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Abstract: This paper examines the dynamic relationship between crude oil prices and the U.S.
exchange rate within the structural break detection context. Based on monthly data from January
1996 to April 2019, this paper identifies structural breaks in movements of oil price and examines the
dynamic relationship between crude oil prices and the U.S. exchange rate movement by introducing
the economic policy uncertainty and using the TVP-VAR (Time-Varying Parameter-Vector Auto
Regression ) model. Empirical results indicate that shocks to crude oil prices have immediate and
short-term impacts on movements in the exchange rate which are emphasized during the confidence
intervals of structural breaks. Oil price shocks and economic policy uncertainty are interrelated and
influence movements in the U.S. exchange rate. Since the U.S. dollar is the main currency of the
international oil market and the U.S. has become a major exporter of crude oil, the transmission of
price shocks to the U.S. exchange rate becomes complicated. In most cases, the relationship between
oil prices and the U.S. exchange rate movements is negative.

Keywords: oil price; exchange rate; TVP-VAR model; economic policy uncertainty

1. Introduction

The fluctuation of oil prices has an important influence on a country’s exchange rate. Crude oil is
the main energy source in the world and its price does not have significant arbitrage space in the global
scope, while the exchange rate is the price link connecting the internal and external economy. Therefore,
in a market-oriented and open economy, the fluctuation of crude oil prices will cause the change of
an economy’s exchange rate. Relevant literature proves that the fluctuation of crude oil prices will
cause the exchange rate of USD to move in the same direction of the oil-importing countries, such as
China [1-5]. For oil-importing countries, oil price fluctuations constitute the main source of exogenous
shocks to a country’s economy and also have an important impact on the exchange rate of importing
countries [6-8]. Similarly, for crude oil, there is a long-term equilibrium relationship between oil price
and exchange rate [9,10]. At the same time, when the crude oil price volatility is incorporated into the
corresponding currency or asset selection model, the oil price volatility has a significant impact on
the exchange rate. For example, Coudert and Mignon [11] added oil price volatility into the currency
model and found that the increase of oil price would lead to the depreciation of the importing country’s
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currency. Kumar [12] built an asset selection model by introducing capital account opening and found
that the decline of crude oil price had a significant long-term negative impact on the RMB exchange
rate, which varied with the degree of capital account opening.

The impact of oil price fluctuation on exchange rates is time-varying. The time variability of
the impact on the exchange rate by the rise or fall of crude oil prices has a strong correlation with
the non-linear or asymmetric mechanism of the impact. It is also affected by the mood and behavior
of investors in the financial market [13-17]. Monetary policies strengthened the impact of oil price
shock on the macro-economy, and the impact of oil price shock on exchange rate fluctuations showed
non-linear characteristics in this process [18-20]. The impact of oil prices on China’s macro-economy
and the exchange rate is significantly positive, and it is an asymmetric one-way impact [21]. Different
exchange rate regime arrangements are an important source of heterogeneous impact of oil price
fluctuations on exchange rate [22]. It can be seen that the degree of co-movement between crude oil
price and exchange rate varies with time. Some researchers confirmed this conclusion by using the
wavelet coherent framework [23,24].

The influence of oil price on the exchange rate is different in time length. From the perspective of
the trend of exchange rate price fluctuation, the influential factors of the long-term, medium-term and
short-term frequency are different. In the long-run, exchange rate is more affected by fundamentals,
such as macroeconomic environment, etc., so the exchange rate tends to equilibrium price in the long
term [25,26]. In the short term, the exchange rate is more influenced by technical aspects, such as the
early trend of the exchange rate and the relationship between volume and price in the transaction.
In the process of the impact of oil price on exchange rate, there are a series of transmission variables,
which may be influencing factors in different periods, so the time length of oil price’s impact on
exchange rate is different [27].

The influence of crude oil price on exchange rate is strongly related to crude oil price breaks.
Crude oil price fluctuations are affected from different levels, some of which are long-term shocks,
some of which are short-term shocks. The nature of shocks is not exactly the same, as some belong to
policy changes, while some belong to sudden events. The complexity of the causes of crude oil price
fluctuations, especially the sudden events, will produce breaks for crude oil price fluctuations [28-31].
Therefore, the correlation between the impact of crude oil price on the exchange rate and the breaks of
crude oil price is strengthened due to the difference between the influence factors such as the breaks of
crude oil price and the influence factors of the trend change. In addition, the impact of crude oil price
on exchange rate also shows asymmetry [32], and there is a significant, two-way, nonlinear Granger
causality between crude oil price and exchange rate [33].

Above all, the analysis makes several significant contributions in three folds. Firstly,
the time-varying dynamic relationship between crude oil price and exchange rate fluctuation is
investigated, and the uncertainty of economic policy is introduced into the analysis. The existing
literature mainly analyzes the static relationship between crude oil price fluctuation and exchange
rate volatility, with some focus on the risk spillover between the two [34-36]. This paper considers the
dynamic relationship between the two, which is more in line with the time-varying characteristics,
and it introduces the uncertainty of American economic policies. Secondly, the influence of crude oil
price on exchange rate fluctuation is studied from the aspects of different time and frequency. Most of
the literature only adopt a certain time frequency to study the relationship between crude oil price
and exchange rate and consider the differences of influencing factors in the long, medium and short
periods. In this paper, the influence of different frequencies is investigated, and different factors can be
distinguished by the length of time. The third is to consider the impact of oil price breaks structure on
exchange rate changes. The short-term event impact factors are complex, and time shocks can cause
breaks in oil prices. Above all, while studying the impact of oil price on exchange rate under different
frequencies, the shock of structural breaks caused by special events is considered to better describe the
dynamic changes of temporary impacts on oil prices and exchange rates.
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The rest of this paper is organized as follows. Section 2 focuses on the model design, data source
and data preprocessing. Section 3 analyzes the time-varying characteristics of crude oil price and
exchange rate fluctuation without the breaks impact. In Section 4, we add the breaks shock to the
analysis of the time-varying characteristics of crude oil price and exchange rate. Finally, the conclusions
and policy implications are summarized in Section 5.

2. Methodology and Data

2.1. Model Specification

With growing literature focus on the impact of oil price on exchange rate, various methodologies
are adopted to study the dynamic connectedness between oil price and exchange rate, to name just a
few: Qiang Ji et al. [37] used the structural VAR model (SVAR) to study the dynamic structural impacts
of oil shocks on exchange rates. Bremond Vincent.et al. [38] adopted a Bayesian TVP-VAR estimation
to show that the US Dollar effective exchange rate (EER) elasticity of the crude oil prices is not constant
across time. Fenghua Wen et al. [39] used the TVP-SVAR model to examine the nonlinear Granger
causality and time-varying influence between crude oil prices and the US dollar exchange rate. Castro
Rozo et al. [40] used TVP-VAR model to understand the dynamic interaction between U.S. EER and oil
price. Based on the above-mentioned literature and similar research, it can be seen that the TVP-VAR
model provides a flexible tool to explain the time-varying impact of crude oil price on exchange rate.
This paper adopts the TVP-VAR model, which includes both time-varying coefficient and time-varying
covariance matrix, developed by Primicer [41], to study the dynamic correlation between crude oil price
and exchange rate. Through numerical estimation, it is possible to observe whether the time change of
variable structure comes from the size change of shocks or the change of model conduction mechanism,
which is helpful to explain the reason of variable relationship changes in the context of structural
breaks. The correlation between crude oil price and exchange rate fluctuation happens to involve
different institutional contexts and has time-varying dynamic characteristics. Therefore, the TVP-VAR
model is constructed to observe the fluctuations between crude oil price and exchange rate.

The TVP-VAR model is extended by allowing the coefficients and error term of the structural VAR
model to change over time [41-43]. The basic structural VAR model is expressed as:

Ayt = Fiy1 + -+ Fsyrs +up, t =s+1,...,n 1)

where y; is a k X 1 vector of observed variables, namely crude oil price, exchange rate fluctuation and
economic policy uncertainty; A, F1, ..., Fs are k X k matrices of coefficients, and u; is a k X 1 structural
shock. According to the research hypothesis, crude oil price, exchange rate and economic policy
uncertainty in this paper are endogenous variables, forming a set of 3 X 1 vector, and y;_s represents the
s-thlagof y. A, Fy, ..., Fs are 3 X 3 time-invariant matrices of coefficients. u; is a 3 x 1 structural shock.

It is worth noting that only three variables are selected in this paper, i.e., crude oil price, exchange
rate and economic policy uncertainty, which is mainly due to the following two reasons: on the
one hand, the research objective of this paper is to study the dynamic correlation between crude
oil price and exchange rate, rather than the relationship between the explanation and the explained.
The reason for the inclusion of economic policy uncertainty is that it has a certain influence on the
relationship between crude oil price and exchange rate, which is conducive to the analysis of the
dynamic relationship between them [44—47]. On the other hand, it is determined by the characteristics
of the model. The follow-up model is based on the VAR (vector auto regression), which avoids the
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requirements of the structural model. By studying the long-term equilibrium relationship between
variables with co-integration, the dynamic correlation between variables is analyzed.

E(ut) =0
a2 0 0
0 g2 .. 0
, 2
E(utut) = Z . u . . (2)
ul : : o
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E(utu;) =0,t#1
The reduced form of this model can be written as follows:
yi=Xp+ATY e, e~ N(O, ) 3)

where X; = [ ® (y;_l, ey y;_s); Bis a (kzs P 1) vector by stacking the elements in the rows of the
(A‘lFi)’s fori=1,...,s.

Based on Equation (3), the TVP-VAR model can be constructed by allowing the coefficients
time-varying. Therefore, the specific form of TVP-VAR model with stochastic volatility can be
expressed as follows:

yt:Xt‘Bt+At_12€t,t:S+1,...,1’l 4)
t
where the coefficients f;, the parameters A;, and }; are all time-varying. According to Primiceri [41],
Jebabli et al. [42], and Liao, et al. [43], a number of assumptions are done for the specification of the
TVP-VAR model. First, let a; = (ath, 31,4, 32t -+ -, Ok k—l,t)l be a stacked vector of the low-triangular
elements in A;. Second, let iy = (hyy, ..., hy)" with hjp = 1ogo?t forj=1,...,k,t =s+1,...,n Third,
the parameters are supposed to follow a random walk process:

8 B +u &t I 0 0 0
L P 0 0 0
ary1 = ar + Ug “pt ~ NJ| 0, 0 %‘9 0 ,t=s4+1,...,n 5)
hiy1 = h + upy Hat La
Upt 0 O 0 Y

where 541 ~ N(HﬁO’Zﬂo)’ asiq ~ N(yﬂo,zuo) and hig1q ~ N(HhOIZhO)- For simplicity, we assume ),
and Y, to be diagonal matrixes.

Using the TVP-VAR model can estimate time-varying dynamic parameters of the correlation
between crude oil price and exchange rate fluctuation. However, from the perspective of methodology,
The TVP-VAR model may have the problem of over-identification. The TVP-VAR model allows time
variation in every parameter, which may cause an over-identification problem [33]. The tight prior for
the covariance matrix of the disturbance in the random walk process would avoid the implausible
behaviors of the time-varying parameters [41]. Meanwhile, the estimation of the parameters in
the TVP-VAR model is faced with the over-parameterization issue [42]. The recourse to Bayesian
methods use has increased since priors constitute a way of introducing the shrinkage to overcome the
over-parameterization problem. Therefore, the Monte Carlo Markov chain (MCMC) method under
the framework of Bayesian inference is employed to estimate parameters in the TVP-VAR model.
Based on the entire data, the MCMC method can estimate the likelihood function of parameters
with the uncertainty of the unknown parameters and deliver smoothed estimates of the time-varying
parameters [41-43]. Since the MCMC method for estimating the parameters of the TVP-VAR model is
well-developed, we follow the estimation process proposed by Primiceri [41].
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2.2. Data Selection and Data Pre-Processing

As for the data selection, three dimensions of data, namely, time, frequency and index measurement
object are considered. In terms of time and frequency, we select monthly data from January 1996 to
April 2019. There are two reasons for choosing the time from 1996 to 2019: on the one hand, the study
needs to observe the change of the dynamic relationship between crude oil price and exchange rate after
the structural breakpoint, and the generation of the structural breakpoint is within a sufficient period of
time; on the other hand, the paper takes into account the long-term, medium and short-term effects of
the correlation, which often take a long time to distinguish. Data frequency selection considers the time
frequency of available data. Among the three variables involved, crude oil price, exchange rate and
economic policy uncertainty, there is only one frequency of economic policy uncertainty data, that is,
monthly data. In this paper, we adopt the WTI crude oil price provided by the U.S. Energy Information
Administration (EIA), which refers to the crude oil produced and traded in the United States.

According to Beckmann et al. [48], the distinction between real and nominal measures is important
when assessing the relationship between oil prices and exchange rates. The nominal oil price is usually
measured by the U.S. dollar per barrel. The real oil price is calculated by adjusting the nominal oil
price for any changes in the U.S. price level (usually based on the U.S. consumer price index (CPI) ).
Similarly, the paper chooses the calculated real effective exchange rate of the U.S. dollar (U.S. REER) to
do the empirical research because it can reflect the actual fluctuation of the U.S. dollar exchange rate by
considering the price and other factors. The U.S. REER is calculated by using the nominal exchange
rate and the U.S. consumer price index. The original data is extracted from the International Financial
Statistics online database of the International Monetary Fund (IMF).

The U.S. economic policy uncertainty index (Policy_uncertainty) constructed by Baker et al. [49]
is used as a proxy for movements in policy-related economic uncertainty. Baker’s economic policy
uncertainty index includes uncertainty indices of many countries and the whole world, and it contains
the following three aspects: (1) newspaper coverage of policy-related economic uncertainty; (2) the
number of federal tax code provisions set to expire in future years; (3) disagreement among economic
forecasters as a proxy for uncertainty. The newspaper-based approach to measure policy uncertainty
was further extended in Baker et al. [50]. The uncertainty index is composed by the weighted average
of the above three aspects. Since the core subject involved in the study of crude oil price and exchange
rate is the United States, the economic policy uncertainty index of the United States is selected, and the
data can be extracted from http://www.policyuncertainty.com/.

Before examining the dynamic relationship between crude oil price and exchange rate, it is
necessary to preprocess the original data, that is, to verify the conditions for parameter estimation of
the TVP-VAR model. In this paper, the unit root test is performed on the original data. The unit root
test was carried out for three-time series variables, i.e., crude oil price, exchange rate and economic
policy uncertainty, and descriptive statistics were conducted on them. The results are shown in Table 1.

Table 1. Results of descriptive statistics and unit root tests.

Mean Std.Dev Skewness Kurtosis JB ADF
Variable (Level)

Oil_price 54.585 29.131 0.456 2.149 17.307 —-2.307

US_REER 109.885 9.551 0.063 1.772 17.769 -1.528
Policy_uncertainty 108.414 35.372 0.962 3.410 45.162 —3.037 **

Variable (volatility term after de-trending by using the Wavelet analysis method)

Oil_price 0 10.605 0.410 6.284 133.670 —6.013 ***

US_REER 0 2.923 0.117 3.345 2.0245 —5.694 ***
Policy_uncertainty 0 21.051 1.222 4.999 116.349 10.055 ***

Note: 1. JB refers to the Jarque-Bera statistics for testing normality, which is proposed by Jarque and Bera [51]. 2 Test
for unit root in level with intercept in the test equation. 3. *, **, *** represents statistical significance at the 10% level,
at the 5% level and at the 1% level, respectively. The wavelet analysis method refers to the filtering method of
Hodrick and Prescott [52].
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Table 1 reports the results of descriptive statistics and unit root tests. In terms of ADF test results,
the oil price and the U.S. REER are non-stationary at the 10% significance level, while the economic
policy uncertainty is significantly stationary at the 5% level. After de-trending by using the Wavelet
analysis method, the volatility terms of the oil price, the U.S. REER and the economic policy uncertainty
are significantly stationary at the 1% level, which means that the de-trended variables pass the unit
root tests and can be processed by testing structural breaks.

3. Analysis of Time-Varying Characteristics of Crude Oil Price and Exchange Rate Fluctuation

3.1. Parameter Estimation

There is a specific process in the parameter estimation of TVP-VAR, and the estimation method of
this model is relatively mature, so it is not introduced in detail here. The paper of ] Nakajima [53] can
be referred to for details. Based on the original data and using the setting model (4), this paper sets the
initial value of parameters according to experience, simulates 50,000 times with the MCMC algorithm
and obtains effective samples, and then we get the parameter estimation results as shown in Table 2.

Table 2. Estimation results of selected parameters in the TVP-VAR model.

Parameter Mean Std.Dev 95% L1 95% U 2 Geweke 3 Inef. 4
(Zﬁ)l 0.0224 0.0025 0.0182 0.0278 0.419 12.13
(Zﬁ)z 0.0218 0.0024 0.0177 0.0271 0.938 15.74
(Xa)1 0.0741 0.0249 0.0414 0.1371 0.806 99.22
(Xa)2 0.0436 0.0079 0.0311 0.0619 0.109 36.37
(Xn) 0.3372 0.0812 0.2002 0.5162 0.589 68.95
(Xn)2 0.4130 0.0823 0.2668 0.5880 0.780 54.50

Notes: 1. 95% lower credible interval limit; 2. 95% upper credible interval limit; 3. Geweke convergence diagnostics
statistics; 4. Inefficiency.

Table 2 displays the estimation results of selected parameters in the TVP-VAR model of oil prices,
U.S. REER and policy uncertainty computed with the MCMC algorithm, including posterior mean,
posterior standard deviation, 95% confidence interval, Geweke’s CD convergence diagnosis value
and invalid influence factors. In terms of convergence, the Geweke values of the parameters do not
exceed 1.96, which is the 5% critical value. There is no evidence to reject Hy of the Geweke convergence
test for each parameter, where Hy of the Geweke convergence diagnostics test is that the posterior
distribution is convergent. It can be seen from Table 2 that the Inef. value of each parameter is far less
than 50,000 sampling times, and the maximum value is about 99. This means that at least 505 (50000/99)
unrelated samples can be obtained under the condition of 50,000 consecutive samples. Therefore,
the number of samples obtained by the above method is sufficient for the posterior inference of the
TVP-VAR model.

3.2. The Time-Varying Characteristics of the Correlation between Crude Oil Price and Exchange
Rate Fluctuations

Further using the established model (4), the time-varying characteristics of the correlation between
crude oil price and exchange rate fluctuations can be obtained, as shown in Figure 1. The simultaneous
relation of the oil price and the U.S. exchange rate (e — er) almost remains fluctuating below zero, and
the frequency is in the middle of the three simultaneous relations presented in Figure 1. Conversely,
the simultaneous relation of the oil price to the economic policy uncertainty (e — epu ) varies over time,
showing a trend of slow decline.
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Figure 1. Posterior estimates for simultaneous relations.

The correlation between crude oil price and exchange rate is time varying. According to the
estimation results of the TVP-VAR model (as shown in Figure 1), the parameters of the action of crude
oil price on the exchange rate fluctuate between —0.25 and 0, while the parameters of the action of
the exchange rate on the price of crude oil fluctuate between —0.25 and 0.5, showing the time-varying
correlation between the two.

As for the simultaneous relation of the economic policy uncertainty to exchange rate (epu — er),
it fluctuates around zero violently. The estimation results of simultaneous relations suggest that there
exist different forms of volatility transmission in three kinds of simultaneous relations, which means
further tests are necessary.

3.3. Analysis of Time-Varying Characteristics of the Correlation between Crude Oil Price and Exchange Rate
Fluctuation with Time-Delay

Section 3.2 simply describes the dynamic relationship between crude oil price and exchange rate.
However, the relationship between crude oil price and exchange rate fluctuation has a time lag in the
impact. This discrepancy is mainly reflected in two aspects: on the one hand, the impact of crude
oil price on the exchange rate needs certain channels. When the crude oil price changes, various
participants in the financial market will make decisions through their own judgment, so the exchange
rate fluctuations caused by the crude oil price fluctuations will reveal after the decision of investors,
and this decision-making process will produce time lag [54-56]. On the other hand, it takes time to
digest information such as the causes of crude price fluctuations. When the price of financial assets
fluctuates in the market, there is a lot of noise in the market, and the understanding of the noise will
become more adequate over time. Therefore, the correlation between crude oil price and exchange rate
fluctuation not only has a time lag, but the time-delay has a different length. Based on this, the dynamic
relation with time-delay is studied in this paper. The impulse responses are plotted in the form of
time series, showing the size of the impulses for 3-period, 6-period and 12-period horizons over time.
The results are shown in Figure 2.
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Figure 2. Time-varying impulse responses of the TVP-VAR model.

The impulse responses of the exchange rate to a positive oil price shock (&, — er) vary significantly
around zero over time. From 1996 to 2004, the impulse responses remain negative, and they turn
to fluctuate around zero from 2004 to 2007. In the final phase of the sample period, more negative
impulse responses are observed. In general, we observe much more negative impulse responses than
positive impulse responses throughout the whole sample period, which means that oil prices exert
negative impacts on the U.S. exchange rate movements for most of the time. During the global financial
crisis, the influence of economic factors, supply and demand of crude oil and other factors on oil price
shifted to exchange rate fluctuations, resulting in an obvious abnormal dynamic relationship between
oil prices and exchange rate fluctuations in the short term. In the long run, the dynamic relationship
between the two shows a significantly negative trend.

The impulse responses of the exchange rate to a positive economic policy uncertainty shock
(€epu — er) are estimated to be frequent fluctuation without an obvious pattern. From 1996 to 1999,
the impulse responses are mostly below 0, and from 1999 to 2000 they increase rapidly. Since 2000,
the impulse responses have been fluctuating near zero with higher frequency. From the perspective of
world economic trends, the dynamic impact of uncertain economic trends on exchange rate fluctuations
is consistent with the economic trends of major developed and emerging economies, changes in
geopolitical relations, and changes in oil supply and demand [57,58]. Therefore, when hit by a positive
shock from the economic policy uncertainty, the exchange rates fluctuate violently around zero.

The impulse responses of the economic policy uncertainty to a positive oil price shock (e, — epu)
stay negative mostly over the period from 1996 to 2019. Before 2002, the impulse responses remain
fluctuating negatively, and there is a rapid upward trend from 2002 to 2004. In 2004, they return to
negative volatility and have since remained below zero.

Through the above analysis, it is found that the impact of crude oil price on exchange rate is
basically negative in the short, medium and long term, but the response degrees are different. Figure 2
depicts the spillover effects among variables in the short term, medium term and long term. After
the impact of crude oil price, the exchange rate changes show negative responses in most of the time,
and the response degree is larger in the short term and smaller in the long term. The economic policy
uncertainty affects the spillover effect between them.
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4. Time-Varying Characteristics of Crude Oil Price and Exchange Rate Based on Structural Breaks

4.1. Unit Root Test in the Presence of Structural Breaks

As the price of crude oil is subject to many complex factors, there may be leaps or breaks in crude
oil price fluctuation. The structural breaks obtained by existing literature are inconsistent, but all of
them prove that there are breaks in crude oil price fluctuation. Nusair and Olson [59] found that the
crude oil market has structural breaks and the impact of such structural breaks on other financial
assets has significant asymmetric effects. Meanwhile, there is a certain “regime switch mechanism” in
the price fluctuation of crude oil markets. Under different regimes, the impact of crude oil price on
exchange rate is significantly different. In order to preliminarily determine whether there are breaks in
the fluctuation of crude oil price, the crude oil price during the sample period is plotted as a graph, as
shown in Figure 3.
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Figure 3. WTI crude oil prices in 1996M1-2019M4.

As can be seen from Figure 3, there are certain breaks in the crude oil price during the sample
period. It is worth noting that a lot of literature requires the hypothesis of whether there is a structural
break to test the breaks. When we test the breaks of crude oil price, it is not clear whether there is a
structural break. Therefore, based on Bai and Perron [60,61], we conduct the structural break tests, and
Table 3 reports the results of testing multiple breaks in oil price movements from January 1996 to April
2019. This method can effectively identify multiple breaks when the number is unknown.

As shown in Table 3, the breaks dates are estimated at 2004M8, 2007M8, 2008M10, 2010M9 and
2014M11. In general, since the 95% confidence intervals cover only a few quarters before and after
the breaks dates, the five structural breaks are estimated. Among them, the fourth date, at the 95%
significance level, has a rather large confidence interval between 2010M7 and 2013M2. The five breaks
dates coincide with the growth in oil demand in 2004 caused by the economic development of emerging
economies; the global financial crisis in 2008 triggered by the subprime crisis in the United States
in 2007; the recovery of the global economy, industrialization of emerging economies, and rising
geopolitical tensions in 2010 [63]; the economic slowdown of Eurozone, Japan and emerging economies;
and the glut of crude oil in 2014. Therefore, there were three “rising shocks”, which occurred in
2004M8, 2007M8, and 2010M9, and two “falling shocks” which occurred in 2008M10 and 2014M11. In
summary, the results of structural break tests are generally consistent with major changes affecting
the trend of international oil prices, including fluctuations in economic factors, geopolitical factors,
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supply and demand, and climate factors on the whole. Figure 3 shows a series of oil prices with five
structural breaks.

Table 3. Results of structural break tests.

Specifications
Zy = {1} g=1 p=0 h=28 M=6
Tests
SupFr(1) SupFr(2) SupFr(3) SupFr(4) SupFr(5) SupFr(6) UDmax
1.313 2.336 4.524 19.578 50.672 60.303 60.303
SupF(2I1) SupF(3]2) SupF(413) SupF(54) SupF(6]5) MDmax
3.783 1.773 3.459 3.458 0.663 60.303
Number of breaks selected 2
Sequential BIC LWZ
5 5 4
Estimates with Five Breaks 3
SE(1) SE(2) SE(3) SE(4) SE(5) SE(6)
1.606 1.443 1.841 1.701 1.572 1.496
(0.565) (0.620) (1.396) (3.551) (1.066) (1.346)
T(1) T(2) T(3) T(4) T(5)
2004m8[2] 2007ms[2] 2008M100] 2010m9[2] 2014m11 0]

(03M11-05M7) (07M6-08M4) (06M12-09M3) (10M7-13M2) (13M11-15M1)

Notes: 1. The SupFr(k) tests and the reported standard errors and confidence intervals allow for the possibility of
serial correlation in the disturbances. The heteroscedasticity and autocorrelation consistent covariance matrix is
constructed following Andrews and Monahan [62] using a quadratic kernel with automatic bandwidth selection
based on an AR(1) approximation. The residuals are pre-whitened using a VAR (1). 2. We use a 5% size for the
sequential test SupF(k+ 1|k). 3. Those in parentheses are the standard errors (robust to serial correlation) for
SE(i)(i=1,...,6) and the 95% confidence intervals for T(i)(i =1,...,5).

4.2. Estimation of Impulse Response Function Based on Structural Breaks

Five structural breaks dates are identified in Section 4.1, and impulse responses for the TVP-VAR
model are computed to analyze the impact of time-point shocks on different variables. It is worth
noticing that the date of November 2018 seems like a potential structural break date, but it doesn’t
pass the structural break test due to the data limitation. Hereon, we introduce this potential structural
breaks date to examine the time-point shocks of oil prices on exchange rate movements. The results
are shown in Figures 4 and 5.

As shown in Figures 4 and 5, the impulse responses of the exchange rate to a positive oil price
shock (&, — er) rise rapidly after only one period in August 2004 and remain positive growth after
four periods. A similar trend can be observed in November 2018. The impulse responses increase
slowly after one-period fall and stay negative mostly in the 14 periods in October 2008, September 2010
and November 2014. Besides, the impulse response keeps negative and close to zero with significant
fluctuations in August 2007. Since 2004M8, 2007M8, and 2010M?9 are rising breaks, while 2008M10,
2014M11 and 2018M11 are falling breaks, there is no evidence to classify the impact of rising oil
price shocks on exchange rate movements and the impact of falling oil price shocks on exchange
rate movements.

Similarly, the impulse responses of the exchange rate to a positive economic policy uncertainty
shock ( Eepu — er) converge to zero in about 10 periods aftershocks with different trends for six structural
breaks. In terms of the impulse responses of the economic policy uncertainty to a positive oil price
shock (&, — epu), the trends for six structural breaks are similar, which decline at the first time and
increase rapidly in 2-period, converging to zero in 10-period.
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Figure 4. Time-varying impulse responses of the TVP-VAR model for structural breaks. Notes:
1. Horizontal axes indicate the number of months after a shock. 2. Vertical axes represent the

standardized responses to shocks for each variable.
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Figure 5. Time-varying impulse responses of the TVP-VAR model for structural breaks (continued).
Notes: 1. Horizontal axes indicate the number of months after a shock. 2. Vertical axes represent the

standardized responses to shocks for each variable.
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4.3. Time-Varying Characteristics Based on Structural Breaks

Since the oil price has a break structure, the oil price will change correspondingly to the exchange
rate shock, and the dynamic correlation between oil price and exchange rate will change accordingly.
In general, the point of time at which dynamic changes are most likely to occur is near the breakpoint.
Figure 6 shows the dynamic relationship between oil price and exchange rate when oil price break
impact occurs.

Impulse Horizon 2 ~_— 50

Time

Figure 6. Impulse response function of the exchange rate due to a change in the level of the oil price,
for 16 months and in each moment from 1996M3 up until 2019M4 (Time axis).

As shown in Figure 6, the evolution of the exchange rate due to a change in oil price is estimated
for a horizon of 16 months and for each moment over the period from March 1996 to April 2019.
The exchange rate is expected to decline immediately after the positive impact of oil prices. After
one to four periods of shocks, the exchange rate rose then fluctuated slightly. For time intervals
close to six structural breaks, the impulse responses experience fluctuations with peaks and valleys.
The direct reason is that the U.S. dollar has been the dominant currency of the oil market, therefore
a hike of oil prices is inclined to strengthen the U.S. dollar as members of the Organization of the
Petroleum Exporting (OPEC) prefer to hold U.S. dollars [64]. Yousefi and Wirjanto [65] found that
most OPEC countries adjusted the value of crude oil prices to the U.S. dollar to ensure market share
and purchasing power of oil revenues. A 10% depreciation of the U.S. dollar would cause a 1.9%-8.5%
rise in crude oil prices in U.S. dollars. Conversely, rising of oil prices suggests depreciation of the
U.S. dollar. The decline of U.S. REER indicates the purchasing power of the U.S. dollar in foreign
countries is relatively decreasing. The deeper reason is based on the theory of equilibrium exchange
rates, in which movements in the real exchange rate are closely related to the Balassa-Samuelson effect,
the net foreign assets and the terms of trade [65-67]. Soaring oil prices would affect trade balances of
all countries. In the late 1990s, the U.S. is a major oil importer in the world, and as one of the petroleum
importers, it has to depreciate its currency to handle its deteriorated trade balances [11]. Thanks to
technological advancement and capital assistance, the United States has ranked first in the world in
terms of natural gas production and crude oil production in recent years (the crude oil has fluctuated
slightly, and the production of the U.S. is very close to the production of Saudi Arabia and Russia),
which makes it a major exporter of natural gas and crude oil. As oil prices rise, oil exporter, such as the
U.S,, tends to hold more external assets, leading to the appreciation in the U.S. dollar. By contrast,
petroleum importers have to depreciate their currencies to handle their deteriorated trade balances [11].
Obviously, economic theories cannot give enough explanations to our empirical results. Therefore, we
further analyze time-varying shocks of the oil prices on the economic policy uncertainty.
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In order to further analyze the causes of the dynamic relationship between crude oil price
and exchange rate after the structural breaks, the above-mentioned economic policy uncertainty is
introduced, and the dynamic change relationship between various variables is shown in Figure 7.

300

Impulse Horizon 0 = 50
0 Time

Figure 7. Impulse response function of the economic policy uncertainty due to a change in the level of
the oil price for 16 months and in each moment in time from 1996M3 up until 2019M4 (Time axis).

Figure 7 depicts the evolution of the economic policy uncertainty due to changes in oil prices,
which is estimated for a horizon of 16 months and for each moment over the period from March
1996 to April 2019. The economic policy uncertainty reduced immediately after a shock in oil prices.
In the late 1990s and the early 2000s, the economic policy uncertainty recovered slowly from a trough
and converged to zero after 10-period shocks. During the global financial crisis, the economic policy
uncertainty took longer to recover from oil price shocks. After 2008, the impulse responses of the
economic policy uncertainty to a positive oil price shock kept fluctuating around zero. There is evidence
to support that a rise in economic policy uncertainty reduces the oil price by a statistically significant
amount in a window between 12 and 16 months [68]. Accordingly, there is a negative correlation
between economic policy uncertainty and oil price movements, which is supported by our study.

5. Conclusions and Policy Implications

This paper studies the dynamic relationship between crude oil price and exchange rate and draws
the following conclusions.

First, the correlation between crude oil price and exchange rate is time-varying and dynamic.
According to the estimation based on the TVP-VAR model, the parameters of the impact of crude
oil price on the exchange rate fluctuate between —0.25 and 0, while the parameters of the impact of
the exchange rate on the price of crude oil fluctuate between —0.25 and 0.5, showing time-varying
correlation between the two.

Second, the impact of crude oil prices on the exchange rate is basically negative in the short term,
medium term and long term, but the response degrees are different. The TVP-VAR model presents
equal time interval impulse response functions in 3-period, 6-period and 12-period, which respectively
describe the spillover effects among variables in the short term, medium term, and long term. After
the shock of crude oil prices, the change of the exchange rate shows negative response most of the
time, and the response degree is relatively large in the short term and relatively small in the long run.
The economic policy uncertainty may affect the spillover effect between the two.

Third, the impact of crude oil price on the exchange rate varies greatly at different time points, and
as a whole, it is negative. The TVP-VAR model presents the impulse response functions at different time
points. Although they all show a trend of first decreasing, then rising and then stabilizing, the degrees
are different at each time point, especially at the structural breakpoint.
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Given the recent economic trend and the characteristics of relatively strong dollar, low oil price
and volatility in the current oil market, our research provides first-hand evidence for the dynamic
relationship between oil price and exchange rate changes under the influence of economic policy
uncertainty. In the first and second quarters of 2019, due to the uncertainty of the economic situation
and trade frictions between China and the United States, oil inventories in the United States increased,
the manufacturing sector in the United States contracted, and the rise of international oil prices was
somewhat restrained. With the changes in oil prices, the U.S. dollar either depreciates or appreciates.
When oil prices remain stable at a low level, oil-exporters may be confronted with great challenges
brought by low oil prices and strong U.S. dollar. In other words, how oil exporters can boost growth
while keeping inflation and exchange rates stable is a tricky and complex question. As for the U.S,,
a unique oil exporter, low oil prices have a negative impact on its oil exports, but a strong dollar
helps to offset the negative impact on its trade account. On the other hand, high oil prices promote
the terms of trade of oil exporting countries and weaken the international competitiveness of oil
importing countries. Oil importers, especially some emerging economies, are under enormous pressure
to maintain economic stability. The uncertainty of economic policy also brings a lot of uncertainty to
the adjustment of monetary policy in oil importing countries.
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