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Abstract

The empirical relationship between the average growthanatievolatility of
growth rates has important policy implications, which deperitically on
the sign of the relationship. Following Ramey and Ramey $198ho study
the relationship across countries for the period 1962—1888de consensus
has been building, that the correlation is negative. Wdaatd their result,
and then test the relationship in a more recent version otittaset with
more countries and longer periods. Further, we exhaugtimeéstigate this
relationship in alternative datasets, for various debngi of growth rates,
across time, across countries, and within groups of castind find that
negative correlation between average growth and volatginot robust to
either the composition of the sample, or the definition ofaglorates. Our
analysis suggests that there is no significant relationsktgveen the two
variables in question.
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1 Introduction

The policy implications of the relationship between averggwth rate and volatil-
ity of growth rates are significant, and, moreover, depenthersign of the rela-
tionship. A negative relationship between the average troate and volatility
of growth rates would imply that policies that reduce shorntmovements in out-
put will also increase the long term growth rate. In fact tledids that the two
are negatively related is one of the main justifications Fmrsrun “stabilization”
policies, which often refer to policies aimed at reducindatitity.! The World
Bank and the IMF routinely advise governments to reducetfatans to achieve
higher growth rate$.The calculation of the welfare cost of volatility will als@b
higher if this negative relationship is taken into consadien.

In the empirical literature researchers have found botlitigesand negative
relationships between the two variables. Among the rededies, Ramey and
Ramey (1995) find a negative relationship in their analysigtie period 1962—
1985. Now data is available for a longer period of time andnf@re countries.

The objective of this paper is to investigate if there is amysistent and significant

INote that here we are not trying to ask whether reducing Nityais worthwhile. Volatility
may have other effects, particularly welfare effects, whitight justify policies aimed at manag-
ing volatility. What we are pointing out here is that one df thain justifications of such policies
is that reducing volatility increases average growth andrmtention is to take a close look at that
justification. Also note that in this paper we are not intexdsn the direction of causality, but in

the literature it is more commonly considered that volgtidiffects growth rate.
2A large number of working papers and economic reports pldisoy the World Bank and

IMF recommend reducing volatility to achieve a higher gowgte. For example, in an Economic
Report “Brazil - Stability for Growth and Poverty Reductidiworld Bank, 2003), published by

the World Bank, it says that “... even short run volatility, can have persistent effects on growth.”



relationship between average growth rate and volatilitgrofvth rate for a wide
range of datasets and for several definitions of growth rates

Ramey and Ramey (1995) finds that the average growth rateatss as
volatility of growth rates increases. They draw their caisgbn using data from 92
countries for the period 1962-1985 and also separately &aata set of OECD
countries for the period 1952-1988. In contrast, in an eadiudy using a set
of 47 countries for the period 1950-1977, Kormendi and Meg(i985) found
that average annual growth rates were positively relatégetoolatility of growth
rates. Grier and Tullock (1989) corroborate the Kormendi Bteguire (1985)
result using a sample of 113 countries for the period 1958419

Other, more recent papers, that have looked into this isstlade Aghion
et. al. (2005), who study how uncertainty and credit comstisaeffect growth
and volatility, and Kose et. al. (2006), who investigate hbe relationship has
changed over the decades and how financial integrationteffetatility.

In this paper, we address the robustness of the relatiobshieen the average
growth rate and volatility of growth rates. There are two éitsions along which
we test their results. First, we test robustness of the tresdifferent datasets —
we use a larger dataset, multiple sources of data, a longergeriod, different
subsets of the data and different time-periods. We alsoiose geries data to
study the relationship.

On another dimension, we examine if the definition of grovette matters.
Ramey and Ramey (1995), have used the log difference of GDRgpéta in
consecutive years as the definition of growth rates. Theageegrowth rate is
calculated as the mean of those year-to-year growth ratastios relevant period

and the volatility as the standard deviation of the same. élew the year-to-year



growth rate, as well as the average, can be calculated imatiee ways. It would
be assuring if the relationship was consistent across thieittlens and did not
depend on the choice of the definition. Hence, we check ifglaionship is stable
across various definitions. For this purpose we redo thessgns in Ramey and
Ramey (1995), using their sample, with other definitions rafngh rates (year-
to-year and average). Further, we test the relationshimyusach of the various
definitions of growth rate in all the samples that we use . \&e show analytically
that the log definition will tend to bias the estimated catiein between average
growth rate and standard deviation compared to some otlfiaitae of growth
rate.

Methodologically we follow Ramey and Ramey (1995) for moksthe pa-
per. For all samples, we first run OLS regressions betweerageegrowth rate
and volatility without any control variables. We then adahtrol variables and
estimate the coefficient in two different ways. First, we tieegrowth rates that
vary across years and country to form a panel and use MLE @esgtimation,
exactly like in Ramey and Ramey (1995). This helps us to caf#itheir results
and compare other results with those in their paper and etisat the differences
in the results are not due to any methodological differefde.also estimate the
coefficient using a simple OLS on the cross-country data wotttrol variables.

Our analysis brings out fresh doubts about the relatiorshp fail to find
a robust significant relationship between average growt aad volatility of
growth rates.

The paper is organized as follows: The next section presesisple non-
parametric test of the relationship followed by the sectidrere we check for

robustness across various datasets. In section 4, we wsedimes data. In section



5 we discuss the role played by the definition of growth ratealfy we conclude.

2 A simple exercise

To begin with we do a simple and intuitive exercise. Assuns the average
growth rate and the volatility of growth rates are relatenkifively or negatively.
Now, if we have two groups of countries such that, on an aserthg mean growth
rates are different across groups, then the average vidatibf those two groups
must also be different.

We use data from the Penn World Tables (PWT) 6.1. and divides@mple
of 109 countries in two groups based on the average growghfoatthe period
between 1960 and 1996. We order the countries accordingitcetverage growth
rates® in that period and put the top 40% of the countries in the firstig. We
call these “high growth countries”. The second group cdssitthe bottom 40%
of the countries, referred to as “low growth countries”. Thi&ldle 20% of the
countries are discarded so that there is a clear differeatveden the two groups.
The average growth rate for the low growth rate countries.@®27 while the
average growth rate for the high growth countries is 0.08#8c¢h is higher by a
factor of 14. Now, if average growth rate and volatility aetated then we would
expect the volatilities to be significantly different foethe two groups of countries

given that the growth rates are different.

3In this exercise, for each country, we calculate the annuabth rate of GDP per capita for
each yearg; = %, and then take the arithmetic mean as the average growthvaility

is the standard deviation of those annual growth rates.



Table 1: Volatility Across Groups with Different Growth Rt

Mean of Average Growth Rates Mean Volatility

Low Growth  High Growth Low Growth  High Growth

Countries Countries Countries Countries

All  0.0027 0.0378 0.0595  0.0527
Poor -0.0013  0.0397 0.0663  0.0635
Rich  0.0091 0.0372 0.0441  0.0466

However, from the first row of Table 1 we find that there is a neealifference
between the mean volatilities of these two groups of coestr the mean stan-
dard deviation for low growth countries is just 1.1 timestttoa the high growth
countries.

We repeat the exercise, but now control for the wide incorfferéinces across
countries. We first divide all countries according to theitial income (real GDP
per capita in 1961). The poorest 40% of the countries weledied in the “poor
group” (initial income less than $1694.00), while the rish€0% of the countries
made up the “rich group” (initial income greater than $27J6Each group con-
sists of 44 countries. Then within each group we divide thentdes according
to their growth rates as described earlier.

From the last two rows of table 1 we can see that the resultbdtr the
groups, poor and rich, are similar to what we have found earln both groups
the average growth rates across low growth countries arddrigwth countries
differ substantially but the mean volatilities across theme quite similar.

This simple exercise plants a seed of doubt about whether tha systematic

relationship between the average growth rate and volatifigrowth rates.
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3 Robustness of the relationship across datasets

In this section we explore whether the relationship betwagarage growth rate
and volatility is robust to the choice of dataset. To that emdrun two sets of
regressions on all the datasets for each definition of groatthy one without any

control and one with controls.

3.1 Datasets

Here we list the various datasets we use to check for theae$dtip between

average growth rate and volatility.

3.1.1 PWTS5.0

The first dataset that we use is the exact dataset used by Renti@®amey (1995).
The data is originally from PWT 5.0, but the data used herevsndoaded from

Valerie Ramey’s websitt The sample has data on 92 countries for 1962-1985.

3.1.2 PWT6.1

The next sample that we use consists of all countries thatomt @et data on
from the latest version of Penn World Tables, PWT 6.1. The RaMTprovides
data on alarger set of countries and for a longer time penad PWT 5.0. We not
only regress average growth rate on volatility for the lasigeriod for which data
is available (1962-20005,but also on two subsets, 1962-1985 and 1986-2000.

http://lwww.econ.ucsd.edu/ vramey/research/volativitial.
51962-2000 is the range for the growth rates, so the datalpctaages from 1961-2000. In

all other cases too, the sample period in the text refersstgélars for which growth rate data has

been used.



We also run all of the regressions on a set of countries thadtié& oil ex-

porters®, but do not report those since the results are similar.

3.1.3 IFS

The PWT 6.1 provides data for a large set of countries for g [ogriod of time
and hence it is extremely useful for our analysis. The PWiges data in a
common currency, which is a necessary requirement for mesgarch agendas.
Since we are only interested in growth rates, data on GDP ggitecin local
currency would be sufficient. In fact, it would avoid any pleribs in the data that
may creep in while converting from local currency to US ddlalnternational
Financial Statistics (IFS) published by the IMF providetadan GDP per capita
in local currency. So we also use that data for our regressidhe problem is,
however, the data is not as comprehensive as the PWT 6.1. afpest set of
countries we could get data on is 75, for the period 1986-20@report results
from regressions for three different periods — 1962-19886:2000 and 1971-
2000 (which is the longest period for which continuous datavailable for a
reasonable number of countries).

Apart from cross-country data we also check for the relatgmin the data
on US states. For brevity, however, we omit those resultg;wdilso support our

conclusions, from the paper.

3.2 Definitions of growth rate

There are various ways in which the growth rate, year-to-{@anual) as well as

the average, can be calculated. The volatility is measusatieastandard devia-

5Dummy for oil exporting countries taken from Easterly anc&y (2000).
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tion of the annual growth rates, so this will also depend endéfinition used to

calculate the annual growth rates. To ensure that our sesdtnot dictated by the
choice of a particular definition of growth rate, for eachtod samples we run the
regressions using various definitions of growth rates. Rersamples consisting
of all countries across the world, we report the regressésults for each of the

following cases:

Case 1: Log definition: g* = log(y:/y:—1). The average growth rate and the
volatility of growth rates are calculated as the mean amldsted deviation,

respectively, of annual growth rates calculated using bova formula.

Case 2: Standard definition: ¢; = (v, —y:—1)/y:—1. Again, the average growth
rate and the volatility of growth rates are calculated asniean and stan-
dard deviation, respectively, of annual growth rates dated using the

above formula.

Case 3: Geometric definition: = (?—g)”T — 1. This does not give us annual
growth rates, but the average growth rate over a period &.tivhen using
this definition for average growth rate, the volatility ikéa as the standard

deviation of the annual growth rates calculated using @uedsrd definition.

Case 4. OLS definition: The average growth rate obtained as the coefficient in
an OLS regression of log GDP per capita on time. The volatitithis case,
also, is taken as the standard deviation of the annual gnatgk calculated

using the standard definition.



3.3 Methodology

For most part, we follow the estimation strategy used in Raamel Ramey (1995).
This helps us to replicate their results for the sample uselddir paper, for both,
regressions with and without controls, and ensures thatlifferences that we
obtain with other samples and definitions of growth ratesisdue to change in
methodology.

The regression equation without any controls is given by:

whereg, represents the average growth rate (for any definition ofvtiraate
used) in country for the given period. The measure for volatility in a country
the standard deviation of annual growth rates (measuredthogréog or standard
definitions, depending on the case) in that perioed ,

For the second set of regressions we use various contratslegandent vari-
ables in the regressions. Ramey and Ramey (1995) use theiiodl set of modi-

fied Levine-Renelt (1992) control variables:
e average investment fraction of GDP
e average population growth rate
e initial human capital
e initial per capita GDP (in log terms)

Kormendi and Meguire (1985) have also used a similar set siffuments.
Following these papers we use the same set of controls imtkdts considered

here. Data on all variables, except human capital, are fréit B.1. As a proxy
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for initial human capital, in most of the samples we use theraye schooling
years in the total population over age 25 in 1960. Howevetthie sample which
consists only of the OECD countries we use total gross enesit ratio for sec-
ondary education in 1960 (also following Ramey and Rame@%)9 Data for
both of these variables are from Barro-Lee (1996, 2001) skit8

For the analysis with control variables we use two differeiethods to esti-
mate the relationship between average growth rate andlitglat

The first estimation strategy is the one used in Ramey and R&h995).
This involves taking observations on growth rates for eagdr yor each country
and regressing it on a measure of country level volatilitgr{dard deviation of
growth rates) and country level controls. The advantagkisfirocedure is that it
allows us to exploit the panel variation in a larger sampéttine cross-sectional
framework allows. Further, using this method helps us toman® our results with
those in Ramey and Ramey (1995).

This method of estimation is described by the following eopures.

Gy = Oy, + BX; + €5 (2)

€x~N(0,07), i=1,---,1; t=1,---,T (3)

where g, .. is the growth rate of country i at time t ang, is the standard
deviation of the growth rate for the time period 1 toX. is the vector of control
variables (including a constant). We use MLE to estimatectiedficients.

In this case, however, we can only use two definitions of gnawte — the

log difference and the standard definition, since here wéo@xpe year-to-year

8Downloaded from http://www.nuff.ox.ac.uk/Economics@th/barlee.htm
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variations. The geometric definition and the OLS definitioveg us only the
average growth rate over the years.

To accommodate all four definitions of average growth rateugea second
method. We run a simple linear regression on cross-coustiy. drhus we esti-

mate the following equation using OLS:

g; = a+ fBo; + X + €4, (4)

whereX; is the vector of control variables for country
In all regressions we exclude those countries as outliensifiich the volatil-
ity of growth rates is more than four standard deviation afvayn the average

volatility for all countries in the sample as outliérs.

3.4 Regression results

The results of the various regressions for the sample obaltries with full set of
data are presented in Table 2. The table gives the resulie oégjressions without
controls as well as regressions with controls, for both gregh(MLE) and simple
cross-country (OLS) regressions. In the regressions witirols, since our focus
is solely on the significance of volatility, we do not repdré tcoefficients for the
rest of the independent variables included in the regrassi@hese are available
in the older working paper version and can be requested fnenatthors.)

We observe from the table that a majority of the coefficiebtgh with and
without controls, are insignificant. For regressions withaontrols, for the sam-
ple used in Ramey and Ramey (1995) (PWT 5.0, 1962-1985),dbficent is

°If we include the outliers in the regressions, the coeffic@nvolatility is insignificant more

often.
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significant at 5% confidence level only for the log definitismgnificant at 10%,
but not 5%, for the geometric definition and insignificanttfoe other two defini-
tions. Further, for the same years, when we use data from PW1io6a larger
number of countries, the coefficient is never significantthia regressions using
IFS data the coefficient is not significant even once. Foreggjons in which
control variables are included, we again get a large numibeases where the co-
efficient is insignificant. The coefficient is more often grsificant when we run
OLS regression on the cross-country data than when we dstiitma coefficient
using MLE on a panel data. Also, considering all regressitmes coefficient is
significant more times for the log definition than any othefirdgon (there are
many cases for which the coefficient is insignificant for g diefinition as well).
Clearly, whether or not the coefficient is significant degeod the time-period as
well as the definition of average growth rate chosen. In mases, though, it is

insignificant.
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Table 2: Average Growth Vs. \Volatility Regressions: World

Standard Definition Log Definition Geometric Definition OL &fhition

Source Period Countries Coeff. t-stat. Coeff. t-stat. €Coef t-stat. Coeff. t-stat.

Regressions without Control Variables (OLS)

PWT5.0 1962-1985 92 -0.0604  -0.8846-0.1535 -2.3366 -0.1318 -1.9355 -0.160  -1.6033
1962-1985 112 0.0423 0.6862 -0.0585 -0.9447  -0.0281 -@.4640.0529 -0.8513
PWT 6.1  1986-2000 107 -0.1392 -1.9952-0.2200 -3.4089 -0.1755 -2.6917 -0.2058 -2.7196
1962-2000 98 -0.0725 -1.3227 -0.1561 -2.9098 -0.1269 -2.3910 -0.1296 -2.1770
1971-2000 51 0.0538 0.7145 -0.0692 -0.7427  -0.0587 -0.7168.1134  -1.4061
IFS 1962-1985 34 -0.1159  -0.6239 -0.2099 -1.1326  -0.1514 .837® -0.2091 -1.0468
1986-2000 75 0.0800 0.9400 -0.0639 -0.7677 0.1221 0.9469 .017@  -0.1959
Panel Regressions with Control Variables (MLE)
PWT5.0 1962-1985 92 -0.2110 -3.0644 -0.0800 -1.1614
1962-1985 83 -0.1224  -2.1222 -0.1850 -3.2236
PWT6.1  1986-2000 78 -0.0508  -0.7389 -0.0984 -1.4486
1962-2000 75 -0.0873 -1.6379 -0.1464 -2.7580
1971-2000 34 -0.1734 -1.8941 -0.3190 -3.2448
IFS 1962-1985 27 0.1613 1.1008 0.0351  0.2454
1986-2000 50 -0.3412 -3.7867 -0.3703 -4.1536
Cross-Country Regressions with Control Variables (OLS)
PWT5.0 1962-1985 92 -0.0062 -0.0837 -0.1113 -1.5655 -2082-1.1149 -0.0781 -0.9931
1962-1985 83 0.0446 0.5959 -0.0428 -0.5801 0.0095 0.1263.0230 -0.2904
PWT6.1  1986-2000 79 -0.0833  -0.9611-0.1685 -2.0630 -0.1314 -1.5655 -0.1610 -1.6108
1962-2000 75 -0.0175  -0.2332 -0.1031 -1.4077 -0.0714 9B96 -0.1360 -1.5559
1971-2000 34 0.1338 1.8409 0.0089 0.0886 -0.0627 -0.5510 -0.0464  -0.5537
IFS 1962-1985 27 0.1422 0.8756 0.0549 0.3519 0.0677 0.4302.0790 0.4265
1986-2000 50 -0.1848  -1.5073 -0.2527 -2.1935 0.0392 0.1210 -0.2767 -2.0122

Coefficients that are significant at 5% confidence level anketkin bold.x* signifies insignificant at 5%, but significant
at 10% confidence level.
The coefficients on the control variables are not reported.ehey are available in an older Working Paper version of

the paper or by request from the authors.
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3.5 Relationship within groups of countries

In all the regressions in the previous sections we had ch@msample of all coun-
tries for which data was available. Now we split the avagathhta to subsets of
countries which share similarities in some dimension aiodt for the robustness
of the relationship within each grotfp For brevity we report regression results
for the log definition and standard definition only. For otbases, the results were
similar.

The first group of countries in our analysis are the OECD adest

3.5.1 OECD

The sample includes the 24 countries (23 countries in sofneamples due to
the reunification of Germany) that were part of the OECD b=ft890. Table 3
provides the results from the various regressions.

From the table we find that in this sample the coefficient oandly is always
positive, though never significant at 5% level. The resuttssamilar if we include

all the present OECD members.

10we also tried using dummy variables instead of splittingstuaple. The results were similar,
but the distributions of the error terms across the subsesrgrke not homogenous, so we decided

to persist with the split-sample analysis.
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Table 3: Average Growth Vs. Volatility Regressions: OECDuGwuies

Standard definition Log definition

Period Coeff. t-stat Coeff. t-stat

Regressions without Control Variables (OLS)

1962-1985  0.3226 1.5575 0.2465 1.1810

1986-2000 0.4637 1.7168 0.3728 1.3886

1962-2000 0.3572 1.8310 0.2902 1.4593

Panel Regressions with Control Variables (MLE)

1962-1985  0.1298 0.7455  0.0885 0.5103

1986-2000  0.2252 1.1713 0.1523 0.8110

1962-2000  0.1407  0.9267 0.0892 0.5873

Data: PWT 6.1 and Barro-Lee data set.
Coefficients that are significant at 5% confidence level ankeabin bold.

+ signifies insignificant at 5%, but significant at 10% confidelavel.

3.5.2 Geographically separated groups

Next we divide all countries by their geographic region aadkl for patterns
within each region. We regress average growth rate on \iptaif growth rates
for each of the groups. Table 4 reports results from the ssgpas without control

variables only for cases in which the regression coeffiaggestgnificant. For all

other cases (regions or time-periods) the coefficient igificant!!

From the table we observe that we did not find a negative oglship even in

n PWT 6.1 data, North Africa is grouped along with Middle Ea® while analyzing just
African Countries (and the complimentary set) we did thdysmisitwice, first we took all African

countries except the North African countries and secondtowk all African countries plus the

Middle Eastern countries. The results are quite similar.
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Table 4: Regions where the coefficient is significant

Sign Region Period Definition of gr. rate
Africa 1962-1985 Standard only
Positive ~ West Europe 1962-2000  Standard,log at 10%
West Europe, Canada & US  1962-2000  Standard,log at 10%
Negative  None All Periods Standard,log
Data: PWT 6.1

one group. Also it is interesting to notice which groups hawggnificant positive
relationship—Africa and West Europe, with or without NoAmmerica, (virtually
the OECD countries)—two very different group of countriest only in terms of
income levels, but also in terms of political structures.

With the control variables included in the regressionsctiedficient on volatil-

ity is insignificant for all regions.

3.5.3 Groups according to political structure

We also divide countries according to the political struetaf the country and
then test for the relationship within each group of similawiatries.

The data on political structure is from the Polity Ill data Bgggers and
Gurr (1996). 12 We divide the countries in to two groups, “Democracies” and
“Non-Demaocracies” using the Polity Il data. The Polity tlata provides a score
for democracy for each country for each period. We add up democracy scores
for each country over all years (1960-1994) and classify anty as a non-

democracy if the sum is below certain cut-6ffWe have 61 countries classified

2\We also use another data, the Gastil Scale published by dreklduse, instead of the Polity

[Il data and do the whole analysis again. The results aresierijar.
13The maximum possible score for any year is 10, so for 35 yesuseof 350 is the maximum

possible. We set the cut-off at 150.
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as non-democracies (42 if data till 2000 is used) and 45 deatiocountries (42
if data till 2000 is used).

Then we run regressions between the two variables of inttkresach group,
for each sample period. None of the regression coefficientsase regressions
are significant for the standard definition and only one isificant for the log
definition. In some cases the coefficients are positive,ghansignificant.

Adding the various control variables in the regressions merion-democracies
have significant negative coefficient for a few sample pevjachile the rest are

insignificant.

Table 5: Growth vs. Volatility Regression: Democracies

Standard definition Log definition

Period Countries Coeff. t-stat Coeff. t-stat
1962-1985 45 0.1669  1.4303 0.0949  0.7976
Democracies 1986-2000 42 -0.1399 -0.8816 -0.2069 -1.3403
1962-2000 42 01117 -0.8756 -0.1767 -1.3778
1962-1985 61 0.1260 1.4995 0.0202  0.2366

Non-Democracies  1986-2000 54 01022 -1.1828 -0.1844  -2.3401
1962-2000 52 0.0204 0.2882 -0.0715 -1.0219

Data: PWT 6.1 and Polity Il
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4 Relationship in time-series data

So far we have been using cross-section data. We now probel@tienship using
time series data provided by Angus Maddison at his website

We divide the available data in non-intersecting five yearooks (like 1920-
1924, 1925-1929% For each country we run a regression of average growth rate
against volatility calculated for each five year period.

The results are summarized in the table 6. The coefficienhewalatility is
insignificant for a vast majority of the countries, negdinagnificant for a few
and positively significant for yet another few countries.u$hthere is no con-
clusive evidence of any relationship between the two végbf interest, within

countries over time either.

Table 6: Time Series Results

Number of Countries

Period Total  Negative Significant ~ Positive Significant ~ ¢méficant
Standard  Log  Standard  Log  Standard  Log
1870-2001 22 6 8 0 0 16 14
1900-2001 29 9 13 1 0 19 16
1950-2001 137 20 22 7 5 110 110

Data: http://www.eco.rug.nl/ Maddison

Yhttp:/lwww.eco.rug.nl/ Maddison
5We have also tried five year rolling windows. Results are lsimi
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5 Does definition matter?

In the previous sections we observed that often the signdgaand sometimes
the sign, of the relationship between average growth radevalatility hinged on
the choice of the definition of growth rate. In this section discuss why the
choice of the definition can influence the restfit.

Note that only two definitions, standard growth rate and liéfg@ietnce, give us
growth rates for each year, which can then be used to cadcthlataverage as well
as the standard deviation. So, we start our discussion bpaony these two.

Notice, the two definitions are related. We can expand logto g

1 1
g0 =log(l+g) = ge =59/ + 39/ = =g — e (5)
where,e; = %gf — %gf’ + ---. The error termg,, is small when growth rates

are near zero and the two definitions are close. Howevey, BEreasesg; Is
not insignificant. The log function being a strictly concduaction, “squeezes”
higher growth rates more than low growth rates. Thus, thatiity of growth
rates of countries which tend to have high growth rates adioge will be lower
when the log approximation is used to measure the growththate when the
standard definition is used.

A more rigorous demonstration that the log definition, coragao the stan-
dard definition, is more likely to lead to the finding of a negatrelationship

between average growth rate and volatility of growth ratieves.

®\We would like to make it very clear that it is not our intentiinthis paper to comment on
whether any definition is superior to the others. In manys#sechoice will depend on the model
at hand. Here we do not in anyway order the various definitiorzgy form of desirability. We
are purely interested in the statistical relationship leetwthe two variables, irrespective of the

definition chosen.
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Suppose there are two countries 1 and 2 which have differpeatoted growth
rates, (defined ag, = (v, — v,—1)/vy:—1) but the same standard deviation of the
growth rates. More specifically, suppose that growth raté @&riod in country 1
and 2 are independent draws from two different distribigissmich are identical
up to the addition of a positive constant. That is, assumetheagrowth rates
in country 1 are distributed as a random variable X with a \defined expected
value on[—1, c0) and, a positive and finite variance and those in country 2 are
distributed as the random variable Z such that= X + a, where a > 0 is
a constant. By constructiomur(X) = var(Z) and E(Z) > E(X). That is
country 2 has a higher average growth rate than country lhieugame volatility
of growth rates when measured using the standard definitddewant to show
thatvar (In (1 + 7)) < var(ln(l + X)).

Proof.
var[ln (1 + Z)] — var[In(1 + X)]

= E[ln(1+ X +a) — E[ln(1 + X + a)]]* — E[ln(1 + X) — E[ln(1 + X)]J?

DefineZ as the value iffi—1, co) such thatn(1 +z) = E[In(1 + X)]. We can
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transform the above difference of variances in the follauivay:

Eln(l+ X +a)— E[ln(1 + X +a)])* — E[ln(1+ X) — E[ln(1 + X)]J?

= E(l+X+a)—In(1+Z+a)+In(1+7+a)— Elnl+X +a)]]?
—Eln(1+ X)—In(1+72) +In(1+2) — Eln(1 + X)]]?

= E(l+X+a)—In(1+Z+a)+En(l+7+a)— Elln(l + X + a)]]?
+2E[(In(14+ X 4+a) —In(14+Z+a))(In(l1 +Z +a) — Elln(l + X + a)])]
—E[In(1+ X) —In(1 4 7)]?

= Em(1+X+a)—In(1+7+a)* - In(1+7+a) — En(l + X + a)])?
—Eln(1+4 X) —In(1 +2)]?

= E(l+X +a)—In(1+7Z+a) - En(l+X)—In(l+72))
—(In(1+Z+a) — E[ln(1 + X + a)])?

by concavity and monotonicity of the log functiory; > —1 we havel In(1 +

r4a)-In(1+7+a)| < |In(1+2z)—In(1+7)

, With strict inequality for any

x # Z. Thus we have:
E[(ln(1+ X +a)—In(1+Z+a))’* - (In(1 +X) —In(1+7))% < 0.

Hence,

var (In (14 Z)) —var(In(l + X)) < 0. [

Thus, for two countries for which the distribution of growttes are identical
up to the addition of a positive constant, the country withgdar average growth
rate will have lower variance when the log definition is us&tis can be easily

generalized taVv countries.
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This shows that use of log approximation as a measure of groates will
create a bias towards finding a negative relationship betweeaverage growth
rate and volatility of growth rates when compared with thalgsis where the
standard definition is used.

It is also illustrative to compare the average growth rat@smpared to geo-
metric definition the average of annual growth rates usiegstandard definition
is likely to overestimate the average growth rate over timaé tperiod, particu-
larly for countries which might have experienced significaggative growth. On
the other hand, the use of average of log differences wiltvestimate the aver-
age over the time period, which can be significant for coaatexperiencing high
growth rateg’

These differences in measuring average growth rate andlitgJalepending
on the choice of definition, manifests itself in the regressesults. Also, driven
by the fact that the choice of definition can change the restopted to report
the regression coefficient for a variety of definitions. Hoemrethere was no con-
sistent relationship observed for any definition, thougéreéhvere more number
of significant negative cases when the log definition was \useline with the

discussion above.

6 Conclusion

The central question this study addresses is whether theaerelationship be-

tween the average growth rate and the volatility of the ghorates. We tested

1"To see why log difference will underestimate, consider:tisometric mean- (Z—ﬁ)l/T —
1 =7 —1,where,Z = (¥)"/". Average of log difference- 7 log(3£) = log(Z). It can be

easily shown that the differencelisz(7) — (Z — 1) < 0.
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the relationship along two dimensions: one, whether tregiceiship is consistent
across data sets and time periods, and two, whether theechbidefinition of
growth rate matters.

We also tested the relationship across data sets and tinwpersing data
from Penn World Tables and International Financial Stagsind within various
subgroups of countries. We found that often the relatignalas not significant,
with or without controls, for any definition of growth rateBhe number of cases
where we found a negative significant relationship was hifrethe log defini-
tion. There were a few cases with positive significance. Argning observa-
tion was that two very different groups of countries that paditive significance,
Africa and OECD. The levels of volatility across the two gosuare also quite
different and it would be interesting to examine the reaswrttis difference.

Using time series data the relationship was sometimes imetyasignificant
and sometimes positively significant under both the dedingj but an overwhelm-
ingly large number of regressions produced insignificaeffeoents.

To test the importance of the definition of growth rates, wgessed average
growth rates on volatility for various definitions of gromtates—the standard
growth rate, the log difference, the geometric definitiod #re OLS definition—
on each world-wide sample. In doing this, our objective is tsocomment on
which definition of growth rate is better, but to examine i was a consistent
relationship for any definition of growth rate. What we obsekis that sometimes
the significance of the relationship depended on the defimithn interesting case
was when we used exactly the same sample as Ramey and Ran®&y &1@l
ran regressions with various definitions of growth rateser&€hwas a significant

negative relationship at 5% confidence level, as in RameyRamdey (1995), only

23



when we used the log definition. For the geometric definitibwas significant

at 10% confidence level and insignificant for the two othemiléfins. There are
two definitions, standard and log difference, that give usmgn rates for each
year (as opposed to average growth rates), which can theselog@ calculate the
standard deviation. We showed mathematically how the utsgafifference can

create a bias towards finding a negative relationship eveanvehrelationship is
absent if the standard definition is used.

Thus, we establish that the relationship depends on theelobidataset, sam-
ple period and definition of growth rate. For a large numbegashples the rela-
tionship between average growth rate and volatility of glorates is non-existent,
irrespective of the definition of growth rate chosen, inatgdlog differences.
We also find the use of the log definition for growth rates magate a bias to-
wards finding a negative relationship between average grmates and volatility
of growth rates.

To conclude, overall, we do not find a consistent relatignsietween the

average growth rate and volatility of growth rates.
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