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(1) 3y Jguz

Critical Values* Order of

1% 5% 10% integration

gdpr -7.410019 | -2.728252 | -1.96627 | -1.605026 | gdpr~1(2)
logep -9.29064 | -2.699769 | -1.961409 [ -1.60661 | logcp~I(2)

Logncg -2.943114 | -2.692358 [-1.960171 | -1.607051 | logncg~I(1)

logtot -5.76702 | -2.692358 | -1.960171 | -1.607051 | logtot~I(1)

mar -4.095368 | -2.692358 [-1.960171 | -1.607051 | mar~I(1)

* McKinnon critical values for rejection of hypothesis of a unit root.

Jedld) gl ad) (2,801 Jgd ) odlel Jgusdd] § dodghl plid] jeis
Blo Olpse O JI 285 O oSe 1 Aoy SVl Lads,8 wie duies)]
vilge (TOT)glodl Joldl by s (NCG)osSadl gladll 58
Olpstie bt (I11) JoV) dzyull e delSie (MAR) Sloolybl b))
(CP) pol) gladll L5&(GDPR)Jloz¥l sl g3U1 § gad) Juseo
(12) o) doy )l (e dlolSiia

ipuoldg dl yb plusiwly didd) oS Hlas) 2-2-3
Cointegration test

00 055 7396 § pustid Gl psduszy Guilege domgie plusiul o3
J=l ey Ol g Jalakl Y duls § pusius Y (o ysie (o SS)
Jouzdl oy dulyddl Olyseie o J2Y) dbsh d3jlgdl A=l 5925 ASU

ﬂ’max uoi::.le SN ‘w.dl Hlaslg ﬂ“trace SYHlas ] dews obs)
Ay O30 CJ‘;:&’X.U Y Jgsla.” J=y @ Be dg=9 Hlasy

(2) 03y Iz
Series: GDPR LOGCP(-1) LOGNCG(-1) LOGTOT(-1) MAR(-1)

Unrestricted Cointegration Rank Test (Trace)

0.05 Trace Hypothesized
Critical Eigen
Prob.** Statistic No. of CE(s)
Value value
0.0000 69.81889 | 118.5480 | 0.938331 None *
0.0002 47.85613 | 68.40046 | 0.871352 At most 1 *
0.0316 29.79707 | 31.48824 | 0.712868 At most 2 *
0.3628 15.49471 | 9.027590 | 0.363581 At most 3
0.3446 3.841466 | 0.893419 | 0.048423 At most 4

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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ASle pe gl dubyull 2394 Olpeal duiesll Judlad! o aSTI asy
MolSs dlalSae Ll (oo 3ol (3 (a9 Bodll & Slus sstacd] &
Uasd) g 394 Jitaty Olysibl oda ass ol Ly ddedSide
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Ay, =, (y2,t—] - ﬁyl,r—] )+ &,

Ayz,z =q, (yZ,t—l - ﬁyl,z—) té,,

(3) o8 Jsaz
Unrestricted Cointegration Rank Test (Maximum Eigen value)
0.05 Max-Eigen Hypothesized
Critical Eigen
Prob.** Statistic No. of CE(s)
Value value
0.0003 33.87687 | 50.14755 | 0.938331 None *
0.0024 27.58434 [ 36.91221 0.871352 | Atmost1*
0.0323 21.13162 | 22.46065 | 0.712868 | At most2*
0.3652 14.26460 | 8.134171 | 0.363581 At most 3
0.3446 3.841466 | 0.893419 | 0.048423 At most 4

Max-eigenvalue 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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Vector Error Correction Estimates

Date: 0712/02/ Time: 10:02

Sample (adjusted): 1993 2010

Included observations: 18 after adjustments

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

Cointegrating Eq: CointEql
GDPR(-1) 1
LOGCP(-2) -1.548891
-0.32088
[-4.82700]
LOGNCG(-2) -1.125671
-0.45387
[-2.48014]
LOGTOT(-2) 4.943542
-0.84222
[ 5.86965]
MAR(-2) -0.158031

ey




-0.04417

[-3.57804]
C 12.49697
Error Correction: D(GDPR) D(LOGCP(-1)) D(LOGNCG(-1)) D(LOGTOT(-1)) D(MAR(-1))
CointEql -0.573688 0.048513 0.094577 -0.113067 0.499755
-0.25715 -0.02976 -0.06201 -0.04486 -0.54055
[-2.23097] [ 1.63019] [ 1.52518] [-2.52037] [ 0.92453]
D(GDPR(-1)) -0.002595 -0.001301 -0.038494 0.095782 -0.398641
-0.24725 -0.02861 -0.05962 -0.04313 -0.51975
[-0.01050] [-0.04548] [-0.64561] [ 2.22053] [-0.76699]
D(LOGCP(-2)) 6.307832 -0.136522 -0.668893 0.223485 1.47888
-2.70518 -0.31306 -0.65235 -0.47194 -5.6866
[ 2.33176] [-0.43608] [-1.02536] [ 0.47354] [ 0.26006]
D(LOGNCG(-2)) -1.830133 0.051545 0.174317 0.267954 1.105189
-1.16881 -0.13526 -0.28186 -0.20391 -2.45698
[-1.56580] [ 0.38107] [ 0.61846] [ 1.31409] [ 0.44982]
D(LOGTOT(-2)) 0.603221 -0.105394 -0.110282 -0.069498 -4.244857
-1.19354 -0.13812 -0.28782 -0.20822 -2.50895
[ 0.50541] [-0.76303] [-0.38316] [-0.33377] [-1.69189]
D(MARC(-2)) -0.37807 -0.008523 0.020439 -0.039309 0.029122
-0.14089 -0.0163 -0.03397 -0.02458 -0.29616
[-2.68348] [-0.52275] [ 0.60159] [-1.59930] [ 0.09833]
C -2.656044 0.444954 0.545426 -0.107693 -1.698484
-1.36065 -0.15746 -0.32812 -0.23738 -2.86024
[-1.95204] [ 2.82574] [ 1.66229] [-0.45368] [-0.59383]
R-squared 0.587807 0.329239 0.20487 0.53632 0.278812
Adj. R-squared 0.362975 -0.03663 -0.228838 0.283403 -0.114563
Sum sq. resids 69.12314 0.925753 4.01968 2.103805 305.4468
S.E. equation 2.506775 0.290102 0.604504 0.437327 5.269525
F-statistic 2.614425 0.899881 0.472369 2.120539 0.708769
Log likelihood -37.65055 1.166786 -12.04837 -6.221278 -51.02353
Akaike AIC 4.961173 0.648135 2.116485 1.469031 6.447059
Schwarz SC 5.307428 0.994391 2.462741 1.815287 6.793314
Mean dependent -0.076221 0.403936 0.286324 0.086949 -0.959444
S.D. dependent 3.140777 0.284931 0.545321 0.516617 4991363
Determinant resid covariance (dof adj.) 0.175215
Determinant resid covariance 0.014934
Log likelihood -89.86736
Akaike information criterion 14.42971
Schwarz criterion 16.40831
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Mean 6.19 13.60 13.41 4.16 21.85
Median 6.41 13.78 13.63 412 25.72
Maximum 11.56 16.89 16.13 5.44 41.70
Minimum -5.47 8.86 10.16 3.33 10.70
Std. Dev. 3.47 2.46 1.62 0.56 9.84
Skewness -1.78 -0.34 -0.33 0.54 0.27
Kurtosis 7.38 2.05 2.43 2.68 1.80
Jarque-Bera 27.86 1.19 0.67 1.11 1.52
Probability 0.00 0.55 0.72 0.58 0.47
Sum 129.96 | 285.53 281.68 87.27 458.92
Sum Sq. Dev. 241.34 121.24 52.43 6.23 1938.03
Observations 21 21 21 21 21
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2) Asian Tigers: Hong Kong, Taiwan, Singapore and Korea.

3) NIAC: Newly Industrialized Asian Countries

4) BRICS: Brazil, Russia, India, China and South Africa

5) Import Substitution Industrialization Strategy (ISIs).

6) Industrialization for Export led Growth.

7) Forward and backward linkages
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Forecast: INDUSTRIALF

Actual: INDUSTRIAL

Forecast sample: 2002 2012

Included observations: 11

Root Mean Squared Error  0.137728

Mean Absolute Error 0.123551

Mean Abs. Percent Error ~ 2.337776

Theil Inequality Coefficient 0.011989
Bias Proportion 0.000000
Variance Proportion 0.002377

Covariance Proportion  0.997623
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Industrial = [30+ ﬁ1m+ [32e+ (33prices F e (1)

cdluly S sloul 8y9 0 (s Mg (sluall &Lbjﬂl & gl dsglhl Dependent Variable: INDUSTRIAL
. . . . . . s - Method: Least Squares
& sl godll ulin #lial &M ool 4295 8 fouo Oz Variable : Coefficient | Std. Error [t-Statistic  [.Prob
sl =By gaddl
(Dependent Variable: LOG(INDUSTRIAL C 5.908842 ]0.349246 [16.91885 0.0000
Method: Least Squares PRICE 0.029721 10.004171 |7.125399 0.0002
Variable Coeflicient | Std. Error |t-Statistic |.Prob M 6.43E-05 |8.49E-06 [7.565021 0.0001
E -1.478693 [0.130833 [-11.30213 |0.0000
C -1.517078 [0.200786 |[-7.555680 |0.0001
(LOG(E -0.469472 10.072243 |-6.498548 |0.0003
(LOG(M 0.249729 |0.040808 |6.119643 0.0005 R-squared 0.990537 |Mean dependent var 5.567545
(LOG(PRICE 0.286746 |0.064291 |4.460110  |0.0029 Adjusted R-squared [0.986482 | S.D. dependent var 1.484952
S.E. of regression  [0.172651 | Akaike info criterion -0.399806
R-squared 0.985030 |Mean dependent var | 1.680347 Sum squared resid [0.208658 | Schwarz criterion -0.255117
Adjusted R-squared |0.978614 |S.D. dependent var 0.292807 Log likelihood 6.198936 |.Hannan-Quinn criter |-0.491013
S.E. of regression  [0.042819 | Akaike info criterion  |-3.188359 F-statistic 244.2522 | Durbin-Watson stat 2.528853
Sum squared resid |[0.012835 | Schwarz criterion -3.043670 (Prob(F-statistic 0.000000 |

Log likelihood
F-statistic
(Prob(F-statistic

o

21.53597 | .Hannan-Quinn criter |-3.279565
153.5352 | Durbin-Watson stat 1.732635
0.000001
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Forecast: INDUSTRIALF

8 . Actual: INDUSTRIAL

I Forecast sample: 2002 2012

Included observations: 11

Root Mean Squared Error  0.164180

Mean Absolute Error 0.141913

Mean Abs. Percent Error ~ 2.851090

Theil Inequality Coefficient 0.014296
Bias Proportion 0.000513
Variance Proportion 0.046403
Covariance Proportion  0.953084
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Dependent Variable: LOG(INDUSTRIAL)

Method: Generalized Method of Moments

Estimation weighting matrix: HAC (Bartlett kernel, Newey-West
fixed bandwidth = 3.0000)

Standard errors & covariance computed using estimation weighting

matrix
Instrument specification: LOG(E) LOG(M) LOG(PRICE)
Constant added to instrument list

Variable Coeflicient | Std. Error [t-Statistic .Prob

C -1.517078 [0.186396 |-8.139025 0.0001
(LOG(E -0.469472 10.041313 |-11.36368  [0.0000
(LOG(M 0.249729 10.034283 [7.284365 0.0002
(LOG(PRICE 0.286746 10.050200 [5.712059 0.0007
R-squared 0.985030 |Mean dependent var 1.680347
Adjusted R-squared [0.978614 [S.D. dependent var 0.292807
S.E. of regression 0.042819 |Sum squared resid 0.012835
Durbin-Watson stat |1.732635 |]-statistic 4.50E-41

Instrument rank 4
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o “Accelerating industrialization in Africa” AU and UNECA
conference, Ivory Coast-Abidjan 2226- March 2013.

e Bank of Sudan- Annual Reports 20022012-.

o Komain Jiranyakul (2006) « The Impact of International Oil
Prices on Industrial Production: The Case of Thailand « NIDA
Economic Review, Vol. 1, No. 2, School of Development
Economics, National Institute of Development Administration,

Bangkok 10240, Thailand.

Cointegating regression (1) Gt/

Dependent Variable: LOG(INDUSTRIAL)

Method: Fully Modified Least Squares (FMOLS)

Cointegrating equation deterministics: C

Long-run covariance estimate (Bartlett kernel, Newey-West fixed

bandwidth = 3.0000)

Variable Coefficient |Std. Error |t-Statistic |.Prob
(LOG(E -0.475077  0.047625 ]-9.975336 [0.0001
(LOG(M 0.253673 0.026592  [9.539408  [0.0001
(LOG(PRICE 0.280462 0.040511  [6.923046  |0.0004

C -1.523333  [0.147091 |-10.35637 [0.0000
R-squared 0.978046 Mean dependent var 1.729902
Adjusted R-squared ]0.967069 S.D. dependent var 0.255435
S.E. of regression 0.046353 Sum squared resid 0.012892
Durbin-Watson stat | 1.728863 Long-run variance 0.000722

GLM gl &53_&J| BERE-R At (2) 3=t

Dependent Variable: LOG(INDUSTRIAL)

Method: Generalized Linear Model (Quadratic Hill Climbing)

Dispersion computed using Pearson Chi-Square

Coeflicient covariance computed using observed Hessian

Convergence achieved after 1 iteration

Variable Coeflicient [Std. Error |z-Statistic | Prob.
LOG(E) -0.462793 [0.204459 |[-2.263504 [0.0236
LOG(M) 0.011429 ]0.073293 ]0.155936 |0.8761

LOG(PRICE) 0.489208  [0.165410 [2.957549 ]0.0031

Mean dependent var  |1.680347 S.D. dependent var [0.292807

Sum squared resid 0.117506 Log likelihood 9.105544
Akaike info criterion |-1.110099 | Schwarz criterion |-1.001582
Hannan-Quinn criter. |-1.178504 Deviance 0.117506
Deviance statistic 0.014688 Pearson SSR 0.117506
Pearson statistic 0.014688 Dispersion 0.014688
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market volatility for this month. This result is consistent with
that of Cagan (1974) and Choudhry (1998). For GARCH

model, inflation rate has a negative insignificant effect.

The impact of inflation on both conditional mean and
conditional volatility:
The results of investigating the impact of inflation rate on both

mean and variance equations are presented in Table 6.

Table 6: Results of the impact of inflation on both mean and
conditional variance

Inflation not Inflation Inflation not Inflation
included included included included

GARCH (1,1)| GARCH (1,1) |[EGARCH (1,1)|EGARCH (1,1)

Mean Equation

Constant (’u) 0.000889* 0.007635 0.001058* 0.002034
ARQ) ( 0 ) 0.057346 0.040976 0.052817 0.054737
Inflation (A ) - -0.000279 - -5.34E-05

Variance Equation

Constant () 5.92E-08 0.002231 -0.254859* -0.313789*
ARCH (&) 0.567308* 0.148905 0.009058 0.391861*
GARCH () 0.629807* 0.492328 0.977518* 0.961073*
Asymmetric ( /) - - 0.624756* 0.228835*
Inflation (A ) - -5.99E-05 - -0.026450*

Persistent (cr + )| 1197115 | 0641233 - -

Note: * Denotes significance at the 1% level.

As in the previous estimations, inflation effect is negative but
insignificant on both equations: the conditional mean and
conditional variance. It can also be seen from results in Table
6 that the estimated GARCH coeficient is much lower when

including the inflation rate.

7. Conclusions

This paper tries to shed light on the impact of inflation rate
on stock market returns and conditional volatility for the
Sudanese stock market since the establishment of the KSE
index in September 2003. The data used consist of monthly
observations of stock market index and inflation rates over the

period of September 2003 to July 2012. The study employs the

a1 @J@QL £2013 Luylo (67) susl]

Generalized Autoregressive Conditional Heteroscedasticity
(GARCH) methodology including both symmetric and
asymmetric models.

The empirical results of the paper find a negative inflation effect
on the conditional mean and conditional variance equations
of the returns of the general market index implying that an
increase in inflation rate in the previous period increases

conditional market volatility this period.

The results of the asymmetric GARCH models in this paper
have important implications for investors in the Khartoum
stock market. They should look at the returns volatility (as a
proxy for risk) revealed by the inflation rate when structuring
portfolios and diversification strategies. Finally, further
research on the impact of inflation on returns for different

firms and sectors of Khartoum stock exchange will be useful.
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The coefficient of inflation rate in all previous specifications

t-1

measures the predictive power of previous inflation rate on

stock market returns and volatility.

6. Empirical Results

The impact of inflation on conditional mean equation (only):
Table 4 reports the results of estimating the conditional
mean and the conditional variance equations of the AR(1)-

GARCH(1,1) and AR(1)-EGARCH(1,1) models.

Table 4: Results of the impact of inflation on conditional mean

only
Inflation not Inflation Inflation not Inflation
included included included included

GARCH (1,1) | GARCH (1,1) | EGARCH (1,1) | EGARCH (1,1)

Mean Equation

Constant ( £4) 0.000889** | 0.002674** | 0.001058** | 0.001831%

AR (6) 0.057346 0.061934 0.052817 0.063923
Inflation (A ) - -6.74E-05*** _4.17B-05*
Variance Equation

Constant ( () ) 592E-08 | -3.04E-07* | -0.254859%* | -0.333032***
ARCH (&) 0567308 | 0.349011*** | 0.009058 -0.011043
GARCH () 0629807 | 0.713722%% | 0.957518** | 0.964388**
Asymmetric (}) - - 0.624756** | 0.717995*

Persistent (c + 8) | L1715 | 1062733

Notes: ***, ** * Denotes significance at the 1% , 5% and 10% level respectively.

Several conclusions can be drawn from the results in Table
4. The mean equation of the estimated AR(1)-GARCH(1,1)
model shows that the coefficient related to AR(1) term @ is not
significant for all models (whether inflation included or not) ,
this indicates that the previous period returns has no significant
role in determining the current stock market returns. The
estimated coefficients of the variance equation are statistically

significant and with expected signs. The significance of & and

[ indicates that, lagged conditional 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. As can
be seen from Table 4, the estimated coefficient of the inflation
rate is statistically significant negative for all estimated models;
a result which is consistent of those by Linter (1975), Fama
and Schwert (1977), Fama (1982), Geske and Roll (1983), and
Caporale and Jung (1997) for US financial market and Wahlroos
and Berglund (1986) and Asprem (1989). Moreover, Table 4
shows that; the sum of the two estimated ARCH and GARCH

coefficients o + ﬂ (persistence coeflicient) in the GARCH
(1,1) is larger than one, suggesting that the conditional variance
process is explosive. The estimated GARCH coefficient in in
the two GARCH and EGARCH models is lower when inflation

included than the case of not taking inflation rate into account.

The impact of inflation on conditional volatility (only):
Table 5 reports the results of estimating the conditional mean
and variance equations of the AR(1)-GARCH (1,1) and AR(1)-
EGARCH(1,1)models.

Table 5: Results of the impact of inflation on conditional

variance only

Inflation not Inflation Inflation not
included included included

GARCH (1,1) | GARCH (1,1) | EGARCH (1,1) | EGARCH (1,1)

Inflation included

Mean Equation

Constant ( £4) 0000889 | 0.001532 | 0.001058" 0.001333*

AR ( 9 ) 0.057346 0.032599 0.052817 0.016067

Variance Equation

Constant ( (D) 5.92E-08 0.002229 -0.254859* -0.234206*
ARCH (X)) 0.567308* 0.148656 0.009058 0.052801

GARCH ( ﬂ ) 0.629807% 0.504322 0.977518* 0.958683*
Asymmetric (¥ ) - 0.624756* 0.522231%
Tnflation ( A ) - -6.03E-05 - -0.013975*

Persistent (c + £)| 1197115 | 0.652978 -
Note: * Denotes significance at the 1% level.

Now, inflation rate has a significant effect on the conditional
volatility for the EGARCH model implying that an increase

in inflation rate in the previous period increases conditional
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where Zz, is standardized residual returns (i.e. iid random
. . . 2, ..

variable with zero mean and variance 1), and O, is conditional

variance. The constraints ¢, >0 and ﬂl >0 are needed to

2
ensure O,

| is strictly positive (Poon, 2005).

In this model, the mean equation is written as a function of

constant with an error term. Since O’ 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:
83_1 (the ARCH term); and (iii) Last period forecast variance:

o tz (the GARCH term).

The conditional variance equation models the time varying
nature of volatility of the residuals generated from the mean
equation. This 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 information 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.

The Exponential GARCH (EGARCH) model

Even if the GARCH models 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 whether a
positive or negative shock occurs. This asymmetric relationship
is called leverage effect, and describes how a negative shock
causes volatility to rise more than if a positive shock with the
same magnitude had occurred. To capture this asymmetry,

different models have been developed and the one used in this
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paper is the simple EGARCH(1,1) 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. This model was developed by Nelson (1991).

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). This

model has the following specification:

Mean equation v, =+ &, (5)
Variance equation
2 2 € 2 &
b (o))=0+pb (0, )+¢ — -y
t-1 T O, (6)

The EGARCH model is asymmetric because the level ‘g”%_l

is included with coeflicient ¥, . Since this coeflicient is typically
negative, positive returns shocks generate less volatility than
negative returns shocks assuming other factors remains
unchanged.

Models to be estimated

Considering the discussion in the previous section, this
paper investigates the impact of inflation on both returns
and conditional variance equations, by using two different
Generalized Autoregressive Conditional Heteroscedastic
(GARCH) specifications.

Model 1: The impact of inflation on conditional volatility using
GARCH model

The first model is the GARCH (1,1) of the following form:

Meanequation 7, =— £ + &, (7)

Variance equation O't2 =+ (Zlé‘f_l + ﬂlazz—l + /UNF;_I (8)
where INF' represents the rate of inflation.

Model 2: The impact of inflation on conditional volatility using
EGARCH model

In the second model, the paper make use of the EGARCH(1,1)
model. In which, the inflation variable is included into the

variance equation such as:

Mean equation v, =+ &, 9)



Figure 1: KSE Monthly Index and its Returns Sep. 2003 - July
2012
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Figure 2: Monthly Inflation Rate in Sudan Sep. 2003 - July
2012
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5. Econometric Methods
The empirical investigation of this paper is conducted by means
of the Generalized Autoregressive Conditional Heteroscedastic

models including both symmetric and asymmetric models that

captures most common stylized facts about index returns such
as volatility clustering and leverage effect. In presenting these
models, there are two distinct specifications, the first for the
conditional mean and the other for the conditional variance.
The models are estimated using maximum likelihood method
as in Bollerslev and Wooldridge (1992)"” under the assumption
of Gaussian normal distribution'”. The log likelihood function
is maximized using Marquardt numerical iterative algorithm to
search for optimal parameters.

The Generalized Autoregressive Conditional Heteroscedastic
(GARCH) Model

The Generalized Autoregressive conditional heteroscedastic
(GARCH) model is used in this paper to investigate the
volatility clustering and persistence. The model has only three
parameters that allows for an infinite number of squared errors
to influence the current conditional variance (volatility). The
mode was developed independently by Bollerslev (1986), and
Taylor (1986). The conditional variance determined through
GARCH model is a weighted average of past squared residuals.
However, the weights decline gradually but they never reach
zero. Essentially, the GARCH model allows the conditional
variance to be dependent upon previous own lags.

In this paper, the following simple specification - GARCH (1,1)

- is used:

Meanequation 7, — 4L + &, (2)
. . 2 2 2

Variance equation 0, = @+ Q,&, | + ﬂlat—l (3)

where @ > (0 and 0!120 and ﬂIZO,and.

7, = return of the asset at time t.

M = average return.

&

, = residual returns, defined as:

g =0,z (4)

1) Maximum likelihood estimator (MLE) is the most popular method
where parameters are chosen such that the probability of occurrence 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).

2) There are three assumptions commonly employed in empirical work that
adopts the GARCH model: the normal distribution, student’s t-distribution,
and the generalized error distribution (GED). In the presence of GARCH
effects, as in our study, the more appropriate distribution of the data is the
one that is able to match the kurtosis and skewness in the data. Following
Mandelbrot (1963) and Fama (1965) who among others, suggested that
stock returns are normally distributed.

oo ol I




Table 2: Summary of Trading Activity in Khartoum Stock

Exchange (Secondary market)

. No. of traded Volume of =~ Market X Certificates
_ No. of Listed I No. of
; Companies* Shares (In  trading (§ Capitalization Transactions Traded
7 S . ansac S \
P Million) ~ millions) ~ ($ millions) (In thousands)
20061 52 7,567.78 | 833.89 | 3,912.61 5842 1,472.4
2007153 | 941156 | 74958 | 404864 | 719 gl
20081 53 289.00 | 751.60 | 3,416.60 8177 24211
20091 53 16471 | 89127 | 2,784.76 8069 3417.7
20101 53 16655 | 972.69 | 3,166.89 8266 34524

Notes: * The number of listed companies does not include Funds & Certificates.
Source: Compiled by the authors based on data from KSE and Central

Bank of Sudan annual reports.

3. Price Behavior in Sudan

One striking feature of the Sudan economy since the secession
of South Sudan was the persistent increase in the general level
of prices. The inflation rates soared to reach 46% during the
year 2012. This had little to do with aggregate demand but was
set off by shocks and weak policy responses. Our intention here
is not to elaborate on the causes of inflation in Sudan, but only
to underline the urgency of offering some revealing glimpses
into the impact of the prevailing inflation on the volatility of

stocks.

4. Data Description

The data used in this paper consists of monthly observations
of stock market index and inflation rates over the period
of September 2003 to July 2012 resulting in a total of 107
observations. The data series of stock market index have been
taken from the KSE website (http://www.kse.com.sd), while,
inflation data have been taken from the Central Bank of Sudan

annual reports.

In this paper, volatility is defined as the variance of stock
market returns, so the data has been transformed into stock

returns using logarithmic transformation such as:

n = log[}f’ J (1)
-1

where 7, is the return of the index at time t. Pt and Pz _, arethe

market index at the current and previous month respectively.
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Summary statistics for the behavior of stock returns series and

inflation rates are presented in Table 3.

Table 3: Summary Statistics for Stock Returns and Inflation in

Sudanese Stock Market

Stock Returns Inflation Rates

Sample Period 2003M9 - 2012M7 2003M9 - 2012M7
Mean 0.008647 12.17925
Median 0.000580 10.95000
Minimum -0.111807 1.700000
Maximum 0.258338 41.60000
Standard Deviation 0.057325 6.683195
Skewness 1.914288 1.539228
Kurtosis 8.828678 7.094174
Jarque-Bera 214.7891 115.8896
Probability 0.000000 0.000000

An examination of characteristics displayed in the Table 3
shows that the average monthly stock returns are positive.
The results also indicate that the KSE index returns series
and inflation rates do not conform to normal distribution but
display positive skewness (the distribution has a long right
tail), in addition to that, a highly leptokurtic distribution is
also observed (Kurtosis values are greater than that related
to normal distribution; 3). The Jarque-Bera (JB) statistic
confirms that normality is rejected at a p-value of almost 1%.
These results are consistent with the findings of several studies
in both developed and developing markets. For example
Fama (1965) and Campbell, Lo and Mackinlay (1997) suggest
strong deviations from the normal distribution of both daily
and monthly returns of U.S. stock indexes. Bekaert, et al.
(1998) provide evidence that 17 out of 20 emerging countries
examined had positive skewness and 19 of 20 had excess
kurtosis, so that normality was rejected for majority of the
sample countries. The monthly stock market index, returns
and inflation rate for the period under review are presented

graphically in Figure 1 and Figure 2 respectively.



and its extension, the Generalized ARCH; (GARCH) model
developed independently by Bollerslev (1986), and Taylor
(1986). By assuming that Sudanese stock market returns exhibit
the phenomena of volatility clustering and leverage effect, this
paper make use of both symmetric (GARCH) and asymmetric
(ECHARCH) models.

The rest of the paper is organized as follows: Section 2 provides
an overview of the main characteristics of Sudanese stock
market. Section 3 describes the price behavior in Sudan.
Section 4 presents the data, while section 5 briefly describes the
methodology used. Empirical results are presented in Section

6. Finally, Section 7 concludes the paper.

2. An Overview of the Sudanese Stock Market

In spite of the fact that Sudan economy is still in state of
convalescence since achieved its political independence
1956, ambitious economic endeavours are necessitated by the
drastic change in economic policy of the present government
in Feb 1992. One such endeavour, to capture the realities of
economic activities and the new market arrangements, was
the establishment of the Khartoum Stock Exchange (KSE) in
Jan. 1995 which was largely the results of an assistance from
the Common Market for the Eastern and Southern Africa
(COMESA) . It is a vowed goal was to regulate and control
the issuance of securities and mobilizing of private saving 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). Trading in securities is taking
place in two markets: the so called primary and secondary

markets'”. KSE is relatively small market as compared to the

1) 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).

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 market 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 July 2012 it was fluctuating around average value of

2404.

Table 1: Trading Activity in Some Arab Stock markets (2010)

Value Traded Sl l\r’Iar'ket‘ . No. of No. of Listed
Mol NGl Transactions Companies
(Million)  (US.$) sactions ompanies

Abu Dhabi |9,115.70 17,111.97 |71,268.62 352879 64

(US.$)

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 authors based on data from Arab Monetary Fund

website and KSE annual report.

2) 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 activities.
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level”. According to Fama, the negative association between
stock market and inflation results from the relationship
between inflation and future output. An increase in inflation
causes uncertainty and reduces future economic activity. The
returns on the stock market reflects future earnings of the firm,
and an economic decline predicted by an increase in inflation
will cause a reduction of stock price, hence the relationship

between stock market prices and inflation is negative.

Since then, there has been an extensive empirical literature
that examines the relationship between stock returns and
inflation for both developed and emerging stock markets
over a range of different time horizons. However, there is
no conclusive evidence as whether the relation is positive
or negative. Contrary to the Fisher (1930) view, several
studies document that stock returns and inflation are
negatively correlated”. For example, Linter (1975), Fama
and Schwert (1977), Fama (1982), Geske and Roll (1983),
and Caporale and Jung (1997) for US financial market and
Wahlroos and Berglund (1986) and Asprem (1989) found a
significant negative relationship for some European markets.
Chatrath and Ramchander (1997) and Hu and Willett
(2000) provide evidence for Indian stock market and Spyrou
(2001) for Greece. On the other hand, Cagan (1974) found
a positive relationship between common stock returns and
inflation for several countries between 1939 and 1969. Also,
Choudhry (1998) found significant positive relationship for
four high inflation countries (Argentina, Chile, Mexico and
Venezuela). Explanations of negative (or positive) relation
was suggested by Hess and Lee (1999) who showed that the
relationship between stock returns and inflation can be either
positive or negative, depending on the source of the inflation
in the economy. They concluded that the negative stock
returns-inflation relationship is due to supply shocks which
reflect real output shocks while the positive relationship
is due to demand shocks, are mainly due to monetary

shocks. However, some empirical investigations provide no

1) There is consensus among economists that the relationship between
inflation and real output is negative, but stock market prices and real
output are positively related.

2) A negative relationship between the two variables implies that investors
whose real wealth is diminished by inflation can expect this effect to be

compounded by a lower than average return on the stock market.

T

significant relationship between the two variables as in Pearce
and Roley (1985) and Hardouvelis (1988). Recently, the issue
has been extensively investigated across different regions
and countries see for example; Campbell and Vuolteenaho
(2004), Gan, et al. (2006), Saryal (2007), Duari and Bhaduri
(2009), Alagidede and Panagiotidis (2010), and Tarika et al
(2011). Campbell and Vuolteenaho (2004) confirmed the
negative relation by suggesting that stock markets suffer
from massive inflation illusion. Gan et al. (2006) report that
the New Zealand’s stock market index (NZSE40) among
other macroeconomic variables tested, is cointegrated with
Consumer Price Index (CPI). Duari and Bhaduri (2009)
suggest negative relationship. Alagidede and Panagiotidis
(2010) show that stock market tends to provide a hedge against
rising consumer prices in some African markets. Based on
analyzing stock portfolios rather than single stocks Tarika et
al. (2011) revealed that inflation rate among other variables
have negative relationship with returns for portfolios of big

and medium companies.

Although there have been an extensive empirical studies
focusing on modelling the impact of inflation on stock market
returns in developed economies, little attention has been paid
in developing countries, and to the best of our knowledge no
such research work on the topic for Sudanese economy. Thus,
one contribution of this paper is to provide empirical evidence

for this relation in Sudan economy.

Given the two stylized facts that characterize financial time series,
i.e., volatility clustering”, and a leverage effect”, the assumption
of homoscedasticity® is often not satisfied. Therefore, traditional
econometric techniques (like ordinary least square; OLS) are
not adequate. Well-known and frequently applied techniques to
capture these characteristics are the autoregressive conditional

heteroscedastic (ARCH) model proposed by Engle (1982)

3) This means large changes tend to be followed by large changes and
small changes tend to be followed by small changes (Mandelbrot, 1963).
One theoretical explanation for clustered volatility is that at the beginning
of each period new information leads to higher volatility associated with
large returns (Kirchler and Huber, 2007).

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

5) A time series is said to be homoscedastic if its variance is constant over
time, otherwise it is called heteroscedastic.
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1. Introduction

The relationship between stock market returns and inflation has long been
a topic of considerable interest for academics, monetary policy makers,
investment professionals and almost all those have something to do with
the stock markets. A clear understanding of this relationship is of crucial
importance for all market participants, since it quantifies the degree to
which equities are a hedge against inflation risk. For example, this will
help investors in the stock market to make good portfolio decisions based

on their knowledge of past of the economy and expectations about future.

Theoretically, it is generally accepted - until the early 1970s - that the
relationship between inflation and stock market returns or prices was
positive. This was based on Fisher hypothesis (1930) who postulated that
stock markets are independent of inflation expectations, implying that
prices and inflation should move in the same direction. This is attributed
to the fact that the expected nominal return on equities consists of
two components, the real return and the expected inflation rate. The

generalized Fisher hypothesis or effect”

states that equities are a claim
against real assets of the company and can serve as a hedge against
inflation. When inflation is pronounced, investors would sell financial
assets in exchange for physical or real assets such as stocks. If that takes
place, the price of equities should reflect fully the expected inflation,
and the relationship between the two variables (inflation and stocks or
equities) should be positive. However, after the late 1970s it was found
that the relationship between stock market prices and inflation can also be
negative which contradict Fisher’s (1930) hypothesis. For example Fama
(1981) disagreed with the generalized Fisher hypothesis and suggested
that stock markets or equities were not a hedge against inflation. The
relationship between inflation and stock market returns operates through

the impact of the expected changes in real output on the general price

1) According to the Fisher hypothesis there should be a one-to-one effect of expected
inflation on nominal rates of returns, leaving real rates of returns independent of
nominal returns. And, if there is a negative relationship between inflation and stock
returns then investors would be vulnerable to inflation (Sari and Soytas, 2005).
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