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M.icrf’?trucmre approach the study aims to analyze the nominal exchange rate determination with a hybrid approach of
Oil price macroeconomic and microstructure determinants, i.e., interest rate differential, oil price, order
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flow, and bid-ask spread over the long- and short-run horizons in the context of Malaysia. The
dataset consists of high-frequency daily data from 2010 to 2017, employing a nonlinear ARDL
approach. The results indicate that the bid-ask spread and interest rate differential were found to
be key determinants of exchange rate dynamics in the long and short run. The findings show
strong evidence of long-run asymmetry in the interest rate differential, while short-run asym-
metry effects exist between microstructure determinants and the exchange rate. In addition, it
indicates that the bid-ask spread holds informative content to explain the dynamics of the ex-
change rate in Malaysia. Additionally, the negative changes in the oil price could potentially act
as macroeconomic news announcements and the bid-ask spread as liquidity determinants in
Malaysia, which play a significant role in exchange rate determination. The study concluded that
the prominent short-run asymmetry effects captured in cumulative order flow and bid-ask spread
While a long-run asymmetry exists between the oil price and exchange rate in Malaysia. The
empirical results allow for long-run and short-run asymmetric pricing impacts of a hybrid
approach on the nominal exchange rate in Malaysia. This study is helpful in providing policy
direction and practical implications for monetary authorities and market dealers. The bid-ask
spread and oil price could be considered influential exchange rate determinants in the short
run in Malaysia.
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1. Introduction

The exchange rate market is the biggest trading market by trading volume all over the globe [1]. The foreign exchange market, or
forex market, has received considerable attention across the globe from academicians and industry because of its dynamic and un-
precedented nature [2,3]. Particularly, exchange rates have drawn substantial attention in emerging economies as they are one of the
key indicators of unpredictability and uncertainty [4,5]. The exchange rate determination is significantly influential on the various
aspects of the economy and the stakeholders [6]. The role of the exchange rate is crucial in the global market, and its variability is
proportional to the economic performance of a country [7,8].

Despite a reasonable contribution, several studies highlighted the shortcomings of macroeconomic fundamentals in the determi-
nation of exchange rates. Past studies by Refs. [9,10] argued that macroeconomic models contain limited information for determining
exchange rates. While the microstructure approach offered a different perspective for understanding exchange rate movements [11].
The microstructure approach emphasizes that certain information is inaccessible to the public but is disseminated among traders [12].
By gradually combining public and non-public information in a hybrid approach, the trading process plays a crucial role in exchange
rate determination. The hybrid approach performs better than the macro approach [13-15].

Besides the microstructure approach, the oil price changes potentially act as observable macroeconomic news to explain the daily
movement of exchange rate in commodity currency economies [16]. highlighted that oil price is an important factor for exchange rate
determination as macroeconomic news announcements. They demonstrated that at high frequencies, exchange rate is influenced by
microstructure approach, with order flow emerging as the most significant predictor. The order flow is a non-economic determinant,
thus to combine with oil price as economic determinant (macro-news), enables to provide greater explanatory power of exchange rate.
Hence, this study emerged a new approach which combines the microstructure determinants, such as order flow and bid-ask spread,
and oil price to explain the exchange rate dynamics at high frequency. To the best of researchers’ knowledge, there is limited evidences
to show the oil price role as macro news on nominal exchange rate in emerging economies at high frequency data. Thus, this study
emerged the concept of microstructure determinants and oil price in body of knowledge to examine the nonlinear behavior of exchange
rate in long-run and short-run in Malaysia. Therefore, this study aims to determine the nonlinear relationship between exchange rate
and microstructure determinants and oil price in long-run and short-run in Malaysia.

The remainder of the article is organized as follows: Section 2 explains the literature review, and Section 3 introduces the models
and data, followed by the results and discussion in Section 4. Section 5 summarizes the paper.

2. Literature review

The market microstructure concept mainly discussed two theoretical models for exchange rate determination, such as the Kyle
auction model introduced by Ref. [17] and the portfolio-shift model introduced by Ref. [18]. The Kyle auction model is an intuitive
microstructure workhorse model that embodies the general logic of the microstructure approach. In this model, there are three players
at equilibrium: sellers, buyers, and the auctioneer [18]. propose theoretical microstructure models for the foreign exchange market,
termed hot-potato trading and portfolio-shift models. The two models frame actual market behaviors in the foreign exchange market.
In particular, the portfolio-shift model is formulated based on the actual foreign exchange trading process, which explains how the key
determinant of order flow would impact exchange rates at high frequency. The portfolio-shift model explicitly describes the connection
between exchange rates and order flow and can be adopted directly to do the econometric estimation. Hence [15], elaborates on the
exchange rate mapping mechanism of the hybrid approach of macro-micro fundamentals to analyze the movement in exchange rate
dynamics. Furthermore, the microstructure approach focuses on examining the information transmission towards exchange rates in
the foreign exchange market impounded into the spot exchange rate through the trading process. The foreign exchange trade is an
integrated part of price formation, through which the spot exchange rate is determined and evolved. In contrast, macroeconomic
exchange rate models ignore trading behavior. In addition, the details of trade orders, such as quotes, prices, and trade places, are not
important over months, quarters, or longer.

Order flow is the crucial determinant in the transmission of relevant information to the exchange rate. The positive (negative) order
flow signals buying (selling) pressure, suggesting positive (negative) returns. One of the most prominent studies by Ref. [18] docu-
mented that the exchange rate appreciation is due to an increase in order flow volume and positively traded transactions. Extensive
empirical studies have supported the positive linkage between order flow and exchange rates in the shorter period [19-22]. In contrast,
past studies lack considerable evidence of the long-run cointegrating association between order flow and exchange rate [23-25]. The
unresolved cointegrating relationship arguments are caused by the nonlinear and asymmetric behavior of the exchange rate market
toward news announcements [26,27]. In this regard, the asymmetric price discovery process in the forex market was not disclosed in
the existing microstructure literature.

Besides, the relationship between exchange rate and order flow with trade-size clustering indicates the limitation of price discovery
[28,29]. Due to price discovery limitations, the order flow is not being observed for illiquid currencies. It shows that the order flow of
liquid currency tends to be greater than that of illiquid currency [30]. confirms that traders are incapable of adjusting spot prices in the
order flow to take into account the newly acquired fundamental information and the possibility of liquidating the market without
much trading activity. Similarly [31], supported the argument of the less explanatory power of order flow for infrequent trading
currencies. Hence, it infers that the order flow does not determine the exchange rate for less traded or illiquid currencies.

Moreover, liquidity is another prominent defining factor of the microstructure approach to determining the exchange rate [32]. In
the forex market, liquidity commonly determines the different trade activities, such as trade density, bid-ask spread (spread), and
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transaction cost [33]. Liquidity is used to match the buyers’ and sellers’ currency rates. Past studies explain the significant role of the
bid-ask spread on the nominal exchange rate. The bid-ask spread has a significant impact on the exchange rate [34-36]. Similar
findings were also observed by Ref. [31]. They found that the bid-ask spread positively influenced the exchange rate in low-traded
currencies [2]. also documented the positive link between bid-ask spread and exchange rate in the Ugandan economy for a longer
and shorter period.

Further, oil price fluctuations plausibly act as a prominent macroeconomic news indicator to determine the exchange rate in
commodity currency economies [37]. Besides [38,39], suggested that oil prices are unresponsive to the macroeconomic news
announcement, indicating that they immediately reflect the other asset price information. Similar results were also reported by
Ref. [16], who found that oil as “news” is a determinative factor of the exchange rate in high-frequency data. The explanatory power of
the oil price with other determinants plays a major part in the exchange rate movement at high frequencies [40]. [16,41] argued for a
noticeable linkage between exchange rate and order flow in high-frequency data as a non-economic determinant. Considering the fact
that order flow combined with the oil price as an economic determinant (macro-news) enables greater explanatory power of the
exchange rate, this concept confirms the findings of the study of [14], who reported that the hybrid approach of macro-micro de-
terminants conveys high information transmission in a short period of time for exchange rate determination.

The novel studies documented the oil price and exchange rate connection using high-frequency data [40]. discussed that oil price
acts as a piece of macroeconomic news explanatory factor, and [16] found a moderate correlation between the exchange rate and oil
price in the shorter period. Though there is a considerably different influence of oil-exporting and importing economies on the ex-
change rate movement [42-44]. An increasing trend in oil prices caused an appreciation of domestic currency for the oil-exporting
economy [45]. In contrast, an oil-importing economy will increase trade deficits that cause a debt burden and eventually depre-
ciate the currency. Similar results were found by Refs. [46,47] in investigating the relationship between the variables. Furthermore,
the past study of [48] explains the positive and significant relationship between productivity differentials, oil prices, gross capital
formation, and RER appreciation. These studies postulated that an upsurge in oil prices leads to wealth transfers from an oil-importing
country to an oil-exporting country, which improves trade deficits and results in the appreciation of the domestic currency.

Among macroeconomic fundamentals, the interest rate differential is the main factor influencing the foreign exchange market in
the short term [49,50]. argue that interest rate differential contains information on impeding changes in the exchange rate movement
that affect the forex market at high-frequency data. In a similar way [21,22,51], confirm that the rising interest rate differential led to
the depreciation of the domestic currency because of lower demand. By contrast, a prominent study by Ref. [14] demonstrated that an
immediate dollar appreciation was caused by an increase in interest rates. Several studies found a negative association between
variables, supported by Refs. [52,53]. The studies documented that a rise in the interest rate differential would attract foreign in-
vestment, resulting in the appreciation of the domestic currency [54]. claimed the influence of interest rate differentials on the US
Dollar and Chinese RMB, which allow dollar depreciation. Meanwhile [2], show negative but insignificant results consistent with [55].
Furthermore [48], documented that various empirical studies have examined the pass-through effect of the exchange rate.

Consequently, order flow is a predominant indicator of highly traded currencies. While the bid-ask spread is an influential
contributing factor to explaining the daily movement of the exchange rates on illiquid or less traded currencies, Thus, there is a need to
indicate the bid-ask spread as the dominant determinant of the foreign exchange market in emerging economies or low-traded cur-
rencies. However, limited attention has been paid to showing the link between macroeconomic (interest rate differential) and
microstructure determinants (order flow and bid-ask spread) in emerging markets. Therefore, to fill this literature gap, the current
research paper motivates the evaluation of the existence of a significant nonlinear relationship between the nominal exchange rate and
macro-micro determinants (order flow, bid-ask spread, and interest rate differential) in Malaysia as an emerging economy.

Along with this, extensive research tends to focus on the relationship between oil prices and exchange rates in developed economies
[16,40]. However, less consideration has been given to examining the oil price as a macro-news indicator with micro-determinants to
improve exchange rate determination in emerging economies. Besides, order flow and oil prices contain information asymmetry in the
forex market, which is beneficial to controlling liquidity risk in economies. This is the novelty of this paper: adding the oil price with
microstructure determinants to give more details on the asymmetry of information transmission to the exchange rate. By addressing
this gap, the current research study aims to explain the nonlinear relationship between the Malaysian exchange rate and a hybrid
approach of microstructure determinants and oil prices over a longer and shorter period.

3. Data and methodology

This study used the daily dataset from January 4, 2010 to December 29, 2017, covering 1996 observations excluding weekends and
public holidays. The bilateral exchange rate is measured as the Malaysian Ringgit per US Dollar. Order flow data is calculated by the
tick test method, wherein the buy trade is counted as +1 and the sell trade is counted as —1. Further, the spread is the deviation
between the ask and bid prices. The short-term interest rate differential is calculated by taking the difference between domestic and
foreign overnight interest rates. The data are collected from different sources, such as Bank Negara Malaysia [56], Federal Reserve
Economic Data (FRED), the Organization of the Petroleum Exporting Countries [57], Department of Statistics [58], and Bloomberg.
Table 1 presents the sources and description of the data, and the data is stated in a natural logarithm with the exception of interest rate
and order flow. Fig. 1 outlines the econometric methodology considered in the study.
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Table 1
Sources and description of data.
Variables Description Data Sources
Nominal exchange rate The price of a US Dollar in terms of Malaysian Ringgit Bank Negara Malaysia
(NER)
Interest rate differential The Malaysian overnight policy rate minus the Federal Department of Statistics Malaysia and Federal Reserve
(IRSD) overnight rate Economic Data
Cumulative Order Flow (OF)  Buyer-initiated minus seller-initiated (1-min tick-by-tick Bloomberg
orders)
Bid-Ask Spread (BAS) Ratio of ask and bid price of the currency rate Bank Negara Malaysia
0Oil price (OP) OPEC (Basket price per barrel) Organization of the Petroleum Exporting Countries

3.1. Theoretical consideration

Unlike traditional macroeconomic models, which rely exclusively on public information [14], proposed a portfolio shift model or
hybrid model for the determination of the exchange rate. The hybrid model incorporates both macroeconomic and microstructure
information to resolve the challenges posed by macroeconomic models. Thus, the study aims to formulate the exchange rate deter-
mination within the portfolio shift model as stated in Eq. (1):

AInNER, = AX, + AW, + Al (€D)]

where AINNER, denotes the changes in the spot exchange rate, AX, is daily cumulated net order flows, AW, represents other micro-
structure determinants, and Al; shows macroeconomic determinants, for instance, changes in interest rate differential. The expression
is modified in the following Eq. (2):

AInNER, = AOF, + AW, + A(IRSD,) + ¢, 2)

Where AINNER; represent changes in the nominal exchange rates, AX; is substituted with AOF; , which represents daily order flow, the
macroeconomic Al; has been substituted with A(IRSD;) that represents domestic and foreign interest rates changes, and e, shows the
error term.

The current study introduced an additional variable in the hybrid model, i.e., the bid-ask spread, that measures the liquidity of a
currency [31]. found a significant explanatory power of order flow for active or highly traded currencies. They also highlighted that
the bid-ask spread can explain the daily return in currencies with infrequent trade volume. Therefore, this study develops the extended
macro-micro hybrid model, which includes cumulative order flow, bid-ask spread, and interest rate differential for long and short
periods. The extended hybrid model (macro-micro determinants) is specified in Eq. (3):

AIRNER, = pi+1, AOF, + 1, AlnBAS + y, A(IRSD,) + ¢, 3)

where AINNER; represents the change in the exchange rate (MYR/USD), AOF, represents the daily order flows, A [nBAS represents the
bid-ask spread, A(IRSD;) represents the interest rate differential, ;4’5 show the coefficients of variables, and e; denotes the error term.

Further, this study introduced an additional variable, oil price, as observable macro news to capture the combined influence of oil
price and microstructure determinants. The model is supported by the studies of [16,39,40]. The extended model includes the oil price
and the microstructure determinants of cumulative order flow and bid-ask spread. Equation (4) represent the extended hybrid model:

AINNER, = 1, +1, AOF, + ,Aln BAS, + 1, A(InOP,) + e, 4

Where InOP represents the natural log of oil price. All the variables and parameters are already defined above.
There is growing literature on different topics such as psychology, politics, and economics, indicating that the individual’s reaction
is asymmetric to positive and negative information [26,59]. The prospect theory proposes a decision-making descriptive model that
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Fig. 1. Steps of econometric modelling strategy.
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illustrates the individual’s behavioral response more strongly to loss than gains. The theory was developed by Ref. [60]. Under the
portfolio shift framework, order flow is signed as positive or negative, depending on whether the trade initiator is a buyer or seller of
currencies [14]. The selling (buying) pressure indicates that foreign currency sales increase or decrease in favor of domestic currency.
Given the growing nature of emerging markets like Malaysia, liquidity can be a critical factor in exchange rate determination. In the
forex market, the spread is a commonly employed measure of liquidity. The bid-ask spread is important in determining the foreign
exchange rate for low-trading currencies, implying that wider spreads indicate an increased risk of liquidity; however, narrower
spreads represent less risk or more liquid markets.

Further, a rise in the interest rate differential leads to the depreciation of currency, as supported by Refs. [61,62]. Nevertheless, the
sticky-price monetary model (SPMM) posits that an increasing trend in interest rate differential would attract foreign investment,
which increases domestic currency demand and leads to currency appreciation [63]. In addition, the oil price acts as an observable
macro-news predictor. Oil prices have significantly different impacts in oil-exporting and oil-importing countries. A rise or fall in oil
prices signals good news or bad news for oil-exporting economies like Malaysia. The empirical studies provide evidence that oil prices
responded more to negative shocks (bad news) than positive shocks (good news) in the short run [39,40]. Notably, low-traded
exporting currencies provide a complex conclusion due to insensitive and illiquid markets. Hence, it is interesting to examine the
influential determinants of asymmetric decision-making in Malaysia over a long and short period.

3.2. Empirical model

This paper used the extension of the autoregressive distributed lag (ARDL) approach as the nonlinear autoregressive distributed lag
(NARDL) recommended by Ref. [64] Pesaran et al. (2001). The nonlinear ARDL lag specification originates from a 14 lag (Pmax = Qmax
= 14), and all coefficients have been shown to be insignificant [65-67]. This paper decomposes the order flow into buying and selling
pressures, the bid-ask spread into a wide and narrow spread, the interest rate differential into an increase or decrease in interest rate,
and the oil price into macro news as good and bad news. Following [14], the hybrid model is augmented with bid-ask spreads and oil
price predictors. The subsequent expression examines the impact of the hybrid approach of macro and micro determinants such as
order flow, bid-ask spread, and interest rate differential on the exchange rate in the long and short periods for Model 1 is specified in
Eq. (5):

/NINNER, =+ 8InNER,, + B OF | +B; OF, | + i InBAS," |+ InBAS, | + BLIRSD, |+ IRSD, | + > M/N\InNER,_; + Y (w,.*

i=1 i=0

NOF +0; NOF.)+ > (67 AinBAS! +6 AnBAS_,)+ > (o) AIRSDL +¢; AIRSD,) +5;Ty + e,
i=0

m
i=0

(5)

where AInNNER; represents the first difference operator of the nominal exchange rate, « is the intercept, > /", A shows partial sum
changes, OF" and OF represent the positive and negative order flow, respectively, InBAS* and InBAS~ denote the positive and
negative bid-ask spread, respectively, IRSD" and IRSD~ denote the positive and negative interest rate differential, respectively, and &,
represents the white noise term.

Model 2 observes the exchange rate-hybrid approach of macro-micro determinants nonlinear nexus, such as cumulative order flow,
bid-ask spread, and oil price in the long and short periods. Equation (6) is stated as follows:

/NINNER, =0+ 8InNER, , + { OF | +5 OF_, + B InBAS; \+f{InBAS,_ | + f{InOP} \+p;InOP_, + 3" %:/\InNER,_; +

i=1

+ 3 (0F AOF +0f AOFL)+ Y (6 AmBAS, +6; AnBaS) + Y (0 AnOPL 4+ A nOP;,)
i=0

i=0 i=0

©)

JF ﬁ7TB + 81

where InOP™" and InOP ™~ show the positive and negative coefficients of oil price, respectively, and all the parameters have been defined
above. Further, the asymmetric dynamic multipliers are used to show the association between unit changes in macro-micro de-
terminants and nominal exchange rates. The cumulative effect of macro-micro determinants on the nominal exchange rate can be
evaluated in four cases for Model 1 are explained from Eq. (7) to Eq. (10):

/\InNER, = 8InNER,_, +JI} OF | * +-JI; OF, | * + N InBAS; " + K InBAS_ " +u'IRSD}" | 1 IRSD; ,*
p—1 g-1 g—1
+ S MAINER_ + Y (AF A OF),+ A AOF,,) + Z(* I\ InBAS;, + 7 /\ InBAS~ ,.) )
i=1 i=0 =l
gq—1
+ 3 (07 AIRSD 07 AIRSDL) + e

i=0
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<

pr=l q-1
/NINNER, = 8InNER,, + JIOF,_y + NinBAS,_ +nIRSD,_, + Y  MAIWNER,_;+ > (A} A OF/ ,+ A7 A\ OF, )+

i=1 i=0 i

I
o

g—1

A IBASS 47 AInBAS,) + > (nf AIRSDS 417 AIRSDL, ) +e, (8)
i=0
p—1 q—1 gq—1 gq—1
/\InNER, = §InNER,_, + JIOF,_, + NInBAS,_; + nIRSD,_, + Z N /\InNER,_; + Z AAOF,_; + Z «i/\BAS,_; + Z 1,/\IRSD,_;
i=1 i=0 i=0 i=0
+e
©)

p—1 g—1 g-1 g-1
InNER, = pInNER,, + YOF,_; + $InBAS,_y + JARSD,_; + Y M/\IWNER,_; + Y  A/NOF,_;+ Y ci/ABAS.i + > 1,/\IRSD,_; + e,

i=1 i=0 i=0 i=0

1o

The expression of Model 2 examines the cumulative dynamic multiplier effects of the hybrid approach (order flow, bid-ask spread,
and oil price) on the exchange rate for both the longer and shorter periods, as shown in Eq. (11) to Eq. (14) for Model 2:
/\InNER, = 8InNER,_, +JI; OF; ¥ +JI7 OF = + K InBAS; " + X, InBAS_ | * +yInOP; " +y7InOP,_,*
) q—1

—1 q—1
+ Y MABNER i+ Y (A AOF, +A NOF.)+ > (o AImBAS),+ 4 A lnBAS..,)
=1

i =0 i=0 (1 1)
g—1
+ 3 (@ AmOPL +@7 AOP.) +e,
i=0
p—1 q-1 q-1
/\INNER, = 8InNER,_; +JIOF,_; +AInBAS, | +yInOP,_; » M AINNER_; + » (A" A OF; +A” AOF_ ) + (*
i=1 i=0 i=0
q—1
ABAS, +7 ABAS_, ) + Y (@ AIOP., +@ AInOP,) +e, 12)
p—1
/NINNER, =8InNER,_; + JI; OF; " + JI; OF,_ " + A'InBAS " + A InBAS, " +v/InOP;" " + v, InOP_, "+ AInNER, ;
i=1
q—1 q—1 q—1
+ > AAOF + Y AAIBAS i + Y @AIOP, ; +e,
i=0 i=0 i=0
(13)

p—1 q—1 q—1 q—1
INNER, = 8InNER,_; + JIOF,_; + AInBAS,_; +yInOP_; + » i, AINNER,_; + > AAOF_; + Y aAInBAS.; + > @ AInOP,;

i=1 i=0 i=0 i=0
+ e
14

4. Results and discussion

Table 2 illustrates the summary of the descriptive data. The standard deviation of order flow indicates that the buying and selling of
currencies are volatile at high frequency in the forex market. The result is supported by Ref. [68]. The oil price also confirms large
variation due to the plunging in prices during the Global Financial Crisis from 2008 to 2010 and the commodity shock in 2014.
Malaysia is a commodity exporter’s economy that is affected by variations in global markets, particularly changes in the oil price [69].
Table 3 reports that the null hypothesis is rejected for univariate and multivariate series at a 5% level. The findings exhibit a nonlinear

Table 2

Descriptive statistics.
Variables Mean Standard Deviation Minimum Maximum
InNER 1.2475 0.1368 1.0774 1.5032
OF 0.3869 5.6072 —59.8230 70.7670
InBAS —5.6633 0.3947 —7.2644 —4.1997
IRSD 2.7197 0.3837 1.5800 3.1900
noP 4.3074 0.4006 3.1126 4.8254
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M Univariate Series Multivariate Series
InNER OF InBAS IRSD nOP Model-1 Model-2
2 0.2055 0.0809 0.0719 0.2015 0.2021 0.1143 0.1914
3 0.3486 0.1474 0.1315 0.3436 0.3438 0.2057 0.3250
4 0.4479 0.1944 0.1764 0.4431 0.4428 0.2695 0.4168
5 0.5167 0.2295 0.2059 0.5126 0.5115 0.3109 0.4790
6 0.5642 0.2516 0.2240 0.5617 0.5591 0.3363 0.5205
Note: m represents embedding dimension.
Table 4
Unit root test results.
Variables ADF KPSS ZA Decision
1(0) (1) 1(0) (1) 1(0) Break Date (1) Break Date
InNER —-0.3913 —43.5052% 4.7205* 0.2718 —4.3401 10/30/2014 —30.0577* 9/30/2015 1)
OF —22.9639* —15.9806* 0.1066* 0.0247* —28.2743* 12/15/2015 —52.2863* 8/12/2015 1(0)
InBAS —3.1246%* —20.5027* 1.6218* 0.0784 —19.7059* 6/18/2015 —52.2829* 10/26/2015 1(0)
IRSD —0.5932 —55.3890* 1.1103* 0.0630 —3.3963 7/01/2016 —37.1147* 5/03/2013 I(1)
noP -1.0926 —35.8823* 3.5650* 0.1641 —4.0459 9/30/2014 —30.0685* 1/21/2016 11)

Note: *, **, and *** denote 1%, 5%, and 10% levels of significance, respectively.

Table 5

Variance inflation factor.
Variable VIF
TB 1.30
LNBAS 1.27
IRSD 1.04
OF 1.00
LNOP 1.05
Mean VIF 1.132

and random behavior of series, as supported by Ref. [70].

In the estimation process, the initial step is to confirm the order of integration. Table 4 illustrates that the observed variables show
either an I(0) or an I(1) order of integration. Once unit root tests confirm the mixed integration process, this study proceeds to
nonlinear ARDL (NARDL) estimation. Furthermore [71], tests indicate the time period for all the series. The nominal exchange rate
time break is considered for further investigation to determine the exchange rate’s behavior. The selected time period indicates the
commodity market shock in 2014, in which the oil price plunge badly affected the Malaysian economy. Table 5 presents the Variance
Inflation Factor (VIF) between the independent variables. VIF values exceeding 5 or 10 are a sign of significant multicollinearity,
indicating a high correlation among the independent variables in the model. The result shows that all values are less than 5, which
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Fig. 2. Normalized vs. Leverage Plot detecting outliers for model 1.

'ohﬁormallzod Fesﬁual squmaf';’ﬁ -008



S. Butt et al. Heliyon 9 (2023) 19140

3 | moi11201E

. 42872015

T T T T
'nnllnrmnllzod‘lo‘?aﬁdual sql.lnr'uliu3 004

Fig. 3. Normalized vs. Leverage Plot detecting outliers for model 2.

indicates no multicollinearity among independent variables.

Moreover, Figs. 2 and 3 display the Normalized vs. leverage Plot Detecting Outliers of both models. Both figures exhibit evidence of
some outliers. There are some outliers in both figures. Outliers might frequently be present when dealing with daily data frequency in
exchange rate determination. Robustness techniques can be used in the context of NARDL (Nonlinear Autoregressive Distributed Lag)
analysis to deal with outliers and possibly reduce the impact of their influence on the estimation of parameters and standard errors.
Thus, this study applied the robust standard errors in NARDL analysis. As it reduces the impact of outliers and other data features that
violate the assumptions of conventional standard errors, it may result in more accurate and robust inference. The use of this is sup-
ported by Ref. [72].

Table 6 shows that the null hypothesis is rejected and implies the existence of a long-run cointegrating relationship between the
exchange rate and the hybrid approach of macro-micro determinants in Malaysia. The findings are aligned with the studies of [16,40,
73]. It suggests that commodity currencies are forward-leading indicators across commodity markets like Malaysia.

Table 7 reports the long-run and short-run elasticities for both Models. A positive shock in order flow (OF) shows a positive effect on
the exchange rate of about 0.014 and 0.013% in a single day for Model 1 and Model 2, respectively, at a 1% level in the long run. It
implies that 1000 orders of dollars would decrease domestic currency demand, resulting in a decrease in the currency’s value
(appreciating the dollar). While a negative shock shows the negative linkage between order flow and exchange rate at a 1% signifi-
cance level, suggesting appreciation of the currency by 0.014 for both models, A decrease in OF highlights the selling pressure on the
dollar and increases the demand for Malaysian currency in the long run.

Along with this, the result shows a positive correlation between order flow and exchange rate at a 1% level for both models in the
short run. Relating to Model 2, the positive change in OF has a significantly adverse influence on the nominal exchange rate, denoting a
selling pressure on the dollar and causing the appreciation of the Ringgit. Additionally, there is no significant impact of a negative
change between these variables for Model 1. However, the negative change in OF highlights a positive effect on the exchange rate,
implying that a 10% decrease in the OF specifies a depreciation of the exchange rate of about one basis point in the short run in
Malaysia for Model 2. The results documented that OF shows a considerably different influence on the exchange rate in the short run
for both models. Hence, the findings of this study infer that the oil price contains asymmetric information in the short run, which is
helpful in the order flow information process to explain the exchange rate supported by Ref. [16].

The connection between order flow and exchange rate is similar to the study of [14], who found a strong correlation for highly
traded currencies such as the Deutsche Mark/Dollar and Yen/Dollar at high-frequency data. Similarly [2], demonstrate a positive
association between these variables in the Ugandan economy by using the ARDL framework over a long and short period. The results
indicate that the market players in Malaysia are more active in dealing with currency buying and selling to improve the Ringgit price.
The buying pressure of the US dollar is influential compared with the selling pressure in Malaysia. Furthermore, the findings confirm
the asymmetry relation in the short run (WsgOF) for Model 1 and the long run (Wi gOF) for Model 2.

Moreover, a positive shock in a bid-ask spread indicates significant results at a 5% level for both models over a long period. A rise in
spread leads to upward movement in the exchange rate, reflecting the currency depreciation by 11% and 9% for Models 1 and 2,
respectively. Furthermore, the negative shock in a bid-ask spread indicates the downward movement in the exchange rate for both

Table 6
Nonlinear ARDL bound test results for cointegration.
Bound test Model-1 Model-2
F_PSS 9.7588 6.8868
99% Lower bound 5.17 5.17
99% Upper bound 6.36 6.36
Decision Cointegration Cointegration

Note: Critical values of F_PSS are taken with k = 3 for Model 1 and Model 2, respectively, at a 99%
significance level.
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Table 7

Nonlinear ARDL estimates.
Variables Model-1 Model-2
Constant 0.0141* (0.0042) 0.0124* (0.0040)
In NER,_ —0.0133* (0.0036) —0.0120* (0.0034)
OF", 0.0002* (0.0003) 0.0002* (0.0003)
OF_,; 0.0002* (0.0003) 0.0002* (0.0003)
Lgpl . 0.014* [0.001] 0.0131* [0.002]
Lok, , —0.014* [0.001] —0.0135* [0.002]
In BAS‘L1 0.0015* (0.0005) 0.0011** (0.0005)
InBAS_; 0.0015* (0.0005) 0.0011** (0.0005)
L s, 0.111** [0.018] 0.094** [0.043]
Lir bas,, —0.109* [0.018] —0.095** [0.041]
IRSD;" —0.0011 (0.0010)
IRSD,_; —0.0010%** (0.0005)
Lirso, . —0.086 [0.279]
Ligsp, , 0.073** [0.017]
In OP; —0.0011 (0.0008)
nOP_, —0.0021** (0.0010)
Ly o, , —0.093 [0.135]
Liz o, , 0.178%* [0.011]
Aln NER,_4 —0.0546** (0.0250) —0.0535** (0.0242)
Aln NER; 15 0.0529** (0.0263) 0.0511** (0.0231)
AOF* 0.0001* (0.0003) 0.0001* (0.0003)
AOF! ~0.0001%** (0.0001)
AOF] , —0.0001*** (0.0004)
AOF; 4 0.00001 (0.0002)
AOF;, , 0.0001*** (0.0004)
Aln BAS™ —0.0015** (0.0007) —0.0001** (0.0006)
AlnBAS, —0.0014** (0.0007) —0.0016** (0.0007)
Aln BAS; 1,
Aln BAS_,; (0.0008) —0.0016** (0.0007)
Aln BAS_; —0.0015** (0.0006) —0.0016* (0.0006)
Aln BAS_g —0.0009*** (0.0005) —0.0009** (0.0004)
Aln BAS_ ¢ —0.0016* (0.0005) —0.0016* (0.0005)
AlnBAS,, —0.0008*** (0.0005)
Aln BAS o —0.0011** (0.0005)
AIRSD} 4, 0.0145%** (0.0078)
AIRSD™ —0.0059 (0.0051)
Aln OP* —0.1023* (0.0160)
Aln OP —0.1112* (0.0198)
Tg 0.0019* (0.0006) 0.0003 (0.0007)
Wi rOF 1.012 [0.314] 3.052 [0.081]
WsrOF 10.66 [0.001] 0.0559 [0.813]
Wik In BAS 0.9396 [0.333] 1.01 [0.315]
Wsr In BAS 4.457 [0.035] 7.102 [0.008]
W_rIRSD 0.0408 [0.840]
WsrIRSD 5.015 [0.025]
Wir In OP 8.972 [0.003]
Wsr In OP 0.0841 [0.772]

Note: *, **, and *** denote 1%, 5%, and 10% levels of significance, respectively. The values in () and []
represent standard error and p-value, respectively. The “+” and “-” show positive and negative sums,
respectively. L* and L~ denote the positive and negative changes of the long-run estimated coefficients,
respectively. A refers to the short-run change, W denotes the Wald test, and LR and SR refer to the asym-

metry condition in the long and short run, respectively.

models. The results imply that a decrease in the bid-ask spread would decrease the exchange rate and appreciate the domestic currency
by 11% and 10% for Model 1 and Model 2, respectively, in the long run in Malaysia. The positive link between spread and exchange
rate in the low-density trading market supports the concept of liquidity in the forex market. The findings conform to the past studies by
Refs. [2,31] in the long run. The result is also supported by Ref. [74], who demonstrates that the Malaysian exchange rate is under
speculative attack and that the Ringgit also experienced heavy selling pressure in the currency crisis. Both models’ positive and
negative shocks do not show any asymmetry for the longer time period in Malaysia.

The positive change in spread has negative effects on the exchange rate, with lag 2 at a 5% level for both models and lag 12 at a 10%
level for Model 1. By contrast, the negative change in bid-ask spread coefficients has a negative influence on the exchange rate for both
models. The results entail that a wider spread will appreciate the currency and a narrow spread will depreciate it, indicating specu-
lative attacks on the Malaysian exchange rate in the short run. The results are in conformity with [29,75], who refer to the fact that
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spreads provide a premium return on low-trading countries [76]. demonstrate that a sharp increase in bid-ask spreads would increase
record profits for banks. The results reveal the existence of short-run asymmetry for both models.

Besides, the long-run positive shock reports a negative but insignificant connection between the interest rate differential and the
exchange rate in the long run, which is supported by Refs. [2,31], whereas a 5% decrease in the interest rate differential shows an
appreciation of the exchange rate, which in turn decreases Malaysia’s domestic currency over a long period. The results show a
decrease in the interest rate discourages investment, thus increasing the foreign investment outflow and signaling a depreciation of the
domestic currency. The result is in accordance with [63] overshooting hypothesis. In a shorter time, a positive change has a positive
link with interest rate differential and exchange rate, stating that a rise in interest rate differential would depreciate the domestic
currency, aligned with the uncovered interest rate parity theory. The result is in conformity with the past studies of [22,31], signifying
a positive relationship, which was a common finding for the less developed economies in the shorter period. The convergence of
negative shocks over a longer period is greater than that of positive shocks over a shorter period. Further, the findings confirm the
asymmetry linkage between the interest rate differential and exchange rate in the short run (WggIRSD) in Malaysia.

Table 7 also presents positive and negative changes in oil prices in the long and short runs in Malaysia under Model 2. The results
report that a negative change has a negative linkage between the oil price and exchange rate at a 5% level in the long run. Moreover, a
5% decrease in oil prices would lead to the depreciation of the currency (upward movement of the exchange rate) by 18% over a longer
period of time in Malaysia. Along with this, there is an inverse relationship between these variables for negative and positive change
coefficients at a 1% level in a short period of time. It implies that a rise or fall in oil prices would appreciate or depreciate the currency
by 10 and 11%, respectively. Further, negative shocks in oil prices have a stronger influence than positive shocks on the exchange rate
in Malaysia. The results denote that the Malaysian market is responsive to variations in oil prices due to inefficiency in the Malaysian
forex market.

The oil price acts as a macro-news announcement in a trade-oriented country like Malaysia. The results of this study show that
traders seem to react more strongly to a decrease in oil prices. The findings are aligned with a theoretical phenomenon of portfolio
balance introduced by Ref. [77], implying that an oil price decline will reduce the accumulated forex reserves through the wealth
channel. The past studies of [42-44] discussed the association between oil prices and exchange rates. Apart from this, the changes in oil
prices (positive and negative) show a significant difference in the asymmetric exchange rate over a longer period in Malaysia.
Moreover, a long-run asymmetric relationship exists between these variables in Malaysia. However, the short-run asymmetric
connection does not exist for a short period of time.

Moreover, the coefficient of the time break shows a significantly positive effect on the exchange rate at a 1% level for Model 1. The
results suggest an unstable and uncertain situation in the Malaysian forex market that induced foreign investment outflows and
speculative behavior in the currency market [78]. Finally, the error term exhibits the passive speed of adjustments in the presence of
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Fig. 4. Dynamic multipliers capturing long-run symmetry and short-run asymmetry.
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short-run market disequilibrium for both models. According to Ref. [65] less developed markets normally make adjustments slowly.

Fig. 4 shows the dynamic multipliers capturing long-run symmetry and short-run asymmetry. It exhibits the positive and negative
lines (dashed green and red lines), which show the exchange rate adjustment caused by both positive and negative shocks. The de-
viation between positive and negative changes indicates an asymmetry curve in the blue line. Fig. 4 shows that a one percent shock in a
negative change exhibits a positive connection between order flow (OF) and nominal exchange rate (NER), depicted by the red line.
The decreasing trend of asymmetry is shown by a blue line, implying that a decrease in OF exerts dollar selling pressure and increases
domestic currency demand. The findings are in accordance with the study of [65], who demonstrate that the selling pressure (negative
OF) is stronger than that of the buying pressure (positive OF). Further, the graph outlines the cumulative asymmetry impact of spread
on the exchange rate in the short period. Similarly, the decreasing change shows an opposite association between OF and NER. The
result depicts the speculative attacks due to illiquid premiums in the forex currency market in Malaysia. It suggests that the bid-ask
spread (BAS) causes an asymmetric impact on the exchange rate as liquidity costs increase in the economy, which is consistent
with the studies of [29,75].

Moreover, all the short-run disequilibrium is corrected within 14 days. The BAS is the dominant determinant that has explanatory
powers for frequently trading the currency of Malaysia in a short period of time. The result is supported by Ref. [31], who found greater
explanatory power in bid-ask spread instead of order flow in low-trading currencies. Moreover, the graph of the cumulative effect of
interest rate inferential (IRSD) on the exchange rate shows a strong asymmetry effect on the exchange rate in Malaysia for a short
period. The one percent positive shock in IRSD presents a positive link between these variables.

The sharp upward trend of asymmetry exhibits a rise in interest rates, which would lower domestic demand for currency and show
an upward movement of the exchange rate, as supported by Ref. [22]. Fig. 5 depicts that the graph of and BAS shows no asymmetry
effect, which is supported by Ref. [31], who confirm that microstructure determinants are the short-run factors. Additionally, there is
the existence of a strong long-run asymmetric linkage between IRSD and NER. The IRSD and NER present an opposite nexus. A rise in
IRSD leads to an appreciation of the currency, while a fall in IRSD shows a depreciation of the currency. The blue line indicates the
increasing trend of asymmetry consistent with the UIP theory.

Fig. 5 exhibit the dynamic multipliers capturing long-run asymmetry and short-run symmetry. It displays an asymmetry graph of
the cumulative effect of explanatory variables on the NER for Model 2 for the long and short periods. The graph of the cumulative effect
exhibits a weak asymmetric association between microstructure determinants (OF and BAS) and the NER in the long and short runs in
Malaysia.

Fig. 6 present dynamic multipliers capturing long-run and short-run asymmetry. It displays the positive and negative shocks of the
exchange rate and explains the buying and selling pressure of the Dollar (Ringgit) in Malaysia. The graph shows that the long- and
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short-period asymmetry is being corrected approximately within 14 days. OF expresses the dealer’s positions in the forex market for a
shorter period. Limited evidence shows the long- and short-period asymmetry adjustment patterns of the exchange rate [2,18].
Moreover, the graph shows weak evidence of an asymmetric effect between spread and NER in Malaysia. The findings of the asym-
metry price discovery process in the presence of [31].

Additionally, dynamic multipliers capture the oil price (OP) and the NER asymmetry in the long and short periods. The graph shows
a strong long-run and short-run asymmetric effect in Malaysia. The results exhibit a negative relationship between OP and NER. The
decrease in OP positively affects the NER as it depreciates the domestic currency. However, increasing oil prices explains the negative
effect on the NER, referring to the appreciation of the domestic currency. The results are in accordance with the theory, exhibiting that
an oil price increase or decrease would appreciate or depreciate the export economy’s currencies. The blue line shows the increasing
trend of asymmetry with time. The asymmetry impact of the oil price can be examined by the past studies [79,80]. Hence, the result
shows that oil price asymmetries appear important both in the long and short runs in Malaysia.

Fig. 7 shows dynamic multipliers capturing long-run symmetry and short-run asymmetry graphs of the cumulative effect of, InBAS,
and IRSD on the NER for Model 2. The positive (or negative) shock explains the buying and selling pressure of the Dollar (or ringgit) in
Malaysia. Moreover, there is a weak correlation between BAS and NER related to the long-run and short-run asymmetric effects,
consistent with [31]. Additionally, the results exhibit a negative OP-NER nexus, demonstrating that a decrease (increase) in OP has a
positive (negative) influence on the NER as it depreciates (appreciates) the domestic currency. Hence, the findings support the evi-
dence that an oil price increase or decrease would appreciate or depreciate the currencies of export economies like Malaysia.

Fig. 8 presents the dynamic multipliers capturing long-run asymmetry and short-run symmetry of Model 2. The result is in line with
Model 1, as the cumulative effect of and BAS does not provide evidence of asymmetry on the NER, consistent with the prominent study
of microstructure determinants by Ref. [31]. In addition, the graph of the cumulative effect illustrates the long-run asymmetric effect
between OP and NER in Malaysia. The results exhibit that an oil price plunge may deteriorate the forex reserves in an economy and
eventually depreciate the exporting currency’s value. However, increasing OP has a positive relationship with the NER. The long-run
asymmetry price impact of OP is consistent with the theory and supported by the previous studies of [42,43,81].

The results of dynamic multipliers highlight that the OF and BAS provide strong evidence of the short-run asymmetries, while
Malaysia provides a weak indication of the long-run asymmetry conditions for both models. Strong long-run and short-run asymmetry
conditions exist between IRSD and NER for Model 1. In addition, OP as a news announcement indicator affects the NER in the long and
short periods in Malaysia. The role of oil prices is influential in the longer period, but there is moderate proof of asymmetries in the
shorter period of time in Malaysia.

Table 8 presents the diagnostic results showing that the inclusion of oil prices with microstructure determinants increased the
variability of the overall model. It is noteworthy to mention that oil price as a macroeconomic news determinant accelerates the
relationship in high-frequency data in Malaysia. The microstructure determinants indicate the prominent determinants of the ex-
change rate in the short run, while the role of interest rate differentials and oil prices as macroeconomic predictors has greater
explanatory power in models. Table 8 also reports that there is no autocorrelation or heteroskedasticity issue in the data.
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Table 8

Results of nonlinear ARDL diagnostic.
Model Diagnostic Model-1 Model-2
R-squared 0.1292 0.2543
Adjusted R-squared 0.0805 0.2129
F-Stat 4.53 (0.0000) 10.53 (0.0000)
Serial Correlation® 44.72 (0.2802) 47.59 (0.1911)
Heteroskedasticity” 83.595 (0.0600) 74.752 (0.1110)

Notes: *Portmanteau test statistics for serial correlation. p-value show in (). b Autoregressive conditional
Heteroskedasticity (ARCH) test.

5. Conclusion

The findings of the current study provide several contributions to the existing body of knowledge related to nominal exchange rate
determination over long- and short-run horizons. The outcome of the study produced an innovation drive in the growing body of
nominal exchange rates and provided empirical evidence within emerging or low-traded currencies, particularly Malaysia. Thus, this
study examined the microstructure approach to explain the exchange rate determination in long-run and short-run dynamics and
included oil price announcements as macro-news announcements in the existing portfolio shift model. The findings of this study might
be able to support the monetary policy makers in recognizing the nonlinearity involved in the microstructure approach that ought to be
used in determining the exchange rate movements in Malaysia.

Thus, this paper aims to investigate the impact of a hybrid model of macro and micro determinants on the nominal exchange rate in
the long and short runs. The sample period has been taken from January 4th, 2010 to December 29th, 2017 in the context of Malaysia.
The results present a nonlinear connection between the exchange rate and the macro- and micro-determinants. This study also explores
the fact that the response of forex traders is considerably asymmetrical to both positive and negative shocks. Based on this consid-
eration, this study examines the market’s asymmetric pricing impacts on the exchange rate by applying a dynamic asymmetric
portfolio shift model and using the nonlinear ARDL approach.

We find greater magnitudes of the order flow and bid-ask spread for both models in the short run, whereas the interest rate dif-
ferential and oil price have less magnitude in the shorter period than in the longer period for both models. The results also document
that interest rate differentials and oil prices are influential predictors that explain the movement of exchange rate dynamics in the long
run. As expected, the bid-ask spread emerged as the crucial factor that conveys the relevant information for the determination of the
exchange rate. The study also finds that the pricing impact of the dollar-buying pressure would be more robust than the dollar-selling
pressure, which eventually increases the liquidity cost. The preceding asymmetric price impacts support the evidence that traders are
risk-takers in favorable markets. The result provides evidence that Malaysia’s ill-liquid forex market provides the opportunity for
speculative attacks.

Generally, the empirical findings of the hybrid approach supported the proposed dynamic asymmetric portfolio shift model. The
results also highlighted that microstructure determinants and oil prices as “macro-news” are the influential determinants of the ex-
change rate for the Malaysian economy. It provides hidden information about the forex market. Moreover, the role of the oil price in
microstructure determinants, particularly order flow, accelerates the price discovery process. Subsequently, the current study confirms
that the bid-ask spread and oil price responded more strongly to negative shocks than positive shocks. Hence, it supports possible
market asymmetric pricing impacts on the exchange rate due to oil prices and spread in the economy. Additionally, the Malaysian
currency market is ill-liquid, which provides the opportunity for speculative attacks.

As a consequence, the results are significant for policymakers, academics, researchers, and financial institutions. The changes in the
oil price and the nominal exchange rate linkage have received great concern from economists, investors, and policymakers in Malaysia.
The results induced the Malaysian government to create a separate wealth fund to deal with the additional revenue received during the
rise in oil prices. This policy is helpful in taking corrective measures as a consequence of the hike in oil prices. It is imperative to evolve
suitable strategies to alleviate the harmful effects of oil prices on the Malaysian economy. Despite achieving significant objectives and
contributions to research knowledge as well as to the research community, this study has limitations and some challenging areas for
future research. The major limitation to exchange rate determination is the availability of microstructure data. There is a chance to
carry out additional research into the factors that influence the exchange rate as more data becomes available. This would make it
possible to compare the results of the current study and examine whether they are accurate or show any variations. In addition, another
major limitation of the study is the availability of tick-by-tick currency order flow data, which was available from 2010 onward.
Therefore, this study does not provide a comprehensive description of how currency order flow drives exchange rate movements before
and after the Asian financial crisis and the global financial crisis.

Furthermore, recently, the COVID-19 pandemic had a greater impact on Malaysia’s economy. Furthermore, a rapid and sustained
decline in crude oil prices will naturally bring down oil-related revenue for the country. Thus, a critical evaluation of the combined
impact of oil price and microstructure determinants on the exchange rate due to the COVID-19 pandemic offers an interesting research
avenue. This paper employs a nonlinear ARDL approach to investigate the impact of a hybrid model of macro and micro determinants
on the nominal exchange rate in the long run and short run. Extensions of our paper could employ other nonlinear approaches; see, for
example [82], to investigate the impact of a hybrid model of macro and micro determinants on the nominal exchange rate in the long
run and short run.
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