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A Raging Bull or a Long-term Speculative Bubble?
The Puzzling Case of the Karachi Stock Exchange

EHSAN AHMED, J. BARKLEY ROSSER, JR., and JAMSHED Y. UPPAL

The objective of the study is to examine possible presence of nonlinear speculative bubbles in
the Karachi Stock Exchange (KSE). Bubbles are argued to exist when there are substantial
deviations of market value from the estimated fundamental values. We estimate a series of
fundamental values from a four variable Vector Autoregression Model (VAR) using the main
KSE100 index along with measures of world stock prices, the Pakistani exchange rate, and the
Pakistani short-term interest rate. Residuals of this estimated fundamental time series are then tested
for possible speculative deviations using a Hamilton regime switching test and a rescaled range Hurst
coefficient test, with a further test for nonlinearity beyond the ARCH effects using the BDS statistic.
For all of these, we reject the null hypotheses of the absence of speculative bubbles and nonlinearities
beyond ARCH in these series. While these results suggest the possible presence of such bubbles, we
note methodological limits on proving that due to the problem of mis-specified fundamentals. We
further discuss some characteristics of the regulatory environment that may make it especially
susceptible to such phenomena and may be considered by the policy-makers for the attenuation of
speculative and manipulative behaviour.

Keywords: Bubble, Pakistan, Stock Market, Regime Switching, Rescaled Range
Analysis, Nonlinearity

INTRODUCTION

Asset markets in emerging and frontier economies have exhibited high levels of
variance with sharp increases followed by even sharper crashes. This has led to
widespread discussion that these markets may be exhibiting speculative bubbles in which
prices diverge from the fundamental values frequently [Ahmed, Rosser, and Uppal (2010,
2014)]. Among the markets that have been showing such behaviour very markedly has
been the Karachi Stock Exchange. The main equity market of Pakistan apparently
presents a case of cither an ongoing long-term bubble or of recurring bubble. The
unprecedented performance of the KSE over the over the 2001-2014 period in particular
remains a puzzle to many observers in view of the relatively poor performance of the real
sectors of the country’s economy. Though alternative explanations, such as structural
reforms, favourable tax and regulatory treatment, and technicalities of the stock index
construction, have been offered, the existence of speculative bubble, and the possibilitics
of manipulative behaviour cannot be precluded. It is particularly imperative to examine
the questions whether the stock market presents a case of a long-term or a recurring
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rationally expected future stream of net real returns properly discounted. While there is a
long and classic literature arguing for the historical existence of such bubbles going back
centuries [Kindleberger (2000)], theoretical literature faces certain complications. The
first is that it is difficult to reconcile such agent behaviour with the assumption of
rationality. Indeed, Tirole (1982) argued that bubbles will not happen in a world of
infinitely lived, perfectly informed rational agents, operating in discrete time markets.
Due to the idea that the bubble must end at some point and it will not be rational to be
holding the asset in the period before it ends, an assumption of common knowledge feeds
a backward induction argument to show that it is irrational to become involved in the
bubble to begin with.

However, rational bubbles may be possible as some of these assumptions are
relaxed. Thus, Tirole (1985) showed that allowing finitely lived agents in overlapping
generations models can pass a stationary bubble on to later generations, with this
argument having been made for the long run existence of a stable fiat money (whose
fundamental value is zero). But stationary bubbles are not empirically observable as
most tests for bubbles (such as those we use below) involve seeking to observe
apparently rapid movements away from presumed fundamentals. Such bubbles can be
rational even if they are expected to crash in finite time but inflate at an accelerating rate
that provides a risk premium for rational agents [Blanchard and Watson (1982)]. Such
bubbles have been studied by various observers [Elwood, Ahmed, and Rosser (1999);
Sornette and Zhou (2005)].

The standard approach would be to identify a bubble by

b(t)= p(t) — D) + (>0 ... SN eY)

where ¢ is time period, b is bubble value, p is price, fis the fundamental value, and € is an
exogenous stochastic noise process, usually assumed to be i.i.d. or even Gaussian normal,
even though many asset returns are known to exhibit higher moments than do Gaussian
distributions, such as skewness and kurtosis (“fat tails”). This formulation leads us to the
other major problem in the theory of bubbles, i.c., designing of a empirical tests for the
presence of bubbles, namely how to tell what is the fundamental versus the bubble (or
the stochastic noise process), with the price being the only item that is unequivocally
identifiable. This has been labeled the misspecified fundamental problem by Flood and
Garber (1980) who argue that it is impossible to econometrically identify for certain a
fundamental, although Ahmed, ef o/ (1997) have argued that one can observe
fundamentals in closed-end country funds in the form of net asset values, with premia
above those clearly constituting bubbles. Any peculiar price movement that appears to
deviate from a presumed fundamental may actually be a rationally expected fundamentals
movement by agents, even if it proves ex post not to be justified. After all, rational
expectations simply mean being right on average, not all the time; errors can be made.
Beyond this argument there are some who argue that the concept of a fundamental is
theoretically empty due to fundamental uncertainty [Davidson (2004)] or because high
frequency price changes are all that matter [Bouchaud and Potters (2003)]. In any case,
we must recognise for our study here that we are not fully able to overcome the
misspecified fundamental critique, and therefore must garnish our conclusions with a
strong caveat acknowledging that we are not definitely proving the existence of bubbles
in the KSE market, even if the evidence is highly supportive.
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Rejecting the idea of considering rational bubbles is the idea that they are
inherently irrational, perhaps most eloquently expressed by the title of Robert Shiller’s
book Irrational FExuberance (2015). In this psychological view agents become
overwhelmed by excitement over prospective short term gains and underestimate and
misprice the risks that they are engaging in. Thus waves of optimism (or even “mania’)
alternate with pessimism (or “panic”), with Kindleberger supporting this view. The
earlier work of Hyman Minsky (1972) is also in this line of argument, arguing that
financing standards become relaxed during the boom phase of a speculative bubble
helping to push it upwards.

In between the competing strands of the rational bubble literature is the view that
there may be heterogencous agents, some rational and some not. Earlier literature
[Baumol (1957); Zeeman (1974)] recognised this and saw bubbles arising as the less
rational trend chasers came to dominate an asset market, only to be chased out by the
rational fundamentalists when the bubble would crash, and the balance going back and
forth in any given market over time. This line of argument fell out of favour in the later
1970s and in the 1980s as the rational expectations revolution took hold, but with the
apparent occurrences of bubbles and crashes in many markets, beginning with the US
stock market crash of 1987, this belief weakened. The idea that some agents might not be
rational was also argued by Black (1985), and DeLong, et al. (1991), who showed that
the supposedly irrational “noise traders” might actually do better (or at least some of
them) than the rational fundamentalists and thus survive, the argument that such traders
would lose money and be driven out of the market long being used to dismiss their
possible existence.

More recent theoretical study in which agents switch strategies over time is due to
Follmer, Horst, and Kirman (2005). Such an approach has also been studied using agent-
based modeling of heterogencous agents as has been done by Chiarella, er al. (2003),
with Gallegati, Rosser, and Palestrini (2011) providing an example that can exhibit the
phenomenon recognised by Minsky of a period of financial distress in a bubble, a period
of gradually declining prices after a peak but prior to a full crash, which has been
observed in many historical bubbles.

METHODOLOGY AND DATA

Following the initial approach of Canova and Ito (1991), we estimate our assumed
fundamental value time series by estimating a Vector Autogressive (VAR) model using
daily data for the KSE100 stock market index with daily data for world stock prices, the
Pakistani foreign exchange rate, and the Pakistani middle 30-day Repo interest rate. It is
from this VAR model (with 8 lags) that we then estimate residuals that we apply our
various tests of possible bubbles and nonlinearity on.

The vector autoregression (VAR) is used to capture the linear interdependencies
among multiple time series. A VAR model captures the evolution of a set of & endogenous
variables over the sample period (# = 1, ..., T) as a linecar function of only their past values.
These variables are collected in a £ x 1 vector y, which has as the ith element, y,,, the
observation at time “7” of the ith variable. A p-th order VAR, denoted VAR(p), is:

YVe=C+ Ayt Ay ot Ay, T & N )]
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where the /-periods back observation y,. is the /-th lag of y, ¢ is a kx1 vector of constants,
A; is a time-invariant kxk matrix and €, is a k<1 vector of error terms; contemporancous
covariance matrix of error terms is Q, and there is no across time or serial correlation in
the individual error terms. In our model the four variables are as described above,
KSE100 returns, short-term interest rates, the PKR/USD exchange rate and the MSCI
World stock index. The lag-length of eight was found to be econometrically appropriate
following usual criteria (SIC, BIC). Examination of the residuals (see Table 5) shows that
the model residuals are well-behaved.

As noted above, this is subject to the difficult-to-avoid misspecified fundamental
problem. We hope to capture expectations of discounted future streams of net returns for
the stock market. Some of the variables we use clearly affect this, most obviously the
interest rate one. We are constrained by the fact that more specific and frequent estimates
of the market fundamentals are just not available. Using GDP itself is also not useful
given that it does not remotely vary on a daily basis. We presume that the exchange rates,
interest rates and the world market index would reflect expectations of the market
regarding the economic and stock expected cash flows. The world stock market index
provides some estimate of expectations about future global economic performance, which
should influence future Pakistani economic performance. The Pakistani foreign
exchange rate should provide some information regarding expectations of future
Pakistani performance relative to global performance. The interest rate provides
information regarding both expected future performance as well as the discount rate for
future returns.

Before proceeding further we note that it might be worthwhile to test our
method against other econometric ones derived from the set of theoretical models of
bubbles listed above, as well as others not discussed. However, we note that there is
a vast array of such methods and such a project would be a different paper rather than
the one we are engaged in here examining the Karachi stock market in particular. As
it is there have been some studies attempting to survey the wide variety of such
techniques, including Gurkayanak (2008) and Homm and Breitung (2012). We take
some comfort in the finding in this latter study that tests involving structural breaks
have “the highest power,” and our use of regime switching tests fits into this
category.

EMPIRICAL TESTS FOR SPECULATIVE BUBBLES

This section describes the three empirical tests employed in the study. These are:
(1) Regime Switching Test, (ii) Hurst Persistence Test, and (ii) Nonlinearity Test.

(i) Regime Switching Test

Hamilton (1989) introduced an approach to regime switching tests that can be used
to test for trends in time series and switches in trends, as used in Engel and Hamilton
(1990) and van Norden and Schaller (1993). We use this approach as our main test for
the null of no bubbles on the residual series derived above which is given by

e =ntz .. 3
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where

=W + LS . @

and

Zi—Ze1 = 0@ — Zeo) T T Oz —2) t 5 .5
with ¢ an autoregressive function.

with s = 1 being a positive trend, s = 0 being a negative trend, and ;= 0 indicating the
possible existence of a trend element beyond the VAR process. Furthermore, let:

Prob [s,=1 sy =1]=p, Prob [s,=0 s, =1]=1-p ... (6
Prob [s,=0 s_,=0]=gq, Prob [s;,=1 s, =0]=1-q. .. (D

Following Engel and Hamilton (1990) a “no bubbles” test proposes a null
hypothesis of no trends given by p = 1 — g. This is tested by with a Wald test statistic
given by

[p— (1 - @)V[var(p) + var(1 — q) + covar(p, 1 - @)]. ... . ®

(ii) Hurst Persistence Tests

Hurst (1951) developed a test to study persistence of Nile River annual flows,
which was first applied to economic data by Mandelbrot (1972). This technique is also
known as rescaled range analysis. For a series x, with n observations, mean of x*m and a
max and a min value, the range R(n) is:

R)=[max1<k<n¥ (x—x)-minl<k<n¥ (% -x)] ... ®

The scale factor, S(n, ¢g) is the square root of a consistent estimator for spectral
density at frequency zero, with g <,

S =go+ 23X, w@gpwi@=1-5] .. . (10)
with g’s autocovariances and w ’s weights based on the truncation parameter, g, which is a
period of short-term dependence. Lo (1991) has criticised the used of the classical Hurst
coefficient for studying long-term persistence due to this presence of short-term
dependence in it, but this is not a problem for us. The classical Hurst case has ¢ = 0,
which reduces the scaling factor to a simple standard deviation.

Feller (1951) showed that if x, is a Gaussian i.i.d. series then

Rn)/Stn) o n” .. (1D

with /7 = 1/2, which implies integer integro-differentiation and thus standard Brownian
motion, the “random walk.” [ is the Hurst coefficient, which can vary from zero to one
with a value of 1/2 implying no persistence in a process, a value significantly less than
172 implying “anti-persistence” and a value significantly greater than 1/2 implying
positive persistence. The significance test involves breaking the sample into sub-samples
(namely, pre-bubble, during-bubble and post-bubble period) and then estimating a Chow
test on the null that the sub-periods possess identical slopes.
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(iii) Nonlinearity Test
We test for nonlinearity of the VAR residual series in two stages. The first is to

remove ARCH effects. Engle (1982) the nonlinear variance dependence measure of
autoregressive conditional heteroskedasticity (ARCH) as

X, = 6,11, 12
82 =ay+ Yo X2, .. (13)

with p is 1.i.d. and the oy's different lags. We use a three period lag and, as expected,
significant ARCH effects in all series, available on request from the authors.

The second stage involves removing variability attributable to the estimated
ARCH effects from the VAR residual series for both models. The remaining residual
series is run through the BDS (Brock-Dechert-Scheinkman) test due to Brock, Dechert,
LeBaron, and Scheinkman (1997), with useful guidance on certain aspects in Brock,
Hsich, and LeBaron (1991). This statistic tests for generalised nonlinear structure but
does not test for any specific form such as alternative ARCH forms or chaos.

The correlation integral for a data series x, t = 1, ..., T results from forming m-
histories such that x = [x;, x,11, ..., Xreme1 ] for any embedding dimension m. It is
2
CmT(g) = Zt<518 (Xgn’X;n)[Tm(Tm—l)] (14)

with a tolerance distance of €, conventionally measured by the standard deviation divided
by the spread of the data, 7(x,”, x,”) is an indicator function equaling 1 if |ix,” - x,"/|<e
and equaling zero otherwise, and 7, = 7— (m — 1).

The BDS statistic comes from the correlation integral as

BDS (m, €) = T"*{c,€) - [c1(€)]"}/bom .. (15)

where b,, is the standard deviation of the BDS statistic dependent on the embedding
dimension m. The null hypothesis is that the series is i.i.d., meaning that for a given ¢
and an m > 1, ¢,(e) - [c1(e)]” equals zero. Thus, sufficiently large values of the BDS
statistic indicate nonlinear structure in the remaining series. This test is subject to severe
small sample bias with a cutoff of 500 observations sufficient to overcome this, a
minimum both of our daily series easily achieve.

Results

The results of the empirical tests are reported in Tables 2—5 and are summarised

below.

(1) Regime Switching Test: Results are reported in Table 2. The critical value for
rejecting the null of no trends is %> = 3.84. Clearly, the null of no trends is
strongly rejected, given the reported value of 4076.68 for the test.

(i) Hurst Persistence Test: Table 3 presents the results of this test, for which the
critical F-value for the Chow test is 6.4. Table 3 consists of four sub-tables.
The first, 3A, is for the entire sample period. The remaining three are for sub-
periods, with 3B for the period of steep decline between April 18, 2008 and
January 26, 2009, with 3C being for a sub-period prior to that between
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February 1992 and December 2001, while 3D is for the period from January
2001 to November 2013. These break the sample approximately between the
period before the regional effects of the U.S. reaction to the 9/11 attacks
happened and after they started happening. For all of these cases, the
estimated F-values easily exceed the critical value. Thus, the Hurst persistence
test for both the entire sample as well as the three sub-samples significantly
rejects the null of a value of 0.50, which would indicate no persistence.

Again, we emphasise that the validity of these tests are subject to the caveat that
we have estimated reasonably well the fundamental series for the asset time series
process.

(i) Nonlinearity Test: Table 4 present the results of this test for embedding
dimensions, m = 2 to 4 (m = 3 is conventional). The critical value for
rejecting the null of i.id. ranges from 4.70 to 6.92 for those three cases.
Based on the estimated BDS statistics null is rejected as these estimated
numbers range from 24.87 to 32.81. Thus, there appears to be remaining
nonlinearity beyond basic ARCH in the VAR residual series.

Of course, just as our earlier tests are subject to the validity of our original VAR
specifications and the broader misspecified fundamental problem, likewise so is this test,
which is further limited by our modification of the basic result with a basic ARCH adaptation.
Thus, we also emphasise that the nature of the remaining nonlinearity remains unknown.

Table 2

Wald Test Results on Residuals from the VAR Model
VAR Variables: (i) KSE100 Index Returns, (ii) Exchange Rate, (iii) Pakistan Repo 30
Day Middle Rate, and (iv) World Stock Index
Sample Period Hy: Pi=1-P,
February 28, 1992-November 25, 2013 4076.68
Critical Value x*(1)=3.84

Table 3

Hurst Coefficients and Related Chow Tests
Hurst Coefficients and Chow Test Results on Residuals from Four-Variable VAR Model
of Pakistani Stock Returns, Exchange Rate, Pakistan Repo 30 Day Middle Rate and

World Stock Index
Hurst
Coefficient Computed F

Table 3a

Full Sample Period February 28, 1992-November 25, 2013 0.59 1569*
Table 3b

Sample Period April 18, 2008-January 26, 2009 0.83 920*

Market Peaked and Crashed in April 2008. Hit through January 2009
Table 3C

Sample Period February 1992-December 2001 0.63 4398*
Table 3D

Sample Period January 2002-November 2013 0.59 2911%*

*Computed Value of F>Critical Value of F 4.31; Reject the hypothesis of no persistence in the entire sample.
We reject the hypothesis that this selected sample is the same full sample.
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regarding the measurement of the KSE index, it would be unwise to argue that such
factors fully explain this. The KSE market simply appears to be highly volatile.

Such volatility makes it harder to sustain long-term investment for growth in the
Pakistani economy. Indeed, one of the reasons to believe that speculative behaviour is a
major factor in the market’s high volatility is that the market’s recent rise seems to be
much greater relative to its GDP growth than one observes in other emerging and frontier
economies. It is unclear what the best policy to deal with this problem is. Engaging in
excessively strict monetary policy risks dragging down an economy that is already not
growing as rapidly as many would like and is a blunt instrument for such a policy anyway
[Rosser, Rosser, and Gallegati (2012)]. There is also recent evidence that monetary
policy may well have a surprisingly weak influence on stock market bubbles [Gali and
Gambetti (2015)]. Other policies that might be used might include tighter regulation of
margin requirements and other more specific actions directed at micro details of the
functioning of the markets. Of course, the fact that Pakistan faces serious problems due
to terrorism and warfare in its region underscore the difficulty of making economic
policy more generally in the nation.
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