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This refereed biannual periodical is a publication of
the Saudi Economic Society at king Saud University. Its
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lish their original research. The Editorial Board, through
Division Editorial Boards, will consider manuscripts in
the field of economics and its branches. Manuscripts sub-
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publication, may not be published elsewhere without the
express permission of the Editor-in- Chief.
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2 — Abstracts:
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5 — References:
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(in on-line brackets [ ]), authors surname followed by

a given name and/or initials, the title of the article (in
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and include the appropriate page number (s) in on-line
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6 — Content Note:

A content note is a note from the author to the reader

providing clarifying information.
A content note is indicated in the text by using a half-
space superscript number (e.g., ... books3 are...). Content
notes are to be sequentially numbered throughout the
text. A reference may be cited in a content note by use
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Content notes are to be presented on separate sheets.
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Determinants of Demand for Foreign Reserves in
GCC Countries

ABSTRACT

This paper aims at identifying the determinants of

demand for foreign reserves in GCC countries. It also

demonstrate development of foreign reserves over the
period from 1975 to 2013, in addition, the paper tests the

adequacy of GCC foreign reserves to meet external

obligations. By implementing the regression analysis of

Panel data (fixed effect model), results indicate that the
most important determinants of the demand for foreign
reserves in GCC countries are the GDP (the country size),
imports of goods and services, workers’ remittances and

money supply.
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Ay iays ((p=0.000) (s FoLaaY dlaal) dadll of LS o)
ol 8 dhddly did) chstd) o) @l cgsiee il z3salll ¢
il gl (e Lo aady Allend) cDlsaty Clylglly e )
Jalatll ¢ 1Y Tylais L plaill Gulae ot L) cillaliial) e (g5ine
daliy, sl pailad lodl 5 a8 Laladl gyl Clagyall dayh

foly LS Leadlis cil<s sl o oS

Sl S ladl 1(0) &) s

Group unit root test: Summary

Series: RESIDBH, RESIDKW, RESIDOMN, RESIDQTR, RESIDSA,

Null: Unit root | RESIDUAE

Exogenous variables: Individual effects

Obs | Cross-sections | Prob.** | Statistic [Method

227 6 0.0000 | -4.73183 |Levin, Lin & Chu t*

227 6 0.0000 | -5.85715 |Im, Pesaran and Shin W-stat
227 6 0.0000 | 61.4353 |ADF - Fisher Chi-square
228 6 0.0000 | 53.3451 |PP - Fisher Chi-square
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(¥ saly) Ostadl) Gl Jsal dpa Jlad) llalia) (V) Jsas

Gl [ cusll | ol shd | Dagad) | LY <) giaadl
0.3 1.7 0.2 0.1 23.3 1.0 1975
0.4 1.9 0.2 0.1 27.0 1.9 1976
0.5 3.0 0.3 0.2 30.0 0.8 1977
0.5 2.6 0.3 0.2 19.4 0.8 1978
0.6 3.0 0.4 0.3 19.5 1.5 1979
1.0 4.0 0.6 0.4 23.6 2.0 1980
1.6 4.2 0.8 0.4 32.4 3.2 1981
1.5 6.0 0.9 0.4 29.7 2.2 1982
1.4 5.3 0.8 0.4 27.5 2.1 1983
1.3 4.7 0.9 0.4 24.9 2.3 1984
1.7 5.6 1.1 0.5 25.2 3.2 1985
1.5 5.6 1.0 0.6 18.5 3.4 1986
1.2 4.3 1.4 0.7 22.9 4.8 1987
1.3 2.0 1.1 0.5 20.8 4.5 1988
1.1 3.2 1.4 0.6 17.0 4.5 1989
1.2 2.1 1.7 0.7 11.9 4.6 1990
1.5 3.5 2.6 0.7 11.9 5.4 1991
1.4 5.3 2.3 0.7 6.2 5.8 1992
1.3 4.3 1.8 0.7 7.6 6.1 1993
1.2 3.6 1.7 0.7 7.6 6.7 1994
1.3 3.7 1.8 0.8 8.9 7.5 1995
1.3 3.6 2.0 0.7 14.6 8.1 1996
1.3 3.6 2.1 0.8 15.1 8.4 1997
1.1 4.1 2.0 1.0 14.4 9.1 1998
1.4 4.9 2.8 1.3 17.2 10.7 1999
1.6 7.2 2.4 1.2 19.8 13.5 2000
1.7 10.0 2.4 1.3 17.8 14.2 2001
1.7 9.3 3.2 1.6 20.8 15.2 2002
1.8 7.7 3.6 2.9 22.9 15.1 2003
1.9 8.4 3.6 3.4 27.5 18.5 2004
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2.0 9.0 4.4 4.5 155.3 21.0 2005
2.8 12.7 5.0 54 226.3 27.6 2006
4.2 16.8 9.5 9.4 305.7 | 77.2 2007
3.9 17.2 11.6 9.7 442.8 | 31.7 2008
3.9 20.4 12.2 18.4 | 410.3 26.1 2009
5.1 21.4 13.0 30.6 | 4453 32.8 2010
4.6 25.9 14.4 16.2 | 541.2 | 37.3 2011
5.2 29.0 14.4 325 | 657.0 | 47.0 2012
5.4 29.5 16.0 41.6 | 725.9 | 68.2 2013

A al) AL e Las) (Y1 0) JLpall sl §yxiem : jradl)

(LY32 0sde) sl e s i) Allaal) 3 a3 1(Yp) Jsoa

Cpadl | st Oles kb Lagadd) | iy | < giad)
76.36 | 275.83 | 208.16 n.a. 554.35 | 427.8209 | 1975
84.93 | 314.65 | 219.75 n.a. 988.67 | 609.7561 | 1976
101.1 369.9 221.77 n.a. 1506.36 | 870.1898 | 1977
129.82 | 432.64 | 212.22 n.a. 2844.48 | 954.9244 | 1978
93.55 531.9 248.69 n.a. 3763.94 | 1073.287 | 1979
95.76 | 691.83 361.9 n.a. 4094.1 | 1190.956 | 1980
106.65 | 688.7 457.44 n.a. 5348.1 | 1757.014 | 1981
108.25 | 875.27 | 552.98 n.a. 5346.87 | 1906.837 | 1982
100.27 | 864.56 | 691.95 n.a. 5236.26 | 1988.559 | 1983
111.44 | 962.64 | 816.45 n.a. 5284.05 | 1855.625 | 1984
228.19 | 1044.05 | 903.31 n.a. 5198.59 | 1879.597 | 1985
207.98 | 1083.98 | 845.59 n.a. 4803.78 | 1913.648 | 1986
193.62 | 1101.69 | 702.21 n.a. 4934.58 | 1948.788 | 1987
194.15 | 1179.09 | 762.03 n.a. 6510.01 | 2018.524 | 1988
198.67 | 1283.28 | 790.64 n.a. 8542.06 | 2067.557 | 1989
332.18 | 769.62 | 816.65 | 1131.868 | 11236.3 | 2424.408 | 1990
369.15 | 425.65 | 871.26 |961.5385 | 13746.3 | 2478.889 | 1991
335.64 | 828.72 | 1180.76 | 1085.165 | 13397.1 | 2794.062 | 1992
395.75 | 1229.13 | 1383.62 | 1162.088 | 15717 |2833.016 | 1993
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430.59 | 1330.55 1326.4 | 1024.451 | 18102 | 3105.421 | 1994
499.73 | 1353.67 | 1498.05 | 1071.154 | 16616 | 3241.624 | 1995
559.31 | 1376.05 | 1370.61 | 1142.033 | 15513.2 | 3568.51 | 1996
634.84 | 1374.66 | 1500.65 | 1186.813 | 15034.4 | 3187.142 | 1997
725 1611.13 | 1466.84 | 1247.527 | 14954.1 | 3430.905 | 1998
856.12 | 1731.19 | 1438.39 | 1259.341 | 13976.8 | 3635.126 | 1999
1010 1730 1450 1354.9 15400 3675.97 | 2000
1290 1790 1530 1506.9 15100 | 3910.143 | 2001
872 1930 1600 1483 15900 4138.87 | 2002
1080 2140 1670 1595.095 | 14800 4389.38 | 2003
1120 2400 1830 2176.967 | 13600 4648.06 | 2004
1223 | 2647.603 | 2257.477 | 3008.819 | 14314.6 | 5372.362 | 2005
1531 | 3183.238 | 2788.036 | 3690.1 | 15964.14 | 6072.158 | 2006
1483 | 9763.771 | 3669.701 | 4482.577 | 16446.56 | 8682.61 | 2007
1774 | 10322.57 | 5180.754 | 5379.845 | 21696.16 | 9994.554 | 2008
1391 | 11749.21 | 5315.995 | 7105.07 | 26469.73 | 9531.591 | 2009
1642 | 12126.48 | 5703.511 | 8140.623 | 27069.01 | 10566.45 | 2010
2050 | 13420.55 | 7214.564 | 10444.68 | 28474.93 | 11220.04 | 2011
2074 | 15873.61 | 8086.606 | 10412.91 | 29492.57 | 14398.15 | 2012
2166 | 15242.34 | 9104.419 | 11281.04 | 34984.19 | 17933.01 | 2013

¥ Alleal) EDGsas (Y410) ¢ Lall i)




Sl bl Jalae Jpal dpsin§) olalia YT (o callall Clodns qam ] deas Srel o520

daadall Cllall 3aa gl joa Jalad sl adle (Vo) s
Pool unit root test: Summary
Series: LOG(GDPBH), LOG(GDPKW), LOG(GDPOMN), LOG(GDPQTR),
LOG(GDPSA), LOG(GDPUAE), LOG(M2BH), LOG(M2KW),
LOG(M20MN), LOG(M2QTR), LOG(M2SA), LOG(M2UAE), LOG(MBH),
LOG(MKW), LOG(MOMN), LOG(MQTR), LOG(MSA), LOG(MUAE)
Date: 11/04/15 Time: 16:18
Sample: 1975 2013
Exogenous variables: None
Automatic selection of maximum lags
Automatic lag length selection based on AIC: 0 to 5
Newey-West automatic bandwidth selection and Bartlett kernel

Cross-
Obs sections Prob.** Statistic Method

Null: Unit root (assumes common unit root process)

648 18 0.0000 -20.6291 Levin, Lin & Chu t*

Null: Unit root (assumes individual unit root process)
648 18 0.0000 524.608 ADF - Fisher Chi-square
666 18 0.0000 876.518 PP - Fisher Chi-square

** Probabilities for Fisher tests are computed using an asymptotic Chi
-square distribution. All other tests assume asymptotic normality.

Pool unit root test: Summary
Series: LOG(RESBH), LOG(RESKW), LOG(RESOMN), LOG(RESQTR),
LOG(RESSA), LOG(RESUAE), LOG(XBH), LOG(XKW), LOG(XOMN),
LOG(XQTR), LOG(XSA), LOG(XUAE), LOG(CAPBH), LOG(CAPKW),
LOG(CAPOMN), LOG(CAPQTR), LOG(CAPSA), LOG(CAPUAE)
Date: 11/04/15 Time: 16:29
Sample: 1975 2013
Exogenous variables: None
Automatic selection of maximum lags
Automatic lag length selection based on AIC: 0to 5
Newey-West automatic bandwidth selection and Bartlett kernel

Cross-
Obs sections Prob.** Statistic Method

Null: Unit root (assumes common unit root process)

659 18 0.0000 -20.8000 Levin, Lin & Chu t*

Null: Unit root (assumes individual unit root process)
659 18 0.0000 500.078 ADF - Fisher Chi-square
666 18 0.0000 545.440 PP - Fisher Chi-square

** Probabilities for Fisher tests are computed using an asymptotic Chi
-square distribution. All other tests assume asymptotic normality.
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Time-Varying Comovements among Exchange Rates:
Empirical Evidence from Saudi Arabia and
International Economies

Jamel Jouini”

Abstract: The paper investigates the exchange rate
comovements between Saudi Arabia and five heterogeneous
countries during the period from 1995M1 to 2013M7. The
choice of heterogeneous economies is prompted by our desire to
examine the cross-market linkages between Saudi Arabia and
developing countries relative to developed countries. For this
purpose, we opt for the Dynamic Conditional Correlation
multivariate GARCH (DCC-GARCH) model developed by
Engle (2002) that has the advantage to assess the interrelations
among markets in a time-varying framework. We also apply the
structural break approach of Bai and Perron (1998, 2003) to
detect potential change dates given that the estimation period is
characterized by various domestic and international events that
may alter the comovements among markets. The results indicate
that the Saudi market is highly and positively correlated with
economies with which it is financially and economically linked.
However, there is evidence of relatively low and negative
correlation between Saudi Arabia and the other considered
countries. The findings also reveal regime-shifts in the dynamic

Department of Economics, College of Business Administration, King Saud
University, Saudi Arabia.
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conditional correlations, which may be explained by the 1997
Thai baht collapse, the 2008 global financial crisis, and domestic
events. Overall, the relevance of the econometric approaches
allows obtaining reliable results. The findings are of great
interest for currency risk management, international portfolio
diversification and trade, and provide important policy and
economic implications for central banks.

Key-words: Exchange rates, comovements, DCC-GARCH, structural
change, Saudi Arabia.
JEL Classification: C58, F31, G15.
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Time-Varying Comovements among Exchange Rates:
Empirical Evidence from Saudi Arabia and
International Economies

1. Introduction:

Prior literature examining the interdependence among
financial series for Saudi Arabia and the Gulf region focuses, in
general, on stock prices. Within this context, Abraham et al.
(2001) conduct an empirical issue to analyze the cross-market
linkages between some Gulf economies and the United States.
Their results find evidence of equity portfolio diversification
earnings to investors as the considered stock markets are weakly
correlated between them. Simpson (2008) studies the stock price
comovements between the UAE and the other Gulf countries,
and outlines that the UAE equity market has a main role in the
markets of Kuwait, Qatar and Saudi Arabia. Alkulaib et al.
(2009) examine the interdependence between MENA countries,
and find that the Gulf region has an influence over the others.
Arouri and Nguyen (2010) stress that there is evidence of low
correlation among the Gulf equity markets and between them
and the world market, suggesting that the regional and
international diversifications are beneficial for global investors.
Cheng et al. (2010) find time-varying financial comovements
between the MENA stock price markets and the Dow Jones
Global index. More recently, Jouini (2015) investigates the stock
market comovements between Saudi Arabia and emerging and
developed economies. The author finds that the Saudi market is
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weakly integrated into the considered markets as there is
evidence of low correlation among them.

To the best of our knowledge, no attention has been paid
to empirical issues on the dynamic changes in comovements
among exchange rates for Saudi Arabia. For this purpose, the
current paper aims at avoiding these shortcomings of the
literature by investigating empirically the linkages between
Saudi Arabia and international markets (Australia, China,
Germany, Qatar and the United States) based on nominal
effective exchange rates. Many reasons may reflect the potential
financial linkages between Saudi Arabia and these countries.
Indeed, the inclusion of Australian and German markets is due to
the fact that they are considered among the global factors for
Saudi Arabia. China is a trading partner for Saudi Arabia and an
emerging power in the world. Qatar is a Gulf country and shares
similar economic and political features with Saudi Arabia. The
United States are considered given that the Saudi currency is tied
to the American dollar. In addition, the inclusion of
heterogeneous economies allows diversifying the analysis of
exchange rates linkages in order to assess the comovements
between the Saudi market and developing economies relative to
advanced markets.

The paper employs the DCC-GARCH model developed
by Engle (2002) to capture the joint behavior of exchange rates
linkages in a time-varying framework. Therefore, correlation
between markets and their volatility can be accurately predicted.
Given that the conditional correlations obtained from the
estimation of the DCC-GARCH model may vary over time, our

()
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analysis is complemented by a structural break procedure of Bai
and Perron (1998, 2003) to select the change points that may
characterize the structure of the correlations between the
markets. The other incentive behind the use of the structural
break approach is to check whether the international financial
and economic events such as the Thai baht collapse of 1997, the
2003 invasion of Iraq, the global financial crash of 2008, among
others, alter the cross-market interactions between the exchange
rates.

The rest of the paper is organized as follows. Section 2
presents a brief literature review on exchange rates linkages. The
econometric framework is provided in section 3. Section 4
introduces the data used in the empirical issue and discusses the
obtained results. Some concluding remarks are given in section
5.

2. Literature Review:

The study of the cross-market correlations among
exchange rates has received extensive attention in the recent
literature. Within this context, Pérez-Rodriguez (2006)
investigates the linkages among euro, yen and British pound
against U.S. dollar exchange rates based on daily data from 1999
to 2004 and by using the DCC-GARCH model. The author finds
relevant results regarding the volatility spillovers and correlation
among the currencies. Indeed, there is evidence of volatility
transmission between the three currencies, high correlation
between the Euro and British pound, and strong dependence
between the European Central Bank Euro reference rate and U.S.
traded spot rates. In a similar work, Kitamura (2010) investigates
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the intraday volatility linkages among the euro, British pound
and Swiss franc during the period 2008-2009 based on a varying-
correlation multivariate GARCH process. The obtained results
indicate evidence of return volatility running from the euro to the
British pound and the Swiss franc, and high integration of these
last currencies with the euro.

Boero et al. (2011) adopt copula models to examine the
linkages of the euro with the Japanese yen, the British pound and
the Swiss franc before and after the introduction of the euro
(January 1994-November 2007). For the Deutsche mark, the
analysis covers the period prior to the launch of euro.! The
findings show evidence of changes in the comovements among
some currency pairs. Antonakakis (2012) analyzes the return and
volatility spillover effects between major European exchange
rates by opting for a DCC-GARCH process. The results show
evidence of lower return and volatility spillovers among
currencies in the post-euro period. They also outline that the
linkages are positively related to extreme phases and US dollar
appreciations, and that the volatility spillovers are bidirectional
and more pronounced between European currencies. Chkili et al.
(2012) employ models from the GARCH family to examine the
volatility properties of two US dollar exchange rates and three
European stock markets. The findings indicate that there is
asymmetry and long memory in all conditional volatilities, and
that the bidirectional linkages between stock prices and exchange
rates are strongly significant for France and Germany.

! All exchange rates are measured against the US dollar.
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Dimitriou and Kenourgios (2013) examine the
comovements among US dollar exchange rates expressed in
other international currencies from 2004 to 2011 by employing
the Dynamic Conditional Correlation multivariate Fractionally
Integrated Asymmetric Power ARCH (DCC-FIAPARCH)
process.” The analysis focuses on the effect of different sub-
periods of the global financial crash and the Eurozone sovereign
debt crisis on the linkages among the currencies. The results
suggest that the correlations among the international currencies
decrease during the collapse periods, which reflects the
vulnerability of the currencies. The findings have important
implications for portfolio diversification policies and outline the
necessity of coordination between central banks. More recently,
Tamakoshi and Hamori (2014) make use of an asymmetric
dynamic conditional correlation multivariate GARCH model to
investigate the dynamic linkages among US dollar exchange
rates expressed in euro, British pound and Swiss franc by
focusing on the influence of the recent European financial crisis
on such linkages. The results find evidence of asymmetry in the
cross-market correlations, thus reflecting higher association
during joint appreciation periods than during joint depreciation
periods. They also display the role of the financial turmoil in
triggering the shift of fund flows to Swiss franc in particular.

3. Econometric Methodology:

The DCC-GARCH process allowing to determine the

correlations between the exchange markets and the structural

2 Note that the FIAPARCH model is developed by Tse (1998).
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break approach to detect the number of breaks and their locations
in such correlations are presented.
3.1. DCC-GARCH Model:

To highlight the practical importance of the linkages
among the selected exchange rates, we use the dynamic
conditional correlations computed from the estimation of the
multivariate DCC-GARCH model developed by Engle (2002).
This model enables us to examine the comovements among the
exchange rates in a time-varying framework, thus leading to
more reliable insights on cross-market linkages. For this
purpose, we assume that each exchange rate return variable is
modeled as follows:

h=C+poh,+V, 1)
where r, is the exchange rate return series,’ ¢ is the intercept, p
Is the autoregressive coefficient, and v, is the disturbance term.

The DCC process of Engle (2002) is based on two
stages. In the first stage, we estimate the standard deviation

\/hT (i=12,...,k) by fitting, for each exchange rate return

series,* the following univariate GARCH (1, 1) process:
h=w+av,,+ph, (2)

where ®»>0, «>0, B>0. The second stage consists in

estimating the conditional correlations using the standardized

residuals enzvn/\/ﬁ computed from the first stage. The

't

3 The returns are the first log differences of the level series.

* The number of exchange rate return series is .
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conditional variance-covariance matrix H, is then defined as

follows:
H, = D,R.D, (3)

where D, =diag(y/hy 1Ny r---/he;) and R, is the time-varying
conditional correlation matrix of order k:

R = (diag(R))"*P, (diag(R)) ** (4)
with P =(1-6,-6,)P +6u,,u_,+6,P, a symmetric positive
definite matrix of order k, P a matrix of unconditional
variances of the standardized errors u, of order k, and ¢, and 6,
positive terms such that 6 +6,<1. The dynamic conditional

correlation between two exchange rates is then defined as
follows:
i = (L-6,-6,)p, + zlui,t,lu 1 0P

i ((1— 6,-0,)p; + Ou?, ., +6, pii,t,l)l ((1— 6, - ez)pjj +6u J?H +0, pjo)1

7 (9)

where p; is the (i, j)th element extracted from the matrix B,.

The maximum likelihood estimation technique is applied to
estimate the model based on the BHHH (Berndt-Hall-Hall-
Hausman) optimization algorithm.
3.2. Structural Change Procedure:

Given the dynamic conditional correlations, p; ,, obtained
from the estimation of the above DCC-GARCH model, we make
use of the structural break procedure of Bai and Perron (1998,

2003) to select the number of breaks and their locations. For this
purpose, we consider the following mean-break model:

(10)
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Py =M +U,  t=T_ +1..T, =12..m+l (6)
where g is the mean over the regime ¢, u, is the disturbance
term, T is the «th change point with T,=0 and T,, =T, and m

is the number of structural changes.

The means and break dates are estimated by the ordinary
least squares method given a minimal number of observations in
each regime. The number of change points is determined through
a sequential test of a given number of Dbreaks against the
alternative of an additional break date. The final number of
structural changes is determined when the test does not reject the
null hypothesis of no additional change point.”

4. Empirical Illustration:

The comovements between the nominal effective
exchange rate of Saudi Arabia and those of Australia, China,
Germany, Qatar and the United States are investigated based on
monthly data from 1995M1 to 2013M7 (223 observations). The
nominal effective exchange rates are constructed based on 138
trading partners, and gathered from http://www.bruegel.org.

4.1. Unit Root Tests:

We first investigate the stationarity properties of the return
series based on a unit root test without breaks (NG) of Ng and
Perron (2001) and a recent unit root test with breaks (CKP) of
Carrion-i-Silvestre et al. (2009).® Considering regime-shifts

> The readers are referred to Bai and Perron (1998, 2003) for more details on
the selection of breaks using the sequential test.

® The two tests allow testing non-stationarity under the null hypothesis.
(11)
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when testing for unit root allows getting more reliable
conclusions given that tests without breaks are not generally
powerful in presence of structural change in the variables. The
results depicted in Table 1 indicate that all tests show evidence
of stationary return series at the conventional significance levels.
Three break dates are detected for each exchange rate return
series, as reported in Table 1. These breaks may be due to some
domestic and international events such as the Thai baht collapse
of 1997, the 2003 invasion of Iraq and the global financial
turmoil of 2008. These results may confirm the periods of high
volatility observed in the exchange rate returns reported in

Figure 1.
Table 1. Results of the unit root tests for return series
NG CKP
Breaks in Break dates

Intercept Trend
P trend

Saudi A.  0.308"  0.997  2.756 1997M12 2000M5 2008M10
Australia  1.706"  1.142™"  4.344™" 1997M3 1999M2  2008M10
China 0.308"  0.9697" 22837 1997M12 2004M11 2008M10
Germany 29697  1.0757" 2730”7 2000M8 2003M12 2008M12
Qatar 0.3097"  0.984™"  3.043™" 1997M5 2000M5 2008M10
us 0.302°"  1.002""  2.638™" 1997M12 2003M5 2008M3

Note: ~ and ~ denote stationarity at the 1% and 5% levels, respectively.

4.2. Descriptive Analysis:

Some descriptive statistics of the exchange rate returns
are presented in Table 2. China has the largest average returns
and Qatar shows the smallest level. The Australian market is the
most volatile, as indicated by its standard deviation that is equal

to 0.023. By cons, the German exchange rate is the least risky
(12)
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since its standard deviation is equal to 0.010. The other markets
are similar in terms of volatility. The skewness coefficient is
positive for all markets, except of the Australian market. This
indicates that for this latter market, large negative returns may be
more prevalent than large positive returns. The exchange rate
returns are leptokurtic given that the kurtosis coefficient exceeds
3 for all markets. The normality is rejected for four out of six
markets, as indicated by the Jarque-Bera statistic. This result
confirms the fact that the normality assumption is generally
rejected for financial variables. The Ljung-Box statistic outlines
the presence of serial correlation in all exchange rate returns.
The ARCH test shows evidence of heteroscedastic returns for
four out of six exchange rate markets. The empirical correlation
coefficient reveals positive and high connection of the Saudi
exchange rate with those of China, Qatar and the United States.
However, there is evidence of negative and relatively low
dependence between the Saudi market and those of Australia and
Germany. These first insights of the preliminary analysis
confirm the adoption of the model given by Egs. (1)-(5) to
investigate the linkages between the Saudi and selected exchange
rates.

(13)
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Figure 1. Dynamics of exchange rate returns
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Table 2. Summary statistics of return series
Mean  Std. Dev. Skew. Kurt. JB LB ARCH Corr

Saudi A. 7.060E-4 0.012 0.116 3.607 3.903 278747 15.057" 1.000
Australia 1.250E-3  0.023 -1.242 8.338 320.665" 19.913™" 11.889" -0.311
China  2.095E-3 0.012 0.056 3.997 9.304™" 2§.294™ 13545~ 0.932
Germany 7.020E-4  0.010 0.740 4.647 45335 21554 6.043 -0.677
Qatar 5.270E-4  0.013 0.115 3.548 3.272 250757 12.258° 0.996
us 7.800E-4  0.013 0.498 5.720 77.580"" 32282 10558  0.935

Notes: JB is the Jarque-Bera test for normality; LB is the Ljung-Box test for serial correlation
of order 6; ARCH is the test for conditional heteroscedasticity of order 6; and Corr denotes
the unconditional correlation between the Saudi exchange rate returns and the other markets.
***** and * denote rejection of the null hypothesis at the 1%, 5% and 10% levels,
respectively.

4.3. Estimate Results:

The estimated mean and variance equations as well as the
DCC coefficients are presented in Table 3. The intercept of the
mean equation is not statistically significant for all markets. The
exchange rate returns of all markets can be affected by their past
own values, as indicated by the statistical significance of all
autoregressive coefficients at the conventional levels. For the
volatility equation, the results indicate that the constant term is
statistically significant for four out of six exchange rate markets.
The ARCH coefficients are significant for all exchange rate
markets, except the Australian market. This indicates that the
conditional volatility of these markets is influenced by the past
unexpected shocks, but the effect is weak given that the ARCH
coefficient estimates are low. The conditional volatility of all
markets is highly affected by its past own value, as shown by the
GARCH coefficients that are large, positive and significant. A
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striking feature is that the impact is similar for the markets given
the small differences in the GARCH coefficient estimates. A
feature of substantial importance is that the volatility of all
exchange rate markets is highly persistent given that the sum of
ARCH and GARCH coefficient estimates is close to unity.

The DCC coefficients are strongly significant and satisfy
the property of mean-reversion as their sum is less than one,
suggesting that all exchange rate conditional volatilities slow to
achieve the normal equilibrium state. These coefficients also tell
us about the high persistence of all conditional correlations given
that their sum is close to unity (0.942). Some diagnostic tests are
applied on the standardized residuals to check the validity of the
model. The results reported in Table 4 indicate that the model is
suitable to examine the interactions between the considered
exchange rates although the normality hypothesis is rejected for
some cases.

(16)
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Table 3. Estimate results of the AR(1)-GARCH(1, 1) models
and DCC coefficients

c P w a B
Saudi A. 2.984E-4  0.257  1.692E-5 0.070"" 0.798™
(7.295E-4)  (0.040)  (7.137E-6) (0.024) (0.070)
Australia 1.280E-4  0.135" 4.307E-5 0.106 0.815™
(1.516E-3)  (0.063)  (4.120E-5) (0.070) (0.114)
China 9.376E-4  0.239""  1.571E-5 0.073" 0.793™
(6.795E-4)  (0.041)  (9.228E-6) (0.035) (0.101)
Germany 7558E-4  0.267  3.020E-6 0.082" 0.877""
(5.670E-4)  (0.046)  (2.019E-6) (0.033) (0.045)
Qatar 2.107E-4  0.254™°  1.956E-5" 0.062"" 0.801""
(7.679E-4)  (0.038)  (7.772E-6) (0.024) (0.068)
us 6.392E-4  0.229™"  1.134E-5"  0.094™" 0.835""
(8.132E-4)  (0.046)  (4.166E-6) (0.021) (0.038)
DCC coefficients

6, 0.072%**

(0.013)

6, 0.870%***

(0.023)

Notes: The values in parentheses are the standard errors. ~, = and ~ denote
statistical significance at the 1%, 5% and 10% levels, respectively.

Table 4. Results of the diagnostic tests

Saudi A.  Australia China Germany Qatar us

LB 14117  15.449 16.704 12.357 14.636 22.308
(0.293)  (0.218)  (0.161)  (0.417)  (0.262)  (0.034)

LM 16238  12.840 25.434 5.341 15.506 14.448
(0.181)  (0.381)  (0.013)  (0.946)  (0.215)  (0.273)
B 1.929  282.280 7.043 44.874 1.467 55.150

(0.381)  (0.000)  (0.030)  (0.000)  (0.480)  (0.000)

Notes: LB is the Ljung-Box test for autocorrelation of order 12; LM is the ARCH
test of order 12; and JB is the Jarque-Bera test for normality. The values in
parentheses are the p-values of the tests.
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4.4. Dynamic Conditional Correlation Patterns:

The dynamic conditional correlations between the Saudi
exchange rate and the other markets are reported in Figure 2.
These correlations allow studying and understanding the
comovements between the selected markets. A visual inspection
of the plots indicate that the correlations between Saudi Arabia,
and China, Qatar and the United States are highly positive, thus
reflecting strong comovements between Saudi Arabia and these
countries. These facts may be explained by the trading
partnership between Saudi Arabia and China, the economic links
between Saudi Arabia and Qatar, and the connection of the Saudi
currency to the US dollar. On the other hand, the Saudi exchange
rate is negatively and weakly linked with the other markets,
especially Australia.

A noticeable feature is that the cross-market
comovements between Saudi Arabia and the countries with
which there are strong ties (China, Qatar and the United States)
do not fluctuate greatly and are less volatile than those between
Saudi Arabia and the other countries (Australia and Germany).
In the same context, as pointed by McKinnon and Schnabl
(2003), and Qiao et al. (2011), the linkages among the markets
may be affected substantially by geographical and regional
proximities. The correlation graphs show also evidence of an
apparent downward peak during the 2008 global financial crisis
for China and Qatar. In addition, other peaks in different periods
are detected for all correlation pairs.

(18)
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Figure 2. Dynamic conditional correlations
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The average values of the conditional correlations
presented in Table 5 are similar to the unconditional correlations
between Saudi Arabia and the selected economies in terms of
sign and magnitude (see Table 2). The volatility of the
conditional correlations varies across exchange rates, as
mentioned by the standard deviation. Moreover, the Saudi
Arabia/Qatar correlation pair is the least volatile since the
corresponding standard deviation is the lowest. However, the
Saudi Arabia/Australia correlation pair is the riskiest as the
standard deviation is the largest. For Germany, the standard
deviation is somehow little high compared to China and the
United States. These two latter results confirm the above insights
drawn from the correlation graphs concerning the volatility for
Australia and Germany. The results of the skewness and kurtosis
coefficients, and the Jarque-Bera statistic show evidence of non-
normality for all correlations.

Table 5. Summary statistics of conditional correlations

Mean  Std. Dev. Skew. Kurt. JB
Saudi A./Australia  -0.281 0.185 -0.072 2.170 6.539"
Saudi A./China 0.934 0.027 -1.870 7.387 305.988""
Saudi A./Germany -0.692  0.092 1.966 8.868 459.467"
Saudi A./Qatar 0.995 0.003 -1.870 5.779 199.964™
Saudi A./US 0.933 0.026 -2.543 0.784 661.948""

Notes: JB is the Jarque-Bera test for normality. ~ and =~ denote non-normality at
the 1% and 5% levels, respectively.
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4.5. Stability Check:

The insights detected from the correlation graphs (Figure
2) and descriptive analysis (Table 5) tell us about the fact that the
conditional correlations between Saudi Arabia and the
considered countries are time-varying and may be subjected to
structural breaks. To check this, we carefully apply the above
sequential structural change procedure to detect the number of
mean-breaks and their locations in the cross-market
comovements. The results displayed in Table 6 indicate that all
correlations are characterized by the presence of at least one
break date in their structure, suggesting that the vulnerability of
the exchange rates varies across regimes. Indeed, two break
dates are located for Saudi Arabia/Australia and Saudi
Arabia/Qatar, one break for Saudi Arabia/Germany and Saudi
Arabia/the United States, and three break points for Saudi
Arabia/China. The detected break dates are similar to those
detected in the exchange rate returns when testing for unit root in
their structure, thus suggesting the strong evidence of structural
change in the considered series and the reliability of the
econometric procedures used in this paper. The Breaks coincide
with some international events such the 1997 Thai baht collapse
and the 2008 global financial crisis. Domestic events may
explain the other selected break dates.

To sum up, detecting breaks in the cross-market linkages
would have an impact on forecasting, volatility and cross
correlations. Moreover, the comovements between the exchange
rates are found to be regime-dependent, which has important

policy and economic implications.
(21)
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Table 6. Mean-breaks in conditional correlations

Break 1 Break 2 Break 3
Saudi A./Australia 2000M3 2008M9
Saudi A./China 2002M7 2005M9 2008M11
Saudi A./Germany 2000M6
Saudi A./Qatar 1998M11 2008M11
Saudi A./US 1997M12

5. Conclusion:

The paper has examined the cross-market comovements
between Saudi Arabia and five countries during the period from
1995M1 to 2013M7. The analysis is based on DCC-GARCH
process that allows determining the time-varying correlations to
assess the linkages among markets. We have also employed a
structural break approach to detect potential regime-shifts in the
correlations given the international events that have occurred
during the estimation period.

The findings indicate that the linkages among the
exchange rates vary across countries. Indeed, the cross-market
correlations between Saudi Arabia, and China, Qatar and the
United States are positive and high, reflecting the strong
comovements between these economies. However, there is
evidence of relatively low and negative correlation between the
Saudi exchange rate and those of Australia and Germany,
suggesting weak linkages among them. These results outline the
importance of trading, economic and financial linkages between
Saudi Arabia and international economies in explaining the
intensity of the comovements. Another important insight is that
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the correlations between the exchange rates differ from those
based on stock prices for Saudi Arabia relative to international
economies in terms of intensity, which adds new evidence to the
literature. Indeed, when relying on exchange rates, the results
show evidence of high correlations, which does not comply with
previous works that find evidence of low correlations based on
stock prices (see Abraham et al., 2001; Arouri and Nguyen,
2010; and Jouini, 2015). We also find that the cross-market
correlations encompass changes that may be due to international
events. Most of the detected break dates coincide with the dates
selected in the exchange rates returns, thus reflecting the
robustness of the results and the appropriateness of the
econometric approaches used in the paper.
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Weakness in the Expectations Hypothesis of the term
structure interest rates

Nizar Harrathi®

Abstract
In this paper, we present the empirical weakness of the expectation
hypothesis of the term structure interest rates (EHTS). The related
empirical study on the validity of EHTS indicates that there are
potential reasons of the rejection of the EHTS related to time-
varying risk premium and the irrational expectation. Nevertheless,
many studies provide evidence of structural breaks in the term
structure interest rates and conclude that the omitted structural break
leads to the bias estimated parameters of the long run relationship
between short and long rate and the rejection of the expectation
hypothesis of the term structure interest rates.
1. Introduction

The expectations hypothesis of the term structure of interest rates
(EHTS) has received a extensive attention in empirical research.
This interest is explained by the important role that plays the EHTS
in the analysis and the conduct of monetary policy and inflation
targeting. Additionally, the EHTS give information about money
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market efficiency. According to the expectations hypothesis of the
term structure interest rate, the long-term interest rate is an average
of the current and expected future short-term interest rates plus a
constant risk premium that is time invariant but maturity dependent.
The standard implication of the relationship between short-term and
long-term interest rates given by the EHTS is that the long-term
interest rates are determined by the expectations on the future short-
term interest rate. Hence, this relationship implies that the term
structure of interest rates, also known as the yield curve provides
useful information about the future changes in the short-term
interest rate. Therefore, the term spread between rates can be used
to predict the future movements in long-term interest rates.
Additionally, the EHTS suggest that the term spread is an unbiased
predictor of future changes in short-term interest rates.

Extensive studies have empirically investigated the validity of the
expectation hypothesis of the term structure interest rates interest
rates. The evidence of the HTS is mixed and generally not
supported. Hardovelis (1994), Hurn et al. (1995), Dahlquist and
Jonsson (1995), Engested (1996), Gerlach and Smets (1996),
Engested (1996), Hejazi et al. (2000), Mills (2002), Ghazali and
Low (2002), Boero and Torriecelli (2002) among others provide
some evidence of the expectation hypothesis of the term structure
interest rate. Further, they find support of the existing relationship
between short and long rate and conclude that the term spread is an
unbiased predictor the future short rate changes. Otherwise, a lot of
empirical studies have focused on whether the term spread
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prediction is supported and conclude that the predictability of the
term structure has been rejected. Shiller et al. (1983), Mankiw and
Miron (1986), Campbell and Shiller (1991), Hsu and Kugler (1996),
Gerlash (1997), Bekaret et al. (1997), Jondeau and Ricard (1999),
Longstaff (2000), Bekaert and Hodrick (2001) among other
conclude that the expectation hypothesis of the term structure
interest rates is often strongly rejected especially for U.S interest
rate and most European countries. They find evidence of the
empirical weakness of the predictive power of the term spread.

The remainder of this paper is organized as follows. The following
section provides the expectation hypothesis of the term structure
interest rate, such as the traditional single equation, the Campbell
and Shiller methodology and the error correction model. In section
3, we present the empirical failure of the expectation hypothesis of
the term structure interest rate presented in the related literature
review. In section 4, we present the evidence of the structural
change in the term structure interest rate. Section 5 relates the main
concluding comments.

2. The expectation hypothesis of the term structure
The expectations hypothesis of term structure interest rate asserts

that the long term with a maturity of m (R, ) is determined by the

average expected short-term, one period interest rate (r; ) plus a
constant risk premium dependent to maturity. The general form of
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the term structure relationship between the long term interest rate

and the current and expected future short interest is given by:

1 m
R, = Ez E(rey) 0
i=0

Where E, is the expectation operator conditional on information
available at time t. With the assumption that agents are risk-neutral
and form their expectations rationally, we also obtain the following
equation.

1 wm—
Et(PFSt ) = ;Zﬁol(rt+i 1 )=-0 +5 +&

Where S;"™ =R, —r, define the yield spread and PFS, is the
Perfect foresight spread. The testable equation of the expectation
hypothesis is given as:
PFS, =a+pS; +¢&

Where « = —6 and 8 = 1. Under the pure expectation hypothesis,
the risk premium is close to zero, this correspond to the hypothesis
thata =0and g = 1.
Campbell and Shiller (1987, 1991) indicate that the expectation
hypothesis of the term structure interest rate can be rejected if the
short and the long rate are non stationary (I(1)) and establish the
vector error correction specification that can be able to capture the
expected future changes in the short rates. The bivaraiate VAR
model for the term spread (S; = R, — r;) and the first differences of
the short interest rate (Ar;) take the following form:

sl=le amlls1+[]

\ c(l) dDILs,_,
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Where a(l), b(l), c(l) and d(l) are the lagged polynomials.
Campbell and Shiller (1991) indicate that the VAR specifications
provide the testable version of EHTS by using the Wald or the LR
test of restrictions imposed by the model. With the assumption that
that each interest rate are a integrated process of order one, I(1).
The expectation hypothesis of the term structure interest rates

indicates that the change in the short interest rate Ar, and the term
spread S, are stationary. This fact implies that (1,—1)" is a
cointegrating vector.

Otherwise, Given that the short and the long interest rate are
integrated with order 1 and they have a stationary linear
relationship, then the short and the long rate are said to be
cointegrated. For the EHTS, the cointegration relationship reflects
the long run equilibrium between the interest rates of different
maturities. Hence, if the short and long interest rates are
cointegrated, the spread is interpreted as the optimal predictor of
future changes in short rates and can be used as evidence of the
EHTS. For this purpose, the Engle and Granger (1987) and the
vector error correction model (VECM) are performed to validate the
expectation hypothesis of the term structure interest rate. The
empirical model is given as:

p
i=1
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Where Y, = (R, ,7; )T, The long run relationship between the short
and the long rate is define as B'Y,_;, = (1  —B1)"Y,_; = R, — Bi13.
The expectation hypothesis tests of term structure interest rate are
based on the presence of a cointegrating relation between rates of
different maturities. Under the null hypothesis that the term spread
is a good predictor of the future changes in short rates, this
cointegrating vector is (1 —1)".
3. The empirical weakness of the EHTS

The literature review provides some reasons for the rejection of the
expectation hypothesis of the structure interest rate. One plausible
and frequent explanation for the empirical failure of the expectation
hypothesis of the term structure interest rates is the time-varying
risk premium. The EHTS is based on the assumption of the
independent time risk premium. In this context, Mankiw and
Summers (1984) show that time-varying risk premium explains the
future changes in the short rate can be explained by the time-
varying risk premium. In contrast, Mankiw and Miron (1986) and
Margaritis (1994) conclude that a time-varying risk premium limit
the predictive power of the term spread between rate. The authors
assert that the possibility of a time-varying risk premium is a
tangible reason for the failure of the expectation hypothesis of the
term structure interest rate. Likewise, Engle et al. (1987) have
investigated the time-varying term premium in the term structure
interest rates by using ARCH in mean (ARCH-M) model. They
provide evidence of the time-varying term premium in the term
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structure interest rates. Recently, Richardson (2001), Qiang and
Kenneth (2002) and Pasquale et al. (2006) confirm the time
dependent term premium and suggest that the time-varying term
premium led to the rejection of the expectations hypothesis of the
term structure of rates.

Otherwise, several empirical works indicate that there are many
potential reasons for the empirical failure of the expectation
hypothesis of the term structure interest rates. Much of the
empirical results are based on the single equation model, also
known as a traditional single equation approach, which cannot
extract information in the term spread, as well as the future changes
in the short rates. As the results, predictability of the term spread of
the future changes cannot be correctly identified. In addition, given
that short rates and long rates are proven to be non-stationary and
integrated of order 1, standard regression of the single equation of
expectations hypothesis of the term structure interest rate do not
provide an efficient estimation of the parameters. Indeed, the
rejection of the expectation hypothesis of the term structure interest
rates can be attributed to the econometric biases associated with the
traditional single-equation model. Additionally, the expectation
hypothesis of the term structure interest rate indicate that the term
spread between long and short rate is integrated with order 0, while
many empirical study show that the term spread is non stationary
especially when the maturity of the long rate is one year or greater.
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Also, using the vector autoregressive (VAR) specification of the
relationship between short rates and long rate developed by
Campbell and Shiller (1991), also known as Campbell and Shiller
methodology, Baillie and Bollerslev (1998) and Bekaert et al.
(2001) among other have shown that the estimated parameters of the
VAR model suffer from a small-sample biases and conclude that the
standard VAR inadequately captures the movement between short
and long rate. Additionally, the VAR dynamics imposes non-linear
constraints and the peso problems may consequently affects the
statistical analysis, such as the problem with the size and power
properties of the Wald, Lagrange Multiplier (LM) and Distance
Metric (DM) tests.

4. The structural change in the term structure interest rate
Many empirical studies have investigated the presence of the
structural change in the term structure interest rates. Engsted and
Nyholm (2000), Chris and Alisetr (2002) Mariam and Cecilio
(2002), and Hansen and Seo (2003) among other provides evidence
of structural change in the term structure interest rate and conclude
that is related to the regime switching monetary policy. Mariam and
Cecilio (2002) have examined the parameter instability in the
cointegration relationship between short and long rates for Spanish
Data. They find evidence of structural change in the term structure
interest rate and indicate that the regime switching monetary policy
and the exchange rate instability affect the estimated parameters of
the long run relationship between short and long rate. Moreover,
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Hansen and Johansen (1999) have obtained the same finding by
suing monthly U.S interest rate from 1970:3 to 1987:2.
Moreover, Johansen et al. (2000), Saikkonen and Litkephol (2000)
and Lutkepohl et al. (2006) find that a spurious regression can be
obtained when structural change is omitted and conclude that the
unit root and the cointegration test are rejected when structural
change are not included.

5. Conclusion
The expectations hypothesis of the term structure interest rate
suggest that the long-term interest rate is an average of the current
and expected future short-term interest rates plus a constant risk
premium. The validity of the EHTS indicates that the term spread is
an unbiased predictor of future changes in short-term interest rates.
Therefore, a lot of empirical study reveal that the expectation
hypothesis of the term structure interest rate cannot be supported
and conclude that the empirical failure is explained by the time-
varying risk premium. However, many studies confirm that the
structural change in the term structure interest rate related to the
regime switching monetary policy affect the estimated results of the
EHTS such as the cointegration relationship. In this paper, we find
that the empirical weakness of the expectation hypothesis can be
explained by the omitted structural change in the term structure
interest rate.
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