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Abstract

The primary purpose of this paper is to investigate the sources of the busi-
ness cycle fluctuations in Vietnam. To this end, we develop a small open economy
New Keynesian Dynamic Stochastic General Equilibrium (SOE-NK-DSGE) model.
Accordingly, this model includes various features, such as habit consumption, stag-
gered price, price indexation, incomplete exchange-rate pass-through, the failures
of the law of one price and the uncovered interest rate parity. It is then estimated
by using the Bayesian technique and Vietnamese data 1999Q1 — 2017Q1. Based on
the estimated model, this paper analyzes the sources of the business cycle fluctua-
tions in this emerging economy. Indeed, this research paper is the first attempt on
developing and estimating the SOE-NK-DSGE model with the Bayesian technique
for Vietnam.
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1 Introduction

The primary purpose of this research paper is to address the question of what sources
drive the business cycle fluctuations in Vietnam, in particular over the period of 1999Q1
to 2017Q17 To this end, we develop and estimate a small open economy New Keyne-
sian Dynamic Stochastic General Equilibrium (SOE-NK-DSGE) model. This question is
particularly interesting because Vietnam has witnessed large fluctuations in the business
cycle for over 30 years. For example, Figure|l| presents that after launching the Revolution
in 1986, known as Doi Moi, the Vietnamese GDP growth has been rocketing and reaches
a peak of 9.54 % in 1995. However, due to the Asian financial crisis in 1997, this economy
experiences a great fall. Afterward, Vietnam maintains a stable and high growth rate of
output at approximately 6.52 % per year on average. Moreover, based on the World Bank
report, this growth rate is always notably higher than the world. Because of the 2008
financial global crisis, there is a fall in output growth. However, the Vietnamese economy
has quickly recovered and caught up with the output growth of China since 2015.

Figure 1: The annual output growth of Vietnam and its trend, 1985-2017

— The Asian crisis

AN N4

— The global crisis

Percent, YoY (%)
The constant local currency

Actual data
-—- The HP trend, Ax=100

L L L L . L
1985 1990 1995 2000 2005 2010 2015
Source: The Worldbank's online database and the Author's calculation

On the other hand, the New Keynesian Dynamic Stochastic General Equilibrium (NK-
DSGE) model has been widely used for macroeconomic policy analysis. Thus, over the
last decade, an increasing number of attempts have developed and estimated both Real
Business Cycle (RBC) and DSGE models for other developing and emerging countries
(Oviedo and Yue| (2009),Garcia-Cicco et al. (2010), |[Elisa and Padillal (2011]), Mendoza
(2010), Garcia-Cicco et al| (2010), Boz et al.| (2011, Mendoza and Yue| (2012), etc).
However, the literature on estimating a DSGE model for Vietnam is still limited. Thus,
this paper is the first attempt of developing and estimating the SOE-NK-DSGE model
with a wide range of important features for Vietnam.

One of the most striking features of the Vietnamese economy is that this emerging
country strongly depends on international trade. International trade and financial linkage

are particularly essential to this country. Based on the World Bank Database, for example,



the Vietnamese degree of opennessﬂ (red line) has been significantly increasing since 2000
(see Figure . Thus, Vietnam became one of the most open economies in the world. As
an example, this Figure presents Singapore as the most open economy in the ASEAN
region, followed by Vietnam. Moreover, in 2017 this indicator reaches a considerably
impressive level of 200 %, which is six times and four times as much as in China and
the world, respectively. Thus, a structural model including the foreign sector, such as
the SOE-NK-DSGE model, is important to explain the business cycle fluctuation in this

country.

Figure 2: The annual openness of some selected emerging Asian nations, 1986-2017
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To this end, we develop a small open economy New Keynesian Dynamic Stochastic
General Equilibrium (SOE-NK-DSGE) model. In particular, the specification of this
model closely follows the influential studies by |Gali and Monacelli (2005), Monacelli
(2005)), and [Justiniano and Preston| (2010b) on the small open economy. Thus, our model
includes various important features, such as habit formation, price stickiness, price index-

ation, the failure of the Uncovered Interest Rate Parity, the Law of One Price gap, and
incomplete exchange-rate pass-through. However, the most striking difference between
the SOE-NK-DSGE model in this paper and those in the three above studies is as fol-
lows. We model the foreign economy as a closed economy DSGE model rather than a
reduced VAR one.

Empirically, our model estimation closely follows the vast literature on estimating the
NK-DSGE model with the Bayesian technique (Smets and Wouters| (2003, 2007)), |An and|
Schorfheide| (2007)), |Adolfson et al.| (2007)), Negro and Schorfheide| (2008), etc). Thus, to
the best of our knowledge, this project is the first attempt of developing and estimating
a SOE-NK-DSGE model for Vietnam.

The estimated SOE-NK-DSGE model with the Bayesian technique fits data on the

Vietnamese and foreign economies relatively well. As an example, in most of the vari-

I The degree of openness is measured as the ratio of import and export to GDP.



ables, the fitted value insignificantly differs from its actual data, in particular, domestic
interest rate and CPI inflation. Based on this estimated model, we find that the inflation
dynamic in Vietnam is purely forward-looking behavior. It implies that expected inflation
strongly influences the fluctuations in current inflation. On the other hand, no structural
shock permanently affects the Vietnamese economy. Indeed, after the shock, the observed
macroeconomic variables quickly go back to their steady-state level, except for domestic
CPI inflation and interest rate.

We also find that there is a stronger response in domestic output growth than domes-
tic CPI inflation to the monetary tightening. Thus, during the period of anti-inflation,
the SBV should implement a contractionary monetary policy with caution. Furthermore,
the short-run incomplete exchange rate pass-through (ERPT) of around 27 % after three
months implies a high and rapid ERPT in Vietnam. Therefore, the SBV's domestic cur-
rency devaluation policy, which is to promote exports, should be conducted with caution.
Because of the 2008-global financial crisis, for example, this central bank devaluated the
DONG currency relative to the US-Dollar. As a result, this policy caused the two-digit
inflation in 2008 and 2011.

As one of the most open economies in the world, the fluctuations in interest rate and the
real and nominal exchange rates in Vietnam are strongly influenced by the external-sector
disturbances. However, the shock to the term of trade accounts for a mild percentage in
explaining the fluctuations in the output growth. This finding is identical to a recent
striking study by Schmitt-Grohé and Uribe (2018) on the role of the term-of-trade shock
to the developing and emerging markets. On the other hand, the domestic disturbances,
including stationary productivity and preference shocks account for a sizeable proportion
in explaining the changes in domestic CPI inflation and the term of trade.

Last but not least, in most episodes over the whole sample period 1999Q1—2017Q1, the
variations in the Vietnamese output growth rate were highly associated with the demand-
side disturbance (preference and risk premium shocks). Meanwhile, the fluctuations in
the CPI inflation were mainly influenced by monetary policy shocks and the demand-side
disturbance (import cost-push shock).

The rest of this paper is organized as follows. Section [2| introduces the literature
on estimating the Real Business Cycle and DSGE models for developing and emerging
countries, including Vietnam. Section [3| presents the underlying theoretical SOE-NK-
DSGE model. Section [4] shows model solution and data. Section [5| gives a detailed
discussion about the estimation strategy and estimation procedure. Section [6]analyzes the

sources of the business cycle fluctuations in Vietnam. Section [7]provides some conclusions.

2 The related Literature and Contributions

2.1 The Literature on the Emerging Market Universe

The sources of movements in the business cycle in the emerging countries are one

of the growing interests over the last decade. Accordingly, both the real business cycle



(RBC) and NK-DSGE models are widely applied to address this issue as follows.

First, in regard to using the RBC model, the role of interest rate to the variations in
the aggregate activities in seven emerging markets, including Argentina, Brazil, Ecuador,
Mexico, Peru, Philippines, and South Africa, are examined in the studies by
and Perri| (2005)), Uribe and Yue| (2006), |Oviedo and Yue (2009). Meanwhile, the impacts
of trend growth shock on the business cycle movements in the emerging countries are
shown in studies by [Aguiar and Gopinath! (2007)), |Garcia-Cicco et al| (2010]), Boz et al.|
(2011). Furthermore, the contributions of both the total-factor productivity (TFP) and
real interest rate to the business cycle movements are examined by |Benjamin and Meza
(2009)), Elisa and Padilla) (2011)). Additionally, financial frictions are confirmed to be
important in explaining the business cycle variations in the emerging economies (see
Garcta-Cicco et al (2010), Mendoza| (2010), Mendoza and Yue| (2012)). On the other
hand, the studies by Benjamin and Meza| (2009), Kehoe and Ruhl| (2009), and [Boz et al.|
highlight the important role of labor market frictions in examining the South

Korean and Mexican aggregate activities.

Second, regarding the NK-DSGE model, there are various papers estimating this model

for policy analysis in the developing and emerging economies (Liu and Zhang| (2010),
et al| (2014), Dai et al| (2015) for China; Elekdag et al| (2005), Choi and Hur| (2015)
for Korea; Sahminan et al.| (2017)), |(Gu et al,| (2014)) for Indonesia; [Ramayandi| (2011) for
4 ASEAN countries such as Malaysia, Thailand, Indonesia and Philippines;
et al| (2010)), Gabriel et al.| (2016) for India; Silveira (2008), Palma and Portugall (2014)
for Brazil, |Castillo et al.|(2013)) for Peru, [Medina and Soto (2007) for Chile and

(2009) for the South Africa).

2.2 The literature on Vietnam and Contributions

As mentioned above, over the last decade, an increasing number of attempts developed
and estimated the DSGE model for other developing and emerging countries. However,
the literature on estimating a DSGE model for Vietnam is still limited. On the other
hand, several attempts investigated the Vietnamese business cycle fluctuations by us-
ing either non- or structural models as follows. For example, compared the
variations in the business cycle between Vietnam and Indonesia in the context of a struc-
tural VAR model. investigated the role of government expenditure in the
lens of a closed-economy real business cycle model. Sala et al.| (2019) examined the role

of permanent productivity shock to five real aggregate variables in Vietnam. Accord-
ingly, this shock delivered an insignificant contribution. However, it is worth noting that
both and Sala et al. (2019) used an estimated real business cycle model.
Hence, the role of monetary policy and other nominal frictions, such as price rigidity and

incomplete exchange-rate pass-through, were not included in these two research papers.
evaluated the role of the Vietnamese monetary policy in an estimated three-
equation closed economy NK-DSGE model. Indeed, this author used a model, which was
developed by Ireland (2004)). Huynh et al.| (2017)) used a calibrated DSGE model with the




banking sector to investigate how policies stabilize the Vietnamese economy. However,
both Khieu (2014) and [Huynh et al. (2017) were limited to the aspect of a closed-economy.
Hence, these two studies could not reveal the essential effects of the international spillovers
on the Vietnamese economy. Given that Vietnam has one of the most open economies in
the world, the presence of the foreign sector in the underlying model is especially relevant
to explaining the business cycle fluctuations in this emerging country.

The research paper by Dizioli and Schmittmann| (2015) is interesting since the foreign
sector was included in this study. In particular, these authors described the Vietnamese
economy in the framework of the Forecasting and Policy Analysis System (FPAS) model.
Indeed, this model was developed by [Berg and Laxton| (2006a)), Berg and Laxton| (2006b)),
and used at the IMF. Accordingly, the FPAS model includes four fundamental equations:
aggregate demand curve, price dynamic, uncovered interest rate, and monetary policy
rule. However, Dizioli and Schmittmann| (2015 aimed to seek the optimal monetary policy
rather than the explanations for the business cycle fluctuations. For example, they argued
that the optimal rule in Vietnam places more significant weight on output stabilization as
the intermediate target to achieve inflation stability, while allowing greater exchange rate
flexibility. Therefore, the source of the business cycle fluctuations in this country and the
effects of international spillovers were never discussed. Indeed, there was no discussion
about the forecast error variance decomposition and historical decomposition techniques
in this research.

This underlying study has two main contributions to the current literature. First, it
is the first attempt of developing and estimating the SOE-NK-DSGE model with a wide
range of important features for Vietnam. Second, it contributes to the growing interests

of explanation for the sources of business cycle fluctuations in emerging markets.

3 The theoretical model

3.1 An Overview of the theoretical model

It is worth noting that the small-sized model in this paper has three main agents in
the domestic economy: household, firm, and central bank. Thus, there is no govern-
ment sector. Furthermore, the quarterly data on investment is typically not available in
the developing and emerging markets. Therefore, we do not incorporate the variable of
investment into the underlying theoretical model.

Figure [3| below presents the agent's interaction. For example, in supply-side, the
domestic firm produces its goods by combining stationary technology and the labor supply
of the household. It also exports its goods to the foreign economy. Conversely, the
importing firm does not produce its goods. Instead, it imports goods from the foreign
economy and sells them to the domestic household. The presence of this importing firm
enables us to derive the law of one price gap since the Law Of One Price (LOOP) fails
to hold. Furthermore, the model includes nominal friction such as the sticky price in the

importing firm. Thus, the exchange-rate pass-through is incomplete. On the other hand,



in demand-side, the assumption of the household's holding of domestic and foreign bonds
enables us to derive the Uncovered Interest Rate Parity, well known as the UIP. However,
the UIP never holds in Vietnam because of the imperfect capital mobility. To coincide
with this issue, we introduce the risk premium function. Finally, we close the model by
introducing the monetary policy. Indeed, the role of the central bank is described via the

Taylor rule including the exchange rate.

Figure 3: Graphical illustration of a small open-economy New Keynesian DSGE model
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The following sections shortly present several striking features of the theoretical model
of SOE-NK-DSGE. Meanwhile, the detailed specification and solution for this conceptual

model can be found in the over-60-page mathematical appendix.

3.2 Household

Each household maximizes its following utility.

o
t~
EO E ﬁ ‘Sg,t
t=0

where  and h are a discount factor and habit formation, respectively. The variable N,

(Ci —hCi1)'™ N/
l—0o 1+

is the household's worked labor. Two positive parameters (o, ) are the inverse elasticity
of intertemporal substitution and labor disutility, respectively. €, represents a preference

shock. Specifically, C; is the aggregate consumption:

_n_
n—1 N

Cr=|(1—a)iCyy +arCy)

where parameter « is the share of imported goods in the domestic aggregate consump-
tion. Parameter, 7, indicates the elasticity of substitution between domestic goods Cp

and imported goods Cr; in which they are the Dixit-Stiglitz aggregate type such as below.
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where the parameter (¢) is the elasticity of substitution between types of differentiated
domestic and imported goods.
The procedure for the optimization of each household will take place subject to the

following flow budget constraint.

PtCt + Dt + etBt = Dt—l[]- -+ :Zt—l] + etBt—l[l + 5:71]925(1415) + WtNt + HH7t + HF,t (321)

for all t > 0, Dy, B; are one-period domestic and foreign bonds, respectively. Domestic
and international interest rates are #;, ¢*. The nominal exchange rate is presented as e, and
domestic CPI price is F;,. The variable W; is wage and I, 11z, represent the dividend
from domestic and imported goods firms. Furthermore, the function ¢(A;) is referred to a
debt elastic interest rate premium. It is mainly driven by two important foreign variables:

the real value of foreign bond A; and risk premium disturbance gzgt as

B(Ar) = exp[—X(A; + &1)] (3.2.2)

It is worth noting that A; denotes the relative value of the real quantity of outstanding
foreign bond in term of home currency to steady-state output Y. It is measured as A, =
%. The specification of the risk premium function, ¢(A;), is identical to [Schmitt-
Grohé and Uribe| (2003)), |Adolfson et al.| (2007)) and the strictly decreasing function in
A;. The presence of this function in the model causes the foreign debt level in a log-
linear approximation to be stationary. For example, Schmitt-Grohé and Uribe| (2003))
explained “To see why this device induces stationarity, let p(d;) denote the premium over
the world interest rate paid by domestic residents, and d; the stock of foreign debt. Then
in the steady-state the Euler equation implies that B[1 + r + p(d)] = 1. This expression
determines the steady-state net foreign asset position as a function of r and the parameters
that define the premium function p(.) only.”

Furthermore, the presence of the risk premium function enables us to capture imper-
fect integration in the international financial market (Schmitt-Grohé and Uribe| (2003),
Adolfson et al.| (2008), Justiniano and Preston| (2010b))). Therefore, this specification is
especially relevant to Vietnam, where capital mobility is still restricted and the UIP fails
to hold.

Each household optimizes its utility by choosing the domestically-made and imported
goods, C4(i), Cp4(i). It results in the following demand for each good

Prr4(i) Pry(7)

_6 "y
Crai) = {C—Ht] Oy, and CF,t(i):[C—Et] Cra (3.2.3)

where Py, and Pp,; denote the prices of the domestically-made and imported goods,



respectively. On the other hand, a household's demand for aggregate domestic and foreign

goods are below.

min PtCt = PH,tCH,t -+ PF,tCF,t (324)
Cu,t,Cr
_n_
such that Cy=D;"! (3.2.5)
= 1 1L
where Dy =(1-a)nCy’y +anCp} (3.2.6)
The results are given below.
P\~ Pry\—n
Crr = (1— @) (ﬂ) "¢, and Oy = a(ﬂ> C (3.2.7)
’ B ’ By

Furthermore, the consumer price index is defined as the combination of these two

prices as below.

1
== a)Pi + P
The combinations of the first-order conditions with respect to consumption Cy, labor
Ny, and the one-period foreign and domestic bonds B; and D, yield the following standard
non-linear equations.

1. The non-linear Euler equation:

(Cy = hCr_1)~ = B(1 + i) (Mﬂ h )(Om oA R (3.2.8)

2. The non-linear labor supply:

NY W,
m—_ 3.2.9
€ G~ B (3.29)
3. The non-linear UIP:
~ € T
1+i]= Et(;—H) [+ 70(Ap) (3.2.10)
¢

3.3 Domestic firms

Given that there is a continuum of the domestic firm, it produces home goods by

combining labor and stationary productivity shock as the production function below.

Yir(i) = ZNy(i) (3.3.1)



Where stationary productivity shock follows the AR (1) process

Zat = P22i—1 + €, and z; = log(Zy) (3.3.2)

We use this simple production without capital since the quarterly data on the invest-
ment is typically not available in the developing and emerging economies. On the other
hand, one would investigate both stationary and permanent productivity shocks. The
specification of a production function, like in the study by |Garcia-Cicco et al.| (2010),
should be used. However, it is worth noting that the role of technology is no longer dom-
inant in the model with nominal rigidity (see (Gali (2002)), Smets and Wouters| (2003),
Ireland| (2004)), |Adolfson et al.| (2007))).

The domestic firm produces to fulfill both home and foreign household demand for

domestic goods. This demand is given below.

P 4(i)
P

Viga(i) = (CH,t + C?u) (3.3.3)

On the other hand, normal rigidity will be introduced as follows. The domestic firm
resets its price (Pp+(i)) according to the Calvo-style setting and indexation (0 < vy < 1)
to the previous domestic-goods price inflation (wg;—1). Accordingly, a percentage (1—60x)
of the firm can reset their price, whereas the rest 6y adjust their price based on the
following indexation rule

Py

PH7t(Z') = PH,tfl(Z-)W’[Y[}ifl and THt—1 = PH; , (334)

i

Since the inflation-targeting policy has not been adopted in Vietnam, the above rule
of indexation does not incorporate target inflation. This specification of the above price
indexation is identical to the studies of (Christiano et al. (2005), Smets and Wouters| (2003))
. However, other developing and emerging countries have adopted the inflation-targeting
policy. The specification of price indexation, such as the study by |Adolfson et al.| (2007)),
should be used.

Given the demand for domestic goods , the optimization problem yields the

following the domestic firm's real marginal cost.

W,
Py Z;
The expression above (3.3.5)) implies that the real marginal cost (mcg,) is identical to

cross domestic firms and independent of the domestic goods made. On the other hand,

(3.3.5)

mcpgs =

because of the Calvo-setting price, the Dixit-Stiglitz aggregate price of the domestic firm
will be.

10
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0

Finally, each domestic firm will maximize its following expected present discounted

Py =

(3.3.6)

profit subject to the demand curve in (3.3.3)).

00 O\ Om
i Py t+ '—1(2) . . .
E O ) || === P (1) — Pyyos - T 3.3.7
Pr}%?}((i) tjgo(ﬁ ) ( Prrs(i) Ht () H 4+ MCH 145 (1) | Yy (7) ( )

The procedure for the optimization results in the following expression

) 7]
j . new (- P t+j— € .
E Y (B0n) Yiar, (i) | PRet(0) <%> - 1PH,t+ijH,t+j(Z)] =0 (3338)
j=0 b=

Taking a log-linear approximation of the above expression will lead to a Hybrid New

Keynesian Philip Curve for the domestic firm.

og - (1—=0y)(1—p0y)
1 i B(SH,/TH’til + 9H<1 i ﬁ(SH) Mmcyt (339)

Tt = Tl +

14 By

3.4 Importing firms

Since the domestic household's consumption packet includes both domestic and foreign
goods, the purpose of the importing firm is to fulfill the household's demand for foreign
goods. Furthermore, the presence of the importing firm enables the deriving of the law
of one price gap as in the studies of |Gali and Monacelli| (2005, Monacelli (2005)).

Differing from the domestic firm, the importing firm does not produce its goods.
Instead, it imports goods from the foreign economy to fulfill the domestic demand for

imported goods below.

Cry (3.4.1)

Similar to domestic firms, the importing firm also resets their price (Pg;(7)) according
to the Calvo-style setting and indexation (0 < v < 1). Accordingly, a percentage
(1 — 0r) of the firm can reset their price, whereas the rest 0 adjust their price based on

the following indexation rule

Pri_q
Ppi_o

PF’t(i) = PF7t,1(7;)7Tsz71 and TFt—1 — (342)

11



Solving the importing firm's optimization problem yields its real marginal cost such
as

etplf“,t (4)
Pry

The above expression ((3.4.3)) implies that the real marginal cost is identical to cross
importing firm. Thus, we can drop the index 7. On the other hand, it is worth noting

mepe(i) = (3.4.3)

that Pp, = P/ in the foreign economy. Furthermore, the definition of the real exchange

rate is

er P, Fit
B
Therefore, the importing firm's real marginal cost in can be intepretted as the
law of one price gap, such as U, = MCp,(i). This intepretation is identical to |Gali and
Monacelli| (2005)), Monacelli (2005). On the other hand, because of the Calvo-setting
price, the Dixit-Stiglitz aggregate price of the importing firm will be.

Qr = (3.4.4)

1 1

' o 1—e 1—e T—
/ P]}ﬂ’zE(Z)dZ] = |0p (PF7,5_17T%’;_1> + (1 _ QF) (Pg,iw) dZ]
0

Finally, each importing firm will maximize its following expected present discounted
profit subject to the demand curve in (3.4.1)).

€

Pr, —
it (3.4.5)

00 O\ OF
i Pry. '—1(2) . . .
E Op) | | =L —= PP (1) — Ppyys ; Yriiq 4.
PIE%%}(E) t;o(ﬁ F) < Pro a(i) Fio (1) = Presjmerpes(i) | Yre (i) (3.4.6a)

The procedure for the optimization results in the following expression

o) oF
j . new [ : P7 j — € -
B> (B0 Yius(i) | PR (U(%) - 1PF,t+ijF,t+j(@)] =0 (347
j=0 4=

Taking a log-linear approximation of the above expression will lead to a hybrid New

Keynesian Philip Curve for the importing firm.

. or . (1—6p)(1—B0p) .
_ _ v 4.
Tpi+1 + 1+ oy Tpi—1+ 6 (1+ Bor) MCEt + €Ecppt (3.4.8)

~

TRt

T 1+ Bor

It is worth noting that the hybrid New Keynesian Philip Curve for the importing firm

in (3.4.8]) implies that due to the presence of the nominal friction such as the sticky price,

12



the exchange rate pass-through is incomplete. Indeed, its log-linear approximation of the

law of one price gap in (3.4.3) is

mepy = € + ﬁt* - ﬁF,t (3.4.9)

3.5 Foreign economy

This paper uses a closed-economy DSGE model of |Ireland (2011)) to model the global
economy. We do so because Vietnam is a small open economy. There is no spillover from
this country to the foreign economy. This modelling strategy is identical to an influential
study by |Gali and Monacelli (2005)), and other researches on the small open economy (see
Buncic and Melecky| (2008)), Rees et al.| (2016])).

There are four exogenous disturbances in the model of Ireland (2011)). Two shocks to
preference and cost-push follow the AR(1) process. Meanwhile, two remaining shocks to
technology and policy follow the white noise. This modification gives three main advan-
tages. The first one is to prevent the problem of singularity from the estimated model.
This is because the total number of exogenous shocks is ten disturbances, whereas there
are eight observed variables. The second advantage is to decompose the foreign struc-
tural shocks. In particular, the reduced-form BVAR model cannot reveal the structural
disturbance. However, in the help of a DSGE model, the international structural shock
is decomposed. The last advantage is to enhance the effects of the external shocks on
the Vietnamese economy. This is because the number of shocks related to the external
sector is seven, whereas there are three domestic disturbances (preference, technology,
and monetary policy) in our structural model. This specification is especially relevant
to Vietnam. This is because Vietnam has one of the highest degrees of openness in the

world.

3.6 Central bank

To support the export sector, the central bank of Vietnam, known as the State Bank
of Vietnam (SBV), has adopted a managed-float exchange rate regime. Accordingly,
the fluctuations in the exchange rate of USD/VND are not highly volatile due to the
interventions of this central bank (see Figure . Thus, modelling a monetary policy rule

including the exchang rate is especially relevant to this emerging economy.
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Figure 4: The Quarterly Nominal Exchange Rate (USD/VND), 1999Q1-2017Q1
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Accordingly, to close the model, the monetary policy rule is introduced as follows.

%’t - (%T_l)w [(P];;)%(%)% <ytyi)%<Sil>ws](l_wi)ém,t (3.6.1)

where i and Y are steady-state values of nominal interest rate and output. The

variable £,,; denotes an exogenous monetary policy shock. The interest rate rule in the
expression indicates that central bank adjusts its policy rate according to changes
in inflation (P,/P,_,), output gap (¥;/Y), output growth (Y;/Y;_;) and the growth rate
in the nominal exchange rate (S;/S;_1).

3.7 Exogenous shocks

This model has ten exogenous disturbances. Moreover, it includes a higher number of
foreign shocks than that of domestic disturbances. The advantages of this specification
are discussed before. Domestic technology, preference, risk premium and cost-push, term-
of-trade shocks (£.+, €44, Ept, Etott, Ecpe) and two shocks in the foreign economy block,
such as foreign preference (£,-;) and cost-push (.+:), are modeled as the first-order
autoregressive process. On the other hand, three remaining shocks, domestic monetary
policy (¢;;), foreign technology (€., ;) and foreign monetary policy (€;+;), follow the white
noise process. It is worth noting that modelling the monetary policy shock as the white
noise process is common in the standard literature (Smets and Wouters| (2003)), |Adolfson|
et al.| (2007)), Justiniano and Preston| (2010b)), Ireland| (2011)). Meanwhile, the strategy

of modelling foreign technology shock closely follows (2011)).

3.8 Market Clearing Condition

Beyond the domestic labor market, the three following markets must clear in equi-

librium. First, the domestic bond market is cleared. Thus, D; = 0 for all ¢. Second,
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goods market clearing in the domestic economy requires that domestic output is equal
to the sum of domestic consumption and foreign consumption of home produced goods

(exports). Accordingly, it is given below.

Y= Cpy + Cyy, (3.8.1)
Y= (3.8.2)

where the foreign demand for the domestically-made goods (C} ;) is depicted as

P\ —n P\ e P
Cy, = (—Ht) Y = ( : ) Y, and = ¢
Hit Pt* t Qtpt t Qt H

It is worth noting that we adopt the assumption of symmetric preferences across

countries; here is domestic and foreign economies. This strategy is identical to |Gali and
Monacelli (2005)).

Finally, as shown in Figure[3] the last market-clearing condition is the home country's
international balance of payment. Indeed, this international balance of payment can be
obtained from the domestic household's budget constraint in . In particular, we plug
the following expressions into the budget constraint in : the domestic household's
total consumption expenditure P,C; = Py Cp i+ PriCr, and the domestic and importing
firm's profits Iy, = Py Cyy — WiNy, Upy = PpyCrpy — e, P;Cpy. Moreover, since the

domestic bond market clearing holds, D, = 0 for all ¢. As a result, it is given below.

PHJC;I,t — etPt*CEt = etBt — etBt_l[l + E:_1]¢(At) (383)
~ er—18;—

where: ¢(A;) = exp[—x(A: + ¢¢)] and A, = % (3.8.4)
t—1

It is worth noting that the left-hand side in the equation (3.8.3) is interpreted as the net
trade balance, whereas the right-hand side is the net capital account in the international
balance of payment.

3.9 How do structural shocks impact domestic variables?

Before taking data into this model, we theoretically analyze how ten structural shocks
impact the domestic aggregate economic fluctuations? Thus, the log-linear approximation
is used.

At first, the New Keynesian IS curve represents the demand side.

1—h, . 1—h
(i — Eymigr) +

Cy — th—l = Et[ct-i—l — hct] — (€g7t — Eteg,t—&-l) (391)

If we eliminate the habit formation parameter in the expression (3.9.1)), the usual
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Euler equation is obtained. Moreover, it is clear that an increase in real interest rate,
(i; — Eym11), declines the current consumption, (¢;), and this decline in consumption is
governed by (1 — h)/o(1+ h). On the other hand, the preference shock (e, ;) positively
influences the current consumption.

Second, the connection of domestic consumption and output, (¢, ¥y;), with foreign
output, (y;), is established via the log-linear approximation of the goods market clearing

condition as below

v=(1—-a)g+an2—a)s, + anp, + ay; (3.9.2)

where the LOOP gap, 9p;, is measured as the difference between foreign price and

imported-goods price as below

Yy = (e +p;) — pry

The expression indicates that an increase in foreign output leads to a rise in
domestic output, but a fall in consumption. This effect is identical to the impact of the
LOOP gap, ¥r;. Therefore, an adverse foreign inflation shock and depreciation in the
nominal exchange rate increase domestic output but decrease consumption. Moreover,
the influences of the term of trade, (s;), on domestic output and consumption are clearly
shown in the expression . On the other hand, the change in the term of trade has
a log-linear form and presents the difference between imported-goods price inflation, 7p,,

and domestic-goods price inflation, 7z, as below.

ASt =Tfprt —THt + Etot t (393)

It is worthwhile noting that in the specification of the term of trade above, the term
(€tot,¢) 1s a shock to the term of trade. Accordingly, it is modeled as an AR(1) process as
such €ttt = Prot * Etott—1 + €0t This simple specification would provide two advantages.
The first advantage is, as mentioned before, that we would examine the issue of concern
of how important the term of trade is to the Vietnamese economy. This is because this
impact would be one of the interesting issues in the current literature on the developing
and emerging markets (Mendoza (1995)), Kose (2002), |[Schmitt-Grohé and Uribe| (2018)).
The second advantage is to prevent the problem of the singularity in our model.

Third, the volatilities of the real exchange rate, ¢;, are impacted by the term of trade
and the LOOP gap as below

@ =(et+p;)—pe=vYre+ (1 —a)s; (3.9.4)

Fourth, the domestic-goods price inflation, 7y, is depicted as a Hybrid New Keynesian

Phillip Curve of the domestic firm as following.

1 —0y)(1 — BOn)
__ B 5 I el
THt 1+ 30y, tTHt+1 + 1+59H7TH¢ 1+ 6 (1 + B0n)

me (3.9.5)

16



As shown in the expression , the current domestic-goods price inflation depends
on not only past but also future inflations. Moreover, change in the current domestically
made-goods inflation is influenced by three foreign sources: foreign output, exchange rate
and term of trade. These sources have direct or indirect impacts via their effects on real

marginal cost, mc;, as such.

mey = @y — (14 @)eay + asy + (c; — hey ) (3.9.6)

o
1—h
Fifth, the imported-goods price inflation, 7g; is described as the Hybrid New Keyne-

sian Phillip Curve of importing firm as follows.

J

_ F (1—6Fp)(1 - Bbp)
TR T Bey P T T ey

Ol + BOp) Ve Cae

Eympii + (3.9.7)

Similar to the domestic-goods price inflation, as in the expression , the imported-
goods price inflation, 7, depends on not only past but also future inflations. Moreover,
it is impacted by the LOOP gap, v, and the cost-push shock, e ;.

Sixth, the domestic CPI inflation is associated with the domestic-goods price inflation

and term of trade as follows.
T = T + alAs; (3.9.8)
Seventh, taking the log-linear approximation of the expression (3.6.1)) to yield the
following uncovered interest rate parity.
('L.t — Etﬂ-t—‘rl) — (l: — EtW:+1) = EtAQt — Xay — Cbt (399)
Eighth, the log-linear approximation of the international balance of payment in the
equation (|3.8.3]) is below.

Yy — ¢ —alsy +Ypy) = ap — B a;q (3.9.10)

Finally, the policy rule in (3.6.1)) is approximated as
By = Uit (1= 0) [UeF + 0l + Py By, + YeBer| + By (3.9.11)

As shown in (3.9.11)), the central bank adjusts its policy interest rate in response to
the past interest rate (i,_1), CPI inflation (m;), output gap (y;/y), output growth (Ay;),
and growth in nominal exchange rate (Ae;). The disturbance (e574) denotes the monetary

policy shock.
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4 Model solution, data and estimation strategy

4.1 Model solution

This model has eleven endogenous variables: consumption (c¢;), output (y;), interest
rate (i;), real exchange rate (¢;), term of trade (s;), CPI inflation (), domestic-goods
price inflation (7 ), imported-goods price inflation (7z,;), the LOOP gap (¢g;), the real
quantity outstanding foreign bond (a;), and domestic real marginal cost (mc;). To solve

for these eleven endogenous variables, eleven above log-linear approximation equations,

from (3.9.1) to (3.9.11)), are used. Furthermore, this model has five foreign economy

variables corresponding to the foreign economy block (see Section .

It is worthwhile noting that the number of external-related shocks accounts for the
dominant proportion. In particular, there are ten structural shocks in total, with seven
external-related disturbances. This specification would enhance the effects of the foreign
economy on this emerging country with one of the most open economies in the world.
On the other hand, it also prevents the problem of the singularity in the underlying
model. This is because the number of exogenous disturbances is higher than the number

of observed variables.

4.2 Data

In this paper, we use five Vietnamese macroeconomic variables and three foreign econ-
omy variables. The period of 1999Q)1 — 2017Q1 is chosen because of the available data
on this emerging country. The Vietnamese variables include CPI-deflated output growth,
CPI inflation, policy interest rate, the real exchange rate, and terms of trade. The quar-
terly data on output growth is provided by the General Statistics Office (GSO) of Vietnam.
On the other hand, four remaining Vietnamese variables are collected from the IMF IFS's
online database. Meanwhile, three US macroeconomic variables are used as the proxy for
the foreign economy. We do this because in the literature on the small open economy;,
the US economy is typically treated as the foreign one (see Buncic and Melecky| (2008)),
Choi and Hur| (2015), |Gabriel et al| (2016), and Rees et al. (2016])). All data sources
are presented in Appendix [A]l In addition, it is worth noting that in this paper, we do
not detrend or demean the data before estimation. Instead, we will do this within the
estimation procedure by including intercepts in the measurement equations. Finally, the

data used for estimation is presented in Figure |5 below.
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Figure 5: The quarterly data about the Vietnamese and foreign economies

4.3 Forming the posterior density

The theoretical log-linearized model, which is described in section 4.2 will be linked to
the actual data via the measurement equation system in appendix [B] These two equation

systems can then be summarized in a state-space framework below.

The state equation
The observed equation

The shocks and measurement errors

Qt = AQt—l + B€t (431)
q)t = C(I)tfl + DQt + FEt (432)
et ~ N(0,1,) and ¢ ~ N (0, I,) (4.3.3)

where €2, is the m-dimensional vector of model variables or state vector and ®; is an

n-dimensional vector of observed variables. Based on the state space system, the log-
likelihood, In L = In p(®,|©), can be computed with the Kalman filter and © presents the
matrix of parameters A, B, C, D, F', I, and I,.
The Bayes theorem enables the combining of prior and likelihood distributions. In
particular, the posterior density, p(©|®;), is proportional, o, to the product of prior
distribution, p(©), and likelihood function, p(®;|0©), as in the following formula

p(0]®;) o< p(©)p(P;|O)

(4.3.4)

In terms of the log form, the posterior density in (4.3.4) will be
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Inp(©[P;) o< Inp(O) + In p(P4[O)

(4.3.5)
xInp(©)+InL

It is worth noting that the conditional posterior density p(©|®;) is typically a complex
form. Thus, we can not directly sample from this density. To address this issue, we use
the Metropolis-Hastings sampling algorithm. Accordingly, we will generate the number
of random values (¢) from a proposal density. Indeed, this proposal distribution is a

multivariate normal density as follows.

g O ~ N(O" 1 %) (4.3.6)

Where the covariance matrix Y is typically the negative of the inverse Hessian at
the mode of the conditional posterior density p(©|®;) in ([£.3.4). A candidate ¥, which
is randomly generated from the above density, leads to an increase in the conditional
posterior density such as p(9|®;)p(©"|®,). It is then accepted that ©° = ). Otherwise,
it is rejected and ¥ = ©*~!. Thus, we typically control the parameter ¢ to get a designed

acceptance ratio. This acceptance ratio is computed below.

A number of accepted draws (4.3.7)

The acceptance ratio =
P A total number of proposal draws

5 Estimation

There are only three parameters which are fixed before estimation. The first two
parameters associated with both domestic and foreign economy discount factors are cali-
brated according to the standard literature on the real business cycle. For example, the
first parameter is the domestic discount factor (5 = 0.99). The second parameter is the
foreign economy discount factor (5* = 0.9987). The last parameter is the foreign Phillip
curve (1* = 0.10) which is identical to Ireland| (2011). Thus, in this paper, 38 structural
parameters and eight nonstructural parameters associated with measurement errors are

identified and estimated within the underlying model by using the Bayesian technique.

5.1 Prior Information

The prior densities for 38 estimated structural and 8 non-structural parameters are
mainly based on the previous literature. The second column in Table [1| gives an overview
of prior information. Because of space constraint, we shortly introduce the discussions
about these prior densities. The detailed discussions can be found in the supplemental
material.

In general, this paper uses four types of the prior distribution. They are the beta,
gamma, inverse-gamma, and uniform densities. Accordingly, the beta distribution is used

for the degree of openness, inverse Frisch, consumption habit, Calvo price, indexation,
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and persistent shock parameters. Meanwhile, the gamma distributions are applied to
parameters in the Taylor rule. On the other hand, the inverse-gamma distribution is
applied to the parameters associated with risk premium, domestic and imported goods
substitute elasticities and the standard deviation of ten structural disturbances. Finally,
the uniform densities are used for eight non-structural parameters of intercepts in the
measurement, equation. The further discussions are given below.

We use the gamma distribution with a mean of 0.6 and a standard deviation of 0.05 as
the prior density for the degree of openness (). On the other hand, based on the studies by
Schmitt-Grohé and Uribe| (2003)), |Adolfson et al.| (2007)), | Justiniano and Preston| (2010b)),
we impose the inverse gamma distribution with a mean of 0.01 and a standard deviation
of infinity as a prior density for risk premium elasticity y. There are two advantages of
using this prior specification. First, the prior standard deviation of infinity would create
more flexibility in estimation. Second, it is uninformative regarding this parameter in the
case of Vietnam. This prior strategy is identical to the frontier study of |Garcia-Cicco et al.
(2010). Indeed, Garcia-Cicco et al.|(2010)) use the uniform density as the prior distribution
for all estimated parameters, including the parameter of risk premium elasticity, .

Based on the studies by Havranek et al.| (2015]), the prior inverse value of elasticities
of intertemporal substitution, o, follows the gamma distribution with a mean of 1.2 and
a standard deviation of 0.4. Meanwhile, the magnitude of the inverse Frisch elasticity of
labor supply () is a controversial issue in macroeconomics (Christiano et al. (2010). Due
to the high fraction of a number of under-35-year-old people in Vietnam, we believe that
the Frisch elasticity of labor supply, (1/¢), would be large. A high value of the Frisch
elasticity of labor supply reflects the strong response of labor supply to wage and the
properties of aggregate data. Thus, we use the gamma distribution with a mean of 0.5
and a standard deviation of 0.25 as the prior inverse value, ().

On the other hand, according to the standard literature on the real business cycle,
price changes every four months. Furthermore, typically, the degree of Calvo price is
lower in the importing firm than domestic firm. However, in this paper, the prior density
is identical to these two firms. This prior strategy is identical to Justiniano and Preston
(2010b). Thus, we use the beta distribution with a mean of 0.75 and a standard deviation
of 0.1 as the prior density for 8y and 0.

In the literature, habit formation varies widely across countries and data types. Ac-
cordingly, this estimated parameter is typically higher in the macro level than micro level
(see [Fuhrer| (2000), Christiano et al. (2005)), [Havranck et al. (2017)). For Vietnam, we
therefore use the beta distribution with a mean of 0.6 and a standard deviation of 0.1
as the prior density for this parameter. On the other hand, the two parameters for price
indexation, dy and dp, enable us to describe the inflation dynamic as backward- and
forward-looking behavior (Gali and Gertler| (1999)), |Gali et al.| (2005), Christiano et al.
(2005)), [Smets and Wouters (2007))). Based on the standard literature, we use the beta
distribution with a mean of 0.5 and standard deviation of 0.25 as the prior density for
these two parameters.

Taylor| (2000)) and (Garcia et al.| (2011) argued that including the exchange rate in the
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monetary policy rule is significantly crucial in the case of the developing and emerging
economies. Furthermore, like other developing Asian countries, Vietnam mainly depends
on exports and adopts a partial float exchange rate regime. Thus, the inclusion of the
exchange rate in the Taylor rule would give a significant improvement to modelling the
policy interest rate. On the other hand, Figure [5| shows that the policy interest rate
in Vietnam is not as volatile as inflation, output, and real exchange rate over the period
1999Q1—2017Q1. This implies that the policy rule should include a smoothing parameter,
;. Since this smoothing parameter is in the range (0 — 1), we use the beta distribution
with a mean of 0.75 and standard deviation of 0.25 as prior density. We set the gamma
distribution with a mean of 1.5 and standard deviation of 0.25 for the parameter of
inflation, ,. Hence, this value ensures that our model does not suffer from the issue
of indeterminacy. The three remaining parameters, output gap, output growth, and
exchange rate, (¢, ¥ay, Yac), follow the gamma distribution with a mean of 0.5 and a
standard deviation of 0.25.

The foreign economy block has 13 parameters to be estimated. Indeed, these 13
parameters are priors as one of three distributions (gamma, beta, and inverse gamma).
For instance, the inverse gamma density is used as the prior distribution for all four shock
innovations. Meanwhile, their persistent parameters are priors as the beta density. An
exception for the smoothing parameter is that the three remaining parameters in the
foreign monetary policy rule are priors as the gamma distribution. It is worth noting that
Ireland (2011) calibrated the steady-state growth. In this paper, however, this parameter
is estimated with its prior density of the gamma distribution. Finally, both foreign habit

and price indexation are priors as the beta distribution.

5.2 Estimated results and discussions

The majority of 49 theoretical model parameters will be estimated using the Bayesian
technique. Based on the state-space form, the log-likelihood function is evaluated using
the Kalman filter. Afterward, several optimization algorithms are used to find the mode
of the posterior density p(©|®;) in ([£.3.5). Using this mode, we propose a multivariate
normal distribution ¢(¢ | ©7!) in (4.3.6). Then, we generate 300,000 draws from this
proposal density. On the other hand, we specify the parameter ¢ to target an acceptance
rate of around 30 %. Indeed, this value is typically used in the literature. Meanwhile,
we determine 75,000 discards. Indeed, this estimation procedure of the Markov Chain
Monte Carlo (MCMC) method with the Metropolis-Hastings algorithm is conducted by
using the DYNARE Toolbox of |/Adjemian et al.| (2011)).

In this paper, we use an estimated small open economy NK-DSGE model for policy
analysis. Thus, all estimated model parameters should bear both statistical and economic
meanings. Therefore, in this section, we briefly interpret the estimated results. Accord-
ingly, we find that the data is very informative for most estimated parameters. As an
example, the prior density significantly differs from its posterior distribution (see Figures
in Appendix [C]). On the other hand, Table [1] presents the detail of estimation.
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Meanwhile, Figure [6] shows the predicted values and actual data. Indeed, the predicted
values present the Kalman filtered one-sided estimate of the observed variables. Accord-
ingly, the estimated result of the Taylor rule and domestic CPI inflation dynamics for
Vietnam is one of the most striking estimations. For instance, there are small differences
between fitted and actual data. Other predicted values, such as real exchange rate and
output, include some points which differ from their actual data in magnitude. However,

overall, they still share the key trend of movement in common with actual data.

Figure 6: Actual and its fitted values
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The comparison between fitted values and actual data is one of the good criteria
to assess how an estimated model fits data well. However, in the current literature on
estimating the NK-DSGE model, not every study reports this result, even in the most
influential study by |Smets and Wouters| (2003). On the other hand, it’s fair to say that it

is difficult to have a model that can generate its predicted values perfectly fitting actual

data. As an example, in a well-known study by |Adolfson et al.| (2007)), the predicted value

could not fit the European data perfectly well either, in particular real wage, import, and
world output. Other studies by the economists at the Reserve Bank of Australia also
shared the same problem. In particular, the fitted values of non-farm GDP and export

share of GDP significantly differ from their actual data on Australia in the study by
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Nimark (2009). A similar pattern is also found in the study by /Jaaskela and Nimark
(2011). More specifically, the fitted values of real wage, investment, employment, export,
and import commodity export differed considerably from their actual data on Australia.
Therefore, we argue that our estimated model fits data on the Vietnamese and foreign
economies relatively well.

Due to space constraint, we present a brief discussion about selected parameters. The
detailed information can be found in the supplemental material.

The estimated mean of the debt elasticity parameter x is 0.004. This estimated result
is as small as what we expect. Futhermore, it is located in the range that is shared with the
standard literature (Schmitt-Grohé and Uribe| (2003)), |Adolfson et al.| (2007), |Justiniano
and Preston| (2010b))). The presence of this parameter reflects imperfect capital mobility
in Vietnam. This issue leads to the failure of the Uncovered Interest Rate Parity. Thus,
the difference between the real interest rate in Vietnam and its counterpart in the U.S
economy is not identical to change in the exchange rate (USD/V ND).

Two estimated Calvo prices are 0.86 for the domestic firm and 0.49 for the importing
firm. This implies that in Vietnam the frequency of changing price is every seven quarters
in the case of the domestic firm, whereas it is around every two quarters in the case of the
importing firm. We see that in Vietnam the domestic firm's price is much stickier than
the importing firm's local-currency price. This fact is not only in the case of Vietnam
but also in other advanced nations including Euro, Canada and Australia (Adolfson et al.
(2007)), [Justiniano and Preston| (2010b)). The intuitive explanation is that the importing
firm's local-currency price is strongly influenced by the volatilities of the exchange rate,
but not for the domestic firm.

The posterior mean of price indexation is small, such as 6y = 0.06 and dr = 0.30.
Such a small posterior value is identical to that in the pioneer and influential study by
Gali and Gertler| (1999) on the hybrid New Keynesian Phillip curve. For example, these
authors argued: “While the benchmark pure forward-looking model is rejected on statistical
grounds, it appears still to be a reasonable first approximation of reality”. However, we
still argue that an appropriate method of modelling the inflation dynamic for Vietnam
should account for not only expected future inflation but also its past. This is because
the CPI inflation in Vietnam tends to be higher than in advanced nations.

Regarding the Taylor rule, an estimated value of smoothing parameter, ;, is 0.89.
This implies that the policy interest rate in Vietnam is highly persistent. This estimated
value captures well the fact that this policy rate is not as volatile as inflation, output
growth, and exchange rate (see Figure . On the other hand, an estimated parameter
of 1.03 for inflation differs slightly from unity. Thus, we argue that the SBV pursued
the moderately anti-inflation policy over the period of 1999Q1 to 2017Q1. Indeed, there
are two striking opposite episodes of inflation during this stage. The first one took place
in the early 2000s. Accordingly, the Vietnamese economy suffered from deflation (2000:
-1.70 %; 2001: -0.43%). Thus, the SBV pursued the anti-deflation strategy. Conversely,
the second episode took place during and after the 2008-global recession. In particular,
the Vietnamese economy faced the two-digit inflation (2008: 23.116% ; 2011: 18.676%).
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Therefore, the SBV pursued the anti-inflation strategy.

Meanwhile, two estimated values for output, 1, and a,, are 0.19 and 0.92. This
implies that the SBV adjusts its policy interest rate more strongly in response to output
growth rather than the output gap. A similar pattern takes place in several advanced na-
tions, such as Australia, Canada, and New Zealand (see |Justiniano and Preston (2010b))).

Moreover, the estimated value for the coefficient associated with the exchange rate
in the Taylor rule is the most striking difference from that in other advanced countries.
Specifically, this estimated value, 1., is 0.81 in Vietnam. This value is significantly
higher than that in advanced nations. For example, |Adolfson et al.| (2007)) estimated this
parameter to be -0.0009 for the euro area. Meanwhile, Justiniano and Preston| (2010b))
found 0.29, 0.29, and 0.07 for Canada, Australia, and New Zealand, respectively. This
fact can attribute to the difference in the exchange rate regime in Vietnam and these
advanced countries. Accordingly, the SBV has adopted a managed-float exchange rate,
whereas the exchange rate is freely floated in advanced nations. Indeed, the fluctuations
in the exchange rate (USD/VND) are managed within a band which is set by this central
bank. Thus, such a highly estimated value for the coefficient of the exchange rate, .,
would confirm the vital role of the presence of the exchange rate in modelling policy rule

in emerging economies (Taylor| (2000) and |Garcia et al.| (2011))).
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Table 1: Prior densities and posterior estimates

Parameters Prior densities Posterior densities
Type Mean SD  Mean SD Lower  Upper
Degree of openness Q@ B 060 0.05 0.556 0.051 0.4668 0.6329
Risk premium elasticity X I 0.01 inf 0.004 0.001 0.0022 0.0055
Inverse intertemporal o G 1.20 040 1.026 0.282 0.5824 1.5011
elasticity of substitution
Inverse Frisch @ B 050 0.25 0.552 0.239 0.1750 0.9428
Calvo domestic price Oy B 0.75 0.10 0.858 0.016 0.8335 0.8839
Calvo import price Or B 0.75 0.10 0.494 0.068 0.3762 0.6004
Elasticity H-F goods 7 I 1.50 inf  0.628 0.096 0.4763 0.7766
Habit h B 0.60 0.10 0.593 0.078 0.4661 0.7174
Domestic price indexation On B 050 0.25 0.063 0.046 0.0006 0.1210
Foreign price indexation OF B 050 025 0301 0.182 0.0160 0.5750
Taylor rule, smoothing (o B 050 0.25 0.885 0.021 0.8511 0.9194
Taylor rule, inflation Uy G 1.50  0.25 1.030 0.183 0.7045 1.3134
Taylor rule, output Uy G 050 0.25 0.187 0.056 0.1057 0.2780
Taylor rule, output growth YAy G 050 0.25 0916 0.349 0.3263 1.3940
Taylor rule, exchange rate Ve G 050 0.25 0.810 0.301 0.2773 1.1821
Technology shock, persistent Dz B 080 0.10 0.630 0.074 0.5131 0.7473
Preference shock, persistent Pq B 080 0.10 0.772 0.067 0.6626 0.8734
Import cost-push shock, persistent p, B 080 0.10 0929 0.029 0.8874 0.9766
Risk premium shock, persistent Prp B 0.80 0.10 0.928 0.028 0.8839 0.9727
sd technology o, I 0.50 inf  20.00 1.098 18.899 21.579
sd preference o4 I 0.50 inf 11.66 2.819 7.1927 16.472
sd import cost-push Ocp I 0.50 inf  1.602 0.575 0.6555 2.5220
sd risk premium Orp I 0.50 inf 0.292 0.065 0.1750 0.3861
sd term of trade Otot U 000 100 1.263 0.504 0.3615 2.0391
sd policy Om I 0.50 inf 0.366 0.050 0.2821 0.4314
Foreign steady state growth Dos G 1.003 0.13 0.901 0.107 0.7306 1.0741
Foreign habit h* B 040 0.10 0.530 0.071 0.4131 0.6494
Foreign persistent cost-push Ppr B 0.80 0.10 0.679 0.103 0.5107 0.8527
Foreign persistent preference Dax B 080 0.10 0.875 0.044 0.8075 0.9411
Foreign price indexation o B 07 010 0446 0.110 0.2670 0.6266
Foreign policy rule, smoothing Dis B 0.60 0.20 0.904 0.015 0.8790 0.9278
Foreign policy rule, inflation Pips G 150 0.25 1427 0.182 1.1181 1.7127
Foreign policy rule, output gap Piys G 050 0.25 0.153 0.047 0.0796 0.2276
Foreign policy rule, output growth pa,. G 050 0.25 0.832 0.249 0.4248 1.2078
sd foreign policy Oix I 0.160 inf 0.111 0.011 0.0942 0.1286
sd foreign preference Oax I 0.08 inf 2948 0.615 1.9774 3.8368
sd foreign cost-push Oeps I 0.002 inf 0.367 0.074 0.2401 0.4852
sd foreign technology O s I 0.009 inf 0.010 0.050 0.0075 0.0211
Mean domestic output Iy U 000 10.0 1.440 0.060 1.3479 1.5382
Mean domestic inflation . U 0.00 100 1.772 0.515 0.9318 2.6597
Mean real exchange rate Lq U -1.0 0.00 -0.554 0.129 -0.7157 -0.2892
Mean term of trade [htot U 0.00 10.0 0.168 0.122 0.0000 0.4385
Mean domestic rate Lbi U 000 150 7.939 2304 3.8651 11.0264
Mean foreign inflation Lhrrs U 0.00 100 0.610 0.109 0.4099 0.9885
Mean foreign output Loy U 000 10.0 0.304 0.035 0.2124 0.3173
Mean foreign rate Lhis U 0.00 10.0 2.814 1.624 0.7337 3.7025

Distribution: B, beta; G, gamma; I, inverse-gamma; U, uniform.
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For the shock processes, we find that four domestic disturbances (technology, pref-
erence, import cost-push, and risk premium) are either relatively or highly persistent.
Regarding ten structural smoothed shocks, these volatilities exhibit relatively well the
fluctuations in the Vietnamese and foreign economies over the period of 199901 —2017Q1.
For example, based on Figure [19)in Appendix [C] these ten structural smoothed variables
fluctuate significantly throughout the special episodes, such as the early-2000 technology
Y2K and 2008 global Recessions. In particular for the early-2000 technology-related cri-
sis, there are substantial fluctuations in both domestic and foreign economy technology
innovations. A similar pattern takes place in the case of shocks to external monetary and

preference.

6 Analysis

In this section, we investigate the sources of the business cycle fluctuations in Viet-
nam. To do so, we use three different methods: impulse response function, forecast error

variance decomposition, and historical decomposition.

6.1 Impulse response functions

This section presents the responses of six macroeconomic variables to several selected
structural shocks. The other response to other structural disturbances can be found in
the supplemental document. The dashed line implies the 90-percent probability band.
Accordingly, there are, in general, are three striking features of the dynamic behavior of
these variables toward ten structural disturbances as follows.

The first feature is that the dynamic responses of the six variables are all of the
expected signs. For example, the demand-side disturbances, such as preference, risk pre-
mium, move domestic output, and CPI inflation, are in the same direction. Conversely,
the supply-side disturbances, such as technology innovation, import cost-push, move do-
mestic output, and CPI inflation, are in the opposite direction.

The second feature is that in most cases, the Vietnamese macroeconomic variables
notably respond to the estimated shocks. However, two external-sector related distur-
bances, the term of trade and foreign technology shocks, cause a very mild change in
macroeconomic fluctuation in Vietnam.

The last feature is that no shock permanently influences the Vietnamese economy.
Indeed, variables quickly go back to their steady-state level after the shock, except for
domestic CPI inflation and interest rate. Regarding domestic CPI inflation, it gradually
returns to its steady-state level due to the presence of the nominal friction, such as price
rigidity in the underlying model. Meanwhile, the persistent changes in the domestic
interest rate are explained by the highly estimated value for a parameter associated with
smoothing in the policy rule (¢; = 0.89). In fact, the actual data on this variable shows
a persistent pattern as well (see Figure [5)).

The dynamic behavior of each variable toward each structural shock is presented below.
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6.1.1 Shock to domesic monetary policy

Figure [7| shows how six macroeconomic variables respond to an estimated monetary
policy shock (contractionary monetary policy). Accordingly, it translates into a rise of 40
basis points (bps) in the domestic interest rate. Meanwhile, output growth, CPI inflation,
and term of trade fall. Moreover, Figure [7| presents a stronger response in domestic
output growth than domestic CPI inflation. As an example, the estimated monetary
policy disturbance causes an over-60-basis-point decline in domestic output growth, but
a slightly over-40-basis-point fall in domestic CPI inflation. Hence, during the period of
anti-inflation, the SBV should implement a contractionary monetary policy with caution.
Via the UIP, on the other hand, the domestic contractionary monetary policy causes the
appreciations of both real and nominal exchange rate (USD/V N D). Indeed, the nominal

and real exchange rates appreciate around 150 bps, and 100 bps, respectively.
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Figure 7: Shock to the domesic contractionary monetary policy

6.1.2 Shock to domesic technology

Figure [8] presents the shock to domestic stationary productivity technology. As a
supply-side disturbance, it leads to an expansion of 40 bps in output growth, but a decline
of approximately 100 bps in the domestic CPI inflation. On the other hand, there is an
increase of over 100 bps in terms of trade. Intuitively, because of a rise in productivity,
there is a fall in the real marginal cost, which in turn lowers the domestic-goods price Py ;.
As a result, domestic CPI inflation declines, but the term of trade rises. Along with this,
the real exchange rate depreciates. Meanwhile, via the policy rule, a fall in domestic CPI
inflation translates to a decrease of around 50 bps in the domestic interest rate. Finally,

via the UIP, the nominal exchange rate appreciates.

28



Output growth

0.6
0.4
0.2
o
0.2
o 5 10 15
Interst rate
0.2
——————————
o — =
\ --
0.4 -~
0.6 \ PR -
: | S
0.8
o 5 10 15
Term of Trade
1.5
I\
1 \
\\ “
0.5 N ~
N ~ .
o =
S e
o 5 10 15

CPI Inflation

_____
o i
’ - -
) s
-0.5 Yy
"/ ¢
- v’
T
o 5 10 15
Real exchang rate
-
0.6 P
’ \
0.4 \
4 S\ o\
0.2 I \\\\
7SN\ o
o N ——ar ==

5 10 15

Figure 8: Positive shock to domesic technology

6.1.3 Shock to domestic preference

Figure [9 presents the shocks to domestic preference. Indeed, a positive shock to
preference can be interpreted as an increase in domestic consumption demand. Thus, it
leads to an expansion of over 100 bps in domestic output growth. On the other hand,
as a domestic demand-side disturbance, it causes higher domestic CPI inflation. Indeed,
domestic CPI inflation rises by 10 bps. However, the response of domestic CPI inflation is

negligible. This is because its probability band includes zero. This disappointing finding

will be discussed further in Section [6.2.2]

Via the policy rule, on the other hand, the increases in domestic output growth and
CPI inflation generate rises in the domestic interest rate. Indeed, it peaks at around
75bps after three quarters. Meanwhile, via the UIP, this rise in the domestic interest rate
leads to the appreciation of the nominal exchange rate (over 50 bps). On the other hand,

due to the higher price of domestic goods Py, the term of trade declines. Thus, the real

exchange rate appreciates by over 50 bps.
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Figure 9: Positive shock to domesic preference

6.1.4 Shock to import cost-push

Figure [10] presents the positive shock to import cost-push. This adverse shock firstly
increases the imported-goods price inflation, mp;. It then translates to into an over-50-
basis-point increase in domestic CPI inflation via the aggregate price. Besides, a rise in
the imported price inflation, mp;, causes the term of trade to increase by almost 100 bps.
On the other hand, via the link with the LOOP gap, the real exchange rates witness
the appreciation of 100 bps. Meanwhile, the rise in domestic CPI inflation translates to
an increase in the domestic interest rate via the policy rule. It, in turn, leads to the
appreciation of the nominal exchange rate. Thus, these appreciations of both the nominal

and real exchange rates decrease the domestic output growth.
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Figure 10: Positive shock to import cost push

6.1.5 Shock to risk premium

An estimated shock to risk premium appreciates both nominal and real exchange rates
by approximately 150 bps, and 120 bps, respectively. The appreciation of the exchange
rate decreases the price of imported goods mp;. As aresult, there is an increase in imports,
which worsen the trade balance and domestic output growth (40 bps). On the other hand,
the fall in 75, results in a decline of around 60 bps in terms of trade and 40 bps in domestic
CPI inflation. Finally, via the policy rule, all declines in domestic CPI inflation, output

growth, and nominal exchange rate generate a fall of 100 bps in domestic interest rate.
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Figure 11: Positive shock to risk premium
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Furthermore, we examine the short-run exchange-rate pass-through (ERPT) for Viet-
nam. We do so by using the shock to risk premium. This is because this shock can be
viewed as an autonomous change in the expectation about the future exchange rate (see
the equation (3.9.9)). In addition, the ERPT measures how domestic CPI responds to
the changes in the nominal exchange rate, which is 100 x Aprice;/Ae;. Thus, the ERPR
also implies the transmission of the international spillovers on the Vietnamese economy
through the exchange rate channel.

Based on the impulse response function in Figure[11], the short-run incomplete ERPT
in Vietnam is 100 % 2% = 100 * —2P. — 96.67 % after 3 months. It is worth noting that

Aey 150bps
the estimated ERPT is not directly comparable because of differences in samples and the

underlying assumptions. However, we argue that the ERPT of 26.67% is relatively higher
in Vietnam in comparison to other emerging and developed countries. More specifically,
the greater and more-rapid EPRT in Vietnam compared to industrialized countries reflects
well the unique feature of developing countries (see [Frankel et al.| (2012)).

Such rapid and high ERPT in Vietnam can be explained as follows. Accordingly, in
our model specification, the incomplete ERPT is influenced by two Channelsﬂz marginal
cost and import price stickiness. In terms of marginal cost channel, the changes in the
exchange rate pass through domestic price via term of trade, s;. The magnitude of this
effect is governed by a highly estimated degree of openness, a = 0.56 (see the equation
(3.9.6) and Table . On the other hand, the second channel related to imported price
stickiness, O, reveals a relatively frequent change in price in Vietnam, such as every six

months.

6.1.6 Shock to the term of trade

This section is interesting since we examine a crucial issue about the role of the term
of trade shock to aggregate activities. Indeed, the current literature shows mixed findings
on this issue. For example, the conventional view argued that the effects of the the term
of trade shock on aggregate activities account for 30 % (Mendozal (1995), [Kose| (2002))).
However, based on the estimated SVAR and MXNE| models, a recent striking study of
Schmitt-Grohé and Uribe (2018)) argued that this shock displays a modest role of 10 %
in driving aggregate activities in 30 poor and emerging nations.

Figure [12] presents the positive shock to the term of trade. Accordingly, an estimated
shock to the term of trade results in increases in CPI inflation and interest rate. On the
other hand, it leads to an expansion in output. However, these responses of output to the

term-of-trade shock are negligible. As an example, its 90 % probability band includes zero.

2The third channel is mark-up. In particular, in the imperfectly competitive market, firms can charge
a markup on cost. Furthermore, it is worth noting that this channel will influence the ERPT only if the
assumption about time-varying mark-up is made (see |Aron et al| (2013)). However, there is no mark-up
in this underlying model. Thus, in our model specification, the incomplete ERPT is mainly influenced
by two sources: marginal cost and import price stickiness.

3The MXN model includes an importable sector (the m sector), an exportable sector (the x sector),
and a nontradable sector (the n sector). The detailed MXN model can be referred to [Schmitt-Grohé and
Uribe, (2018]).
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Thus, the terms-of-trade shock is not the primary source of business cycle fluctuations in
Vietnam. This finding is identical to a recent striking study by Schmitt-Grohé and Uribe
(2018). In particular, these authors argued: “On average across countries a positive
terms-of-trade shock causes an improvement in the trade balance and an expansion in
output, this improvement is statistically insignificant (as measured by the error bands
including 0) in 18 countries for the trade balance and in 24 countries for output in our
panel of 38 countries. Similar results obtain for the other variables included in the SVAR.
These findings are a prelude to the main result of this section, namely that SVAR evidence
suggests that terms-of-trade shocks are not a major source of fluctuations in emerging and

developing countries during the sample period considered.”
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Figure 12: Positive shock to Term of Trade

6.2 Forecast Error Variance decomposition

We go further to investigate the business cycle fluctuations in Vietnam with the help
of the forecast error variance decomposition (FEVD) technique. Accordingly, Table
presents how each structural shock contributes to the variations in six Vietnamese macroe-
conomic variables: output, inflation, interest rate, real and nominal exchange rates, and
term of trade.

Overall, the fluctuations in all cases of the nominal variables, such as domestic CPI
inflation, interest rate, exchange rates and the term of trade, are mainly explained by the
external-sector related disturbances. This finding is not surprising at this finding since
Vietnam is one of the most open economies in the world. However, the changes in the
real aggregate variable, such as domestic output growth, are largely driven by its domestic
shock, in particular, domestic consumption demand (domestic preference shock). Similar
to the IRF-based analysis, on the other hand, the FEVD technique also reveals a very

mild role of a shock to the term of trade.
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Table 2: Forecast Error Variance decomposition

Foreign shocks Domestic shocks
Quarters
Oix O g Ucp* O 2 Oz Ug Ucp Urp Otot Om
Domestic output growth
01 0.02 752 0.23 0.00 8.64 5439 0.12 848 0.03 20.57
04 0.34 697 0.31 0.00 16.10 50.78 0.33 7.66 0.10 17.40
08 0.35 699 0.35 0.00 15.75 52.67 039 7.01 0.09 16.40

12 035 7.01 035 0.00 16.66 52.10 0.39 6.88 0.09 16.18

20 035 7.02 035 0.00 17.03 5180 0.39 687 0.09 16.10

40 0.35 7.02 036 0.00 17.04 51.77 0.40 6.89 0.09 16.08
Domestic CPI inflation
01 0.14 1.67 245 0.00 44.46 0.52 24.89 841 7.68 9.79
04 0.18 3.18 4.41 0.00 42.92 0.82 2390 834 657 9.68
08 0.24 3.31 449 0.00 42.75 0.89 23.79 835 6.52 9.67
12 0.24 3.30 4.56 0.00 42.65 1.01 23.72 839 649 9.64
20 0.24 3.29 455 0.00 4248 1.26 23.65 8.48 6.46 9.60
40 0.24 329 453 0.00 42.34 1.38 23.63 858 644 9.56
Domestic interest rate
01 273 6.02 0.82 0.00 14.34 851 0.80 5558 193 9.26
04 0.97 11.26 2.59 0.00 11.36 22.13 5.32 43.06 047 283
08 0.62 12.50 2.32 0.00 9.30 25.79 6.62 40.69 030 1.85
12 0.55 12.40 2.07 0.00 849 2598 7.27 4134 026 1.64
20 0.51 12.03 1.93 0.00 798 2543 7.83 4251 0.25 1.53
40 0.50 11.84 190 0.00 785 2519 7.99 4299 024 151
Real exchange rate
01 203 1.10 194 0.00 0.54 9.13 30.20 2994 3.63 2148
04 236 1.11 266 0.00 4.81 7.84 2842 27.16 4.38 21.26

08 231 124 296 0.00 5.00 847 2814 26.72 4.28 20.89

12 228 133 3.01 0.00 518 876 28.04 26.52 4.23 20.65

20 227 137 3.00 0.00 524 881 2812 2648 4.20 20.52

40 226 137 3.00 0.00 5.23 881 2823 2645 4.19 2047
Nominal exchange rate

01 428 0.17 0.05 0.00 9.23 526 4.54 42.04 0.03 34.40

04 420 020 0.13 0.00 972 6.01 472 41.14 0.06 33.83

08 411 027 019 0.00 990 6.84 515 4033 0.06 33.15

12 4.08 029 020 0.00 992 695 547 40.09 0.06 32.94

20 4.06 029 021 0.00 991 6.93 584 3991 0.06 32.79
40 4.04 030 021 000 987 7.03 6.16 39.71 0.06 32.62
Term of trade
01 047 1.04 262 0.00 33.57 12.03 21.21 1273 11.07 5.26
04 042 190 520 0.00 31.04 11.51 20.35 13.24 11.38 4.95
08 0.43 2.04 527 0.00 30.07 13.93 20.30 12.65 10.44 4.87
12 0.41 235 5.39 0.00 29.57 15.15 20.06 1254 9.85 4.68
20 040 2.51 534 0.00 29.25 15.31 20.16 12.85 9.60 4.58
40 0.39 252 532 0.00 29.16 15.33 20.18 1297 9.56 4.57

Note: Values are measured in percent. Variables with the symbol star (*) belong to
foreign economy.
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6.2.1 Output growth

Table [2|shows that variations in output growth in Vietnam are mainly led by domestic
preference shock, o,. Accordingly, it accounts for more than half in both the short and
long run. This finding is identical to the literature on the model with nominal rigidities
in that the demand side has tended to play the dominant role (see Gali (2002)).

On the other hand, stationary technology shock contributes less than 18 %. Even
though there is no observed data on employment, this relatively limited contribution
would imply the opposite movements in output and employment in response to an increase
in stationary technology shock in Vietnam. Indeed, this finding and its implication are
identical to the standard literature on the NK-DSGE model (see |Gali (2002)), Smets and
Wouters (2003), |Adolfson et al.| (2007))). For example, Gali (2002)) argued: “In a model
with imperfect competition and sticky prices, a favorable technology shock is likely to induce
a short-run decline in employment”. Meanwhile, both Smets and Wouters (2003)) and
Adolfson et al. (2007)) found that an increase in stationary technology shock raises output,
whereas it decreases employment. In particular, Smets and Wouters (2003) argued: “The
limited importance of productivity shocks (maximum 12% of forecast error variance in
output) confirms the conjecture made in Gali (2000) that the negative correlation between
output and employment in response to a productivity shock raises serious doubts about the
quantitative significance of productivity shocks as a source of aggregate fluctuations”.

The exception for the first three months is that the role of monetary policy accounts
for less than 20 % in explaining the variations in the Vietnamese output growth. On the
other hand, all foreign shocks account for a proportion of around 15 %. This finding is
a disappointment since the Vietnamese economy strongly depends on international trade
and financial linkages. It implies misspecification in the SOE-NK-DSGE model that has
been widely accepted in the current literature (Justiniano and Preston (2010a)), Engel
(2014)), |Gourinchas and Rey| (2014)).

6.2.2 CPI inflation

The FEVD technique reveals that the fluctuations in the domestic CPI inflation in
Vietnam are mainly driven by stationary technology disturbance (see Table . Accord-
ingly, it accounts for over 40 %.

Meanwhile, policy shock accounts for less than 10 %. On the other hand, there
is concrete evidence in favor of a sizeable influence of the external sector on the CPI
inflation in Vietnam. More specifically, the shock to import cost-push, o.,, accounts for
approximately one fourth. Therefore, all of seven foreign shocks are notably responsible
for around 45 percent of the volatilities of the domestic CPI inflation in Vietnam.

On the other hand, the contribution of domestic preference shock accounts for a negli-
gible percentage. Meanwhile, as analyzed before, the response of this variable to domestic
preference shock is also the insignificantly statistical response. This fact can be explained
as follows. The effect of domestic preference shock on the domestic CPI inflation is

transmitted via several channels in between. At first, it influences domestic consumption
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via the New Keynesian IS curve. This impact is then transmitted to the domestic real
marginal cost, mc;. Through this channel, the domestic price inflation, 7g, will be im-
pacted. Finally, this shock arrives at the domestic CPI inflation via the aggregate price.
It is worthwhile noting that the magnitude of the effect of this shock on the domestic CPI
inflation is only governed by the coefficient associated with the domestic real marginal
cost, mc, in the domestic firm's hydrid NKP. Particularly, it is %. There-
fore, the magnitude of the effect of this shock on the domestic CPI inflation will be either
amplified or dampened by this coefficient. Indeed, the estimation leads to a small Valueﬂ
of 0.013. Consequently, there is a negligible contribution of the domestic preference shock

to the CPI inflation as mentioned before.

6.2.3 Domestic interest rate

It is not surprising that

The shock to risk premium is the primary source in driving the domestic interest rate
in Vietnam. Accordingly, this shock accounts for over half for the first quarter and over
40 % for higher horizons.

The finding on the most significant contribution of the risk premium to the variations
in the domestic interest rate can be explained by the strong connection between these
two variables. More specifically, the changes in domestic interest rate are closely related
to risk premium via two channels: uncovered interest rate parity and policy rule (see
the equations and ) As an example, an estimated value for a parameter
associated with the exchange rate, ¥a., in the policy is 0.81, which is high in magnitude.

On the other hand, the domestic shock, such as the domestic preference, oy, is the
second-largest source of driving interest rate. An exception to the first quarter, for exam-

ple is that preference shock accounts for around one fourth.

6.2.4 The nominal and real exchange rates

It is not surprising that the external-sector related shocks largely explain the fluctu-
ations in these two external-sector linked variables. Regarding the real exchange rate,
for example, it measures the relative ratio of foreign goods price in terms of local cur-
rency (VND) to domestic goods price (see the equation (3.9.4))). Thus, the shocks to
import cost-push, o.,, and risk premium, o,,, are dominant sources of driving this vari-
able. Notably, they share an approximately equal role of 28 %, and 26 % on the average,
respectively. Meanwhile, a domestic disturbance, such as domestic monetary policy, ac-
counts for slightly over 20 %. On the other hand, related to nominal exchange rate, risk

premium (o), is the dominant source which is followed by domestic monetary policy.

4 The effect of preference shock on domestic consumption is governed by parameter, % (see the

NKIS curve (3.9.1)). This effect will then translate into the domestic real marginal cost. The inverse

parameter then governs it, —%-. Therefore, the effect of domestic preference shock on domestic price

» T-h"
inflation and CPI inflation is governed by only parameter, %
(1=6m)(1—56r) _ (1-0.858)(1-0.99+0.858) _ 0.021 _() (13

? Mathematically, it is 0m(1480:) — 0.858x(110.09%0.858)  1.587
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Accordingly, they account for around 40 %, and 33 %, respectively.

6.2.5 Term of trade

Table |2/ shows that stationary technology disturbance plays the primary role in driving
the changes in the term of trade. Indeed, it accounts for around 30 %. On the other hand,
the import cost-push disturbance is the second-largest source (around 20%). Meanwhile,
two shocks to domestic preference and risk premium share an approximately equal role of
over 12 %. Regarding the role of the term of trade shock, it is negligible (around 10 %).
However, all seven foreign shocks make a notable contribution of around 55 %, whereas

domestic monetary policy shock has an insignificant role.

6.3 Historical decomposition

This section finds the sources that drove the output growth and CPI inflation in
Vietnam throughout the period 1999Q1 — 2017Q)1. Thus, the historical decomposition
technique is used. Figures show how each structural shock influences the fluc-
tuations in these two Vietnamese macroeconomic variables. Accordingly, the black line
presents the deviation of the smoothed value of the corresponding macroeconomic variable

from its steady-state level.

6.3.1 Output Growth

Figure [13| presents the contribution of each structural shock to the output fluctuations
for the period 1999Q1 — 2017Q1. In general, in most of the episodes, the variations
in the Vietnamese output growth rate are associated with the demand-side disturbance
(preference shock and risk premium).

The first episode is the period after the 1997-Asian crisis. Accordingly, there was a fall
in the Vietnamese output growth. Figure|l3|reveals two main factors associated with this
decline. The first one, which is the primary source, is the significant decline in domestic
consumption demand (negative preference shock). The second one is the negative shock
to the risk premium. This shock would imply the appreciation of the nominal exchange
rate in the second half of 1999.
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Figure 13: Output fluctuations, 1999Q1-2017Q1

I Foreign Interest Rate
I Foreign Preference
| Foreign cost-push
I Foreign Technology
I Domestic Technology
N Domestic Preference
Import Cost-push
Risk premium
Term of trade
Domestic Monetary policy
Initial condition

Percent, QoQ %

Mﬂl

2000 2002 2004 2006 2008 2010 2012 2014 2016

The second episode is the period of the early 2000s. In particular, the Vietnamese
output growth recovers. According to Figure these economic recoveries are associated
with the positive shock to the risk premium. Indeed, this shock presents the SBV's
devaluation of VND relative to the USD. On the other hand, Figure reveals three
adverse shocks limiting the speed of the economic recovery. The first adverse one is
domestic contractionary monetary policy. For example, the SBV raised its quarterly
policy interest rate by 60 basis points in late 2000. Besides, this central bank made
a considerable decrease in annual broad money growth. Regarding the two remaining
adverse shocks, there are declines in foreign consumption demand and domestic stationary
technology disturbances. These two adverse shocks might be linked with the early 2000
technology-related Recession, known as the Y2K crisis.

The third episode is the period of the economic boom of 2003 —2007. Based on Figure
two main factors lead to the economic boom. The first one is the positive shock
to the domestic monetary policy. For example, the SBV had pursued the expansionary
monetary policy. Accordingly, this central bank held its quarterly policy interest rate
at a stable level of around 5 %. Indeed, this level was the lowest one over the period of
1999Q1-2017Q1. Additionally, this central bank increased its annual broad money growth
by over 30 % per year, especially with the peak of approximately 50 % in 2007. Related to
the second factor, domestic consumption expanded in most episodes. The expansionary
monetary policy would cause these increases in domestic consumption. On the other
hand, over this period, there is an insignificant contribution of the risk premium shock
to the Vietnamese output growth. This fact might be explained by the relatively stable
fluctuation in the nominal exchange rate before the global crisis.

The fourth episode is the global financial crisis. The global financial crisis took place
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in the US in 2007. However, it started to hit the Vietnamese economy in 2008. Figure
presents two dominant factors associated with a fall in output growth during the global
financial crisis. The first one is the declines in foreign consumption. The second factor
is the domestic contractionary monetary policy. Indeed, because of the pressure of high
inflation in 2008, the SBV tightened its monetary policy. As a result, there were increases
in the quarterly policy interest rate.

The last episode is the period after the global crisis. In Figure [I3] there are two
primary sources of driving output growth. The first one is a negative shock to monetary
policy. The second one is an adverse shock to domestic consumption. These two adverse
shocks would be linked to the monetary policy tightening over 2011 — 2012 due to the

two-digit inflation.

6.3.2 CPI Inflation

Figure demonstrates the contribution of each structural shock to the domestic
inflation fluctuations for the period 1999Q1 — 2017Q1. Overall, the variations in the
Vietnamese CPI inflation is mainly influenced by import cost-push and monetary policy
shocks.

Over the period of 1999 — 2003, Vietnam suffered from low inflation. According to
Figure [14], two sources are associated with this low-inflation situation. The first one is the
negative shock to import cost-push, which is a dominant source. Indeed, this negative
shock would highly relate to the stable and lower-30-USD price of Brent Crude. On the
other hand, the second source is a negative shock to monetary policy. This shock is
associated with the monetary policy tightening. It is worth noting that, this monetary
policy also limited the output growth as mentioned before. For example, the SBV raised
its quarterly policy interest rate by 60 basis points in late 2000. Moreover, this central

bank significantly declined its annual broad money growth rate in the early 2000s.
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Figure 14: CPI inflation fluctuations, 1999Q1-2017Q1
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In the episode before the global crisis, the Vietnamese CPI had been increasing since
2004. It is worth noting that this episode belongs to the economic boom. Figure [14]shows
that these increases in the CPI inflation have resulted from an expansionary monetary
policy. More notably, this Figure reveals three primary sources associated with the two-
digit inflation of 23.116 % in 2008. Accordingly, the first one, which is a dominant
source, is the import cost-push shock. This adverse shock to the import cost-push would
be associated with the rocket in the world price of Brent crude over this stage. On
the other hand, the second source is the risk premium shock, which is caused by the
SBV's devaluations in early 2008. The third source is the adverse effect of expansionary
monetary policy in the period of the economic boom. These three factors continue to
cause a two-digit inflation of almost 19 % in 2011.

Over the remaining periods, the CPI inflation in Vietnam declined. Accordingly,
Figure [14] indicates two primary sources. The first one is the negative effect of the risk
premium shock. This disturbance was linked to the high appreciation of the nominal
exchange rate from the second half of 2011 to early 2012. On the other hand, the second
source is the monetary policy tightening. Indeed, the SBV implemented this monetary
policy over the period of 2011 — 2012.

7 Conclusion

In this paper, we develop a SOE-NK-DSGE model for Vietnam. Accordingly, it is the
first attempt. Indeed, the specification of this model closely follows the influential studies
by |Gali and Monacelli (2005), Monacelli (2005)), and |[Justiniano and Preston (2010b) on
the small open economy. On the other hand, the failures of the SOE-NK-DSGE model in
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explaining the effects of the international spillovers on a small open economy are widely
admitted in the current literature. Thus, in order to reduce this problem, we specify a
higher number of foreign shocks than its domestic counterpart. In particular, the model
has seven foreign disturbances and three domestic shocks. To an extent, this specification
coincides with the fact that Vietnam is one of the most open economies in the world. The
model is then estimated using the Bayesian technique and the time series for Vietnam
and the USA between 1999Q1 and 2017Q1. As a result, the estimated model fits observed
data relatively well. On the other hand, with the help of the impulse response function,
forecast error variance, and historical decomposition techniques, several findings on the
business cycle fluctuations in this emerging economy are revealed.

The underlying theoretical model of the SOE-NK-DSGE model is a small-sized type.
For further research, this model can be enriched by incorporating other features as follows.
As an example, in this paper, the domestic household directly supplies its labor to the
domestic firm (see Figure . Therefore, there is no nominal friction of the wage stickiness.
For further research, to introduce this friction, the model should adopt the assumption
that the domestic household is unable to supply its labor directly to an intermediate
goods firm. Instead of this, there is a labor-transforming firm. This firm aggregates a
homogenous unit of labor and sells to intermediate goods at the wage Wy . On the other
hand, this labor-transforming firm resets its wage according to the Calvo-style setting.

On the other, over the last decade, the structural model with financial friction has
been one of growing interest. Thus, this small-sized model can include this friction by
introducing a banking sector. Indeed, the domestic household holds a deposit at the bank.
The bank, in turn, lends to the domestic intermediate goods firm. This borrowing is done
to finance the intermediate goods firm's wage bill in advance (working capital channel as
in the study by Adolfson et al.| (2007))).
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Appendices

A Data sources

In the empirical analysis we use 10 following quarterly macroeconomic time series
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Table 3: Data sources, 1998Q4-2017Q1

Variables Data sources

7 CPl-deflated GDP(log) The GSO
Pt CPI index (log) The IMF-IFS Database
7;  Central bank policy interest rate The IMF-IFS Database
é; Nominal exchange rate against the USD (log) The IMF-IFS Database
s¢  The 45-individual commodidy The IMF Database

net export price index (log)
G+ CPI-based real exchange rate (log) Calculated with p; and é;
g;  Foreign GDP (US) per capita The Fed St. Louis

at constant prices (log)
p;  Foreign CPI index (US) (log) The Fed St. Louis
1y The US interest rate The Fed St. Louis

Note: The GSO stands for the General Statistic Office of Vietnam.

Note that in this paper we will not detrend or demean the data prior to estimation.
Instead, we will do it within the estimation procedure by including intercepts in the
measurement equations wherever applicable.

We use a number of following online database to collect data in table

1. The CPI: https://data.imf.org/regular.aspx?key=61545861

2. The central bank policy interest rate: https://data.imf.org/regular.
aspx’key=61545867

3. The Nominal exchange rate: https://data.imf.org/regular.aspx?key=
61545850

4. Commodity term of trade :

https://data.imf.org/7sk=2CDDCCB8-0B59-43E9-B6A0-59210D5605D2

5. Foreign real GDP per cap :

https://fred.stlouisfed.org/series/A939RX0Q048SBEA

6. Foreign CPI index : https://fred.stlouisfed.org/series/CPALTTO1USQ661S

7. The Fed interest rate: https://data.imf.org/regular.aspx?key=61545867

Other annual macroeconomic indicators are used in this paper such as the broad money
growth, etc. These indicators are collected from following online databases:

1. The annual broad money growth: https://datacatalog.worldbank.org/
dataset/world-development-indicators

2. The annual growth rate of GDP:https://data.worldbank.org/indicator/
NY.GDP.MKTP.KD.ZG7locations=VN

3. The annual openness: https://data.worldbank.org/indicator/ne.trd.
gnfs.zs

4. The global price of Brent Crude: https://fred.stlouisfed.org/series/
POILBREUSDQ

5. The annual CPI inflation in Vietnam : https://data.worldbank.org/
indicator/FP.CPI.TOTL.ZG?locations=VN
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6. The annual constant GDP-per-cap growth rate of Vietnam : https:
//fred.stlouisfed.org/series/NYGDPPCAPKDVNM

B The measurement equation system

obs obs

Yoo — Y1 = My T Y — Y1
P — p = pp + P — P
4% 0% = py 4+ 4 x4,

obs obs

QG — Q1 = Mg T q — Q-1
Coor e o (B.0.1)
Sp7 — 8 = Hs + St — S
obs, obs, * *
=y = ey —
obs, obs, * *
2 = pt—lf = Upx + Py — Pp_q

Axil = e+ Axil

It is worth noting that in the original version of the state-space model, the measure-
ment equation has both intercept and error terms. However, in this paper, the above
measure equation has only intercept. There are two explanations for this specification.
The first reason is to reduce the complexity of estimation. Moreover, in the underlying
theoretical model, the number of shocks is higher than the number of observed variables.
Thus, the problem of the singularity does not exist, and the inclusion of non-structural
shocks in the measurement equation would not be necessary. The second reason is that
the strategy of this specification is often used in the literature, such as the well-known
studies of Smets and Wouters (2007)), Negro et al.| (2013) and others|Choi and Hur| (2015)),
Kolasa and Rubaszek| (2018)).
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Figure 18: Prior and posterior densities

Figure 19: The smoothed shocks in Vietnam and foreign economy, 1999Q1-2017Q1
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