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Universal Features in the Growth Dynamics of Complex Organizations

Youngki Lee! Luis A. Nunes Amaral;> David Canning, Martin Meyer! and H. Eugene Stanléy
ICenter for Polymer Studies and Department of Physics, Boston University, Boston, Massachusetts 02215
2Department of Physics, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139
3Harvard Institute for International Development, Harvard University, Cambridge, Massachusetts 02136

(Received 3 April 1998; revised manuscript received 9 June }1998

We analyze the fluctuations in the gross domestic product (GDP) of 152 countries for the period
1950-1992. We find that (i) the distribution of annual growth rates for countries of a given GDP
decays with “fatter” tails than for a Gaussian, and (ii) the width of the distribution scales as a power
law of GDP with a scaling exponert = 0.15. Both findings are in surprising agreement with results
on firm growth. These results are consistent with the hypothesis that the evolution of organizations
with complex structure is governed by similar growth mechanisms. [S0031-9007(98)07339-6]

PACS numbers: 02.50.Ey, 01.75.+m, 05.40.+j, 05.45.+b

In the study of physical systems, the analysis of the 1 exp(_x/ilrl - f1|> 1)
scaling properties of the fluctuations has been shown to V20, o, ’
give important information regarding the underlying pro- . o _
cesses responsible for the observed macroscopic behavi¥fhere o, is the standard deviation. We find that the
In contrast, most studies on the time evolution of eco_functional form of the distribution is stable over the entire
nomic time series have concentrated on average grow‘ﬂpleriOd ConSidered; i.e., we find the same distribution for
rates [1—18]. Here, we investigate the possibility that theall time intervals.
study of fluctuations in economics may also lead to a bet- We then investigate how the growth rate distribution
ter understanding of the mechanisms responsible for théepends on the initial value of the GDP. Therefore, we
observed dynamics [19—23]. d|V|d¢ the countries into groups accordlng_t_o their GDP.
We therefore analyze the fluctuations in the growth ratéVe find that the empiricatonditional probability density
of the gross domestic product (GDP) of 152 countries®f r1 for countries with approximately the same GDP is
during the period 1950—1992 [24]. We will show that @lSo consistent in a given range with the exponential form
(i) the distribution of annual growth rates for countries
of a given GDP is consistent for a certain range with an
exponential decay, and (ii) the width of the distribution - - - - -

p(r) =

scales as a power law of GDP with a scaling exponent e Data (1950-1992):
B = 0.15. Both findings are in surprising agreement with . Gaussian fit
results reported on the growth of firms [25-27].

It is not obvious that firms and countries show similari- ot L
ties other than that they are complex systems made
up of interacting individuals. Hence, our findings raise o
the intriguing possibility that similar mechanisms are &
responsible for the observed growth dynamics of, at least,—
two complex organizations: firms and countries. o
We first study the distributiop (log G), whereG is the
value of the GDP detrended by the global average growth ;52 |
rate, for all the countries and years in our database. As
shown in Fig. 1,p(log G) is consistent with a Gaussian

distribution, implying thatP(G) is lognormal. We also 7.0 8.0 9.0 | lO-OG 110 120 130
find that the distribution?(G) does not depend on the 09,
time period studied. FIG. 1. Histogram for the logarithm of the GDP in units

Next, we calculate the distribution of annual growthof 1985 international dollars. The data have been detrended
rater; = logG(t + 1)/G(¢r)], whereG(r) andG(r + 1) by the average growth rate, so values for different years are

are the GDP of a country in the yearands + 1. Inthe comparable. The data points are the average over the entire
limit of small annual changes iG, r,(¢) is the relative period, 1950-1992, and the continuous line is a Gaussian fit to

h inG. F I i d all find th tthe data. We also confirmed that the distribution is stationary—
Change InG. For all countries and all years, we Tin a i.e., remains the same for different time intervals. The bins

the probability density ofr; is consistent, for a certain \ere chosen equally spaced on a logarithmic scale with bin
range of|r;|, with an exponential decay (see Fig. 2a) size 0.495.
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(see Fig. 2b) distribution—as opposed to a Gaussian distribution—is of
| N the order 0% to 1. Similarly, we test the log-likelihood
p(r|G) = ——— ex —7>, (2) of o obeying (3). We find that Eq. (3) ig'** more
V20(G) o (G) likely than o(G) = const, and that adding an additional

where o (G) is the standard deviation for countries with nonlinear term to (3) does not increase the log-likelihood.
GDP equal toG. Using a saddle point approximation, The results of Figs. 1-3 are puantitativeagreement
we may integrate the distribution (2) ov&(G) using a  with findings for the growth of firms [25-27]. Figure 4a

lognormal distribution and recover (1). shows that the same functional form describes the proba-
Figure 3a shows that(G) scales as a power law bility distribution of annual growth rates for both the GDP
log o(G) ~ — 8 log G (3) of countries and the sales of firms [29]. Moreover, as

shown in Fig. 4b, the width of the distribution of annual
growth rates also decays with size with the same exponent
for firms and countries.

We test the hypothesis that the growth rates of firms
and countries are described by the same probability distri-

with 8 = 0.15. We confirm our results by a maximum-
likelihood analysis [28]. In particular, we find that the log-
likelihood of p(r1|G) being described by an exponential

10° . ; —— bution. We use the Kolmogorov-Smirnov (KS) test [28],
= Data(1950-1992) (@) | which defines a measure of the differenbe between
' Exponential fit 1
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FIG. 2. (a) Probability density function of annual growth FIG. 3. (a) Plot of the standard deviatian(G) of the dis-
rate r;. Shown are the average annual growth rates for theribution of annual growth rates as a function Gf together
entire period 1950-1992 together with an exponential fitwith a power law fit (obtained by a least squares linear fit to
as indicated in Eq. (1). (b) Probability density function of the logarithm ofo vs the logarithm ofG). The slope of the
annual growth rate for two subgroups with different rangesline gives the exponeng, with 8 = 0.15. The bins are the

of G, where G denotes the GDP detrended by the averagesame as in Fig. 1. Note that statistics for different bins is dif-
yearly growth rate. The entire database was divided into threéerent as can be seen in Fig. 1. Also note that we use here
groups: 69 X 107 =G <24 X 10°, 24X 10°=G < more bins than in Fig. 2b, because we need fewer points per
2.2 X 109 and2.2 X 10'° = G < 7.6 X 10", and the figure bin for the determination of the standard deviation than for
shows the distributions for the groups with the smallest andhe determination of the distribution. (b) Rescaled probability
largest GDP. We consider only three subgroups in order talensity function,o(G)p(r;|G), of the rescaled annual growth
have enough events in each bin for the determination of theate,(r; — 7;)/o(G). Note that all data collapse onto a single
distribution. curve.
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This normalization allows us to consider in the test the
growth rates of firms and countries with different sizes.

We find pxs = 0.1, which means that the Kolmogorov-
Smirnov testcannot rejectthe hypothesis that the two
distributions are the same at the usual significance level
of 5%. Hence, for all practical purposes, the data are
consistent with the assumption that the two distributions
for sales and GDP are identical.

If the sameempirical laws hold for the growth dynamics

of both countries and firms, then @mmonmechanism
might describe both processes. To explore this possibility,
we consider two limiting models.

Rescaled growth rate (i) Assume that an economic organization, such as a

Sales country or a firm, is made up of many units, which are

10° 10’ 10° 10" 10® 10° of identical size and grow independently of one another.
[ T Then, the growth fluctuations as a function of size decay
10 F o ‘ o Firms ] as a power law with an exponeBt= 0.5. This result is

Rescaled probability density
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" Countries due to the fact that the number of units forming a given
organization is proportional to its size, and because the
variance of the sum of independent quantities grows
like \/n [26].
E (i) Assume that there are very strong correlations be-
tween the units, which is the opposite limiting case. Then,
it follows that the growth dynamics are indistinguishable
from the dynamics of structureless organizations. As a
result, we obtain an exponepgt = 0; i.e., there is no size
GD1138 dependence af .

The fact that the exponemg for the empirical data is
FIG. 4. Test of the similarity of the results for the growth between the two limiting cases shows that the models (i)
of countries and firms. (a) Conditional probability density of 54 (ii) are both based on false assumptions. Our results

annual growth rates for countries and firms. We rescale th - -
distributions as in Fig. 3b. All data collapse onto a single curve re consistent with a recently proposed model [30] for

showing that indeed the distributions have the same functiondh€ growth of organizations. The dynamics of the model
form. (b) Standard deviation of the distribution of annual give rise to subunits whose characteristic size increases
growth rates. Note thatr decays with size with thesame  with the size of the organization leading to an expongnt
exponent for both countries and firms. The size is measured i8mg|ler thanl /2.

sales for the companies (top axis) and in GDP for the countries - .
(bottom axis). The firm data are taken from the COMPUSTAT Our empirical results suggest an important consequence

database for publicly traded manufacturing firms from 1974-for economic growth: Although large economies tend to
1993 (see [26] for details). diversify into a wider range of economic activities lead-

ing to smaller relative fluctuations, the degree of diversi-
fication observed is much smaller than what would be
the empirical distribution functions of the data sets for salegxpected if diversification would increase linearly with
and GDP. For a given measured valudfone estimates the size of the economy—which would correspond to
the probabilitypk s that the difference is at least as large asg = 0.5. This effect is quantitatively the same for firms
D under the assumption that the data sets are drawn froand countries, which raises the intriguing possibility that
the same probability distribution. a commonmechanism might characterize the growth dy-
The KS test requires certain conditions that are nonhamics of economic organizations with complex inter-
obeyed by the data. In particular, the growth rates ar@al structure. The existence of “universal” mechanisms,
subject to different measurement errors that are largewhich can give rise to general laws that are independent
for the GDP. Moreover, the growth rates are correlateaf the particular details of the system, could provide a
over time and among countries and firms, effectivelyfirmer grounding for the application of physics methods
decreasing the number of independent measurements. T@questions in economics [19-23,31].
reduce the correlations, we select random samples with We thank E. Alexander, S. Alexander, S.V. Buldyrev,
10% of the number of points we have for countries andyY. Liu, P. Gopikrishnan, V. Horvath, R.N. Mantegna,
firms. Before applying the KS test, we normalize allC.-K. Peng, M.A. Salinger, and especially S. Havlin
growth rates; for countries, we use the transformatica and J.D. Sachs for helpful discussions. Y.L. thanks the
(r1 — 71)GP, and, for firms, we use = (r; — 7)S8. Korea Research Foundation for support, L. A. N. A. thanks
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