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STOCHASTIC TRENDS AND STOCK PRICES 
IN EMERGING MARKETS:

THE CASE OF MIDDLE EAST AND NORTH
AFRICA REGION

Lokman GÜNDÜZ & Mohammed OMRAN*

Abstract
In this paper, the individual stochastic structure of a log of weekly stock
indices from Turkey, Israel, Egypt, Morocco and Jordan of MENA markets are
investigated. Results from different unit root tests indicate that all five series
seem to contain a stochastic trend and thus are nonstationary in levels.
Presence of a unit root implies that shocks to stock prices are permanent and
consequently, stock prices may not be predictable.  Tests are also conducted to
examine the common stochastic trends in a system of these emerging stock
prices. No evidence of cointegration is detected in these emerging markets.
Therefore the stock markets of MENA region are segmented and do not exhib-
it any long-run co-movements. This in turn implies the existence of potential
gains from international stock market diversification. 

I. Introduction 
What role the international stock market diversification should play in
constructing asset portfolios is of a fundamental concern for many finan-
cial economists. As such, applied research is needed to discern the poten-
tial gains from international stock market diversification and the relation-
ship that exist between various equity markets. There has been an increas-
ing interest in the nature of relationship among major Western financial
capital markets during the last two decades. However the growing eco-
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nomic importance of emerging markets in recent years received the atten-
tion of the academic community. As these markets function different cul-
tural, institutional and regulatory circumstances than those of Western
counterparts, as substantial amount of research is still required to con-
tribute a better understanding of many relevant issues. 

Many empirical studies concerning emerging stock markets concen-
trated on testing the availability to invest in these markets, and on testing
the benefits from portfolio diversification. This kind of concentration may
be due to the importance of such emerging stock markets as new places to
invest, since these markets, in comparison with stock markets in industri-
al countries, can offer better economic performance, higher earning
growth, and neutral valuations (Agtmael 1993). 

Most of the empirical studies investigating the interrelationship among
national capital markets have examined Pacific-Basin region by using the
theory of cointegration. Among others Cheung and Liu (1994) tested for
the existence of the long-run relationship among five Asian emerging
equity markets during the period 1980-1990. The study used weekly data
for stock market indices of Hong Kong, Korea, Malaysia, Singapore, and
Taiwan. The study employed the multivariate test for cointegration and
the vector error correction model. The results indicated that there is no
evidence that these five Asian equity markets are cointegrated. However,
when stock prices are measured in US$, the five markets tend to be coin-
tegrated during the second sub-period 1987-1991. In fact, the relationship
may be due to the depreciation of the US$ during the late 1980s. As a gen-
eral result, the study concluded that the benefits of international diversifi-
cation by investing in the stock market in Asia might be limited.

A similar study has been done by Garrett and Spyrou (1997) to inves-
tigate into the existence of common trends in the increasingly important
emerging equity markets of the Latin American and Asia regions. The data
of their study are drawn from the emerging market indices constructed by
the IFC. Monthly data for stock indices, expressed in terms of US$, over
the period January 1976 to December 1984 for Argentina, Brazil, Chile
and Mexico (the Latin America region), and over the period January 1985
to December 1994 for India, Malaysia, the Philippines, South Korea,
Taiwan, and Thailand (for Asia region) are used. In order to evaluate the
potential benefits from diversification that accrue in the short term persist
over the long-run, the study analyzed whether common stochastic trends
are presented in the two emerging equity markets regions under investi-
gation. Using the same technique mentioned in the previous study, the
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results indicated that the null hypothesis of no cointegration is clearly
rejected for Latin American markets, and the same conclusion emerged
for the Asian markets implying that there is one common stochastic trend
driving these markets, in turn there are no benefits from portfolio diversi-
fication in these markets. However, the result of this study tends to be sim-
ilar to the previous one, which indicated that the five Asian markets
appear to be cointegrated during the second sub-period 1987-1991, when
the stock prices are measured in terms of US$.

Corhay, Rad and Urbain (1995) also find a single cointegrating vector
among the five major Pacific-Basin stock markets of Australia, Hong
Kong, Japan, Singapore and New Zealand by using the cointegration the-
ory. They conclude that while there exists a rather integrated Pacific Basin
financial area, the regional aspects (Asia versus Pacific) play important
roles. In a recent study Liu, Roth and Pan (1999) find no cointegration in
first moments among Australia, Hong Kong, Japan, Malaysia and
Singapore stock markets. However they reach the conclusion that these
markets share time varying volatility when a modified cointegration test
with GARCH effects is applied.

The results shown above tend to be consistent with other empirical
studies which investigated the stock markets in developed markets. These
studies indicated that when the stock markets of two or more countries are
cointegrated, then they share, at least, one common stochastic trend such
that they will tend to drift together over time. The implication of this is
that any benefits from portfolio diversification will be eradicated in the
long-run, and therefore, investors with long horizons may not actually
benefit from diversifying their portfolios internationally (Corhay, Rad and
Urbain 1993). Also, Taylor and Tonks (1989) and Kasa (1992) argued that
benefits to diversification must be reduced substantially in the long-run
due to the fact that if stock markets are cointegrated, they will drift togeth-
er towards some equilibrium, which implies that movements in stock mar-
kets that share a common trend will be very highly correlated over long
horizons.

On the other hand Chan, Cup and Pan (1992) used unit root and pair
wise cointegration tests to examine the relationship among the emerging
equity markets in Asia region, and the study concluded that these markets
are not cointegrated. The results of this study are contrasted with the
above one, which may be due to the fact that it measured the stock indices
in local currencies and that this study used daily indices, hence the prob-
lem of off-line trading becomes serious as these indices may be influenced
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by some thinly traded stocks, which might lead to an erroneous represen-
tation of the true relationships among these markets (Hung and Cheung
1995). The same authors again, Chan, Cup and Pan (1997) examined the
same idea of eighteen countries from North America, Asia, and Europe
beside Australia and concluded that only a small number of stock markets
show evidence of cointegration with others implying that international
diversification among the stock markets may be effective since these mar-
kets do not have long-run comovements.

Also, some other empirical studies have argued that there is a benefit
from diversification through investing in emerging markets in the Asian
countries. For example, Cheung and Ho (1991) and Cheung (1993) exam-
ined intertemporal pattern of the correlation coefficients among stock
markets in developed markets and those emerging markets in Asia coun-
tries. Even though, these studies found that the correlation coefficients are
not stable overtime, they affirmed the benefit of diversification of invest-
ing in this region. Meanwhile, Claessens (1993) argued that the degree of
integration between emerging and developed markets has increased over-
time, but there are still significant benefits from diversifying into emerg-
ing markets. Santis (1993) also confirmed the same argument. Moreover
in a more recent study, Roca, Selvanathan and Shepherd (1998) find sim-
ilar results for Malaysia, Singapore, Philippines, Indonesia and Thailand
that there is no cointegration among these five stock markets.

From all previous studies mentioned above, it could be seen that
emerging stock markets in the Middle East region is neglected in the aca-
demic work, in turn it is of important to highlight the benefit of interna-
tional portfolio diversification through investing in this region.  

In this paper, we also investigate the validity of the efficient market
hypothesis (EMH) which states that prices reflect optimal use of all avail-
able information. Over the years, numerous studies have applied several
different methods to investigate the EMH.1 Study of the stochastic struc-
ture of individual stock price indices is one such method. According to the
theory of mean reversion, there is a tendency for shocks that enjoyed high
returns to exhibit lower returns in the future, and vice versa. In other
words the stock returns appear to regress towards the mean. Stock prices
that are non-mean reverting imply non-predictability in the long run.

4 Lokman Gündüz & Mohammed Omran
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Stock prices that do not revert to their mean (non-stationary in levels) pro-
vide confirmation of EMH. A confirmation of non-stationarity in levels
will imply that in the long run these stock prices are not predictable.
Moreover the check for a multivariate long run relationship between the
stock indices will also offer insights as to the weak form of efficient mar-
ket hypothesis.2 For example the absence of common stochastic trends in
a system of stock prices implies efficient markets. 

The focus of this paper is twofold. First, we investigate the stochastic
structure of individual stock indices of the five Middle East and North
African (MENA) stock markets. The empirical investigation of the indi-
vidual stochastic structure is conducted by means of the augmented
Dickey-Fuller test (ADF), the Phillips and Perron test  (PP), the modified
Dickey-Fuller test (DG-GLS), the KPSS test, the Cochrane variance ratio
test and the Campbell-Mankiw Decomposition test (CMD). Therefore, a
key part of the research is the use of econometrics tests designed to pro-
vide insight as to the weak form efficiency in which these markets process
available information. Second, these emerging markets are examined in
conjunction with each other and then investigated whether there is a com-
mon long-run trend among the stock prices of the five MENA stock mar-
kets. The Johansen method of cointegration test is applied to check for
common stochastic trends in a system of the five stock indices. The paper
is organized as follows. Section II presents the data and the econometric
tools that are used in the empirical analysis. Section III examines the
empirical evidence. The conclusion is the last section. 

II. Data and Methodology 
The data used in this study consist of the weekly stock indexes of Egypt,
Israel, Jordan, Morocco and Turkey. The data are obtained from
Datastream and expressed in US$. The indices computed by the IFC have
the advantage of being consistently computed across different countries
and are therefore directly comparable. IFC indices are weighted accord-
ing to market capitalization and the stocks included in these indices are
selected on the basis of market size, trading activity, and sector represen-
tation. Additionally, an adjustment for dividend payments, capital gains
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and stock splits are taken in consideration. 
Since stock markets in the MENA region considered new, the data for

these markets in IFC is back for most of countries to June 1995 and after-
wards, in turn daily data is collected starting from January 1996 until July
2000, except for Israel because of the availability of the data, to allow us
to have a sufficient and reasonable number of observation to run the coin-
tegration analysis. However, since Israel is one of the most developed
emerging market in the MENA region, it was not sensible to exclude it
from the analysis, so we extend our data set to include Israel based on a
weekly data starting from August 1997 until July 2000. The use of week-
ly data is also useful in order to avoid nonsynchronous trading problem
arising from different operating hours and time zones. 

Testing for the presence of a stochastic trend (unit root) has become an
important part of model estimation involving time series. Due to the
importance of the stationarity assumption and the growing controversy
surrounding the specific test to employ when checking for unit roots, we
applied a battery of tests to stock price indices.

2.1. ADF and PP Tests
The augmented Dickey-Fuller (ADF) test is based on the following
regression: 

∆xt = α + ßt + ρxt-1 + Σ ϕi∆xt-i + εt (1)

where ∆ is the first difference operator; εt is a covariance stationary ran-
dom error and N was set to ensure serially uncorrelated residuals.3

However, the ADF test loses power for sufficiently large values of N. An
additional alternative test proposed by Phillips and Perron (1987) which
allows weak dependence and heterogeneity in the disturbances is per-
formed using following regression: 

xt = α + ßt + ρxt-1 + υt (2)

where υt is serially correlated. The null hypothesis of unit root (i.e., non-
stationarity) is p=0 for ADF test and p=1 for PP test. The two tests differ
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from each other regarding the assumptions made concerning the distribu-
tion of error terms.4

2.2. Modified DF-GLS Tests
In addition to the standard ADF test we also used the modified Dickey-
Fuller test (DF-GLS) by Elliot et al. (1996). This test is conducted using
the following regression: 

(1 – L)yt-1 = a0yt-1 + Σ a0(1 – L)yt-1 + ut (3)

where ut is a white noise error term; and yt-1 is the locally detrended data
process under the local alternative of α as given by 

yt-1 = yt – ß'zt (4) 

where zt=(1,t) and ß is the regression coefficient of yt on zt for which 

(y1, y2,.....,yT) = [y1,(1– αL)y2,......(1 – αL)yT], (5)

(z1, z2,.....,zT) = [z1,(1– αL)z2,......(1 – αL)zT], (6)

The t-test testing the hypothesis of H0:a0=0, against H0:a0<0 gives the
DF-GLSτ test statistic. Elliot et al. (1996) recommend that the parameter
c, which defines the local alternative by α = 1 + (c/T) be set equal to -13,5.
This test can attain a significance gain in power over the traditional unit
root tests. The critical values are computed by Elliot et al. (1996, Table 1)
using Monte Carlo simulations. For finite sample corrections, Cheung and
Lai (1995) provide approximate critical values. In the non-deterministic
case, the use of c =-7 is recommended where the test DF-GLSτ basically
involves the same procedure as computing the DF-GLSτ test, apart from
the exception that the locally detrended process yt is replaced by the local-
ly demeaned series yt and zt=1. The asymptotic distribution of the DF-
GLSτ test is the same as that of the conventional DF  test. 
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2.3. KPPS Test 
According to Kwiatkowski et al. (1992) in the ADF test, unit root is the
null hypothesis, and the way in which classical hypothesis testing is car-
ried out ensures that the null is accepted unless there is strong evidence
against it. Thus, the ADF test is not very powerful against relevant alter-
natives. The KPSS test is based on the null that a series is trend stationary
or stationary around a level. According to the KPSS test, a time series is
expressed as the sum of a deterministic trend, a random walk and a sta-
tionary error, and the test is the Lagrange Multiplier test of the hypothesis
that the random walk has a zero variance. Thus, 

xt = αt + yt + εt (7)

where t is the deterministic trend, y is a random walk, and ε is the sta-
tionary error. The random walk can be represented as 

yt = yt-1 + ut (8)

where u are iid (0, σu). The initial value of y (y0) is nothing more than the
intercept.

Since e is stationary, a null hypothesis of trend stationary implies that
σu is equal to zero. If α is equal to zero, the null hypothesis is stationary
around a level. Critical values required in the KPSS test are provided in
Kwiatkowski et al. (1992). 

2.4. Variance Ratio Tests 
The measurement of the degree of persistence in a time series is another
way of evaluating the presence of a stochastic trend. By determining the
long run response of a time series to a shock, one can obtain an estimation
of the degree of persistence. Cochrane (1988) argues that any time series
characterize as difference stationary is a combination of a stationary series
plus a random walk component which generates the degree of persistence.
The Cochrane variance ratio test is given as follows: 

Vk = (1/k) x [Var(St – St-k)/Var(St – St-1)] (9)

The variance ratio compares the variance of the k difference of a coun-
try’s stock market index relative to k times the variance of the first differ-
ence of the country’s stock market index. A variance ratio of unity or high-
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er indicates the presence of a stochastic trend, that is, random walk. On
the other hand, if the stock price index is stationary around a determinis-
tic trend, shocks to stock market price will not be persistent. In this case,
the variance ratio approaches zero as k approaches infinity. Lo and
MacKinlay (1988) provide a means to compute Z statistics to test the null
hypothesis of a random walk.5

Campbell and Mankiw (1987) propose a different method of measur-
ing persistence in a time series. They assume that the change in the vari-
able is a stationary process which can be presented by moving average, 

∆Xt = A(L)εt (10)

where e is a white noise and A(L) is an infinite polynomial in the lag oper-
ator. From this relationship, it can be shown that Ak is the impact of a
shock in period t on the growth rate of the variable in time t+k. Therefore,
the impact of the shock on the level of the variable in t+k is
1+A1+A2+......+Ak. The infinite sum of these moving average coefficients
(A(1)) is the ultimate impact of the stock on the level of the variable.
Campbell and Mankiw claim that the value A(1) is the measure of the per-
sistence. The Champbell-Mankiw Decomposition (CMD) Test is equal to 

A(1) = (Vk/1–r1 )1/2 (11)

where Vk is the CVR and r1 is the square of the first autocorrelation of the
first difference in the log of weekly stock indices. According to Campbell
and Mankiw, A(1) should be equal to one for pure random walk and zero
for a stationary series around a deterministic trend. Both Cochrane VR test
and CMD test produce identical results for a pure random walk and for a
stationary process. 
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5 The standard Z statistic is Z(k) =                        ≈ N(0.1) where k is window size and n

2(2k – 1)(k–1)
3k(nk)

is equal to the number of observation. Campbell and Mankiw (1987) find there is a
downward bias in the variance ratio tests. We correct for this bias by multiplying the
variance ratio by (T/T-k) where T is the sample size. 
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2.5. Cointegration Test 
A cointegration between two variables means that both variables have to
move together over the long-run and they cannot move “too far” away
from each other. In contrast, a lack of integration implies that such vari-
ables have no long-run link and cannot “drift together” through time, in
principle, they can wander arbitrarily far away from each other (Dickey,
Jansen and Thornton 1991).

Cointegration of a vector of variables (e.g., stock prices) implies that
the number of unit roots in the system is less than the number of unit roots
in the corresponding univariate series. The statistical idea of the concept
of cointegration developed by Engle and Granger (1987) is that some lin-
ear combination of two or more series is stationary even when each of the
series individually is nonstationary. 

Cointegration means that although many developments can cause per-
manent changes in each of the individual series, there is some long-run
equilibrium relation tying the individual series together. For example
when analyzing linkages between international stock markets, it is of
interest to determine if there are any common forces driving the long-run
movement of the data series or if each individual stock index is driven by
its own fundamentals. 

Moreover as discussed by Richards (1995), cointegration tests not only
allow one to examine the long run co-movement of national stock mar-
kets, but may also be interpreted as a tests of the weak-form of the effi-
cient market hypothesis. Indeed, the presence of cointegration between
financial markets implies that at least one of them can be used to help
forecast the other since a valid error correction will exist. Thus, the pres-
ence of cointegration would limit the potential benefits of long run diver-
sification because systematic (country) risk could not be eliminated
through diversification. Generally speaking the absence of cointegration
suggests some degree of market segmentation, whereas the presence of
cointegration suggests a greater degree of market integration. 

Testing for cointegration is undertaken once it is found that each series
contains one unit root. First bivariate cointegration is tested by means of
cointegration regressions where the null hypothesis of no-cointegration is
tested using Augmented Dickey-Fuller (ADF) tests and the Phillips
Perron tests (Z). 

Test statistics utilize residuals from the following cointegrating regres-
sion. 

10 Lokman Gündüz & Mohammed Omran



Si,t = α + ßSj,t + µt + εt (12)

where Si,t and Sj,t the two different stock price indices, are regressand and
the corresponding regressor and t is a trend. If two series are cointegrat-
ed, then εt will be I(0). The ADF test is performed on the estimated resid-
uals, εt. 

∆εt = αεt-1 + Σϕi∆εt-i + vt (13)

where N is large enough to make vt white noise. The estimated residuals
are also subject to the following PP test: 

εt = α + ßεt-1 + vt (14)

where vt is serially correlated.

Although extremely simple and appealing for empirical applications,
this bivariate cointegration analysis suffers from several drawbacks,
among which we may mention the impossibility of identifying more than
one cointegrated variables among a k-dimensional set of variables with
k>2. However our interest is to uncover the co-movement of five stock
markets. For this reason, we follow the multivariate test for cointegration
advocated by Johansen (1988) and Johansen and Juselius (1990) is used
in this paper. Consider a vector autoregressive (VAR) representation for
the (nx1) vector stock price series St: 

St = A1St-1 + A2St-2 + .... + ApSt-p + µ + εt (15)

where Ai are (n x n) matrices of parameters and µ is a deterministic term.
This system of equations can be written as: 

∆St = Γ1∆St-1 + ... + Γp-1∆St-p+1 + Γp∆St-p + εt,
Γi = -I + A1 + A2 + ... + Ai, i = 1, ..., p (16)

where ∆ stands for changes and Γp defines the impact matrix, which
relates the change, ∆St, to the levels, St-p of periods earlier. 

The parameter matrix, Γp , indicates whether the (n x 1) vector of stock
prices has a long-run dynamic relation or not. Specifically, the rank of Γp
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determines the number of distinct cointegrating vectors. If the rank of Γp
is zero, Eq.(15) reduces to a standard vector autoregressive model. If Γp
has rank, then all the stock price series are stationary. Cointegration is
suggested if the rank of Γp is between zero and the number of stock price
series, n. 

The determination of the rank of  Γp can be solved by finding the num-
ber of eigenvalues of Γp that are statistically different from zero. These
eigenvalues are the squared canonical correlations between two sets of
residual vectors, R0t and R1t, obtained from the following canonical
regressions: 

∆St = Σ B0i∆St-i + R0t, (17a)

St-p = Σ B1i∆St-i + R1t, (17b)

where B0i and B1i are matrices of coefficient estimates. The cointegration
test can be done by reformulating Eq. (15) as 

R0t = αß'R1t + εt, (18)

where Γp = αß'. If the components of St are cointegrated, then the rows of
the (n x n) matrix ß' are the distinct cointegrating vectors of St; that is, ß'St
are I(0). The (n x r) elements of α represent the loadings of each of the r
cointegrating relations. 

Two likelihood ratio test statistics, the trace statistic and the maximum
eigenvalue statistic, can be used for testing cointegrating vectors. The
hypothesis that there are at most r distinct cointegrating vectors can be
tested by the trace statistic: 

Trace test: -T Σ 1n(1 – λi)

where T is the number of observations and λi‘s are the eigenvalues
(λ1>λ2>....>λn) between the two residual vectors R0t and R1t.
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Alternatively, the maximum eigenvalue statistic tests the hypothesis of
r+1 cointegrating vectors, given r cointegrating vectors, and is defined as

Maximum λ test: -T1n(1-λr+1)

where λr+1 is the (r+1)th largest eigenvalue. The critical values for both
tests are available in Oster-Lenum (1992). 

III. Empirical Analysis

3.1. Summary statistics
Table 1 reports summary statistics for the weekly stock indices and index
returns. According to the statistics, the most volatile market is the Turkish
stock exchange followed by Israel. The higher level of volatility is also
associated with higher average returns. However, Egypt and Jordan have
negative returns. 

Table 1: Summary Statistics on Stock Indices 

Turkey Egypt Israel Jordan Morocco
Mean 6.386 4.862 4.855 5.125 5.387
Median 6.349 4.831 4.831 5.124 5.395
Maximum 7.240 5.215 5.271 5.245 5.583
Minimum 5.596 4.542 4.454 4.966 5.204
Std. Dev. 0.403 0.171 0.179 0.064 0.104
Skewness 0.173 0.311 0.522 -0.327 0.009
Kurtosis 2.574 2.128 2.877 2.956 1.847
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Table 2: Summary Statistics on Stock Index Returns (in %)

Turkey Egypt Israel Jordan Morocco
Mean 0.438 -0.324 0.244 -0.063 0.055
Median 0.297 -0.679 0.704 -0.163 -0.208
Maximum 18.928 11.129 7.445 7.646 5.833
Minimum -23.134 -12.352 -14.821 -5.348 -6.606
Std. Dev. 7.906 3.525 3.696 1.742 1.733
Skewness -0.186 0.516 -0.961 0.910 0.237
Kurtosis 3.471 4.624 4.785 6.404 5.156

Note: The weekly stock returns are computed as 100 times the first difference of the weekly stock prices, St, in succes-
sive time periods; that is, 100* log(St/St-1). 

Table 3 reports cross-correlations of market prices and returns for the
emerging economies. The stock market indexes of Morocco appear to be
more correlated with Jordan, Turkey, and Israel. Jordan’s stock indices are
correlated with Israel, Turkey and Egypt. Israel is correlated with all coun-
tries except Egypt. Nevertheless cross correlations among stock index
returns are not satisfactory as in the case of correlation coefficients of
stock market indices. MENA countries do not appear to be correlated
among  themselves. Correlation per se, however do not alone indicate
there are any links between any pair of the markets. Even the high corre-
lations may not  indicate a link since such markets may simultaneously
respond to global shocks.  

Table 3: Cross Correlations Among Stock Indices and Stock Index Returns

Country Morocco Jordan Egypt Israel Turkey
Morocco 1.00 0.05 0.14 -0.10 -0.13
Jordan 0.66 1.00 -0.04 0.18 0.10
Egypt -0.43 0.07 1.00 0.11 0.10
Israel -0.51 -0.64 -0.15 1.00 0.34
Turkey -0.62 -0.66 0.08 0.90 1.00

Note: Upper triangle in italic shows the cross correlations among stock index returns while lower triangle presents the
cross correlations among stock indices. 
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3.2. Test results
Table 4 presents the results from ADF and PP tests. For both ADF and
Phillips-Perron type statistics, the lag truncation was set at four after hav-
ing scrutinized the autocorrelation function of the first differences. The
following notation is used: ττ is the usual t-based test on Equation 1;τµ is
the test based on  Equation 1;τµ without trend term. The additional F-sta-
tistics (called  Φ1,Φ2 and Φ3) are used to test joint hypotheses on the coef-
ficients. With the Equation (1) without a trend term,  α=ρ=0 is tested
using the Φ1 statistic. The Equation 1 is estimated the joint hypothesis
α=ß=ρ is tested using the Φ2 statistic and the joint hypothesis ρ=ß=0 is
tested using the Φ3 statistic. The ‘Z’ versions reported in the Table 4 have
the same interpretation but are computed with the Phillips-Perron non-
parametric correction instead of the lag augmentation. 

ADF and PP results indicate that stock indices from all countries are
unable to reject the one unit root hypothesis. Thus, ADF and PP test
results show that all stock indices series are non-stationary in levels. The
results of Modified Dickey-Fuller (DF-GLS) test presented in Table 5 also
give similar results. But they are stationary after the first difference (See
Table 6) for the test on first differences). In other words they all contain a
unit root. These results indicate that stock prices of MENA are unpre-
dictable in the long run. 

Table 4: Tests on Index Levels ( ADF and PP Tests ): MENA Countries

Test 95% 
statistic Israel Turkey Egypt Morocco Jordan critical value

ττ -1.62 -1.63 -2.33 -1.46 -1.20 -3.43
τµ -0.36 -1.18 -1.85 -1.55 -0.61 -2.88
Φ1 0.44 0.789 2.53 1.22 0.60 4.63
Φ2 1.80 1.08 2.41 1.61 1.25 4.75
Φ3 2.31 1.53 2.80 2.40 1.46 6.34

Z(τµ) -0.38 -1.11 -1.26 -1.64 -0.96 -3.43
Z(ττ) -1.72 -1.48 -1.97 -1.44 -1.79 -2.88
Z(Φ1) 0.40 0.81 1.40 1.41 0.55 4.63
Z(Φ2) 1.96 0.92 1.68 2.31 2.27 4.75
Z(Φ3) 2.60 1.19 1.94 3.40 3.30 6.34
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Table 5: Modified Dickey-Fuller (DF-GLS)

Israel Turkey Egypt Morocco Jordan
DFGLS (t )With Trend 
and Constant Critical -1.136 -1.583 -2.289 -0.866 -1.018
value is -2.89 at 5%
With Constant critical
value is -1.95 at 5% -0.512 -1.014 -0.414 -0.776 -1.075

Table 6: Tests on First Differences Test Statistics

Israel Turkey Egypt Morocco Jordan
ADF -4.63 -4.48 -4.71 -4.20 -5.48
PP -12.87 -11.93 -13.27 -11.52 -12.97

Table 7 reports the results from KPSS tests. The KPSS test includes a
trend, thus the null hypothesis is trend stationary. The maximum number
of lags used is six. Results obtained show that all five stock indices are
able to reject the null hypothesis at all lags (0-6) at %5 and 1% level. So,
according to KPSS tests, all series contain a stochastic trend and thus they
are nonstationary in levels. 

Table 7: KPSS Test Results for MENA Countries

Lags Israel Turkey Egypt Morocco Jordan
0 2.55 2.86 1.89 3.01 2.73
1 1.30 1.45 0.96 1.53 1.41
2 0.88 0.97 0.65 1.03 0.96
3 0.67 0.74 0.50 0.78 0.74
4 0.55 0.59 0.40 0.63 0.61

Note: H0:{X(t)} is trend stationary. Critical value is 0.146 at 5% and 0.216 at 1%

Table 8 includes the CVR test (Vk), the Z-statistic (in parentheses), and
the CMD test (A(1)) results. For all series the maximum length of the win-
dow size (k) applied is 30.6 For the Vk uniformly stays above unity. The
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Z-statistics shows that variance ratio is significantly different from unity
for all window sizes. A similar result is found using the CMD test. A(1)
stays above unity all the way through. The series contains persistence
rather than a random walk. Both the CVR and the CMD test indicate the
Turkish stock market index contains a stochastic trend (unit root).
Moroccan stock market indices provide very similar results. Results do
imply the presence of a stochastic trend at all values of k, both the Vk and
A(1) stay above one. In case of Israeli data, at all values of k except k is
equal to 2, Vk and A(1) stay above one. Israeli stock indices shows signs
of containing a stochastic trend and having a random walk. The Z-statis-
tics indicates that the variance ratio is not statistically significant from one
for all values of k, except when k is equal to 10 and 20. Similar results are
obtained from the Egyptian data. Vk and A(1) stays above unity for all
values of k from 2 to 30. The Z-statistic indicates a random walk when k
is equal to 2, 4 and 30. The results from tests using Jordan’s data shows
that Vk and A(1) stay around unity. The lowest value of Vk and A(1) are
0,86 and 0,92, respectively, when k=30. The Z-statistic indicates a random
walk at all values of k. The Jordanese series also shows signs of having a
stochastic trend (unit root). 

Table 8: Results of the VR Tests of  the Five MENA Stock Markets

k=2 k= 4 k= 6 k=8 k=10 k=20 k=30
Vk A(1) Vk A(1) Vk A(1) Vk A(1) Vk A(1) Vk A(1) Vk A(1)

Israel 0,99 1 1,11 1,13 1,18 1,29 1,03
(-0,17) 0.99 (0,07) 1.00 (1,37) 1.05 (1,57) 1.06 (2,14*) 1.09 (3,25*) 1.13 (0,42) 1.02

Turkey 1,12 1,21 1,34 1,39 1,42 1,63 1,51
(2,25*) 1.06 (2,84*) 1.10 (4,17*) 1.15 (4,58*) 1.17 (4,89*) 1.19 (7,02*) 1.27 (5,59*) 1.23

Egypt 0,95 1,04 1,12 1,2 1,28 1,36 1
(-0,74) 0.98 (0,6) 1.02 (1,48*) 1.06 (2,35*) 1.09 (3,24*) 1.13 (4,07*) 1.17 (0,04) 1.00

Morocco 1,17 1,34 1,56 1,7 1,85 2,31 2,84
(3*) 1.08 (4,56*) 1.16 (6,81*) 1.25 (8,33*) 1.31 (9,8*) 1.36 (14,5*) 1.52 (20,16*) 1.69

Jordan 0,98 1,03 1,02 1 0,99 0,92 0,86
(-0,18) 0.99 (0,4) 1.01 (0,32) 1.01 (0,03) 1.00 (-0,03) 0.99 (-0,83) 0.96 (-1,51) 0.92

Critical
values for 1,17 1,34 1,48 1,61 1,7 2,19 2,63
Z(k) 

Notes: The first entry for each country is the VR statistic; the second entry are Z(k), respectively.
* significant at 5%, k= holding  period.
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Since it is established that each series is I(1). The next step is to test
whether there exists a linear combination of two corresponding indices
that is I(0). Results of the test of cointegration are presented in Table 9.
The ADF and/or the PP test rejects the null hypothesis of no cointegration
for all series among the MENA markets. As it is mentioned before this
methodology does not allow us to identify more than one cointegrated
vector among more than two variables. 

Table 9: Tests for Bivariate Cointegration Among MENA Markets

i/j ADF PP
Israel/Jordan -2.84* -2.66*
Egypt/Israel -2.52* -2.80*
Turkey/Egypt -2.04* -2.60
Turkey/Israel -4.08* -4.10*
Turkey/Jordan -2.55* -2.55*
Turkey/Morocco -2.30* -2.49*
Egypt/Jordan -2.88* -2.37*
Jordan/Morocco -2.72* -2.99*
Egypt/Morocco -2.69* -2.71*
Israel/Morocco -2.41* -2.60

* indicates statistical significance at the 0,05 level.

This paper employs Johansen’s multivariate likelihood ratio cointegra-
tion analysis to examine whether there are any common forces driving the
long-run movements of the five stock index series. Both Johansen’s like-
lihood ratio tests are used to test whether the five stock markets are coin-
tegrated.7 The test statistics are reported in Table 10. None of the values
of the likelihood ratios are greater than the critical values at the 5%. 
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Table 10: Johansen Cointegration Test

Likelihood 5 Percent 1 Percent Hypothesized
Eigenvalue Ratio Critical Value Critical Value No. of CE(s)
0.184884 56.61170 68.52 76.07 None
0.087414 26.76571 47.21 54.46 At most 1
0.051675 13.41066 29.68 35.65 At most 2
0.035127 5.664142 15.41 20.04 At most 3
0.003032 0.443408 3.76 6.65 At most 4

*(**) Denotes rejection of the hypothesis at 5%(1%) significance level. The critical values are obtained from Osterwald-
Lenum (1992). 

IV. Conclusion 
In this paper the individual stochastic structure of a log of weekly stock
indices from Turkey, Israel, Egypt, Morocco and Jordan of MENA mar-
kets over the period August 1997 through July 2000 are investigated. The
individual stochastic investigation is conducted by means of the ADF
tests, the PP test, the DF-GLS the KPSS test, the CVR test and the CMD
test. Results from all six tests indicate that all five series seem to contain
a stochastic trend and thus are nonstationary in levels. Presence of a unit
root implies that shocks to stock prices are permanent and consequently,
stock prices may not be predictable.  It has also implications as to the
weak form of efficient market hypothesis. 

Tests are also conducted to examine the common stochastic trends in a
system of these emerging stock prices. The Johansen procedure of cointe-
gration test is applied to test multivariate relationships among the stock
prices of the MENA markets. No evidence of cointegration is detected in
these emerging markets. Therefore the stock markets of MENA region are
segmented and do not exhibit any long-run co-movements. This in turn
implies the existence of  potential gains from international stock market
diversification. Besides, absence of common stochastic trends may also
mean efficient markets. 
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Abstract
A crucial question for security markets concerns the impact on liquidity of
public display of investors’ latent demands. This topic is central to on-going
debates about floor versus automated trading systems, the informational
advantages of market makers, and inter-market competition between trading
systems with different levels of transparency. We examinee this topic using
transaction-level data from the Toronto Stock Exchange (TSE) before and
after the limit order book was publicly disseminated on April 12, 1990. This
natural experiment allows us to isolate the effects of transparency while con-
trolling for stock-specific factors and for the type (floor or automated) of trad-
ing system. We show that, contrary to popular belief, transparency has detri-
mental effects on liquidity. In particular, execution costs increased after the
introduction of the system even when controlling for other factors that may
affect trading costs. We discuss the implications of these results for practi-
tioners.

I. Introduction
What is the optimal level of transparency for a market? Market trans-
parency refers (see, e.g., O’Hara, 1995) to the ability of market partici-
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pants to observe information about the trading process. An especially
important aspect of transparency concerns the effect of widely publicizing
information about investors’ latent demands present in the limit order
book. This topic lies at the heart of controversial debates about floor ver-
sus automated trading systems, the informational advantages of market
makers, and inter-market competition between trading systems with dif-
ferent levels of transparency. These issues are of critical importance to
practitioners, exchange officials, and ordinary investors. Regulatory
responses to such questions are largely predicated on the belief that greater
transparency will increase the efficiency and fairness of securities mar-
kets.1 Yet, there is little empirical evidence that transparency “matters” in
the sense that it affects liquidity, execution costs, and hence asset values.

Historically, transparency has been partitioned into pre- and post-trade
dimensions. Pre-trade transparency refers to the wide dissemination of
current bid and ask quotations, depths, and information about limit orders
away from the best prices.  Post-trade transparency refers to the public and
timely transmission of information on past trades, including execution
time, volume, and price. Previous research has largely focused on post-
trade transparency, especially the delayed reporting of trades.2 Yet, pre-
trade transparency is as critical (if not more so) to the provision of liquid-
ity and hence to intermarket competition. Notions of pre-trade trans-
parency permeate debates regarding the willingness of investors to supply
liquidity through limit orders, the growth of upstairs (off-exchange) trad-
ing, the desirability of pre-announcements of intentions to trade (sunshine
trading), the nature and extent of disclosure of order imbalances at open-
ings or trading halts, and most recently, the choice of floor-based or auto-
mated trading systems. This paper examines the affect of increasing pre-
trade transparency using data from a “natural” experiment on the Toronto
Stock Exchange (TSE).

Differences in pre-trade transparency exist both nationally and inter-
nationally.  Automated limit order book markets, for example, (e.g., Paris
CAC and Toronto CATS) disseminate not only the current quotes but also
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1 Both the United States Securities and Exchange Commission (SEC, 1994) and the
Office of Fair Trading in the UK Carsberg, 1994) have called for increases in trans-
parency in their respective securities markets as a way to improve market quality.

2 Naik, Neuberger, and Vishwanathan (1994), Gemmill (1994), Board and Sutcliffe
(1995), and Saporta, Trebeschi, and Vila (1999) analyze the effects of delayed trade
reporting on the London Stock Exchange.  Porter and Weaver (1998) examine delayed
reporting on the Nasdaq Stock Market.



information on limit orders away from the best quotes. These markets thus
offer higher degrees of transparency than US markets which generally dis-
play only the best bid or offer. US markets are either fragmented screen-
based markets (Nasdaq) or floor-based markets (NYSE, AMEX, CBOE,
CBOT). In floor-based markets, customer limit orders are either held by a
specialist in a central book which is not publicly revealed (NYSE, AMEX,
and regional exchanges) or held by individual brokers and not revealed to
the market (CBOT). The exception is the CBOE where the “book” of cus-
tomer limit orders can be viewed by traders on the floor. Hence, the
CBOE has the highest level of pre-trade transparency among US
exchanges. These differences in transparency pose a dilemma for regula-
tors and policy-makers because they complicate the task of integrating
financial markets, both within the US and internationally.

Academic interest in transparency is reflected in a rapidly growing the-
oretical, experimental, and empirical literature on the relation between
information and security prices. Previous theoretical research finds that
transparency (i.e., providing information about traders’ identities and
motivations for trade) affects various dimensions of  market quality,
including liquidity, trading costs, and the speed of price discovery.
Models by Pagano and Röell (1996), Chowdhry and Nanda (1991),
Madhavan (1995, 1996), and Baruch (1997), among others, reach mixed
conclusions regarding the effects of transparency. The lack of consensus
arises because transparency admits many definitions, as noted above, as
well as the difficulty in modeling behavior (designing experiments) when
traders’ strategies are endogenous to trading protocols and information.
None of these papers, however, explicitly address the type of pre-trade
transparency (i.e., public display of limit order books) examined here.

Recent experimental (laboratory) studies offer considerable promise
for understanding the more subtle aspects of transparency. In an experi-
mental study, human subjects trade in artificial markets allowing
researchers to study the effects of changes in information in a controlled
setting. Researchers have studied the speed at which prices converge to
full-information values, bid-ask spreads, and other attributes of liquidity
across different regimes. The ability to frame controlled experiments
allows researchers to also gather data on traders’ estimates of value over
time, their beliefs regarding the dispersion of “true” prices, and the trad-
ing profits of various classes of traders. Experimental studies by
Bloomfield and O’Hara (1997, 1999) confirm that transparency matters,
often in very complex ways.
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Empirical research concerning transparency is severely limited, how-
ever, by the lack of high-quality data concerning the information available
to investors. The few empirical studies of transparency (Gemmill (1994)
and Porter and Weaver (1998)) have focused on post-trade transparency
such as the issue of delayed trade reporting.3 These studies are valuable,
but do not shed light on the desirability of pre-trade transparency, in the
form of wider dissemination of quotes and orders before the trade.  Pre-
trade transparency is the subject most relevant for issues such as for inter-
market competition, the public display of limit order books, and the
design of automated trading mechanisms.

This study analyzes the impact of greater pre-trade transparency at the
finest possible resolution. Specifically, we examine the effects on the
same stocks in the same market structure following a dramatic increase in
pre-trade transparency on the TSE. On April 12, 1990 the TSE instituted
a computerized system to disseminate in real-time detailed information on
the limit order book to the public. This rule change applied to both the
stocks traded on the TSE’s floor (the more actively traded issues) as well
as the less actively traded stocks traded on the TSE’s Computer Aided
Trading System (CATS).

The TSE’s protocol change is of special interest for several reasons.
First, the TSE’s Computer Aided Trading System (CATS), instituted in
1977, is the blueprint for most automated trading systems in existence,
most importantly the Paris Bourse (CAC) system. Thus, the experience of
the TSE has general implications for many extant markets world-wide.
Second, the protocol change allows us to isolate the effects of changes in
disclosure across two systems that already differ in the amount of trans-
parency they offer.  In particular, the TSE’s floor resembled the NYSE in
that only the Registered Trader (RT)- the TSE’s equivalent of the NYSE
specialist- observed the limit order book. By contrast, CATS already
offered a high degree of transparency to all members, but not to the gen-
eral public.

Finally, the TSE’s transaction data allows a detailed analysis of the
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3 Porter and Weaver (1998) find that large numbers of trades are reported out-of-
sequence relative to centralized exchanges such as the NYSE and AMEX, and that late-
trade reporting is not random or the result of “fast” markets, lost tickets, and comput-
er problems. This suggests that late-trade reporting is beneficial to Nasdaq dealers.
This view is consistent with the arguments put forward by dealers on the London Stock
Exchange.



effects of changes in transparency across many dimensions. For example,
the data contains trader identifications (that also indicates whether the
trader was acting as agent or principal) that allows an examination of RT
(specialist) profits and the ratio of agency to principal orders.

We begin by developing a simple intuitive framework within which to
explore the issues raised by the public display of limit order books.
Theory suggests that greater transparency of this form will result in more
efficient order placement by market order traders. Since trading is a zero-
sum game, this gain in expected profits is associated with larger losses to
liquidity providers if the limit order book remains as deep as before. It
follows that liquidity providers will be less willing to provide free-
options to the market in the form of limit orders, and hence that spreads
will widen.

Our empirical results strongly support the view that transparency mat-
ters in the sense that it has a large economic effect on trading costs and
liquidity. Contrary to current beliefs, higher transparency does not
increase market liquidity. In particular, execution costs increased after the
introduction of the system, even when controlling for other factors that
may affect trading costs such as volume, volatility, and price. This finding
is consistent with a decrease in liquidity under transparency because limit
order traders are reluctant to offer free options to other traders. We discuss
the implications of these results for public policy including the public dis-
play of limit order books and the design of automated trading mecha-
nisms.

The paper proceeds as follows. Section 2 describes the institutions and
data.  Section 3 summarizes the empirical hypotheses to be examined. We
present the results of our tests in Section 4, and Section 5 discusses their
practical implications and concludes.

II. Institutions and Data

2.1. The Toronto Stock Exchange
The TSE is the largest and most active stock exchange in Canada. During
the period of our study, the TSE actually had two different trading sys-
tems, each with its own set of order priority rules and transparency. The
first system is the TSE’s Computer Aided Trading System (CATS), which
debuted in 1977, and is the blueprint for most automated trading systems
in existence including major markets such as the Paris Bourse (CAC) sys-
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tem. The second system is the TSE’s floor, which operates much like the
NYSE.4

On April 12, 1990, the TSE instituted a computerized system called
Market by Price (MBP), dramatically increasing the level of pre-trade
transparency. Under the MBP system, the TSE began real-time public dis-
semination of the depth (bid sizes and ask sizes) and quote for the current
inside market as well as the depth and limit order prices for up to four
price levels above and below the current market. The system also provides
for electronic update of quote revisions resulting in no delay when report-
ing trades or quotes (the previous system was similar to the NYSE where
quotes were entered electronically but trades were entered on punch
cards) and all depth is automatically displayed making representative liq-
uidity a historical problem5.

This rule change applied to both the stocks traded on the TSE’s floor
(the more actively traded issues) as well as the less actively traded stocks
traded on the TSE’s CATS. The protocol change allows us to isolate the
effects of changes in disclosure across two systems that already differ con-
siderably in the amount of transparency they offer. In particular, while the
TSE’s floor resembled the NYSE in that only the RT (specialist) routine-
ly observed the limit order book, CATS already offered a high degree of
transparency to all members, but not to the general public. We expect that
following the change in transparency, CATS stocks would exhibit less
dramatic changes in market quality than Floor stocks, since increasing the
number of traders with access to the book merely dilutes the RTs monop-
oly rents among more traders. In addition, some Canadian securities are
traded in US markets, allowing us to study the effects of changes in dis-
closure on cross-border order flows without complications arising from
time-zone effects.

2.2. Data Sources and Procedures
The data in this study are drawn from the TSE equity history tapes for the
months of March, April, and May, 1990 and contain every trade and
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4 CATS had strict price-time priority so that a new order at a given price goes to the end
of the queue.  By contrast, the Floor (like the NYSE) exhibited price-size priority so
only the first order to set a new price had time priority.  During 1998 the TSE closed
their trading floor, by transferring all stocks to the CATS. The priority rules on CATS
became a variation on the old floor rules.

5 Prior to the introduction of MBP, RTs were allowed to quote “representative” depth for
floor stocks.  MBP changed quoted floor depth to actual depth.



quote, with associated prices, volumes, and bid and ask sizes, as well as
information for determining the stock’s trading system (CATS or floor-
traded). The data are time stamped to the nearest second. The data con-
tains trader identifications and also indicates whether the trader was act-
ing as agent or principal.  In addition, we gathered data on US trades and
quotes in 45 TSE stocks cross-listed in the US from the Institute for the
Study of Securities Markets (ISSM) tapes to examine order flow compe-
tition associated with the change in transparency.

Since Floor and CATS stocks have different priority rules and trans-
parency, we first separate the sample according to the trading system. We
restricted the sample to common stocks with prices above $1.00 during
the sample period. In addition, we include a number of filters to screen
data errors arising from dropped or missing digits. For the few stocks with
multiple share classes we select only the most active class for analysis to
avoid problems with interdependent observations. The resulting sample
includes 109 CATS and 240 Floor stocks. Most of our tests focus on
changes in market quality metrics surrounding the introduction of the
MBP system on April 12, 1990. To guard against possible biases from
proximity to the event date, we remove 10 trading days pre- and post-
introduction of the MBP on April 12, 1990. The resulting sample periods
are March and May 1990.

III.  A Framework
The previous theoretical literature, as noted above, is largely focused on
issues of post-trade transparency and does not provide much guidance
regarding the effects, if any, of public display of limit order books. In this
section, we develop an intuitive framework that addresses precisely this
question.

To understand the impact of displaying orders away from the inside
market, we need to understand why limit order traders place orders away
from the inside spread. There are two types of events that would cause
orders away from the inside market to be executed: large information-dri-
ven market orders and large-liquidity driven market orders. Limit order
traders place orders above the ask or below the offer to capitalize on tem-
porary fluctuations caused by liquidity events. However, some events are
information events, in which case limit order traders lose to informed
traders. Limit order traders can thus be viewed as facing a trade off
between profits from liquidity events and loses from information events.
This is very similar to the trade-off a market maker faces in a traditional
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adverse selection model. As long as the expected gains from liquidity
events exceeds the expected losses from information events, limit order
traders will supply liquidity. 

Informed traders will attempt to maximize the value of their perishing
information. In a closed limit order book regime (where only the inside
bid and offer are revealed) an informed trader may have to probe the
amount of available liquidity beyond the inside by submitting consecutive
orders. This gives limit order traders a chance to cancel their orders and
avoid a loss from an information event. In an open limit order book
regime, informed traders will be able to observe all liquidity between up
(down) to the new full information ask (offer). Therefore, they will extract
all available liquidity and prevent limit order traders from canceling their
orders. In can thus be seen that an open limit order book increases the
expected loses limit order traders face due to information events. This in
turn will lead to a reduction in the number and size of limit orders sub-
mitted. This argument gives rise to our first testable hypothesis
H1: In a non-transparent system where the limit order book is not made
public, spreads are narrower, volatility is higher, and price efficiency is
lower relative to a fully transparent system.

Intuitively, other things equal, transparency increases a momentum
trader’s expected profits by allowing them to tap the liquidity offered by
the limit order book more efficiently than in a non-transparent system.
H2: The observable effects of transparency will marginally diminish as
the level of transparency increases.

This hypothesis is also intuitive. If transparency increases for one trad-
er, that trader will seek to maximize profits by entering large (and numer-
ous) market orders.  The wealth transfer from limit order traders to mar-
ket order traders will be immediate. Thus, we would expect systems that
change from no transparency to partial transparency, to have larger
changes in spread width, volatility, and price efficiency, than systems that
change from partial transparency to a wider level of transparency.  

Note also that the specialist supplies liquidity when the limit order
book has gaps that allow profitable trade. In a transparent system, where
the limit order book is freely observed, competition forces reduce the
value of observing liquidity gaps so that there are no rents to providing
liquidity. Therefore, specialist expected profits are lower under trans-
parency. Of course, if the specialist faces competition from floor traders,
we expect little or no change in specialist profits across different infor-
mational regimes.  Thus,
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H3: Specialist profits are higher in a non-transparent system where the
limit order book is not made public, provided the specialist has some
informational advantages over floor traders.

We test these predictions in what follows.

IV. Empirical Findings

4.1. Descriptive Statistics
Table 1 (see appendix) contains descriptive statistics for the CATS and
Floor stock portfolios. The table reports the average price, volatility (aver-
age standard deviation of returns), average daily share volume (in thou-
sands), and the number of stocks in our sample for all stocks and for activ-
ity portfolios. Groups are formed by ranking stocks by average daily vol-
ume for the period March 1 to March 30, 1990. Stocks are then separated
according to trading system. Panel A contains statistics for stocks traded
in the CATS system, while Panel B contains stocks traded in the TSE floor
system. Examining the stocks in each portfolio shows that CATS stocks
tend to have lower volumes than Floor stocks. It is a common miscon-
ception that the CATS system is abandoned by stocks as they increase in
price or volume. In reality, TSE rules generally do not allow stocks to
switch trading systems.

4.2. Changes in Liquidity, Volatility and Stock Price Levels

4.2.1. Unconditional Changes in Quoted and Effective Bid-Ask Spreads
We begin by examining the changes in the costs of trading around the
introduction of the MBP system. The most common trading cost measure
is the quoted bid-ask spread in dollars which we compute on an individ-
ual stock basis by averaging across all observed quote revisions for that
stock. While quoted spreads represent posted or firm prices, trades can
occur inside or outside quoted prices. For example, so-called upstairs
trades are often negotiated by off-floor brokers and may occur inside the
quoted spread. Other trades– whose size exceeds the current depth of the
market– may incur execution costs larger than the quoted spread.
Accordingly, we also examine effective spreads, computed as the absolute
deviation between the transaction price in stock i at time t and the pre-
vailing midquote, (averaged over all transactions for firm i) in dollars and
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as a percentage of the prevailing midquote.6

Table 2 (see appendix) provides evidence on the effect on execution
costs of the change in pre-trade transparency. The table shows the mean
quoted and effective spreads (in dollars) for portfolios Toronto Stock
Exchange stocks during March (Pre-Period) and the mean change
between the March (Pre-Period) and May (Post-Period), which surround
the event date of April 12, 1990. Portfolios are formed by ranking stocks
by average daily volume for the period during March 1990. Stocks are
then separated according to trading system: CATS (A.1 and B.1) and
Floor (A.2 and B.2). Panel A lists the results for quoted  spreads while
Panel B lists the results for effective spreads, both in dollars.  Both mea-
sures of execution costs- the quoted and effective spread- show economi-
cally large increases over the March-May test period. Quoted spreads
increase $0.035 on CATS and $0.032 on the Floor, or about 40-50 basis
points. Effective spreads show lower cost increases of $0.012 for CATS
stocks and $0.008 for Floor stocks. These differences are statistically dif-
ferent from zero at the 1 percent level using a paired t–test. Similar results
apply to the quoted and effective percentage spreads.

The increase in spreads is consistent with our hypothesis that trans-
parency increases the potential losses of limit order providers. However,
the fact that the increase on CATS and the Floor are roughly of the same
order of magnitude is surprising. We would expect that since CATS
already displays a high level of transparency that there would be less of
an effect for CATS stocks than for Floor stocks. We return to this issue
below.

4.2.2. Spread Revisions and Duration
We also investigate the duration of quoted spreads to get a better sense of
the cost of trading at any one point in time. We first compute the percent-
age of spread revisions that resulted in a wider spread. The spread is con-
sidered revised if the spread is either wider or narrower than the previous
spread; quote revisions that only change size are ignored. The percentage
of quote revisions resulting in a wider spread is roughly 45 percent over-
all (more active stocks experience more frequent quote revisions than less
active stocks) and shows little variation across periods or systems.
However, the average amount by which the quoted spread widened (in
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dollars) is significantly larger in the post- versus the pre-period; about
13.5% for CATS stocks and 16.2% for Floor stocks. There is a systemat-
ic tendency for less active stocks to face larger revisions in quotes in the
post-period for both CATS and Floor stocks. Thus, the source of the
widening of the spread documented in Table 2 is not that there are more
frequent increases in the spread but rather that when the spread increases,
it increases by a larger amount.  

Finally, we compute the length of time in minutes that the wider spread
existed. Again, only changes in spread width are considered. For the entire
portfolio of CATS stocks, the average duration of the wider spread is
35.51 minutes in the pre-period and 32.23 minutes in the post-period, a
drop of 9.2%. For Floor stocks, the corresponding figures are 27.85 min-
utes in the pre-period and 24.69 minutes in the post-period, a drop of
11.4%.7

In summary, although the percentage of spread revisions that resulted
in a wider spread experienced little change, the average widening was
much greater and the time to the next revision was much lower than in the
pre-period. Thus, the duration evidence confirms our conclusion that liq-
uidity decreased in Floor stocks, but less so in CATS stocks, following the
public display of the limit order book.8

4.2.3. Multivariate Tests
Observed changes in market quality may not be solely due to the changes
in transparency. Previous research (see, e.g., O’Hara, 1995) shows that
spreads are a function of price, volume, and variance of return.  Dollar
spreads are known to increase with price and return volatility and decrease
with volume consistent with the predictions of both asymmetric informa-
tion and inventory control models of dealer behavior. Our results could be
biased if these factors are not constant over our study period.
Accordingly, we run the following regression

Si,t = ß0 + ß1Pricei,t + ß2Volumei,t + ß3σi,t + ß4Dummyi,t (1)

33Pre-Trade Transparency

7 Results by portfolio are available from the authors.
8 Comparing time weighted spreads between periods with different spread revision and

duration dynamics will mask observation of the dynamics. Therefore, we choose to pre-
sent equally weighted spreads along with a description of the change in dynamics.



where: Si,t is the average quoted or effective (dollar) spread for firm i in
period t (pre or post  reduction); Pricei,t is the  average closing price for
firm i during period t; Volumei,t is the (log) average daily share volume
for firm i during period t; σi,t is the standard deviation of daily return for
firm i during period t; Dummyi,t is a dummy variable assigned the value
of 1 if the period is post, otherwise zero.  If increases in transparency are
associated with changes in market quality, we would expect to find ß4 sig-
nificantly different from zero.

Panel A of Table 3 (see appendix) contains the regression results for
CATS stocks and Panel B for Floor stocks. Overall, the regression R2 is
high and the coefficients on the controlling variables (price, volume, and
volatility) are significant and of the expected sign. Focusing on ß4, the
dummy variable for pre- and post-introduction of the MBP system, both
the quoted and effective spread show increases for Floor stocks after con-
trolling for changes in volume, return variance and price. The coefficient
estimates on the dummy variable for quoted stocks are $0.019 and $0.026
for CATS and Floor systems, respectively, consistent with the findings of
Table 2 above. The coefficient on the dummy is not significant for CATS
stocks or for effective spreads, however, which confirms our hypothesis
that the effects of transparency are most immediate for floor-traded
stocks. Similar results hold for percentage spreads. In summary, our pre-
vious inferences for floor stocks do not result from changes in volume,
return variance, and average price.

4.2.4. Quoted Depth Changes
Another measure of liquidity is market depth, i.e., the size offered at the
current bid and ask prices. For Floor stocks, prior to the introduction of
MBP, registered traders (the TSE “equivalent” to the NYSE specialist)
were not required to reveal all existing depth when quotes were revised,
but instead were allowed to state “representative” depth.  After the intro-
duction of MBP, all existing depth was reported electronically along with
the revised quote. Therefore, for Floor stocks, any observed increases in
depth in the post period may simply reflect the exposure of previously
hidden liquidity and are hence not meaningful. Discussions with the TSE
leads to the conclusion that there is no direct way to determine the per-
centage of depth actually reported by the RTs prior to the MBP system.
Therefore, accurate comparative measurement of quoted depth over the
periods is problematic.

However, the RT never had discretion over the display of depth in
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CATS stocks since the system automatically displays all exposed depth at
a price. Consequently, changes in market depth for CATS stocks are
(unlike Floor stocks) meaningful. For all CATS stocks, depth declined,
following the increase in transparency, by about 2 percent. The largest
decrease in depth is in most active quartile, where depth declined about 4
percent. These modest decreases are consistent with our conclusions that
the effects on liquidity of publicly displaying the limit order book for
CATS stocks (which already feature a high degree of transparency) are not
large.9

4.2.5. Volatility
Table 4 (see appendix) displays estimates of return volatility (i.e., the stan-
dard deviation of daily returns) for TSE stocks during the pre- and post-
rule change periods. Both Panels, A for CATS stocks and B for Floor
stocks, show a significant increase in volatility over the time horizon. In
particular, for CATS stocks, volatility rose from 0.29 to 0.40 while for
Floor stocks, volatility increased from 0.31 to 0.40. The largest changes
are in the most active portfolios. Thus, the change in transparency is asso-
ciated with greater volatility in both systems.

A large literature documents a positive relationship between price
volatility and trading frequency, which in turn may result from exogenous
events such as news announcements. To control for this, we estimate the
following regression model.

σi,t = ß0 + ß1N _Tradesi,t + ß2Dummyi,t (2)

where σi,t  is the standard deviation of returns for firm i in period t (pre or
post,) N _Tradesi,t is the number of transactions for firm i in period t (pre
or post,) and Dummyi,t is a dummy variable assigned the value of 1 if the
period is post, otherwise zero. As expected, the coefficient on trading
intensity is positive (although not significant for CATS stocks). In both
cases, however, the dummy coefficient is significant and positive, which
is consistent with our earlier results.

V.  Specialist Profits
In the case of the floor stocks, the RTs (specialists) enjoy informational
advantages very similar to those granted to NYSE specialists. We suggest
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that the public display of the limit order book will be associated with a
decrease in specialist profits. Fortunately, the data are sufficiently detailed
to allow us to directly compute the trading profits of the TSE’s designat-
ed market makers. This allows us to study the effects of disclosure on this
important class of liquidity providers.

We define two measures of trading profits: (1) Total (gross) Profits,
which captures the profits from all the specialist’s trades, and (2) Spread
Profits, which captures the profits from round-trip transactions at the bid-
ask spread.

Total Profit is defined as

TPi = Σ pitxit + minIin – mi0Ii0, (3)

where xit is the signed volume representing specialist participation in
stock i for transaction t. The sign is determined by the direction of the spe-
cialist’s cash flow (positive for a sale, negative for a purchase); pit is the
price of stock i transaction t, while Iin is the specialist’s inventory in stock
i at time n; mit is the quote midpoint for stock i at time t; and

Iin = Σxit

We assume that Ii0 = 0 since initial inventory is not observed.
Table 5 (see appendix) shows average registered trader profit per stock

for TSE stocks during the pre- and post-rule change. Panel A.1 contains the
results for CATS stocks and Panel A.2 for Floor stocks. Only stocks that
involved registered trader participation during both periods are included.

Interestingly, RT profits decline overall for Floor stocks, which is con-
sistent with the situation where opaqueness benefits the specialist who can
take advantage of unpredictable “holes” in the equilibrium limit order
book. However, the opposite is true for CATS stocks. Unfortunately,
given the high variance of trading profits induced by inventory holdings,
neither figure is statistically significant. However, the result remains
informative. In particular, RTs are at a relative advantage in less transpar-
ent systems since they face less competition from other liquidity providers
and also enjoy informational advantages from observing the limit order
book. Decomposing total profits may give additional insight to the impact
on specialists profits. Total profits consist of profits earned by capturing
the spread (spread revenues) as well as trading profits.  Panel B lists the
results for Spread Revenue which is based on the half spread:
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SRi = Σ (Pit – mit)xit, (4)

and shows an overall decrease from the pre- to the post-event period. Our
findings suggest that the increase in spreads observed did not translate
into higher spread revenue for RTs (specialists) who overall found this
portion of profits decreasing after the change. Perhaps for these reasons,
there is often considerable political opposition to dramatic changes in
market protocols.

VI. Discussion and Conclusion
This section interprets the evidence and discusses its practical implica-
tions. Several conclusions emerge from our analysis. First, our results
confirm that transparency matters, affecting the liquidity and the costs of
trading adversely. These findings are consistent with a wide class of the-
oretical models where traders adjust their strategies based on the level of
transparency. The results thus provide support for the view that complete
transparency is rarely “beneficial” to the operation of the market, despite
the presumption common among many policy-makers that full informa-
tion disclosure is desirable. There are several possible explanations for
this result. Too much transparency may actually reduce liquidity because
traders are unwilling to reveal their intentions to trade. A good real-world
example is the difficulty of highly transparent systems such as the Arizona
Stock Exchange to attract order flow. Transparent markets also may suf-
fer from problems related to gaming and market manipulation. For exam-
ple, the TSE offers a very high degree of transparency at the open, dis-
playing away orders and disseminating an indicated price known as the
Calculated Opening Price (COP) based on current system orders. These
prices are updated with every information change until market opening.
Concern over possible gaming and manipulation in this highly transparent
system has led the TSE to recently implement special procedures to dis-
courage gaming of the opening price. Full disclosure also creates incen-
tives for large traders to seek alternative venues for their trading. For
example, large institutional traders who are afraid of being front-run may
seek to trade off-exchange, after-hours, or in so-called “upstairs” markets.

Second, in a market that already offers a very high degree of trans-
parency- such as the electronic limit order book systems used by the Paris
Bourse and Toronto Stock Exchange- our findings suggest that execution
costs could be lowered and depth increase if the markets became more
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opaque. Third, changes in disclosure are likely to affect different groups
of traders in different ways. In particular, floor traders are at a relative
advantage in less transparent systems since they face less competition
from off-floor liquidity providers and also may enjoy informational
advantages from observing the limit order book. Additionally, our find-
ings suggest that the increase in spreads observed did not translate into
higher profits for TSE specialists. Perhaps for these reasons, there is often
considerable political opposition to dramatic changes in market protocols. 

In summary, pre-trade transparency is a topic of considerable impor-
tance to many issues facing investors, academics, and regulators. Previous
theoretical research presents often contradictory views of transparency
and there is little empirical evidence regarding pre-trade transparency.
This study analyzes empirically the impact of an increase in pre-trade
transparency, focusing on the issue of public display of the limit order
book.  We show that contrary to current beliefs, greater transparency need
not increase market liquidity. In particular, execution costs increased after
the limit order book was displayed widely to the public, even when con-
trolling for other factors that may affect trading costs such as volume,
volatility, and price. The reduction in liquidity was associated with
increases in volatility. 
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Appendix

Table 1: Descriptive Statistics of Toronto Stock Exchange Stocks

Dollar Volume Portfolio
All Firms 1 2 3 4

(Lowest) (Highest)
A: CATS Stocks
Mean Price $13.85 $9.02 $16.77 $12.69 $16.12
Volatility 28.5% 24.8% 30.8% 30.1% 26.7%
Share Volume 19.17 4.08 4.26 17.73 81.72
Number of Stocks 109 27 37 29 16

B: Floor Stocks
Mean Price $13.74 $5.97 $10.25 $15.49 $21.24
Volatility 31.3% 14.5% 28.9% 34.0% 44.7%
Share Volume 43.50 5.56 12.70 20.13 115.34
Number of Stocks 240 60 50 58 72

This table reports the mean price, volatility (mean standard deviation of
returns), mean daily share volume (in 000s), and the number of stocks in
our sample for all stocks and for activity portfolios. All numbers reported
below are for the 22 day ranking period March 1 to March 30, 1990.
Groups are formed by ranking stocks by mean daily volume for the peri-
od during March 1990. Stocks are then separated according to trading sys-
tem.  Panel A contains statistics for stocks traded in the CATS system,
while Panel B contains stocks traded in the TSE floor system. Overall
averages are also provided.
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Table 2: Quoted and Effective Spreads

Dollar Volume Portfolio
All Firms 1 2 3 4

(Lowest) (Highest)
Panel A: Quoted Spread (in Dollars)
A.1: CATS
Pre-Period 0.259 0.266 0.312 0.233 0.173
Post-Period 0.294** 0.301 0.347 0.285** 0.179

A.2: Floor
Pre-Period 0.198 0.153 0.221 0.249 0.179
Post-Period 0.230** 0.181** 0.254** 0.307** 0.194**

Panel B: Effective Spread (in Dollars)
B.1: CATS
Pre-Period 0.154 0.161 0.133 0.139 0.143
Post-Period 0.167** 0.178** 0.138** 0.134 0.147

B.2: Floor
Pre-Period 0.123 0.134 0.096 0.097 0.123
Post-Period 0.130** 0.140** 0.106* 0.109** 0.136

* denotes significance at the 5 percent level while
** denotes significance at the 1 percent level.

This table shows the mean quoted spreads for Toronto Stock Exchange
stocks during the periods March 1 to March 30, 1990, (Pre-Period) and
May 1 to May 31, 1990 (Post-Period), which surrounds the increase in
pre-trade transparency on April 12, 1990.  Portfolios are formed by rank-
ing stocks by mean daily volume for the period during March 1990.
Stocks are then separated according to trading system. Panels A and B list
the mean quoted and effective dollar spreads, respectively, in the pre- and
post-periods for quartiles of dollar trading volume. Stocks are grouped by
trading system: CATS (A.1 and B.1) and Floor (A.2 and B.2). Tests of sig-
nificance of the difference between pre- and post-spread values using a
paired t-tests are indicated. 
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Table 3: Regression Models for Execution Costs 

Dependent Variable
F-

Statistic
Intercept Price Volume Volatility Dummy {R2}

Panel A: CATS
0.155 0.005 -0.000 0.182 0.019 47.1

Quoted Spread ($) (7.754)** (4.248)** (-4.189)** (4.411)** (0.864) {0.459}
0.111 0.006 -0.000 0.069 0.009 57.8

Effective Spread ($) (8.089)** (7.241)** (-3.934)** (2.449)* (0.608) {0.511}

Panel B: Floor
0.106 0.006 -0.000 0.121 0.026 88.9

Quoted Spread ($) (9.571)** (7.985)** (-7.810)** (5.233)** (2.110)* {0.423}
0.078 0.004 -0.000 0.103 0.014 78.5

Effective Spread ($) (8.710)** (7.075)** (-7.049)** (5.480)** (1.410) {0.393}
* denotes significance at the 5 percent level. 
** denotes significance at the 1 percent level.

This table reports the results of regressions of the form:

Si,t = ß0 + ß1Pricei,t + ß2Volumei,t + ß3σi,t + ß4Dummyi,t

where: Si,t is the mean spread (quoted or effective) for firm i in period t
(pre or post); Pricei,t  is the mean closing price for firm i during period t;
Volumei,t  is the mean daily share volume for firm i during period t; σi,t is
the standard deviation of daily return for firm i during period t; Dummyi,t
is a dummy variable assigned the value of 1 if the period is post, other-
wise zero. Panel A (B) contains the results for the CATS (Floor) trading
system, with t-statistics in parentheses:
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Table 4: Change in Volatility Following the Increase in Pre-Trade
Transparency

Dollar Volume Portfolio
All Firms 1 2 3 4

(Lowest) (Highest)
Panel A: CATS

Pre-Period 0.285 0.248 0.308 0.301 0.268
Post-Period 0.402** 0.269 0.475 0.454** 0.363

Panel B: Floor
Pre-Period 0.313 0.145 0.289 0.340 0.447
Post-Period 0.402** 0.176 0.286 0.496** 0.594*

* denotes significance at the 5 percent level. 
** denotes significance at the 1 percent level.

This table shows mean volatility measures for Toronto Stock Exchange
stocks during the periods March 1 to March 30, 1990, (Pre-Period) and
May 1 to May 31, 1990 (Post-Period).  Also reported is the mean change
between the two periods. These periods surround the increase in pre-trade
transparency, which occurred on April 12, 1990. Groups are formed by
ranking stocks by mean daily volume for the period during March 1990.
Stocks are then separated according to trading system. Panel A (B) con-
tains the results for the CATS (Floor) trading system. Tests of significance
of the difference between pre- and post-spread values using a paired t-
tests are indicated.
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Table 5: Registered Trader Profit Components

Dollar Volume Portfolio
All Firms 1 2 3 4

(Lowest) (Highest)

Panel A: Total Profits
A.1: CATS

Pre-Period ($1,529) $158 ($418) ($1,724) ($6,218)
Post-Period (787) 298 1,959 1,832 (13,179)
No. of stocks 104 24 36 28 16

A.2: Floor
Pre-Period $903 $329 $373 $275 $2,219
Post-Period (1,694) 444 795 301 (6,674)
No. of stocks 229 56 47 56 70

Panel B: Spread Revenue
B.1: CATS

Pre-Period $2,252 $418 $3,231 $576 $5,736
Post-Period 1,248 602 378 429 (5,609)
No. of stocks 104 24 36 28 16

B.2: Floor
Pre-Period $1,463 ($2,546) $1,131 $2,243 $4,272
Post-Period 1,409 156 621 535 3,639
No. of stocks 229 56 47 56 70

This table shows mean registered trader profit per stock for Toronto Stock
Exchange stocks during the periods March 1 to March 30, 1990 (Pre-
Period) and May 1 to May 31, 1990 (Post-Period). Groups are formed by
ranking stocks by mean daily volume for the period during March 1990.
Stocks are then separated according to trading system. Panel A.1 contains
the results for the CATS trading system, while panel A.2 contains the
results for the floor trading system. Total Profit is defined as

TPi = Σpitxit + minIin – mi0Ii0,

where, for stock i and transaction t, xit is the specialist signed volume, pit
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is price, Iit is the specialist’s inventory, mit is the quote midpoint, and 

Iin = Σxit. Only stocks that involved registered trader participation during

both periods are included. Total profits consist of profits earned by cap-
turing the spread (spread revenues) as well as trading profits. Panel B
reports Spread Revenue:

SRi = Σ (pit – mit)xit.

Table 6: Order Flow Composition

Dollar Volume Portfolio
All Firms 1 2 3 4

(Lowest) (Highest)

Panel A: Mean Percentage of Trades that are Blocks (%)
A.1: CATS

Pre-Period 2.9 2.5 2.2 3.2 4.6
Post-Period 2.7 2.9 1.5 2.5 5.6

A.2: Floor
Pre-Period 2.9 2.6 2.8 3.5 3.1
Post-Period 2.7 2.1 2.1 3.1 3.3

Panel B: Mean Block Size (shares)
B.1: CATS

Pre-Period 35,498 17,640 29,413 43,492 41,445
Post-Period 38,255 24,897 62,243 25,270 33,616

B.2: Floor
Pre-Period 40,458 19,648 46,375 45,767 42,489
Post-Period 36,332 30,520 39,198 41,989 32,911

Panel C: Mean Percentage of Block Trades Executed Upstairs (%)
C.1: CATS

Pre-Period 17.4 0.0 12.5 29.1 14.3
Post-Period 10.2 9.5 2.3 13.7 14.4

C.2: Floor
Pre-Period 13.4 9.5 10.3 14.7 14.9
Post-Period 12.9 0.7 4.3 13.8 19.4
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This table shows the composition of order flow for Toronto Stock
Exchange stocks from March 1 to March 30, 1990, (Pre-Period) and May
1 to May 31, 1990 (Post-Period). Portfolios are formed by ranking stocks
by mean daily volume for the period during March 1990. Stocks are then
separated according to trading system. Panel A lists the mean percentage
of trades that are blocks. Panel B lists the mean stock block size for those
stocks that have block trades.  Panel C lists the percentage of blocks that
execute upstairs. A trade is deemed to be an upstairs trade if the contra
side to a public trade is a member firm trading for a firm account.  Stocks
are grouped by trading system: CATS (.1) or Floor (.2). Tests of signifi-
cance are paired t-tests.
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PREDICTION OF FINANCIAL FAILURE WITH
ARTIFICIAL NEURAL NETWORK TECHNOLOGY

AND AN EMPIRICAL APPLICATION ON
PUBLICLY HELD COMPANIES

Birol YILDIZ*

Abstract
Multivariate statistical techniques are used widely and successfully in finan-
cial failure prediction models. On the other hand, the existing applications of
multivariate statistical techniques on financial failure pay insufficient atten-
tion to assumptions of these techniques. Therefore, some methodological
problems arise about generalization of the models that are developed within
multivariate statistical techniques. Artificial Neural Network is an alternative
technology to predict financial failure. This study indicated that neural net-
works provided better results then multivariate discriminant analysis in pre-
diction of financial failure.

I. Introduction
Almost all financial decisions depend on firms’ survival and investment
on unsuccessful firms or giving loan may lead to important loss. 

The prediction of financial failure prevents investors, stockholders,
and managers from the faulty decisions. Furthermore, since it provides
transfer of the resource to successful firms, economy should be influenced
by this positively. From this point of view, the prediction of financial fail-
ure is also important for regulatory institutions to carry out their functions. 

Pioneering studies about prediction of financial failure are univariate
models (Tamari, 1968; Beaver 1967; 1968). On the other hand, univariate
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models use a single financial ratio to predict financial failure. These mod-
els produce contrary results for the same firm because of using firm’s dif-
ferent ratios. Multivariate models are alternative to univariate models in
overcoming these problems. The early and well-known multivariate study
was done by Altman (1968) using discriminant analysis. Altman’s study
classified firms as bankrupt or non-bankrupt in two groups. Furthermore,
Altman’s model classified firms 95 % correctly one-year prior. 

The other studies that used multivariate discriminant analysis were
Deakin (1972), Altman and Lorris (1976), Altman, et al. (1977),
Dambolena and Khoury (1980). Researchers used logit such as Ohlson
(1980), Hing and Lau (1987), Gentry, et al. (1987). Zmijewski (1984) and
Gentry, et al. (1987) used probit techniques. Casey and Bartczak (1984),
Aziz, et al. (1988) compared logit and discriminant analysis. Meryer and
Pifer (1970) used regression to predict bank failures. Studies of Aktafl
(1993), Ganamukkala and Karan (1996) are examples of research about
prediction of financial failure in Turkey.

Some problems arise when multivariate statistical techniques are used
to develop financial failure prediction models. These are (i) distribution of
variables do not meet multivariate normal distribution, (ii) multicollinear-
ity among variables, (iii) ratio in-stability and negative values, (iv) sam-
ple selection biases, (v) matched sample units, (vi) equal group disper-
sions, (vii) dimension reduction, (viii) the definition of groups, (ix)
unknown a priori probabilities and misclassification costs and (x) valida-
tion of models (Aktafl, 1997; Altman ve Eisenbeis, 1978; Barnes, 1982;
Booth, 1983; Eisenbeis, 1977; Krels and Prakash, 1987; Richardson ve
Davidson, 1984; So, 1987). These kinds of problems originate from
assumption of multivariate statistical techniques or inappropriate applica-
tion of these techniques. 

In recent years, technological developments in data processing intro-
duced artificial neural network as a part of artificial intelligence technol-
ogy. Artificial neural networks have capability of recognition unstruc-
tured, multivariate and complex models successfully. Due to such charac-
teristics, artificial neural networks are valuable tool in prediction of finan-
cial failure (Salchenberger, et al., 1992; Wilson and Chong, 1995; Koh
and Tan, 1999).  

In this study, artificial neural network technology was compared with
discriminant analysis that is already used widely and successfully in pre-
diction of financial failure. In the following section, neural network sys-
tem is introduced and discussed. In section three, discriminant analysis
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was briefly reviewed. In section five, the research methodology was
explained. In the last two sections, the results and conclusion of the study
were presented. 

II. Artificial Neural Network Technology 
Artificial neural network is an information processing system, which sim-
ulates some human brain functionality like thinking and learning. First
commercial artificial neural network designer was Robert Hecht-Neilsen.
He defined artificial neural network as a distributed information process-
ing structure which consists of simple and interconnected processing ele-
ments that produce dynamic outputs for each input (1982). 

The major components of neural network are neurons, connections,
and the learning algorithm. 

A neuron (j) is a basic processing unit of a neural network. All neurons
in the network receive a number of inputs (xi) and generate an output (yi).
These outputs can be either an input to other neurons or output to outside
of neural network (See Figure 1). 

Figure 1:  Artificial Neuron

A neural network is built by interconnection of neurons (See Figure 2).
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Figure 2: A Neural Network

The term “layer” is used to indicate the row of neurons in the neural
network. 

First layer is identified as an input layer that receives data from outside
of neural network. Output layer is the last layer in the neural network and
sends calculated results to outside. Layers between input and output are
called hidden layers. 

Connections may be the most important part of neural network struc-
ture. Data is transmitted among neurons through these connections. Any
connection between neuron (k) and neuron (j) has a weight (wkj) and each
input is multiplied by their respective weighting factor. This operation is
especially important because every input is weighted. 

Connection types like feed-forward or feedback, number of layers and
number of neurons at a layer are identified as architecture.  

In information processing, data enter input layer and flow on connec-
tions as well as neurons through network. In this information processing,
data are processed at each neuron. 

Neurons contain two basic functions to process information: summa-
tion function and transfer function (See figure 1)

The summation function (1) gets the weighted sum of all inputs that
reach neuron. This function determines stimulation level of neuron.
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Σxiwkj = aj (1)

The transfer function determines activation level of the neuron and
relationship between stimulation level and output (yi). The crucial feature
of transfer function is limitation of the output (Vemuri, 1992).

f(aj)=yj (2)

The most popular transfer function is sigmoid function (3) that limit
output value between 0 -1 for every input value.

1
yj=             (3)

1 + e-yi

Basically, a neural network learns from errors. The learning algorithm
calculates error (δ) from difference between network output and desired
output that actually are gathered from real world model. Learning algo-
rithm uses the error term to adjust weights and repeat this procedure until
network produces desired outputs. When the neural network produce
desired outputs for all input values it captures real world model that exists
between inputs and outputs. After this phase, the neural network can
behave as real world model and finally the neural network has been
trained. 

Back-propagation algorithm may be one of the most commonly used
learning algorithm. This algorithm also is known as Generalized Delta
Rule (4):

wij
(t) = wij

(t-1)+ ∆wij
(t) (4)

∆wij
(t) = α.δj

(t-1).xk
(t-1)+ µ∆ wij

(t-1) (5)

t= Time t=1,2,3,....
α= Learning rate (that sets learning speed)
µ= Momentum factor (the term determines direction of the neural

network in the hyperparaboloid error surface -that is plotted by
mean square error vs. possible weights.)

51
Prediction on Financial Failure With Artificial Neural Network Technology and
an Empirical Application on Publicly Held Companies

n

i=1



A neural network exhibits some statistical abilities depending on its
architecture, especially, when faced with a classification problem whether
an input should classify class A or B. A neural network having threshold
transfer function and one connection level can be used to separate the
decision space in two categories with a line (See Figure 3.a). A neural net-
work with two connection levels can separate the input space into open
convex or close concave planes (See Figure 3.b ). If neural network have
tree connection levels, it has ability to separate the input space into a num-
ber of open or closed planes (See Figure 3.c) (Bishop, 1997).

Figure 3: Number of Hidden Layer in the Neural Networks and Their
Statistical Abilities

Source: Bishop, Christopher M., Neural Networks for Pattern Recognition, Clerendon Press, Oxford, 1997.

It is possible to list some advantages of neural networks that differ
from other techniques (Trippi ve Turban, 1996; Schalkof, 1997;
Goonatilake ve Treleaven, 1995). 

i. Generalization: The most important advantage of neural network
is learning. A trained neural network can reach satisfactory results
with incomplete and faulty inputs. For instance, a neural network
that has been trained to recognize human faces it could recognize
people from photographs that are taken even in dark place and
from a different point of view.
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ii. Fault tolerance: Traditional computing systems are very sensitive
to faults in systems. Any problem in these systems may cause the
system to halt or an important error in results.  However, a neur-
al network is not affected as much as a traditional computing sys-
tem if some of neurons are damaged.

iii. Adaptation: Neural networks can learn and adapt to different
environment without requiring to complete retraining. 

iv. Parallel distributed processing: All processing units in neural net-
work run simultaneously, so the neural network works’ solutions
are speedily.

v. No assumption is needed: In the literature, there is no assumption
found for neural networks. Every kind of data could be input for
neural networks in numerical form. This is the most important
advantage of the neural network technology. 
In spite of many advantages that explained above, neural net-
works have some disadvantages. Therefore these disadvantages
may not be appropriate for a few types of applications (Trippi ve
Turban, 1996; Schalkof, 1997; Goonatilake ve Treleaven, 1995):

i. Not reaching appropriate results:  Neural networks cannot solve
all kind of problems 100 % correctly. This technology may pro-
duce unreasonable and irrelevant results. Sometimes neural net-
works cannot be trained. 

ii. Lack of explanation: Even though statistical techniques generate
understandable and interpretable parameters for the problem, neur-
al networks’ weights cannot interpretable so far. This means that
when a neural network is trained, the model remains in a black box.

III. Discriminant Analysis
Discriminant analysis is one of the most popular techniques used for the
prediction of financial failure.

Discriminant analysis is a statistical technique that is used for classifi-
cation of units on the basis of units’ p number of characteristics and min-
imizes cost of misclassification (Hair, et al., 1998).

A discriminant function is like: 

Z= ß0 + ß1x1 + ß2x2 + ß3x3 + ...... + ßnxi. (6)

This function produces Z score for each unit and classifies units into

53
Prediction on Financial Failure With Artificial Neural Network Technology and
an Empirical Application on Publicly Held Companies



two groups by comparing with Z test value. 
On the other hand, discriminant analysis has some restrictive assump-

tions (Hair, et al., 1998):
i. Multicollinearity in independence variables are not allowed,
ii. Multivariate normal distribution,
iii. Equal group dispersions,
iv. Linearity between dependent variables. 
Discriminant analysis is especially sensitive to violation of multivari-

ate normality and equal group dispersion assumptions.   

IV. Data
In this study, the sample consisted of manufacturing, commercial and ser-
vice firms  registered in the Capital Market Board (CMB) and/or traded on
the Istanbul Stock Exchange (ISE) in Turkey during period of 1983-1997.
Financial institutions, holdings, and transportation companies were exclud-
ed because these industries have quite different financial characteristics.
Also new established firms were eliminated from the sample although these
firms showed same indications as failed firms. Such symptoms are gener-
ally typical for newly established firms in a temporary period.

Some firms having too small asset size and/or no or too small amounts
of sales were excluded from the sample. The firms that have problem of
data availability about some of their financial statements accounts were
deleted from the sample because this creates a bias between neural net-
work and discriminant analysis. Actually neural networks can use incom-
plete data without any problem while discriminant analysis cannot. 

It is impossible to consider industrial differences for manufacturing, ser-
vice, and commercial industries in sample selection because of difficulty of
finding enough number of firms that match financial failure criteria. From a
pessimistic point of view, this sample selection method may affect the suc-
cess of prediction model negatively. Although the model’s results should be
more valid than a model generated from single industry data.

In the study, the following criteria are used to select financial failed
firms: 

i. Bankruptcy,
ii. Half of capital is lost,
iii. 10 percent of assets is lost,
iv. Negative net profit for three successive years,
v. Difficulty in debt payment,
vi. Stop manufacturing
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vii. The total debt exceeds total assets.
Most firms in the sample match a number of criteria above at the same

time. 
Non-failed firms were selected from remaining firms that differ from

these criteria that mentioned above. Thus, if a firm that has one-year neg-
ative net profit that was also included in the sample. Consequently, the
model can be more sensitive in discriminating financial failed firms from
the firms that have one-year negative net profit.

In this frame and criteria, the sample consisted of 53 failed and 53 non-
failed firms making a total of 106. The numbers of failed and non-failed
firms were matched because of two factors. First, proportion of groups in
the sample should reflect a priori probabilities of groups in the universe
for discriminant analysis. However, because there was no statistical infor-
mation about number of failed firms in Turkey a priori probabilities about
failed firms are not known. In such a case, equal a priori probabilities are
preferred and proportions of groups in the sample are equalized. Second
factor is related with neural networks. Neural networks show best perfor-
mance if training data represent each case equally. 

The purpose of this study was, however, to develop models that pre-
dict financial failure one-year before. Because of this, the sample consist-
ed of financial statements data one year prior to failure. However, when
firms meet the criterion of negative profit for three successive years, the
second-year data was used for ratio calculation because these were accept-
ed as failed in the third year.

The sample was divided into two subsets as experimental and control.
These sample subsets consisted of 70 and 36 firms, respectively. First sub-
set was used to develop the discriminant function and training the neural
network. Second sample subset was used to validate the discriminant
function and test neural network. 

Failed firms were indicated with 0 and non-failed firm were indicated
with 1 to group in the sample.

In the study, models use financial ratios as variable. From the theoretical
point of view, hundreds of financial ratios may be calculated. The ratios that
are most widely used, the significance of which are accepted, about which
there is consensus, and which are easily calculated were selected. In addi-
tion, the attention was paid to select such ratios, which generate general
information, which are not affected from industry differences, firms’ size,
and company policy. Due to the limitation of neural network software that
is used, number of financial ratio is restricted by 15 in the study. 
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The following ratios were used in models:

Liquidation Ratios:
X1:  Current ratio = Current Assets/Short Term Liabilities
X2: Liquidity Ratio = (Current Assets-Inventories)/Short Term

Liabilities
X3: Short Term Liabilities/Shareholders Equity

Financial Leverage:
X4: Total Liabilities/Shareholders Equity
X5: Total Liabilities/Total Assets
X6: Interest Coverage 

Operating Ratios:
X7: Liquid Assets Turnover = Net Sales/Liquid Assets
X8: Current Assets Turnover = Net Sales/Current Assets
X9: Tangible Fixed Asset Turnover = Net Sales/Tangible Fixed Asset
X10: Equity Turnover = Net Sales/Shareholders Equity
X11: Asset Turnover  = Net Sales/Total Assets  

Profitability Ratios
X12: Gross Profit Margin = Gross Profit/Net Sales
X13: Operating Profit Margin = Operating Profit/Net Sales
X14: Net Profit Margin = Net Profit/Net Sales
X15: Return On Equity = Net Profit/Equity

V. Methodology
The purpose of this study was to investigate whether the neural network
technology is an alternative to discriminant analysis in developing pre-
diction models. 

Experiment subset sample that consisted of 70 firms were used to
develop discriminant and neural network models. To evaluate correct clas-
sification performance of discriminant and neural network, the validation
subset that consisted of 36 firms was used.

The discriminant function is as follows:

Z= 2.12362270 x13 + 1.6227019 x15+ -2.9324167 x5+ 1.1287615 (7)

Thinks Pro- Neural Networks For Windows1 software was used to
develop the neural network model.
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Since there is no methodology in the literature for developing a neural
network, a neural network design process consists numerous trial and
errors. Hence, there were too many failed experiments to develop the
neural network model. The neural network used mean absolute error and
was designed with feedforward architecture. The neural network learned
training data 100 % correctly at 2722 epoch. Other parameters of the neur-
al network are shown below.

Table 1: Parameters of Layers

Input Hidden Hidden Output
Layer Layer 1 Layer 2 Layer

Number of Neuron 15 1 1 1
Max. Number of 15 5 1 1Neurons
Transfer Function Sigmoid (+,-) Sigmoid Threshold Linear
Learning Rate 0.9 0.01 0.01
Momentum Term 0.1 0 0

VI. Results
Classification performance of discriminant analysis and neural network
on the experiment subset data is summarized below.

Table 2: Classification Performance of Discriminant Analysis

Actual Group Number of Members Group Prediction
Failed Non-Failed

Failed 35 27 8
(77.1 %) (22.9 %)

Non-failed 35 5 30
(14.3 %) (85.7 %)

Type I error is that misclassification of failed firms as non-failed is
22.9; type II error is that misclassification of non-failed firms as failed is
14.3. As a result, average correct classification performance of discrimi-
nant analysis is 81.43 % on experiment data.

The correct classification performance of the neural network is 100 %
on the experiment data. Nevertheless, this result should not be interpreted
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as the neural network outperformed discriminant analysis. As expected, a
neural network continues learning until training error would be zero. In
that case, discriminant analysis classification performance on the experi-
ment data should not be compared with the neural network classification
performance.

Validation analysis is made to determine these models’ performance on
validation data and compare the discriminant and the neural network mod-
els have been developed on experiment data. Models’ performances on
validation data are summarized below.

The discriminant analysis classification performance is as follows:

Table 3: Classification Performance of Discriminant Analysis on Validation
Data

Actual Group Number of Members Group Prediction
Failed Non-Failed

Failed 18 16 2
(88.88 %) (11.11 %)

Non-failed 18 4 14
(22.22 %) (77.77 %)

Type I error is that misclassification of failed firms as non-failed is
11.11%; type II error is that misclassification of non-failed firms as failed
is 22.22%. As a result, average correct classification performance of dis-
criminant analysis is  83.33 % on validation data.

The neural network classification performance is as follows:

Tablo 4: Classification Performance of the Neural Network on Validation
Data

Actual Group Number of Members Group Prediction
Failed Non-Failed

Failed 18 17 1
(94.44 %) (5.55 %)

Non-failed 18 1 17
(5.55 %) (94.44 %)

In Table 4, the neural network misclassified 1 of 18 failed firms as
non-failed and 1 of 18 non-failed firms as failed.  Both type I and type II
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errors are equal to 5.55 %. The neural network correct classification aver-
age is 83.33 % on validation data.

While average correct classification rate has been 83.33 %, the neural
network correct classification percentage has been 94.44 %. The neural
network produced superior result than the discriminant analysis on the
sample data.

To find out whether this result originated from sample bias, equality of
proportion needs to be tested.   

Thus, hypothesized that:
H0 :  P(NN) = P(DA)
Ha : P(NN) > P(DA)

Calculation about equality of proportion is as the following:

P(NN) = 2/36 = 0.9444   and  P(DA) = 6/36 = 0.8333

n1P(NN) + n2P(DA)
p =                               = 0.8889

n1 + n2

q = 1 – p = 0.1111

p(nn) – p(dA) – (0)
ZTest =                             = 2.1365

1      1
p.q.(      +       ) 

n1 n2

Since the calculation results at the 5 per cent level of significance is
2.1365>1.645, Z Test > Z Table and H0 is rejected and Ha is accepted.

This result supports the fact that correct classification proportion of the
neural network P(NN) is superior than the correct classification proportion
of the discriminant analysis P(DA) in sample data. 

VII. Conclusion 
Multivariate statistical techniques are used widely and successfully to
develop financial failure prediction models. On the other hand, the exist-
ing applications of multivariate statistical techniques on financial failure
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pay insufficient attention to assumptions of these techniques. Therefore,
some problems arise about generalization of the models that are devel-
oped within multivariate statistical techniques.

In the study, the question is that whether neural network is an alterna-
tive to discriminant analysis. Although, that is used widely and success-
fully in prediction of financial failure but has some problematic assump-
tions.

The findings in the study supported the hypothesis that the neural net-
works predictive ability is better than that of the discriminant analysis.
Therefore, neural network technology may add speed and straightness to
decisions of managers, creditors, investors, and governmental or regula-
tory institutions. Neural networks are favorable tool for all financial infor-
mation users. 

In using neural network technology for prediction of financial failure,
it should be taken into the consideration that the model parameters would
remain in black-box and these can not be interpreted today. 
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THE INVESTMENT OF EMERGING
CAPITAL MARKETS AND

THE ROLE OF DERIVATIVE SECURITIES 

Turhan KORKMAZ*

Abstract
In this paper, we analyze the need and the role of derivative securities in the
emerging capital markets to insure the risks with low costs. Emerging Markets
with Derivative Securities (EMDS) can produce more financial products to
attract an increased inflow of foreign and local savings to these markets. We
create a portfolio index that includes the emerging countries with derivative
products and we compare the index returns with the International Finance
Corporation (IFC) Composite and regional indices. Our portfolio has proven
to outperform all these indices. Furthermore, in order to test the alternative
investment opportunities, we apply Markowitz mean-variance model and we
observe that most of the efficient portfolio combinations are composed of
EMDS Index.

I. Introduction
The astounding returns in emerging markets have drawn the attention of
investors in global financial markets who look for avenues to boost the
performance of their stock portfolios. Through diversification of stock
portfolios across countries, the global investors can reduce the portfolio
risks due to the low correlation between developed and emerging coun-
tries.

Based on prior research, the result displays four main differences
between returns in emerging and developed stock markets: 1) average
returns are higher in emerging stock markets, 2) volatility is higher in
emerging stock markets, 3) correlation with developed market returns are
lower, and  4) returns are more predictable in emerging stock markets.
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Prior to mid-1980s, most emerging markets are closed to foreign
investors. Previous research concentrates on major developed markets as
they test international diversification benefits and the role of derivative
markets. Since early 1990’s as emerging markets began to liberalize, sim-
ilar researches are performed on evaluating the benefits of international
diversification with the inclusion of emerging markets and their derivative
securities.

Since the beginning of 1996, the credit ratings for many emerging
countries have been upgraded while some received the ratings for the first
time in 1997. The improved ratings are largely due to the liberalization of
local financial markets. Evidence shows that the local privatization pro-
grams and major economic reforms contribute to the improvement of rat-
ings for the emerging markets. These ratings are useful for investors to
make an efficient portfolio selection which produce an optimal and diver-
sified composition to earn a higher than expected return in the emerging
markets. In addition, the funds of emerging countries have begun to flow
to developed countries to purchase bonds, stocks and other derivative
securities. For example, in 1997, non-U.S. investors bought $65 billion of
U.S. equities, $12 billion in 1996, and $17 billion in 1995. Liberalization
of financial barriers around the globe creates a strong foundation of build-
ing confidence for foreign portfolio investors. 

On the contrary, the political and economic aspects of some emerging
countries can make investment in those markets inefficient and risky.
Empirical studies have examined the following factors and found them to
be useful tools for international portfolio selection.  

• Access to quality data
• Different accounting and reporting standards
• Transaction cost
• Withholding and other taxes
• Liquidity problem
• Settlement and delivery problem
• Currency risk
• Interest rate risk
• Inflation risk
• Political and sovereignty risks
• Foreign investor restriction

Based on the above findings foreign investors in emerging capital mar-
kets face additional risks such as currency, interest rate, and inflation risks
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associated with their investment goals and time horizon. In order to insure
financial and country-specific risks with low costs, foreign investors need
to use derivative securities.  

In addition to hedging purposes, derivative securities provide specula-
tive and arbitrage opportunities to foreign and local investors. Since
Emerging Markets with Derivative Securities (EMDS) can produce more
financial products, it attracts an increased inflow of foreign and local sav-
ings. The investment serves as a means of diversifying opportunity at a
relatively attractive valuation that create market efficiency, liquidity, and
depth. As a result, Latin America, Asia, and Eastern Europe emerging
countries have built their own derivative markets. 

II.  Capital Flows to Emerging Markets
Foreign investors play an important role in the rapid growth of the emerg-
ing stocks and derivative markets. Statistics prove that the flow of inter-
national portfolio into emerging markets has been growing dramatically.
According to International Finance Corporation’s report in 1999, approx-
imately $14.1 billion of  foreign money has flown to emerging stock mar-
kets in 1998. The $14.1 billion in equities represents a considerable
increase from $3.7 billion reported in 1990, but a decline from $49.2 bil-
lion in 1996 and $30.2 billion in 1997. The decline in equities is observed
since 1996 due to the financial crises in Asian emerging markets. On a
regional basis, Latin America has received the most fund and the Asia has
received the second most fund, Europe Middle East and Africa (EMEA)
has received the rest of the fund. The increased fund to the East Asian
countries can be partly explained by the easing of governmental barriers
to foreign investors.  For instance, China, where firms have started to list
stocks on the Hong Kong Exchange and South Korean Exchange, has
lowered the restrictions on foreign ownership.

In addition, Duke (1997) and Garber (1998) mentioned in their work
that, emerging countries that have organized  derivative markets attract
more foreign  investments.

The perils and benefits of capital flows to emerging stock markets are
mixed from the emerging markets perspective. The research of Buckberg
(1993) summarized the effect of opening stock markets to foreign
investors in several emerging markets (see Table 1).
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Table 1: Effects of Opening Emerging Stock Markets to Foreign Investors:
Year- End Price Earnings and Turnover Ratios  for the Year Before
and Year of the Opening

Price Earnings Turnover
Ratio Ratio

Market Opening Before After Before After
Date

Argentina Oct-91 3.11 38.89 33.6 45.3
Brazil Sep-87 4.24 15.38 74.4 41.5

May-91 5.34 7.65 23.6 22.0
Chile Oct-89 4.40 5.82 6.3 8.8
Colombia Oct-91 10.66 26.08 5.6 7.1
Indonesia Mar-89 n/a N/a 2.5 38.6
Mexico May-89 5.04 10.66 51.7 33.3
Pakistan Jun-91 8.53 23.87 8.7 12.6
Philippines Oct-89 9.92 18.15 24.4 29.1
Portugal Jan-86 n/a            N/a 4.0 7.1
Turkey Dec-89 2.62 17.64 5.5 19.0
Venezuela Dec-88 16.91 11.45 8.1 10.9

Source: Elaine Buckberg, “Emerging Stock Markets and International Asset Pricing,” in Portfolio Investment in
Developing Countries, edited by: Stijn Claessens and Sudarshan Gooptu, Washington, D.C., The World Bank.

The opening of the emerging stock markets to foreign investment is
positively correlated with the increases of price/earnings (P/E) ratios and
turnover ratios. In Argentina, the P/E has increased 12 times, Turkey 8
times, and Brazil 3 times. Heavy trading is observed in many emerging
stock markets that leads to increases of the turnover ratios. Thus, evidence
shows that the relaxation of foreign capital flows into the emerging mar-
kets boost the market activity. Due to the fact that many emerging stock
markets begin to absorb “new” capitals, the prices and volume are trend-
ing upward. This conclusion is supported by a number of empirical stud-
ies. Stijn Claessens and Moon-Whoan Rhee (1994) showed that the barri-
er for foreign investors has a negative impact on stock prices which direct-
ly raise the cost of capital for listed companies.  Similarly,  Demirguc-
Kunt and Huizinga (1993) found negative effects of the barrier on invest-
ments on stock returns in the emerging markets.  This concludes that the
easing of international investment or capital flows have a significant
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effect on the pattern of security return and permit efficient markets to per-
sist. The research of Korkmaz (1999a) shows that after liberalization most
of the emerging stock markets have lower volatility than before. Dara
(2000) observes that the presence of foreign investors may have reduced
rather than exacerbated volatility. 

Based on Clark and Berko (1997) economic and statistical investiga-
tion, there is a significant positive correlation between monthly foreign
purchases of Mexican stocks and stock returns. Their research indicates
that a 1% of market capitalization surprise foreign inflow is associated
with a 13% increase in Mexican stock prices.

As shown in the Mexican case, emerging countries with no boundary
attract the inflow of “new” capital which directly increases the size of the
demand of the stock market. The inflow of foreign capital to the emerg-
ing markets uplifts the confidence of local investors for stock purchase.
The increased capital flow is evidenced as strong economy, higher expec-
tation of return than in the developed markets. Due to the use of advanced
scientific investment tool for analyzing the portfolio selections by the for-
eign analysts, local investors perceive the foreign investment as a good
buy and follow the scheme of foreign investors for their own portfolio
selections. From the macroeconomics perspective, the foreign exchange
reserves will be increased as well as the credit rating of the developing
countries around the globe. 

The recent studies by Gjerde and Saettem (1995) in Norway and
Gonzales (1996) in Spain supported the fact that stock prices moved up
after options markets started to trade The same “higher stocks return” pat-
tern is expected when the emerging countries initialize trading opportuni-
ties on derivative securities. Foreign investors will fuel more capital to the
emerging markets through hedging, speculation and arbitrage. These
investment opportunities in derivative markets give foreign investors a
boost in confidence about their portfolio selections.  

On the contrary, Rudiger Dornbush (1993) studied, the ease of foreign
investment does not support the economy of the emerging countries as a
whole. Dornbush mentioned that the financial liberalization is not neces-
sary or sufficient for the breakthrough in the economic development of the
emerging countries. The financial crisis that is associated with the lack of
regulation can seriously impede economic advances in emerging coun-
tries.  As a result, the emerging countries should establish the legal and
legislative infrastructure before attracting new inflow of foreign capital.
Presently, in Southeast Asia, Thai market is the most liquid due to fewer
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foreign exchange restrictions while Indonesia regulations are as open as
Thailand’s. However, as it is mentioned in Fraser’s (1992) research,
Malaysia has tighter regulations on swaps and forwards which slows the
speculative flows into the ringgit. This justifies the fact that Thailand and
Indonesia suffer more severe financial crisis than Malaysia. 

III. Portfolio Diversification in Emerging Markets
There are two main characteristics in emerging stock markets that give
incentives to investors. First, these markets have higher volatility than the
developed markets, thus they have greater risks for foreign investors. In
return, the investors expect higher returns in the investment for higher
volatility. Second, the findings of the empirical works by Grubel (1968)
on the benefits of international portfolios and Harvey (1994) and Divecha
(1992) on the stock price movement emphasize that the stock price move-
ments in emerging markets are less dependent on global factors than those
of the developed markets. Based on these characteristics, the emerging
stock markets offer a higher potential gains and greater diversification
benefits than the developed stock markets.

The primary reason for the superior performance of emerging market
portfolios is the low correlation between national stock markets rather
than within a particular national stock market. Low correlation among
national stock markets have been presented as evidence in support of the
potential gains to investors from international diversification by Levy and
Sarnat (1970), Solnik (1974), and Watson (1978). In addition, Meric and
Meric (1989) found empirical evidence that diversification across coun-
tries’ results in greater risk reduction than diversification across indus-
tries. Diversification across countries, even if within a single industry,
results in greater risk reduction than diversification across industries with-
in countries. This concludes that the correlation among countries has a
significant effect on asset allocation.

Based on the work of Levy and Sarnat (1970), the high degree of cor-
relation constitutes impressive evidence of a high degree of economic
integration among the capital markets of developed countries.  However,
Erb, Harvey, and Viskanta (1994) have found that international market
integration does not necessarily imply increased correlation between equi-
ty markets.  Based on their findings, correlations change through time and
equity cross-correlations are related to the coherence between business
cycles in their respective countries. In the last two years, correlation
between Asian countries and S&P 500 are getting smaller due to a strong

68 Turhan Korkmaz



U.S. economy and a weak Asian economy.
In addition, Korkmaz (1999b) demonstrates that high correlation are

observed among emerging countries during recession than during the
growth period (see Table 2-3). This leads to the conclusion that investors
cannot reduce the risk through portfolio diversification in recession coun-
tries. Therefore, investors should utilize derivative securities to insure
against systematic risks in emerging countries where recession is present.

Table 2: Correlations Among Asian Emerging Markets During Growth
Period (1989-1994)

Indonesia Korea Philippines Thailand
Indonesia 1.00
Korea .02 1.00
Philippines .57 -.05 1.00
Thailand .48 .13 .53 1.00

Note: Emerging Markets Data Base (EMDB) is used to retrieve monthly stock return data on four emerging markets.

Table 3: Correlations Among Asian Emerging Markets During Recession
(1995-1997)

Indonesia Korea Philippines Thailand
Indonesia 1.00
Korea .60 1.00
Philippines .67 .21 1.00
Thailand .72 .43 .58 1.00

Note: Emerging Markets Data Base (EMDB) is used to retrieve monthly stock return data on four emerging markets.

IV. Derivative Securities in Emerging Markets
There are 21 emerging countries with well organized derivative markets
around the world with addition of new derivative markets and products
every year. The most active ones include Argentina, Brazil, Mexico,
Chile, Philippines, Hungary, Israel, Malaysia, and South Africa. Among
all, Brazil has the largest diversity of contracts in its exchange. Tsetsekos
(1997) works on the lists of different derivative securities that are cur-
rently trading in emerging capital markets around the world:

• Agricultural instruments
• Index derivative instruments
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• Interest rate instruments
• Precious metals
• Swap contracts
• Equity derivative instruments
• Energy derivative instruments

Although many contracts are traded, there are 44 interest rate deriva-
tive products that are currently trading in 21 countries. However, there are
39 derivative products that are traded on equity indices in the organized
exchanges. The evidence shows that the most popular derivative instru-
ments are based on foreign exchange rates despite the long trading histo-
ry of the commodity derivative products. Moreover, the methodology of
pricing an emerging market is the same as the developed markets.
McCrary (1993) observes final prices for emerging markets are generally
higher because of the additional implicit risk of dealing with securities
from extreme volatile markets. 

V. The Role of Derivative Products in Emerging Markets
Derivative products are consisted of futures, forward, swap, and options
contracts. These derivative markets are well organized, commonly used
and known by the perspective of developed countries, it is an innovative
investment tool for many emerging countries. Derivative securities play
an important role in the development of capital markets because it pro-
vides hedging, speculation and arbitrage strategies to the foreign and local
investors. 

After the devaluation of Mexican peso and Thai baht, foreign investors
have begun to trade on currency forwards and options. Unfortunately,
most of the emerging countries’ currencies are traded on OTC (Over-the-
Counter) markets. For Brazilian real and Mexican peso futures, investors
can trade in Chicago Mercantile Exchange. Currently, it is possible to
trade currency forwards, options, emerging markets derivative products
including interest rate swaps and forward agreements, credit derivatives,
and structured rates. 

Despite of the recent growth of emerging markets, the activities for
derivative instruments are still relatively small compared with the market
for bonds, equities, and foreign exchanges in emerging countries. At the
end of 1995, the  market was estimated at US $ 2.739 trillion. Based on
Espino’s (1997) research, derivative activities are growing rapidly, how-
ever the scale remains modest relative to bonds, equities, and foreign
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exchanges. This is an unsettled situation given the potential of emerging
markets derivative products to manage and reduce financial risks.

From the macroeconomic perspective, derivative markets contribute
economic and social benefits. Derivative securities allow many compa-
nies to transfer their financial risks in an appropriate manner. Derivative
markets are part of the economic activities in these countries that create
jobs opportunities.  In 1994, Arditti’s (1996) survey shows that more than
80% of the private companies in U.S. use derivative securities to assist in
their financial policy making.

The successful development of derivative securities in the emerging
markets rests on many important factors, such as integration of financial
markets, liberalization of new legislation, improvement in technology and
communications, the interest in investing in emerging capital markets by
local and foreign investors, and the willingness to become small govern-
mental structure. It is expected that the rapid and successful growth in
equity markets would run parallel in the expectation of the success for
derivative markets in these emerging countries.

When we analyze the historical development in the financial markets,
we observe that many countries, regardless of developed or emerging,
first have bond market before stock market and derivative markets last.
These emerging countries start to trade commodity futures contracts other
than options and swap. In recent years, equity swaps have been used in
capital markets as a financial innovation. Duke (1997) mentions that equi-
ty swaps are attractive to investors since they can use them to overcome
transactional impediments such as taxes and regulations, which directly
make their ownership of equities expensive or impossible in many mar-
kets. Moreover, there are mainly three types of swaps: Equity-Equity,
Equity-Commodity, and Structured Swaps.

Based on Kulatilaka’s (1991) research, equity swap agreement is easy
to set up, but it is impossible for many emerging countries to invest in
equity index. To solve this problem, many institutions recommend
investors to invest their fund through mutual funds or pension funds. It is
also possible that the government of the emerging country be the counter
party to the equity swap agreement.

This limited trading practice is due to the lack of infrastructure and
knowledge about options, swaps and forward. One important observation
is many emerging markets are agricultural countries; therefore, they have
competitive and productive advantages in that area. 

Institutional (particularly commercial banks) and individual investors
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in emerging countries have been trading on derivative securities in the
developed countries for a long time for speculative purpose. As a result,
their investments are riskier due to the lack of information about different
financial instruments and the market. Thus, existing derivative markets in
their own countries may eliminate some known or unknown risks.

It takes a legal and general framework to build an organized and
secured derivative markets. The institutional authority in emerging coun-
tries should finalize the requirement for futures, options and other deriva-
tive contracts, define the underlying securities, type of contract, size of the
contract, price intervals, expiration and delivery date, daily price limit,
strike price, margins, and, position limits. Furthermore, they should also
specify the type of orders, market makers, membership, and clearing
house which are the most important phenomena.  

The reasons for the lack of trading on derivative contracts in emerging
markets are as follows:

• Complex structures of derivative securities and the lack of knowl-
edge about these instruments.

• Lack of promotion of derivative securities in academic and practi-
cal life.

• Lack of  reference material for the learning of derivative securities
features.

• Absence of foreign specialized investment companies and lack of
trading experience. 

• Lack of infrastructure and legislative structure.

Youngshin Sung (1997), deputy general manager for futures and deriv-
ative at Dungbang Peregine Securities, explains the reasons investors
have no interest in Korean Index Futures. 

“One reason institutional participation is not active is that they are
not familiar with the product. Also, there are a lot of internal regu-
lations because management does not understand derivatives and
think they are too risky”.

The existence of derivative securities satisfies not only the need of for-
eign portfolio investors but also the foreign companies with manufactur-
ing and service businesses in emerging countries. Foreign portfolio
investors choose to invest in emerging capital markets under the follow-
ing circumstances. 
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• Countries with liberal foreign exchange regime,
• No investment restriction on foreign investors. For example: China

has two existing stock markets but foreign investors are allowed to
invest in only one (B type of common stocks) and the government
poses trading limit and currency barriers on foreign investors.

• No restriction in transferring the capital and profit to their home
countries.

5.1. Hypothesis
The stock returns of emerging markets with derivative securities have out-
performed other emerging stock markets indices. We create a portfolio
index which includes emerging markets with derivative securities
(EMDS) and we compare the index returns with IFC Composite and
regional indices such as Latin America, Asia, and EMAE indices. 

Since U.S. investors invest in emerging stock markets more than any
other country, we test our hypothesis for U.S. investors’ point of view.

5.2. Data
In order to compare the performance of indices, we calculate the mean
rates of return, standard deviations and Sharpe ratios. Monthly emerging
stock markets data are provided by EMDB (IFC-Emerging Market
Database) for the period January 1989 to December 1997. Also included
are S&P 500 and other developed countries’ monthly stock market indices
data which are provided by Roger Ibbotson and Associates for the period
January 1981 to December 1997. The emerging countries with derivative
securities are calculated for 11 countries for the period January 1989 to
December 1997.  Furthermore, these rates of returns are all measured in
terms of U.S. dollar in excess of the return on the reference asset, the U.S.
Treasury Bill. 

The monthly rate of return for each country is defined as the percent-
age change of the index of common stock in terms of U.S. dollar. IFC and
EMDS indices are also measured in the same methodology. 

Pi(t) – Pi(t-1)
ri(t) =

Pi(t-1)

ri(t) = rate of return in month t.
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Pi(t) = value of the ith country’s common stock index at the end of month
t in terms of U.S. dollar.

Pi(t-1)= value of the ith country’s common stock index at the end of previ-
ous month in terms of U.S. dollar.

The following formulas are used to calculate the mean rate of return
and variance for each country:

1
Mean Rate of Return   Ri =      Σ ri(t)

N

1
Variance                     σi

2 =      Σ (ri(t) –  Ri)2

N

Sharpe ratio is calculated as follows:

E(r) – rf
Sharpe ratio S=

σ

where;
E(r) = expected return on the portfolio
σ =    the standard deviation of the portfolio
rf =    the risk-free rate.

Before we can make an empirical test on the benefits of U.S. investors
from international portfolio diversification, we need to calculate the set of
efficient portfolios. An efficient emerging market portfolio is defined as a
combination of investments in various countries which either maximizes
the rate of return given the variance, or minimizes the variance given the
rate of return. The result of the combination of all points is the efficiency
curve, with each point on the curve represents a particular combination of
investment proportions in various countries. Efficient combination of the
portfolios on the curve are derived directly from Ibbotson  Optimizer.  The
driving force of Ibbotson Optimizer is Markowitz mean-variance model
which minimizes the variance of the portfolio for a given expected rates
of return. Short selling is prohibited in our portfolio optimization model.
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VI. Results
We create an equally-weighted portfolio index that includes the emerging
countries with derivative products (Argentina, Brazil, Hungary, Israel,
Korea, Malaysia, Mexico, Philippines, S. Africa, Taiwan, and Thailand).
We compare the EMDS index returns with the IFC Composite and region-
al indices such as Latin America, Asia, EMEA and U.S. indices. As it is
shown in Table 4, historically our portfolio index (with 2.61 percent
monthly average return) has proven to outperform all these indices. 

Table 4 : Comparison of Index Returns (January 1989-December 1997)

Average Standard Sharpe
Index Return (%) Deviation (%) Ratio (%)
Composite 1.22 5.94 12.46
Latin America 2.47 9.47 21.01
Asia 0.49 7.00 0.14
EMEA 1.08 9.21 6.51
Derivative (EMDS)* 2.61 8.29 25.69
U.S. 1.46 3.51 27.92

(% is calculated on a monthly basis)
U.S. risk free rate=5.75% per annum.
* Emerging Markets with Derivative Securities (EMDS) Index consists of emerging countries with derivative products.

Figure 1: Two-Year Performance of IFC Regional Indices
(US$: 3/1/1996=100)
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Figure 2 shows the comparison of the index value performance from
January 1989 to December 1997. A $1 investment in EMDS in January
1989 accumulates to $11.87 in December 1997. The investment results for
other indices are Latin America $10.12, U.S. $4.19, Composite $3.01,
EMEA $2.10, and Asia $1.19.

Figure 2: Index Line Graph

Note: Derivative = EMDS

Figure 3 shows the comparison of the return performance from
January 1989 to December 1997. Returns are more volatile in emerging
countries through time than in the U.S. 

Figure 3: Return Line Graph

Note: Derivative = EMDS
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Figure 4 shows the “Risk versus Return” among indices including U.S.

Figure 4: Risk vs. Return (January 1989 - December 1997)

Table 5 shows the correlations among indices including U.S.

Table 5: Correlations Among Emerging Market Indices

Latin Derivative
Composite America Asia EMEA Emerging U.S.

Composite 1.00 0.77 0.75 0.48 0.79 0.40
Latin America 0.77 1.00 0.31 0.16 0.76 0.26
Asia 0.75 0.31 1.00 0.29 0.51 0.38
EMEA 0.48 0.16 0.29 1.00 0.31 0.04
Derivative (EMDS) 0.79 0.76 0.51 0.31 1.00 0.37
U.S. 0.40 0.26 0.38 0.04 0.37 1.00

Figure 5 shows the correlations between U.S. versus various emerging
market regional  indices from December 1996 to December 1997.  EMDS
index has the highest correlations coefficient among all indices. Though
our portfolio index does not meet the goal of diversification, investors are
still able to use the existing financial derivative instruments such as  index
futures, options and swap agreements to reduce their portfolio exposures.
As it shown in the table Asia index has better potential for diversification.
This is due to the difference in business cycles in Asia compared with U.S. 
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Figure 5: Correlations Between U.S. vs. Emerging Market Regional  Indices
from December 1996 to December 1997.

Figure 6 shows standard deviation changes through time.  Among all
indices, Latin America has the highest decreases of standard deviation for
the period examined below.  Except Asia index, the standard deviation for
all other indices show downward trend through time.

Figure 6: Standard Deviation Changes Through Time (December 1988-
December 1997)
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Portfolio Contents: 
In order to achieve the optimal results for U.S. investors, the allocation of
the portfolio is 58.4% emerging countries with derivative securities
(EMDS), 36.6% U.S., and 5% Latin America. 

Including U.S.
Position

(%)
Composite 0.00
Latin America 4.97
Asia 0.00
EMEA 0.00
Derivative (EMDS) 58.39
U.S. 36.64
Exp Return 2.18
Std Deviation 5.80
Sharpe Ratio 29.34
Risk Free Rate 0.48

Note: Efficient combination of the portfolios on the curve are derived directly from Ibbotson  Optimizer.  The driving
force of Ibbotson Optimizer is Markowitz mean-variance model which minimizes the variance of the portfolio for
a given expected rates of return.  Short selling is prohibited in our portfolio optimization model.
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Critical points (CP) on the efficient frontier represents the optimal
portfolio for the market indices. Table below shows the positions of  pos-
sible optimal portfolios. 

Table 6: Positions of Possible Optimal Portfolios

CP1 CP2 CP3 CP4 CP5   CP6 
Composite 0.00 0.00 0.00 0.00 0.00 0.00
Latin America 0.00 4.58 5.35 6.83 2.39 2.01
Asia 0.00 0.00 0.00 0.00 0.00 0.63
EMEA 0.00 0.00 0.00 9.19 11.29 11.31
Derivative(EMDS) 100.00 95.42 22.62 0.00 0.00 0.00
U.S. 0.00 0.00 72.04 83.98 86.31 86.04
Exp Return 2.61 2.60 1.78 1.50 1.44 1.43
Std Deviation 8.29 8.25 3.97 3.34 3.31 3.31
Sharpe Ratio 25.69 25.75 32.65 30.42 29.11 28.81

*CP (critical point) on the efficient frontier.

The individual results for emerging countries with derivative securities
are as follows: Brazil 49.65%, Argentina 48.7%, and Mexico 1.7%.
Among all the emerging countries, Brazil and Argentina have the largest
diversity of derivative contracts in their exchanges.
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Position
(%)

Argentina 48.72
Brazil 49.58
Hungary 0.00
Israel 0.00
Korea 0.00
Malaysia 0.00
Mexico 1.70
Philippines 0.00
S. Africa 0.00
Taiwan 0.00
Thailand 0.00
Exp Return 4.55
Std Deviation 15.82
Sharpe Ratio 25.76

Table below shows the positions of  possible optimal portfolios on the
efficient frontier.
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Table 7: Positions of Possible Optimal Portfolios on the Efficient Frontier

CP1 CP2 CP3 CP4 CP5   CP6 CP7 CP8 CP9 
Argentina 99.00 49.10 25.93 9.68 6.37 0.00 0.00 0.00 0.00
Brazil 0.00 49.90 30.57 15.70 12.08 4.69 4.14 2.59 0.45
Hungary 0.00 0.00 0.00 0.00 3.07 9.21 9.26 9.63 9.54
Korea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 15.39
Malaysia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.50 11.10
Mexico 1.00 1.00 43.50 32.07 28.57 21.26 20.18 16.41 9.73
Philippines 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S. Africa 0.00 0.00 0.00 42.55 49.91 61.15 62.04 59.56 48.20
Taiwan 0.00 0.00 0.00 0.00 0.00 3.69 4.37 5.31 5.59
Thailand 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Exp Return 5.20 4.57 3.69 2.56 2.34 1.91 1.88 1.74 1.12
Std Deviation 25.98 15.90 11.43 7.42 6.86 6.04 6.00 5.87 5.66
Sharpe Ratio 18.18 25.7 28.1 27.96 27.11 23.62 23.3 21.4 11.4

The positions of investment in emerging countries (exclude U.S.) are
as follows: 55.04% EMDS, 21.29% EMEA, and 18.78% Latin America.

82 Turhan Korkmaz

Thailand
Taiwan
S. Africa
Philippines
Mexico
Malaysia
Korea
Hungary
Brazil
Argentina

100.00

60.00

30.00

0.00

1 2 3 4 5 6 7 8 9

1- CP1

4- CP4

7- CP7

2- CP2

5- CP5

8- CP8

3- CP3

6- CP6

9- CP9

Mix

Mix Chart
Holding (%)



Excluding U.S. Position
(%)

Composite 0.00
Latin America 18.78
Asia 4.89
EMEA 21.29
Derivative (EMDS) 55.04
Exp Return 2.15
Std Deviation 7.02
Sharpe Ratio 24.00
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Table below shows the positions of  possible optimal portfolios. 

Table 8: Positions of Possible Optimal Portfolios

CP1 CP2 CP3 CP4 CP5   CP6 CP7
Composite 0.00 0.00 0.00 0.00 64.91 69.82 64.57
Latin America 0.00 12.27 18.23 19.27 0.00 0.00 0.00
Asia 0.00 0.00 0.00 9.32 12.72 16.18 20.93
EMEA 0.00 0.00 20.80 21.74 14.23 14.00 14.50
Derivative(EMDS) 100. 87.73 60.97 49.67 8.14 0.00 0.00
Exp Return 2.61 2.59 2.27 2.05 1.22 1.08 1.05
Std Deviation 8.29 8.19 7.25 6.83 5.81 5.75 5.75
Sharpe Ratio 25.6 26.00 25.00 23.00 13.00 10.00 10.00

We also test our portfolio performance in different time period. We
assume that  we invest at the beginning of 1989 through the end of 1995.
Based on the analysis performed by Ibbotson Optimizer, EMDS index is still
dominant in our portfolio allocation decisions despite of the fact that the
economy of Asia was booming between December 1989 and December
1995.  The result of the portfolio content for Asia is 23.6%, EMEA 5%, and
EMDS 70.3%. This concludes the fact that having more financial and deriv-
ative instruments in the financial markets are more important than the busi-
ness cycles in order to optimize the expected returns.
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Excluding U.S. Position
(%)

Composite 0.00
Latin America 1.15
Asia 23.57
EMEA 5.00
Derivative (EMDS) 70.28
Exp Return 2.59
Std Deviation 7.22
Sharpe Ratio 29.20

Table 9: Positions of Possible Optimal Portfolios

CP1 CP2 CP3 CP4 CP5   CP6
Composite 0.00 0.00 0.00 0.00 54.61 55.11
Latin America 0.00 0.00 0.00 13.89 0.53 0.00
Asia 0.00 10.66 21.30 48.51 33.65 33.62
EMEA 0.00 0.00 4.06 15.31 11.21 11.27
Derivative(EMDS) 100.0 89.34 74.63 22.29 0.00 0.00
Exp Return 3.08 2.90 2.65 1.92 1.50 1.50
Std Deviation 8.76 8.15 7.39 5.92 5.69 5.69
Sharpe Ratio 30.00 30.00 29.00 24.00 18.00 18.00
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Below is the breakdown of the individual EMDS’s position for the
period December 1989 to December 1995.

Position
(%)

Argentina 47.41
Brazil 42.86
Hungary 0.00
Korea 0.00
Malaysia 0.00
Mexico 0.00
Philippines 0.00
S. Africa 9.73
Taiwan 0.00
Thailand 0.00
S&P 500 0.00
Exp Return 4.98
Std Deviation 16.21
Sharpe Ratio 28.00
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Table 10:Positions of Possible Optimal Portfolions

CP1 CP2 CP3 CP4 CP5   CP6 CP7 CP8 CP9 
Argentina 100.00 53.24 8.72 8.22 4.53 1.82 0.00 0.00 0.00
Brazil 0.00 46.76 16.93 16.52 10.31 5.80 2.33 1.23 0.67
Hungary 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Korea 0.00 0.00 0.00 0.00 0.00 0.00 13.41 18.09 19.95
Malaysia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mexico 0.00 0.00 0.00 0.82 0.00 0.00 0.00 0.00 0.00
Philippines 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S. Africa 0.00 0.00 74.35 74.44 55.51 41.71 23.20 16.19 12.27
Taiwan 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.29
Thailand 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S&P 500 0.00 0.00 0.00 0.00 29.65 50.68 61.07 64.48 65.82
Exp Return 6.00 5.22 3.38 3.36 2.69 2.21 1.65 1.48 1.39
Std Deviation 28.99 17.85 7.13 7.06 5.17 4.15 3.50 3.43 3.42
Sharpe Ratio 19.00 27.00 41.00 41.00 43.00 42.00 33.00 29.00 27.00

Tables below are the result of the comparisons and positions of IFC inves-
tible emerging countries for the period of January 1989 to December 1997.
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Table 11 : Comparisons of Investible Emerging Countries

Sharpe
Countries Months Mean(%) Std Dev(%) Ratio (%)
USA 204 1.35 4.17 20.86
Argentina 108 5.23 26.21 18.12
Brazil 108 3.96 20.09 17.32
Chile 108 2.42 7.42 26.14
China 60 -0.15 11.18 -5.63
Columbia 82 3.21 10.08 27.08
Czech Rep 48 -0.62 12.13 -9.07
Egypt 10 -1.18 4.98 -33.33
Greece 108 2.19 12.15 14.07
Hungary 60 2.94 13.92 17.67
India 61 0.30 8.43 -2.14
Indonesia 87 -0.53 10.45 -9.67
Israel 12 2.01 6.42 23.83
Jordan 108 1.06 5.20 11.15
Korea 72 -1.40 9.15 -20.54
Malaysia 108 0.47 8.40 -0.12
Mexico 108 2.59 9.95 21.21
Morocco 10 2.21 6.12 28.27
Pakistan 81 1.90 11.39 12.47
Peru 60 1.89 9.42 14.97
Philippines 108 0.75 10.56 2.56
Poland 60 4.88 20.55 21.41
Portugal 108 1.13 6.54 9.94
Russia 10 3.23 14.44 19.04
S. Africa 60 1.40 6.52 14.11
Slovakia 10 -0.64 6.85 -16.35
Sri Lanka 60 0.75 8.80 3.07
Taiwan 83 1.14 10.56 6.25
Thailand 108 0.08 10.38 -3.85
Turkey 100 2.94 18.99 12.95
Venezuela 96 4.20 17.87 20.82
Zimbabwe 54 2.71 11.60 19.22

(% is calculated on a monthly basis)
U.S. risk free rate=5.75% per annum
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Table 12 shows the comparison of correlations between S&P 500 and
emerging markets and developed markets.

Table 12: Comparison of Correlations Between S&P 500 and Emerging
Markets and Developed Markets (January 1989-December 1997)

S&P 500 vs. S&P 500 vs.
Developing Countries’ Indices Developed Countries’ Indices 

U.S. U.S.
USA 1.00 USA 1.00 
Argentina 0.10 Australia 0.50 
Brazil 0.20 Austria 0.23 
Chile 0.21 Belgium 0.47 
China 0.15 Canada 0.74 
Columbia 0.02 Denmark 0.39 
Czech Rep 0.11 France 0.52 
Egypt -0.12 Germany 0.44 
Greece 0.08 Hong Kong 0.37 
Hungary 0.32 Italy 0.27 
India 0.11 Japan 0.34 
Indonesia 0.31 Netherlands 0.63 
Israel 0.81 Norway 0.47 
Jordan 0.23 Singapore 0.51 
Korea 0.05 Spain 0.43 
Malaysia 0.30 Sweden 0.46 
Mexico 0.35 Switzerland 0.62 
Morocco -0.60 UK 0.66 
Pakistan 0.22
Peru 0.08
Philippines 0.34
Poland 0.14
Portugal 0.35
Russia 0.51
S. Africa 0.10
Slovak -0.09
Sri Lanka 0.19
Taiwan 0.14
Thailand 0.34
Turkey -0.08
Venezuela -0.09
Zimbabwe 0.02
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VII. Conclusion
Derivative securities play an important role to reduce the level of invest-
ment risk in emerging countries because they are more volatile than devel-
oped countries. During the stock market boom with up trend potential,
foreign and local investors pour fund to the stock market but they are
insured at low cost against the down trend risk. In addition, emerging
countries that have a variety of derivative products attract more foreign
capitals and local savings; thus, it helps the stock markets efficiency, liq-
uidity, and depth. We test our statements in various perspectives and prove
that the EMDS’s stock markets have outperformed other indices. We use
Markowitz mean-variance model to compare the IFC regional indices
with the EMDS indices. We apply the model to data for the regional
indices and emerging countries for the period January 1989 to December
1997, and find that EMDS index has shown better performance than other
indices.

Currently, most of the emerging economies struggle to build their
derivative markets to prevent losses and capture more market shares in
terms of foreign capital movement in highly competitive financial world.
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BEHAVIORAL FINANCE THEORIES AND
THE PRICE BEHAVIOR OF THE ISE

AROUND THE START OF THE
DISINFLATION PROGRAMME

Numan ÜLKÜ*

Abstract
I present a detailed review of four recent behavioral theories to explain the
pervasive evidence of under- and overreactions in financial markets. Then, I
formally show that the price behavior of the Istanbul Stock Exchange (ISE)
stocks around the commencement of the 2000-2003 disinflation programme is
a good example of both under-, but especially of overreactions. Further analy-
sis indicates that this price behavior fits interestingly well to (are explicable
by) the predictions of these behavioral theories. Small investors would bene-
fit a lot from the lessons of behavioral theories. 

I. Introduction
In recent years, a new approach in finance theory, commonly referred to
as “behavioral (or psychological) finance” has gained increasing support
and recognition. Its virtue is to explain deviations from informational
market efficiency based on imperfect rationality of market participants. 

Typical deviations from market efficiency are return predictability
anomalies, characterized as either underreactions or overreactions.
Empirical literature of the last decade is full of evidence of financial mar-
kets that systematically under- or overreact. Under the specialization of
“predictability from past returns”, these show up as short-term positive
and long-term negative return autocorrelation, respectively. To assess the
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economic significance of this predictability, momentum strategies (to
exploit short-term underreactions) and contrarian strategies (to exploit
long-term overreactions) are devised, tested and, most of the time, found
significantly profitable to follow. Two alternatives have been proposed to
explain the profitability of these strategies: time-varying risk premiums
and market inefficiency.

In the face of these evidence, and especially the failure of time-vary-
ing risk alternative to fully account for the predictability, Efficient
Markets Theory (EMT) is under serious siege. Yet, the alternative for mar-
ket efficiency was missing until recently (see Fama, 1998)1. 

However, four recent papers attempt to build theories that explain the
“pervasive” evidence of systematic under- and overreactions in an inte-
grated way, as Fama required: “Any alternative model has a dounting task.
It must specify biases in information processing that cause the same
investors to underreact to some types of events and overreact to others”.
The common element of these theories is that they rest on empirically ver-
ified behavioral assumptions derived from social cognitive psychology. 

The price action in the ISE around the start of the 2000-2003 disinfla-
tion programme appears to be a very good example of both under- and,
but especially, overreaction. In this paper, the price behavior of the ISE-
100 Index around the start of the programme is analyzed as an event study. 

The purpose is twofold: First, as a unique event study, this paper
intends to contribute to the international literature by testing whether what
we have observed is consistent with predictions or implications of these
new behavioral theories. As will be seen in the next section, the contro-
versy between behavioral theorists and proponents of efficient markets
has not been settled yet; and unripe behavioral theories need much further
tests. Also, studies that control for the information flow are very useful in
providing intuitive insight, but are quite rare. Moreover, strongest evi-
dence of economic significance of under- and overreactions comes from
the cross-section. In documenting a market level overreaction, this study
will help close the gap. 

Second, this study will provide a scientific interpretation of the recent
price behavior of ISE stocks which would help market participants to
accurately construe the recent developments. Lessons from this experi-

94 Numan Ülkü

1 Fama states: “A problem in developing an overall perspective of ... (these) studies is that
they rarely test a specific alternative to market efficiency. Instead, the alternative
hypothesis is vague, market inefficiency. This is unacceptable.” p. 284.



ence along with insight about the price formation and informational effi-
ciency characteristics of our market, will help market participants in
investment decisions (especially identifying overreacting markets) and
regulators in efforts to improve market efficiency.  

In Section II below, a brief review of under- and overreaction literature
and a detailed review of behavioral theories and Fama’s critique of them
are presented. In Section III, the overreaction in the ISE-100 Index around
the start of the programme is formally documented. In Section IV, the
price behavior in the ISE along with the sequence information flow is ana-
lyzed to determine if it is explicable in terms of the proposed behavioral
theories. Section IV concludes the paper. 

II. Literature Review

2.1. Anomalies: Documented Predictability and Evidence of Under- and
Overreactions:

Daniel et al. (1998) classify the most pervasive anomalies as follows: 1.
Short-term momentum (positive short-term autocorrelation of stock
returns or possibly underreaction)  2. Long-term reversal (negative auto-
correlation of returns at long lags) or overreaction  3. High volatility of
asset prices relative to fundamentals 4. Event-based return predictability
(public-event-date stock returns of the same sign as average subsequent
long-run abnormal performance; implying underreaction) 5. Short-run
post-earnings announcement stock price drift in the direction indicated by
the earnings surprise, but abnormal stock price performance in the oppo-
site direction of long-term earnings changes.

For our purposes, I present a brief review of the relevant literature
under a dual classification:
A)  Overreaction and Reversals: The long-term overreaction literature
begins with the influential DeBondt and Thaler (1985), who find that
when stocks are ranked on 3-5 year past returns, past winners tend to be
future losers, and vice versa. They interpret these predictable long-term
return reversals (negative autocorrelation of returns at long lags) as over-
reaction. Another cross-sectional study is Chopra, Lakonishok and Ritter
(1992). After adjusting for size and ß, they find that in portfolios formed
on the basis of prior 5-year returns, extreme prior losers outperform
extreme prior winners by 5-10% per year during the subsequent five
years; the effect substantially stronger for smaller firms. Although they
find a pronounced January seasonal, the overreaction effect is distinct
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from tax-loss selling effects. They also observe returns consistent with the
overreaction hypothesis for shorter windows around quarterly earnings
announcements. DeBondt and Thaler (1987) and Lakonishok, Shleifer
and Vishny (1994) find a negative relation between long-horizon returns
and past financial performance measures such as earnings or sales growth.

For the aggregate market, see Fama and French (1988) and Poterba
and Summers (1988). For example, Fama and French (1988) estimated
that 40% of the variation in stock returns was predictable over horizons of
3-5 years, which they attributed to a mean reverting stationary component
in prices. 

Shiller (1981,1989) shows that asset prices are too volatile to be justi-
fied by changes in fundamentals. 
B) Underreaction and Short-term Momentum: In the last decade, a
series of papers documented a short-term (6-12 months) continuation
(momentum or positive short-term autocorrelation of stock returns),
which is interpreted as underreaction. Typical references include
Jegadeesh and Titman (1993) for US  stocks, and Rauwenhorst (1998) for
twelwe European countries. Typically, these studies show that when
stocks are sorted on past 6-12 month returns, winners (losers) tend to con-
tinue overperform (underperform) in the next 6-12 months. Note that,
strongest evidence (in terms of economic significance) of both under- and
overreaction comes from the cross-section. 

Two recent comprehensive studies on momentum, as representative
examples, are reviewed below in detail: 

Chan, Jegadeesh and Lakonishok (1996) show that sorting stocks into
ten deciles by prior 6 month return yields spreads in returns of extreme
deciles of 8.8 % over the subsequent 6 months, suggesting a price momen-
tum effect. Similarly, ranking stocks by earnings surprise, measured as
standardized unexpected earnings, abnormal returns around earning
announcements or revisions in analysts’ forecasts, produces spreads of 7.7
% over the next 6 months, suggesting an earnings momentum effect.
These drifts do not tend to be subsequently reversed, so momentum does
not appear to be entirely driven by positive feed-back trading. Market risk,
size and book-to-market effects do not explain the drifts. Chan et al.
explain profitability of momentum strategies by gradual response of mar-
kets to earnings news (i.e.; underreaction).  

Chan, Hameed and Tong (2000) implement momentum strategies
based on past returns on stock market indices of 23 countries taking
exchange rate movements also into account. From the literature they note
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two alternative explanations for the price momentum effect: underreaction
and herding behavior. They form zero-cost portfolios by going long the
winner countries and short the loser countries in the previous period, with
weights being proportional to the country return in excess of the average
of stock index returns. They use 5 different holding periods (evaluation
period equals holding period): 1, 2, 4, 12 and 26 weeks. From the begin-
ning of 1980 to June 30, 1995, 2- and 4-week momentum strategies out-
perform buy-and-hold by approximately 2 and 1 % per month, respec-
tively. Most of the momentum profits come from price continuations in
stock market indices, and very little from exchange rates. The momentum
profits are statistically significant; not confined to emerging markets, can-
not be explained by nonsynchronous trading, though they diminish when
adjusted for market risk with diffferent (‘s for up- and down markets.
Another important finding is that return continuation is stronger following
an increase in trading volume. This is consistent with herding behavior
hypothesis.

On the event study area, systematic underreaction to public news
events is observed in some types of events. These include tender offer and
open market repurchases (Lakonishok and Vermaelen (1990) and
Ikenberry, Lakonishok and Vermaelen (1995)), dividend initiations and
omissions (Michaely, Womack and Thaler (1995)), seasoned issues of
common stocks (Loughran and Litter (1995))2.

2.2. Recent Behavioral Theories to Explain These Evidence 
Among the two alternative explanations proposed for the pervasive evi-
dence summarized above, the time varying risk models fail to fully
explain them. Given the high Sharpe ratios apparently achievable with
simple trading strategies, any asset pricing model consistent with this evi-
dence would have to have extremely variable marginal utility across
states, which also strongly covaries with the momentum and contrarian
portfolios. Most studies do not find such relation3.  

This leads many researchers to turn to behavioral theories. To impose
some discipline on this prolific process of building new theories based on
wide psychological evidence, Hong and Stein (1999) specify the criteria
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that a new behavioral theory should be expected to satisfy: (1) rest on
assumptions about investor behavior that are consistent with evidence (2)
explain the existing evidence of return anomalies in a parsimonious and
unified way (3) make a number of further predictions that can be subject
to out-of-sample testing and that are ultimately validated. 

Though behavioral theories have a longer history, we concentrate on
three recent theories (four papers) because they are Parsimonious and uni-
fied, and stand well against the critiques from proponents of efficient mar-
kets theory. As these theories are new, and perhaps not well-known in our
country, I present a detailed review to make the reader familiar with them.

Barberis, Shleifer and Vishny (1998) develop a representative agent
model based on psychological evidence where agents (investors) are vul-
nerable to two types of judgemental error: conservatism and representa-
tiveness. Conservatism states that individuals are slow to change their
beliefs in the face of new evidence. Representativeness is the tendency to
overweight the most recent or the salient and the extreme, underweight-
ing statistical properties of the population. Barberis et al. then attempt to
explain underreactions by conservatism and overreactions by representa-
tiveness: In their model, earnings4 follow a random walk, but investors do
not realize this, rather they switch between two regimes: they think earn-
ings are either mean-reverting or trending. The regime switching process
that investors think to exist is modeled as a Markov process.
Underreaction occurs when investors conserve the mean-reverting regime
in the face of changes in earnings and overreaction occurs when they
switch to trending regime after a string of shocks in the same direction
eventually make them believe that earning surprises are trending. Barberis
et al. formalize this intuition by solving a mathematical model of investor
behavior described above. The model produces both underreaction and
overreaction for a wide range of parameter values.

Daniel, Hirshleifer and Subrahmanyam (1998) propose a theory of
under- and overreactions based on two psychological biases: investor
overconfidence about the precision of her/his private information and
biased self-attribution, which causes asymmetric shifts in investor confi-
dence as a function of her investment outcomes. Note that, interestingly,
Daniel et al. and Barberis et al. employ different psychological biases but
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end up with similar conclusions. In this model, overconfident informed
traders (trading with the rational Uninformed) overweight their private
signal relative to the prior, causing the stock price overreact. In other
words, investors overreact to their private information signals and under-
react to public information signals. In contrast with the common corre-
spondence of positive return autocorrelations with underreaction, they
show that short-term positive return autocorrelations can be a result of
continuing overreaction.

Figure 1: Average Price as a Function of Time with Overconfident Investors 

Source: Journal of finance

As investors update their confidence in a biased manner with self-attri-
bution, overreaction is initially sustained (when a confirming public sig-
nal arrives, their confidence rises). This is followed by long-run correc-
tion, consistent with long-run negative autocorrelation. The correction is
slow (when disconfirming public signal arrives, their confidence fall only
modestly), it takes several steps of public signal arrival until prices reach-
es its rational expected value. Thus, another episode of short-run positive
autocorrelation follows during the correction phase. Figure 1 of Daniel et
al. (1998) displays the typical price adjustment to new information. It
shows price as a function of time for the dynamic model of Section III
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with (dashed line) and without (solid line) self-attribution bias. Date 1 (on
the horizontal axis) signifies the arrival of private signal. On date 2 a con-
firming noisy public signal arrives5, and on dates 3’ and 3 further public
signals arrive. In constant confidence model (self-attribution bias not
introduced) prices peak with the private signal, and only partly corrected
with the public signal, since investors underweight the public signal. In
self-attribution model, prices peak when the public signal arrives. As an
implication of the model, any conditional short-term autocorrelation of
returns measured on either side of the peak will be positive, and long-term
autocorrelation across the extremum will be negative. With comparison to
noise trading models (Black, 1986; DeLong et al., 1991), the Daniel et al.
model endogenously generates noise trading correlated with fundamen-
tals. In their model, overconfident informed traders lose money on aver-
age. 

If informed traders are underconfident, the model also predicts under-
reaction, long-run return continuation and insufficient volatility relative to
the rational level.

To explain a number of event study anomalies, Daniel et al. define a
selective information event as an informed (for example, management’s)
action to exploit mispricing. Their model suggests that returns around
selective events such as IPO’s, Seasoned Equity Offerings, dividend omis-
sions and initiations, etc. are correlated with post event returns. Thus, the
model is able to offer an explanation for empirically documented anom-
alies such as long-term negative abnormal performance of IPO’s, follow-
ing SEO’s and dividend omissions, and long-term positive abnormal per-
formance following stock repurchases and dividend initiations. 

A rejectable hypothesis that their model produces is that mispricings
should be greater when there is information asymmetry. In addition, evi-
dence from psychology literature suggests that individuals tend to be more
overconfident in settings where feedback on their decisions is slow or
inconclusive as opposed to rapid and clear. Thus, mispricing should be
greater in stocks that require more judgment to evaluate, where the feed-
back on this judgment is ambiguous in the short-run, such as growth
stocks or stocks with high R&D expenditures or intangible assets. 

Odean (1998) takes the Daniel et al. theory further by adding that how
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overconfidence affects financial markets depends on who in the market is
overconfident and how information is distributed. In his model, investors
are rational in all respects except how they value information; and the
consequences of the overconfidence of price-taking traders, a strategic-
trading insider and risk averse market makers, as three versions of the
model, are analyzed. The main results are as follows: Overconfidence
always increases trading volume and market depth, and reduces traders’
expected utility (because overconfident traders hold undiversified portfo-
lios). The impact of the overconfidence on other measures of the market
depends on who is overconfident: Of primary interest is price quality (i.e.;
market efficiency); overconfident price takers worsen the price quality,
overconfident insiders (informed traders) improve it. Overconfidence
increases volatility, though overconfident market-makers may dampen
this effect. With respect to time-series implications, overconfident traders
can cause markets to underreact to the information of rational traders,
leading to positive serially correlated returns. Odean suggests that if infor-
mation is usually publicly disclosed and then interpreted differently by a
large number of traders each of whom has little market impact, the over-
confident price taker model applies. He concludes, given the broad dis-
closure of information in U.S. equity markets, one would expect overcon-
fidence, in net, to decrease efficiency. 

Another major point of the paper is that returns are positively serially
correlated when traders underweight new information and negatively seri-
ally correlated when they overweight it; and the degree of this under- or
overreaction depends on the fraction of all traders who under- or over-
weight the information. A review of the psychology literature on inference
finds that people systematically underweight abstract, statistical, and
highly relevant information, and overweight salient, anecdotal, attention-
grabbing and extreme information. As an extension of this finding, a sig-
nal to which we might expect overreactions is price change, possibly the
most salient signal because unlike other signals it directly contributes to
changes in wealth and is the most publicized signal. The impact of a pri-
vate signal depends on how many people receive that signal.

Hong and Stein (1999), while sharing the same goal of building a uni-
fied behavioral model, focus on the interaction between heterogeneous
agents, rather than the psychology of the representative agent. Their
model features two types of agents: “newswatchers” and “momentum
traders”, both are boundedly rational in the sense that each is only able to
process some subset of the publicly available information. The
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newswatchers make forecasts based on signals that they privately observe
about future fundamentals, they do not condition on current or past prices.
Momentum traders, in contrast, do condition on past price changes (uni-
variately on (Pt - Pt-1), ignoring fundamental information. Their other cru-
cial assumption is that private information diffuses gradually across the
newswatcher population. Solving their models they reach the following
conclusions: With only newswatchers, there is underreaction, but never
overreaction. This result follows naturally from combining gradual infor-
mation diffusion with the assumption that newswatchers do not extract
information from prices. When momentum traders are introduced to the
model, they arbitrage away any underreaction left by the newswatchers,
so with sufficient risk tolerance, they improve market efficiency by acce-
larating price adjustment to new information. But, this comes at the
expense of creating an eventual overreaction to any news. A crucial
insight is that early momentum buyers impose a negative externality on
late momentum buyers (momentum traders do not know whether they are
early or late in the cycle). Thus, the very existence of underreaction leads
to overreaction. As momentum traders start profit taking, correction phase
starts; early momentum buyers profit at the expense of late momentum
buyers. Under risk neutrality assumption, an unconditional strategy of
buying at t upon observing a price increase at (t-1) and holding until (t+j)
must have zero expected value, so that the composition of market players
is in equilibrium. Then, the authors present some exercises by varying
parameters such as information diffusion rate, momentum traders’ horizon
and risk tolerance. The results are reprinted in Figures 2 and 3. As a
testable prediction concerning the pattern for autocorrelations, for exam-
ple, the model suggests that the longer the momentum traders’ horizon,
the longer it takes for the autocorrelation to switch from positive to nega-
tive.
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Figure 2: Cumulative Impulse Response and Momentum Traders’ Risk
Tolerance 

Source: The Journal of Finance 
Note: The momentum traders’ risk tolerance gamma takes on values of 1/11, 1/7, and 1/3. Base is the cumulative

impulse response without momentum trading. The other parameter values are set as follows: The information
diffusion parameter z is 12, the momentum traders’ horizon j is 12, and the volatility of news shocks is 0.5.
(Hong and Stein, 1999). 

Figure 3: Cumulative Impulse Response and the Information Diffusion
Parameter

Source: The Journal of Finance 
Note: The information diffusion parameter z takes on values of 3, 6, 9, and 12. The other parameter values are set as

follows. Momentum traders’ horizon j is 12, the volatility of news shocks is 0.5, the  momentum traders’ risk
tolerance gamma is 1/3. (Hong and Stein, 1999).  
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Then, extensions of the basic model are analyzed: Adding “contrarian
traders” who, as a third group, try to exploit the overreaction caused by
momentum traders do not alter the major qualitative results for a wide
range of parameter values. Combining contrarian and momentum strate-
gies (i.e.; bivariate-regression-running arbitrageurs), though is more sta-
bilizing, does not change the overall pattern. Adding fully rational traders
(who can rationally condition on everything in the model) with finite risk
tolerance again does not change the pattern. But, if the risk tolerance of
fully rational traders is infinite, then prices follow a random walk (in
which case the motivation for momentum trading disappears). If momen-
tum traders can condition on fundamental information, the response to
public news is not necessarily hump-shaped (i.e.; first underreaction, then
overreaction, and then correction). But, in actual markets, it is the private
information that reinforces this hump-shape by keeping momentum
traders from conditioning on fundamental information.

“Why perfectly rational arbitrageurs cannot assure prices to reflect
fully rational fundamental values?” is a natural critique from proponents
of efficient markets. In answering this question, behavioral theories com-
monly refer to DeLong et al. (1991) who showed that noise traders as a
group can dominate a market.

On the other side, Fama (1998), defending the efficient markets theory,
argues that market efficiency survives the challenge from literature on return
anomalies. His argument is based on two reasons: First, if anomalies are ran-
domly split between underreaction and overreaction (which, he argues, is
the case), then the explanation is simply chance, consistent with market effi-
ciency. Second, the anomalies documented in the literature are not robust to
alternative models for expected returns6 or statistical approaches used to
measure them. Fama also criticizes the behavioral theories for working, not
surprisingly, well on the anomalies they are designed to explain; “other
anomalies are, however, embarrassing” he states.

While these recent behavioral theories are receiving increasing atten-
tion and recognition7, for the sake of neutrality I repeat Fama’s final com-
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efficiency suffers from an unavoidable bad model problem; many anomalous findings
are not robust to alternative models.

7 The background of these theories dates back to 4-6 years of previous work. They are
published (passed the scrutiny of the editorial boards of most prominent journals) after
or simultaneously with Fama’s objection. 



ment in his words: “Given the demonstrated ingenuity of the theory
branch of finance and given the long litany of apparent judgment biases
unearthed by cognitive psychologists, it is safe to predict that we will soon
see a menu of behavioral models that can be mixed and matched to
explain specific anomalies. My view is that any new model should be
judged on how it explains the big picture.”

In this paper, I assume a middle-way approach: While efficiency can
be maintained as an ideal case, documented deviations from efficiency are
so pervasive and their economic consequences are so important that they
cannot be ignored. This is especially true when markets are processing a
new type of new and important information, so that past experience can-
not help market participants. Examples include the “new economy mania”
in Nasdaq, and, of course, the commencement of the most pervasive
macroeconomic programme in Türkiye.

It should be noted that behavioral theories are still at their primitive
stages and need much further work to ripen and further out-of-sample
tests to be validated. Our event study is one such test.

2.3. The Background of Behavioral Theories
Behavioral theories are based on assumptions of investor behavior
derived from work in psychology. For example, both Daniel et al. and
Barberis et al. contain a separate section devoted to review of relevant
psychology literature. See for a comprehensive but nonexhaustive review
of recent psychology literature applicable to financial markets Ülkü
(1997) and for a more systematic review Raghubir and Das (1999).

Except for the subtopic “decision making under uncertainty” (and
especially a series of well-known studies by Kahneman and Tversky),
however, most studies in psychology discipline are not conducted in the
settings of financial markets. This implies problems in transferring infer-
ences. As a solution, some finance theorists conduct their own experi-
ments and surveys in real or simulated financial market settings. Typical
references include DeBondt (1993) who investigates individual behavior
that underlies the overreaction hypothesis, and Odean (1998). Below is a
review of the two representative recent examples:

Murado¤lu (1996), building on DeBondt (1993), conducts experiments
with business students (unsophisticated subjects) and portfolio managers
(sophisticated subjects) to see whether they extrapolate past trends in
forming expectations. We are interested in this study because it examines
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the behavior of Turkish investors. The subjects were shown charts and
asked to make point and interval forecasts of prices over 1,2,4 and 12
week horizons, in one version on unknown calendar time for six unnamed
stocks and in the other version real time for ISE-100 Index. The results
show that both sophisticated and unsophisticated subjects are trend fol-
lowers (predict stock prices by extrapolating the past) and tend to hedge
their forecasts by probability distributions skewed to the opposite side of
their point forecasts. This hedging tendency is more pronounced for
novices than experts, especially in bull markets, and as the forecast hori-
zon becomes longer. This supports previous research conclusions that
experts reveal overconfidence by assessing tighter probability distribu-
tions. She concludes that “the behavioral assumption of the efficient mar-
kets hypothesis that expectations are rational should be treated with cau-
tion”. 

Bange (2000) examines stock market forecasts and portfolio allocation
decisions of small individual investors, based on two survey data for
1987-1994, conducted by AAII (American Association of Individual
Investors). In one survey, respondents convey their anticipation of the
likely direction of the stock market in the next 6 months by choosing
among three alternatives: bullish, bearish, neutral. The percentage of
buIlish investors is published as an index of investor sentiment. The other
survey asks their portfolio allocation; Bange uses three asset classes: equi-
ty (including stock mutual funds), bond (including bond mutual funds),
and cash. The results are as follows: First, an examination of the relation-
ship between lagged changes in sentiment and equity holdings shows that
when investors are bullish (bearish) they increase (decrease with a lag)
their equity holdings. Second, an examination of changes in equity hold-
ings and subsequent market returns shows that the surveyed investors do
not possess superior market timing ability, rather the correlation between
the two variables is negative (though their performance is better than bro-
kerage house recommendations8). Third, small investors are positive feed-
back traders (shifts in their portfolios reflect past market movements);
they increase their holdings of equities after market run-ups, and decrease
after downturns.   
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III. Formally Documenting Under- and Overreaction
The weekly price/time chart of US$ denominated ISE-100 Index in Figure
4 gives, with little doubt, a visual impression of an overreaction story,
consisting of two trends in opposite directions. 

In this section we seek a formal verification for this appealing conclu-
sion.

We start by noting that our event study consists of a single and unique
observation rather than a sample of observations. This means that we can-
not apply standard statistical inference methodology. Rather, our empha-
sis is to show that this single observation would strongly contribute to
push the sample characteristics toward finding evidence of under- and
overreaction.

Figure 4: The Daily Price-Time Chart of ISE-100 Index  

Source: Reuters

Documenting Overreaction: One formal way of testing overreaction
(i.e.; mean reversion in stock prices) is the autoregression test introduced
by Fama and French (1988). Denoting V to be the log of the stock price
or portfolio value, the cumulative return from period t to period t+k is
given by:         

Rt, t+k = Vt+k – Vt, (1)
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and Fama and French run the following regression to test for mean rever-
sion in stock prices: 

Rk
t, t+k = αk + ßk Rt-k,t + ut, t+k (2)

They show that ßk summarizes the autocovariance function of returns
as k is allowed to vary and leads to a convenient decomposition of the
stock price into random walk and stationary components. As they show, if
the stationary component is characterized by slow decay (mean rever-
sion), then ßk will form a U-shaped pattern, starting around zero for short
horizons, becoming more negative as k increases, and then moving back
toward zero with longer horizons. If there is no mean reversion, ßk is zero
for all k. 

In testing whether sample ßk is significantly below zero, Fama and
French use (1980, cited in Fama and French) standard errors to adjust for
the positive autocorrelation in residuals that is induced by overlapping
observations. They also adjust for downward bias in ßk as calculated by
MonteCarlo experiments under a normality assumption. Kim and Nelson
(1998) employ the Gibbs-sampling-augmented randomization” in autore-
gression tests of mean reversion to handle uncertainty in parameters
describing the dynamics of heteroskedasticity. 

I replicated Fama and French autoregression test on monthly returns of
the US$ denominated ISE-100 Index to see whether the ISE uncondition-
ally exhibits mean reversion. The data, received from Reuters, starts from
October 1989 and ends in September 2000 (132 observations).
Dollarization of returns is an incomplete way of estimating excess returns
(it adjusts only for inflation, approximately). However, deducting a proxy
for US$ risk-free rates from rough US$ returns does not change the
results.

Table 1 shows the pattern of autocorrelations as k varies. With two dif-
ferences, the patterns is exactly U-shaped exactly as Fama and French
expected. One difference is that ß1 is somewhat positive, indicating some
short-term momentum; and the other is that the autocorrelation is most
negative at 12-16 months lag instead of 3-5 years. The latter is typical for
an emerging market. The conclusion is that the ISE-100 Index displays a
mean reverting behavior, even unconditionally.       
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Table 1: Pattern of Autocorrelations 

k ßk p-value
1 0.162 0.06
2 0.008 0.92
3 -0.098 0.27
4 -0.207 0.02
6 -0.201 0.03
8 -0.271 0.00

12 -0.463 0.00
16 -0.403 0.00
24 -0.098 0.15
36 0.020 0.83

Our primary interest is the contribution of the period around the start
of the 2000-2003 programme to this result. I investigate this by examin-
ing weekly autocorrelations over the period starting from September 19,
1999 ending on September 30, 2000. This equals to zooming the corre-
sponding part of the previous test. Weekly data in US$ is received again
from Reuters. 

The results are presented in Table 2. Consistent with unconditional
autocorrelations turning significantly negative at the 4-month lag, weekly
autocorrelations are significantly negative at 16 weeks and longer lags.
The strongly significantly negative autocorrelations at 20 and 24 weeks
lags is evidence of a reversal, possibly indication of an overreaction. To
determine the degree that our observation contributes to unconditional
estimates, I compare 16-week and 24 week autocorrelations in our obser-
vation to the unconditional estimates of 4 and 6 month autocorrelations,
respectively. To do this, I run a one-tailed test of significance of differ-
ence. The 16-week autocorrelation in our case (-0.314) is significantly
less than the unconditional estimate of 4-month autocorrelation (-0.207)
at 90% confidence level. The 24-week autocorrelation in our case (-0.879)
is significantly less than the unconditional estimate of 6-month autocorre-
lation (-0.199) at 95% confidence level. This means that our observation
is a significant contributor to the finding of unconditional mean reversion
characteristic. 
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Table 2: Pattern of Autocorrelations 

k (weeks) ßk p-value
1 0.158 0.24
2 0.196 0.15
3 0.314 0.02
4 0.382 0.01
6 0.316 0.03
8 0.235 0.11

12 0.049 0.76
16 -0.400 0.02
20 -1.253 0.00
24 -1.443 0.00

Another way of testing mean reversion is the variance ratio test (Lo
and MacKinlay, 1988). Let Rt,h be the h period sum of returns. This
implies that the variance of Rt,h is proportional to the length of the period:
Var(Rt,h) = hσ2. For each holding period h, an unbiased estimate for σ2 is  

T
σh =                      . Σ (Rt,h – hX) (3)

h(T-h)(t-h+1)

where X is the sample mean of the one period returns. Lo and MacKinlay
define the test statistic:  

σ h
M(h) = (4)

σ 1 – 1

and show that   

3Th
Z(h) = M(h) . (5)  

2(2h–1)(h–1)

is asymptotically standard normal. Mean reversion is consistent with Z(h)
being significantly below zero, meaning that long term returns have lower
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proportional volatility than short term returns. Typical h used in tests is
integers ranging from 2 to 60, consistent with tests of mean reversion for
holding periods up to 5 years.

I replicated the variance ratio test on $ denominated monthly ISE-100
Index data from October 1989 to September 2000, using h =12 and found
Z(h) = – 0.76, significantly below zero. So, variance ratio test confirms
that mean reversion and overreaction is an unconditional characteristic for
the ISE. 

To determine the contribution of the observation in our study to this
population estimate, I applied the variance ratio test on weekly data, with
h=12 and found Z(h) = – 0.97. This suggests that our observation would
strongly contribute to the unconditional negative estimate.

The autoregression test and the variance ratio test together shows that
the returns around the start of the disinflation programme strongly con-
tributed to the already existing mean reversion characteristic of the ISE-
100 Index. The natural interpretation is that a typical example of overre-
action may have taken place over the period from October 1999 to
September 2000. 

Documenting Underreaction: Table 2 shows that the short-term auto-
correlation at lags of 1 and 2 weeks is insignificantly positive and at lags
of 3-4 and 6 weeks is significantly positive. The magnitude and signifi-
cance of the positive autocorrelation peaks at 4-week lag. This is consis-
tent with the finding of Chan, Hameed and Tong (2000) that 2- and 4-
week momentum strategies are most profitable.   

Positive short-term autocorrelation is generally interpreted as evidence
of underreaction. However, this is not always the case. For example,
Daniel et al. shows that positive short-term autocorrelation can also be a
result of continuing overreaction. So, our analysis documents strong evi-
dence of predictability based on short term serial correlations during peri-
od around the start of the disinflation programme. However, we are at this
stage unable to identify whether the source of this predictability was slow
response or continuing overreaction. 
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IV. Assessing Behavioral Theories

4.1. Reinterpreting the Price Behavior of the ISE from the Viewpoint of
Behavioral Theories

We start by describing how each behavioral model would construe and
reason the observed price behavior of the ISE-100 Index around the com-
mencement of the macroeconomic programme: 

Remember that the Barberis et al. model was a representative agent
model, so we must think of an average investor representing all market
participants weighted by their wealth. The Barberis et al. average investor,
subject to conservatism bias, initially thought that this programme is not
different from the previous ones and after a temporary reaction stock
prices would eventually revert to mean. This caused an initial underreac-
tion. However, as more convincing news about the comprehensiveness of
the programme arrived, the average investor gradually revised her/his
beliefs which caused a short-term positive autocorrelation. Eventually
after a string of positive news and corresponding price increases, the aver-
age investor, subject to the representativeness bias, switched from mean-
reverting to trending regime having realized that this programme is new
and different (justifying an upward trend in corporate earnings and stock
prices). Her extrapolation of a nonexisting trend resulted in overreaction,
eventually to be corrected. So, the autocorrelation at long lags crossing the
switch point is negative.

In Daniel et al. world, the overconfident informed traders receiving
private signals (or private interpretations of noisy public signals) about the
new programme started to raise stock prices by buying from the rational
Uninformed9. As herding from informed traders who receive the same (or
highly positively correlated) signal simultaneously sharply raised the
prices, the confidence of informed traders further strengthened as a result
of their investment outcomes and biased self-attribution. This led to an
overreaction to their private signal, giving way to positive autocorrelation
over both the initial underreaction and the overreaction phases. As public
signals were noisy (possibly because of exaggerated optimism in media,
speeches of authorities and economists) overconfident investors did
receive little contrary feedback or tended to ignore such feedback because
of their overconfidence. However later, less noisy signals such as realized
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inflation and current account figures and earnings announcements started
to arrive which made investors revise their beliefs, though slow again
because of their overconfidence. This gave way to a long correction phase
with a positive short-term autocorrelation. The autocorrelation over long
lags which cross the saddle point around the public information arrival
date is obviously negative.  

Under Odean (1998)’s overconfident price taker model, which seems
to be the most appropriate in our case among three versions, we should
expect trading volume, volatility and market depth increase, and price
quality (market efficiency) worsen with overconfidence. This is exactly
what we have observed in our case, so we can hypothesize that the confi-
dence of the average informed investor dramatically strengthened, possi-
bly in line with the self-attribution bias of Daniel et al. According to
Odean, some overconfident contrarians initially may have slowed down
the adjustment to the earliest signals. Then in later stages, overconfident
buyers may have caused markets ignore the belief of rational traders that
prices moved too far beyond their rational fundamental values. Especially,
the latter is commonly observed to be the case, as concerns and warnings
conveyed by some academicians and market professionals drew little
attention. Most important prediction of Odean is that we should have
expected overreaction to the event of the commencement of such a com-
prehensive programme because it is salient, anecdotal (attention grabbing)
and extreme, and because a larger percentage of population received the
signal. Moreover, we should have also expected overreaction to the huge
price increases in November and December 1999, as hypothesized by
Odean. Odean also predicts underreaction to statistical data which is not
in conformity with exaggerated expectations such as current account fig-
ures. The long and stubborn downtrend (positive short-term autocorrela-
tion during the correction phase) is indicative that this is really the case.
Also, the initial attribution of trade deficit to rebounding industrial pro-
duction but delayed revisions of beliefs upon warnings from IMF supports
this view.    

According to the theory of Hong and Stein, the newswatchers started
to buy upon observing news about the programme. However, as they are
risk averse prices did not quickly adjust to fully rational equilibrium val-
ues, implying an initial underreaction and positive short-term autocorrela-
tion. This gave rise to herding by momentum traders. However, momen-
tum traders, unable to process fundamental information and identify new
fully rational equilibrium value, moved prices further beyond rational fun-
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damental values, causing overreaction. Once new momentum buying
exhausted and early momentum buyers started profit taking, the correc-
tion phase started. 

According to Fama, on the other side, both the initial positive short-
term autocorrelation and negative longer lag autocorrelation were simply
unpredictable chance results, again split equally between underreaction
and overreaction as expected under efficient markets; but maybe an
extreme observation from a population which is alone insufficient to
reject market efficiency. 

4.2. An assessment Between Behavioral Theories and Fama’s Critique  
Fama’s claim that anomaly findings are not robust to alternative models
for expected returns or statistical approaches to measure them is clearly
not applicable for our case. The magnitude of abnormal returns are so
large that any alternative expected return model or measurement method
would not change the results, as we shall see below.

All the reviewed four behavioral theories commonly predict that reac-
tion to such a salient information event would peak around the date of or a
little later than the public information arrival date. An inspection of infor-
mation flow shows that we can assume December 9, 1999 (when the
Central Bank governor announced the depreciation schedule of TL) or
December 21, 1999 (when the stand-by agreement was signed) as the pub-
lic information arrival date. Then, we can divide our observation into two
parts by January 1, 2000, which is slightly later than the assumed public-
event-date. January 1, 2000 more or less is the point where behavioral the-
ories predict the peak of the reaction to be. A commonly used method to
detect abnormal market returns in event studies is to compare the returns
around the event to the unconditional mean (Fama, 1998).  E(rt)= r+εt,
where r is unconditional mean return. We will compare the average monthly
returns in these two parts to unconditional average monthly returns to see
if they are abnormal. Following Fama’s (1998) advice not to use buy-and-
hold returns, which may be misleading because of compounding, I employ
monthly average returns. Monthly log returns have distributions which
closely resemble to standard normal and pose little problems.

Results show that the average monthly return in the first part is
(+31.7%) significantly higher than the unconditional mean (+2.3%) and
that in the second part is (-6.3%) significantly lower (p< 0.001 for both).
We conclude that our event study, as one observation in a sample, would
strongly contribute to a finding of abnormal return in the sample.
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Adjusting for heteroscedasticity slightly decreases t-values (not reported),
but does not alter this result. 

Abnormal returns around important information events are commonly
observed and attributed to bad model problems. Elton (1999) suggests that
event studies should take into account the effect of information surprises
and proposes the following model as return generating process:

Rt = E(Rt) + It + et (4)

where It is a significant information event. 
Following Elton’s suggestion, I compare the stock price behavior with

the information flow to see if the former is explicable in terms of news
arrivals10. A “no” to this question would imply a defeat for market effi-
ciency, since it would imply that prices are not driven by information sur-
prises which have stochastic distributions, but rather by systematic and
predictable human errors. Figure 5 below contains the chronology of
important information arrivals. Inevitably, some degree of subjectivity is
involved in the following evaluation.

Looking at the figure, we see that by September 2000 the ISE-100
Index fell back close to the 1.50 cent level last seen in October 1999 when
the initial private signals about the programme started to arrive in the mar-
ket. It seems that as if all the positive effects of the programme almost dis-
appeared. An inspection of information flow is far from justifying this
scenario; we cannot see any information surprise so important as to can-
cel the effect of the programme. One can argue that current account deficit
turned out to be higher than expected. However, the adverse effects of
exchange rate anchors on current account is common knowledge, and
market players should have expected this (and some did); so we interpret
this as judgment bias rather than information surprise. One can also argue
that the unexpected increase in petroleum prices posed a negative effect.
This may be right, and we can attribute about 10 % of the negative returns
to this factor. However, this is far from explaining the whole story, since
such an adjustment would raise the average return in the second part only
by 1.1% barely affecting the significance of our results. 
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an “ex-post” evaluation of unobservables is possible by market professionals. Though
not perfect, I believe that the chronology in Figure 5 is a quite good proxy for actual
public and private information flow. 



Figure 5: The Chronology of Information Flow 

Source: ISI

A safe conclusion is that efficient markets theory would have a very
difficult time to explain the price behavior of ISE stocks around the com-
mencement and in the first year of the disinflation programme. 

Of course, one extreme observation is not appropriate to reach a gen-
eral conclusion of inefficiency of Turkish stock market and I am not try-
ing to reach such a conclusion, as I warned in the previous section.
However, the wealth redistributive consequences of this episode were
severe: The ISE-100 Index rose from around 1.50 cent early in November
1999 to 3.75 cent in mid-January 2000 and then fell back to 1.55 cent by
mid-September 2000. So we confirm our middle-way approach:
Efficiency can be maintained as an ideal (we did not provide sufficient
evidence to reject efficiency in general), but deviations from efficiency
can be economically significant and ignoring them costly.  

4.3. An assessment Among Behavioral Theories 
The behavioral models are built on different mechanisms to reach the
same end. Whether one of the proposed mechanisms is active under cer-
tain circumstances or all mechanisms simultaneously interact in most
cases is an interesting question currently preoccupying researchers. To
provide an answer to this question, we further explore the more detailed
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predictions of the theories to see whether they are consistent with our
observation. I reach the following conclusions concerning questions con-
veyed in the headlines:

1) Is heterogeneity of agents is necessary as in Hong and Stein (1999)
or are representative agent models such as in Barberis et al. (1998) or
Daniel et al. (1998) sufficient? 

In a typical case of under- and overreractions, observations of distinct
groups of market participants trading in distinguishably different patterns
would support Hong and Stein (1999) model, failure to detect such dis-
tinctions would support representive agent models.   

We can model the Turkish stock market by four main groups of play-
ers. Small domestic investors, large domestic speculators, mutual funds
and other institutionals, and foreign investors (including institutional). 

An inspection of foreign transactions (reported in the ISE Monthly
Bulletin), the changes in the number of working accounts in Takasbank11

(as a proxy for individual small investor interest, adjusted for trend) and
the size of portfolios of Type A mutual funds (as another proxy for indi-
vidual small investor interest, after adjusting for changes in stock prices)12

indicates that over the course of our event study, the trades of these dis-
tinct groups of players showed clearly distinguishable patterns, support-
ing Hong and Stein model. 

Specifically, previous research on emerging markets suggests that for-
eign investors are well informed and improve price quality (Grinblatt and
Keloharju, 2000) and small investors are involved in positive feed-back
trading (buy after market run-ups) (Bange, 2000). In the light of these evi-
dence, we can expect foreign investors to play the role of “newswatchers”
in Hong and Stein model and small domestic investors the role of “late
momentum buyers”. 

Using data from January 1999 to September 2000, I estimate the cor-
relation between net foreigner transactions in month t and market log-
return in month t +0.275 (p=0.121) and that in month t+1 +0.331
(p=0.077). We can interpret this as foreigner transactions has information
content which is stronger than its price impact. Then it is safe to classify
foreigners as “well-informed newswatchers”. 
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behavior and the stock holdings of Type A mutual funds, the total portfolio size of mutu-
al funds (adjusted for changes in stock prices) seems to be a good proxy for small
investor activity.      



Using the same length of data, I find that the change in the number of
working accounts held at Takasbank in month t is positively correlated
(0.261) with the market return in month t-1 (p=0.148), not correlated to
return in month t, and significantly negatively correlated (-0.396) with
return in month t+1 (p=0.052). This indicates that new entrants (inexperi-
enced small investors) do positive feed-back trade, have no price impact
as a group, and have incorrect expectations. The test with the size of Type
A funds (after adjusting for price changes) gives similar results (not
reported). It seems quite safe to classify small investors (proxied by these
two variables) as “late momentum buyers”.

Now, we want to see that whether the behavior of these investor groups
were supportive of their roles in Hong and Stein model over the course of
our event. Inspection of data shows that the number of individual accounts
held at Takasbank started to rise in December 1999 and sharply jumped in
January and February 2000. Similarly, the portfolio size of open-end Type
A funds (after controlling for stock price changes) increased dramatically
in January 2000 by 170.8% (while the percentage of stocks fell from
55.40% to 45.76%). On the other hand, an inspection of foreign investor
transaction shows that foreign funds and investors were net buyers in
October and December but especially heavily in November 1999 (clearly
before the arrival of public information), whereas they sold unusually
heavily in January and February 2000. Taken together, this is strong evi-
dence consistent with heterogeneous agents approach, as in Hong and
Stein: Foreign funds and investors acted as well-informed “newswatch-
ers” and small individual domestic investors acted as “late momentum
buyers”13. 

It should be noted, however, that the sharp fall in interest rates induced
a once-for-all change in the behavior of saving households, which is
beyond the positive feed-back trading motive. Thus, we should reduce our
inference when transferring or generalizing.   

2) Explaining the mechanism that led to overreaction?   
Daniel et al. (1998) predicts reaction to peak at the public information

arrival date. The work of Barberis et al. (1998) implies that reaction would
peak somewhat later after a series of public information surprises led
investors switch to trending regime. According to Hong and Stein (1999)
the timing of the peak would depend on the horizon of momentum traders. 
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We observed the peak in stock prices around the 17th and 19th of
January, approximately one month later than the public information
arrival date. This is consistent with Barberis et al. 

Extending this conclusion, we can argue that overconfidence alone
would not be a sufficient explanation in our case. We need either repre-
sentativeness bias of Barberis et al. (i.e.; the average investor extrapolat-
ed the most recent too far) or some momentum buyers with longer hori-
zon. Assuming the dramatic fall in interest rates was a source of momen-
tum buyers with longer horizons, this may also support Hong and Stein
model.

3) Explaining slow correction and the second peak at the end of April
2000?

Unlike the major climb in January, mutual funds heavily bought in
April. The rise in the number of accounts at Takasbank in April can be
attributed to the IPO of a large publicly-held company, so we adjust for it
with a dummy. An inspection of expert and brokerage house recommen-
dations reflected in media reveals excessive optimism. Moreover, some
abstract, statistical public information such as current account figures
were underweighted, apparent in some economists’ attribution of it to
rebounding industrial production (i.e.; imports of intermediary goods)
while the truth was accelerating consumption expenditures. We can inter-
pret these together as evidence of overconfidence of experts. That experts
tend to be more overconfident is consistent with psychological evidence
(reviewed in Daniel et al., 1998) and the results of the experiments by
Murado¤lu (1996).  

Moreover, during the correction phase (i.e; in the second part of our
observation period), we have observed negative returns on days following
the announcement of monthly inflation figures, with no clearly identi-
fiable information surprises corresponding. This closely fits to the Daniel
et al. prediction that correction from overreaction takes place as a series
of public information arrivals make investors revise their exaggerated
beliefs toward rational fundamental values. 

I believe that the average professional (“the Informed” in Daniel et al.
model) overreacted to her private information that corporate profits will
rise a lot in the new environment created by the disinflation programme.
This is anecdotal, extreme and attention-grabbing type of  information,
with noisy feedback, which Odean (1998) predicts markets will overreact
to.

Dechow and Sloan (1997) find that stock prices appear to naively
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reflect analysts’ biased forecasts rather than naive extrapolation of past
trends and explain returns to contrarian strategies by naive reliance on
analysts’ biased forecasts. The second peak in April seems to be consis-
tent with analysts’ biased judgment.

4) Initial underreaction?
If the purchases (sales) of a well informed group of traders is followed

by positive (negative) abnormal returns, we can interpret this as evidence
of underreaction to their private information.  

We see that the largest net buy of foreign investors occurred in
November 1999. We observe the largest increase in the ISE-100 Index in
December 1999. This suggests that the market may have initially under-
reacted to the information of foreign investors. 

5. The signal from IPO’s:
Daniel et al. classify IPO’s as a selective strategic action of manage-

ment to exploit mispricing. If overreaction has taken place, then we should
have observed a herding of IPO’s. This is exactly what we have seen.

6. A testable prediction: 
Hong and Stein model predicts that the stock price will temporarily

move back below fully rational equilibrium value towards the end of the
correction phase, then bounce back. This is the end of the story (see
Figures 2 and 3). At the time of writing this paper, the market seemed to
be approaching the end of the correction phase. The low was at 10350, in
September. Then a major rebound from these levels in 1-2 months to be
followed by a relative stabilization would be supportive of Hong and
Stein’s theory. We will see the answer in the coming months.  

V. Concluding Remarks
The purpose of this paper was twofold. Now, it is time to see what this
paper has accomplished to meet these two purposes:

1. Contributing to the international literature: I have documented and
explored a market level event study, which is consistent with the predic-
tions of the recent behavioral theories. We can conclude that the predic-
tions of behavioral theories fit interestingly well to the price behavior of
ISE stocks around the commencement and in the first year of 2000-2003
disinflation programme. A second important conclusion is that the differ-
ent mechanisms proposed in three behavioral theories do collectively
interact to lead to their common predictions. Yet, allowing for hetero-
geneity of agents as in Hong and Stein (1999) seems to be a necessary ele-
ment. 
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Under scientific rigor, however, I avoid generalizing these conclusions
based on the evidence from a single-observation event study. On the other
hand, much of the time-series evidence in tests of behavioral theories is
based on unconditional samples, whereas behavioral theories predict
overreaction only under specific circumstances (e.g.; salient, attention-
grabbing information, sharp price change acting as salient public signal,
noisy feed-back, herding by momentum traders and private signals later
confirmed by public information, etc.). 

It seems that tests of behavioral finance theories will be on the top of
the research agenda over the coming years. The decisive evidence to
assess behavioral theories should came from a sample of independent
observations that contain these characteristics. In other words, the con-
trolled variable should be a dummy for the existence of these characteris-
tics. 

Such events include, for example, the “new” economy mania in
Nasdaq stocks and Greek stock market around entering monetary union.
The charts in Figures 6 and 7 suggest that these events reflect almost
exactly the same overreaction stories14. 

Figure 6: The weekly Price-Time Chart of Nasdaq Index
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Figure 7: The Weekly Price-Time Chart of Athens Stock Index 

2. Inferences for small investors and recommendations to improve
price quality: At the time of writing this paper, a high portion of small
domestic investors were suffering from heavy losses, they incurred in the
recent months. Perhaps, the publicity that resulted from the propaganda of
the disinflation programme led to a negative externality at the expense of
uninformed small investors. While our example case is too extreme to be
generalized, we should be aware of the structure of our stock market
which is prone to overreactions.

In Hong and Stein model, adding bivariate regression running contrar-
ians to the model moderated the hump-shape by some degree proportion-
al to their risk tolerance. This implies that allowing short sales, or facili-
tating short sales to increase the risk tolerance of short sellers may allevi-
ate overreactions. 

A final but most effective suggestion comes from, of course, social
cognitive psychology: Sensitivization. It means that making individuals
aware of their judgment biases helps them reduce or avoid these biases. 

This is exactly what this study aims.    
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GLOBAL CAPITAL MARKETS

Global output in 2000 grew by an estimated rate of 4.8 percent as the
economic activity in early 2000 was strong and the signs of a weaken-
ing were felt late in the year. The projected global growth is 3.2 percent
for 2001. While expectations of a slowing in the major industrial
economies increased sharply, financial markets were influenced in the
first quarter of 2001 on changing expectations about the extent and
duration of the slowdown. The US GDP growth, which had begun to be
revised down in the previous quarter were further downgraded, succes-
sively. The outlook for growth in Japan was also reduced sharply from
2 % to 0.9 % by March while the downgrade of European growth was
more modest. 

Emerging equity markets followed the global markets during the
first quarter. Following the US interest rate cut in January 2001, finan-
cial markets including emerging bond and equity markets improved in
the first quarter of 2001. The upsurge was concentrated in higher risk
assets such as the Nasdaq (up 25 %) and US high yield markets, sug-
gesting an increased tolerance for risk by investors on expectations of a
softer landing in the US. However, as the evidence of US economic
slowdown continued, corporate earnings declined and TMT sector’s
prospects were reduced further, US markets fell back in February and
March despite subsequent interest rate cuts.

The performances of some developed stock markets with respect to
indices indicated that DJI, Nikkei-225 and FTSE-100 decreased by
-7.21%, -8.76% and by-5.7%, respectively on March 30 as of January
2. When US$ based  returns of some emerging markets are compared,
Taiwan is the best performer with 14.4%, Russia follows with 12.5%
and Colombia follows with 12%. In the same period, behind Turkey
(ISE) who is the worst performer by -53.7% lose, Israel, Hungary,
Egypt, Brazil and Hong Kong caused their investors lose -27.8%,
-22.2%, -21%, -20.3% and -20.1%, respectively. The performances of
emerging markets with respect to P/E ratios as of end-March 2001 indi-
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cated that the highest rates were obtained in Argentina (89.7) Malaysia
(66.3), Philippines (26.6) and Chile (22.2) and the lowest rates in
Thailand (-15.3), Indonesia (-5.8), Czech Rep.(6.9) and South Africa
(9.0). 
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Market Capitalization (USD Million, 1986-1999)

Global Developed Markets Emerging Markets ISE

1986 6,514,199 6,275,582 238,617 938
1987 7,830,778 7,511,072 319,706 3,125
1988 9,728,493 9,245,358 483,135 1,128
1989 11,712,673 10,967,395 745,278 6,756
1990 9,398,391 8,784,770 613,621 18,737
1991 11,342,089 10,434,218 907,871 15,564
1992 10,923,343 9,923,024 1,000,319 9,922
1993 14,016,023 12,327,242 1,688,781 37,824
1994 15,124,051 13,210,778 1,913,273 21,785
1995 17,788,071 15,859,021 1,929,050 20,782
1996 20,412,135 17,982,088 2,272,184 30,797
1997 23,087,006 20,923,911 2,163,095 61,348
1998 26,964,463 25,065,373 1,899,090 33,473
1999 36,030,810 32,956,939 3,073,871 112,276

Source: IFC Factbook 2000.

Source: FIBV, Monthly Statistics, April 2001.

Comparison of Average Market Capitalization (USD Million, March 2001)
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Worldwide Share of Emerging Capital Markets
(1986-1999)

Source : IFC Factbook, 2000.

Source: IFC Factbook 2000.

Share of ISE’s Market Capitalization in World Markets
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Turnover Value of Share Trading Market Cap. of Shares
Market Velocity Market (mill. USD $)  Up to Year Market of Domestic Companies

Total (2001/1-2001/3 (millions USD $)
Nasdaq 398.6% Nasdaq 3,827,362.4 NYSE 10,585,979.2
Taiwan 236.8% NYSE 2,935,598.1 Tokyo 2,797,963.2
Korea 225.9% London 1,316,360.9 Nasdaq 2,652,181.4
Madrid 203.9% Euronext 863,983.8 London 2,258,762.1
Euronext 168.8% Deutsche Börse 447,191.1 Euronext 1,944,568.6
Istanbul 168.0% Tokyo 420,911.4 Deutsche Börse 1,099,484.6
Deutsche Börse 115.0% Amex 255,556.8 Switzerland 653,131.3
Italy 110.4% Chicago 238,470.0 Italy 642,704.9
Stockholm 105.2% Madrid 236,681.0 Toronto 638,578.8
Oslo 89.0% Italy 206,130.8 Hong Kong 543,627.2
NYSE 87.6% Taiwan 194,090.4 Madrid 478,797.8
Switzerland 87.1% Switzerland 173,372.3 Australian 323,348.0
Copenhagen 84.5% Toronto 137,811.1 Taiwan 305,951.9
Helsinki 74.8% Stockholm 126,075.0 Stockholm 242,336.6
Toronto 73.2% Korea 99,401.4 Brazil 204,665.7
London 70.5% Bermuda 86,772.5 Johannesburg 191,320.2
Lisbon 70.2% Bilbao 65,393.7 Helsinki 177,489.6
Bilbao 63.2% Hong Kong 65,270.4 Korea 156,547.2
Thailand 61.4% Helsinki 57,507.4 Mexico 134,333.6
Warsaw 57.7% Australian 55,702.9 Singapore 123,240.3
Australian 56.5% Osaka 50,683.2 Kuala Lumpur 107,134.9
Tokyo 55.1% Copenhagen 26,409.3 Copenhagen 97,667.1
Singapore 55.0% Istanbul 22,177.9 Athens 93,881.4
Athens 53.6% Sao Paulo 19,769.1 Amex 81,982.7
New Zealand 53.2% Singapore 19,259.3 Irish 77,986.3
Hong Kong 48.0% Johannesburg 18,751.4 CDNX 72,724.5
Sao Paulo 39.1% Oslo 17,825.6 Santiago 58,280.5
Irish 33.7% Valencia 11,134.7 Oslo 57,987.8
Johannesburg 33.5% Mexico 11,098.4 Lisbon 56,208.5
Tel-Aviv 32.3% Athens 10,550.9 Tel-Aviv 53,619.2
Jakarta 32.2% Thailand 9,439.5 Buenos Aires 46,053.5
Vienna 31.4% Barcelona 9,296.1 Istanbul 38,042.3
Mexico 28.9% Lisbon 9,210.5 Thailand 30,994.9
Ljubljana 22.3% Irish 5,868.7 Luxembourg 28,605.7
Kuala Lumpur 19.6% Tel-Aviv 4,037.5 Warsaw 26,664.6
Philippine 18.5% Kuala Lumpur 3,650.4 Philippine 25,733.2
Tehran 18.3% New Zealand 3,270.0 Vienna 25,239.6
Lima 16.5% Warsaw 2,792.6 Jakarta 21,866.7
Buenos Aires 16.3% Jakarta 2,301.8 New Zealand 17,022.8
Valencia 11.1% Vienna 2,262.7 Lima 9,664.2
Barcelona 10.3% Buenos Aires 2,194.6 Tehran 6,200.1
Bermuda 10.2% Philippine 1,111.5 Ljubljana 2,806.9
Colombo 9.3% Santiago 1,061.0 Bermuda 2,187.0
Santiago 8.8% CDNX 807.4 Malta 1,656.5
Osaka 8.6% Tehran 373.5 Colombo 968.4

Source: FIBV. Monthly Statistics. April 2001.

Main Indicators of Capital Markets (March 2001)
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Global Developed Emerging ISE Emerging/ ISE/
Global (%) Emerging (%)

1986 3,573,570 3,490,718 82,852 13 2.32 0.02
1987 5,846,864 5,682,143 164,721 118 2.82 0.07
1988 5,997,321 5,588,694 408,627 115 6.81 0.03
1989 7,467,997 6,298,778 1,169,219 773 15.66 0.07
1990 5,514,706 4,614,786 899,920 5,854 16.32 0.65
1991 5,019,596 4,403,631 615,965 8,502 12.27 1.38
1992 4,782,850 4,151,662 631,188 8,567 13.20 1.36
1993 7,194,675 6,090,929 1,103,746 21,770 15.34 1.97
1994 8,821,845 7,156,704 1,665,141 23,203 18.88 1.39
1995 10,218,748 9,176,451 1,042,297 52,357 10.20 5.02
1996 13,616,070 12,105,541 1,510,529 37,737 11.09 2.50
1997 19,484,814 16,818,167 2,666,647 59,105 13.69 2.18
1998 22,874,320 20,917,462 1,909,510 68,646 8.55 3.60
1999 31,021,065 28,154,198 2,866,867 81,277 9.24 2.86

Source: IFC Factbook. 2000.

Number of Trading Companies (1986-1999)

Global Developed Emerging ISE Emerging/ ISE/
Global (%) Emerging (%)

1986 28,173 18,555 9,618 80 34.14 0.83
1987 29,278 18,265 11,013 82 37.62 0.74
1988 29,270 17,805 11,465 79 39.17 0.69
1989 25,925 17,216 8,709 76 33.59 0.87
1990 25,424 16,323 9,101 110 35.80 1.21
1991 26,093 16,239 9,854 134 37.76 1.36
1992 27,706 16,976 10,730 145 38.73 1.35
1993 28,895 17,012 11,883 160 41.12 1.35
1994 33,473 18,505 14,968 176 44.72 1.18
1995 36,602 18,648 17,954 205 49.05 1.14
1996 40,191 20,242 19,949 228 49.64 1.14
1997 40,880 20,805 20,075 258 49.11 1.29
1998 47,465 21,111 26,354 277 55.52 1.05
1999 49,640 23,326 26,314 285 53.01 1.08

Source: IFC Factbook 2000.

Trading Volume (USD millions, 1986-1999)
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Price-Earnings Ratios in Emerging Markets (1993-2001/3)

1993 1994 1995 1996 1997 1998 1999 2000 2001/3
Argentina 41.9 17.7 15.0 38.2 17.1 13.4 39.0 293.3 89.7
Brazil 12.6 13.1 36.3 14.5 15.4 7.0 25.1 11.7 10.6
Chile 20.0 21.4 17.1 27.8 15.9 15.1 37.7 31.8 22.2
Czech Rep. 18.8 16.3 11.2 17.6 8.8 -11.3 -14.8 21.0 6.9
Greece 10.2 10.4 10.5 10.5 13.1 33.7 55.6 19.2 18.3
Hungary 52.4 -55.3 12.0 17.5 25.2 17.0 18.2 14.3 11.6
India 39.7 26.7 14.2 12.3 16.8 13.5 22.0 14.8 12.7
Indonesia 28.9 20.2 19.8 21.6 11.2 -106.2 -10.5 -6.5 -5.8
Jordan 17.9 20.8 18.2 16.9 12.8 15.9 13.6 10.7 10.7
Korea 25.1 34.5 19.8 11.7 11.6 -47.1 -27.7 19.3 20.3
Malaysia 43.5 29.0 25.1 27.1 13.5 21.1 -19.1 71.7 66.3
Mexico 19.4 17.1 28.4 16.8 22.2 23.9 14.1 12.5 12.6
Philippines 38.8 30.8 19.0 20.0 12.5 15.0 24.0 28.2 26.6
Poland 31.5 12.9 7.0 14.3 10.3 10.7 22.0 19.4 16.2
S.Africa 17.3 21.3 18.8 16.3 12.1 10.1 17.4 10.7 9.0
Taiwan, China 34.7 36.8 21.4 28.2 32.4 21.7 49.2 13.7 16.6
Thailand 27.5 21.2 21.7 13.1 4.8 -3.7 -14.5 -12.4 -15.3
Turkey 36.3 31.0 8.4 10.7 18.9 7.8 33.8 15.2 16.5

Source: IFC Factbook. 1999; IFC. Monthly Review. April 2001.
Note: Figures are taken from IFC Investable Index Profile.
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Market Vaule/Book Vaule Ratios  (1993-2001/3)

1993 1994 1995 1996 1997 1998 1999 2000 2001/3
Argentina 1.9 1.4 1.3 1.6 1.8 1.3 1.5 1.0 1.0
Brazil 0.5 0.6 0.5 0.7 1.1 0.6 1.6 1.4 1.3
Chile 2.1 2.5 2.1 1.6 1.6 1.1 1.8 1.5 1.6
Czech Rep. 1.3 1.0 0.9 0.9 0.8 0.7 1.2 1.2 0.9
Greece 1.9 1.9 1.8 2.0 2.9 4.9 9.4 4.0 3.0
Hungary 1.6 1.7 1.2 2.0 3.7 3.2 3.6 2.5 2.0
India 4.9 4.2 2.3 2.1 2.7 1.9 3.1 2.5 2.2
Indonesia 3.1 2.4 2.3 2.7 1.5 1.6 2.9 1.6 1.4
Jordan 2.0 1.7 1.9 1.7 1.6 1.8 1.5 1.3 1.2
Korea 1.4 1.6 1.3 0.8 0.6 0.9 2.0 0.8 0.9
Malaysia 5.4 3.8 3.3 3.8 1.8 1.3 1.9 1.5 1.4
Mexico 2.6 2.2 1.7 1.7 2.5 1.4 2.2 1.7 1.7
Philippines 5.2 4.5 3.2 3.1 1.7 1.3 1.5 1.2 1.1
Poland 5.7 2.3 1.3 2.6 1.6 1.5 2.0 2.2 1.9
S.Africa 1.8 2.6 2.5 2.3 1.9 1.5 2.7 2.1 1.9
Taiwan, China 3.9 4.4 2.7 3.3 3.8 2.6 3.3 1.7 2.0
Thailand 4.7 3.7 3.3 1.8 0.8 1.2 2.6 1.6 1.7
Turkey 7.2 6.3 2.7 4.0 9.2 2.7 8.8 3.1 2.6

Source: : IFC Factbook. 1996-1999; IFC Monthly Review. April 2001.

Comparison of Market Returns In USD
(31/12/99 - 4/4/2001)

Source: The Economist, April 2001.
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15.348,4

Source : FIBV, Monthly Statistics, April 2001.
Note : The value of bonds trading pertain to Trading System View figures. For those countries which do not have

  Trading System View figures, the Regulated Environment figures are used.

Value of Bond Trading
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Foreigners’ Share in the Trading Volume of the ISE
(Jan. 95-March 2001)

Source: ISE Data.
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Price Correlations of the ISE
(April 1997 - April 2001)

Source : IFC Monthly Review, April 2001.
Notes : The correlation coefficient is between  -1 and +1. If it is zero. for the given period. it is implied that there

  is no relation between two serious of returns. For monthly return index correlations (IFCI) see. IFC. Monthly
  Review. Apr. 2001.
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ISE
Market Indicators

Total Daily Average
(US$ Million) (%) TL(1) TL(2) US $(US$

Million)(TL Billion)(US$
Million)(TL Billion)(TL Billion)

Q: Quarter
Note:
- Between 1986-1992, the price earnings ratios were calculated on the basis of the companies' previous year-end net

profits. As from 1993,
TL(1) = Total market capitalization / Sum of last two six-month profits
TL(2) = Total market capitalization / Sum of last four three-month profits.
US$  = US$ based total market capitilization / Sum of last four US$ based three-month profits.

Nu
mb

er 
of

Co
mp

an
ies

STOCK MARKET

Total Value Market Value
Dividend

Yield P/E Ratios

The ISE Review Volume: 5  No: 17  January/February/March 2001
ISSN 1301-1642 © ISE 1997

1986 80    9  13    —-     —-     709 938 9.15   5.07   —-  —-  
1987 82    105  118    —-     —-     3,182 3,125 2.82   15.86   —-  —-  
1988 79    149  115    1    —-     2,048 1,128 10.48   4.97   —-  —-  
1989 76    1,736  773    7    3     15,553 6,756 3.44   15.74   —-  —-  
1990 110    15,313  5,854    62    24     55,238 18,737 2.62   23.97   —-  —-  
1991 134    35,487  8,502    144    34     78,907 15,564 3.95   15.88   —-  —-  
1992 145    56,339  8,567    224    34     84,809 9,922 6.43   11.39   —-  —-  
1993 160    255,222  21,770    1,037    89     546,316 37,824 1.65   25.75   20.72   14.86
1994 176    650,864  23,203    2,573    92     836,118 21,785 2.78   24.83   16.70   10.97
1995 205    2,374,055  52,357    9,458    209     1,264,998 20,782 3.56   9.23   7.67   5.48
1996 228    3,031,185  37,737    12,272    153     3,275,038 30,797 2.87   12.15   10.86   7.72
1997 258    9,048,721  58,104    35,908    231    12,654,308 61,879 1.56   24.39   19.45   13.28
1998 277    18,029,967  70,396    72,701  284    10,611,820 33,975 3.37   8.84   8.11   6.36
1999 285    36,877,335  84,034    156,260  356    61,137,073 114,271 0.72   37.52   34.08   24.95
2000 315    111,165,396  181,934    451,892  740    46,692,373 69,507 1.29   16.82   16.11   14.05
2001 315    18,110,652  24,208    306,960  410    40,039,488 39,260 1.46   17.07   17.23   10.42
2001/Q1 315    18,110,652  24,208    306,960  410    40,039,488 39,260 1.46   17.07   17.23   10.42
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Q : Quarter
* The first quarter figures are as of March 30, 2001.

NATIONAL- NATIONAL- NATIONAL- NATIONAL- NATIONAL-
100 INDUSTRIALS SERVICES FINANCIALS TECHNOLOGY

(Jan. 1986=1) (Dec. 31, 90=33) (Dec. 27, 96=1046) (Dec. 31, 90=33) (June, 30,2000=14.466,12)

NATIONAL- NATIONAL- NATIONAL- NATIONAL- NATIONAL- NATIONAL-
100 INDUSTRIALS SERVICES FINANCIALS TECHNOLOGY 100

(Jan. 1986=100) (Dec. 31, 90=643) (Dec. 27, 96=572) (Dec. 31, 90=643) (Jun. 30, 00=1.360.92) (Dec.31,98=484)

US $ Based
EURO
Based

TL Based

Closing Values of the ISE Price Indices

1986 1.71      —-       —-       —-
1987 6.73      —-       —-       —-
1988 3.74      —-       —-       —-
1989 22.18      —-       —-       —-
1990 32.56      32.56      —-       32.56
1991 43.69      49.63      —-       33.55
1992 40.04      49.15      —-       24.34
1993 206.83      222.88      —-       191.90
1994 272.57      304.74      —-       229.64
1995 400.25      462.47      —-       300.04
1996 975.89      1,045.91      1,045.91      914.47
1997 3,451.—       2,660.—       3,593.—       4,522.—
1998 2,597.91      1,943.67      3,697.10      3,269.58
1999 15,208.78      9,945.75      13,194.40      21,180.77
2000 9,437.21      6,954.99      7,224.01      12,837.92      10,586.58
2001 8,022.72      6,395.44      5,369.60      10,827.58      7,633.62
2001/Q1 8,022.72      6,395.44      5,369.60      10,827.58      7,633.62      

1986 131.53 —- —- —- —-      
1987 384.57      —-      —-      —- —-
1988 119.82      —-      —-      —- —-      
1989 560.57      —-      —-      —- —-
1990 642.63      642.63      —-      642.63 —-
1991 501.50      569.63      —-      385.14 —- 
1992 272.61      334.59      —-      165.68 —-
1993 833.28      897.96      —-      773.13 —-
1994 413.27      462.03      —-      348.18 —- 
1995 382.62      442.11      —-      286.83 —-
1996 534.01      572.33      572.00      500.40 —-
1997 982.—       757.—       1,022.—       1,287.— —-
1998 484.01      362.12      688.79      609.14 484.01  
1999 1,654.17      1,081.74      1,435.08      2,303.71 1,912.46  
2000 817.49      602.47      625.78      1,112.08      917.06 1,045.57  
2001 457.77      364.91      306.38      617.81      435.56 607.16  
2001/Q1 457.77      364.91      306.38      617.81      435.56 607.16  
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Total Daily Average
(TL Billion) (US$ Million) (TL Billion) (US$ Million)

Traded Value

Q : Quarter

Repo-Reverse Repo Market

Outright Purchases and Sales Market

Total Daily Average
(TL Billion) (US$ Million) (TL Billion) (US$ Million)

BONDS AND BILLS MARKET

1991 1,476    312    11    2    
1992 17,977    2,406    72    10    
1993 122,858    10,728    499    44    
1994 269,992    8,832    1,067    35    
1995 739,942    16,509    2,936    66    
1996 2,710,973    32,737    10,758    130    
1997 5,503,632    35,472    21,840    141    
1998 17,995,993    68,399    71,984    274    
1999 35,430,078    83,842    142,863    338    
2000 166,336,480    262,941    662,695    1,048    
2001 11,798,611    16,825    196,644    280    
2001/Q1 11,798,611    16,825    196,644    280    

1993 59,009  4,794  276  22  
1994 756,683  23,704  2,991  94
1995 5,781,776  123,254  22,944  489
1996 18,340,459  221,405  72,780  879
1997 58,192,071  374,384  230,921  1,486
1998 97,278,476  372,201  389,114  1,489
1999 250,723,656  589,267  1,010,982  2,376
2000 554,121,078  886,732  2,207,654  3,533
2001 191,773,165  249,085  3,196,219  4,151
2001/Q1 191,773,165  249,085  3,196,219  4,151
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30 Days 91 Days 182 Days General
1996 103,41 110,73 121,71 110,52

1997 102,68 108,76 118,48 110,77

1998 103,57 110,54 119,64 110,26

1999 107,70 123,26 144,12 125,47

2000 104,84 117,12 140,81 126,95

2001 103,38 109,26 115,47 108,00

2001/Q1 103,38 109,26 115,47 108,00

ISE GDS Price Indices (December 25-29, 1995=100)

30 Days 91 Days 182 Days

TL Based

Q : Quarter
(*) The first quarter figures are as of March 30, 2001.

US $ Based

TL Based

ISE GDS Performance Indices (December 25-29, 1995=100)

1996 122.84 132.99 144.74
1997 127.67 137.36 151.95
1998 153.97 169.96 186.24
1999 151.02 173.47 212.18
2000 148.86 169.79 213.28
2001 125.36 131.71 150.56
2001/Q1 125.36 131.71 150.56

1996 222.52 240.92 262.20
1997 441.25 474.75 525.17
1998 812.81 897.19 983.16
1999 1,372.71 1,576.80 1,928.63
2000 1,835.26 2,020.94 2,538.65
2001 2,160.79 2,270.15 2,595.08
2001/Q1 2,160.79 2,270.15 2,595.08



141

ISE PUBLICATIONS 
I- PERIODICALS ISSN/ISBN DATE

Weekly Bulletin ISSN 1300-9311

Monthly Bulletin (Turkish) ISSN 1300-9303

Monthly Bulletin (English) ISSN 1300-9834

Annual Factbook 2000 ISBN 975-8027-82-4 2001

Newly Trading Stocks at the ISE 1998 ISSN 1301-2584
ISBN 975-8027-54-9 1999

ISE Companies-Capital Increases ISSN1300-929X 2000
Dividends and Monthly Price Data (1986-1999)* ISBN 975-8027-74-3

ISE Review ISSN 1301-1642

Euro Asia Economic Bulletin ISSN 1302-3330 1999

II- RESEARCH PUBLICATIONS

Taxation of Capital Market Instruments in Turkey -
Sibel Kumbasar Bayraktar 1994

International Portfolio Investment Analysis and Pricing Model -
Oral Erdo¤an 1994

Portfolio Investments in International Capital Movements and Turkey -
ISE Research Department 1994

Linkage with International Markets (ADR-GDR) and Alternative
Solutions to the Turkish Capital Market-Kudret Vurgun 1994

Modern Developments in Investment Theory and Some Evaluations
and Observations at ISE - Dr. Berna Ç. Kocaman 1995

International Capital Movements and their Macroeconomic
Effects on the Third World Countries and Turkey - 1995
Dr. Sadi Uzuno¤lu - Dr. Kerem Alkin - Dr. Can Fuat Gürlesel

Institutional Investors in The Developing Stock Exchanges:
Turkish Example, Problems and Proposed Solutions - 1995
Dr. Targan Ünal

The Integration of European Union Capital Markets and
Istanbul Stock Exchange-Dr. Meral Var›fl Tezcanl›-Dr. Oral Erdo¤an ISBN 975-8027-05-0 1996

Personnel Administration- fiebnem Ergül ISBN 975-8027-07-7 1996

The Integration of European Capital Markets and
Turkish Capital Market - ISBN 975-8027-24-7 1997
Dr. Sadi Uzuno¤lu - Dr. Kerem Alkin - Dr. Can Fuat Gürlesel
European Union and Turkey- Prof. Dr. R›dvan Karluk ISBN 975-8027-04-2 1996

Insider Trading and Market Manipulations - ISBN 975-8027-17-4 and
Dr. Meral Var›fl Tezcanl› ISBN 975-8027-18-2 1996

Strategic Entrepreneurship: Basic Techniques for
Growth and Access to Foreign

Markets for Turkish Companies-Ömer Esener ISBN 975-8027-28-X 1997



142

ISE PUBLICATIONS 
Research Studies on Capital Markets and ISE ISBN 975-7869-04-X 1996

Regulations Related to Capital Market Operations- Vural Günal ISBN 975-8027-34-4 1997

Resolution of Small and Medium Size Enterprises’ Financial
Needs Through Capital Markets - R. Ali Küçükçolak ISBN 975-8027-39-5 1998

Equity Options and Trading on the ISE - Dr. Mustafa Kemal Y›lmaz ISBN 975-8027-45-X 1998

Private Pension Funds : Chilean Example - Ça¤atay Ergenekon ISBN 975-8027-43-3 1998

Analysis of Return Volatility In the Context of Macroeconomic
Conjuncture - Prof. Dr. Hurflit Günefl- Dr. Burak Salto¤lu   ISBN 975-8027-32-8 1998

What Type of Monetary System? Monetary Discipline and Alternative
Resolutions for Monetary Stability - Prof. Dr. Coflkun Can Aktan - ISBN 975-8027-47-6 1998
Dr. Utku Utkulu-Dr. Selahattin Togay 

Institutional Investors in the Capital Markets (Dr. Oral Erdo¤an-Levent Özer) ISBN 975-8027-51-4 1998
Repo and reverse Repo Transactions - Dr. Nuran Cömert Doyrangöl ISBN 975-8027-12-3 1996

South Asian Crisis: The Effects on Turkish Economy and the ISE -
Research Department ISBN 975-8027-44-1 1998

Real Estate Financing and Valuation - Dr. Ali Alp, M. Ufuk Y›lmaz ISBN 975-8027-72-7 2000

Seasonalities in Stock Markets and an Empirical Study on the Istanbul Stock ISBN 975-8027-73-5 2000
Exchange - Dr. Recep Bildik

Fortunes Made Fortunes Lost - Abdurrahman Y›ld›r›m ISBN 975-7143-10-3 1996

Stationary Portfolio Analysis and its Implementation on ISBN 975-8027-76-X 2000
ISE Data - ‹brahim Engin Üstünel

Financial Asset Valuation Models and Testing of Arbitrage ISBN 975-8027-77-8 2000
Pricing Model on the ISE - Nevin Yörük

RESEARCH ON DERIVATIVES MARKET
Some Basic Strategies on Securities Market derived from Future
Transactions and Options (Mustafa Kemal Y›lmaz)  1996

Derivatives Market - Theory and Practice - Prof. Dr. Ümit Erol ISBN 975-8027-58-1 1999

Pricing of Future and Options Contracts Based on
Capital Market Instruments - ISE Derivatives Market Department ISBN 975-8027-62-X 1999

Interest Rate Futures - ISE Derivatives Market Department ISBN 975-8027-61-1 1999

SECTORAL RESEARCH 
Automotive Sector- Sibel Kumbasar Bayraktar 1995

Textile Sector (Cotton)- Efser Uytun 1995

Food Sector - Ebru Tan 1995

Glass Sector- Özlem Özdemir 1995

Insurance Sector- Ça¤atay Ergenekon 1995

Tourism Sector- Oral Erdo¤an 1995

Manifactural Paper and Paper Product Sector- Ça¤atay Ergenekon ISBN 975-8027-09-3 1996

Textile Sector (Artificial-synthetic, Woolen, Manufactured Clothing,
Leather and Leather Goods)- Efser Uytun ISBN 975-8027-10-7 1996

Food Sector (Vegetable Oil, Meat, Fruit, Dairy Products, Sugar,
Flavor Products, Animal Feed) Research Department ISBN 975-8027-19-0 1997



143

ISE PUBLICATIONS 
EDUCATION
Basic Information Guide on Capital Markets and Stock Exchange (2000) ISBN 975-8027-41-7 2000

Turkish Bond Market ISBN 975-8027-69-7 2000

Exchange Disputes-Implementation, Examples of Decisions and Regulations ISBN 975-8027-33-6 1997

History of the Stock Exchange in Turkey ISBN 975-8027-69-7 2000

Stock Exchange and Financial System in the Ottoman Period 1991

Guide on Stock Exchange 1992

ISE Finance Award Series Volume-2 ISBN 975-8027-71-9 2000

III- BOOKLETS
Questions-Answers: ISE and Capital Markets ISBN 975-8027-31-X 1997

Guide on Stock Market Transactions ISBN 975-8027-35-2 1997

Ethical Values in the Turkish Capital Markets and
Rules Concerning Work Behavior ISBN 975-8027-52-2 1998

Global Crisis and Its Effects ISBN 975-8027-63-8 1999

Crisis Management in the Crisis Period ISBN 975-8027-64-6 1999

Exchange Dictionary ISBN 975-8027-66-2 1999

Fixed Income Securities ISBN 975-8027-70-0 2000

International Market-Guide to listing Depositary Receipts ISBN 975-8027-65-5 2000

(*) Publications marked by (*) are in Turkish and English.
For further inquiries please contact :
Training and Publications Department
Tel  : 90 (0212) 298 24 24
Fax : 90 (0212) 298 25 00


