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A graphical analysis of causality in the Reinhart-Rogoff dataset

Abstract
We reexamine the Reinhart and Rogoff (2010, AER) government debt dataset and present graphical evidence
that supports the hypothesis that periods of slow economic growth cause debt levels to rise. In particular, low
growth periods are clustered temporally, suggesting a common cause; low growth rates predict an increase in
debt, even after conditioning on the debt level; and countries with high debt levels grow at roughly the same
rate as those with low debt levels when we compare countries at similar points in time.
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Abstract

We reexamine the Reinhart and Rogoff (2010, AER) government debt dataset and present
graphical evidence that supports the hypothesis that periods of slow economic growth cause
debt levels to rise. In particular, low growth periods are clustered temporally, suggesting a
common cause; low growth rates predict an increase in debt, even after conditioning on
the debt level; and countries with high debt levels grow at roughly the same rate as those
with low debt levels when we compare countries at similar points in time.
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1 Introduction

The relationship between debt and GDP has received much recent scrutiny, largely because
of new datasets collected and made available by Carmen Reinhart and Kenneth Rogoff. (See
Reinhart and Rogoff, 2009, in particular, but their research agenda spans several other papers,
including Reinhart and Rogoff, 2010b, Reinhart and Rogoff, 2011, and Reinhart et al., 2012.)
This research suggests that high levels of government debt precede and may cause lower GDP
growth,1 but their research emphasizes the empirical regularities in the data and does not try to
pin down causality. A critical analysis by Herndon et al. (2014) has discovered errors in some
of the specific estimates presented in Reinhart and Rogoff (2010b,a), but it remains difficult to
determine whether low growth causes a country’s debt burden to rise, or whether high debt
burdens cause low growth rates — this issue is complicated by the fact that economic agents
are forward-looking, so one variable could change in response to an anticipated change in the
other; i.e. causes can happen after their effects. In this paper, we present a short analysis of
the advanced countries dataset provided by Reinhart and Rogoff (2010a,b) and Herndon et al.
(2014) and derive some new stylized facts about the debt-GDP relationship. Specifically,

1. Low growth periods happen at roughly the same time in different countries, suggesting
that a common element is at least partially responsible. The debt/GDP ratio has common
patterns across countries, but at very long horizons, so it is unlikely to be that common
element.

2. In aggregate, high debt/GDP predicts lower real GDP growth, but this pattern is much
less pronounced when considering individual years.

3. Low growth rates tend to be followed by an increase in a country’s debt burden, regardless
of the country’s initial level of indebtedness.

Taken together, these results suggest that low growth rates cause debt levels to increase, but
that high debt has not caused low growth rates.

2 Data and results

The dataset we use was initially studied by Reinhart and Rogoff (2010b) and Herndon et al.
(2014) and covers 20 advanced countries from 1946 to 2009.2 For each country, we have data
on real GDP, which we convert to growth rates, and on real public debt, which we express as a
percentage of GDP.3 The data are annual observations and several observations are missing. In
all, there are 1,275 observations, 90 missing values for the debt/GDP ratio, 63 missing values
for GDP growth, and 126 observations where at least one of the values is missing. Although
it features prominently in some of the debate surrounding Reinhart and Rogoff (2010b) and

1Reinhart and Rogoff find that this relationship holds for total public debt as well as externally held debt alone.
2The complete list of countries is: Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany,

Greece, Ireland, Italy, Japan, the Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, the United Kingdom,
and the United States.

3Specifically, we analyze log(public debt/GDP), but this will often be implemented by presenting axes in log
scales.
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Annual debt/GDP ratio, all countries
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Figure 1: Annual Debt/GDP ratio, all 20 countries in dataset, 1946 to 2009. Country-year pairs where
the GDP growth rate is negative are emphasized with black lines.

Herndon et al. (2014), an analysis of this missingness is beyond the scope of our paper and we
simply drop years missing values of either series.

Figures 1 and 2 plot the debt burden for each country in the sample;4 Figure 2 plots the
countries individually for reference, and Figure 1 plots all of the series in the same panel to
make common patterns more noticeable. The dark black lines and points indicate years where
the country’s GDP growth was negative. Several features of the data are apparent:

1. Aggregating over the full dataset is likely to be highly misleading; even if the relationship
between debt and GDP is stable, the early values of the series are unusual and will strongly
influence any of our estimates.

2. The low growth periods are clustered in time, which suggests that there is a common
cause for low output growth in different countries. Countries with higher debt do not
seem to be more likely to have low growth in a given period than countries with lower
debt.

3. The debt burden tends to rise after output falls, although there are exceptions.

We can explore these points further by plotting GDP growth rates against the debt/GDP
ratio, conditional on a given time period. These graphs are shown in Figure 3. The bottom

4All of our data analysis is conducted in R (R Core Team, 2014) and uses the plyr, Lattice, and TikZDevice
packages. (Wickham, 2011, Sarkar, 2008, and (Sharpsteen and Bracken, 2015), respectively.)
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Annual debt/GDP ratio, individual countries

Year

D
eb

t/
G

D
P

ra
ti

o

0
50

100
150
200
250

196019802000

Australia Austria

196019802000

Belgium Canada

Denmark Finland France

0
50
100
150
200
250

Germany
0

50
100
150
200
250

Greece Ireland Italy Japan

Netherlands New Zealand Norway

0
50
100
150
200
250

Portugal
0

50
100
150
200
250

Spain

196019802000

Sweden UK

196019802000

US

Figure 2: Annual Debt/GDP ratio, all 20 countries in dataset, 1946 to 2009. Periods with negative GDP
growth are emphasized with black lines and points.
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left panel is a scatterplot for the years 1946 through 1953, the next panel to the right covers
the years 1953 through 1960, etc., and the red curve is a fitted LOESS smoother (Cleveland
et al., 1992). Each point represents GDP growth and log debt/GDP ratio for a given year. It
is apparent from these graphs that there is a prominent negative relationship between GDP
growth and debt burden at the beginning of the dataset, but the relationship is nearly flat for
the rest. Moreover, there is little evidence of a sharp “threshold” at any level of debt/GDP ratio.

Our next set of graphs explores the opposite relationship: whether low GDP growth causes
the debt burden to rise. Here we calculate the next period’s change in the debt/GDP ratio,

log(debti,t+1/GDPi,t+1)− log(debti,t/GDPi,t)

and plot these values against log(GDPi,t)−log(GDPi,t−1), where t denotes the year and i denotes
the country; again, conditioning on the time periods as in the previous graphs. These graphs are
shown in Figure 4. Here there is a much more pronounced negative relationship, low growth
rates predict that the debt burden will increase next period, and this pattern is present in most
of the subperiods studied.

As a final check, we extend this last graph by conditioning on both the year and the debt
burden, which is shown in Figure 5. Figure 5 demonstrates that the previous claims continue
to hold even after controlling for level of debt burden. Note that some of the regression lines
are distorted by heavily influential values of GDP growth rate, but that the prominent negative
relationship holds even ignoring those values.

3 Conclusion

In summary, there are two possible causal relationships between public debt and GDP growth.
Low GDP growth could cause the debt burden to rise, or high debt levels could lower GDP
growth. The empirical patterns we present in this paper are consistent with the first relationship
but are less supportive of the second: low periods of GDP growth tend to be followed by increases
in debt burden (and high growth is followed by decreases in debt), regardless of a country’s
level of indebtedness, but (after the first decade or so following WWII), high levels of debt are
not highly correlated with low levels of growth. Moreover, as we can see in Figure 1, low growth
periods are clustered together, even for countries with very different levels of indebtedness.
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Growth rate predicted by debt ratio, grouped by subperiod
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Figure 3: Annual GDP growth rate plotted against annual log Debt/GDP ratio for all countries and years
in dataset. Each panel plots a subset of the data, and the subsets encompass different time periods: for
example, the bottom left panel corresponds contains observations between 1946 and 1953. The red
regression curve is estimated with a LOESS smoother.
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Debt ratios as predicted by GDP growth rate, grouped by subperiod
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Figure 4: Change in log Debt/GDP ratio plotted against GDP growth rate for all countries and years
in dataset. Each panel plots a subset of the data, and the subsets encompass different time periods: for
example, the bottom left panel corresponds contains observations between 1946 and 1953. The red
curve is estimated with a LOESS smoother.
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Change in debt ratio, conditioning on subperiod and previous debt level
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Figure 5: Change in log Debt/GDP ratio plotted against GDP growth rate for all countries and years in
dataset. Each panel plots a different subset of the data, representing a particular combination of years
and values of debt burden. For example, all of the panels in the left column correspond to the years 1946
through 1968 and all of the panels in the bottom row correspond to debt/GDP ratios between 3 and 22
percent. The red curve is estimated with a LOESS smoother.
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