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ABSTRACT

Value-at-Risk (VaR) has become one of the
most used techniques in financial risk
management. The purpose of this paper is
to address how well the technique holds in
an illiquid stock environment, such as the
one in the Colombian stock market. Our ob-
jective is to measure the efficiency of Value-
at-Risk in terms of the coefficient of
variation, which has been long used by prac-
titioners, and treated frequently in the litera-
ture, as a measure of relative risk which is
relatively easy to implement. Indeed, by
using a simple regression analysis, we show
how well VaR (specifically historical VaR)
holds as a dependent variable, in terms of
the coefficient of variation as our indepen-
dent variable. The results fail to provide
conclusive evidence that by CV standards,
the historical VaR holds, on the average, as
a reliable methodology for measuring risk
at high confidence levels in the Colombian
stock market. These results open another
line of inquiry, if whether indeed the Co-
lombian Stock Market behaves in a para-
metric or a non-parametric way, which
could also put into question the effective-
ness of the CV as a relative risk measure, a
significant question that is a matter for further
research that could lead to a whole different
set of conclusions.

Key Words: Risk, Finance, Risk manage-

ment, Quantitative Risk Analysis, stock
market, Value at Risk
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RESUMEN

¢Es el VaR una herramienta confiable
para medir el riesgo en el mercado

de valores colombiano? Un andlisis
empirico mediante la utilizacion

del coeficiente de variacion

El valor en riesgo se ha convertido en una de
las técnicas mas utilizadas en el manejo de
riesgos financieros. El propdsito de este arti-
culo es mostrar como se comporta esta técni-
ca en un entorno bursatil iliquido, como el de
la Bolsa de Valores de Colombia. Nuestro
objetivo es medir la efectividad de esta técni-
ca en términos del coeficiente de variacion,
la cual ha sido ampliamente usada por los ex-
pertos y mencionada con mucha frecuencia
en la literatura, como una medicion de riesgo
relativo relativamente facil de implementar.
De hecho, mediante un analisis de regresion
simple, se muestra que el valor en riesgo (es-
pecialmente el valor historico) se comporta
como una variable dependiente en relacion
con el coeficiente de variacion, nuestra va-
riable independiente. Los resultados no oftre-
cen evidencia contundente de que, segin los
estandares CV, el VaR historico sea, en pro-
medio, una metodologia confiable para me-
dir el riesgo con altos niveles de confiabilidad
en el mercado de valores de Colombia. Los
estudios abren otra linea de investigacion
sobre el interrogante de si dicho mercado se
comporta de manera paramétrica o no para-
métrica, hecho que también pondria en duda
la efectividad del coeficiente de variacion
como técnica de medicion del riesgo relati-
vo. Esta pregunta amerita mayor investiga-
cion, la cual podria conducir a conclusiones
totalmente diferentes.

Palabras clave: riesgo, finanzas, manejo del
riesgo, analisis cuantitativo del riesgo, mer-
cado de acciones, Valor en Riesgo.
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Introduction

The concept of variance (commonly de-
fined as standard deviation) as a measure
of financial risk has been extensively
treated in the financial literature. Most of
the academic work surrounding variance
as a potential risk measure is focused on
Markowitz’s portfolio theory (Markowitz,
1952). Although no formal framework or
general economic solution has been given
to variance as a risk proxy in terms of eco-
nomic utility, the intuitiveness behind va-
riance as a basic statistical concept makes
it easy to use (Brief and Owen, 1969). In-
deed, most of the theoretical work about
this subject is concerned with seeking rules
in the context of “probability beliefs” for
the “rational investor”, rather than seeking
a solution for one size fits all (Markowitz,
1991). The basic premise of this “set of
rules” is that most investors tend to be risk
adverse (defined in statistical variance!

terms), and will be just barely willing to ac-
cept more variance (or higher risk), if and
only if this risk is compensated for in terms
of a higher expected return (defined in terms
of the historical statistical mean? ). Under this
basic premise, we define the coefficient of
variation and VaR (specifically historical
VaR) as standard measures of risk.

Definitions

The coefficient of variation is defined
mathematically as:

' For the mathematical formula of variance (de-
fined as standard deviation), see Appendix 1.
For the mathematical expression of expected
return (defined as historical mean), see Appen-
dix 1.

v (1,

where Ga is defined as the standard

deviation of X observations of the stock

or asset a, and va is defined as the

expected return of X observations of the
stock or asset a. This definition is often
used as a measure of relative risk, and
should be used for comparison purposes
among different investment choices.
However, it is important to recall that this
is a measure that always has to be
compared relative to another investment;
otherwise it is completely useless. For
illustration purposes, let’s use the following
data for Stocks A and B:

Stock | Stock

Variables

Risk (standard deviation) | 10% | 20%

Expected Return (mean) 10% | 10%

Coefficient of variation bi 2

As we can see, there is not much use in
knowing that the CV for stock A is 1, but
when compared to the CV for stock B of 2,
we can infer that this stock is twice as risky
as stock A. The measure is straightforward
in the sense that the higher the CV of one
stock or asset as compared to another, the
riskier that stock is in terms of variance
(measured by the standard deviation). In
other words, the CV can measure the dis-
persion of two different data series from
their respective expected returns, and there-
fore their relative risk.
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Although the CV is commonly used in in-
vestment analysis, there has been a debate
concerning the instances in which it should
be applied to investments. When used in the
estimation of risk premiums among a cer-
tain number of data series, it has been found
that when a certain degree of autocorrelation
exits among the variables combined in a
portfolio, the high variance variables tend
to be underestimated, due to the covariance
effect in the portfolio as a whole (Scheel,
1978). Furthermore, when measuring the
CV of stand-alone investments, such as
stocks, we have to assume that the expected
return is the ratio of two random variables®
(Brief and Owen, 1969). Besides the ran-
domness prerequisite, also the data series
of the stock should be parametric (normally
distributed); in the case of nonparametric
data (not normally distributed), the appro-
priateness of the CV as a relative risk mea-
sure can be put into question (Dewitt and
Roberts, 1970). However, there is strong theo-
retical and empirical evidence that supports
the fact that stocks tend to distribute nor-
mally and behave in a random manner. As
the theoretical basis, (Samuelson, 1965)
provided a mathematical proof via stochas-
tic processes as to why it is impossible to
predict future stock prices based on histori-

Usually in the comparison of stand-alone invest-
ments, the expected return (and therefore stan-
dard deviation) is done on a one-period basis, since
the prices (historical) are known and not random.
The problem arises for the future expectations in
a multi-period basis, since the incorporation of
future (unknown) observations makes it impos-
sible to compute the actual mean and variance for
that future, and consequently the true actual re-
turn; this is why it is called “expected return”,
since the chance of being equal to the actual re-
turn is random.
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cal data, and as to why they will behave
randomly under a specified set of assump-
tions. This notion is further reinforced by
an empirical study conducted by Eugene
Fama; this study, which comprised 30 highly
traded stocks form the NYSE, showed evi-
dence that stocks tend to behave as a ran-
dom walk and as independent events (Fama,
1965). This notion of independence is pi-
votal in proving that stocks are indeed nor-
mally distributed. Therefore, we can
conclude that the CV can be a good mea-
sure of relative risk, when applied to stocks.

In the early 1980s, Value-at-Risk (VaR)
was implemented by major US banks as a
methodology for measuring market risk
in absolute (monetary) terms. The use of
this methodology was further reinforced
by the Basle Committee on Banking Super-
vision, due to the negative impact of the
major international financial crisis of the
1990s to the world’s major financial institu-
tions (Jorion, 2002). VaR is a very simple
measure, easy to understand, and can be
defined as the predicted worst-case loss at a
specific confidence level (e.g. 95%) over a
certain period of time (e.g., 1 day).* In other
words, VaR measures risk in terms of the
worst-case past occurrences to the left of a
normal distribution tail, given a specified
probability range. This is done with the pur-
pose of finding the observation that repre-
sents the exact percentage loss for that
specific probability range. Although there are
many methodologies for VaR calculation, in
the specific case of the Colombian stock
market, we will use the most common and

4 Riskmetrics Group. (1999).
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easy to implement, which is historical VaR.>

For the purpose of measuring the Historical

VaR of a single asset (each of the selected

Colombian stocks), we have to do the

following calculations:

e Obtain a historical price dataset for the
asset in question.

*  Calculate the historical returns of each
observation, using the following for-
mula:

R-A

% Historical Return=
0

Where P, = next day's price

B, = previous day's price

*  Then the resulting series of historical
returns should be arranged in ascending
numerical order (e.g. —0.02%,-0.01%,
1%, etc.)

*  To determine which point in the series
will give us the exact VaR at a specific

confidence level, we use the following
formula:

Specific point in the historical series =
n,Xn

Where n,=(1-)

o = the given confidence level (e.g.
95%)

n, = the percentile outside the given
confidence level (e.g. 5%)

n = total number of historical
observations

5

As is implemented by RiskmetricsTM.

* Finally, multiply the % value that
corresponds to the specific point in the
series by the monetary value invested
in the asset, and that gives us our VaR
for that specific confidence level (It is
always important to keep in mind that
VaR has to be expressed as a monetary
loss; e.g., Col$ -37.000).

As we can see, historical VaR has an intuitive
appeal on the grounds that it provides a range
of possible losses on ongoing investments.
Therefore, it gives the investor an easy-to-
understand criterion for investment selection
on the grounds of risk aversion (expressed
in absolute monetary terms). It also provides
a criterion that solves some of the paradoxes®
involved in investment selection based solely
on the grounds of expected return and risk
as is intended in portfolio theory. On the other
hand, it gives risk managers a day-to-day tool
to determine the tendency of risky invest-
ments, and to what extent this can have a
monetary impact on the investment portfolio
as a whole.

Nevertheless, we believe that historical VaR
has some validity as an effective risk mea-
sure, due to the fact that it relies on the
historically observed, worst-case past sce-
narios. We want to test the reliability of the
measure, when compared to another risk
measure with equal intuitive and even better
theoretical appeal, such as the CV. Since
both the CV and the historical VaR tend to
denote higher amounts of risk, the higher

¢ For a better understanding of this issue, please
refer to Baumol (1963).
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the result is, then our question is straightfor-
ward: Is Historical VaR an efficient tool for
risk measure in the Colombian stock market?

In order to answer this question and test
the efficiency of the historical VaR in the
Colombian stock market, we will run a
simple regression, where the CV of a series
of Colombian stocks will act as the inde-
pendent variable and the historical VaR of
those stocks as our dependent variable. If
indeed historical VaR is a good measure of
risk (because a higher CV should denote a
higher historical VaR based on the reasons
stated before), then we will reject our null
hypothesis that there is no relation at all be-
tween the two risk measures, by using the
p-value as a measure for determining the
significance of the regression.

1. The Dataset

The dataset is comprised of 30 Colombian
stocks and their daily average trading price
from the year 1998 to 2003. Due to the small
size of the Colombian Stock market, just
half of these stocks are actually traded on a
daily basis,” therefore making the Colom-
bian stock market an illiquid stock environ-
ment in liquidity terms. On the average, we
have 1354 daily observations® per stock, this
being the range of observations between
1454 and 536 on a daily basis, 288 weekly

For further information concerning how the
stocks are ranked in terms of trading and other
methodological issues on the reliability of the
available public data, please go to the following
website http://www.supervalores.gov.co/

In Colombia we use the weighted average daily
price methodology. This methodology disguises
the effect of dividends on the price of the stock.
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observations on average, this being the range
of observations between 310 and 113 on a
weekly basis, and 66 monthly observations
on average, this being the range of observa-
tions between 72 and 26.° In order to test
our hypothesis, we chose the three different
holding periods' in order to compute both
the CV an the historical VaR. The frequency
of the holding periods for each stock was
daily, weekly and monthly."" Since the his-
torical VaR has to be given in absolute terms,
we chose a preset amount of Col$
1,000,000 per stock, thus giving a standard
measure of historical VaR per million invest-
ment in each stock.'? Table 1 summarizes
the results we found for each stock on a
daily, weekly and monthly basis. For the
historical VaR calculation, we chose the 95%
and 99% confidence levels, respectively.'

In the specific cases of Colombiana de Inversiones
S.A. and Valores Simesa S.A., the stocks were ini-
tially registered on October 10, 2001 and June 16,
2001 respectively.

A holding period for our purposes is defined as the
investment horizon for buying and selling each
stock (i.e., if I buy today and sell tomorrow, my
holding period was daily; if I buy today and sell at
the end of the week my holding period was weekly,
etc.)

These are the most commonly used holding
periods for computing VaR; for further discussion,
please see Riskmetrics-Technical Document.

For simplicity purposes, we assume that there are
no transaction costs involved, due to the fact that
these costs tend to vary enormously on the basis
of the trading frequency of each stock.

This confidence level applies for daily and weekly
only. For the monthly VaR, the confidence level
is set at 95% and 90%, due to the fact that there
are not enough observations for a higher confi-
dence level.
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2. Testing the hypothesis

As mentioned before, we ran a total of six
regressions, using CV as our independent
variable and historical VaR at different con-
fidence levels as our dependent variable. In
order to test our hypothesis of linearity,'*
in which a higher CV denotes a higher his-
torical VaR, we have to reject our null hy-
pothesis that there is no linear relationship
between the two variables using the

p-value.”® The p-value is straightforward,;
if the p-value (which is set at oo = 0.05
and o = 0.01 for 95% and 99% confi-
dence intervals respectively) is higher than
our critical value for p, then there is a
linear relationship between the two variables.
Otherwise, we fail to reject our hypothesis
and accept the null hypothesis that there is
no linear relationship at all between the two
variables. The regression results are as
follows:'¢

2.1 Computed daily CV as the independent variable and daily historical VaR
at the 99% confidence level as the dependent variable (summary of results

df=28")
Correlation Adusted R*2 Test statistic p-value
0,138910269 -0,0157299078 -0,7422401 0,46412333

H: There is no linear relationship between
the daily CV and the historical daily VaR
at the 99% confidence level.

H: There is a linear relationship between
the daily CV and the historical daily VaR
at the 99% confidence level.

14 Due to the fact that the computed numbers can

present the problem of heteroscedasticity, the pre-
vious dataset is expressed in absolute terms, and
then logarithmically transformed for variance sta-
bilizing purposes. Even with the logarithmic trans-
formation, the residual plots (Appendix B) show
strong evidence of a non-linear relation between
the variables. In the case of negative CVs, we use
absolute values because of the symmetric charac-
teristic of this measure (a negative CV denotes a
negative expected return or the possibility of mak-
ing a short sell, but its relative risk is the same).

P-Test: We fail to reject the null hypothesis
and have to accept that there is no evidence
that a linear relationship exists between the
daily CV and the historical daily VaR at the
99% confidence level.

5 When we calculate the p-value, we are calculating

the probability of obtaining a value of the test
statistic (which is recommended for small samples
as in this case) more extreme than the one we
actually have; since we have both positive and
negative values, our p-value is computed on a
two-tail basis.

6 A negative adjusted R"2 denotes that the X vari-
able cannot explain the Y variable and also serves
as a test of multicollinearity.

17 Degrees of freedom.
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2.2 Computed daily CV as the independent variable and daily historical VaR
at the 95% confidence level as the dependent variable (summary of results

df=28)

Correlation Adusted R"2

Test statistic p-value

0,32602169 0,074371931

-1,8248503 0,07871074

H: There is no linear relationship between
the daily CV and the historical daily VaR
at the 95% confidence level.

H;: There is a linear relationship between

the daily CV and the historical daily VaR

at the 95% confidence level.

P-Test: We fail to reject the null hypothesis
and have to accept that there is no evidence
that a linear relationship exists between the
daily CV and the historical daily VaR at the
95% confidence level.

2.3 Computed weekly CV as the independent variable and weekly historical
VaR at the 99% confidence level as the dependent variable (summary of

results df=28)

Correlation Adusted R"2

Test statistic p-value

0,059923428 -0,031995225

0,31765581 0,75310291

H: There is no linear relationship between
the weekly CV and the historical weekly
VaR at the 99% confidence level.

H;: There is a linear relationship between

the daily CV and the historical weekly

VaR at the 99% confidence level.

P-Test: We fail to reject the null hypothesis
and have to accept that there is no evidence
that a linear relationship exists between the
weekly CV and the historical weekly VaR at
the 99% confidence level.

2.4 Computed weekly CV as the independent variable and weekly historical
VaR at the 95% confidence level as the dependent variable (summary of

results df=28)

Correlation Adusted R"2

Test statistic p-value

0,033771 -0,034533074

0,17880132 0,8593812

H: There is no linear relationship between
the weekly CV and the historical weekly
VaR at the 95% confidence level.

H: There is a linear relationship between

the daily CV and the historical weekly

VaR at the 95% confidence level.
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weekly CV and the historical weekly VaR at
the 95% confidence level.



IS HISTORICAL VaR A RELIABLE TOOL FOR RELATIVE RISK MEASUREMENT IN THE COLOMBIAN STOCK MARKET?

2.5 Computed monthly CV as the independent variable and monthly
historical VaR at the 95% confidence level as the dependent variable

(summary of results df=28)

Correlation Adusted R"2

Test statistic p-value

0,14508104 -0,013914044

0,77590599 0,44430925

H: There is no linear relationship between
the monthly CV and the historical
monthly VaR at the 95% confidence
level.

H;: There is a linear relationship between
the monthly CV and the historical
monthly VaR at the 95% confidence
level.

P-Test: We fail to reject the null hypothesis
and have to accept that there is no evidence
that a linear relationship exists between the
monthly CV and the historical monthly VaR
at the 95% confidence level.

2.6 Computed monthly CV as the independent variable and monthly
historical VaR at the 90% confidence level as the dependent variable

(summary of results df=28)

Correlation Adusted R"2

Test statistic p-value

0,16827483 -0,006386565

0,90330779 0,37406867

H: There is no linear relationship between
the monthly CV and the historical
monthly VaR at the 90% confidence
level.

H: Thereisalinear relationship between the
monthly CV and the historical monthly
VaR at the 90% confidence level.

P-Test: We fail to reject the null hypothesis
and have to accept that there is no evidence
that a linear relationship exists between the
weekly CV and the historical monthly VaR
at the 90% confidence level.

We fail to reject six out of six of our null
hypotheses, and we have to accept that there
is no evidence that there is a linear relation-

ship between the CV and the historical VaR
for different holding periods and high con-
fidence levels.

3. Concluding Remarks

By assuming that the coefficient of variation
is a reasonably accepted methodology for
measuring relative risk, both in practice and
in theory, we fail to provide conclusive evi-
dence that by CV standards, the historical
VaR holds, on average, as a reliable metho-
dology for measuring risk at high confidence
levels in the Colombian stock market. Al-
though we fail to reject the null hypothesis in
all the cases, this fact can be explained by
the fact that there are not enough historical
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monthly observations to make our result sta-
tistically sound,'® which can also distort the
results obtained at certain confidence levels."
This opens another line of inquiry; that is,
whether, the Colombian Stock Market be-
haves in a parametric or a non-parametric
way, which could also put into question the
effectiveness of the CV as a relative risk
measure, a significant question that is a mat-
ter for further research that could lead to a
whole different set of conclusions. For the
time being, we cannot prove in a conclusive
manner that historical VaR is indeed a reliable
risk measure in a thinly traded environment
such as the Colombian Stock Market.
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Appendix A

Standard deviation is defined as:

T
2 (Rhist.—Rp.)
=

n—1
Donde: Rhist = Historical observations expressed in returns terms.

Rp. = Historical expected return

n = Number of observations.

Expected return is defined as:

R p = Expected Return
Rh = Historical Return

n = number of observations
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Appendix B-Summary of Residual Plots

Variable X 1 Residual Plot-Daily Var 99%

Residual

Variable X 1

Variable X 1 Residual Plot Daily Var 95%

Residual

Variable X 1
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Variable X 1 Residual Plot Weekly Var 99%

Residual

Variable X 1

Variable X 1 Residual Plot Weekly VaR 95%

Residual

Variable X 1
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Variable X 1 Residual Plot Monthly VaR 95%

Residual

Variable X 1

Variable X 1 Residual Plot Monthly VaR 90%

Residual

Variable X 1
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