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Understanding exchange rate pass-through in

Vietham
Nga Nguyen Hong’, Loan Vo Thi Kim?, An Pham Hoang® and Cuong Tran Quoc Khanh“*

Abstract: Price stability is the ultimate objective of the State Bank of Vietnam (SBV).
In addition, in a small export-led economy, such as Vietnam, the study of exchange
rate volatility is crucial for the country’s economy due to its impact on inflation via
exchange rate pass-through (ERPT). This study investigated ERPT in Vietnam by
employing both autoregressive distributed lag (ARDL) and nonlinear-ARDL (NARDL)
approaches with data spanning from January 2009 to May 2020. Our main findings
suggest that the exchange rate and money supply are the two most important
factors influencing the consumer price index (CPI) and explain the change in the CPI
structure using the threshold model. In addition, the transition to a central-rate
mechanism successfully lowered the inflation rate in Vietnam. Furthermore, the
NARDL model displays short- and long-run exchange rate asymmetries. Based on

this evidence, several policy implications are provided to support price-level

stability.
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The impact of exchange rate volatility on inflation
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Considering the different effects between deva-
luation and appreciation of domestic currency on
the consumer price index (CPI) is important for
the monetary authority. In addition, other macro
factors, such as money supply and oil price, also
affect CPI. Inconsistent conclusions on the impact
of exchange rates on inflation are the driving
force behind investigating exchange rate pass-
through in Vietnam. The results highlighted the
significance of the devaluation of VND and money
supply on the CPI in Vietnam. Moreover, the
transition to a central-rate mechanism success-
fully lowered the inflation rate in Vietnam.
Furthermore, this study shows that both the
exchange rate and money supply influence
changes in the CPI structure. Based on these
results, several policy implications are provided to
support price-level stability.
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Figure 1. Consumer price index
and exchange rate in Vietnam
from January 2009 to

May 2020. Source:
International Financial
Statistics (IFS).

Keywords: ERPT; exchange rate regime; inflation; asymmetric; threshold model; Vietnam;
nonlinear-ARDL

1. Introduction

The ultimate objective of the State Bank of Vietnam (SBV) is to maintain the currency value or
inflation rate stability because price stability is a crucial aspect of the economy (Lado, 2015). Rodrik
(2008) advocated that domestic currency devaluation boosts economic growth in developing
countries. Nevertheless, Burstein et al.,, 2007) stated that open trade countries should consider
exchange rate volatility in terms of inflation. As a small, developing, and export-led economy,
Vietnam imports numerous intermediate goods for production before reexporting them. Thus,
exchange rate devaluation is crucial for Vietnam because of its impact on exports and inflation
via exchange rate pass-through (ERPT). Therefore, understanding ERPT to ensure a stable price
level is paramount for SBV, thereby assisting policymakers in designing effective policies that
contribute to the success of the monetary policy in Vietnam. If the ERPT is high, Vietnam would
be affected by exchange rate shocks from trading partners; thus, monetary authorities should
implement appropriate policies to reduce inflation. Conversely, if the ERPT is relatively low,
Vietnam would be less vulnerable to inflation imported from its trading partners. Hence, policy-
makers can improve trade balance by adjusting the exchange rate.

Goldberg and Knetter (1997) defined ERPT as the percentage change in import prices in the local
currency when the exchange rate changes by 1% (Stage 1). The definition was later expanded to
include the percentage change in producer prices or consumer price index (CPI) for a 1% change in
exchange rate (Stage 2). Exchange rate fluctuation is one of the causes of change in import prices,
which then lead to changes in the CPI. Consequently, a low ERPT effect is required to control
inflation. Environmental inflation also plays a vital role in determining the degree of ERPT (Cheikh &
Louhichi, 2016; Soon et al., 2018).

Since the late 1980s, economists and researchers have been interested in the relationship
between ERPT and inflation. The ERPT is a priority for monetary policymakers because exchange
rate fluctuations cause a significant increase in import prices or inflation. This stems from ineffec-
tive monetary policies. On the contrary, an effective monetary policy denotes low ERPT to inflation
and, thus, the ability to stimulate economic progress. Therefore, monetary authorities should
assess the extent of the ERPT when designing monetary policies (Anh et al., 2018; Choudhri &
Hakura, 2006). Monetary policy dependence decreases when a country easily implements inflation
targeting.

Figure Figure 1 illustrates the monthly variation in CPI and exchange rate in Vietham from
January 2009 to May 2020. Both the CPI and exchange rate exhibited an upward trend, indicating
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a strong correlation between the two. This is clear evidence of the ERPT in Vietnam. Furthermore,
two structural changes are evident on the CPI curve in June 2011 and March 2016, verified using
the Wald test.! The CPI tends to rise rapidly in the early stages, but the growth rate progressively
decreases from one period to the next. The figure shows that stages one, two and three increased
by 34.41%, 20.76%, and 13.55%, respectively. The change in the trend in 2016 coincided with the
transition of the Vietnamese exchange rate regime from a conventional fixed peg arrangement to
a central exchange rate.

Empirical research demonstrates a strong relationship between exchange rates and inflation.
However, previous research has not focused on the changes in the exchange rate mechanism.
Therefore, this study primarily investigates the effects of the exchange rate mechanism on infla-
tion. This study is significant in two respects. First, it examines the ERPT in Vietnam using auto-
regressive distributed lag (ARDL) and nonlinear-ARDL (NARDL) approaches with monthly data
updated from 2000:1 to 2020:5. Second, to the best of our knowledge, this is the first study to
assess the impact of exchange rate mechanism transition on CPI and to identify the reasons for
the change in the CPI structure in Vietnam.

The remainder of this paper is structured as follows: Section 2 presents the literature, and
Section 3 describes the methodology applied in this study. This paper ends with Section 4 reporting
the study results and providing policy-related implications.

2. Literature review

2.1. Empirical literature review

Empirical studies on the ERPT emerged in the late 1990s from developing to developed countries.
The degree of the ERPT can be determined based on several micro and macro factors.
Microelements are related to the industrial structure of an economy. Dornbusch (1987) supported
the theory that pass-through is affected by micro factors, such as substitute products and market
structure.

Taylor (2000) developed a microeconomic and an economy-wide models, making them the
world’s most influential ERPT models to date. The author supported the decline in the US ERPT
since 1990 due to the low inflation of the US economy, which has also been noted across many
other developed countries. The author also advocated that changes in monetary policy and
expectations impact the ERPT. Similarly, Campa and Goldberg (2002) pointed out that macroeco-
nomic variables influence ERPT because of competition among exporters pursuing market share.
When the nominal exchange rate is highly volatile, exporters maintain their market share by
lowering their selling prices. Accordingly, the ERPT can be reduced.

Campa and Goldberg (2002) investigated the micro and macro factors that influence ERPT using
data obtained from 25 OECD countries. The results indicated that the structure of imports influ-
ences the pass-through level. For example, pass-through decreases when a country switches from
a highly elastic import industry to a low-elasticity sector. Raw materials are more volatile than
manufactured goods in terms of exchange rate volatility because manufactured goods have
a higher degree of cohesion. At the macroeconomic level, there is no statistically significant
relationship between inflation or money supply and ERPT in the long run. Nonetheless, ERPT is
lower in countries with lower short-term exchange rate volatility.

Both theoretical and empirical results have demonstrated that many macroeconomic factors,
such as exchange rate, monetary policy, oil price, and output gap, can influence the degree of
ERPT. Exchange rate fluctuations can have a positive or negative impact on transmission. However,
high exchange rate volatility may cause importers to adjust mark-up, resulting in lower ERPT
(Corsetti et al., 2008; Przystupa & Wrébel, 2011). McCarthy (2007) and Phuc and Duc (2019)
discovered that ERPT is highly correlated with exchange-rate fluctuations. The ratio of ERPT to
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CPI also seemed to vary between developing and developed countries. According to Frankel et al.
(2012), developing countries have a faster and larger ERPT than that of developed countries.
Similarly, Kurtovi¢ et al. (2018) asserted that transitioning countries should have a higher level of
pass-through than developed countries. In contrast, Kassi et al. (2019) found a higher ERPT in
emerging Asian countries than in other developing countries. Furthermore, conclusions on the
ERPT for countries with inflation targeting have been mixed. Caselli and Roitman (2019) and Soon
et al. (2018) advocated the low ERPT, whereas Nasir and Vo (2020) stated that the United Kingdom
and New Zealand increased the degree of ERPT.

An appropriate monetary policy maintains a low-inflation environment, which results in low
ERPT. Carriere-Swallow et al. (2016) pointed out that a credible monetary policy can serve as an
anchor for expected inflation and is an effective method for reducing ERPT. Kabundi and Mlachila
(2019) reported that the reduction in ERPT in South Africa was mainly due to the improvement of
the monetary policy, which reduces volatility of the monetary policy target. Mendonga and Tiberto
(2017) applied the money supply divided by GDP to represent views of monetary authority and
discovered that increasing money supply placed upward pressure on inflation.

Oil price (representing a supply shock) is one of the main factors influencing inflation change.
Anh et al. (2018) reported that the change in oil prices explained 13%, 8%, and 20% of inflation in
Malaysia, the Philippines, and Singapore, respectively. Similarly, Pham et al. (2020) suggested that
oil prices have a vital role in price stabilization in the ASEAN 5.

The output gap reflects a country’s economic cycle and is a proxy for import demand. When the
output gap is positive (i.e., real GDP exceeds potential GDP), which usually increases domestic
demand, foreign exporters often shift ERPT into commodities. As a result, ERPT increases.
Nevertheless, when foreign exporters face enormous competition, they are willing to absorb and
reduce the level of ERPT. Therefore, Cheikh and Rault (2017) claimed that the output gap can be
used as proxy for the mark-up of foreign exporters. Phuc and Duc (2019) found that the output gap
had a relatively weak impact on CPI in Australia and Japan. Meanwhile, Jiménez-Rodriguez and
Morales-Zumagquero (2016) described output gaps as having negative and extremely low effects in
France and Italy, as opposed to positive and low effects in Canada and Japan. Anh et al. (2018)
found that the output gap is crucial in explaining inflation in Malaysia and the Philippines (two out
of the five countries that were assessed). In contrast, the output gap has no statistical significance
or impact on CPI, as discovered from the research by Tho and Trang (2016) in Vietnam and Ozkan
and Erden (2015) in developed economies between 1990 and 2012. This is because developed
economies had a low stable inflation rate during that period.

Inflation is also affected by other factors including economic openness, interest rates, and
exchange rate mechanisms. Razafimahefa (2012) agreed that countries with a fixed exchange
rate regime have a higher level of pass-through to import prices than those with a floating
exchange rate regime in the long run. In certain developing countries, inflation is controlled by
floating exchange rates (Calvo & Mishkin, 2003). By contrast, a fixed exchange rate mechanism
acts as a nominal anchor to control inflation. Levy-Yeyati and Sturzenegger (2003) reported
a positive relationship between exchange rate regimes and inflation in developing countries,
indicating that the long-run fixed exchange rate mechanism has a positive effect on inflation.
However, in the short term, the exchange rate mechanism is ineffective at lowering inflation.
Beirne and Bijsterbosch (2011) studied nine central and eastern EU countries and discovered that
the exchange rate mechanism led to changes in inflation. ERPT is higher in countries with a fixed
exchange rate regime than in those with a flexible exchange rate regime. Similarly, Civcir and
Akcaglayan (2010) found that the crawling peg regime in Turkey had a higher ERPT than the
floating exchange rate regime. However, Liu et al. (2017) revealed that after China switched from
a hard peg to a managed floating exchange rate regime in 2005, inflation became more
sensitive. Nonetheless, Comunale and Simola (2018) reported no link between the exchange
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rate mechanism and the degree of exchange rate transfer in the Commonwealth of Independent
States.

The NARDL model was developed by Shin et al. (2014). According to Arize et al. (2017), some
advantages of the NARDL approach are as follows: (1) it provides different estimation coefficients
in response to the negative or positive change of the dependent variable both in the short and long
run; and (2) the NARDL model requires time-series variables to be integrated at level I(0) or first
difference, I(1). Kassi et al. (2019) deployed the NARDL approach to investigate the effects of
exchange rates on consumer prices in emerging and developing Asian countries. The empirical
results reported by the researchers indicated that asymmetric ERPT exists in the short run for both
emerging and developing countries. However, in the long run, asymmetric ERPT has existed in
emerging countries. Samuel Elias Kayamo (2021) employed NARDL to examine the impact of
exchange rate volatility on inflation in Ethiopia and concluded that the real exchange rate is
asymmetric and statistically significant for short- and long-term inflation. The empirical result of
Pham et al. (2020) advocated an asymmetric ERPT in three out of five economies in ASEAN. In
addition, oil prices and money supply have a vital impact on inflation in ASEAN 5.

Hansen (1999) introduced the threshold model, which has been widely applied in economics.
Abdulqadir and Chua (2020) used a panel threshold regression with the threshold as an inflation
variable to examine the impact of ERPT on wages in 15 sub-Saharan African countries. The results
showed that the threshold value for inflation was 15.12 and an asymmetric ERPT to wages when
inflation is greater than the threshold value. In addition, Yi and Xiao-li (2018) found that when the
threshold variable is regional economic development, and ranges from 0.301 to 0.438, technolo-
gical innovation strongly affects regional sustainable development in 31 Chinese provinces. If it is
outside this range, the influence of regional technological innovation on sustainable development
is very low. In summary, the threshold model was used to determine the cause of a change in the
structure of a variable, which is extremely important for policymaking. To the best of our knowl-
edge, no study has revealed the reason for the structural change in Vietnam’s CPI. To fill this gap,
we employed a threshold model to answer this question.

However, few studies have assessed the extent of ERPT in Vietnam. Minh (2009) discovered
that in the short term, ERPT was 0.61; however, after 15 months, the change in the exchange
rate no longer affected inflation. In other words, no ERPT was observed in Vietnam in the long
term. Similarly, Elgammal and Eissa (2016) reported that exchange rate volatility is positively
correlated with short-run inflation. In addition, past inflation was the most crucial factor that
exerted an impact on inflation in Vietnam. Tho and Trang (2016) investigated the impact of
ERPT in an inflationary environment using a nonlinear Threshold Vector Autoregression model
and showed that ERPT is absent in Vietnam. By contrast, using a vector autoregression (VAR)
model, Pham (2019) found that the exchange rate is crucial in explaining the volatility of
inflation. Furthermore, some factors such as expectations and money supply contributed to
the increase in inflation. The study by Pham (2019) is supported by the findings of Vo et al.
(2019), who also concluded that Vietnam had an incomplete ERPT. In contrast, Kassi et al.
(2019) supported long-term nonlinear ERPT in Vietnam, where statistical significance was found
for the depreciation exchange rate only. In particular, the 1% depreciation exchange rate
increased inflation by 1,206%. This study enriches the existing literature in two ways. It dis-
covers the role of the exchange rate regime in inflation and the factors that affect changes in
Vietnam’s CPI structure.

2.2. Theoretical literature with the hypothesis development

Prasertnukul et al. (2010) argued that whether ERPT occurs in a small open economy is an
important question because it contributes to the determination of the country’s monetary policy.
If ERPT is high, exchange rate volatility has a substantial impact on inflation. By contrast, a low
ERPT allows policymakers to pursue a flexible monetary policy while maintaining an inflation target
(Choudhri & Hakura, 2006). Studies have shown that ERPT exists in Vietnam (see, Pham, 2019; Vo
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et al, 2019) and other countries worldwide (see, Nasir & Vo, 2020; Roitman, 2019; Soon et al.,
2018). In addition, the different effects of exchange rates appreciation and depreciation on
inflation are important for monetary policy decisions (Przystupa & Wrébel, 2011). Many studies
have supported the existence of an asymmetric ERPT (see, Pham et al, 2020; Samuel Elias
Kayamo, 2021). Therefore, the first hypothesis is as follows:

Hypothesis 1a (H1a): The exchange rate has a positive effect on the CPI
Hypothesis 1b (H1b): There is an existence of asymmetric ERPT

Currently, economists agree that “inflation increases when the government prints too much
money.” Empirical studies by Mendonca and Tiberto (2017) for developing countries and Pham
(2019) for Vietnam supported the impact of money supply changes on inflation. Therefore,
the second hypothesis of this study is formulated as follows:

Hypothesis 2 (H2): Money supply has a positive relationship with inflation

Oil prices represent supply shocks, and Anh et al. (2018) supported oil prices as a major factor
affecting inflation in Southeast Asian countries. In contrast, Phuc and Duc (2019) showed that oil
prices play a small role in inflation in Asia-Pacific countries. Studies in Vietnam by Vo et al., 2019)
and Pham (2019) showed a positive relationship between oil prices and inflation. Therefore, the
third hypothesis of this study is formulated as follows:

Hypothesis 3 (H3): Oil price has a positive relationship with inflation

Empirical studies show that the output gap has a minor impact on CPI (see, Jiménez-
Rodriguez & Morales-Zumaquero, 2016; Phuc & Duc, 2019) or no impact on CPI, such as Ozkan
and Erden (2015) for developed economies and Tho and Trang (2016) for Vietnam. Due to the
stability and low inflation in Vietnam during the study period (except in 2011), the following
hypothesis is proposed:

Hypothesis 4 (H4): There is no relationship between the output gap and inflation

During the period 2008-2015, when the SBV conducted the crawling bands mechanism
(2008-2011) and the conventional fixed peg arrangement mechanism (2012-2015), inflation
fluctuated sharply at some points. After applying the central rate mechanism in 2016, inflation
in Vietnam was well-controlled. Therefore, the crawling bands mechanism (2008-2011) and the
conventional fixed peg arrangement mechanism (2012-2015) cause inflation higher than the
central rate mechanism (2016-present). Furthermore, the central rate mechanism should have
a lower ERPT because it has a more flexible exchange rate than the conventional fixed peg
arrangement mechanism and crawling bands mechanism (Ho & Idir, 2020). Based on these
exhibits, the following two hypotheses are proposed:

Hypothesis 5 (H5): The crawling-band mechanism has a positive relationship with inflation

Hypothesis 6 (H6): The conventional fixed-peg-arrangement mechanism has a positive relationship
with inflation
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3. Methodology and data

3.1. Methodology

The CPI serves as the dependent variable used to examine the factors that influence CPI in
Vietnam. The nominal exchange rate (ER), money supply (M2), oil price (Oil), and output gap
(OG) were the independent variables used in this study. As this study assessed the impact of
either exchange rate, Vietnamese changes in the exchange rate mechanism, or both aspects on
the CPI, two dummy variables, namely, D1 = 1 from 2009:1 to 2011:12 (crawling band mechanism)
and D2 = 1 from 2012:1 to 2015:12 (conventional fixed peg arrangement mechanism) were
incorporated, along with base category = 0 (central rate mechanism). The CPI equation is
expressed as follows:

CPI = agp+ a1ER + apyM2 + (130”+ a,0G + asDy + agDy + & (1)

Both sides of Equation 1 have a log form, except the dummy variables.

Equation (1) represents the long-run equation. Thus, the ARDL method proposed by Pesaran
et al. (2001) was applied to investigate both short- and long-term changes.

n n n n n n

ACPI; = a+ Y fiACPL_; + ¥ mAER:_; + ¥ §AM2 + 3 i5AQil + 3 9;A0G + Y, 4;AD1;_;

j=0 j=0 j=0 j=0 j=0 j=0 @)
n

+ Z ﬂjADZt,j + 601ERy_1 + 0,M2 + 930” + 0,0G + 0sDq + gD, + &

j=0

To determine whether the effect of the exchange rate on CPI is nonlinear, POS (representing the

depreciation of VND) and NEG (expressing the appreciation of VND) were generated as follows:

t t
POS; = ¥ AER{” = ¥ max(AER;,0)
=1 =t 3)
t t
NEG: = ¥ AER™ = 3 min(AER;,0)
j=1 j=1

Following the instructions of Shin et al. (2014), Equation (4) was obtained by substituting the POS
and NEG from Equation (3) into the ER in Equation (2).

n n n n n n
ACPL; =a+ Y BACPL j + ) zrj*APOSt_ﬁ Y zrj’ANEGt_j + X 5M2 + ¥ «0il + Y, 1,0G
j=0 j=0 j=0 j=0 j=0 J=0

n n
+ Y WADL j + ¥ nAD2; j + 01CPT_1 + 03POS, 1 + 0, NEGy 1 + 05M2 + 0,00l + 050G + 0gDs
j=0 j=0
+ 67D, + &

(4)

Equation (4) expresses NARDL. The estimated coefficient allows for the analysis of the effects of
variables in both the short and long run. The NARDL method also allows us to consider whether the
exchange rate change on CPI is symmetric or asymmetric; it is symmetric if the effects of POS and
NEG are the same, and asymmetric if they differ.

The threshold model was used to determine the variables that caused two structural changes in
June 2011 and March 2016 on the CPI curve.

The threshold model with m thresholds and m + 1 regions has the following equation:
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Yo =xef+ze61l1(r100) + .. A Ze0mialmia (Ymiaot) + e (5)
or
Ye =X+ Zj":plrlztajIj(}’jwt) +eét (6)

where y, is the CPI; x, represents ER, M2, Oil, and OG; B is a regional-invariant parameter; and w; is
a threshold variable.

71<r2<...<ym are order thresholds. I (y @) = I(yj_1 <@t < ;) is an indicator for the jt" region.

The threshold estimation was conducted in two steps: the existence of threshold variables in the
regression model was determined; and subsequently, a threshold estimation? was conducted to
verify the threshold variable.

3.2. Data

The Vietnam Industrial Production Index was used as a proxy variable for Vietnam’s GDP because
of limited data. The output gap is the difference between real and nominal GDP calculated using
the Hodrick (HP) filter method. The exchange rate is defined as VND/USD; therefore, an increase in
the exchange rate indicates Vietnamese currency devaluation. The following data were collected
from the SBV, IMF International Financial Statistics (IFS), and Mundi between January 2009 and
May 2020. Please see table 1 for more detail.

The time series regression with ARIMA noise, missing observations, and outliers (TRAMO) method
was used to fill in three missing values in the money supply (2011:6, 2011:11, and 2012:3) because
this was the best method to address missing data in time series (Lan et al., 2019). Eview 12 was
used for the TRAMO method as well as to estimate the ARDL and NARDL. Stata 15 was used as
a threshold model.

4. Results and policy implication
4.1. Results

4.1.1. Unit root test

A stationarity test was required for this study, using time-series data for the model. To test for
stationarity at the level and first difference, augmented Dickey (ADF), Phillips (PP), and
Kwiatkowski-Phillips (Schmidt) Shin tests were performed.

Table 2A tabulates the level and first-difference stationarity of variables. At the 1% statistical
significance level, the ADF test revealed that OG was stationary, while the other variables were
stationary at the first difference. Both the PP and KPSS tests favored variables that were stationary
at the level or the first difference. Hence, all ADF, PP, and KPSS tests showed that no variable was
stationary at the second difference.

Table 1. Data sources

Variable Definition Source
CPI Consumer price index IFS
ER Bilateral exchange rate between IFS
Vietnam and the United States
Oil Oil prices Mundi index
0G Output gap IFS
M2 Money supply of Vietnam SBV
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Table 2A. Unit root test

ADF PP KPSS
1st 1st 1st
Variable Level difference Level difference Level difference

CPI -2.52 =5.18*** -3.31** —5.18*** 1.31 0.71***
ER -2.55 -12.01*** -2.809* -12.01*** 1.25 0.41*
M2 —2.43 —9.65*** -2.69* —9.49*** 1.46 0.45*
Oil -1.57 -8.16"** -1.35 =7.72%* 0.61*** 0.32*
0G =5.78%* -11.28*** =5.79*** =242 0.05* 0.26*

Note: ***, ** and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

Table 2B. ADF breakpoint unit root test (innovational outlier and additive outlier)

Innovational outlier Additive outlier
Variable Level 1st difference Level 1st difference
CPI -6.71*** =7.02*** —5.32%** —7.25%**
ER -4.17 —19.37*** -4.09 —19.37***
M2 -4.14 -11.53*** -1.91 -11.64***
Oil —4.63** -8.60*** —4.62** —8.93***
0G —6.59*** —14.00%** —6.64*** -14.11***

Note: *** and ** indicate statistical significance at 1% and 5% respectively, using Vogelsang (1993) asymptotic one-
sided p-values.

Time series variables, such as CPI, exchange rate, and money supply, may undergo a structural
change over time because of a change in economic policy, business cycle, or financial cycle.
Therefore, a stationary structure with a break should be tested. The ADF breakpoint unit root
test was conducted using the ADF test (Nasir, 2021). The outcomes are shown in Table 2B.

Table 2B indicates that the result of the ADF breakpoint unit root test for innovational outliers is
similar to the results of the additive outliers. CPI, OG, and Oil have unit roots at the level of 1% or
5%. In addition, ER and M2 had unit roots at the first difference. Consequently, all the variables are
cointegrated in order I(1). Both the unit root test and ADF breakpoint unit root test support all
variables cointegrated at I (1); therefore, the ARDL model can be implemented for this study.

4.1.2. Optimal lag length criteria

As no variable was cointegrated at I(2), determining the optimal lag was the next step before
executing ARDL and NARDL. The optimal lag was determined based on five criteria: sequential
modified LR test statistic (LR), final prediction error (FPE), Akaike information criterion (AIC),
Schwarz information criterion (SC), and Hannan-Quinn information criterion (HQ). The above
criteria had similar powers. The lag of the AIC criterion was selected when no lag prevailed upon
adhering to previous studies (see, Khachatryan & Grigoryan, 2020; Olowofeso et al., 2017).

Table 3 presents the optimal lag of the model. The second lag was chosen based on the AIC and
FPE criteria, whereas the first lag was selected based on the SC and HQ criteria. As previously
stated, the second lag was chosen as the optimal lag based on the AIC criteria.

Table 3. Optimal lag length

Optimal lag LR FPE AIC SC HQ
2 6 2 2 1 1
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Table 4. ARDL model results. Number of observations: 135 after adjustments
Part 1: Short-run estimation ARDL (2, 1, 1, 2, 1, 0, 0)

Lag 0 1 2

a ' ~0.763*

ACPI 1333 ~0.405%
ARR 0.097*** -0.058**

AM2 ~0.055** 0.064***

A0l 0.016** ~0.001 ~0.012%
AOG -0.001*** 0.015%*

ADI 0.001

AD2 0.003*

Part 2: Long-run estimation

a ~10.6%

ER 1347

M2 ' 0.127%

oil 0.041*

06 0.071

D1 ' 0.022

D2 0.042*

Note: ***, ** and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

4.1.3. Linear Autoregressive distributed lag model

Table 4 summarizes the results of the ARDL model for both the short and long terms. Except for
D1, all the variables were statistically significant in the short run. A 1% VND devaluation caused
the CPI to increase by 0.097% at lag O; however, the CPI decreased by 0.058% at lag 1. An
increment in the money supply of 1% caused the CPI to increase by 0.064%. A world oil prices
hike only increased the CPI at lag 0, but the CPI decreased at lag 2. This is ascribed to the action
taken by the government to control the prices of important commodities such as petrol. Since
the variable D2 was statistically significant at the 10% level, the transition from the conventional
fixed peg arrangement mechanism to the central rate mechanism lowered inflation in Vietnam
by 0.003% in the short term.

Both the exchange rate and money supply were statistically significant at the 1% level in the long
run. When the local currency depreciated by 1%, the CPI increased by 1.34% (c. p.). Evidently, the
impact of VND devaluation on inflation, or in other words, the occurrence of high ERPT, was very high.
Similarly, when the government increased the money supply by 1%, the CPI rose by 0.127% (c. p.).

If the world oil price increased by 1%, the CPI in Vietnam rose by 0.041% (c. p.). In contrast to
the results of Anh et al. (2018) and Pham et al. (2020) but similar to Tho and Trang (2016),
fluctuations in world oil prices had a minor impact on the CPI in Vietnam because the Vietnamese
government controlled the prices of necessary goods, such as gasoline, oil, electricity, and water.

The output gap has a statistical insignificance or no impact on CPI. This result is similar to those
of Tho and Trang (2016) in Vietnam and Ozkan and Erden (2015) in developed economies due to
stability and low inflation in Vietnam during the study period (except 2011).

In the long run, the transition from the conventional fixed peg arrangement regime to the
central rate regime lowered CPI in Vietnam by 0.042%. This is similar to the study by Du et al.
(2021), who pointed out that the reform of the exchange rate mechanism into a basket of
currencies in 2005 helped slightly reduce China’s inflation. Apparently, the exchange rate
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emerged as the most crucial factor affecting Vietnam’s CPI. Variable D2 was statistically sig-
nificant, thus explaining the change in the CPI trend in March 2016.

4.1.4. Nonlinear autoregressive distributed lag model
To determine whether the exchange rate had a symmetric or asymmetric effect on the CPI, NARDL
was performed. The results are shown in Table 5.

Table 5. NARDL model results
Part 1: Short-run estimation NARDL (2,0,0,1,2,1,0,0)

Lag 0 1 2

C 0.125*

ACPI . 1.322%** —0.387***
APOS 0.093***

ANEG 0.583*

AM2 -0.051** 0.061***

AOil 0.017*** -0.001 -0.01***
AOG ' -0.01% 0.015%

AD1 -0.0006

AD2 -0.0002

Part 2: Long-run estimation

C 1.934*

POS 1.432%**

NEG ' 9.004

M2 0.163***

Oil 0.07**

0G 0.087*

D1 -0.01

D2 -0.003

Note: ***, ** and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

The NARDL model favors the exchange rate impact on CPI asymmetry in both the short and long
run. In the short term, a 1% increase in the exchange rate led to a 0.093% increase in the CPI (c. p.). In
contrast, when the exchange rate decreased by 1%, the CPI increased by 0.583% (c. p.). This finding is
similar to that reported by Kassi et al. (2019) in the context of the Philippines and Indonesia. This
outcome is attributable to the appreciation of VND, which causes the price of imported goods to
increase in the short term. As domestic enterprises failed to find alternative sources of goods, they
continued to accept escalated prices, resulting to a higher CPI in the short run.

In the long term, when VND depreciated by 1%, CPI increased by 1.432% (c. p.). ERPT, which is
higher than one, is suitable for the research by Campa and Goldberg (2002), Campa & Goldberg,
2005), Dash and Narasimhan (2011), and Yanamandra (2015) due to the “hysteresis induced
effect” explained by Yanamandra (2015). This effect implies that exchange rate change leads to
an adjustment in the market structure. As a result, this change has increased import prices in the
long term. In addition, when persistent and expected inflation occurs in importing countries,
exporters can change from local currency pricing (LCP) to producer currency pricing (PCP),
possibly leading to further price increases. This result is consistent with the findings of Kassi
et al. (2019) in the context of Vietnam. The long-term estimation states that VND depreciation
(POS) has a positive impact on CPI at the 1% level of statistical significance. In contrast, VND
appreciation (NEG) has no impact on CPI due to its statistical insignificance. Therefore, the effect
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of the exchange rate on CPI is asymmetric. This conclusion is similar to that of the empirical
research by Nasir, 2020).

4.1.5. Diagnostic check

The diagnostic results for ARDL and NARDL are tabulated in Table 6. The F-bound test exceeded the
critical bound support of the equation cointegration. The Error Correction Model (ECM) displayed
a negative sign at the 1% significance level, implying a long-run relationship between the explanatory
and explained variables. Next, to detect serial correlation in the ARDL model, the Breusch-Godfrey serial
correlation LM test was used with the null hypothesis and determined that there was no serial correlation.
As the value of Obs*R-squared is 3.13 or the probability is 0.21 larger than 5%, the null hypothesis was
accepted and there was no serial correlation. The Breusch-Pagan-Godfrey test was used to detect
heteroskedasticity with the null hypothesis and concluded that homoskedasticity exists. As the value
of Obs*R-squared is 11.01 or the probability is 0.52 larger than 5%, this indicates that the null hypothesis
was accepted or there was no heteroskedasticity. Similar results were obtained when applying the tests
to the NARDL model. The serial correlation and heteroscedasticity tests appeared to be insignificant,
indicating the absence of serial correlation and heteroscedasticity in both ARDL and NARDL models. The
cumulative sum of recursive residuals (CUSUM) and CUSUM of squares test (CUSUMQ) were combined to
examine parameter stability. The outputs indicated that the parameters were stable at CUMSUM and
CUSUMQ.2 In summary, all the models satisfied all the indicators of the test, and for this reason, all the
models were good.

4.1.6. Threshold model
The existence of the threshold model was investigated based on the following hypothesis:
Ho: Regression model does not exist in threshold
H1: Regression model exists in threshold
As indicated in table 7, the bootstrap P-value for the four independent variables was less than
1%, the null hypothesis was rejected, and the alternative hypothesis was accepted. The model

included thresholds for the exchange rate, money supply, oil, and output gap variables.

To determine which factors caused the change in the CPI structure, a threshold estimation was
conducted. The threshold time was detected based on the threshold value.

Table 6. Diagnostic statistics

F-bound Serial

Test ECMt-, Correlation Heteroscedasticity CUSUM CUSUMQ
Part 1: Diagnostic Statistics in ARDL Model

893 | -007* | 313 | 11.01 ' Good | Good

Part 2: Diagnostic Statistics in NARDL Model

836 | 06 | 3.06 | 12.57 ' Good ' Good

Note: *** indicates significance at 1%.

Table 7. The existence of the threshold model for exchange rate and money supply

Exchange rate Money supply oil Output Gap
LM-test for no 9.94 15.78 64.57 37.42
threshold:
Bootstrap P-Value: 0.00 0.00 0.00 0.00
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Table 8. Results of the threshold model with the threshold exchange rate and money supply

variables
Variable Order Threshold value Time of threshold
Exchange rate 1 9.938 03/2011

2 10.006 12/2016
Money supply 1 14.7505 03/2011

2 15.6105 12/2015
Oil 1 4.3051 10/2009

2 4.4371 11/2010
Output Gap 1 0.0133 712009

2 -0.0457 8/2014

Table 8 presents the number of orders and the threshold values of all variables, explaining the change
in the CPI trend of Vietnam following Hansen’s (1999) threshold regression technique. At the first
threshold, the exchange rate was 9,938 and the money supply was 14.7505 in March 2011.
Consequently, changes in the exchange rate and money supply affected the structural shift in CPI trends
in June 2011. At Threshold 2, the change in money supply was worth 15.6150 in December 2015, before
the structural shift in CPI by three months (March 2016). In contrast, the threshold values of the oil and
output gap variables were not suitable for explaining the structural change in CPI because the time of the
threshold was further from the structural change of CPI. In summary, changes in both the exchange rate
and money supply indicated a change in the CPI structure with a 3-month lag. This conclusion is
consistent with the results of the ARDL model and suggests that exchange rate and money supply are
the two most crucial factors driving the change in inflation in Vietnam.

4.2. Conclusion and policy implications

Over the past few years, inflation control has been a priority in Vietnam. For this reason, the study
of ERPT is important to Vietnam because it helps policymakers to develop solutions to stabilize the
price level of the economy. We explored the relationship between the main determinants, such as
exchange rate, money supply, oil price, output gap, and CPI. We also considered the change in the
exchange rate mechanism to CPI. The NARDL model was applied to examine the asymmetry in the
impact of the exchange rate on inflation in Vietnam. The empirical results of this study suggest
that exchange rate is the most significant factor contributing to inflation in Vietnam. Specifically,
a 1% depreciation of VND increased the CPI by 1.347% (c. p.). Next, a 1% increase in money supply
increased the CPI by 0.127%. Changing the exchange rate mechanism from the conventional fixed
peg arrangement to the central exchange rate lowered inflation by 0.042%. Additionally, a 1%
increase in oil prices caused the CPI to increase by 0.041% (c. p.). Finally, changing the CPI
structure is explained by the exchange rate and money supply.

The study provides the following policy implications based on the findings.
First, the ERPT is larger than one, which implies that depreciation of the Vietnamese currency
would challenge price level stability. Therefore, policymakers should employ appropriate exchange

rate tools to limit devaluation of the local currency.

Second, money supply has a significant impact on changes in Vietnam’s CPI. Hence, it is crucial
to regulate money supply to reduce inflation and effectively regulate imports.

Finally, the government should maintain price controls on essential commodities such as gaso-
line and oil to reduce volatility of domestic CPI in the face of global economic shock.
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The Wald test for investigating the structural change of CPI in 06/2011 and 03/2016, with the null
hypothesis Hy and the alternative hypothesis Hy, is as follows:

Ho: There is no structural change in June 2011 and March 2016

Hq: There is a structural change in June 2011 and March 2016

Chi?(4) = 66.0275
Prob > chi? = 0.0000

As the probability of chi square is 0.00 < 0.05, the null hypothesis is rejected. As a result,
a structural change occurred between June 2011 and March 2016.

Appendix 2

Cumulative sum of recursive residuals (CUSUM) and CUSUM of squares test (CUSUMQ) in ARDL and

NARDL models
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