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Abstract

By utilizing the wavelet analysis, investigating the co-movement of exchange rate and oil price differentials in the time-
frequency space, in Bangladesh, using monthly data from 1975M7 to 2011M12, happens to be the objective of this
paper. The co-movement is studied both in the time and frequency domain. A balance is being maintained in the time
and frequency domain features of the data by using a wavelet-based measure of co-movement, which brings out a
refinement to the previous approaches. It is being concluded that the strength of co-movement of the change in
exchange rate and oil price differential varies over the time horizon in question. The policy implication from the

findings is that Bangladesh Bank needs to be attentive to the shocks of oil prices while establishing a steady state of
exchange rate.
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1. Introduction

The oil is considered as one of the commoditieschvhas a price having crucial implications
for both the real economy and financial marketsic&ithe global oil shocks of the early
1970’s, the argument regarding the linkage betwaémprice and exchange rate has been
widespread. In recent decades, the direction ofaldy between these variables has been
investigated in a rigorous manner. The findings tlé said study done by different
investigators don’t appear to be unanimous. Heexamnining the relationship between these
variables on a country-by-country basis becomesortapt from the policy analysis
perspective. Although, different sort of relatioipsivetween oil prices and exchange rates
have been identified, the question of the caushbty not been clarified yet and still remains
as one of the unsolved issues in which the reseesdre interested. The price of crude oll
has been a key factor in explaining the movemeht®reign exchange rates, particularly
those measured against the US dollar (Huang amigT2€10).There are several other studies
revolving around this same issue which notably udel Chen and Chen (2007) for G7
countries and Lizardo and Mollick (2010) for US ldolagainst the major currencies. In
accordance to the outcome of the said studieseasang trend of oil prices appreciates the
currency and ignites economic growth of the oil@xgrs relative to those of the oil importers
(see Ding and Vo, 2012). However, a number of restudies suggest that exchange rate,
particularly the US dollar one, has significantueihce on oil price.

The result from earlier studies takes differentpglsaand categories. The empirical
evidences found in Zhang et al. (2008) and Krich@@®5) support unidirectional causality
from the exchange rate to oil price. On the otlaerdy following the light of Benassy-Querea
et al. (2007), Chaudhuri and Daniel (1998), andgkman (1983, 1984); it can be ascertained
that the causality runs in the reverse directiomnfthe oil price to the exchange rate. Finally,
a bi-directional causality between the said twoialdes is also being found. Pursuing the
works of Chen et al. (2008) and Groen and Pes2diiQ), who use exchange rates to obtain a
better forecast of oil (and other commodities) ggsi@and the works of Amano (1998) who
improves the exchange rate forecast by includingpace in the model; one can be
ascertained about the said claim of bi-directioridtionship.

Nevertheless, wavelet analysis constitutes a vepmising tool. It represents a
refinement in terms of analysis, which can providgh insights into several economic
phenomena; see for example, the pioneer work of 8gnand Zhang (1996, 1997) and
Ramsey and Lampart (1998a, b). Recent studieszinglithe wavelet-based analysis
extensively are used in finance and Economics

To the best of our knowledge, only Benhmad (201®) @iwari et al. (2013) explore
the oil prices-US dollar real exchange rate refatiop, in a wavelet framework with
application of a non-linear causality test. Bentin{@012) discover that the linear and
nonlinear causal relationships between the reapwde and the real effective U.S. Dollar
exchange rate vary over frequency bands as it dispen the time scales. He reported is a
strong bidirectional causal relationship for latgee horizons (low frequencies). A similar
result was obtained by Tiwari et al. (2013), whairfd bidirectional causal relationships
between the oil price and the real effective exgeamate of Indian rupee at higher time
scales.

However, this study is the first attempt, to thestbef our knowledge, to analyse the
same issue with the help of continuous waveletciipally, the objective of this paper is to

’Kim and In (2005), which investigate the relaticipshetween stock returns and inflation for US; Ganet all.
(2005), study the Capital Asset Pricing Model f@& Blong with UK and Fernandez (2005), studies émaesfor
Latin America and Asia; Gallegati et al. (2008) andgo (2008), dig into business cycle analysis; Rud
Nunes (2009), focus on international stock mar&atrns for Germany, Japan, UK and US.
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examine the measure of co-movement of the exchaaige and oil price differential in
Bangladesh, in the time—frequency space, by regptt continuous wavelet analysis using
monthly data from 1975Mto 2011M,. Co-movement in the time and frequency can be
investigated applying the wavelet-based analydig. rEsults achieved from studying the time
domain could be sensitive to the frequency of olzdems, while studies in the frequency
domain are not always easy to translate into a tioreain that corresponds to lead and lags
associated with economic policies and investmentsams. In this paper, a wavelet-based
measure of co-movement is being used, which cotssit a refinement to previous
approaches, since it aids the time and the frequdomain features of the data. The wavelet
measure of cohesion allows us to evaluate the ewmwnt of synchronization over time and
across frequencies, simultaneously.

The paper is organized as follows; section 2 ptssine wavelet-based measure of co-
movement and its adoption process, section 3 deflietempirical application of the wavelet
transform at different time scale; while sectiobeing the last section of this paper, revolves
around the concluding tones.

2. A wavelet-based measure of synchronization

The application of the wavelet transform is thabéars local base functions that can be
stretched and translated with a flexible resolutiohoth frequency and time. On top of it, the
time resolution is intrinsically adjusted to theduency, having a window width that narrows
down while focusing on high frequencies and widapswhile assessing low frequencies.
Frequency bands hold an interesting aspect in wawglalysis. Hudgins et al. (1993) and
Torrence and Compo (1998) developed the approaxfitee cross-wavelet power, the cross-
wavelet coherency and the phase difference; whasre la comparative advantage over the
other methods such as time series, frequency doaraindiscrete wavelet approach. The
comparative advantages are twofold. First, thessvesvelet tool improves on the interactions
between two time series placed at different fregiesnand show how they evolve over time.
Second, the cross-wavelet power of the two time&esélustrates the confined covariance
between the time series. Torence and Compo (1988)es$ the coherency as correlation
coefficient of time and frequency space and phasesdefined to show the position of the
pseudo-cycles of a series over time at varyingueegy.

According to frequency and time spacese tbontinuous wavelet transform
(CWT) W¢!(t) of a time serieg, at timen, and scale with uniform time steps, the Morlet
wavelef equation (1) can be rewritten in the following eegsion:

WE@ = (258w v [0 Y ®

where, the wavelet powdi(t)|? is defined as the local phase. The Cone of Inflaenc
(COl) is important to introduce a as edge effeEke Monte-Carlo simulation process is used
in this paper that is explained by Torrence and Eor(1998). We computed the wavelet
power spectrurhusing the similar procedure used by Torrence anchi® (1998). The
description of continuous wavelet transform (CW@ipss wavelet transform (XWT) and
wavelet coherency (WTC) presentation is introducenh Grinsted et al. (2004).

i 1
2\;/9 W) = n‘l/‘*e“*’a"e‘i”z, wherev, andu are dimensionless frequency spaces and time séadeket wavelet
with frequency parametew(,)= 6.

U2
D ('Wta—(;)' < p) = %Pk)(ﬁ (p), where¥ is equal to 1 and 2 for real and complex waveteipectively.
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The two financial time series such as the changeahexchange rate and the change in real
oil price,u; andv;, with the wavelet transformatioi/*andW?v, the cross wavelet transform
(XWT) is defined aWv*? = W*W"*, whereW" andW? are the wavelet transforms wfand

v, respectively, denoting complex conjugation. Aduog to Torrence and Compo (1998),
theoretical distribution of the cross wavelet povedrtwo time seriesPy and Py with
background power spectra can be defined as:

D (th WP (7| < p) — ZwaEp) P;(,LPI? (2)

0y 0y

The confidence level, (p) explained the square root of the product of tyfadistributions.
Using the similar description of the XWT, the WaatelCoherence (WTC) (Torrence and
Webster, 1999) between the change in real exchaatgeand the change in real oil price of
two time series can be defined as:

—1yuv 2
R2(1.) = |e(zs WY )|
t(Ts) s|(rs‘1|W}‘(rs)|2)|-8|(TS_1|W¥(TS)|2)| (3)

where, ¢ is considered as a smoothing operator (Rua anee®NWw009). In equation 5, the

numerator is the absolute value squared of the Bmdocross-wavelet spectrum and
denominator represents the smoothed wavelet popestra (Torrence and Webster, 1999;
Rua and Nunes, 2009). The value of the waveletrequeoherencR?(t,) gives a quantity
between 0 and unity. This present study will foousthe Wavelet Coherency, instead of the
Wavelet Cross Spectrum pursuing the applicatiobyiar-Conraria and Soares (2011). In
this study, we follow Torrence and Compo (1998)ittentifying the COI region and phase
relationship.

3. Data and empirical findings of the wavelet application

For serving the purpose of empiricism, monthly éreacy data of oil prices and real exchange
raté’ is being collected over the period of 19768011My,. The data span is large and
sufficient for reliable and consistent results. Tdeta about the real exchange rate were
collected from international financial statisti€3¥-ROM, 2012 and BBS various report). The
WTI based crude oil price variable is expressetkal terms, i.e. deflated by U.S. consumer
price index. The data on crude oil prices are et prices and are collected from Pink data
set provided by the World Bank. First differencetloé logarithmic transformation of the
concerned variables is being used to find out tbevth rates.

In this section, we report the resultshaf change in real exchange rate and the change
in real oil price, obtained by applying the contms wavelet power spectrum approach. The
result presented in Figure-1 have common featurésel wavelet high power of the change in
real exchange rate and the change in real oil phiaeare visible around the period between
July 1975 and December 2011. Information on thdyarsaof the result shows that the
similarity between the portrayed patterns in thpedods is not very much clear and for
which it is hard to tell whether it is a mere codence or not. The cross wavelet transform

*RER, =(NER * p',)/ p,whereNER is the nominal exchange rate defined in local engy units per

foreign currency unit such as Taka per USSR is the real exchange ratep’,and p,, respectively, are the
domestic and foreign price levels (in our caseglévels are measured by consumers’ price index).
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come up with an aid in this regard. Furthermore, tlature of data is being analyzed by
utilizing cross wavelet and the result is presemegigure-2.

Fig.1l: The continuous wavelet power spectrum of both DINRPP (top) and DINRER
(bottom)
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Note: The continuous wavelet power spectrum of both Real oil price change (top) series and
real exchange rate change (in the bottom) series are shown here. The thick black contour
describes at the 5% Monte Carlo simulations significance level applying phase series. The
lighter shade black line represents the COI in this graphical presentation. The low and high
powers represent the color code from white to black. X and Y axis measure the time and
frequency respectively.

With regard to the co-movement betwean ¢hange in real exchange rate and the
change in real oil price, we find a considerableateon in the Cross wavelet power spectrum
(XWT) in Figure-2. The interesting notification tlkat the relation at different periods (i.e.,
frequency bands) over the time horizon is not safoe. an instance, if we consider area
marked by significant region or high power regi@npund 1979Mg arrows are right-up;
around 1984N\-1987M, arrows are right-down; around 199gNhere is no clear evidence;
and around 20080 arrows are left-up. Hence, arrows around 19¢¥ow that variables
are in the phase and DINnRER legging; arrows around 1984M-1987M, illustrate that
DInRER isleading; arrows around 1992 demonstrate no clear phase along with lead-lag
relationship between variables; and arrows aroud@BRl, show that variables are out of
phase and DINRER Isading.
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Fig. 2: Crosswavelet power spectrum of the DINRPP and DINRER
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Note: The cross wavelet power spectrum of both Real oil price change series and real exchange rate
change series are shown here. The thick black contour describes at the 5% Monte Carlo simulations
significance level applying phase series. The lighter shade black line represents the COI in this
graphical presentation. The low and high powers represent the color code from white to black. X and
Y axis measure the time and frequency respectively. The sign of arrows pointing to the right, right up
and right down mean that the change in real exchange rate (DINRER) and the change in real oil price
(DInRPP) are in phase, DINRER is lagging and DINRER is leading, respectively. The signal arrows
pointing to the left, left up and left down mean that the change in real exchange rate (DINRER) and
the change in real oil price (DINRPP) are out of phase, DINRER is leading and DINRER is lagging,
respectively. In phase and anti-phase show that variables will be having cyclical effect and anti-
cyclical effect on each other.

Turning our attention on the cross-wawveleherency approach, the co-movement
between the change in real exchange rate and #rgehn real oil price, it is transparent that
there remain periods and frequencies with sigmfiaglationship; yet it is not clear which
variables between the two ligading or lagging. Therefore, from a general perspectives
being speculated that there is a link between DIBRJ DINRER series, which is implied by
the cross wavelet power. Moreover, it is worthyrtention that wavelet cross-spectrum (i.e.,
cross wavelet) describes the common power of tvezgsses without normalization to the
single wavelet power spectrum. This can producdeaung results, because one essentially
multiplies the continuous wavelet transform of twme series. For example, if one of the
spectra is close-by and the other exhibits stroegke, peaks in the cross spectrum can be
formed that may have nothing to do with any relatad the two series. Hence, it is being
concluded that, wavelet cross spectrum is not Islgitto test the significance of relationship
between two time series. Therefore, to come tonglading note, wavelet coherency (since it
is able to detect a significant interrelation bedwéwo time series; to know more about refer
to the equation 2) is relied upon. Nonetheless, care still use wavelet cross-spectrum to
estimate the phase spectrum. The wavelet cohersnused to identify both frequency bands
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and time intervals within which pairs of indices aro-varying. Finally, results of cross-
wavelet coherency are presented in Figure-3.

Fig. 3: Cross-wavelet coherency of the DINRPP and DInRE
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Note: The cross wavelet coherency of both Real oil price change series and real exchange
rate change series are shown here. The thick black contour describes at the 5% Monte Carlo
simulations significance level applying phase series. The lighter shade black line represents
the COlI in this graphical presentation. The low and high powers represent the color code
from white to black. X and Y axis measure the time and frequency respectively. The sign of
arrows pointing to the right, right up and right down mean that the change in real exchange
rate (DINRER) and the change in real ail price (DINRPP) are in phase, DINRER is lagging
and DInRER is leading respectively. The signal arrows pointing to the left, left up and left
down mean that the change in real exchange rate (DINRER) and the change in real oil price
(DINRPP) are out of phase, DINRER is leading and DINRER is lagging, respectively. In
phase and anti-phase show that variables will be having cyclical effect and anti-cyclical
effect on each other.

Found results, based on cross wavelet cobgreshow that the arrows are mostly
pointing upward during 1979 and 2004Ms-2008Myo.However, during 1979M
observation, in the 6-12 months scale, arrows ighg-up, indicating that variables are in the
phase and DINRERs lagging; yet around 2004M-2008My,, in the 12-32 months scale,
arrows are left-up indicating that variables aré @fuphase and DINRER leading. Around
1984My; and in the 17-25 months scale, arrows are rightndondicating that DINRERs
lagging. Important point to be noted here is that we haggricted our results’ interpretation
to only significant regions. With this methodologye therefore, unravel time and frequency
dependent cyclical and anti-cyclical relationshgivieen DINRPP and DInRER; which could
have been impossible to detect with conventionahemetric techniques.

4. Conclusion
Studying the co-movement of the oil price differahéind the change in exchange rate in the
time-frequency space by depending on wavelet aisalgss being found that the strength of
co-movement of the change in exchange rate angrimé differential change within the
periods in question. There remains a vital polimplication pursuing the outcome, which is,
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Bangladesh Bank needs to be attentive to oil @imeks while aiming for a steady exchange
rate. The subsidy of the government on oil pricesld be a reason for which the global
energy crisis is having a low impact on the fuétgs in Bangladesh.

Moreover, these results have importanticapons for policy makers and traders in the
areas of effective risk management, monetary pdbegnulation in controlling inflationary
pressures originating from oil or exchange ratectflations, Taka—dollar-pegging policy
formulation for Bangladesh (being a major petroporting country), petrol-related assets
and/or products pricing, and also in the areathapmg fiscal policy measures in Bangladesh.
We have strong evidence of coherency between ok and real exchange rate for short and
medium months cycle that corresponds to speculé&iging (high frequency or noise trading
i.e., for time horizons of 32 months and less). deer, for the fundamentalists e.g. fund-
managers and institutional investors, for businegsle of 32 months and more, less
convincing evidences of coherency are found betweahoil and real exchange rate returns.
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