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Abstract

This paper studies how the distribution of the growth rate of macro- and micro-
level variables changes over the business cycle. At the micro level, we use firm panel
data for more than 30 countries to show that skewness is strongly procyclical, driven
by a large left tail of negative growth rates during recessions. At the macro level,
analyzing the growth rates of GDP and stock market returns, we find a similar
phenomenon of procyclical skewness. These results are robust to different selection
criteria, across countries, industries, and measures, suggesting that a widening
left tail—and, consequently, a more negative skewness—is a basic stylized fact of
business cycles.
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1 Introduction

This paper studies the cyclicality of the distribution of the growth rate of firm-
level and macroeconomic-level outcomes. In the prior literature, recessions have been
characterized as a combination of a negative first-moment (mean) shock and a positive
second-moment (uncertainty) shock.1 In this paper, we document that recessions are also
accompanied by negative third-moment (skewness) shocks which implies that, during
economic downturns, a subset of firms and countries does extremely badly, leading to
a left tail of very negative outcomes. Consequently, the skewness of growth rates are
procyclical.

As a simple illustration, figure 1 displays the empirical density of the distribution
of sales growth for a sample of Compustat firms. We show with (dashed) black lines
the density of the growth of sales between 2007q1 and 2008q1—just before the Great
Recession—while the (solid) red line is the density of the same variable between 2008q1
and 2009q1—during the Great Recession. From left to right, the vertical lines are the
10th and the 90th percentiles of each distribution. In the figure, both densities are
adjusted to have zero mean and unit variance so one can directly compare the changes
in the tails of the distribution. We can see clearly that, between 2008q1 and 2009q1, the
dispersion of the sales growth distribution increased (the difference between the 90th and
10th percentiles widened from 0.41 to 0.64). However, this increase in dispersion is driven
mostly by a widening of the left tail of the distribution, which in turn generates a decrease
in the skewness. The drop in the skewness can be quantified using Kelly’s measure, which
is defined as the difference between the 90th to 50th percentiles spread, a measure of
dispersion in the right tail, and the spread between the 50th and the 10th percentiles, a
measure of dispersion in the left tail, divided by the distance between the 90th and the
10th percentiles, which is a measure of the total dispersion of the distribution. Hence,
for a distribution with a compressed upper half and a dispersed lower half (i.e., a left-tail
skew), Kelly’s measure will be negative. We find that the skewness between these two
periods dropped from 0.1 to –0.25. A value of 0.1 in 2007–2008 means that the right
tail accounted for approximately 55% of the overall dispersion, whereas the lower tail
accounted for the remaining 45%, while the figure of –0.26 in the Great Recession means
that the upper tail accounted for only 37% of the total dispersion and the lower tail
accounted for 63%. This is a rapid change in the relative sizes of each tail in just one

1See the literature surveyed in Bloom (2014).
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Figure 1 – The Distribution of Sales Growth of US Public Firms Became
More Negatively Skewed During The Great Recession
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Note: Figure 1 shows the empirical density of the growth rate of real quarterly sales in US dollars over a panel of publicly
traded firms with 25+ years of data from the Compustat/CRSP merged database. The growth rate is defined as arc-percent
change between quarter t and the same quarter of the following year.

year. Although the histogram in Figure 1 pertains to a short period covering just a few
quarters, we show that the same patterns highlighted here are robust across the entire
sample we examine, both within the United States and in a large sample (more than
forty) of countries, across firm size categories, and across industries.

Our second empirical finding is that skewness is also strongly procyclical at the
macroeconomic level. That is, within a country, the left tail of the distribution of ag-
gregate measures of economic activity, such as GDP growth or stock market returns,
stretches out and becomes thicker during recessions. Hence, at both the micro and
macro level, periods of low economic activity are characterized by an increase in the
probability of very large negative shocks at the firm and aggregate level.

Although the visual evidence provided in Figure 1 suggests that recessions are ac-
companied by large, asymmetric changes in the mass of the distribution of growth rates,
there are several reasons to perform a careful empirical and quantitative analysis for
both micro- and macro-level outcomes. First, it is important to disentangle the relative
contribution of the tails to the increase in dispersion that is observed during periods of
low economic activity, because this provides insight into the nature of the risk that firms
and individuals face during economic downturns. A symmetric increase in dispersion im-
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plies that once we have controlled by changes in the mean, the risk is equally distributed
between the tails (i.e., the probability of getting a very good outcome is similar to the
probability of getting a negative outcome of the same magnitude). However, the evi-
dence that we present here suggests that, during recessions, the increase in dispersion is
asymmetrically distributed with a higher weight on negative outcomes (i.e., an increase
in the probability of observing very negative outcomes without an equivalent increase in
the probability of observing positive outcomes of the same magnitude). Second, to the
extent that frictions and nonlinearities of individual decision rules are responsible for the
procyclicality of the skewness that we document in this paper, our evidence can serve as
a way to evaluate competing mechanisms, because a model that is unable to account for
the large swings in the skewness of macro- and micro-level outcomes falls short in being
a good representation of the firm and macro-level dynamics that are observed during
a recession. Third, the large drop in economic activity that occurred during the Great
Recession has been difficult to account for in most of the commonly used macroeco-
nomic models, which typically assume that macro and micro shocks follow a symmetric
distribution. This difficulty has motivated the surge in interest of studying models with
non-Gaussian shocks. Here, we present evidence that suggest that at the macro and
micro level, shocks depart largely from the typical Gaussian assumption.

This paper is related to several strands of literature. First, a growing body of research
studies how macroeconomic models respond to non-Gaussian shocks. For instance, sev-
eral authors have suggested that rare disasters—presumably arising from an asymmetric
distribution of shocks—are useful in explaining large fluctuations in economic activity,
such as the Great Recession and account for the movement of real and financial vari-
ables. Reviving the ideas introduced first by Rietz (1988), Barro (2006) uses a panel of
countries to estimate the probability of large macroeconomic disasters and argues that
these low-probability events can have substantial implications for asset pricing. Based
on this evidence, Gourio (2012) extends the standard dynamic stochastic general equi-
librium model to include the probability of a small risk of a large negative shock. He
finds that an increase in the probability of a disaster induces a contraction in output,
employment, and especially, investment. Kilic and Wachter (2015) study the effects of
a disaster shock in the context of a search and matching model. They show that in-
cluding disaster risk dramatically improves the performance of the model in terms of
unemployment dispersion, without resorting to large and volatile productivity shocks.
We contribute to this literature in two ways. First, we show that tail risk is an intrinsic
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part of the business cycle not only at the macroeconomic or sectoral level but also at the
microeconomic level. And second, the existing literature only considers how aggregate
disaster risk affects the decision of a representative firm, whereas in our case we con-
sider an economy with a large number of heterogeneous firms subject to idiosyncratic
productivity shocks and aggregate risk in the form of shocks to the mean, variance, and
skewness of the idiosyncratic productivity process.

Second, our paper relates directly to the study of the effects of uncertainty on firms’
decisions. Bloom (2009) and Bloom et al. (2011), among others, show that an increase in
the dispersion of firms’ shocks can lead to a recession. The main propagation mechanism
is a real-option channel: in the presence of fixed adjustment costs or irreversibility, an
uncertainty shock makes firms more cautious and less willing to invest or hire because
of the irreversible cost induced by these decisions, generating a drop in aggregate eco-
nomic activity. Arellano et al. (2012) find that an increase in uncertainty can lead to a
reduction in employment and output in a model where firms are financially constrained,
whereas Gilchrist et al. (2014) evaluate quantitatively which of these channels—financial
frictions or the wait-and-see behavior generated by the adjustment costs of capital and
labor—is more important in accounting for the empirical evidence. Our paper adds to
this literature in two ways: first, by documenting that the surge in dispersion observed
during recessions is related to an increase in the probability of large negative shocks,
and second, by studying how asymmetric changes in risk could generate larger effects in
economic activity than those found so far in the literature.

Finally, a growing literature analyzes the behavior of skewness in different contexts.
For example, Guvenen et al. (2014) study the characteristics of individual earnings risk.
They find that idiosyncratic shocks do not show any countercyclical variation in disper-
sion but do exhibit strong procyclical skewness. That is, during recessions the upper tail
of the earnings growth rates distribution collapses, while the left tail becomes thicker,
implying a greater probability of observing large negative shocks. Busch et al. (2015)
find similar results for the Sweden and Germany. Our analysis is in the same spirit
as theirs but focuses on firm- and macro-level variables instead of workers’ wages. Ilut
et al. (2014) study the asymmetric response of firms to news. Their analysis predicts
that the distribution of growth rates of employment should be negatively skewed, which
is confirmed by census data. We find similar results; however, our focus is the variability
of the skewness of different firm and macro level outcomes and how it moves during the
business cycle. Decker et al. (2015) document the declining trend in the skewness of the
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firm growth rate distribution in the United States. They find that this decline is due
to the drop in the number of young high-growth firms, especially during the post-2000
period. Distante et al. (2013) characterize the distribution of firm-level growth using a
quantile regression approach. As in our paper, they find strong procyclical skewness,
whereas changes in the dispersion are of second-order importance.

2 Skewness over the Business Cycle

Our analysis is based on three large data sets. The first comprises firm-level panel
data across 44 countries that contain annual sales and annual employment information
between 1986 and 2014 obtained from the Bureau van Dijk’s Osiris data set. To ensure
that changes in the sample of firms do not bias our results, we focus on firms that are
present in the sample for 10 years or more. Additionally, we restrict our sample to
country/year cells with more than 100 firms, countries with at least 10 years of data,
and years with 5 countries or more. We complement this data set with information on
firm-level stock prices obtained from the Global Compustat data set which contains daily
stock price information for firms in 23 countries from 1986 to 2014.

Second, we extract a panel of firms from the CRSP-Compustat merged data set,
which contains information on sales, employment, stock prices, and so on. Here we use
data on quarterly sales, daily stock prices, and annual employment from 1964 to 2014,
and we restrict attention to a sample of firms with more than 25 years of data to avoid
the types of compositional issues identified in Davis and Haltiwanger (1995). The third
data set is a panel of countries with information on quarterly GDP growth and daily
returns data on a stock price index. Data on quarterly GDP are obtained from the
OECD data sets, while daily stock price indexes are collected from the corresponding
official source.

At the firm level, we calculate the growth rate of real variables (sales, employment,
inventories, and others) as the log difference between two consecutive years, while daily
stock returns are calculated as the log difference between two consecutive trading days.
As an alternative measure of growth we use the arc percentage change between years
(quarters) t and t + 1 (t + 4). The arc percentage change is defined for annual obser-
vations as 2 (xi,t+1 � xi,t) / (xi,t+1 + xi,t). This measure has been popularized in the firm
dynamics literature by Davis and Haltiwanger (1992) and has the advantage that, while
it is similar to a percentage change measure, it allows for entry/exit by including both
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time t and t + 1 measures in the denominator, one of which is allowed to be zero.

Our main measure of dispersion is the cross-sectional spread between the 90th and
10th percentiles, denoted by P9010. In addition, we use the difference between the 90th
and 50th percentiles, denoted by P9050, and the difference between the 50th and 10th
percentiles, denoted by P5010, as measures of dispersion in the upper and lower parts
of the distribution. Finally, our preferred measure of skewness is the Kelly’s measure,
which is defined as

KSK =
(P90� P50)� (P50� P10)

P90� P10
2 [�1, 1].

Relative to the third standardized moment (which is another measure of skewness), this
measure has the advantage of being robust to potential outliers. A negative value of
this measure indicates that more than 50% of the total dispersion is coming from the
left tail and the skewness is negative. In the same way, a positive number indicates a
positive skewed distribution, with more dispersion coming from the right tail. Clearly,
this measure is equal to 0 if the distribution is symmetric, such as for the Normal
distribution.2

At the macro level, we calculate the dispersion and skewness of the growth rate of
GDP per capita and daily stock returns over a trailing window of three years. Hence,
the moments of the distribution of macroeconomic variables in period t are calculated
using only the information available up to that period. Additional details on the data
construction, selection criteria, and moment calculation can be found in Appendix A.

2.1 Cross-Country Evidence

Here we show that the within-country skewness of the growth rate of macro- and
micro-level variables is procyclical. First, we use firm-level data over a panel of countries
to show that the skewness at a microeconomic level positively comoves with the business
cycle. Figure 2 displays the empirical density of the distribution of the growth rate
of annual real sales (in US dollars as of 2005) for a panel of firms spanning across 44
countries over the period 1986 to 2013.3

To construct the figure, we start by pooling all the firms available in the panel and
then normalize the distribution to have zero mean and unit variance. The solid red line

2Other robust measures of skewness can be found in Kim and White (2004).
3Table A.3 in Appendix A shows the number of years and firm-level data available for each of the

countries in the sample.
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is the density of sales growth during recession periods, where a recession is defined as a
year in which the annual growth rate of GDP is in the first decile of the country-specific
GDP growth distribution.4 The dashed black line is the density of sales growth during
expansion periods (years in which GDP growth is above the first decile). The vertical
solid (dashed) lines, from left to right, are the 10th, 50th, and 90th percentiles of the
distribution of sales growth during recession (expansion) periods.

First, observe that the median of the distribution drops during recessions (in this case,
from –0.03 to –0.07), and second, the dispersion increases as the difference between the
90th and the 10th percentiles of the distribution widens (from 1.73 to 1.95, an increase
of 22 log points). This increase, however, is mostly attributable to a change in the left
tail of the distribution that stretches out, with a corresponding increase in the spread
between the 50th and 50th percentiles (from 0.77 to 0.94, or an increase of 17 log points)
which is almost three times as large as the increase in the spread between the 90th and
50th percentiles (it increases from 0.96 to 1.02, or 6 log points). A consequence of this
uneven increase in dispersion is a large drop in the skewness: Kelly’s measure drops from
0.10 to 0.04.

These two related business cycle facts—the increase of dispersion below the median
and the drop in skewness—are not limited to the sales growth distribution but, as we
show here and discuss in the following sections, they hold for several other variables, at
both firm and aggregate level, within different countries, and across different industries.
The first evidence of the generality of our results is shown in Figure 3, which is based on
an unbalanced panel of countries for which we have firm- and aggregate-level data.

To construct the graph, each country/period is placed into a bin based on the deciles
of the country-specific distribution of the growth rate of annual GDP with bins, from 1
to 10, where 1 is the lowest decile of growth and 10 is the highest decile. So, for example,
for the United States, bin 1 is for growth rates below –1.2%, bin 2 is for growth rates
between –1.2% and 0.1% and so on, whereas for the United Kingdom, the first bin is for
growth rates below –1.1%, the second bin is for growth rates between –1.1% and 0.2%,
and so on. The skewness measure plotted for each bin are averages over each country-
year in the bin. In each decile, we plot the Kelly’s measure of skewness for four different
distributions—with each measure normalized to a mean 0 and standard deviation of 1:
the within-country cross-sectional distribution of firm-level real sales growth, the within-

4This particular definition of a recession period allows us to have uniform criteria across countries
and samples.
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Figure 2 – The Distribution of Firm Sales Growth Rates Becomes More
Negatively Skewed During Recessions, Pooled Panel of 44 Countries
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Note: Figure 2 shows the the empirical density of the growth rate of annual sales in US dollars over a panel of firms in
44 countries between 1986 and 2013. To construct the figure, we first adjust the sales growth distribution within each
country to have mean zero and unit variance. Then, the red solid line is the empirical density over all the observations
of firms during recession periods (77,137 observations) while the black line pools all the observations during non-recession
periods (418,256 observations).

country cross-sectional distribution of firm-level daily stock returns, the within-country
distribution of the growth rate of GDP, and the within country distribution of the daily
returns of a stock price index.

For all these variables, the skewness is low when country growth is lower, particularly
when the growth rate of GDP is in its lowest decile, which is typically during a recession.
This highlights the generality of the link between recessions and skewness. In a similar
way, we can ask if the dispersion of the distribution of sales, stock returns, and GDP
growth is countercyclical, as has been previously documented (see Bloom (2009) and the
subsequent literature). This is shown in Figure 4, which displays the spread of the 90th
to the 10th percentiles in each of the distributions of micro- and macro-level outcomes.
As expected, the P9010 is countercyclical, staying well above the mean during periods
of low economy activity and falling fast as we move to higher deciles of the GDP growth
distribution. For further evidence, Figure A.3 in Appendix B shows a similar declining
trend for the dispersion on the left tail measured by the P5010.

Table I evaluates more systematically the relationship of our micro (firm-level) mea-

8



Figure 3 – Skewness of Growth Rates is Procyclical, Pooled Panel of 44
Countries
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Note: Figure 3 is based on annual, quarterly, and daily data for a sample of developed and developing countries over the
period 1985 to 2013. Each country-year cell is placed into a bin based on the decile of the country-specific distribution of
the growth rate of annual real GDP, where 1 is the lowest decile of growth and 10 is the highest. The skewness measures
shown are averages for each country-year in the bin. Each decile shows four different measures of skewness, two macro,
the KSK of the growth rate of GDP growth and the KSK of daily returns of a stock price index, and two micro, the
KSK of the within-country cross sectional distribution of firm-level sales growth and the KSK of the within- country
cross sectional distribution of firm-level daily stock returns. Each measure has been normalized to mean 0 and standard
deviation 1.

sures of skewness and dispersion with the economic activity. In columns (1) to (4) we
regress the growth rate of GDP of country i in period t, on different moments of the
cross-sectional distribution of sales growth calculated over all the firms in country i in
period t and a full set of country and year fixed effects. In particular, we run the following
linear specification:

g

GDP
it = �i + �t + �xit + ✏it,

where xit is a cross-sectional moment of the sales growth distribution of firms in country
i during period t. Column (1) of Table I shows that the dispersion of firms’ sales growth
is negatively correlated with the country’s business cycle. However, given the evidence
in figure 2, one might suspect that the increase in dispersion comes mostly from changes
in the left tail of the distribution whereas the right tail does not change much with the
economic cycle. Columns (2) and (3) show that this is indeed the case, because the
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Figure 4 – Dispersion of Growth Rates is Countercyclical, Panel of 44
Countries
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Note: Figure 4 is based on annual, quarterly, and daily data for a sample of developed and developing countries over the
period 1985 to 2013. Each decile shows four different measures of dispersion, two macro, the P9010 of the growth rate
of GDP growth and the P9010 of daily returns of a stock price index, and two micro, the P9010 of the within-country
cross sectional distribution of firm-level sales growth and the P9010 of the within–country cross sectional distribution of
firm–level daily stock returns. See notes in Figure 3 for additional details.

within-country spread between the 50th and the 10th percentiles is negatively correlated
with the GDP growth whereas the gap between the 90th and 50th percentiles is only
weakly correlated with the cycle.

Finally, column (4) shows the main result of this section: we find that the within-
country skewness of the sales growth distribution is positively correlated with the business
cycle. We find a positive and statistically significant coefficient of 0.028 (a t-statistic of
3.34). This implies that a drop in the skewness of 0.36, which is equal to a drop of two
standard deviations in the sample, is associated with a drop of 1% in the growth rate of
GDP.5

In columns (5) to (8) we provide additional firm-level results considering the cross-
sectional moments of the distribution of daily stock returns. In column (5) we examine
the cross-sectional dispersion, which reflects the volatility of news about overall firm
performance. Here again we find that dispersion is countercyclical, similar to previous
results (see, for instance, Campbell et al. (2001)). We also find a positive and statistically
significant relation between the business cycle and the skewness of the distribution of

5This drop in the Kelly’s measure of skewness of 0.36 is also similar to what we observe in a typical
US recession. See Figure A.1 in Appendix B for further details.
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daily returns.

In Table II we report an additional set of results on the relation between dispersion
and skewness and the business cycle but now using macroeconomic (rather than firm-
level) data. In column (1) of Table II, we regress the growth rate of quarterly GDP on the
P9010of the GDP growth distribution, calculated over a trailing window of three years
of data (we use a trailing window to avoid using future data to account for current GDP
growth). Here again, we find strong countercyclicality of dispersion. Comparing columns
(2) and (3), we find that the the countercyclicality at the left tail of the distribution is
much stronger than the cyclicality at the right tail. Consequently, in column (4), we
find a strong and positive relation between the business cycle and the skewness of the
growth rate of GDP. This implies that recessions are periods characterized by unusually
large drops in economic activity, which echoes the work of Barro (2006), Gourio (2012),
and the “disaster” shocks literature. In line with our previous results, the skewness of
the daily returns in the stock market is positively correlated with the business cycle, as
shown in column (8) of Table II.

In summary, in this section we have shown that slowdowns in economic activity
are accompanied by large declines in the skewness of the within-country distribution
of macro- and microeconomic outcomes. The skewness dives because the left tail of
the distribution expands during recessions as a disproportionate number of firms and
countries get hit with large negative shocks.

In the following sections, we provide evidence of the robustness of our results, showing
that they hold if we focus on the US economy only, when we consider different industries,
and for different firm-level outcomes.

2.2 Results for the United States

In this section, we provide the first robustness check of our results using macro- and
firm-level data for the US economy. Focusing on the United States allows us to compare
our results with the existing literature more directly and study a larger set of firm-level
outcomes, which are not available for the cross-country panel of firms. First, similarly
to the previous section, in Figure 5 we plot the empirical density of the distribution of
the growth rate of real sales for recession and expansion periods for a sample of publicly
traded firms. In the figure, we pool all the firm-quarter observations from 1970 to 2014,
and we normalize the distribution to have zero mean and unit variance. Then, the solid
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Figure 5 – The Distribution of Firm Sales Growth Rates Becomes More
Negatively Skewed During Recessions, United States
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Note: Figure 5 shows the empirical density of the growth rate of real quarterly sales in US dollars over a panel of publicly
traded firms with 25+ years of data between 1970 and 2014. The red line is the empirical density over all the observations
of firms during recession periods (18 quarters and 24,300 firm-quarter observations) while the black line pools all the
observations for non-recession periods (162 quarters and 235,092 firm-quarter observations).

red line shows the empirical density of the sales growth distribution during recession
periods. Here we define a recession period as a quarter in which the growth rate of GDP
is in the first decile of the quarterly GDP growth distribution.

On the other hand, the dashed black line shows the density of the sales growth
distribution during expansion periods. The vertical solid (dashed) lines, from left to
right, are the 10th, 50th, and 90th percentiles of the distribution of sales growth during
recession (expansion) periods.6 Here the differences between recession and expansion
periods are even larger than in the previous section: the spread between the 90th and
10th percentiles increases (from 1.62 to 2.09, an increase of 47 log points) but this increase
is largely explained by a change in the left tail of the distribution, because the difference
between the 90th and 50th percentiles rises by only 6 log points (0.86 to 0.92) while
the spread between the 50th and 10th increases by 41 log points (0.77 to 1.18). Hence,
Kelly’s measure of skewness drops from 0.04 to –0.12.

6The results do not depend on this particular selection of recession periods and remain the same if
we use a more standard definition such as the NBER dates.

14



Figure 6 – Skewness of Growth Rates is Procyclical, United States
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Note: Figure 6 is based on quarterly firm-level sales data, firm-level daily stock returns, quarterly GDP growth, and daily
returns of the S&P500 index over the period 1970 to 2014. Each quarter is placed into a bin based on the decile of the
annual growth rate of quarterly GDP, with bins from 1 to 10, where 1 is the lowest decile growth and 10 is the highest.
So for example, bin 1 is growth rates below 0, corresponding to periods such as 1980q3, with a growth rate of -1.6% or
2009q1, with a growth rate of -3.5%. The skewness measures plotted for each bin are averages for each quarter in the
bin. Each decile shows four measures of skewness, two macro, the KSK of the growth rate of GDP and the KSK of
daily returns of the S&P500, and two micro, the KSK of the distribution of quarterly sales growth and the KSK of the
distribution of daily stock returns, with each measure normalized to a mean of 0 and standard deviation of 1.

Next, we proceed in a similar fashion as before and construct the US time series of
dispersion and skewness at both the micro and macro level, and then average different
periods according to their position in the quarterly GDP growth distribution. Figure 6
shows that skewness is strongly procyclical at both the macro and micro level, staying
well below the mean at low levels of GDP growth and increasing almost monotonically
for all our measures as we move to higher levels of economic activity. Figure 7 shows
how our preferred measure of dispersion, the P9010, changes across different deciles of
the distribution of quarterly GDP growth. Here we also find countercyclical dispersion
at both the macro and micro level. Figure A.4 in Appendix B complements these results
by showing how the dispersion in the left and right tails changes across different deciles
of the GDP growth distribution.

The strong procyclicality of macro- and micro-level outcomes in the United States is
also evident in our regression results. First, columns (1) to (4) in Table III show a series
of regressions for the growth rate of quarterly GDP per capita on different measures of
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Figure 7 – Dispersion of Growth Rates is Countercyclical, United States
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Note: Figure 7 is based on firm-level quarterly sales data, firm-level daily stock returns, quarterly GDP growth for the
United States, and daily returns of the S&P500 index over the period 1970 to 2014. Each decile shows four measures
of dispersion, two macro, the P9010 of the distribution of the growth rate of GDP and the P9010 of the distribution
daily returns of the S&P500, and two micro, the P9010 of the distribution of quarterly sales growth and the P9010 of the
distribution of daily stock returns, with each measure normalized to a mean of 0 and standard deviation of 1. See notes
in Figure 6 for additional details.

dispersion and skewness of the distribution of sales growth, a constant, and a linear trend.
Column (1) shows the expected strong and negative relation between economic activity
and dispersion, while columns (2) and (3) show that most of the countercyclicality of
dispersion is accounted for by the left tail of the distribution of sales growth. The
correlation between the P5010 is negative and highly significant, while the P9050, our
measure of dispersion above the median, is positively correlated with GDP growth.

Given these asymmetric changes in the tails of the distribution over the business cycle
and our previous results, we expect to find a strong and positive correlation between the
skewness of the growth rate of sales and the growth rate of GDP, as shown in column (4).
A coefficient of 0.08 indicates that a decrease in the skewness of 30%, similar to what
was observed during the Great Recession, is associated with a decline in GDP of 2.4%,
which is a very large number considering that the standard deviation of GDP growth is
around 2.2%. As we show in Appendix B, these results are also evident when we look
directly to the time series of dispersion and skewness (Appendix figures A.1 and A.2),
when we relax the selection criteria to allow firms with 10 or more years of data (Table
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A.6), or when we consider a strictly balanced panel of firms (Table A.7). Finally, column
(8) examines the relation between the skewness of the stock returns and the business
cycle, and again, we find that it is strongly procyclical.

In addition to the evidence using micro-level data, in Table IV we report a set of
results using macroeconomic series. In columns (1) to (4) we run a set of regressions of
the growth rate of quarterly GDP on different moments of the distribution of the growth
rate of GDP. Columns (5) to (8) do the same but use moments of the distribution of daily
returns of the S&P500. Here again, we find countercyclical dispersion and procyclical
skewness.

3 Robustness

In this section, we discuss several robustness checks that show the generality of the
results presented in the previous sections.

3.1 Grouping Countries by Income

First, we show that our results remain robust if we separate our sample into developed
and developing countries as measure by their level of income per capita. Figure A.8 in
Appendix B displays the average measure of skewness within deciles of the GDP growth
distribution for these two groups. We classify as developed all the countries in the upper
half of the distribution of GDP per capita in the year 2000 (in US dollars as in 2005),
and the rest are classified as developing countries. We find that skewness at both the
micro and macro level is procyclical within both groups. Dispersion is countercyclical as
shown in Figure A.9.

3.2 Industry

We can gain additional insight by desegregating our sample of US firms by industry.
For consistency with the previous results, we use the sample of firms with more than
25 years of data and separate firms in seven broad categories based on the SIC codes
reported in CRSP/Compustat. Table A.8 in Appendix B shows the number of firm-
quarter observations in each of the sectors and a set of cross sectional moments of the
sales growth distribution. To study whether our main results hold at the industry level,
we first look at the same set of plots discussed in the previous section. We first construct
time series of skewness and dispersion of the sales growth distribution and daily stock
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returns. Then, we separate the sample in bins depending on the deciles of the growth
rate of aggregate GDP, and finally we plot the within-industry average of the measures
of skewness and dispersion for each of the bins. As shown in Figure A.5 in Appendix
B, the skewness measures of the within-industry distribution of sales growth and stock
returns both increase as one moves from lower to higher deciles of the distribution of
GDP growth, while the dispersion (Figure A.6 in Appendix B) decreases as one moves
to higher levels of economic activity.

To complete the analysis, we run a set of industry panel regressions in which the
dependent variable is the median value of the distribution of sales growth across all firms
in industry i in quarter t, denoted by P50it, while the independent variables are within-
industry measures of dispersion and skewness of the distribution of sales growth or daily
stock returns, a full set of industry fixed effects, and a quadratic in time. To be more
precise, the regression specification that we run is

P50it = �i + ↵1t + ↵2t
2 + �xit + ✏it.

As shown in more detail in Table A.9 in Appendix B, the skewness of the within-industry
distribution of sales growth is positively and strongly correlated with the industry busi-
ness cycle. We find similar results when we consider moments of the distribution stock
returns. So, at both the aggregate and industry level, slowdowns are associated with a
decrease in the cross-sectional skewness of the sales growth and stock returns distribu-
tions.

3.3 Entry and exit

How much would our results change if we consider the entry and exit of firms? In
order to study this, we use the arc percentage measure of growth, which takes into
account entry and exit. In particular, upon entry, this measure of growth is equal to
2, while in the period of exit it is equal to –2. Then we recalculate the same set of
cross-sectional moments for this measure of growth over the same sample of firms with
10 or more years of data. Table A.12 repeats the analysis of Table III, but in this case
the cross-sectional measures of dispersion and skewness take into account the entry and
exit of firms. Here again we find procyclicality of skewness.
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3.4 Employment, profits and inventories moments

Additionally, we can ask whether the skewness of other firm-level outcomes, such as
the growth rate of employment, profits, or the value of inventories, is also procyclical.
To see if this is the case, we run a series of regressions in which the dependent variable
is the growth rate of GDP per capita and the independent variable is the cross sectional
skewness of the distribution of growth rates of annual employment, quarterly inventories,
or quarterly profits. As shown in Table A.10 in Appendix B, we robustly find that the
skewness of these firm-level outcomes drops during recession periods.

3.5 Firm size

Is the cyclical behavior of the skewness of sales growth different for small and large
firms? To answer this question, we use a sample of Compustat/CRSP firms with 10 or
more years of data.7 Since publicly traded firms are typically large, we split the sample
according to industry-specific size groups. That is, in each year, we consider as small all
the firms in the first quartile of the industry-specific distribution of employment. Firms
of medium size are those in the second quartile, and so on. Then we pool together all the
firms in the size category and calculate different moments of the sales growth distribution
across all the firms in the group. As we show in Figure A.7 in Appendix B, variations in
the skewness of the sales growth distribution are quite similar across different firm-size
classes. This is also evident from the regression results shown in Table A.11 in appendix
B.

Thus in summary, it seems that the procyclicality of the skewness of the distribution
of firm-level outcomes is a robust phenomenon, which is evident if we look at different
groups of countries, within firms of different sizes or industries, and for several firm-level
outcomes.

4 Conclusions

This paper studies how the distribution of the growth rate of macro- and micro-level
variables changes over the business cycle. At the micro level, we use firm panel data
for more than 30 countries to show that skewness is strongly procyclical, driven by a
large left tail of negative growth rates during recessions. At the macro level, analyzing

7The results are similar when we use a sample of firms with 25 years or more, but using this data
set significantly reduces the variability between firm-size groups.
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the growth rates of GDP and stock market returns, we find a similar phenomenon of
procyclical skewness. These results are robust to different selection criteria, across coun-
tries, industries, and measures, suggesting that a widening left tail—and, consequently,
a more negative skewness—is a basic stylized fact of business cycles.
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A Data Sources and Variable Construction

This appendix describes the data sources and sample selection. Firm-level data for the
United States come from the CRSP/Compustat merged data files. For the cross-country com-
parison, we use firm-level data available in the Bureau van Dijk’s Osiris database and Global
Compustat. Finally, the panel data of macroeconomic series is constructed by using time series
of the quarterly GDP from the OECD databases and stock market indexes, retrieved from the
corresponding official websites for each country in our sample. In this appendix we explain
in detail the data sources, sample selection, and construction of the different moments of the
distribution of micro- and macro-level output used in the main body of the text.

A.1 Firm-Level Data for the US Sample

For the United States, we construct time series of cross-sectional dispersion and skewness
of the sales growth distribution and the distribution of daily stock returns. To construct the
time series of the cross sectional moments of sales growth we proceed as follows. We begin
by retrieving firm-level data of net sales, inventories, and cost of sold goods at a quarterly
frequency, and employment at an annual frequency, from the CRSP/Compustat merged data
set from 1964q1 to 2014q4 available at WRDS database. The raw data of sales contain more
than 930,000 quarter-firm observations with an average of approximately 4,660 firms per quarter.
From here we drop all observations with negative sales and repeated observations. We also drop
all observations that do not have a SIC classification or where the classification is above 90.
Then, we transform nominal sales into real sales dividing by the CPI, and we calculate the
growth rate of sales as the log difference and the arc percentage change between quarter t and
t�4. This leaves us with 815,990 sales growth (log difference) observations. For our main results,
we consider firms with at least 25 years of data on quarterly sales (100 quarters, not necessarily
continuous), which further reduces the sample to 266,485 observations, with an average of 1,336
firms per quarter. Finally, in each quarter we calculate the different cross-sectional moments
discussed in the main body of this document. For robustness, we provide additional results in
which we relax these restrictions by extending the sample to firms with at least 10 years of data
(40 quarter) and one year of data (4 quarters). Table A.1 shows the number of observations for
each of these samples as well as some cross-sectional moments of the sales growth distribution.
When accounting for entry and exit of firms using the arc percentage change, for each we add an
observation upon entry (equal to 2) and one additional observation upon exit (equal -2) under
the assumption that before and after exit, the firm would have a value of sales equal to 0. We
consider entry firms as newly listed firms, while exiting firms are those delisted in a particular
period, independent of the reason (M&A, bankruptcy, or any other).

Table A.1 – Sample Size and Cross-Sectional Moments of the Sales
Growth Distribution

N Mean S.D. Min Q1 Q2 Q3 Max
25 years + 266,485 0.08 0.34 -8.28 -0.02 0.08 0.18 8.84
10 years + 642,813 0.09 0.44 -12.32 -0.03 0.08 0.2 12.43
2 years + 812,912 0.09 0.50 -12.32 -0.04 0.08 0.22 12.43
1 year + 815,990 0.09 0.50 -12.32 -0.04 0.08 0.22 12.43

25



To construct the quarterly time series of the moments of the distribution of the daily stock
price returns we start by downloading daily stock price data from the CRSP/Compustat merged
database from 1964 to 2014. The raw data contain more than 75 million day-firm observations.
To keep the results as comparable as possible with the sample of sales growth, we restrict the
same to firms with 25 or more years of data on the stock price variable (that is, firms with at
least 200 ⇥ 25 observations, where 200 is an approximate number of trading days). Then, for
each firm we calculate daily returns as the log difference between two consecutive trading days.
This leaves us with a sample of 31,230,036 observations, with roughly 153,000 observations per
quarter. Then, we calculate different moments of the cross-sectional distribution over all the
observations in each quarter. Table A.2 shows the number of observations in each sample and
some cross-sectional moments of daily stock returns.

Table A.2 – Sample Size and Cross-Sectional Moments of the Daily Stock
Returns

N Mean S.D. Min Q1 Q2 Q3 Max
25 years + 31,230,036 -0.00 0.04 -6.32 -0.01 0.00 0.01 6.17
10 years + 73,670,235 -0.00 0.04 -6.32 -0.01 0.00 0.01 6.17

A.2 Firm-Level Data for the Cross-Country Sample

Here we describe the construction of the cross-sectional moments of the sales growth dis-
tribution and daily stock returns for the panel of countries. Sales data come from the Bureau
van Dijk’s Osiris database. Osiris is a database of globally listed public companies, commodity
producing firms, banks, and insurance companies from over 190 countries. The combined indus-
trial company data set contains standardized and as reported financial information, including
restated accounts, for up to 20 years over 80,000 companies. However, we focus on the industrial
data set only and we do not perform any analysis using the data on banks or other financial
institutions. The raw data contain 873,882 country/firm/year observations from 1982 to 2014
over 148 countries. Then we drop all observations with missing or negative sales and we clean
all duplicated observations. We transform all observations to US dollars using the exchange
rate reported in the same database. Then, we transform sales into real sales using annual CPI
and calculate the growth rate of real sales as the log change and arc percentage change between
years t and t + 1. This leaves us with 858,915 observations. We further restrict the sample
to country/year cells with more than 100 observations, countries with more than 10 years of
data, and years with more than 5 countries. This sample selection reduces the total number
of observations to 619,918 in 44 countries. Table A.3 shows the countries in the sample, the
number of years and observations available for each of them, and some cross-sectional statistics
of the sales growth distribution. We complement this data with real GDP in US dollars from
World Bank’s World Development Indicators database.
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Table A.3 – Countries and Cross-Sectional Moments of Sales Growth
Distribution

Country Start End N Mean S.D. Min Max Q1 Q2 Q3

ARG 2000 2012 2,326 0.05 0.59 -9.19 4.19 -0.07 0.07 0.21

AUS 1985 2013 14,476 0.15 0.62 -3.39 4.57 -0.09 0.10 0.32

BEL 1997 2012 2,512 0.07 0.42 -4.74 7.13 -0.08 0.05 0.20

BMU 1993 2013 9,750 0.04 0.55 -2.89 3.81 -0.14 0.05 0.23

BRA 1995 2012 8,057 0.09 0.37 -3.17 3.24 -0.11 0.09 0.27

CAN 1985 2013 37,649 0.16 0.62 -4.02 3.92 -0.08 0.10 0.34

CHE 1991 2012 4,062 0.05 0.28 -2.92 4.06 -0.07 0.05 0.16

CHL 1992 2012 7,643 0.06 0.39 -3.98 5.19 -0.07 0.07 0.19

CHN 1998 2012 23,188 0.16 0.30 -2.67 2.15 0.01 0.15 0.30

COL 2002 2011 1,586 0.06 0.42 -3.36 3.60 -0.06 0.08 0.19

CYM 1999 2013 7,868 0.19 0.57 -3.90 6.69 -0.04 0.17 0.38

DEU 1985 2012 12,667 0.06 0.34 -2.85 2.32 -0.09 0.05 0.18

DNK 1993 2012 2,625 0.06 0.34 -4.51 3.06 -0.08 0.05 0.18

EGY 2002 2012 2,919 0.05 0.51 -7.02 6.66 -0.12 0.05 0.22

ESP 1998 2012 2,472 0.07 0.50 -6.80 6.71 -0.08 0.05 0.20

FIN 1999 2012 2,407 0.06 0.27 -1.52 2.54 -0.08 0.04 0.18

FRA 1985 2012 13,714 0.07 0.27 -3.89 5.13 -0.07 0.06 0.18

GBR 1985 2013 31,839 0.11 0.39 -2.63 3.26 -0.07 0.07 0.23

GRC 1999 2012 2,593 0.03 0.35 -5.76 3.59 -0.13 0.03 0.20

HKG 1994 2012 4,006 0.06 0.52 -4.06 4.61 -0.11 0.05 0.22

IDN 2002 2012 3,401 0.09 0.40 -2.15 4.30 -0.06 0.09 0.24

IND 1998 2013 32,062 0.05 0.58 -3.42 3.67 -0.14 0.06 0.26

IRN 2002 2013 2,005 -0.01 0.44 -1.81 3.45 -0.13 0.06 0.21

ISR 1996 2012 6,064 0.10 0.50 -4.27 4.01 -0.08 0.08 0.24

ITA 1996 2012 3,471 0.06 0.38 -5.39 7.01 -0.09 0.04 0.18

JOR 2002 2012 1,633 0.04 0.63 -4.88 5.38 -0.14 0.04 0.20

JPN 1990 2013 71,168 0.01 0.18 -1.24 1.45 -0.10 0.00 0.11

KOR 1990 2012 33,721 0.09 0.33 -4.56 4.34 -0.06 0.08 0.23

MEX 1995 2012 3,560 0.05 0.51 -8.20 7.92 -0.07 0.06 0.16

MYS 1985 2013 14,673 0.04 0.38 -2.96 2.76 -0.12 0.05 0.20

NLD 1988 2012 4,231 0.07 0.28 -1.73 2.20 -0.07 0.05 0.19

NOR 1995 2012 2,919 0.11 0.53 -5.14 6.28 -0.07 0.08 0.25

NZL 2002 2013 1,873 0.13 0.48 -4.27 6.34 -0.05 0.08 0.22

PAK 1998 2012 2,727 0.05 0.39 -6.74 3.79 -0.10 0.05 0.20

PER 1997 2012 2,487 0.07 0.38 -4.17 2.73 -0.07 0.07 0.20

PHL 2000 2012 2,125 0.07 0.57 -4.62 6.23 -0.10 0.06 0.22

RUS 2003 2012 3,212 0.09 0.40 -2.53 4.29 -0.07 0.09 0.23

SGP 1987 2013 8,774 0.08 0.37 -4.25 2.87 -0.10 0.07 0.23

SWE 1993 2012 5,862 0.11 0.46 -3.33 4.28 -0.08 0.08 0.23

THA 1995 2012 6,552 0.09 0.34 -1.90 3.08 -0.05 0.08 0.23

TUR 2003 2012 2,271 0.07 0.69 -11.32 14.09 -0.13 0.07 0.23

TWN 1997 2012 24,795 0.03 0.28 -1.17 1.81 -0.11 0.02 0.18

USA 1985 2013 127,538 0.14 0.48 -2.35 3.24 -0.05 0.07 0.25

ZAF 1996 2013 4,147 0.08 0.47 -3.21 12.06 -0.10 0.05 0.22
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Table A.4 – Countries and Cross-Sectional Moments of the Daily Returns
Distribution

Country Start End N Mean S.D. Q1 Q2 Q2

AUS 1988q4 2014q4 2,507,095 0.00 0.19 -0.01 0.00 0.01

BEL 2001q3 2013q2 412,435 0.00 1.34 -0.01 0.00 0.01

BRA 2001q1 2014q4 429,362 0.00 0.26 -0.02 0.00 0.02

CHE 1993q3 2014q4 833,941 0.00 0.39 -0.01 0.00 0.01

DEU 1988q3 2014q4 2,606,624 0.00 0.19 -0.01 0.00 0.01

DNK 2001q2 2014q4 418,823 0.00 0.21 -0.01 0.00 0.01

ESP 1997q2 2011q3 526,412 0.00 0.13 -0.01 0.00 0.01

FIN 2001q4 2014q4 392,801 0.00 0.28 -0.01 0.00 0.01

FRA 1989q1 2014q4 2,023,102 0.00 0.31 -0.01 0.00 0.01

GBR 1986q1 2014q4 4,836,660 0.00 0.35 -0.01 0.00 0.01

GRC 1999q2 2014q4 765,160 0.00 0.09 -0.01 0.00 0.01

IDN 1994q3 2014q4 661,664 0.00 0.83 -0.01 0.00 0.01

IND 1996q2 2014q4 2,555,536 0.00 0.37 -0.02 0.00 0.02

ISR 1999q4 2014q4 621,181 0.00 0.18 -0.01 0.00 0.01

ITA 1990q3 2014q4 955,105 0.00 0.27 -0.01 0.00 0.01

JPN 1986q1 2014q4 13,800,000 0.00 0.13 -0.01 0.00 0.01

KOR 1989q1 2014q4 3,736,246 0.00 0.41 -0.02 0.00 0.02

NLD 1992q3 2014q4 679,452 0.00 0.34 -0.01 0.00 0.01

POL 1998q4 2014q4 521,611 0.00 0.11 -0.01 0.00 0.01

SWE 1998q1 2014q4 780,881 0.00 0.36 -0.01 0.00 0.01

TUR 1996q1 2014q4 923,139 0.00 0.34 -0.02 0.00 0.02

USA 1986q1 2014q4 31,100,000 0.00 0.03 -0.01 0.00 0.01

ZAF 1995q3 2014q4 712,133 0.00 0.48 -0.01 0.00 0.01

The data on daily stock prices come from the Global Compustat database, which provides
standardized information on publicly traded firms for several countries at annual, quarterly, and
daily frequencies. The raw data contain firm-level observations of daily stock prices between
1986 and 2014 for 48 countries. We drop all duplicated observations and drop all firms with less
than 2000 observations (approximately 10 years of data depending on the number of trading
days) . Then we calculate daily price returns as the log difference of the stock price between two
consecutive trading days. We further restrict our sample to quarter/country periods with more
than 100 firms. This produces reduces the sample to 24 countries. Then, within each quarter,
we calculate different cross-sectional moments of the daily stock price distribution. Table A.4
shows the number of observations per country, the period that our sample covers, and some
cross sectional moments of the daily stock price distribution within each country.

A.3 Macro-Level Data

To construct our measures of macroeconomic dispersion and skewness, we construct a panel
of countries for which we collect information on quarterly GDP growth and daily prices of the
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main stock price index of the corresponding country. Real GDP is obtained from the quarterly
national accounts in the OECD data-base (historical GDP expenditure approach). The raw
data contain information for about 66 countries starting in different points at time. To keep
the sample as homogeneous as possible, we only consider observations between 1970 and 2014.
This gives us a panel of 44 countries with an average of 130 observations per country. Columns
(1) to (4) of Table A.5 show the countries and periods for which we have quarterly GDP data.
We calculate the growth rate as the log difference of the real GDP between quarter t and the
same quarter of the following year. Then, for each country i, we calculate a time series of the
different moments of the GDP growth distribution over a trailing window of 13 quarters (the
corresponding quarter and the observations in the previous 3 years).

The moments of the stock price index returns are constructed in a similar fashion. First
we collect daily price index values for several countries. Stock prices are not readily available
in a particular data set, especially for developing countries, and therefore, we took the data
directly from the official sources when available. Columns (5) to (8) of Table A.5 show the
set of countries and period of time for which have collected stock price data. Then, for each
country i we calculate daily returns as the log difference of the index between two consecutive
trading days. Finally, we calculate the moments of the stock returns distribution for a particular
country i in quarter t over a trailing window that contains the corresponding quarter and the
3 previous years to make a total of 13 quarters. This generates a sample of 30 countries with
an average sample size of 96 observations.
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B Additional Results

B.1 Time Series Evidence for the United States and Different

Sample Selection

As we showed in the main body of the text, swings in the shape of the distribution of sales
growth are highly correlated with the business cycle. Here we look at the same evidence from a
more standard point of view by using the time series of skewness and dispersion more directly.
The left panel of Figure A.1 shows a time series plot of the skewness of the cross-sectional
distribution of sales growth. The shaded areas indicate NBER recession dates. The first point to
note is that skewness displays significant variation over time. This finding is important because
if recessions were periods characterized mostly by a decrease in overall economic activity (first-
moment shocks) and by an increase in the dispersion of firm-level outcomes (second-moment
shocks), higher order moments of the distribution would be irrelevant and the skewness would
bounce around a constant number, presumably zero. This is clearly not the case. A second
point to note is that movements in skewness are synchronized with the business cycle, showing
strong procyclical variation, staying mostly positive during expansions and declining sharply
during recessions.

To get a sense of the magnitude of these changes, consider the Great Recession. Immedi-
ately before the recession, sales growth displayed positive skewness. Kelly’s measure was 0.10,
implying that the upper tail, P9050, made up 55% of the overall P9010 dispersion, leaving a
45% gap for P5010. With the onset of the recession, not only did average sales dive, which
is to be expected, bus the skewness also displayed a strongly negative swing. Kelly’s measure
was –0.28 in 2009, implying that P5010 made up 64% of the overall sales growth distribution,
leaving only 36% for the P9050. This represents a large swing in the relative sizes of the two
tails in the span of a few quarters.

Remarkably, the Great Recession is not an outlier but in fact looks typical for the changes
in skewness. The 2000-2001 recession displayed an even larger swing in skewness (from a Kelly
measure of 0.22 down to –0.24), and the recessions of 1970, 1973, and 1982 displayed swings of
similar magnitudes to the Great Recession.

We next turn to the second moment, measured in the right panel of Figure A.1 as the P9010.
The dispersion of sales growth is countercyclical, a result well known in the literature. However,
it is useful to ask whether the rise in dispersion happens through a symmetric expansion of the
firm sales growth distribution or is driven by one tail more than the other. In light of the results
on skewness just discussed, we might strongly suspect the latter to be the case. To provide a
closer look, the left panel of Figure A.2 displays the P9050 while the right panel displays the
P5010 differential. Notice that the dispersion above the median is only weakly correlated with
the cycle, and therefore, all the countercyclicality observed in the right panel of figure A.1 must
come from the lower section of the distribution, as is shown in the left panel of figure A.2. In
other words, recessions are not characterized by an overall increase in dispersion but mostly by
a large increase in the variability in the lower part of the distribution with little change in the
upper half. That is, most of the increase in the volatility that happens during periods of low
economic activity is coming from a disproportionate number of firms that are observing very
negative shocks compared with the median.
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Figure A.1 – Time Series of Skewness and Dispersion of the Sales Growth
Distribution
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Note: Figure A.1 shows the time series of the skewness (KSK in the left panel) and dispersion (P9010 in the right panel)
of the cross-sectional distribution of the growth rate of sales. The growth rate is calculated as the arc percentage difference
between quarter t and the same quarter of the following year. In each plot the dashed black line is the growth rate of
quarterly real GDP. At the top of each plot, we report the sample correlation between the two time series. The gray bars
show the NBER recession dates.

Figure A.2 – Time Series of the Right- and Left-Tail Dispersion of the
Sales Growth Distribution
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Note: Figure A.2 shows the time series of the right-tail (P9050 in the left panel) and left-tail dispersion (P5010 in the
right panel) of the cross-sectional distribution of the growth rate of sales. See notes in figure A.1 for additional details.

Table A.8 – Distribution of Observations by Industry

Observations Mean S.D. Min Q1 Q2 Q3 Max
Agriculture and Extraction 13,863 0.13 0.44 -2.0 -0.05 0.13 0.32 2.0
Construction 3,952 0.13 0.34 -1.98 -0.03 0.15 0.31 2.0
Manufacturing 137,453 0.11 0.28 -2.0 0.01 0.11 0.22 2.0
Transportation and Utilities 38,428 0.12 0.24 -2.0 0.04 0.11 0.2 2.0
Trade 25,445 0.12 0.25 -2.0 0.04 0.12 0.21 2.0
FIRE 31,320 0.11 0.36 -2.0 0.01 0.11 0.23 2.0
Services 22,387 0.13 0.33 -2.0 0.02 0.12 0.23 2.0
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Figure A.3 – Left-Tail Dispersion is Countercyclical Across Countries
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Note: Figure A.3 is based on data for 44 developed and developing countries over the period 1970 to 2014. Each decile
shows four measures of left-tail dispersion, two macro (the P5010 of the distribution of the growth rate of GDP and the
P5010 of the distribution of daily returns of a stock pride index) and two micro (the P5010 of the distribution of annual
sales growth and the P5010 of the distribution of daily stock returns). See notes in Figure 3 for additional details.

Figure A.4 – Left-Tail Dispersion is Countercyclical in the United States
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Note: Figure A.4 is based on quarterly sales data, daily stock returns, and quarterly GDP growth for the United States over
the period 1970 to 2014. Each decile shows four measures of left-tail dispersion, two macro (the P5010 of the distribution
of the growth rate of GDP and the P5010 of the distribution of daily returns of the S&P500) and two micro (the P5010
of the distribution of quarterly sales growth and the P5010 of the distribution of daily stock returns). See notes in Figure
6 for additional details.
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Figure A.5 – Skewness is Procyclical Across Different Sectors
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Note: Figure A.5 is based on quarterly sales data and daily stock returns data for a sample of publicly traded firms from
CRSP/Compustat over the period 1970 to 2014. The skewness measures (the KSK) plotted in each bin are averages
for each industry-quarter in the bin. Each decile shows a measure of skewness for seven different industries in the
following order: Agriculture, Mining and Forestry (Agro/Min), Construction (Con), Financial and Real State (FIRE),
Manufacturing (Man), Retail and Wholesale Trade (Trade), Services (Ser), and Transportation and Communication (Tran),
with each measure normalized to a mean of 0 and standard deviation of 1.
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Figure A.6 – Dispersion is Countercyclical Across Different Sectors

!2
0

2

D
is

pe
rs

io
n:

 P
90

 ! 
P

10
(n

or
m

al
iz

ed
 to

 m
ea

n 
0,

 S
D

 1
)

1 2 3 4 5 6 7 8 9 10

GDP growth deciles

Quarterly Sales Growth

Ag/Mi Con FIRE Man Trade Ser Tran

!2
!1

0
1

2

D
is

pe
rs

io
n:

 P
90

 ! 
P

10
(n

or
m

al
iz

ed
 to

 m
ea

n 
0,

 S
D

 1
)

1 2 3 4 5 6 7 8 9 10

GDP growth deciles

Daily Stock Returns

Ag/Mi Con FIRE Man Trade Ser Tran

Note: Figure A.6 is based on quarterly sales data and daily stock returns data for a sample of publicly trade firms from
CRSP/Compustat over the period 1970 to 2014. The dispersion measures (the P9010) plotted for each bin are averages
for each industry-quarter in the bin. See notes in figure A.5 for additional details.
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Figure A.7 – Skewness is Procyclical for different firm-size groups
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Note: The figure is based on quarterly sales data and daily stock returns data for the United States over the period 1970
to 2014. Each quarter is placed into a bin based on the decile of the annual growth rate of quarterly GDP, with bins
from 1 to 10, where 1 is the lowest decile growth and 10 is the highest. Size classes are constant within a year and are
defined by the quartiles of the industry-specific distribution of average employment defined by the average employment
between period t " 1 and t " 3. Industries are defined as in Figures A.5 and A.6. Both the cross-sectional moments and
the industry-specific size distribution are calculated over a sample of publicly traded firms from the CRSP/Compustat
data set with 10 or more years of data (40 quarters in the case of sales data and 2000 trading days in the case of stock
prices).
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Figure A.8 – Skewness is Procyclical Within Different Groups of Coun-
tries
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Note: Each panel of Figure A.8 is based on annual, quarterly, and daily data for a sample of developed and developing
countries over the period 1986 to 2014. Developing countries are those in the upper half of the distribution of GDP per
capita in the year 2000 (i.e. Germany, United States, etc.) while developing countries are those in the lower half of the
distribution (i.e. Argentina, Chile, etc.).
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Figure A.9 – Dispersion is CounterCyclical Within Groups of Countries
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Note: Each panel of Figure A.9 is based on annual, quarterly, and daily data for a sample of developed and developing
countries over the period 1986 to 2014. Developing countries are those in the upper half of the distribution of GDP per
capita in the year 2000 (i.e. Germany, United States, etc.) while developing countries are those in the lower half of the
distribution (i.e. Argentina, Chile, etc.).
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Table A.12 – Moments of Sales Growth Distribution with Entry and Exit

(1) (2) (3) (4)
Dependent Variable Growth rate of GDP

Distribution Sales Growth

P9010t 0.001
(0.005)

P5010t –0.158***
(0.034)

P9050t 0.004
(0.005)

KSKt 0.031***
(0.010)

N 200 200 200 200
Frequency Quarterly Quarterly Quarterly Quarterly
Under. Sample 266,485 266,485 266,485 266,485
Years 1964-2013 1964-2013 1964-2013 1964-2013

Note: Each column reports a different time series OLS regression including a constant and a linear trend (robust standard
errors in parentheses below the point estimates). In each column, the dependent variable is the growth rate of the GDP
per capita between quarter t and the same quarter of the following year. The independent variables are moments of the
cross-sectional distribution of the arc percentage growth rate of quarterly sales for a sample of Compustat firms with 10
years or more of data (40 quarters). Newey-West standard errors are applied in each column to control for auto correlation
(max of 1 lag). ! ! ! denotes 1%, !! denotes 5%, and ! denotes 10% significance, respectively.
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