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Stationarity Test: Unit Rootdi>gll jd= jlasl

Augmented Dickey-Fuller Test Equation

Dependent Variable: D(DOMESTIC_CREDIT,?2)

Sample (adjusted): 1972 2009 \

Included observations: 38 after adjustments

Variable Coefficient| Std. Error t-Statistic |Prob.
D(DOMESTIC_CREDIT(-1))|-1.158874 | 0.166426 -6.963311 | 0.0000

C 744.8973 |815.4746 0.913452 | 0.3671
R-squared 0.573902 Mean dependent var 134.8071
Adjusted R-squared 0.562066 S.D. dependent var 7552.259
S.E. of regression 4997.825 Akaike info criterion 19.92259
Sum squared resid 8.99E+08 Schwarz criterion 20.00878
Log likelihood -376.5292 Hannan-Quinn criter. 19.95325
F-statistic 48.48770 Durbin-Watson stat 1.939841
Prob(F-statistic) 0.000000 \
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Cointegration Test il JolSUl d8¥s jlus

Series: DOMESTIC_CREDIT Y S INFLATION RESERVES

Lags interval (in first differences): 1 to 1

Unrestricted Cointegration Rank Test (Trace)

Hypothesized Trace 0.05

No. of CE(s) Eigenvalue Statistic Critical Value Prob.**
None * 0.911223 170.3083 69.81889 0.0000
At most 1 * 0.720484 78.28644 47.85613 0.0000
At most 2 * 0.375182 29.84802 29.79707 0.0493
At most 3 0.250911 11.97681 15.49471 0.1581
At most 4 0.025940 0.998712 3.841466 0.3176

Trace test indicates 3 cointegrating eqn(s) at the 0.05 level

*denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values |
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Forecast: DOMESTIC_CF

Actual: LOG(DOMESTIC_CREDIT)
Forecast sample: 1970 2011
Adjusted sample: 1970 2009
Included observations: 40

Root Mean Squared Error  1.062298
Mean Absolute Error 0.815003
Mean Abs. Percent Error  74.06688

0
Theil Inequality Coefficient 0.090500
TN Bias Proportion 0.406687
4/ Variance Proportion 0.015547

Covariance Proportion  0.577766

S
1970 1975 1980 1985 1990 1995 2000 2005

| — DOMESTIC_CF ——- +2S.E |
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Dependent Variable: LOG(DOMESTIC_CREDIT)

Method: Generalized Method of Moments

Standard errors & covariance computed using estimation weighting matrix

Instrument specification: LOG(S) LOG(INFLATION) LOG(Y)

Constant added to instrument list

Variable Coefficient |Std. Error t-Statistic Prob.
LOG(INFLATION) 1.074452 0.490043 2.192568 0.0349
LOG(S) 0.849203 0.488250 1.739277 0.0905
LOG(Y) -0.036879 |0.721467 -0.051117 0.9595
LOG(RESERVES) 1.057126 1.036145 1.020250 0.3144
R-squared 0.932401 Mean dependent var 4.436159
Adjusted R-squared 0.926767 S.D. dependent var 4.317950
S.E. of regression 1.168503 Sum squared resid 49.15441
Durbin-Watson stat 1.419970 J-statistic 4.03E-45
Instrument rank 4 |
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Binary Probit Model :z 354 55

Dependent Variable: DEFAULT

Method: ML - Binary Probit (Quadratic hill climbing)

QML (Huber/White) standard errors & covariance

Variable Coefficient |Std. Error z-Statistic Prob.

S -0.988847 |0.575832 -1.717249 0.0859
LOG(INFLATION) -0.386715 |0.245184 -1.577244 0.1147
LOG(DOMESTIC_CREDIT) 0.295627 0.140400 2.105610 0.0352
LOG(-NFA) -0.798289 |0.271623 -2.938958 0.0033
Mean dependent var 0.025000 S.D. dependent var 0.158114
S.E. of regression 0.171004 Akaike info criterion 0.375848
Sum squared resid 1.052723 Schwarz criterion 0.544736
Log likelihood -3.516957 Hannan-Quinn criter. 0.436912
Deviance 7.033915 Restr. deviance 9.352548
Avg. log likelihood -0.087924 |

Obs with Dep=0 39 Total obs 40

Obs with Dep=1 1 |
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Binary Model z3g¢ ya43 o3

Goodness-of-Fit Evaluation for Binary Specification
Andrews and Hosmer-Lemeshow Tests \
Quantile of Risk Dep=0 Dep=1 Total H-L
Low High Actual Expect Actual |Expect Obs Value
1 2.E-05 0.0003 4 3.99918 |0 0.00082 |4 0.00082
2 0.0005 0.0006 4 3.99795 |0 0.00205 |4 0.00205
3 0.0006 0.0007 |4 3.99729 |0 0.00271 |4 0.00271
4 0.0009 0.0018 |4 3.99455 |0 0.00545 |4 0.00546
5 0.0019 0.0020 4 3.99223 |0 0.00777 |4 0.00778
6 0.0020 0.0030 4 3.99089 |0 0.00911 |4 0.00913
7 0.0030 0.0038 |4 3.98666 |0 0.01334 |4 0.01338
8 0.0038 0.0100 4 3.97691 |0 0.02309 |4 0.02322
9 0.0109 0.1142 3 3.78234 |1 0.21766 |4 2.97375
10 0.2317 0.2912 4 298263 |0 1.01737 |4 1.36438
Total 39 38.7007 |1 1.29935 |40 4.40268
H-L Statistic 4.4027 Prob. Chi-Sq(8) 0.8191
Andrews Statistic 38.0007 Prob. Chi-Sq(10) | 0.0000
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Binary Model g3g0 ¢gui) oundi

Expectation-Prediction Evaluation for Binary Specification
Success cutoff: C = 0.5 |
Estimated Equation Constant Probability
Dep=0 Dep=1 Total Dep=0 Dep=1 Total
P(Dep=1)<=C 39 1 40 39 1 40
P(Dep=1)>C 0] 0 0 0 0 0
Total 39 1 40 39 1 40
Correct 39 0 39 39 0 39
% Correct 100.00 0.00 97.50 100.00 0.00 97.50
% Incorrect 0.00 100.00 2.50 0.00 100.00 2.50
Total Gain* 0.00 0.00 0.00
Percent Gain** NA 0.00 0.00
Estimated Equation Constant Probability
Dep=0 Dep=1 Total Dep=0 Dep=1 Total
E(# of Dep=0) 37.81 0.89 38.70 38.03 0.98 39.00
E(# of Dep=1) 1.19 0.11 1.30 0.98 0.03 1.00
Total 39.00 1.00 40.00 39.00 1.00 40.00
Correct 37.81 0.11 37.93 38.03 0.03 38.05
% Correct 96.96 11.42 94.82 97.50 2.50 95.13
% Incorrect 3.04 88.58 5.18 2.50 97.50 4.88
Total Gain* -0.54 8.92 -0.30
Percent Gain*™* -21.55 9.15 -6.20
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Error Correction Model :Uas| Tl g6 il

Vector Error Correction Estimates

Standard errors in () & t-statistics in [ ]

Cointegrating Eq: CointEq1

LOG(DOMESTIC

CRE(DIT(-1)) - 1.000000

LOG(Y(-1)) -2.573345
(0.35770)
[-7.19408]

LOG(S(-1)) 2.113683
(0.42275)
[ 4.99982]

LOG(INFLATION(-1)) 2.801747

(0.43087)
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[ 6.50252]

LOG(-NFA(-1)) -0.395764
(0.27315)
[-1.44891]
C 9.652698
Error Correction: gg_é)é?_(r?)OMESTIC_ D(LOG(Y)) | D(LOG(S)) | D(LOG(INFLATION)) BS:IAC)))G(
CointEqg1 -0.196464 0.036189 0.054478 -0.236504 -0.009183
(0.10945) (0.02451) (0.06805) (0.09184) (0.08854)
[-1.79507] [ 1.47641] [ 0.80057] [-2.57522] [-0.10371]
D(LOG(DOMESTIC
CE‘\’EDI'(I'(-1))) - -0.250465 0.029285 -0.029815 0.129282 0.073209
(0.23579) (0.05281) (0.14661) (0.19786) (0.19075)
[-1.06222] [ 0.55455] [-0.20337] [ 0.65340] [0.38379]
D(LOG(DOMESTIC
Cf?EDI(T(-Z))) - 0.050789 0.058998 0.046032 0.249846 0.042217
(0.22838) (0.05115) (0.14200) (0.19164) (0.18476)
[ 0.22238] [ 1.15346] [0.32417] [ 1.30371] [ 0.22850]
D(LOG(Y(-1))) 2.116603 0.317639 0.969935 1.803711 0.043088
(0.95805) (0.21456) (0.59567) (0.80392) (0.77505)
[ 2.20928] [ 1.48039] [ 1.62830] [ 2.24365] [ 0.05559]
D(LOG(Y(-2))) 0.326417 0.020030 -0.385752 0.415647 -0.118528
(1.09229) (0.24463) (0.67914) (0.91656) (0.88365)
[ 0.29884] [0.08188] [-0.56800] [ 0.45349] [-0.13413]
D(LOG(S(-1))) 0.753322 -0.052351 -0.180250 0.232012 0.182345
(0.54254) (0.12151) (0.33733) (0.45526) (0.43891)
[ 1.38851] [-0.43085] [-0.53435] [ 0.50963] [ 0.41545]
D(LOG(S(-2))) 0.374552 -0.157329 -0.287370 -0.054881 0.031053
(0.50430) (0.11294) (0.31355) (0.42317) (0.40797)
[0.74272] [-1.39300] [-0.91650] [-0.12969] [0.07612]
D(LOG(INFLATION(-1))) | 0.561690 -0.040434 0.069863 -0.156682 0.024081
(0.23962) (0.05367) (0.14899) (0.20107) (0.19385)
[ 2.34405] [-0.75345] [0.46892] [-0.77923] [0.12423]
D(LOG(INFLATION(-2))) | 0.228450 -0.006861 -0.049263 0.041971 -0.039265
(0.17098) (0.03829) (0.10631) (0.14348) (0.13832)
[ 1.33609] [-0.17918] [-0.46338] [ 0.29253] [-0.28387]
D(LOG(-NFA(-1))) -0.115519 0.055759 0.225573 0.127805 -0.060059
(0.30481) (0.06826) (0.18952) (0.25577) (0.24659)
[-0.37899] [0.81680] [ 1.19026] [ 0.49969] [-0.24356]
D(LOG(-NFA(-2))) -0.240855 0.080073 0.031074 0.246401 -0.152603
(0.30297) (0.06785) (0.18837) (0.25423) (0.24510)
[-0.79498] [ 1.18009] [ 0.16496] [ 0.96921] [-0.62262]
(¢} -0.692918 0.240368 0.161831 -0.871574 -0.079979
(0.51411) (0.11514) (0.31965) (0.43140) (0.41591)
[-1.34781] [2.08764] [ 0.50628] [-2.02035] [-0.19230]
R-squared 0.711390 0.642591 0.335902 0.515714 0.049530
Adj. R-squared 0.008402 0.485330 0.043699 0.302628 -0.368677
Sum sq. resids 13.58355 0.681319 5.251160 9.564492 8.889908
S.E. equation 0.737117 0.165084 0.458308 0.618530 0.596319
F-statistic 1.027731 4.086162 1.149550 2.420218 0.118433
Log likelihood -33.96264 21.40015 -16.38005 -27.47281 -26.11970
Akaike AIC 2.484467 -0.508116 1.534057 2.133665 2.060525
Schwarz SC 3.006927 0.014344 2.056517 2.656125 2.582984
Mean dependent 0.311706 0.324821 0.237738 -0.003070 -0.017813
S.D. dependent 0.740234 0.230113 0.468663 0.740677 0.509716
Determinant resid covariance (dof adj.) 5.38E-05
Determinant resid covariance 7.57E-06
Log likelihood -44.37432
Akaike information criterion 5.912125
Schwarz criterion 8.742116




Response of LOG(DOMESTIC_CREDIT) to Cholesky
One S.D. Innovations
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Response of NFAto Cholesky
One S.D. Innovations
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1 2 3 4 7 8 9 10 1 2 3 4 5 6 8 9 10
— LOG(DOMESTIC_CREDIT) ——— NFA —— LOG(DOMESTIC_CREDIT) —— NFA
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Variance Decomposition of LOG(DOMESTIC CREDIT):
. LOG(DOMESTIC _

Period S.E. CREDIT) NFA S LOG(Y)

1 0.591660 100.0000 0.000000 0.000000 0.000000
2 0.843923 79.91537 1.511250 0.113195 18.46018
3 1.032176 64.47297 2.015576 0.076440 33.43501
4 1.240206 50.35345 1.398224 1.170119 47.07821
5 1.395715 42.99308 1.224487 3.725943 52.05649
6 1.553133 36.41098 0.999323 6.718731 55.87096
7 1.665133 32.30800 0.877189 8.907301 57.90751
8 1.763338 28.88162 0.850213 10.76842 59.49975
9 1.835768 26.66192 1.017596 12.78803 59.53245
10 1.901189 24.94988 1.513871 15.12648 58.40977
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Mean Equation

GARCH -3.214696 0.628486 -5.114986 0.0000
C 0.000871 0.000149 5.837534 0.0000
DUM -0.000739 0.001266 -0.583164 0.5598
Variance Equation
C 2.27E -05 4.08E -07 55.74639 0.0000
RESID(-1)A2 0.797537 0.040904 19.49770 0.0000
GARCH(-1) 0.426478 0.009911 43.03251 0.0000
R -squared -0.052083 Mean dependent var -0.000158
Adjusted R -squared -0.053430 S.D.dependent var 0.012634
S.E.of regression 0.012967 Akaike info criterion -6.907125
Sum squared resid 0.262657 Schwarz criterion -6.886592
Log likelihood 5410.825 Hannan -Quinn criter. -6.899492
Durbin -Watson stat 1.855648

Dependent Variable: RETURNS

Method: ML - ARCH (Marquardt) - Normal distribution

Sample: 1/02/2006 12/30/2011

Included observations: 1565

Convergence not achieved after 500 iterations

Presample variance: backcast (parameter = 0.7)

LOG(GARCH) = C(4) + C(5)*ABS(RESID(-1)/@SQRT(GARCH(-1))) + C(6)

*RESID(-1)/@SQRT(GARCH(-1)) + C(7)*LOG(GARCH(-1))

MeanEquation

GARCH -18.80765 1.933461 -9.727453 0.0000

C 0.002023 0.000154 13.09614 0.0000

DUM -0.001181 0.000464 -2.54526 0.0109

VarianceEquation

C(4) -5.096273 0.109135 -46.69680 0.0000

C(5) 0.495100 0.007853 63.04719 0.0000

C(6) -0.032084 0.008885 -3.610899 0.0003

C(7) 0.690781 0.011285 61.21232 0.0000
R-squared -3.077296 Meandependentvar -0.000158
AdjustedR-squared -3.082517 S.D.dependentvar 0.012634
S.E.ofregression 0.025528 Akaikeinfocriterion -6.755954
Sumsquaredresid 1.017915 Schwarzcriterion -6.731999
Loglikelihood 5293.534 Hannan-Quinncriter. -6.747048
Durbin-Watsonstat 1.432686
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Appendix

Dependent Variable: RETURNS

Method: ML - ARCH (Marquardt) - Normal distribution

Sample: 1/02/2006 12/30/2011

Included observations: 1565

Convergence achieved after 261 iterations

Presample variance: backcast (parameter = 0.7)

GARCH = C(4) + C(5)*RESID(-1)A2 + C(6)*GARCH(-1)




a positive risk premium on stock indices which states that higher returns are expected for assets

with higher level of risk.

Finally, it would be interesting to further investigate the risk -return tradeoff using different econo-
metric models, for example use of multivariate GARCH -M models might give more accurate
results.Investigating the causes of the structural break in the KSE time series and how it can be
taken into account explicitly would also represent a rich area for further theoretical and empirical

research.
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-0.032084**

Y

1.224015 1.185881
o+
Log -Likelihood 5410.825 5293.534
ARCH -LM Test for heteroscedasticity
Statistic 3.426015 46.35723
Prob. 1.0000 0.0287

Note: * and ** denote significance at the 5% and 1% level respectively.

From the results of the variance equations reported in Tables 5, the first three coefficients
(constant), ARCH term (O ) and GARCH term ( [3 ) are statistically significant and exhibit

the expected sign for both models.The significance of Ol and 3 indicates that, lagged condi-
tional variance and lagged squared disturbance have an impact on the conditional variance, in
other words this means that news about volatility from the previous periods have an explanatory
power on current volatility.Moreover, the results show that the sum of the two estimated ARCH
and GARCH coefficients 0 + [3 (persistence coefficient) is larger than one, suggesting that the
conditional variance (volatility) process is explosive.Furthermore, the results of the asymmetric
EGARCH(1,1) -M model in Table 5 indicate that the asymmetric (leverage) effect captured by the
parameter estimate 7y is statistically significant with negative sign, indicating that negative shocks
imply a higher next period conditional variance than positive shocks of the same magnitude,
which indicates the existence of leverage effect in the returns of the Khartoum stock market index

during the study period.

From estimation results in Table 5, the estimated coefficient (risk premium) (}" Yof O ? in the
mean equation is statistically significant and negative for the two specifications, which indicates
that the mean of the return sequence negatively depends on conditional variance.This result is
similar to those reached by Bekaert and Wu (2000), Breen et al.(1989), Campbell (1987), Fama
and Schwert (1977), Glosten et al.(1993), and Nelson (1991) who report a negative relationship
between expected return and conditional volatility, a result which is inconsistent with the theory
of a positive risk premium on stock indices which states that higher returns are expected for assets
with higher level of risk.The Lagrange Multiplier ARCH statistic indicates that the GARCH(1,1)
-M model is effective at removing most of the ARCH effects from the regressions residuals, a char-

acteristic which is not provided in the EGARCH(1,1) -M model.

6.Conclusions and Future Directions for Research

This paper has empirically investigated the relationship between stock market returns and volatility
(risk) for the Sudanese stock market over the period of January 1, 2006 to December 30, 2011.The
paper applied both the GARCH -M and the EGARCH -M models as originally developed by En-
gle (1982) and generalized by Bollerslev (1986) to check for symmetric and asymmetric (bad and
good news) impact of stock price volatility on the expected returns.Based on daily closing prices of
the general market index from Khartoum Stock Exchange (KSE) , the empirical results of the pa-
per provides strong evidence that daily returns can be well characterized by the GARCH approach;
the KSE data showed a significant departure from normality and the existence of heteroscedastic-
ity in the residuals series.Based on the two estimated models, the results indicate that the condi-
tional volatility is an explosive process.Furthermore, EGARCH(1,1) -M model shows a significant
evidence for the existence of the leverage effects. The paper reports a negative relationship between

expected return and conditional volatility (risk), a result which is inconsistent with the theory of



a negative shock causes volatility to rise more than if a positive shock with the same magnitude had
occurred.To capture this asymmetry, Nelson (1991) developed the exponential GARCH (EGARCH)
model. This model captures asymmetric responses of the time -varying variance to shocks and, at the

same time, ensures that the variance is always positive.

The conditional variance equation of the EGARCH(1,1) -M model - which will be employed in this

paper - has the following specification'®:

E”_\F _7@7—1(7)
o T ()

-1 A1 oy . s
stant parameters, i ' (6) is the one -period ahead volatility fore-

h (612)=(D+B1174 (Grz—l)"'al
where @, Bl , O, and Y are co

cast. This implies that the leverage effect is exponential rather than quadratic and forecast of condi-
tional variance are guaranteed to be nonnegative, ® is the mean level, is the persistence parameter,
h (o f_l) is the past period variance.Unlike the GARCH model, the EGARCH model allows for
leverage effect.If Y is negative, leverage effect exists.That is an unexpected drop in price (bad news)
increases predictable volatility more than an unexpected increase in price (good news) of similar
magnitude (Black, 1976; Christie, 1982).If O is positive, then the conditional volatility tends to rise

(fall) when the absolute value of the standardized residuals is larger (smaller).

5.Results

As reported in the data description part, when the residuals were examined for heteroscedastic-
ity, the ARCH -LM test provided strong evidence of ARCH effects in the residual series.To model
this conditional heteroscedasticity, we proceed by applying the GARCH models.The results of
estimating the two GARCH specifications for the KSE index returns are presented in this section.
To account for the sharp decline of the KSE index in the second half of October 2009, a dummy
variable (DUM) will be introduced into the mean equation, which is set equal to 0 for the period

before that sharp decline and 1 thereafter.
Thus, for the KSE, the mean equation is specified as
1, =W+0DUM +¢, (13)
Beside the estimation output of the two GARCH models, diagnostic test results for these models
are also provided, in particular for testing whether there are still ARCH effects left in the residuals

of the estimated models".Table 5 shows the parameter estimates of the two GARCH models for
the period under study.

Table 5: Estimation results of the GARCH(1,1) -M and EGARCH(1,1) -M

Coefficients GARCH (1,1) -M EGARCH (1,1) -M
Conditional Mean Equation

H 0.000871** 0.002023**

8 -0.000739 -0.001181*

7\’ -3.214696** -18.80765**

Conditional Variance Equation

® 2.27E -05* -5.096273%
o 0.797537%* 0.495100**
B 0.426478** 0.690781** 72

18 The conditional mean equation remains as in the GARCH -M model (see equation 4).
19 If the variance equation of GARCH model is correctly specified, there should be no ARCH effect left in the residuals.
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may consider the GARCH -M model'® of Engle, Lilien, and Robins (1987), where “M” stands for
“in mean”This model is an extension of the basic GARCH framework which allows the conditional
mean of a sequence to depend on its conditional variance or standard deviation.In this paper, the
following simple specification GARCH (1,1) -M is used:

Mean equation 7, = L + ) tz +€, (4)
2 2 2
Variance equation 0, =0 + & ,_, + B -1 5)

where ® > 0 and o, 2 0 and Bl >0, and.
7, = return of the asset at time t.
W = average return.
€, = residual returns, defined as:
€,=0,z (6
where Zz, is standardized residual returns (i.e.realization of iid random variable with zero mean and

. 2, .\ .
variance 1), and G, is conditional variance.

The constraints O, = 0 and Bl 2> () are needed to ensure that G tz is strictly positive (Poon,
2005).

In this model, the conditional mean equation is written as a function of constant, the conditional
variance (G tz) as an explanatory variable, and error term.The parameter A is called the risk pre-
mium parameter.A positive A indicates that the return is positively related to its volatility.In other

words, a rise in mean return is caused by an increasgin conditional variance as a proxy of increased

risk.The conditional ’(Ean at time t is denoted EI — ] or WU, and the conditional variance at
. . 7,
time t is denoted Vt — | or Gtz (Engle 1982). -1

v,

The conditional varidnce equation models the time varying nature of volatility of the residuals gen-
erated from the mean equation.SinceG tz is the one - period ahead forecast variance based on past
information, it is called the conditional variance.The conditional variance equation specified as a
function of three terms: (i) A constant term: @ ; (ii) News about volatility from the previous period,
measured as the lag of the squared residuals from the mean equation: € il (the ARCH term); and
(iii) Last period forecast variance: O t2 (the GARCH term).Engle, Lilien, and Robins assume that
the risk premium is an increasing function of the conditional variance of €,; in other words, the
greater the conditional variance of returns, the greater the compensation necessary to induce the

agent to hold the long - term asset Enders (2004).

4.2 The Exponential GARCH (EGARCH) model
Even if the GARCH models (including GARCH -M) successfully capture the thick tail returns, and

the volatility clustering, they are poor models if one wishes to capture the leverage effect since the
conditional variance is a function only of the magnitudes of the past values and not their sign.In
financial time -series, it has been stated that volatility behaves differently depending on if a positive

or negative shock'” occurs.This asymmetric relationship is called leverage effect, and describes how

16 Among others, Chou (1988) using a GARCH -M model found a positive relation between returns and conditional variance and
also found that the GARCH -M model was more reliable than traditional econometric models such as two -stage least squares used
by Pindyck (1984), and Poterba and Summers (1986).

17 In macroeconomic analysis, financial markets and corporate finance, a negative shock usually implies bad news, leading to a more
uncertain future.Consequently, for example, shareholders would require a higher expected return to compensate for bearing increased
risk in their investment (Wang, 2003).



The test statistic for the joint significance of the q -lagged squared residuals is given by the nun%ber
of observations times the R -squared (R ) of the regression (3).%  is evaluated against the * (9)

distribution.This represents an asymptotically locally most powerful test (Rachev et al., 2007).

In this paper, first, an autoregressive moving average ARMA (1,1) model is employed for the condi-
tional mean in the returns series as an initial regression, then, the null hypothesis that there are no
ARCH effects in the residual series is tested up to lag 30 corresponding to one trading month.The

results of this examination are summarized in Table 4.

Table 4: ARCH -LM Test for residuals of returns on the KSE market

Lags ARCH -LM test statistic Prob.
5 72.81465 0.000000
10 227.6521 0.000000
15 235.7101 0.000000
20 235.7261 0.000000
25 236.4515 0.000000
30 236.3026 0.000000

Note: H,,: There are no ARCH effects in the residual series.

For all lags included, the ARCH -LM test results in Table 4 provide strong evidence for rejecting the
null hypothesis of no ARCH effects (or the null hypothesis of homoscedastic normal process) in the

standardized residuals.

4.Econometric Methodology

The empirical investigation of this paper is conducted by means of the generalized autoregressive
conditional heteroscedastic approach including both symmetric (GARCH(1,1) -M and asymmetric
(EGARCH(1,1) -M models" that captures most common stylized facts about index returns such as
volatility clustering and leverage effect. The main reason to use GARCH framework lies in the fact
that a conditional stochastic process generates the return data with a changing variance.Therefore,
it is naturally expected that GARCH is the right tool to approach to the problem since it takes the
changing variances into consideration.This GARCH specification is often interpreted in a financial
context, where an agent or trader predicts this period’s variance by forming a weighted average of a
long term average (the constant), the forecast variance from last period (the GARCH term), and in-
formation about volatility observed in the previous period (the ARCH term).If the asset return was
unexpectedly large in either the upward or the downward direction, then the trader will increase the
estimate of the variance for the next period.In presenting these models, there are two distinct speci-
fications, the first for the conditional mean and the other for the conditional variance.The models
employed in this paper are estimated using maximum likelihood method as in Bollerslev and Wool-
dridge (1992)"° under the assumption of Gaussian normal distribution.The log likelihood function is

maximized using Marquardt numerical iterative algorithm to search for optimal parameters.

4.1 The Generalized Autoregressive Conditional Heteroscedastic in mean
(GARCH -M) Model

In finance, the return of a security may depend on its volatility. To model such a phenomenon one

14 In the symmetric models, the conditional variance only depends on the magnitude, and not the sign, of the underlying asset, while in the asymmetric models the shocks of the same magnitude, positive or negative, have
different effect on future volatility

15 Maximum likelihood estimator (MLE) is the most popular method where parameters are chosen such that the probability of occu -
rence of data under its assumed density function is the maximum.MLE is widely used because it produces an asymptotically normal
and efficient parameter estimates (Justin 2005).
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3.2.Summary Statistics
To specify the distributional properties of the daily KSE returns series 7, various descriptive statis-

tics were calculated, the results are reported in Table 3.

Table 3: Descriptive Statistics of the KSE Return Series

Statistics KSE returns
Mean -0.000158
Maximum 0.211228
Minimum -0.116074
Standard Deviation 0.012634
Skewness 1.907002
Kurtosis 87.11080
Jarque -Bera 462273.2*
No.of observation 1565

Note: * denotes statistical significance at 1% level.

According to the results in Table 3, three important points are observed: First, Khartoum stock ex-
change has negatively mean returns during the period of the study.Second, by examining the skew-
ness for the returns series, the results also show that the sample distribution is positively skewed,
indicating that it is nonsymmetrical (whose source may be the volatility clustering).Furthermore,
it exhibit high levels of kurtosis (the distribution has thicker tail than normal distribution).Finally,
the return distribution is non -normal as Jarque -Bera statistic for normality test is significant at the

1% level.

3.2.Testing for Heteroscedasticity

One of the most important issues before applying the generalized autoregressive conditional het-
eroscedastic (GARCH) methodology is to first examine the residuals for evidence of heteroscedas-
ticity. To test for the presence of heteroscedasticity in the residuals of the returns series, the Lagrange

Multiplier (LM) test proposed by Engle (1982) is applied.

In summary, the test procedure is performed by first obtaining the residuals ¢, from the ordinary
least squares regression of the conditional mean equation which might be an autoregressive (AR)
process, moving average (MA) process or a combination of AR and MA processes; i.e. ARMA pro-
cess.For example, in the ARMA (1,1) process the conditional mean equation will be:

n=0r, e, +0E . ()
After obtaining the residuals €, , the next step is to regress the squared residuals on a constant and

q lags as in the following equation:
2 _ 2 2 2
e, =0, toue +0Le , +..+0 e +V, (3)
The null hypothesis that there is no autoregressive conditional heteroscedasticity (ARCH) up to

order q can be formulated as:
Hy:o,=0,. =0, =0
against the alternative:
H :o,>0

for at leastonei=1,2, ..., q.



3.The Data and Basic Statistics
3.1.Data for Analysis

The dataset used in this paper consists of daily closing prices' of the general market index observed

for the Khartoum stock exchange over the period from 1% January 2006 to 30" December 2011.
These closing prices have been taken from the KSE website (http://www.kse.com.sd).Daily returns
7, were calculated as the continuously compounded returns corresponding to the first difference in

logarithms of closing prices of KSE -Index of successive days:

, =10gLPil (1)
where P ‘an Pt_1 denote the closing market index of KSE at the current (t) and previous day (t
-1), respectively.It is very important to note that since October 18, 2009, the general market index
has been declining.In only 16 trading days, the stock market index fell from 3077.12 October 18,
2009 to 2363.30 on November 10, 2009.Since that time, the KSE index was reporting to fluctuate
around an average value of 2363.23.Fig.1 provides an illustration of the prices (returns) for the KSE

general index.

Fig.1.KSE Index and its Returns (January 2006 - December 2011)

3

KSE Index Returns Series -
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13 Anderson and Bollerslev (1997) argue that the use of high frequency data — like daily observations - is desirable to uncover the
risk -return relationship.This is because it allows for a better measurement of risk and enables precise identification of the risk -return
trade -off.
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Table 1: Trading Activity in Some Arab Stock markets (2010)

Market Value Traded  Shares Traded Market No.of No.of Listed
(US.$) (Million) Capitalization Transactions Companies
(US.$)

Abu Dhabi 9,115.70 17,111.97 71,268.62 352879 64
Amman 9,349.25 6,912.23 30,995.34 1859611 277
Bahrain 283.26 610.12 19,902.66 19375 49

Beirut 1,693.10 150.70 18,210.20 18631 26
Casablanca 14,249.58 354.66 69,058.36 329129 75
Khartoum 972.69 166.55 3,166.89 8266 53

Doha 17,726.54 2,012.25 123,316.64 1017570 43

Dubai 18,473.25 37,578.17 54,722.23 777326 65

Egypt 36,967.80 27,336.99 85,725.96 9606668 212

Kuwait 42,772.42 73,682.50 124,919.97 1237908 214
Muscat 3,365.40 2,990.60 21,712.05 536135 119
Palestine 586.63 217.20 3,460.80 79727 40

Saudi 192,445.39 31,555.34 353,419.01 16108992 146

Tunis 1,913.30 245.04 11,750.70 574461 56

Source: Compiled by the author based on data from Arab Monetary Fund website and KSE annual report.

Table 2: Summary of Trading Activity in Khartoum Stock Exchange (Secondary

market)

Year No.of Listed No.of traded  Volume of trad- Market Capital- No.of Transac- Certificates

Companies* Shares (In Mil-  ing ($ millions) ization tions Traded
L) ($ millions) (In thousands)

2006 52 7,567.78 833.89 3,912.61 5842 1,472.4

2007 53 9,411.56 749.58 4,048.64 7195 2,016.5

2008 53 289.00 751.60 3,416.60 8177 2,421.1

2009 53 164.71 891.27 2,784.76 8069 3,417.7

2010 53 166.55 972.69 3,166.89 8266 3,452.4

Source: Compiled by the author based on data from KSE and Central Bank of Sudan annual re-
ports.

Notes: * The number of listed companies does not include Funds & Certificates.
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arakah' Certificates (GMCs), which represents an Islamic equivalent to conventional bonds (also
known as Shahama bonds)"'.Shahama bonds offer a way for the government to borrow money in
the domestic market instead of printing more banknotes.After one year, holders of GMCs can either
liquidate them or extend their duration.These bonds are backed by the stocks of various companies
owned by the Ministry of Finance.Consequently, they might be considered as asset -backed securi-
ties. The profitability of GMCs depends on the financial results of the companies in the underlying
portfolio.It can reach up to 33 per cent per annum.Hence, the profit of GMCs is variable rather than
fixed.The government issues these bonds on a quarterly basis and their placement on the market is

done usually very fast - in just six days.

KSE is relatively small market as compared to the stock markets of the developed countries or even
to some countries in the Arab region (see Table 1); the number of listed companies of the market
is few and most stocks are infrequently traded, market capitalization and traded value are very low.
Banks, Communications and Certificates sectors dominate the trading activity of the market in
terms of volume of trading and number of shares.KSE currently lists 53 companies with a total mar-
ket capitalization of $ 3,166.89 million (KSE Annual report, 2010)"* (See Table 2 for more details and
summary statistics representing the trading activity in Khartoum stock exchange over the period of
the study).The overall performance of the Khartoum stock market is measured by the KSE index,
which is a market capitalization -weighted index.In September 2003, the KSE index was established
and listed in the Arab Monetary Fund database.At the end of the first month the index closed at
961.74 points.At December 2005, the index closed at the highest level of 3259.17 points.In Decem-

ber 2011 it was fluctuating around average value of 2369.23.

10 “Musharakah” is a word of Arabic origin which literally means sharing.In the context of business and trade it means a joint ente -
prise in which all the partners share the profit or loss of the joint venture.It is an ideal alternative for the interest -based financing with
far reaching effects on both production and distribution (Usmani, 1998).

11 Foradetailed discussion of the Islamic Shariaa principles and its practices on stock exchange see for example: El -Gamal (2006)
and Ayub (2007).

12 Out of this listed number there are 20 banks, 8 Insurance companies, 6 commercial companies, 2 in the industrial sector and 3
companies in the agricultural sector, 4 in the communication sector, 5 in services sector and 5 other companies with various activi-
ties.
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dence on the time series risk and return has drawn conflicting conclusions.For example Bansal and
Lundblad (2002), Campbell and Hentschel (1992), Chou (1988), and French et al.(1987), Ghysels et
al.(2005) and Ludvigson and Ng (2007) find the expected return positively related to its conditional
variance.On the other hand, Bekaert and Wu (2000), Breen et al.(1989), Campbell (1987), Fama and
Schwert (1977), Glosten et al.(1993), and Nelson (1991) all report a negative relationship between

expected return and conditional volatility.

The main purpose of this paper is to investigate the relationship between stock returns and their
own volatility to see whether there exists a time -varying risk premium in the Sudanese stock mar-
ket.The paper applies both the GARCH -M and the EGARCH -M models to check for symmetric
and asymmetric (bad and good news) impact of stock price volatility on the expected returns.The
remainder of the paper is proceeds as follows: Section 2 gives an overview of the stock exchange in
Sudan.Section 3 presents the data and Section 4 gives a brief review of empirical methodology used.

In section 5, the empirical results will be provided and finally Section 6 concludes the paper.

2.An Overview of the Sudanese Stock Market

The Khartoum Stock Exchange (KSE) is the principal stock exchange of Sudan located in Khartoum.
KSE started its activities officially in January 1995 with the assistance of the Common Market for
Eastern and Southern Africa (COMESA)®, with the objective of regulating and controlling the is-
suance of securities, and mobilizing private savings for investment in securities.Securities traded
in the KSE are ordinary shares and investment units.Furthermore, a substantial number of mutual
funds and Government Investment Certificates (GISs) are also traded, (KSE Annual report, 2010).
Orders are handled through brokers during trading hours and share prices are quoted in Sudanese
Pound (SDG).Trading is processed from Sunday to Thursday for one hour from 10.00 am to 11.00
am.Thereby, buy and sells orders are passed on to floor -based representatives of registered brokers
for execution.Trading in securities is taking place in two markets: the so called primary and second-

ary markets’.

As a part of the financial system in Sudan, KSE operates on the basis of Islamic Shariaa and is su-
pervised and regulated by the Central Bank of Sudan.The key feature of Islamic Shariaa practices
in Khartoum stock exchange is that it is aimed to offer investment portfolios from common stocks
of listed companies.These ideally satisfy three basic criteria: (i) legitimate field of economic activity;
(ii) interest -free dealings in both assets and liabilities; and (iii) the dominance of real assets.Thus,
e.g., a company must not be engaged in the production of illegitimate goods like alcoholic drinks; it
must not deal with interest rate financing as a means to leverage its capital structure through fixed
debt liabilities, or generate interest income from investment securities.Since a company’s shares
represent equity rights in its assets, the latter should be real assets, not liquid money or receivable
debt as they cannot be sold freely at a profit, like real goods, real estate and machinery (Hassan and
Lewis, 2007).

As a consequence of this rules, the composition of assets traded at the KSE differs substantially
from other stock markets.In particular, due to the regulations imposed by Islamic Shariaa practices

a separate class of investment vehicles on the KSE is provided by the so called Government Mush-

8 Member states are: Burundi, Comoros, Democratic Republic of Congo, Djibouti, Egypt, Eritrea, Ethiopia, Kenya, Libya,
Madagascar, Malawi, Mauritius, Rwanda, Seychelles, Sudan, Swaziland, Uganda, Zambia and Zimbabwe.

9 The Primary Market deals with the trading of new securities. When a company issues securities for the first time (i.e.IPO) , they are
traded in the Primary Market through the help of issuing houses, Dealing /Brokerage Firms, Investment Bankers and or Underwriters.
The acronym IPO stands for Initial Public Offering, which means the first time a company is offering securities to the general public
for subscription.Once the securities (shares) of a company are in the hands the general public, they can be traded in the Secondary
Market to enhance liquidity amongst holders of such financial securities. Thus, the Secondary Market facilitates the buying and selling
of securities that are already in the hands of the general public (investors).



An Investigation of the Risk -Return Trade -off in the
Sudanese Stock Market:
An Application of GARCH -In -Mean Framework

Suliman Zakaria Suliman Abdalla
E -mail: sulabdalla@ksu.edu.sa; sulimanzakaria9@yahoo.com
1.Introduction

The relationship between stock market returns and their own conditional volatility (as a proxy for
risk)' has been extensively investigated in empirical finance literature during the last few years.A
clear understanding of this relationship can be considered as one of the most important variables
for investors as well as policy makers as it affects expected rates of return on every existing asset
investment, for example it can help individual investors to make some predictions about the future
and therefore, affect their investment decision making.It can also be regarded as an essential part
for many financial applications and key components for example to mean -variance portfolio theory

and for different asset pricing models.

In practice, it is a well known fact that financial market volatility is not directly observable and that
financial returns volatility exhibits certain characteristics that are specific to financial time series
such as volatility clustering’ and leverage effect’ (Bollerslev, 1986).To estimate and therefore, capture
these characteristics, financial econometricians have developed a variety of time -varying volatility
models, among them, the autoregressive conditional heteroscedastic' (ARCH) model proposed by
Engle (1982) and its extension; generalized autoregressive conditional heteroscedastic (GARCH)
model developed independently by Bollerslev (1986), and Taylor (1986) are well -known and fre-
quently applied models.This development of econometric techniques leads financial economists and
practitioners to rethink on traditional econometric methods (such as ordinary least squares, OLS)
and also leads to creation of new versions of ARCH/GARCH framework such as GARCH -M and
EGARCH -M models which can be use effectively to model and investigate the risk -return trade

-off in financial markets.

In Finance theory, it is generally accepted that the expected return of the market is positively and
proportionally related to the conditional volatility meaning that if there are expectations of higher
levels of risk associated with a particular investment then greater returns are required as compen-
sation for that higher expected risk’.Alternatively, if an investment has relatively lower levels of
expected risk then investors are satisfied with relatively lower returns’.For example, the intertempo-
ral capital asset pricing model (ICAPM) of Merton (1973) predicts a positive times series relation

between the conditional mean and variance of market returns’.However, the existing empirical evi-

] Financial markets participants are generally use stock market volatility — that s, the size of fluctuations in stock market returns — to measure stock market risk

2 This mea and small chang

¢ changes tend to be followed by large ct

tend to be followed by small changes (Mandelbrot, 1963).

This implies that volatility is higher after negative shocks than after positive shocks of the same enormity (Black, 1976).

4 A time series is said to be he

oscedastic if its variance changes over time, otherwise it is called homoscedastic.

5 The Capital Asset Pricing Model (CAPM), developed by Sharpe (1964) and Lintner (1965), is the most popular computational
equation for the estimation of investment risk. CAPM argues that beta, or the systematic risk is the only relevant risk measure for
investment and the relation between the returns of any asset is linearly related to its market beta.

6 Since investment returns reflect the degree of risk involved with the investment, investors need to be able to determine how much
of a return is appropriate for a given level of risk.This process is referred to as “pricing the risk”.In order to price the risk, we must
first be able to measure the risk (or quantify it) and then we must be able to decide an appropriate price for the risk we are being asked
to bear.

7 Merton (1973) provides the seminal work on the dynamic risk return tradeoff in equilibrium.He derives a linear relationship
between the conditional mean of the return on the wealth portfolio in relation to its conditional variance and the conditional covariance
with variation in the investment opportunity set,
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