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Abstract

The rapid expansion of organized equity exchanges in both emerging and developed

markets has prompted policymakers to raise important questions about their macro-

economic impact, yet the need to focus on recent data poses implementation di�culties

for econometric studies of dynamic interactions between stock markets and economic

performance in individual countries. This paper overcomes some of these di�culties by

applying recent developments in the analysis of panels with a small time dimension to

estimate vector autoregressions for a set of 47 countries with annual data for 1980±1995.

After describing recent theories on the role of stock markets in growth and considering a

pure cross-sectional empirical approach, our panel VARs show leading roles for stock

market liquidity and the intensity of activity in traditional ®nancial intermediaries on

per capita output. The ®ndings underscore the potential gains associated with devel-

oping deep and liquid ®nancial markets in an increasingly global economy. Ó 2000
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1. Introduction

The explosive growth of organized equity exchanges in emerging and de-
veloped markets in recent years, especially in light of events in the East Asian
economies, has prompted policymakers to raise important questions about
their macroeconomic impact. 1 The relative brevity of this global expansion,
however, poses implementation di�culties for dynamic studies of the e�ects of
growth in equity markets within individual countries. At the same time, ad-
vances in the analysis of panel data have made it possible to explore dynamic
links between stock markets and growth in a cross-country framework. This
investigation applies one such technique to annual data from 1980 to 1995 (i.e.,
the eve of the East Asian ®nancial crises) for 47 countries and ®nds strong
support for the notion that deep and liquid equity markets have had a sig-
ni®cant and persistent impact on economic performance.

Speci®cally, we examine the relationship between equity markets and eco-
nomic growth with panel data vector autoregressions that apply the general-
ized method of moments techniques developed by Holtz-Eakin et al. (1988) and
Arellano and Bond (1991). Our dynamic panels, which are the ®rst to our
knowledge to apply VAR estimation with annual data to a cross-country
context, allow us to explore the directions of causality between the growth of
stock markets and economic outcomes. The size of equity market e�ects on
output are then assessed with the use of impulse response functions. The VARs
include measures of activity for traditional intermediaries, such as banks, as
well as for organized exchanges in an attempt both to distinguish stock market
e�ects from those attributable to the ®nancial sector generally and to charac-
terize their interactions.

We explore the e�ects of two aspects of stock market development: the size
of the market as indicated by total market capitalization and a combination of
size and liquidity in the market as indicated by the volume of trading activity.
In both instances, the measures of stock market activity will increase when
local share prices increase as a consequence of expected pro®tability or some
other reason. For this reason, and in order to focus on market development, we
de¯ate the measures of market activity for each country with its index of local
share prices. To the extent that share prices in an e�cient equity market in-
corporate current information about future economic prospects, this de¯ation
cleanses our measures of market activity of any ``forward-looking'' component
that is directly related to stock prices. Even after applying these adjustments,

1 Increases in the market value of outstanding equity among exchange-listed companies in 33

emerging markets from $238 billion in 1986 to over $1.8 trillion in 1995 re¯ect the size of the

expansion. Market capitalization also rose from $6.2 trillion to $15.8 trillion in 23 developed

markets over the same period (International Finance Corporation, 1998, pp. 16±17).
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we ®nd a signi®cant role for stock market development in promoting economic
growth. In particular, the results indicate that the liquidity of the market and
its interaction with size are more important for growth in per capita incomes
than the size of the market alone.

The paper is organized as follows. Section 2 describes channels that have
been identi®ed by the theoretical literature through which stock markets can
a�ect economic growth, summarizes the related empirical work, and examines
the growth in stock market activity that has characterized the global economy
since 1980. Section 3 describes our data and the motivation which underlies our
choice of stock market indicators. It then outlines our cross-sectional and
dynamic methodologies, discusses the timing questions that can be most ef-
fectively addressed with a dynamic approach, and reviews the econometric
issues that surround estimation of a panel VAR. Section 4 presents our ®ndings
and our conclusions are in Section 5.

2. Finance, stock markets, and economic growth

Growing interest among macroeconomists over the past decade in the role
of the ®nancial sector in promoting economic activity has produced a bur-
geoning literature. 2 In a useful survey, Pagano (1993) lists three theoretical
channels of causation that have emerged: ®rst, better screening of fund-
seekers and monitoring of recipients can lead to more e�cient resource al-
locations; second, the provision of ®nancial services can encourage the mo-
bilization of otherwise idle resources; and ®nally, improvements in risk-
sharing and reductions in origination costs can enhance savings rates and
promote the start of innovative, high-quality projects. Most theoretical
models that formally characterize these channels, however, do not distinguish
between the equity market and other intermediaries (e.g., Boyd and Prescott,
1986; Greenwood and Jovanovic, 1990; Rousseau, 1998), although the recent
treatment of Boyd and Smith (1998) makes some progress in characterizing
complementarities which may exist between markets for equity and interme-
diated debt.

Empirical e�orts have also largely taken a broad view of the ®nancial
sector. For example, King and Levine (1993) relate the overall depth of the
banking sector to economic growth in a cross-section of over eighty coun-
tries. More recently, Levine and Zervos (1996, 1998) have extended this

2 Schumpeter (1911) was among the ®rst to posit links between the ®nancial and real sectors.

These ideas were formally developed and expanded in the seminal contributions of Goldsmith

(1969), McKinnon (1973) and Shaw (1973), to which the new literature owes much of its

underpinnings.
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analysis to include stock market development and political factors in a cross-
section of about forty countries. 3 In time series studies of industrialized
countries over the past century, Wachtel and Rousseau (1995) and Rousseau
and Wachtel (1998) present evidence that the dominant causal link runs
from the intensity of intermediary activity to economic performance. 4 Other
investigations (e.g., Jung, 1986; Demetriades and Hussein, 1996) use coarse
measures of ®nancial activity (such as the ratio of the money stock to
output) and report mixed causal ®ndings, especially for developing econo-
mies.

The focus of earlier work on broad measures of ®nancial sector activity is
understandable. Even in the most advanced industrialized countries, equity
markets are only a small part of the overall ®nancial markets. Most new in-
vestment is funded either internally by ®rms, through banks and other inter-
mediaries or directly through ®nancial markets. New issuance of stock is never
a large fraction of total sources of funds. It is reasonable to ask why the lit-
erature places such emphasis on equity markets. 5

Nevertheless, there are at least four reasons why a stock market is an im-
portant ®nancial institution even when equity issuance is a relatively minor
source of funds. First, an equity market provides investors and entrepreneurs
with a potential exit mechanism. For example, venture capital investments will
be more attractive in countries where an equity market exists than one without
an adequately functioning public equity market. When the market exists, the
venture capital investor knows that it is possible to realize the gains from a
successful project when the company makes an initial public o�ering. The
option to exit through a liquid market mechanism makes venture capital in-
vestments more attractive and might well increase entrepreneurial activity
generally. The impact of the market will be felt well beyond the ®rms that
actually do use the market for raising capital.

Second, capital in¯ows ± both foreign direct investment and portfolio in-
vestments ± are potentially important sources of investment funds for emerging
market and transition economies (see the discussion in International Monetary

3 These studies use initial conditions and multi-year averages of growth outcomes to identify the

in¯uence of market developments, but the pure cross-sectional approach cannot decisively

determine the direction of causality. The unresolved causality issue is critical, however, since

increases in stock market activity can be a response to economic growth and an increased demand

for liquidity.
4 A limited role for equity markets enters these studies through the use of measures of ®nancial

development that include the assets of both bank and non-bank intermediaries, which may hold

equities in their portfolios.
5 Part of the answer is emotional. Pictures of Wall Street and the buzz of activity on the ¯oor of

the stock exchange are powerful symbols of the world of ®nance. The dramatic pictures draw

disproportionate attention to the stock market.
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Fund, 1997a). International portfolio investments have grown rapidly in recent
years as portfolio managers around the world have begun to understand the
importance of international diversi®cation. 6 Portfolio ¯ows tend to be larger
to countries with organized and liquid markets. Thus, the existence of equity
markets facilitates capital in¯ow and the ability to ®nance current account
de®cits. 7

Third, the provision of liquidity through organized exchanges encourages
both international and domestic investors to transfer their surpluses from
short-term assets to the long-term capital market, where the funds can provide
access to permanent capital for ®rms to ®nance large, indivisible projects that
enjoy substantive scale economies. Since the $54.1 billion of new equity alone
raised by ®rms traded on emerging stock markets in 1995 was more than
double the $22.1 billion in foreign equity portfolio ¯ows to these markets,
(International Finance Corporation, 1996, pp. 9±10), the importance of do-
mestic resource mobilization cannot be underestimated.

Finally, the existence of a stock market provides important information that
improves the e�ciency of ®nancial intermediation generally. For traded
companies, the stock market improves the ¯ow of information from manage-
ment to owners and quickly produces a market evaluation of company de-
velopments. As ®rms increasingly link the compensation of their managers to
stock price performance, a deep equity market may also provide managers with
incentives to exert more e�ort in monitoring risky, high-return projects (e.g.,
Paul, 1992). Finally, the valuation of company assets by the stock market
provides benchmarks for the value of business assets, which can be helpful to
other businesses and investors, thereby improving the depth and e�ciency of
company assets generally.

There are arguments to the contrary as well. The higher returns from im-
proved e�ciency, the additional liquidity, and the ability to realize capital
gains from the stock market might discourage savings because of income ef-
fects. Similarly, a stock market can a�ect perceptions of risk. If risk falls, there
might be less precautionary saving and if risk rises, then savings might be
discouraged. Although such e�ects are feasible (e.g., Devereux and Smith,
1994), we are not aware of evidence that relates the existence of equity markets
to reductions in the supply of savings. Indeed, the ability of equity markets to
provide investors with better opportunities to diversify is usually viewed pos-

6 Foreign direct investment in emerging markets rose from $11.3 billion in 1985 to a record $90.3

billion in 1995, while portfolio equity ¯ows increased from $0.14 billion in 1985 to $22.1 billion in

1995, which was down from a high of $34.9 billion in 1994 (International Finance Corporation,

1996, p. 6).
7 Portfolio ¯ows can also be destabilizing since a change in market sentiment can lead to massive

out¯ows which often lead to exchange rate crises (as in Mexico in 1995 and the Czech Republic in

1997).
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itively as it may lower the risk premia charged by ®nanciers for funding new
projects and thus lower the hurdle rate on new investments.

A few recent theoretical treatments include an explicit role for equity mar-
kets in growth. For example, Greenwood and Smith (1997) show that stock
markets can emerge to co-exist with banks as the costs of participation fall.
Competition for the provision of market services leads participants to perceive
the market as e�cient and to place their surpluses in equities, which in turn
promotes growth through specialization and the delivery of resources to pro-
jects with the highest social returns. Bencivenga et al. (1995) show that re-
ductions in transactions costs encourage agents to seek the liquidity o�ered by
organized markets. The ensuing ¯ows to the equity markets promote the start
of projects with long gestation periods. In both models, increases in liquidity
lead to expansions in trading activity and aggregate equity capital.

In addition to Levine and Zervos (1996, 1998), there have been several other
e�orts to examine empirically the speci®c role of equity markets in real sector
activity, but these have used fairly small panels and have not focused on dy-
namics. Atje and Jovanovic (1993), for example, construct a cross-country
panel for the 1980s and show that trading volume has a strong in¯uence on
growth after controlling for lagged investment while bank credit does not.
Interestingly, Harris (1997) applies instrumental variables to a similar speci®-
cation with current investment and ®nds that stock markets do not a�ect
growth in the full sample and among less-developed countries. Bonser-Neal
and Dewenter (1996) examine the e�ects of market capitalization and trading
volume on savings rates in a ten-year panel of sixteen emerging market econ-
omies. Their sample is small and any positive in¯uence of equity markets on
savings rates is due to two outliers (Malaysia and Korea) with high saving rates
and active equity markets throughout the period. The most complete de-
scriptive investigation to date is Demirg�uc-Kunt and Levine (1996) although it
does not test speci®c hypotheses. Clearly, attempts so far to investigate the role
of equity markets in economic growth have to date left key issues unresolved.

3. Data and methodology

3.1. Measures of market depth and liquidity

To study timing relationships among equity markets, ®nancial intermedi-
aries and the real sector, we construct a panel data set with annual observations
from 1980±1995 for 47 countries. The country coverage and time dimension are
based primarily on the availability of data on stock market development in
annual issues of the International Finance Corporation's (IFC) Emerging
Stock Markets Factbook, which tracks market capitalization and total value
traded (among other quantities and performance indices) for as many as 84
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countries. 8 The Factbook publishes these aggregates as year-end totals that
have been converted to US dollars using market exchange rates when available
and o�cial exchange rates otherwise.

Market capitalization is the product of share price and the number of shares
outstanding for all stocks traded on the principal exchange(s) of a given
country, and should re¯ect the importance of ®nancing through equity issues in
the capital mobilization and resource allocation processes. Total value traded
is the product of market price and the number of shares traded, and as such
contains components of both liquidity and size. Increases in liquidity are
particularly important in emerging markets since they raise the con®dence of
both individual and portfolio investors in the values of information and risk
diversi®cation associated with trading on an organized exchange. This facili-
tates the transfer of surpluses from the short to long-term capital market and
encourages the in¯ow of venture capital, which ultimately promote growth in
the number of ®rms and shares available to investors. With its emphasis on
liquidity and its interaction with market size, total value traded is a better
measure of stock market development than capitalization alone. 9; 10

General stock price movements are potentially important components in
the annual ¯uctuations of both market capitalization and total value traded
and may detract from the usefulness of these quantities as measures of stock
market development. For example, consider de¯ation of market capitalization
by a measure of the general price level such as the GDP de¯ator. In this case,
episodes of exuberance in the stock market might raise stock prices and
capitalization in ``real'' terms with no change in market depth. More im-

8 Country coverage in the Factbook is by no means uniform over the 1980±1995 period. For

example, market capitalization is available for 47, 55 and 84 markets in 1980, 1987 and 1995,

respectively. The IFC tracks nine of the emerging markets from 1976, but we have chosen to limit

our study to a period over which fairly continuous data for a broad set of countries is available.

Our desire to maintain breadth also precludes the use of monthly or quarterly data from sources

other than the IFC since the measures of market development, with which we are primarily

concerned, are not available over a su�cient length of time for many of the emerging markets that

we consider.
9 A country with substantial equity ownership and little trading may be similar in terms of

®nancial sector development to a country with privately held ®rms.
10 The ratio of total value traded to market capitalization sometimes appears in the cross

sectional literature (e.g., Levine and Zervos, 1996, 1998) as a measure of share liquidity or

``turnover''. When taken as an initial value or averaged over multi-year periods for use as a country

characteristic, however, this ratio is correlated with market size (at the 5% level in the cross section

which we consider in Section 4.1) and thus captures the same interactions which we attribute to the

real per capita value of traded securities. Turnover is a less useful measure of these interactions in

dynamic speci®cations such as ours which di�erence annual data. This is because changes in the

degree of turnover will re¯ect short-term ¯uctuations associated with ``churning'' and the business

cycle much more closely than any notion of long-run shifts in the liquidity or size of the equity

market.
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portantly, such price-related changes would impart a forward-looking com-
ponent to ``real'' capitalization that could render any measured e�ects of
market capitalization on economic growth a result of ful®lled expectations
previously signaled through prices. For this reason, we purge measures of
capitalization and value traded of direct price e�ects by de¯ating them with
the US dollar-equivalent local share price indices for individual countries
prior to performing time series analysis. 11 With this de¯ation, increases in
stock prices which result from greater demand for shares will not be directly
re¯ected in our measures of market capitalization or value traded. While
de¯ation of ®nancial quantities with share prices is particularly important in
an investigation with annual data such as ours, these adjustments address the
``forward-looking'' nature of stock prices more ®rmly than previous cross-
sectional studies of stock markets and growth (e.g., Levine and Zervos, 1998).
This is because partial correlations between initial levels of stock market
development and subsequent growth in the pure cross section may re¯ect
expectations summarized by high share prices at the start of a given data
period.

More traditional intermediaries also play a potentially important role in the
placement of resources among ®rms. For this reason, we believe that any ex-
amination of stock market e�ects on growth should simultaneously consider
the impact of growing sophistication in the intermediating sector. Among the
measures of intermediary activity that have appeared in the recent literature,
broad money (M2) and the stock of liquid liabilities (M3) are the most com-
mon, with both quantities usually expressed as ratios to output in order to
capture the notion of ``®nancial depth''. We choose the more comprehensive
M3 measure, which includes currency, demand deposits, all time deposits, and
the liabilities of money market mutual funds. M3 is available continuously
from the World Bank's (1997) World Development Indicators for all of the
countries in our sample.

If stock markets are able to mobilize funds that would be otherwise less
productive and channel them to innovative, high-quality projects in the long-
term capital market, new placements should pay o� in the form of additional
output. We thus use per capita real gross domestic product from World De-
velopment Indicators to measure economic performance.

To obtain a sample of countries that is representative of both developed and
emerging markets yet does not allow the number of cross-sectional units to

11 The Factbook publishes year-end US dollar-equivalent share price indices for most of the

emerging markets. In other cases, we convert year-end local share price indices from either the

Factbook or the International Monetary Fund's (1997b) International Financial Statistics to US

dollar terms by multiplying the local index by the year-end market exchange rate (in American

terms). We rescale all indices to set 1987� 1.
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vary too widely over time, we require that a country have data for at least six
years to be included in any estimated system. We also eliminate countries with
populations of less than 1 million in 1987 and average per capita income of less
than $300 (constant 1987 US$) over the sample period. Since economies
dominated by resource extraction cannot be expected to perform as predicted
by standard growth models, we also eliminate the major oil exporters. This
leaves 47 countries as the focus of our study. Table 1 lists these countries along
with some key economic indicators.

The remarkable feature of Table 1 is the growth in the ratios of nominal
market capitalization and value traded to GDP between 1987 and 1995 (the
clear exception is Japan). While to some extent this re¯ects the increase in
market values over this period, it also re¯ects the deepening of equity markets.
Fig. 1 provides a more complete picture of global market deepening by pre-
senting these ratios as equally-weighted annual averages for the entire time
period (1980±1995). The ®gure does indicate that the depth of equity markets is
subject to cyclical variation but it is also striking how strong the equity market
deepening has been since 1985.

3.2. Empirical methodology

Our investigation of relationships between stock markets, intermediated
®nance and economic performance includes both cross-sectional and dy-
namic elements. Use of the cross-sectional regression has become a near-
tradition in the empirical analysis of growth and its possible determinants in
the years since Barro (1991) isolated key variables, such as education and
political stability, as members of a benchmark set of robust correlates.
Given that most existing studies of ®nancial factors in growth are extensions
of this framework (e.g., King and Levine, 1993; Levine and Zervos, 1996,
1998), we begin by exploring di�erences in the partial correlations between
growth and the ratios of M3, market capitalization, and value traded to
output.

We next examine the size and direction of dynamic relationships between
®nancial markets and per capita output with panel data vector autoregressions.
This focus on the nature of transition paths stands in contrast to the cross-
sectional approach in that it can shed considerable light on whether causality
runs from the growth of stock markets to economic outcomes. To estimate the
panel VARs, we use an adaptation of the generalized method of moments
technique developed by Arellano and Bond (1991). The approach has two
attractive features. First, by starting with a speci®cation in real per capita levels
and then di�erencing, we eliminate country speci®c e�ects such as di�erences in
taste and technology that by virtue of their almost certain correlation with the
included system variables would otherwise contribute to omitted variable
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bias. 12 Second, by including both liquid liabilities and measures of stock market
activity in our speci®cations, we can capture the explicit e�ects of organized equity
markets beyond those that can be attributed to ®nancial depth more generally. Of
course, to the extent that activity in intermediaries and stock exchanges are re-
lated, collinearity among the regressors may reduce the apparent impact of equity
markets from those indicated in simpler models. Our ®ndings will thus o�er
conservative estimates of the macroeconomic importance of stock markets.

The VAR systems will include real per capita output as a measure of general
economic activity, real per capita M3 as a measure of the intensity of ®nancial
intermediation, and one or both measures of per capita equity market activity ±
market capitalization or value traded ± that have been purged of direct price
e�ects. 13 After reporting the directions of timing relationships in our VARs
with F-tests for block exogeneity, we evaluate the relative size of these e�ects
over time by computing the impulse responses.

12 An inability to control adequately for such country-speci®c factors has been cited as a

potentially serious shortcoming of standard cross-sectional growth regressions (see Caselli et al.,

1996).
13 We work with the data in per capita levels and ®rst di�erences rather than logs since the

constant elasticity assumptions of the latter imply increasing e�ects of market development on per

capita income as markets deepen, which appears unlikely for more developed economies.

Fig. 1. Average market capitalization (MCAP) and value traded (VT) as percentages of GDP. The

averages include only those countries for which data are available for the plotted ratio over the full

1980±1995 period.
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3.3. Estimation issues

In a panel of N countries for T years, our tri-variate vector autoregressions
with ®xed e�ects have the form:

yi;t �
Xk

j�1

a1;jyi;tÿj �
Xk

j�1

b1;jmi;tÿj �
Xk

j�1

c1;jsi;tÿj � g1;i � U1;t � �1;i;t; �1a�

mi;t �
Xk

j�1

a2;jyi;tÿj �
Xk

j�1

b2;jmi;tÿj �
Xk

j�1

c2;jsi;tÿj � g2;i � U2;t � �2;i;t; �1b�

si;t �
Xk

j�1

a3;jyi;tÿj �
Xk

j�1

b3;jmi;tÿj �
Xk

j�1

c3;jsi;tÿj � g3;i � U3;t � �3;i;t; �1c�

where yi;t is output or investment for country i at time t, mi;t is liquid liabilities
(M3), si;t is a measure of stock market development, gi is a country-speci®c
®xed e�ect, Ut is a time e�ect, and ei;t is a random disturbance whose distri-
bution approximates the normal. The speci®cation of (1a), (1b), and (1c) as a
set of projection equations implies that the error terms ei;t are orthogonal to the
®xed and time e�ects as well as lagged values of the endogenous variables. We
also make the standard assumptions that the errors have positive variance and
are uncorrelated across cross-sectional units and time. We choose a ®xed e�ects
speci®cation over the alternative of random e�ects because the gi are likely to
represent omitted country-speci®c characteristics that are correlated with the
other explanatory variables. 14 We include time e�ects to account for trending
behavior in the system variables.

Since the least squares dummy variable (LSDV) estimator is known to
produce biased coe�cient estimates when applied to equations with lagged
values of the dependent variable and ®xed e�ects in a data set with a small time
dimension, 15 we ®rst remove the ®xed e�ects by di�erencing. 16 The ®rst
equation of the VAR (1a) becomes

14 Hsiao (1986) shows that a generalized least squares estimator for the random e�ects model

under an assumption of independence between the e�ects and the explanatory variables will be

biased.
15 Nickell (1981) derives the bias of the OLS estimator of the coe�cient on the lagged dependent

variable under these conditions. Judson and Owen (1999) show that this bias can be as much as

20% even as T approaches 30.
16 Kiviet (1995) suggests a correction for the LSDV estimator that does not require di�erencing

and appears to perform well in Monte Carlo studies with large N and small T, but its requirement

of a balanced panel would severely restrict the coverage of our sample.
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�yi;t ÿ yi;tÿ1� �
Xk

j�1

a1;j�yi;tÿj ÿ yi;tÿjÿ1� �
Xk

j�1

b1;j�mi;tÿj ÿ mi;tÿjÿ1�

�
Xk

j�1

c1;j�si;tÿj ÿ si;tÿjÿ1� � �U1;t ÿ U1;tÿ1� � ��1;i;t ÿ �1;i;tÿ1�

�2�
with the other equations of the system de®ned similarly. The form of equation
(2) makes clear the bias that may result from least squares estimation of the
di�erenced system due to the possible correlation between the lags of the en-
dogenous variables and the errors. Arellano and Bond (1991) propose a linear
instrumental variables technique that uses the predetermined lags of the system
variables as instruments to exploit a potentially large set of overidentifying
restrictions and deliver consistent coe�cient estimates. The technique also
permits processing of an unbalanced panel. The tri-variate VARs that we ac-
tually estimate have the form:

�yi;t �
Xk

j�1

a1;j �yi;tÿj �
Xk

j�1

b1;j �mi;tÿj �
Xk

j�1

c1;j�si;tÿj � �U1;t � ��1;i;t; �3a�

�mi;t �
Xk

j�1

a2;j �yi;tÿj �
Xk

j�1

b2;j �mi;tÿj �
Xk

j�1

c2;j�si;tÿj � �U2;t � ��2;i;t; �3b�

�si;t �
Xk

j�1

a3;j �yi;tÿj �
Xk

j�1

b3;j �mi;tÿj �
Xk

j�1

c3;j�si;tÿj � �U3;t � ��3;i;t; �3c�

where �y; �m; �s; �U and �� are ®rst di�erences, and the errors of the transformed
equations satisfy the orthogonality conditions

E�yi;s��i;t� � E�mi;s��i;t� � E�si;s��i;t� � 0; s < �t ÿ 1�: �4�
These conditions imply that under the assumption of serially uncorrelated
errors, the vector of instrumental variables available to identify the parameters
of equation (3a) has the form

zi;t � �yi;tÿ2; . . . ; yi;1;mi;tÿ2; . . . ;mi;1; si;tÿ2; . . . ; si;1�: �5�
De®ne Zi

� as a block diagonal matrix whose sth block is given by (5) for
s � 1; . . . ; T ÿ 2. Then the matrix of instrumental variables for each equation
of the VAR is Z � �Z�1 ; . . . ; Z�N �0. De®ne X as the N�T ÿ k ÿ 1� � q design
matrix stacked by cross-sectional unit with typical row
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�xi;t � ��yi;tÿ1; . . . ; �yi;tÿk; �mi;tÿ1; . . . ; �mi;tÿk; �si;tÿ1; . . . ; �si;tÿk;/t�: �6�

The GMM estimator for the coe�cient vector �a1; . . . ; ak; b1; . . . bk; c1; . . . ; ck;
/1; . . . ;/T � is then

d̂ � �X 0ZAN Z 0X �ÿ1X 0ZAN Z 0Y ; �7�
where Y is a (T ) lag ) 1)N�1 vector of the stacked �yi dependent variables. We
choose AN to be

AN � 1

N

XN

i�1

Z�0i HZ�i

 !ÿ1

; �8�

where H is a T ) 2 square matrix with twos in the main diagonals, minus ones
in the ®rst subdiagonals, and zeros otherwise. 17 Following the recommenda-
tion of Arellano and Bond for handling missing observations, we delete rows of
the design matrix with missing values prior to estimation along with the cor-
responding rows of Z. Remaining missing values in the instrument matrix are
then replaced with zeros. The asymptotic variance-covariance matrix of the
GMM coe�cient vector is

avar�d̂� � N�X 0ZAN Z 0X �ÿ1�X 0ZAN VN AN Z 0X ��X 0ZAN Z 0X �ÿ1
; �9�

where VN � Nÿ1RiZ 0i ��i��
0
iZi and �� are the GMM residuals.

In estimating the VARs, we are particularly interested in Granger-causal
patterns that may arise among the system variables. To facilitate this analysis,
we construct F-tests for block exclusion based on the di�erence in criterion
functions of the restricted and unrestricted models of the form

F �r; obsÿ q� k� � ��eRZAN Z 0eR� ÿ �eUZAN Z 0eU��=k
e0ReR=�obsÿ q� k� ; �10�

where eR and eU are the residuals from the restricted and unrestricted models
respectively, r is the number of restrictions, and ÔobsÕ is the number of obser-
vations in the panel.

17 This produces the one-step (GMM1) estimator. A two-step (GMM2) estimator can also be

computed that uses the GMM1 residuals to re®ne H. Monte Carlo evidence, however, suggests that

GMM1 in most cases produces less-biased and more e�cient estimates than the GMM2 alternative

(e.g., Arellano and Bond, 1991; Judson and Owen, 1999).
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4. Results and discussion

4.1. Growth in the cross-section

Our cross-sectional speci®cations model the average growth rate of per
capita real GDP over two distinct time periods: 1980±87 and 1988±95. 18 In
addition to a standard set of conditioning variables that have been identi®ed in
earlier work (see Barro and Sala-i-Martin, 1995), 19 each regression equation
includes one of three alternative measures of ®nancial sector development: the
ratios to output of nominal liquid liabilities, market capitalization, and total
value traded. We attempt to ameliorate the e�ects of simultaneity between the
®nancial variables and output growth by applying two-stage least squares. 20

Table 2 presents the regression results. The coe�cients on the ratios of liquid
liabilities and value traded to GDP are positive and signi®cant when included
separately, yet the positive coe�cient on the ratio of market capitalization to
GDP has a t-statistic of only one. This suggests that the liquidity component of
value traded may be largely responsible for the observed correlation. In ad-
dition, the size of the coe�cient on value traded implies a link between equity
market activity and growth that is economically important. For example, the
mean of the ratio of value traded to GDP over 1988±1995 for our 47 countries
is 17.05%. An increase in this ratio by 10 percentage points would imply an
increase in annual per capita real output growth of over 0.5 percentage points.

The cross-sectional regressions o�er evidence which is consistent with a
leading role for ®nancial factors in output growth, yet o�er limited insights
about the dominant causal direction. In particular, even after extracting the
pre-determined components of the ®nancial variables with instruments, these
components remain highly correlated with the contemporaneous averages from
which they are constructed. In addition, countries with high average growth
rates over a given time period are likely to be those that previously experienced
robust growth. The possibility thus remains that the observed relationships to
some extent re¯ect e�ects of economic performance on the ®nancial sector. The
main results of the paper, which we report in the next section, make a case for

18 We compute an average when three or more observations are available in a subperiod for a

given variable and country. This allows a maximum of two observations per country.
19 The conditioning set includes the initial logs of per capita real GDP and the secondary school

enrollment rate (from World Development Indicators) in each subperiod, the average number of

revolutions and coups over the 1980s (from Banks, 1994), and the log of one plus the average black

market exchange rate premium (from various issues of Picks Currency Yearbook prior to 1985 and

the World Currency Yearbook of International Currency Analysis, Inc. thereafter).
20 As in Levine and Zervos (1996, 1998), we employ a constant, the initial values of the

regressors, the in¯ation rate, and the ratios of government expenditure and trade (exports plus

imports) to GDP as instruments.
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®nance-led growth and the particular importance of liquidity in this process by
adding a time series dimension to the analysis and exploring the dynamic
transitions that underlie these partial correlations.

4.2. Selection and estimation of panel VARs

The ®rst set of VARs include real per capita measures of output (GDP) and
liquid liabilities (M3), 21 and share price-adjusted measures of either per capita

21 World Development Indicators includes GDP and year-end measures of M3 and population for

the 47 countries in our sample. Output is available in constant 1987 US dollars, while M3 was

de¯ated with the year-end implicit price de¯ator for gross domestic product from International

Financial Statistics.

Table 2

Cross-sectional instrumental variables regressionsa

Dependent variable: Growth of per capita real

GDP

(1) (2) (3)

Constant 0.0281 0.0304 0.0362

(1.305) (1.418) (1.783)

Log of initial real GDP per capita )0.0077 )0.0064 )0.0081

(2.511) (2.216) (2.897)

Log of initial secondary enrollment rate 0.0109 0.0096 0.0107

(1.538) (1.359) (1.613)

Number of revolutions and coups )0.0102 )0.0107 )0.0125

(0.954) (1.013) (1.264)

Log of 1 + the black market exchange

rate premium

)0.0319 )0.0363 )0.0292

(1.571) (1.836) (1.548)

Ratio liquid liabilities (M3) to GDP 0.0153

(1.594)

Ratio market capitalization to GDP 0.0076

(1.059)

Ratio total value traded to GDP 0.0518

(2.853)

No. countries 47 47 47

(Observations) (92) (92) (92)

a The table reports coe�cients from two-stage least squares regressions with t-statistics in paren-

theses. All data items are eight-year averages covering 1980±1987 and 1988±1995. Initial values are

from 1980 and 1988. Instruments include the initial values of all regressors, the in¯ation rate, and

the ratios of M3, market capitalization, value traded, government expenditure and international

trade (exports plus imports) to GDP.
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market capitalization (MCAP) or value traded (VT). Applying a share price
de¯ator to market capitalization (as described in Section 3.2) purges this
measure of its direct price component to yield a reasonable representation of
market size. De¯ating the value traded measure similarly facilitates a com-
parison of the importance of market size against liquidity and its interaction
with size.

Table 3 reports coe�cient estimates and test statistics for these systems,
which include two lags of each variable as selected with the nested likelihood
ratio tests described in Holtz-Eakin et al. (1988). In the left panel, the coe�-
cients on M3 and MCAP have positive sums in the output equation and the F-
tests indicate a leading role at the one percent level for M3 and at the ten
percent level for MCAP. There is no evidence of feedback from GDP to the
®nancial variables. The Sargan general speci®cation tests do not reject the
validity of the instrument set. The ®ndings suggest a critical role for

Fig. 2. Upper plots show the per capita response of GDP to $1 increases (1987 US) in real liquid

liabilities (M3) and share price-adjusted market capitalization (MCAP). Lower plots use value

traded (VT) instead of MCAP. Using the Monte Carlo integration technique described in Doan

(1995), the thick solid lines show the mean impulse responses that result from 2500 random draws

from the estimated distribution of the coe�cients in each system, and the dotted lines are one

standard error bands. The multiplier responses can be interpreted as permanent movements in the

level of per capita real output over an eight-year horizon.
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intermediaries and a less important role for stock market size in per capita
incomes.

The results in the right panel of Table 3, which use value traded as the
measure of equity market development, are more striking. Here both M3 and
VT enter the output equation with positive coe�cient sums and F-tests for
Granger-causality that are signi®cant at the one percent level. There is again no
feedback from GDP to the ®nancial variables and no indication of misspeci-
®cation in any of the equations. These ®ndings o�er strong support for the
belief that liquidity rather than size is the key channel through which stock
markets enhance growth.

Fig. 2 presents impulse response functions with one standard error bands
and an eight-year horizon for the above systems that further support these
interpretations. Both stock market measures a�ect output positively, but the
impact of VT is larger and more persistent than that of MCAP. M3 a�ects
output strongly and positively in both systems over the full eight-year horizon.

The cumulative responses implied by Fig. 2 for per capita real GDP over a
®ve-year horizon are also economically important. For example, the average
level of per capita real output in 1987 for the countries in our sample is $7021.
In the system with VT (right panel of Table 3), an increase in VT that raises its
share in output by one percentage point from its mean of 10.72% would raise
real output per head after ®ve years by $33.70, or 0.48%. Under constant
growth, this would imply a 0.1% increase in the annual growth rate of per

Table 4

Summary of panel GMM estimates for VAR with per capita real output, liquid liabilities (M3), and

share price-adjusted measures of market capitalization and value tradeda

GDP M3 MCAP VT

GDP 0.8506 0.0282 0.0959 0.0571

(NA) (0.350) (0.505) (0.306)

M3 0.0341 0.8965 0.1353 )0.0383

(0.021) (NA) (0.001) (0.519)

MCAP )0.0104 0.0756 0.5114 )0.0554

(0.355) (0.186) (NA) (0.435)

VT 0.0487 0.0278 0.0825 0.5417

(0.001) (0.002) (0.047) (NA)

No. obs. 531 527 532 532

(Sargan) (0.997) (0.999) (0.999) (0.999)

a The table reports the sum of the GMM coe�cients for two lags of each system variable in a four-

variable VAR, with the signi®cance level of the F-test for block exclusion in parentheses. The

column labels identify the dependent variable in each equation of the VAR. Year dummies are

included in the equations but are not reported. GDP and M3 are in per capita 1987 US dollars.

MCAP and VT are per capita US dollars that have been adjusted by the US dollar-equivalent local

share price index. The ®nal row of each panel reports the number of observations used in estimating

each equation with the tail probability of the Sargan test of the overidentifying restrictions in

parentheses.
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capita income. In the same system, an increase in M3 that raises its share in
output by one percentage point from its 1987 mean of 29.1% would raise
output per head over ®ve years by $28.79 (0.41%), which implies an increase in
annual output growth of about 0.08%. When market capitalization serves as
the measure of market development (left panel of Table 3), a similar one
percentage point increase in its share in GDP from its 1987 mean of 56.73%
raises output per head by only $15.44 (0.22%), which corresponds to an in-
crease in annual output growth of only about 0.04%. Thus, the tri-variate
systems suggest a joint role for liquidity and size in economic growth that is
more than twice as large as that attributable to market capitalization alone. We
also observe that the growth implications of market liquidity in the dynamic
regressions are larger, but on the same order of magnitude, as those obtained in
the cross section.

The dominance of the liquidity component of value traded and the potential
importance of its interaction with market size are even more apparent when
both stock measures are included in the same VAR. Table 4 summarizes results
from such a four-variable speci®cation. Here, M3 and VT continue to Granger-
cause output at the ®ve percent level or less, but MCAP is no longer signi®cant.

Fig. 3. Selected responses in four-variable system to $1 increases (1987 US) in real liquid liabilities

(M3) and share price-adjusted market capitalization (MCAP) and value traded (VT). See note to

Fig. 2 for details on construction and interpretation.
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In addition, VT is signi®cant at the ®ve percent level in the equation with
MCAP as the dependent variable. This suggests that greater liquidity en-
courages ®rms to issue new or additional public equity securities, and lends
support to the liquidity channel outlined in Bencivenga et al. (1995).

Fig. 3 presents selected impulse responses for the four-variable system in
Table 4. The roles of VT and M3 in per capita output are una�ected by the
addition of MCAP to the system. The plot in the lower right of Fig. 3 also
indicates a clear leading role for liquidity in promoting new equity issues and
listings. The cumulative responses suggest that per capita income rises by
$34.92 (0.5%) and $25.34 (0.36%) from its 1987 average over a ®ve-year ho-
rizon when shocks to VT and M3 increase their respective shares in GDP by
one percentage point. In addition, a one percent increase in VT from its 1987
average raises MCAP over ®ve years by nearly 0.5%.

Table 5 reports estimates from tri-variate VAR systems in which MCAP and
VT are adjusted with the implicit price de¯ator rather than share prices. The
®nding that both stock market indicators now Granger-cause output at less
than the one percent level highlights the importance of correcting the stock
market quantities for annual share price variations. In fact, failing to make the
adjustments yields estimates that suggest an inordinately large role for market
size, since it appears to be the common price component of MCAP and VT
that now renders MCAP highly signi®cant.

5. Conclusion

Stock markets can promote economic performance by (1) providing an exit
mechanism to venture capitalists, (2) o�ering liquidity to investors that en-
courages international diversi®cation and portfolio ¯ows, (3) providing ®rms
with access to permanent capital which can then be placed in large, indivisible
projects, and (4) generating information about the quality of potential in-
vestments. Our panel VARs, which include share price-adjusted measures of
per capita market capitalization and value traded in addition to real per capita
liquid liabilities (M3), indicate that these channels are very plausible, and
highlight the importance of liquidity in stimulating market development and
growth in per capita incomes. Speci®cally, increases in both the intensity of
activity in traditional intermediaries and the market value of equity traded on
organized exchanges have a strong e�ect on output, while the e�ects of market
capitalization are weaker.

Our study does not encompass the ®nancial crises experienced by the East
Asian economies in 1997, as more thorough information about the cycle of
contraction, recovery and aftermath of these events can become available only
with the passage of time. For now, however, our results indicate that stock
exchanges have been key institutions in promoting economic activity in recent
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years, and suggest that the occasional setbacks that appear to be consequences
of rapid market development are perhaps best viewed in light of the more
optimistic longer-term role for stock markets posited here.
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