1 (0.002) (0.004) (0.004) (0.006) (0.0003) (0.0004) (0.0004) (0.0006)
Rainfall t-2 -0.35%* -0.48*** -0.27 -0.18 -0.039** -0.066*** -0.033* -0.015
(0.13) (0.19) (0.19) (0.26) (0.016) (0.018) (0.017) (0.023)
Quadratic 0.009*** 0.011%** 0.006 0.003 0.0009**  0.0013*** 0.0005 0.0002
Rainfall t-2 (0.003) (0.004) (0.004) (0.006) (0.0004) (0.0005) (0.0004) (0.0005)
Linear &
Quadratic
. Y Y Y Y Y Y Y Y
Temperature in
Different Years
Country Fixed v v Y Y Y Y v v
Effects
Year Fixed v v Y Y Y Y v v
Effects
Country Specific
Linear Time Y Y Y Y Y Y Y Y
Trends
Countries 30 30 30 30 30 30 30 30
Observations 1,072 1,003 940 844 1,099 1,068 1,030 944
R Squared 0.037 0.071 0.077 0.052 0.031 0.076 0.082 0.055

Note: The left-hand-side variables in columns (1) to (4) are the improvements in the Polity Project polity score in autocracies over
different time periods. The left-hand-side variable in column (1) is the improvement in the polity score between years t-1 and t; the
left-hand-side variable in column (2) is the improvement in the polity score between years t-1 and t+2; the left-hand-side variable in
column (3) is the improvement in the polity score between years t-1 and t+4; and the left-hand-side variable in column (4) is the
improvement in the polity score between years t-1 and t+9. The left-hand-side variables in columns (5) to (8) are indicators for
democratization over different time periods. The classification of democratic and autocratic regimes is based on Polity Project
combined polity score. The left-hand-side variable in column (5) is an indicator variable that takes the value of 1 if a country that is an
autocracy at t-1 is a democracy at t and the value of 0 otherwise. The left-hand-side variable in column (6) is an indicator variable that
takes the value of 1 if a country that is an autocracy at t-1 is a democracy at t+2 and the value of 0 otherwise. The left-hand-side
variable in column (7) is an indicator variable that takes the value of 1 if a country that is an autocracy at t-1 is a democracy at t+4 and
the value of 0 otherwise. The left-hand-side variable in column (8) is an indicator variable that takes the value of 1 if a country that is
an autocracy at t-1 is a democracy at t+9 and the value of 0 otherwise. The included countries are all countries in Table 1 column (1)
(countries with an average share of agricultural in GDP over the sample period in the top quintile of the distribution) with Polity
Project data. The table reports robust standard errors clustered at the country level. * denotes significance at the 10% level; **

cionificance at the 8% level: and *** cionificance at the 1% level



TABLE 4. Rainfall Shocks and Improvements in Freedom House
Political Rights since 1960: From Short to Longer Term

Rainfall t

Quadratic Rainfall t

Rainfall t-1

Quadratic Rainfall t-1

Rainfall t-2

Quadratic Rainfall t-2

Linear & Quadratic
Temperature in
Different Years

Country Fixed Effects

Year Fixed Effects

Country Specific
Linear Time Trends

Countries
Observations

R Squared

Political Rights

Political Rights

Political Rights

Political Rights

Improvement Improvement
Improvement Improvement
between t-1 between t-1
between t-1 between t-1
and t (1-Year) and t+2 (3-Year) and t+4 (5- and t+9 (10-
Year) Year)

(1) (2) (3) (4)
-0.059** -0.157*** -0.27%** -0.24***
(0.027) (0.047) (0.068) (0.07)
0.0011%** 0.003*** 0.006*** 0.004***
(0.0005) (0.001) (0.0015) (0.0016)
0.0017 -0.12** -0.13** -0.21***
(0.022) (0.044) (0.06) (0.07)
0.0003 0.0023** 0.0024* 0.0035**
(0.0005) (0.0009) (0.0013) (0.0018)
-0.068** -0.15*** -0.06 -0.23***
(0.027) (0.0482) (0.06) (0.07)
0.001** 0.0027** 0.0009 0.0042**
(0.0006) (0.0011) (0.0014) (0.0019)

Y Y Y Y
Y Y Y Y
Y Y Y Y
Y Y Y Y
31 31 31 31
1,078 910 808 677
0.042 0.079 0.054 0.064

Note: The left-hand-side variables are the improvements in political rights over different time periods
measured by the Freedom House political rights index. The left-hand-side variable in column (1) is the
improvement in political rights between years t-1 and t; the left-hand-side variable in column (2) is the
improvement in political rights between years t-1 and t+2; the left-hand-side variable in column (3) is the
improvement in political rights between years t-1 and t+4; and the left-hand-side variable in column (4)
is the improvement in political rights between years t-1 and t+9. The included countries are all countries
in Table 1 column (1) (countries with an average share of agricultural in GDP over the sample period in
the top quintile of the distribution) with Freedom House data. The table reports robust standard errors
clustered at the country level. * denotes significance at the 10% level; ** significance at the 5% level;
and *** significance at the 1% level.



FIGURE 1. Effect of Median Negative Rainfall Shock on the Probability
of Short- and Longer-Term Przeworski et al. Democratization
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Note: Effect of a median negative rainfall shock in year t on the probability of democratization in a country that
is an autocracy in year t-1. The dots are the point estimates for the probability that the country is a democracy
by year t (1Y Effect); by year t+2 (3Y Effect); by year t+4 (5Y Effect); and by year t+9 (10Y Effect). The bands give
the 90% confidence intervals. The classification of democratic and autocratic regimes is based on Bjornskov and
Rode (2017) who extend the dataset of Cheibub, Gandhi, and Vreeland (2010) and Przeworski, Alvarez, Cheibub,
and Limongi (2000). The median negative rainfall shock refers to a negative year-on-year shock of median size
at the median level of rainfall. The confidence bands are based on robust standard errors clustered at the
country level.



FIGURE 2. Effect of Rainfall on Real Agricultural Output and on the

Probability of Democratization
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Note: Effect of rainfall on real agricultural output (solid line, measured on the left axis) and on the probability of
democratization between years t-1 and t (dashed and dotted lines, measured on the right axis). The classifications of
democratic and autocratic regimes used are Przeworski, Alvarez, Cheibub, and Limongi (2000) (dotted line), as extended
by Cheibub, Gandhi, and Vreeland (2010) and Bjornskov and Rode (2017), and Geddes, Wright, and Frantz (2014) (dashed
line). The effect of rainfall on the probability of democratization is calculated using the effect of rainfall in year t in
column (1) of Table 2 for the Przeworski et al. democratization indicator. For the Geddes et al. democratization indicator,
the effect of rainfall on the probability of democratization is calculated using the effect of rainfall in year t-1 in column (5)
of Table 2. This is because of Geddes et al.’s unconventional start date for democratic regime transitions, see page 9 in
the main text for details. Real agricultural output is an index with base year 2004-2006 and rainfall is measured in dm.




FIGURE 3. Effect of Median Negative Rainfall Shock on the Probability
of Short- and Longer-Term Geddes et al. Democratization
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Note: Effect of a median negative rainfall shock in year t on the probability of democratization in a country that
is an autocracy in year t-1. The red dots are the point estimates for the probability that the country is a
democracy by year t (1Y Effect); by year t+2 (3Y Effect); by year t+4 (5Y Effect); and by year t+9 (10Y Effect). The
bands give the 90% confidence intervals. The classification of democratic and autocratic regimes is based on
Geddes, Wright, and Frantz (2014). The blue dots and corresponding 90% confidence bands are based on
estimations with recoded Geddes, Wright, and Frantz data using the conventional start date for regime
transitions, see page 9 in the main text for details. The median negative rainfall shock refers to a negative year-
on-year shock of median size at the median level of rainfall. The confidence bands are based on robust standard
errors clustered at the country level.



FIGURE 4. Effect of Median Negative Rainfall Shock on the Short- and
Longer-Term Improvement in Polity Project Democracy Score
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Note: Effect of a median negative rainfall shock in year t on the improvement in the Polity Project polity score in
a country that is an autocracy in year t-1. The dots are the point estimates for the improvements in the polity
score by year t (1Y Effect); by year t+2 (3Y Effect); by year t+4 (5Y Effect); and by year t+9 (10Y Effect). The
bands give the 90% confidence intervals. The polity score varies between -10 and +10. Autocracies are countries
with a score smaller or equal -1. The median negative rainfall shock refers to a negative year-on-year shock of
median size at the median level of rainfall. The confidence bands are based on robust standard errors clustered
at the country level.



FIGURE 5. Effect of Rainfall on Real Agricultural Output and on the
Polity Democratic Improvement
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Note: Effect of rainfall on real agricultural output (solid line, measured on the left axis) and on the democratic
improvement between years t-1 and t calculated using the Polity Project polity score (dotted line, measured on the right
axis). The effect of rainfall on democratic improvements is calculated using the effect of rainfall in year t in column (1) of
Table 3. Real agricultural output is an index with base year 2004-2006 and rainfall is measured in dm.




FIGURE 6. Effect of Median Negative Rainfall Shock on the Probability
of Short- and Longer-Term Polity Project Democratization
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Note: Effect of a median negative rainfall shock in year t on the probability of democratization in a country that
is an autocracy in year t-1. The dots are the point estimates for the probability that the country is a democracy
by year t (1Y Effect); by year t+2 (3Y Effect); by year t+4 (5Y Effect); and by year t+9 (10Y Effect). The bands give
the 90% confidence intervals. The classification of democratic and autocratic regimes is based on the Polity
Project polity score. Autocracies are countries with a score smaller equal -1 and democracies are countries with
a score greater equal +1. The median negative rainfall shock refers to a negative year-on-year shock of median
size at the median level of rainfall. The confidence bands are based on robust standard errors clustered at the
country level.



FIGURE 7. Effect of Median Negative Rainfall Shock on the Short- and
Longer-Term Improvement in Freedom House Political Rights
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Note: Effect of a median negative rainfall shock in year t on the improvement in the Freedom House political
rights index in a country that is an autocracy in year t-1. The dots are the point estimates for the improvement
in the Freedom House political rights index by year t (1Y Effect); by year t+2 (3Y Effect); by year t+4 (5Y Effect);
and by year t+9 (10Y Effect). The Freedom House political rights index varies between 1 and 7. The median
negative rainfall shock refers to a negative year-on-year shock of median size at the median level of rainfall. The
confidence bands are based on robust standard errors clustered at the country level.



APPENDIX TABLE 1. Rainfall Shocks and Democratization since 1960 in Sub-Saharan
Africa: From Short to Longer Term

Przeworski et al. Democratization Geddes et al. Democratization
Przeworski et al. Democratization between t-1 and Geddes et al. Democratization between t-1 and
t+2 (3- t(1- t+2 (3- t+4 (5-
t(1-Y t+4 (5-Y t+9 (10-Y t+9 (10-Y
(1-Year) Year) (5-Year) ( ear) Year) Year) Year) ( ear)
(1) (2) (3) (4) (5) (6) (7) (8)
Rainfall t -0.0361** -0.0293 -0.0457** -0.0047 -0.0043 -0.0024 -0.0290 -0.0290
(0.0169) (0.0194) (0.0217) (0.0181) (0.0111) (0.0168) (0.0181) (0.0189)
Quadratic 0.0011%** 0.0007 0.0011%** 0.0003 -0.0000 0.0001 0.0005 0.0007
Rainfall t (0.0006) (0.0005) (0.0005) (0.0005) (0.0003) (0.0004) (0.0004) (0.0005)
Rainfall t-1 0.0195 -0.0119 -0.0285 -0.0352** -0.0399**  -0.0231 -0.0485*** -0.0078
(0.0128) (0.0191) (0.0194) (0.0176) (0.0172) (0.0198) (0.0183) (0.0159)
Quadratic -0.0005* 0.0002 0.0006 0.0010%* 0.0012%** 0.0007 0.0013*** 0.0003
Rainfall t-1 (0.0003) (0.0004) (0.0005) (0.0005) (0.0005) (0.0005) (0.0004) (0.0004)
Rainfall t-2 -0.0154 -0.0184 -0.0045 -0.0125 0.0234%* -0.0106 -0.0248 -0.0420**
(0.0145) (0.0206) (0.0185) (0.0172) (0.0135) (0.0179) (0.0166) (0.0173)
Quadratic 0.0002 0.0006 0.0005 0.0006 -0.0005* 0.0002 0.0007* 0.0012%***
Rainfall t-2 (0.0003) (0.0005) (0.0004) (0.0004) (0.0003) (0.0004) (0.0004) (0.0004)
Rainfall t-3 -0.0037 -0.0217 -0.0134 0.0031 -0.0241  -0.0441*** -0.0275 0.0097
(0.0109) (0.0177) (0.0186) (0.0169) (0.0158) (0.0169) (0.0167) (0.0166)
Quadratic 0.0002 0.0007 0.0006 0.0000 0.0006  0.0011***  0.0009** -0.0001
Rainfall t-3 (0.0003) (0.0005) (0.0004) (0.0004) (0.0004) (0.0004) (0.0004) (0.0004)
Linear &
Quadratic . v v v v v v v v
Temperature in
Different Years
Country Fixed v v v v v v v v
Effects
Year Fixed Y v v v v v v v
Effects
Country Specific
Linear Time Y Y Y Y Y Y Y Y
Trends
Countries 19 19 19 19 19 19 19 19
Observations 741 715 695 619 742 718 698 632
R Squared 0.035 0.018 0.039 0.031 0.038 0.026 0.039 0.029

Note: The left-hand-side variable in columns (1) and (5) is an indicator variable that takes the value of 1 if a country that is an
autocracy at t-1 is a democracy at t and the value of 0 otherwise. The left-hand-side variable in columns (2) and (6) is an indicator
variable that takes the value of 1 if a country that is an autocracy at t-1 is a democracy at t+2 and the value of 0 otherwise. The left-
hand-side variable in columns (3) and (7) is an indicator variable that takes the value of 1 if a country that is an autocracy at t-1 is a
democracy at t+4 and the value of 0 otherwise. The left-hand-side variable in columns (4) and (8) is an indicator variable that takes
the value of 1 if a country that is an autocracy at t-1 is a democracy at t+9 and the value of 0 otherwise. The classification of
democratic and autocratic regimes in columns (5)-(8) is based on Geddes, Wright, and Frantz (2014). The classification of democratic
and autocratic regimes in columns (1)-(4) is based on Bjornskov and Rode (2017) who extend the dataset of Cheibub, Gandhi, and
Vreeland (2010) and Przeworski, Alvarez, Cheibub, and Limongi (2000). The countries included are the Sub-Saharan African countries
in Table 1 column (1) (countries with an average share of agricultural in GDP over the sample period in the top quintile of the
distribution) with democratization data. The table reports robust standard errors clustered at the country level. * denotes
significance at the 10% level; ** significance at the 5% level; and *** significance at the 1% level.



APPENDIX TABLE 2. Rainfall Shocks and Democratization since 1960 Outside Sub-
Saharan Africa: From Short to Longer Term

Przeworski et al. Democratization

Geddes et al. Democratization

Przeworski et al. Democratization between t-1 and

Geddes et al. Democratization between t-1 and

t(1- t+2 (3- t+4 (5- t(1- t+2 (3- t+4 (5-
+9 (10-Y +9 (10-Y
Year) Year) Year) t+9 (10-Year) Year) Year) Year) t+9 (10-Year)
(1) (2) (3) (4) (5) (6) (7) (8)
Rainfall t -0.0199 -0.0776**  -0.0974** -0.0795 -0.0661**  -0.0489*  -0.0979*** -0.1303***
(0.0142) (0.0362) (0.0416) (0.0509) (0.0308) (0.0274) (0.0327) (0.0315)
Quadratic 0.0002 0.0019* 0.0025** 0.0016 0.0022%* 0.0007 0.0025*** 0.0040%***
Rainfall t (0.0004) (0.0010) (0.0011) (0.0015) (0.0010) (0.0008) (0.0008) (0.0009)
Rainfall t-1 -0.0452 -0.0533 -0.0976*** -0.1067*** 0.0013  -0.0605**  -0.0559** -0.1116***
(0.0277) (0.0404) (0.0363) (0.0380) (0.0130) (0.0301) (0.0276) (0.0314)
Quadratic 0.0014* 0.0009 0.0026*** 0.0027** -0.0006 0.0015 0.0018** 0.0036***
Rainfall t-1 (0.0008) (0.0012) (0.0010) (0.0011) (0.0005) (0.0009) (0.0008) (0.0011)
Rainfall t-2 -0.0013 -0.0506 -0.0577* -0.1502*** -0.0389* -0.0420 -0.0627** -0.0758**
(0.0190) (0.0332) (0.0307) (0.0380) (0.0215) (0.0264) (0.0255) (0.0313)
Quadratic -0.0003 0.0011 0.0015* 0.0041%** 0.0012%* 0.0011 0.0020** 0.0025**
Rainfall t-2 (0.0006) (0.0009) (0.0009) (0.0011) (0.0007) (0.0007) (0.0008) (0.0010)
Linear &
Quadratic
Temperature Y Y Y Y Y Y Y Y
in Different
Years
Country Fixed y v v v v v y y
Effects
Year Fixed y v v v v y y y
Effects
Country
Specific Linear Y Y Y Y Y Y Y Y
Time Trends
Countries 7 7 7 7 7 7 7 7
Observations 303 291 279 254 297 283 271 248
R Squared 0.12 0.19 0.28 0.28 0.16 0.16 0.26 0.24

Note: The left-hand-side variable in columns (1) and (5) is an indicator variable that takes the value of 1 if a country that is an
autocracy at t-1 is a democracy at t and the value of 0 otherwise. The left-hand-side variable in columns (2) and (6) is an indicator
variable that takes the value of 1 if a country that is an autocracy at t-1 is a democracy at t+2 and the value of 0 otherwise. The left-
hand-side variable in columns (3) and (7) is an indicator variable that takes the value of 1 if a country that is an autocracy at t-1 is a
democracy at t+4 and the value of 0 otherwise. The left-hand-side variable in columns (4) and (8) is an indicator variable that takes
the value of 1 if a country that is an autocracy at t-1 is a democracy at t+9 and the value of 0 otherwise. The classification of
democratic and autocratic regimes in columns (5)-(8) is based on Geddes, Wright, and Frantz (2014). The classification of
democratic and autocratic regimes in columns (1)-(4) is based on Bjornskov and Rode (2017) who extend the dataset of Cheibub,
Gandhi, and Vreeland (2010) and Przeworski, Alvarez, Cheibub, and Limongi (2000). The countries included are the non-Sub-
Saharan African countries in Table 1 column (1) (countries with an average share of agricultural in GDP over the sample period in
the top quintile of the distribution) with democratization data. The table reports robust standard errors clustered at the country
level. * denotes significance at the 10% level; ** significance at the 5% level; and *** significance at the 1% level.



APPENDIX TABLE 3. Rainfall Shocks and Democratization since 1980: From Short to

Longer Term

Przeworski et al. Democratization

Geddes et al. Democratization

Przeworski et al. Democratization between t-1 and

Geddes et al. Democratization between t-1 and

t+2 (3- t+4 (5- t(1- t+2 (3- t+4 (5-
t(1-Y t+9 (10-Y: -
(1-vear) Year) Year) 9 ear) Year) Year) Year) t+9 (10-Year)
(1) (2) (3) (4) (5) (6) (7) (8)
Rainfall t -0.0651**  -0.0527* -0.0695** -0.0136 0.0015 -0.0313 -0.0625** -0.0573*
(0.0254)  (0.0292) (0.0310) (0.0315) (0.0160)  (0.0236) (0.0266) (0.0317)
Quadratic 0.0020** 0.0016* 0.0022** 0.0008 -0.0003 0.0007 0.0013* 0.0016
Rainfall t (0.0009) (0.0009) (0.0009) (0.0010) (0.0005) (0.0007) (0.0008) (0.0010)
Rainfall t-1 0.0220 -0.0230 -0.0259 -0.0504* -0.0719*** -0.0651**  -0.0898*** -0.0613**
(0.0155)  (0.0264) (0.0284) (0.0300) (0.0255)  (0.0271) (0.0284) (0.0261)
Quadratic -0.0006 0.0007 0.0007 0.0017* 0.0023***  0.0020** 0.0028%*** 0.0019%**
Rainfall t-1 (0.0005) (0.0008) (0.0009) (0.0010) (0.0009) (0.0008) (0.0009) (0.0008)
Rainfall t-2 -0.0170 -0.0436 -0.0490* -0.0446 0.0175 -0.0231 -0.0490* -0.0507
(0.0210)  (0.0304) (0.0263) (0.0317) (0.0144)  (0.0220) (0.0268) (0.0317)
Quadratic 0.0002 0.0012 0.0016** 0.0013 -0.0007 0.0003 0.0014 0.0012
Rainfall t-2 (0.0005) (0.0009) (0.0008) (0.0011) (0.0004) (0.0006) (0.0008) (0.0010)
Rainfall t-3 -0.0207 -0.0175 -0.0009 0.0188 -0.0293 -0.0673** -0.0332 0.0175
(0.0168) (0.0250) (0.0279) (0.0439) (0.0210) (0.0271) (0.0269) (0.0370)
Quadratic 0.0006 0.0005 0.0001 -0.0005 0.0007 0.0019** 0.0011 -0.0005
Rainfall t-3 (0.0005) (0.0008) (0.0008) (0.0015) (0.0006) (0.0008) (0.0008) (0.0012)
Linear &
Quadratic
. Y Y Y Y Y Y Y Y
Temperature in
Different Years
Country Fixed
Effects Y Y Y Y Y Y Y Y
Year Fixed v v v v v v v v
Effects
Country Specific
Linear Time Y Y Y Y Y Y Y Y
Trends
Countries 29 29 29 29 29 29 29 29
Observations 653 615 577 477 653 614 574 481
R Squared 0.056 0.05 0.069 0.042 0.048 0.048 0.06 0.035

Note: The left-hand-side variable in columns (1) and (5) is an indicator variable that takes the value of 1 if a country that is an
autocracy at t-1 is a democracy at t and the value of 0 otherwise. The left-hand-side variable in columns (2) and (6) is an indicator
variable that takes the value of 1 if a country that is an autocracy at t-1 is a democracy at t+2 and the value of 0 otherwise. The left-
hand-side variable in columns (3) and (7) is an indicator variable that takes the value of 1 if a country that is an autocracy at t-1 is a
democracy at t+4 and the value of 0 otherwise. The left-hand-side variable in columns (4) and (8) is an indicator variable that takes
the value of 1 if a country that is an autocracy at t-1 is a democracy at t+9 and the value of 0 otherwise. The classification of
democratic and autocratic regimes in columns (5)-(8) is based on Geddes, Wright, and Frantz (2014). The classification of democratic
and autocratic regimes in columns (1)-(4) is based on Bjornskov and Rode (2017) who extend the dataset of Cheibub, Gandhi, and
Vreeland (2010) and Przeworski, Alvarez, Cheibub, and Limongi (2000). The countries included are those with an average share of
agricultural in GDP over the sample period (1980-2013) in the top quintile of the distribution and with democratization data. The
table reports one additional rainfall (and temperature) lag as the additional rainfall lag is soometimes statistically significant. The
table reports robust standard errors clustered at the country level. * denotes significance at the 10% level; ** significance at the 5%
level; and *** significance at the 1% level.



APPENDIX TABLE 4. Agricultural Rainfall Shocks and Democratization since 1980:
From Short to Longer Term

Przeworski et al. Democratization Geddes et al. Democratization
Przeworski et al. Democratization between t-1 and Geddes et al. Democratization between t-1 and
t(1- t+2 (3- t+4 (5- t(1- t+2 (3- t+4 (5- t+9 (10-
+9 (10-Y
Year) Year) Year) t+9 (10-Year) Year) Year) Year) Year)

(1) (2) (3) (4) (5) (6) (7) (8)
Agricultural -0.0637** -0.0703** -0.0571* -0.0184 -0.0165 -0.0684** -0.0263 -0.0344
Rainfall t (0.0302) (0.0323) (0.0320) (0.0367) (0.0216)  (0.0345) (0.0368) (0.0417)
Quadratic Agric. 0.0032**  0.0035** 0.0032** 0.0016 0.0007 0.0034** 0.0008 0.0016
Rainfall t (0.0015)  (0.0014) (0.0014) (0.0016) (0.0009)  (0.0016) (0.0017) (0.0021)
Agricultural 0.0151 -0.0327 0.0170 -0.0585 -0.0722*** -0.0516*  -0.0642** -0.0749**
Rainfall t-1 (0.0245)  (0.0339) (0.0395) (0.0434) (0.0272)  (0.0278) (0.0313) (0.0377)
Quadratic Agric. -0.0003 0.0015 -0.0002 0.0025 0.0034**  0.0025** 0.0034** 0.0034**
Rainfall t-1 (0.0013)  (0.0017) (0.0020) (0.0022) (0.0014)  (0.0012) (0.0014) (0.0017)
Agricultural -0.0262 -0.0372 -0.0339 -0.1023*** 0.0072 0.0250 -0.0399 -0.1080***
Rainfall t-2 (0.0296)  (0.0390) (0.0360) (0.0363) (0.0203)  (0.0277) (0.0349) (0.0381)
Quadratic Agric. 0.0005 0.0015 0.0016 0.0054*** -0.0000 -0.0015 0.0028 0.0052***
Rainfall t-2 (0.0012) (0.0018) (0.0016) (0.0017) (0.0009)  (0.0012) (0.0017) (0.0018)
Agricultural -0.0127 0.0044 -0.0098 -0.0083 -0.0083 -0.0487 -0.0192 -0.0287
Rainfall t-3 (0.0236)  (0.0350) (0.0350) (0.0452) (0.0249)  (0.0347) (0.0367) (0.0441)
Quadratic Agric. 0.0008 0.0001 0.0011 0.0014 0.0002 0.0024 0.0010 0.0021
Rainfall t-3 (0.0011)  (0.0016) (0.0016) (0.0021) (0.0011)  (0.0016) (0.0017) (0.0021)
Linear &
Quadratic

. Y Y Y Y Y Y Y Y

Temperature in
Different Years
Country Fixed v v v Y v v y v
Effects
Year Fixed Effects Y Y Y Y Y Y Y Y
Country Specific
Linear Time Y Y Y Y Y Y Y \%
Trends
Countries 29 29 29 29 29 29 29 29
Observations 653 615 577 477 653 614 574 481
R Squared 0.049 0.041 0.057 0.096 0.048 0.044 0.057 0.078

Note: Agricultural rainfall is rainfall measured over agricultural land during the growing season (see the data section in the main text
for details). The left-hand-side variable in columns (1) and (5) is an indicator variable that takes the value of 1 if a country that is an
autocracy at t-1 is a democracy at t and the value of 0 otherwise. The left-hand-side variable in columns (2) and (6) is an indicator
variable that takes the value of 1 if a country that is an autocracy at t-1 is a democracy at t+2 and the value of 0 otherwise. The left-
hand-side variable in columns (3) and (7) is an indicator variable that takes the value of 1 if a country that is an autocracy at t-1 is a
democracy at t+4 and the value of 0 otherwise. The left-hand-side variable in columns (4) and (8) is an indicator variable that takes
the value of 1 if a country that is an autocracy at t-1 is a democracy at t+9 and the value of 0 otherwise. The classification of
democratic and autocratic regimes in columns (5)-(8) is based on Geddes, Wright, and Frantz (2014). The classification of
democratic and autocratic regimes in columns (1)-(4) is based on Bjornskov and Rode (2017) who extend the dataset of Cheibub,
Gandbhi, and Vreeland (2010) and Przeworski, Alvarez, Cheibub, and Limongi (2000). The sample refers to countries with an average
share of agricultural in GDP over the sample period in the top quintile of the distrbution. The countries included are those with an
average share of agricultural in GDP over the sample period (1980-2013) in the top quintile of the distribution and with
democratization data. The table reports robust standard errors clustered at the country level. * denotes significance at the 10%
level; ** significance at the 5% level; and *** significance at the 1% level.



APPENDIX TABLE 5. Rainfall Shocks and Polity Project/Freedom House
Democratic Change since 1960: From Short to Longer Term

Polity Project Polity Score Freedom House Political Rights Index
Polity Score Change between t-1 and Political Rights Index Change between t-1 and
t(1- t+2 (3- t+4 (5- t+9 (10- t(1- t+2 (3- t+4 (5-
t+9 (10-Y/
Year) Year) Year) Year) Year) Year) Year) 9 ear)
(1) (2) (3) (4) (5) (6) (7) (8)
Rainfall t -0.1968 -0.6411***  -0.5963** -0.5931** -0.0632** -0.1423** -0.2197*** -0.2098**
(0.1254) (0.2191) (0.2372) (0.2564) (0.0301) (0.0572) (0.0783) (0.0895)
Quadratic 0.0040  0.0141*** 0.0108* 0.0121* 0.0012** 0.0033***  0.0041** 0.0035*
Rainfall t (0.0028)  (0.0050) (0.0056) (0.0063) (0.0006) (0.0012)  (0.0017) (0.0021)
Rainfall t-1 -0.1164 -0.1938 -0.2633 -0.1596 0.0156 -0.0992*  -0.1964*** -0.1463
(0.1082)  (0.1837) (0.2025) (0.2680) (0.0293) (0.0544)  (0.0733) (0.0969)
Quadratic 0.0036 0.0035 0.0041 0.0043 0.0002 0.0021* 0.0034** 0.0029
Rainfall t-1 (0.0028)  (0.0042) (0.0047) (0.0063) (0.0006)  (0.0012)  (0.0016) (0.0022)
Rainfall t-2 -0.3517** -0.4779** -0.2995 -0.1157 -0.0961*** -0.1865***  -0.1362* -0.1668*
(0.1372) (0.1978) (0.2089) (0.2631) (0.0366)  (0.0591) (0.0725) (0.0982)
Quadratic 0.0084**  0.0100** 0.0055 0.0018 0.0017**  0.0033** 0.0023 0.0031
Rainfall t-2 (0.0034)  (0.0046) (0.0048) (0.0060) (0.0008)  (0.0013)  (0.0016) (0.0021)
Linear &
Quadratic . y y y y y y y y
Temperature in
Different Years
Country Fixed v v v v v v v v
Effects
Year Fixed v y v y v v y y
Effects
Country Specific
Linear Time Y Y Y Y Y Y Y Y
Trends
Countries 30 30 30 30 30 30 30 30
Observations 1,099 1,068 1,030 944 1,170 1,098 1,032 880
R Squared 0.033 0.061 0.06 0.038 0.03 0.042 0.042 0.023

Note: The left-hand-side variables in columns (1) to (4) are the changes in the Polity Project polity score in autocracies over
different time periods. The left-hand-side variable in column (1) is the change in the polity score between years t-1 and t; the
left-hand-side variable in column (2) is the change in the polity score between years t-1 and t+2; the left-hand-side variable in
column (3) is the change in the polity score between years t-1 and t+4; and the left-hand-side variable in column (4) is the
change in the polity score between years t-1 and t+9. The left-hand-side variables in columns (5) to (8) are the negative changes
in the Freedom House political rights index over different time periods (I take the negative change to ensure that a higher
Freedom House index indicates more political rights and thereby make results more comparable to those with the change in
the polity score). The left-hand-side variable in column (5) is the change in the political rights index between years t-1 and t; the
left-hand-side variable in column (6) is the change in the political rights index between years t-1 and t+2; the left-hand-side
variable in column (7) is the change in the political rights index between years t-1 and t+4; and the left-hand-side variable in
column (8) is the change in the political rights index between years t-1 and t+9. The countries included are those with an
average share of agricultural in GDP over the sample period in the top quintile of the distribution (in Table 1 column (1)) and
with Polity Project/Freedom House data. The table reports robust standard errors clustered at the country level. * denotes
significance at the 10% level; ** significance at the 5% level; and *** significance at the 1% level.
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