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- Does wage-inflation targeting complement foreign exchange intervention?
An evaluation of a multi-target, two-instrument monetary policy
framework™

Taojun Xie*”, Jingting Liu", Joseph D. ATba®, Wai-Mun Chia®

*Sim Kee Boon Institute for Financial Economics, Singapbre Management University
b Diwiston of Beonomics, School of Rumanities and Social Sciences, Nongang Technological Unduersily

. Abstract

We assess the inclusion of wage inflation as an intermediate. target of an emerging central bank using a
dynamic stochastic gendral equilibrium model with sticky wages and prices calibrated for the South Kovean
economy. The model includes wage inflation as an additional target jointly with. domestic price inflation
and the output gap in a Taylor- type interest rate rule operating with a sterilized foreign éxchange {FX)
intervention rule. Our results show & complementary relationship between wage inflation $argeting and price
inflation targeting. That is, by supplementing price inflation targeting with wage inflation targeting, welfare
improves for cases with and without sterilized FX intervention. When intervention is in place; wage inflation
targeting has the added advantage of reducing the volatilities of nominal exchange rate and foreign exchange
reserves thereby promoting a more sustainable conduct of FX intervention. .

Keywords: Emerging markets, foreign excha.nge.interveni;ions, sterilization, wage inflation tarpeting,
Taylor rule, DSGE model
JBL classification numbers: B35, F3

1. Introduction

In the aftermath of the global financial crisis that began in 2008, central banks of major industrial and
emerging-market economy (EME) countries have continued their accommodative policies despite historically
low interest rates because of the sluggish economic recovery. However, early signs of declines in unemployment
rates and/or of the rise in inflationary expectations in some countries have raised concerns that ceniral banks
will prematurely raise the interest rates and stall the fragile economic recovery. In fact, the Furopean Central
Bank (ECB) raised interest rates in July 2011 and the Federal Reserve Bank raised interest rates in December
2015 while the contral banks of Brazil, Chile, Mexico and South Africs increased interest rates in early 20161
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1The European Central Bank raised interest rates in 2011 due to concerns on inflation despite the worsening GDP growth
data in the BU (Atkins, 2011). The Federal Resarves raised the faderal fands rates by 0.25 percentage points in Decernber 2015
(htup: //www . bbe, com/news/business-36117405) with US unemployment rate at 4.9% (OECD, 2010). The Federal Reserve is
also expected to increase interest rate in the last quarier of 2016 (Hilsenrath and Torry, 2018). As of July 2018, the central bank
interest rates in Brasil, Chile, Mexico and South Africa are 14.25%, 3.5%, 4.25% and 7%, respectively (http//vun, globalrateas,
com/interestrates/centralbanks. a.spx}). The four emerging countries have adopted nflation targeting as monetary policies
(Alba et al,, 2015). Maitick and Sousa (2072) empirically investigate the monetary transmission mechanisin in Brazil and South

Africa.




The ECB decision in July 2011 is beleved to have caused a double dip recession in the ewrozone countries,
50 in November 2011; it reversed its decision and reduced interest rates.” Wren-Lewis (2011) argues that the
ECDH would not have raised interest rafes had it used wage inflation as an intermediate target. He advocates
wage inllation largeling (WIT) lor the ECB since wage inflation changes infrequently and is less subjecl i
inflation temperarity driven by increases of sales taxes and prices of commiodities. Blanchflower and Posen
{2014) also advocate wage inflation as an additionsl intermediate target of the Federal Reserve Bank, They
show a significant negative relationship in the United States botween wage rates and labor market slack -
defined either as one minus the labor force participation rate or undereizployment measured as part-time
workers over total employment.® Therefore, a rise in labor market slack mdicates a weak labor market
and would be associated with lower wage growth and yet, unemployment rate would also be lower. Ilence,
Blanchfiower and Pogen argue that wage inflation would be a better intermediate target of monetary policy
because, unlike the unemployment rate, it would be less distorted by labor market slack and would require
less judgement,* '

The rationale of Blanchilower and Posen (2014) and Wren-Lewis (2014) for central banks to target wage
infation could apply to inflation-targeting EME countries as well. For example, a cursory examination of
South Korea’s part-time emplovment rate (as percentage of total employment), nnemployment rate and
annual real wage growth from 2007 to 2013 may suggest that the rationale to target wage inflation could
apply to South Korea. From 2007 to 2011, part-time employment rate rose steadily from 8.7% to 13.3%
hefore dropping to 10% and 10.9% in 2012 and 2013, respectively. Part-time employment rate moved in the
opposite direction to the anmual real wage growth which was 3% in 2007 but became negative fromn 2008
through 2011 except for positive wage growth in 2010, As part-time employment rate diopped in 2012 and
2013, annual real wage growth bocame positive. In contrast, the unemployment rates were 3.2% in 2007 and
2008; it rose to 3.6% and 3.7% in 2009 and 2010, respectively, and then dropped to 3.45%, 3.2% and 3.1%
from 2011 to 2013.% Hence, annual wage growth seems to be a better indicator of labor market siack than
the unemployment rate,

Other than using inflation as a target, central banke of EME conntries may also target the exchange rates
and intervene in the foreten exchange (FX) markets.® For the case of South Korea, we examine possible
mdications of ¥X intervention by estimating a sinple bivariate vector autoregressive {VAR) model that
includes the log of the nominal effoctive exchange rate {(NEER) and the FX reserve-to-GDT ratio using
quarterly data from 1999Q1 o 2015Q4.7 The bivariate VAR model’s lag length is set at two periods and
its variables are ordered assuming adjustments in reserves have no contemporary effects on the exchange
rate, The impulse responses are shown in Figuwre 1. The lower left panel of Figure | shows that a rise in
the NEER {appreciation) leads to a positive jump in the FX reserve-to-GDP ratio. Thig could indicate FX
intervention of the Bank of Korea in which it purchases of foreign assets which ternper the appreciation of
the Korea’s NEER. Furthermore, we interpret the top right panel of Figure 1, whicl shows the smooth rise
in NEER {apprectation) in response to a vise in FX reserves-to-GDP ratio, as $he temnpering effect of the rise

28ee Wall Street Jowrnal (2015).

3Bell snd Blanchilower {2016) also find that labor market slack is associated with lower wages in the United Kingdom during
the global financial cyisis.

4Gven Jari Stehn and Jar Hatzius, economists at Goldman Sachs, vecommend a wage growth targel for the Fed (Boesler,
2014). Marro {2009} reviews the literature on wage inflation targeting, Canzoneri et al. (2005) note that wage inflation targeting
would have heen an obvious alternasive to price inflation tavgeting but it hias “received almost no attention” in the Bterature. -

Stimited data on wages of EMEs pravent us from undertaking a more formal analysis of the relationship hetween labor
market slack and wage growth, Data on part-time employment rate {percentage of employment) and the unemployment rate
{percentage of labor force) of South Korea are from the World Development Indicators online (http: //data. vorldbank. ozg/
data-catalog/world-development—indicators). Data on the annual real wage growth, defined as mean annual growth of real
monthly eanings of employees, are available from 2006 to 2013 from the International Labor Organization, Giobal Wage Report
Colection Dataset.

SEmpirical evidence of such practice can be found in Suardi {2008} and Kasman and Ayhan {2008} among others.

"Daka are vetrieved from CEIC Macroeconomic Databases for Emerging and Developing Countries. The nominal effective
exchange rate (NEER) is defined by the International Monetary Fund as the value of a currency versus the weighted average
of several foreign cmrencies, A rise in NEER Js an appreciation of the domestic currency against a baskel of foreign currencies.
South Korea's data series of FX reserve-to-GDP ratio is one of the longest among the 13 infation-targeting EMEs.



of FX reserves {FX intervention} on the rise of NEER. Other than Korea, FX interventions are prevalent
among EME and developing countries’ central banks. Calvo and Reinhart (2002) examine 39 countries from
January 1070 to November 1999 and find evidence of FX intervention in EME and developing conntrics.
Aizenman ot al. {2010) and Steiner {2015) examine 30 or more developed and developing countries from the
1970s to mid- to late- 2000 and find empirical evidence that EME countries’ central banks, especially those
with high-levels of FX reserves, not only intervened in the ¥X markets bai also sterilized their interventions
to pursue independent domestic monetary policies.®

There may be compelling reasons central banks of EMEs intervene in the FX markets. Among other
reasons, Calvo and Reinhart (2000) find that compared to developed countries, in EMEs, Iarge depreciations
are confractionary, current accouut adjustments are sudden and severe, currency crisis often beconies credit
crisis, exchange rate volatility have negative impact on trade, and pass-through is high from changes in
exchange rates to inflation. Since low exchange rate volatility is positively related to trade, EMEs that are
highl¥ reliant on trade manage their exchange rates and intervene in the FX markets. These EMEs are
usually faced with the trilemma constraing of being able to pursue independent monetary policy only by
implementing capital controls.® However, Steiner (2015) finds thas the srilemmna coastrahnts can be relaxed
in EMEs with large ¥X reserves as changes in the FX reserves could substitute for capital controls. This
implies the EMEs with higl levels of FX reserves and small open econoruies have sets of policy optious with
price infiation targeting and wage inflation-targeting through Taylor-type interest rate rule, and exchange
rate stabilization through sterilized FX intervention. The wider sets of policy options cone at the costs of
highly volagite X reserves and distortions in the financial markets when the exchange rate is vigidly fixed or
revaluation losses and sterilization costs when the exchange rates arve adjusted (Loelfler et al, 2012). Thus it
would be interesting to study the interactions among these policy tools and evaluate their eflects on welfare
in a small open economy. ‘ '

In this paper, we study optimal moenetary policy rules in a simple dynamic stochastie general equilibrium
{DSGE) model of a small open economy with wage and price rigidities. The model has two fypes of firms in
the home economy: non-tradable goods producers and tradable (exportable} goods producers. Households
provide labor services to firms in both sectors. In the benchmark setting, the central bank implements a
Taylor-type interest rate rule together with a sterilized FX intervention rule. We augment the conventional
Taylor-type interest rate rule such that it reacts not only to deviations of domestic price inflation from ifs
target and to output gaps but also to wage inflation. '® The sterilized FX intervention rule is as in Benes ot al.
(2015} in which the central bank purcheses {sells) FX reserves in response to appreciation (depreciation) af
the nominal exchange rate. Central banle purchases of FX reserves are funded by central bank securities
sold to commercial banks, Benes el ol. (2015) asswne that commercial banks fund the purchases of central
bank securities (and loang to households} with foreign borrowings. Hence, a rise in FX reserves increases the
commiercial banks’ foreign-currency denominated Habilities and exposure to exchange rate risk, which in tun
increases the risk premium of commercial bank held domestic assets. The higher risk premium depreciates
the nominal exchange rate since the nferest rabe, which is defined by the Taylor rule, does not respond to
the higher visk preminm. This setting allows the central bank to have a wider set of policy options with
multiple instruments and transmission channels.

Specifically, we evaluate in a small open economy DSGE model, in whick the central bank has multiple
instromcuts and channels, the welfare effects of WIT with sterilized FX interventions. The goals here arc
to examine: 1) whether the inclasion of WIT is welfare-improving in a small open economy; 2) whether the
improvement in welfare is sensitive to sterilized FX interventions of the central bank; and 3} whether WIT
and sterilized FX interventions, as tools of price stabilization, complement each other. 11

8fanes et al. (3015) review the literaturs on the effectiveness of sterilized FX interventions in EMEs

9Calve and Reinhart (2000) list studies that lind pesitive links hetween stable cxchange rate and irade. Steiner {2015)
raviews the literatine on the trilemma constraints in EMESs,

i%The conventional interest rate rule is of the type proposed by Tayior (1999) and Woodford (2003) among others.

Hlhosh et al. (2016) also evaluate interest rate policy with inflation and cutpul as targets when EMIEs' central banks
undertake FX intervention. In addition, they consider discretionary monetary policy vis-a-vis inflation targeting. Bowever,
they use a partial equilibrinm model in which welfare is derived from the central bank’s chjective function.



Owr study contrilyutes to the existing literature in twofold. First, to the best of our knowledge, this is the
fivst study formally designed to evaluate the role of WIT in an open-econonty general equilibrium framework
equipped with both the Taylor-type interest rate rule and the sterilized FX intervention rule. By putting
together the two key features that are found in the real world to capture the characteristics of the EMEy
and imposing simple enough assumptions, we are able to derive exact analytical solutions that allow us to
obtain various opthnal monetary stabilizabtion rules and compare them. Second, with wage inflation added
a3 a target to the interest rate rule along with domestic price inflagion and the output gap, we docunent the
complementary relalionship between WI'T and price-inflalion targeting (PIT) under both foreign price shock
and interest rate shock. In addision, we show that WIT reinforces sterilized FX intervention in stabilizing
the exchange rate. ‘

Our analytical results provide two insights in an opern-economy general equilibrium setting. First, our
finding reveals the importance for the central bank to care about wage inflation along with the policy goal of
stabilizing domestic price inflation and the oantput gap. We show in the context of our model shab together
with PIT, an additional WI'T in the Taylor-type interest rate rule is welfare improving. This finding is in
line with that of Marzo {2009) for the closed economy. Second, nnlike the previous literature which usually
angment the Taylor rule with additional exchange rate terms, we follow Benes et al {2013) in explicitly
modelling stevilized FX intervention. This modification seems to be crucial since we find that WIT together
with sterilized FX intervention not only performs ecuually well compared to the conventional Taylor-type rule
in terms of stabilizing the domestic price inflabion and the cutput gap bub also provides an added advantage
of smoother movements in exchange rate and FX rescrves,

The rest of the paper 15 organized into Ave more seclions. Section 2 presents our model, Section 3
describes the data source, parametrization and estimation resulis. Section 4 performs welfare analyses on
different monetary regimes based on our model in Section 2. Tn Sectien b, we examine the impulse responses
and perform sensitivity analyses on the parameters. The last section concludes,

2. A small open economy meodel with sterilized FX interventions

Our model’s imderlying framework builds on the smnall open economy model developed by Gall and
Monacelll {2016) to study welfare and optimal monetary policy. The model has non-tradable and tradabie
(exportable) sectors where labor is the only factor of production. Labor is assumed to be perfectly mobile
between the two sectors and demonstrates decreasing returns to seale in production. A common wage-setting
process with wage stickiness epplies to the two sectors. The non-tradable sector produces differentiated
goods which are sold in monopolistically competitive markets with staggered prices while the {radable sector
produces goods that are sold in the globally competitive market at a given competitive price. Households
consume domestically produced non-tradable goods and also foreign tradable (importable) gowds. The prices
of non-tradable goods are suhject to nominal rigidities. We incorporate in the Gali and Monacelli (2016)
madel the sterilized FX intervention rule as in Benes et al, (2015). 12 The sterilized FX intervention rule
aims to stabilize exchange rates in addition to the Taylor-type interest rate rule which aims fo stabilize the
domestic price inflation, the wage mflation and the output gap.

2.1. Central bank, commercial banks and households

We follow Benes st al, (2015) in linking the balance sheets of the central banlk, the commercial banks and
the households. The central bank holds stocks of foreign reserves, £}, as assets and issues its own securities,
O, as liahilities which are sold to the commercial banks. The comanercial banks, besides holding the central
bank’s securitios, also make loan, L., to the households and borrow, B, from abroad. Besides F; and B;
which are expressed in terms of foreign currency, the other assels are expressed in terms of domestic currency.

The policy framework of the central bank with & dual instrument consists of a sterilized FX intervention
rule and an interest rate rule which works as foliows. In the sterilized FX intervention, the central bank

P2Castiilo {2014) specifies an alternative FX intervention mechanism and calibrates the model for Guatemala.




receives inkerest of r} on its stock of reserves 4, pays inberest rate of r¢ to commercial hanks for helding
. 'R 3 '
its securities O; 4, and makes transfers CEYF to households:

3 1A

CFFP = By By yexp(e)) — Oroy exp () = EyFy 4+ Oy, (1)

whore £y is deflined as home currency per uni$ of foreign currency. The central bank determines the level of
reserve holdings and the interest rate paid on its own securitics. The stock of foreign reserves (expressed in
terms of output) is expressed as:

s . e ¥ o .
fe =psfii— (L —py) [1—_(;% e Rer| H o Gru N (0,07), (2)

where f is the real foreign reserves (Fy = Fi/Py) defiated by steady state output (Y} or fI = F7/Y.
Hemnce, f{ is the log deviation of f{ from its steady sate value f7. e, is the log nominal exchange rate and
Tep = €; — ;1 is the depreciation of home cwrency. The coefficient py is the central banl'’s preference in
smoothing the real reserves. The exchange rate movements are controlled by w, and ¢/, If w, — 1, the central
bank aims to target the exchange rafe at the desired level by adjusting the stock of FX reserves. The term
9/ (1 — )7y i5 used to capiure the exchange rate smoothing behavior. ¢y, is independently and identically
distributed (i.i.d) with a mean of zero and a varisuce of r.rfc and denotes the central bank’s discretionary
adjustment of the FX reserves. '

We augment the interest rate rule to include a wage inflation target such that the nominsl interest rate,
7, follows the form:

Ty ™= PP + {1 - ,07) [a'rﬂ-h‘f, + KTy 1 -+ 5;-;171:] + €rty Erg ™ N (01 0';2) (3)

where in log terms, mp, is the domestic inflation rate, m,, is the wage inflation rate and g, is the output
gap. The coellicient p,. is the central banlk’s preference for interest rate smoothing. «,, £ and 0, are the
responses of the interest rate to price inflation, wage nflation and output deviations from their targeted
levels, respectively. €, is the cenbral back’s discretionary adjustment of the interest rate. In this set-up, the
central bank could simultaneously use the FX intervention rule as in Equation 2 to stabilize the exchange rate
in the foreign exchange market and the interest rate rule as in Equation 3 to Largel the domestic inflation,
wage inflation or the output gap or the combinations of the three.

Since the modei allows for sterilization in the foreign exchange market, the central bank is able to create
a wedge between the nominal inferest rate and the exchange-rate adjusted foreign interest rate. Following
Benes et al. (2015), a bank loan rate, r}, is allowed to deviate from the policy interest rate, r,. Such a
deviation means that there is imperfect substitution between the central bank securities and bank loans.
Therefore, in a perfectly competitive financial sector, the commmercial banks behave according to:

exp (r:) = exp (r; } By {exp (e 111)} Qo (FHUY (4)
0
I <L
expir) =exp(ry) ————= 5)
p(i’) p(t}QO(Ff} ()

where Q;_—} {F/'}y > 0. Equation 4 is the modified UIP condition where UIP is augmented with a spread,
£y (-}, which is increasing in the stock of real FX reserves, F{. The equation pins down the exchange rate
expectations for a given spread and the interest rate vy is defined by the Taylor rule. U] denotes an exogenous
shock to the UIP condition which follows an autoregressive process:

log &) = pour log U7y + eyr s eur ~ N (0, (rgr) {6}

whers €, 18 an i.id shock, normal, with zere mean and variance ¢2.. Equation 5 introduces a spread
hetween the bank loan rate and the interest rate, We henceforth address +; as the policy rate and ’!'i a3 the
lending rate.

The sterilized FX intervention may stationarize the nominal exchange rate via the following mechanism.
In response in an initial appreciation in the exchange rate, the central bank purchases FX reserves to




offset the appreciating pressure on domestic currency. The central bank funds the purchase of FX reserves
by seliing central bank securities to commercial banks, which in turn fands the purchase of central banle
securities by borrowing abroad. This increases the commercial hanks’ foreign-currency denominated Habilities
and exposure to exchange rate risk thereby increasing the risk premium of commmercial-bank held domestic
assets. The higher risk premium makes domestic assets less attractive since interest rate, which is defined by
the Taylor vule, cannot rise in response to the higher risk premium. As a vesult, demand for doniestic assets
and domestic currency decrease, exerting a depreciafing pressure on domestic currency. This will counter
the initial appreciation hence stationarizing the nominal exchange rate.

2.8, Households and wage setting
We incorporate in the model of Benes ot al. {2015) the speeification of household behavior and wage
rigidity as in Gali and Monacelli (2016).7° The representative domestic household has expected lifethne
ukility given hy:
o0
By BU(Cu N Zy) (7)
=0
where £ is the discount [actor; Z; is an exogenous preference shifter; Cy is the household’s consumption of
the final goods; and N, is the honsehold’s labor supply. We define the uiility function by:

arl-+4
Vt 4

4

i+

U(C, Ny} = Zy |log (T} — @ (8)
Tn the above expression, ® > 013 the degree of dissatisfaction from supplying N units of labor and ¢ denctes
the Frisch elasticity of Iabor supply. Z; follows an autoregressive process:
log#y, =plogZe 1 +ez4; €50~ N ((), Jf) (9}
where €, ; is an i.1.d shock, normally distributed, with zero mean and variance o,
The consumption, Cy, is an aggregate of non-tradable goods, Cp; and tradable (importable) goods, G, e

(‘--fl Eji(—"'fll;;u"l K yr (J.U)

b

whete wy, € {0,1) is the share of consumption of tradable goods and 4 = (1 - wm)"(l—w’") w'. The
demand functions for the non-tradable and importable goods are Pp, Or = (1 — w) PGy and Py 1 Crng =
we P2 CYy, vespectively, Py denotes the aggregate prices for non-fradable goods while P, ; is the aggregate
prices for importable goods. The consurer price index is 7 = P,;“" - Consequently, the CP1 inflation
is given by I = Hi;w"‘ﬂi‘fgj where s = Fit/Pre—: and I = Foge/Poge—i. The price of importable
goods is the product’of nominal exchange rate and autoregressive exogenous world price:

Pm,t :EEP; ' (11)
log Py = pplog Pl g +epsiepy~ N {0, J;Z) ‘ {12)

BEach household maximizes its utility in Equation 7 subject to the following budget consiraint:

PGy — Ly = —exp (rl_)) Limy + WNy + CFFP + A, ~ PU (?) (18)
"t

where W {L,/P,) captures the loan adjustment costs with U/ {L/F:) > 0 and " {L;/F;} > 0. These
conditions prevent excessive loans. Ay is the total amows of profits houscholds received from firng, the

3T he. details of the Gali and Monacellis model deriving. wage rigidity and extending the model o include tradable and
non-tradable sectors ate in their online appendix (http://www.pber.org/data~appendiz/w224583/0nlineAppendix_final.pdf}.




commercial banks and the central bank, which are treated as exogenous by the household. Maximizing the
utility subject to the budget constraint gives the following first order conditions: .

L
:/\t [1 — 0 (F:)] + ;3E¢{Af;+1}e)\p (T!i.) =1 (14)
Z
(—f' - /\aiuf_ =} (}5}
DLNT — MW =0 (16}

The first equation can be manipulated so as to chtain:

A o \
Eﬁé; 01— o (LD =Aexp(rl), (17

- B v B i 3 . 0 .,
where LT = L/ F is the real Jevel of loans and g(L]) = ¥ (L]) is the credit-sensitive wedge hefween
the interest rate and the discount factor. The household’s outstanding stock of loans which represents the
country’s net foreign liahilities is given by: ’

Lz‘- - L'fw-l exp {?"2_1 + log 115,1%) + (Cm,tlfm,t - I:)m‘f};:‘t) - (18)

As in Gali and Menacelli (2016), we assume a continnum of monopolistically competitive households
{indexed frotn zero to one}. Each household supplies a unit of differentiated labor ic both the non-tradable
goods producers and the tradable geods producers. Labor is perfectly mobile between the sectors and hence
equadizes wages for the same type of labor across sectors.

We assume non-tradable goods producers reside in [0,8) and the tradable goods producers reside in

[b,1]. BEach firm in each of the sectors employs all differentiated labor types indexed by j. Hence, to-
G/ {Fw—1)

tal labor detnand by firm ¢ in non-tradable goods sector is Nji, (i) = (fnl NE, {isj)m"’fi)fﬁ“' dj
. . - ard g S N Iy AL A YA R
and its couunterpart in tradable goods sector is Nj, (i) = (JU Ne (i " i . As such,

the optimal type-j-labor demand for both the non-tradable goods sector and the tradalle goods sec-
tor are N2, () = [W,(5)/ Wi PN g, and NE () = W (i)/ AT N2, Wage index is given by
. { dovyy ;o l—8u 4. 1/(1"0!1':’
We = [ fo We (Y~ dj]
At each period only a fraction of {1 £,,) of households are randowly drawn from the population to reset
their nominal wages. Counsider the optimal wage setting problem for household j:
O
I ~ . - Iy
max By D (B60) U [Cranpe (1) Nowse (1) Zonge] » (19)
k=4

where N,y (§) is time ¢ + k labor supply by household providing labor service of type § who last veset
her wage in time {. At the chosen wage W (7), the household is assumed to supply enough iabor to satisfy
demand. The constraint reads:

S =
e (WY ‘
Nesw () = f"f+k|f Ur= ( : Nti}-k {20)

Witn

Here, N{ik represents the aggregate labor demand during the period. In addition, the household faces the
following budget constraint:

f 0 N . - (7 g L . ki P
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As each household 7 re-optimizing the wage at a given time ¢ chooses the same optimal wage, we leave out
the index §. Solving the optimal wage-setting problem gives the following fivst order condition:

oo -
; 124
(;ng}k E, {(jn:,t-E-kﬁ i:-,ir - ﬂ'fu,'ﬂ{fist—i—kif:l } =0 (22)
o) lLtJrk i

where M, 2= 0,/ (8, — 1) and MBS,y = iI)CfH_;‘,IfJ\fﬁkl ; Together with the log-linearised equations for

conditional marginal rate of substitution and labor demand, the wage-setting rale ean be written as:
_ . . . el angs
@y = BEE et} + (L — BEw) (wt SO ) (233

where 1 = u¥ — p¥ denotes the deviations of the economy’s log average wage mark-up pff = wi — mrs;
from its steady state level u* where w] = wy — py is the real wage. Delining I, = W;/W,-1. From now
on, a lower case variable denotes the percentage deviation of the variable from its steady state. We have a
log-limearised equation for the evolution of nominal wage which can be written as:

Hag = ,BIEH‘. {’H—w,t+1} - /\\wﬁ;U + u;}.u} (24')

where Ay = {1~ £, (1 — B8 [ [Ew (L + 8,9} and v} denotes wage inflation shock that follows a nonial
distribution: uf ~ N (0,02, }.

2.5. Non-tradehle goods producers
Production iu the non-tradable and tradable sectors is from Gali and Monacelli (2016}, The production
tunction of a domestic firm in nop-tradable goods sector is given by:

Y:h,r (?) = Ah,i‘]\‘rh,t (?) o {23)

where ¥y, ; (1) denotes the output of non-tradable good 4, and Ny (i) s the total Jabor demand by firm ¢ in
the non-tradable goods sector as previously defined. (1 — a) € (0, 1) is the output elasticity of labor. The
source of exogenous shock is the productivity shock with A, following an autoregressive process:

logApe =prlogApe 1 +eng; €np~ N (G, aﬁ) {26)

where € ; is an 1.Ld shock, normal, with zero mean and variance o‘ﬁ_ The nominal marginal cost would be
common across domestic firms and given by

LLE N VA (27)
Bt

where Wy ; denotes nominal marginal cost, 9¥p, ¢ /ONp = {1 — @) Yh¢/Np,r, and the index { is omitted.
Following Calvo (1983}, each period, a firm in the non-tradable goods sector is allowed to reset its price
with a probability of (I — £;) and must keep the price unchanged with a probability of £,. Inspecting this
reveald thial &, is a crucial parameter reflecting the degree of norminal rigidities in prices. When £, appreaches
{0, we get to a petfectly flexible price economy. Likewise, when £, approaches 1, prices are completely fixed.
The firm's objoctive is to maximize the expected present value of its profits, Thercfore, the firm will
adjust its price in peried ¢ to solve the following problem!:

o 1
max » 4, {Amﬂv (P

—0 Rt

[PrtYnernp — Core (}’h,ﬂ»kgtl]) } {28)

Hgee Gali (2015, Chapter 3).



subject to a sequence of demand constraings:

_ "7

. Py '
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for b =0,1,2,... where Asqpp = BEU 140 /Ucy 18 the stochastic discount factor, e {+) is the vominal cost
function, and ¥, .44+ denotes output in period ¢ + k for a firin that last reset its price in period £.
The optimality condition associated with the price setking is:

(]
- . 1 .
Z&;;Fi'za {At,t-pk"-'ﬁ,,urk;g (PM A‘) (Ph,t - -M‘Dh,t-l-i.-!t)} =1} (30_}

k=0

where Wy, = C; +E (}‘}itprk”) d('enotes the nominal marginal eost in period {4 & fo;: 'f‘{ firm which iast reset
its price in period £ and M =8,/ (¢, — 1}. Log-linearizing the above optimality condition arcund the perfect
foresight zero inflation steady state where Ay . = 8%, gives:

o0
_ . .
Phit = [t'p + (l - fﬂ;p) Z (13‘,;];) ]Elf{"‘:i:tJrk]i‘}: (31)
k=0 .
where ¥,y = log ¥y s the log marginal cost and u? = log M is the log of the desired gross mark-up.
As in wage inflation, domestic price inflalion can be derived as:

ps = AEe{mnsas} — Apftl +uf, {32)

where A, = [(1— £, (1 - BE,) /6,1 ©, and © = {1 — e} / (1 — e + o) € (0, 1], The average price markup is
given by ,u; = Py — W Py G — Gty B1d A7 = pf — ¥, uf is the cost-push shock that follows a normal
distribution: uf ~ N (0, 02,).

2.4. Tradeble goods producers
The production function of a demestic firm in tradable goods {exportable) sector is given by:

Yoo (1) = ApNoy (8)7, (33)

where Y, 4 {#) denotes the ontput of tradable good ¢ and Ny () is the total labor demand by firm 4 as
previously defined. The productivity in the tradable goods sector is assumed to be fixed at A,;. The nominal
marginal cost. would be common actoss the domestic firms and given by:

GY&J

mE Ay
Bf\'rur,t

¥ =W; (34)

where W, ; denotes the nominal marginal cost. Since the producer is a price-taker in the world market,
the marginal cost equals the price of exports, Py, which is a product of the exchange rate, By, and the
autoregressive exogenous world export price, £, such that:

- * 5
R{:,? = bf})ﬂ:,t (30)
2% ¢ Tollows an auto-regressive process

508P;,z = f’;x log Ppoq t+ F;,.,,f..i Epat ™ N (0, Gfof) (36)

*
g
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2.5, Equilibria in the lubor and goods markets

The labor market clears when the demand for labor from the nou-tradable and tradable {exportable) -

sectors equals the total supply:
Ny =Ny + Nos (37)

Tor the non-tradable poods market to clear, it requires that the supply of the non-tradable goods meets the
demand for non-tradahble goods consumption:

Yrpo = Cny {38).

Supply of the exportable goods, on the other hand, should meet the exogenous world demand:

C vt
Fn
1;1 — aLE Y:r 39
a,t (}—Jr_*Et) £ ( )
logYy =pplogYyly +e, ey ~ N (0, O‘;B) {40)

{41)

15 The aggregate ontput

where the world demand, ¥,", is assumed to follow an autoregressive processes.
equalg the total production from both the non-tradable and tradable sectors:

i }:‘ - Y;'L‘ﬁ -+ Y.z‘t- (42)

2.6. Balance of payments and the rest of the world
Doflating Equafion 18 by the consumer price index and steady state output gives a real measure of the
bhalance of payments:

=t exp{ri_ +loglle, —logTy) + Y1 (QiChmy — FLYos) {43)

As LY = L,/ is the veal measure of loans, we have I = Li/Y. Fl, = P,/ F; which is the relative price
of exportable goods. The country’s terms of trade is given by S, = FPo 1/ FPa,s. The real oxchange rate is
defined as ¢y = E, Pf /P, where an increase in @y 15 a real depreciation of the home currency. The foreign
imterest rate is assuined to follow an autoregressive process:

7E = et 6~ N (0,077 (44}

where ¢*, is an 1.1.d. shock, normal, with zerc mean and variance, 032,
:

2.7, Steady stotes and the log-linearised model
Following standard stops, we fisst specify the lunctional forms of Op and ¥. As & = (1/2) ¢ ( Ly~ L")2=
we have the following forin of p (L }):

o{LY) =0 (LI — L") =o'V (I} = ") {453
where LI denotes real value of loans relative fo steady state output. £y s defined as:

log [0 (7)) = 0 (Fy — F) = Q7 (7 = ) (46)

151y our model, we do not assume correlated foreign shocks as in Justinianc and Preston (20140). This is because, first,
in the post-crisis period, interest rates in the advanced economles have remained low and many central banks resorted o
unconventional monetary policies, and second, we calculated the correlations among these variables and found insignificant
pair-wise correlation arnong them in the post-crisis period.
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where £V denates the real value of FX TESCIVes relative to the stc ady state cutput. At steady state,
g0 (F)] =¥ =g =0,and Py = Py = P = P, =Q = P = = 1. Thus, € = 1 — wpm, and
C’ = e

From the balance of payments, we have ¥, =, +17 (;’,3”1 — ]) Vo=, + ¢, implyiug that ¥ = 1+ £,

Thus ¥3,/¥ = (1 -t} / (14} and that Y,./¥ = (w,, + C) /{1 +¢}. Trade balance is given by th = {. The

steady state emnployment is given by Ny=1- Ldm, Ny =y + Cand N =1 4 ¢, rendered Ly setting the
following pax‘dmetus tobe @ ={l—a)(t %g} cAp =wf and A; = (1 —w, + ()% Both the inflation
targets rhf and nwf are set to zero, implying 1 = 1l = 7° = ~ —log{#). The starting value for nominal

exchange rate is £7 = 1.
We log-linsarise the equations around the steady states and use lower cases to represent percentage
deviations from the steady states. The key equations are swunmarized in Table 1

2.8. The welfare loss function
We approximate the welfure logs function and show il {0 be in second-order terms of wage inflation,
domestic price inflation and ountput gap:

T 9, L . a
= —E, Zﬂt"\‘ { SA T T Tae + 2\ Trmj g+ D3R5 ¢ + 40202 o+ 200 o o + 80 40 (ilﬂﬂfi )}

(47)
where Jpe = Yre—Yh, T = 0w (1 — @) (6 (1 + &) +1),Tp = N/ N T = Ne/Navnde = (14 8)/[2(1 - ).
In the special case where v = 0, the weifare loss finction can be ilut—hel simplified into:

N T . # b+d 2 - 3
L=-E gﬁtﬁ’ {m .+ Ti)prh”ﬁ,z B (5 —y"Y | +tip+eo{|la|]*} {48)

Inspecting Equation 48 immediately reveals that the benevolent central bank should care about not only
fluctuations in domestic price inflation and output gap but also the variations of wage inflation. In this
model, the central bank faces trade-off in stabilizing both typoes of inflation, from the goods and the labor
warkets, and the output gap.'®

3. Data, parametrization and estimation

We obtain the parameter values through calibration and Bayesian estimation, The feason for this ap-
proach is that we calibrate the parameters that are associated with the steady states so that the steady
stafes of the model are tlie same as that of the actual economy, and we let the data speak for themselves on
the parameters that shape the economic dynamics. For the parameters that are difficult to identify, we also
calibrate them. Data used for both calibration and estimation spans from 199941 (the first year that Korea
adopted inflation targeting) to 2016Q1.

The values of the calibrated parameters are obtained either from the existing literature or from our
calculations based on the data. These values are summarised in Table 2. For w,,, we calibrate it to be
the average imports to consuuption ratio in the sample period. The trade halance, ¢, is calcudated as the
trade balance as a percentage of GDP. To obtain the smoothing parameters for the Taylor and the FX
intervertion rules, we run first order uni-variate anto-regressions for the Korcan money markes rate and
reserves-to-GDP ratio to obtain the coefficients of their respective lags. The parameters for price and wage
vigidities are chosen according to the assumption that producers and households get to optimise prices and
wages semi-annually.t? -

18 xact derbvation of the welfare loss tunction is available from the authozs upon request.

IT\¥e attempted to estimate all the coellicients including price rigidities and persistence of the preference shock, but the
estimatien returns values that ave too fay from reasonable ranges for some paranieters. We thns decided to fix these cocHficients.
The impulse responses and the conclusions from cur welfare analyses did not show cbvious change as we fixed the cocficients.
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The other parameters are estimated via the Bayesian method deseribed in An and Schortheide (2007}
These parameters include the responses of poliey interest rate fo inflation and cutpus gap, the responses of
TX reserves to exchange rates, the auto-vegressive cocfficients and standard deviations of exogenous shocks.
They are associabed with the state variables that drive the model economy. The parameters describing the
responses of policy interest rate to inflation and ouiput gap are assumed to follow gamma distributions.
Tor the responses of FX reserves to exchange rates and the auto-regressive coeflicients we assume that they
follow heta distributions with mean (L5 so as to resiriet the posterior estimates within the range of {0,1].
The standard deviations of exogenous shocks are assumed to follow inverse-gamma distributions. The prior
mean for standard deviation of preference shock (7,) follows Chung et al. {2007), and the prior mean for
standard deviation of UIP shock (oy,-) follows Piao and Joo (2011). Prior means for standard deviations of
the other shock variables are chosen so as to maich the theoretical inoinents derived from simulation with
the empirical moments of key mode! variables as described later. The posierior means are used as estimates
for the parameter values aad both the prior and posterior estimates are tabulated in Table 3.

We specify 11 variables to be the observables for Bayesian estimation. They are Ioreign price p*, export
price p,, foreign interest rate r*, output gap g, foreign output y*, CP1 inflation w, consmunption ¢, foreign
reserves to steady state GDP ratio f , domestic interest rate r, wage inflation 7, and nominal exchange rate
depreciation «,. The corresponcling data and their sources are suumnavised in Appendix Appendix A. We
apply Hodrick and Prescott (1907) Rlter with A = 1600 on the data and use their cyelical compounents for
the estimation in Dynare.

The non-stationary variables i onr wedel, specifically the nominal exchange rate and the price indices,
may complicate the search for the posterior modes. As such, we employ Monte Carlo optimization method
specified in Adjemnian et al. (2011). This routine enables us to begin from a point in parameters space with a
high- posterior-density value and to utilize an appropriate covariance matrix for the jumping distribution.®
Subsequently, we use Metropolis Hastings with 200,000 replications to compute the posterior mode. The
average acceptance ratio per chain is 35.92%.

Our estimation produces sound convergence diagnostics. The univariate convergence diagnostics gener-
ated after the estimation show that the 80% interval/quantile range based on the pooled draws from all
sequences converge to the mean interval range based on the draws of the individual sequences for all pa-
rameters. The second and the third central moments of the pooled and the within-sample mean converge as
well, Convergence also shows in the multivariate convergence diagnestic plot.

The theoretical moments of some model variables are able to match their empirical counterparts. The
ratio between the theorstical standard deviations of wage inflation and ontput gap is 1.0673, within the 99%
confidence interval caleulated fromn the data (0.8616, 1.8883). The ratio between the theovetical standard
deviations of nominal exchange rate depreciation and oniput gap is 3.4271, also within the 99% confidence
interval calculated from the data (19756, 4.8201). Moreover, the theoretical standard devintion of reserves-
to-GDP ratio is also not far from its confidence interval. Althongh the moments of a few other variables do
not seem to match, one should be aware of the following. First, our model is based on Gali and Monacelli
{20016), which deseribes a stylised economy. Without capturing more complicated interactions or production
processes in the economy, it is not easy to match the moments of wmost of the variables. Second, knowing
the constraint of the mode! in matching the moments, we prioritise our target to a formula for the FX
intervention rule that reproduces movements in reserves reasonably well.

The posterior estimates reported in Table 3 show that all the estimated paraneters ave identified. While
the response of the policy interest yate to domestic inflation is of a reasonable magnitude at 1.734, its response
to output gap is slightly larger than usual at 1.878. In later part of the paper, we will show that a lower
value Tesults in hetter welfare. In the FX intervention rule, the reserves are found to respond more actively
to nominal exchange rate depreciation (9 = 0.685) than to deviations of the nominal exchange rate from its
fix target {w,. = 0.230). This implies that the central bank emphasises more on exchange rate stnoothing,
Amaong the shocks, some are more persistent such as the productivity and foreign output shocks while the

18This process is triggered by the option of mode_compute = § in Dynare estimation.




others die out faster such as the foreign price shock. :

We examine how the exogenous shocks shape the dynamics of the key macroeconomic variables via
variance decompositions. Table 4 veports the forecast error variance decomposition of output gap, domestic
inflation, wage infiation and nominal exchange rate to the twelve shocks in the model.  In the madetl, the
contributions of foreign price shock and domestic interest rate shock are quite substantial. For instance, it
is noted that while domestic interest rate shock explain close to 45% of the volatilities in ouiput gap, the
cortribution of foreign price shock on the Huctuation in cutput gap is more than 22%. Both shocks together
explain more than 67% of the volatilities In output gap, which suggests that it is huportant to consider
these two shocks in the studies as these are central to the determination of both the interost rate policy and
sterilized FX intervention.

4, Welfare analysis

In this section, we examine the welfare implications of PIT, WI'T and sterilized FX intervention. The
evaluation is carried oul in three steps. In the first step, we look at the welfare limplications of WIT in a
Taylor rale framework without sterilized ¥X intervention (Taylor rule alone}. This is done by comparing the
wellare losses al different combinations of PIT and WIT represented by the values of coetlicients o, and k.
In the second step, we consider the Taylor rule with the FX intervention rule with sterilization (referred to
simply as sterilized I'X intervention) and repeat the e};p'eriment in the first step. This is done to examine the
welfare implications of WIT when the central bank adopts a dual-instrument framework. In the last step,
we analyse the welfare implicatious of the sterilized FX intervention by finding the differences in welfare
losses caleulated in the previous two steps. A positive value implies a lower welfare loss (an hence a welfare
improvement) under FX intervention rule with sterilization ag compared to the Taylor rale alone.

As our inferest here is on how the interactions between PIT, WIT and sterilized FX intervention change
the welfare of the economy, hefore our experiments, it is reasconable to fix 4,, the coefficient of ontput gap
in the Taylor rule, at a value that minimises welfare loss. A grid search for the mininnnun welfare loss, for
&, between 1 and § and &, between 0 and 3, reveals that §,. revolves between 1.2 and 1.3, At the estimated
value of o, = 1.734, we find that &, = 1.2 produces the minimum welfare loss. As such, we fix 4, at 1.2 for
the welfare and counter-factual analyses in the remaining part of the paper.

We first calculate the welfare loss defined in Equation 47 for each pair of o and & between 1 and 5
with the Taylor rule alone (without sterilized FX intervention) so that we = ¥ = (. A larger value of ¢,
fmplies stricter PIT. Likewise, a larger value of « means stricter WIT. This range of o, and & corresponds
to a relatively active Taylor rule as the policy interest rate is found to be more responsive to price and wage
inflation.*® The welfare losses are shown in the upper left panel of Figure 2.

First, we find that stricter PIT or WIT, and hence corvespondingly larger vahues of o, and &, leads to
smaller welfare loss in the Taylor-rule alone framework. Stricter PIT and WIT are expected to reduce the
volatility in both price and wage inflation. However, hesides price and wage inflation, in our derivalion of
welfare loss as in Equation 47, volatility in output gap also matters. As a result, despite stability in price
and wage inflation, welfare loss also varies with the change n output gap. Owr simulations reveal that the
improvernent in welfare is less obvious at larger values of o, which imples that in reaction to a more stable
price infiation, outpud volatility increases suggesting a clear trade-off between stabilizing price and cutput.”®
Second, we [ind that at any value of «,, WIT always results in an improvement in the welfare. Since wage
is an important component in the overall production costs, limiting the volatility in wages can reduce the
need for producers te adjust prices, thus stabilizing price inflation. Consistent with this line of argument,
our simulations further suggest that a combined PIT and WIT can lead to lower welfare loss as compared
to that which relies only on PIT.

e have slso experimented for oy and & between 9 and 1 but the welfare losses obtained are not well-bohaved and hence

not reporied. Results can be made available upon request from the authaors.
N 1
20%We find a taming point of the welfare foss at o, = 7: Since this is a value that is too far frem a reasonable range, we do

ot discuss it in the paper.

13




In the second step, we augment the monetary policy framework with the FX intervention rule with
sterilivation and repeat the sinmlations in the first step. The fnclugion of the FX intervention mile is achieved
by sciting the rolevant parameters to their estimated values, in other words, w, = 0.2301 and ¢ = 0.6864.
The welfare losses are shown in the upper right panel of Figure 2. The findings in these simnlalions are
relatively similar to that of Taylor rule alone where we also find that PIT and WIT together improve welfare.
This farther leads us to couclhiede that there are some complementarity between WIT and PIT. Putting these
together suggests that PIT and WIT improve welfare regardless of the types of monetary policy regimes.

We complete the welfare analysis with a comparison between the single-instrionent framewark (Taylor rule
alone) and the dual-instroment framework (Taylor rule with sterilized FX intervention or simply sterilized FX
intervention). ‘To enable such comparison, we subtract the welfare losses caleulated in the dual-instrument
framework In the second step frow that calealated in the Taylor rule slone framework in the first step at
earch coordinate of {n,,x). The differences in welfare are then interpreted as the welfare tmprovements and
we show them in the lower panel of Figure 2. First, the surface plot remains positive for all combinations
of o, (PIT} and s {WIT), implying higher welfare in a dual-instroment framework. This conid be due to
more stable exchange rate movements as a result of sterilized FX intervention. In a small open economy, the
volagility in price inflation attributes greatly to the combined effects of import prices and exchange rates.
Stabilizing exchange rate via sterilized FX intervention thus helps to stabilize price inflation and hence
improves welfare in the economy. Second, the complementary role of sterilized FX intervention to PIT and
WIT is were prominent when PIT and WIT are less aggressive. Specilically we see that when o, and & are
between I and 2, the dual-instrument framework exhibits an obvious advantage over the Taylor rule alone
framework as welfare improvements at these values are found to be significantly larger. However, as PIT and
WIT become stricter, that is when o, and & are larger, the magnitude of welfare improvements diminishes.

5. Counter-factual simulations

&.1. Impulse responses

In our inpulse responses, we exanine four monetary policy regimes: Taylor rule alone with and with-
ont WIT; and sterilized FX intervention with and without WIT. Since the welfure loss is found {o be
monotonously decreasing in the coefficient of price inflation in the Taylor rule, instead of using an optimal
value, we use the estimated value o, = 1.734 [or the simulations in this section. As for the coefficient of
output gap, we use the optimal value found in Section 4 where §,. is set at 1.2, To simulate the Taylor rule
with WIT, we set the coefficiont of wage inflation to be equal to that of price inflation snch that £ = 1.734.
For the second pair of policy regimes with sterilized FX intervention, we set the coefficients of exchange rates
in the FX iutervention rule to their estimated values with w, = 0.2301 and § = 0.6846.

With this set-up, we can trace through the responses of various macroeconomic variables to different
shocks under alternative monetary policy regimes. Spoecifically, we concentrate our analysis on the foreign

~price shock and policy interest rate shock. We choose these two shocks as they turn out to be important in

shaping the dynamics of a few macroeconomic variables such as cutput gap, domestic price and wage inflation
and nominal exchange rate from the variance decompositions shown in Table 4. For ease of explanation,
we plot the impulse responses of sterilized X infervention using black lines and that of Taylor rule alone
{(without FX intarvention) using grey lines, We also use solid lines te represent regimes without WIT and
dashed lines to represent regimes with WIT.

45.1.1. Foreign price shock

We begin by considering the impact of a positive one percent foreign price shock which occurs in period 1
and dies out gradually over time. Figure 3 plots the responses of some key macroeconomic variables including
ouiput gap, domestic inflation, wage inflation, nominal exchange rate, policy interest rate and X reserves
uneler four different regimes. The z-axis is time reported in quarters and the y-axis represents the deviations
from steady state.

The impulse response functions of the economy to sn increase in foreign price produce some very similar
results among the four regimes. A positive foreign price shock can be interpreted as a worsening of terms-of-
trade. With higher foreign price, exports produced by the sinall open economy become relalively competitive
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and lhience demand for exports increases which further leads to a positive output gap. As the increase in
output gap is larger and hence dominates the respouses of both price and wage inflation, policy interest rate
responds with a higher rate. Further investigations into the houschold consumiption suggest that household
comsumption declines as a result of higher interest rate which further imposes downward pressure on price
and wage inflation. With higher interest rale, home currency appreciates against the foreign currency.

The most striking dillerence between Taylor rule alone (grey lines) and sterilized FX interveution (black
lines) lies i the responses of nominat exchange rate. The magnitude of the appreciation is relatively lower
under sterilized FX intervention than under the Taylor rule alome. As explained in Section 2.1, sterilized
FX intervention tempers the appreciation of the nominal exchange rate since it increases ceutral bank FX
reserves and commercial banks’ holdings of central banl securities, which in turn increase the convmercial
hanks' foreign-ctrrency denominated labilities — as commercial banks’ assets are assmned to bhe funded
with foreiga bonowings - and exposure to exchange rate risk. Hence the risk premium on dowmestic assets
increases reducing the demand for domestic assets and domestic currency since the interest rate does not
respond to risk. As such, sterilized FX intervention helps to relieve partially the appreciating pressure on
the domestic currency and conseguently, import price in home currency are less volatile. The same is seen
on domestic price inflation. This in turn leads fo smaller changes in price and wage inflation of the economy.

A comparison between the vegimes with WIT {dashed lines) mul the ones without {solid Imes} proves
the advantage of WIT in stabilizing the nominal variables. Domestic inflation, nominal wage inflation and
nominal exclange rate are more stable when WIT is iutroduced to the policy hramework. The policy interest
rate under sterilized FX iutervention with WIT has a smaller response compared to that of the stertlized
FX intervention without WIT. This is favourable because, with WIT, it imposes less appreciating pressuve
on the nominal exchange rate aud the central bank need to intervene less in the foreign exchange market.
flence, the movements in reserves are smoother with WIT malking the intervention more sustainable.

5.1.2. Interest rate shock

Figure 4 shows the responses of the key macroeconomic variables to a 25-basis-point increase in the
policy interest vate. In this case, while regimes with WIT show smaller responses than their counterparts,
the differences between Tayior rule alone and sterilized FX intervention are small. An increase in Lhe policy
interest rate reduces household consumption which resalts in lower production and price. Households would
allow nominal wage to decrease so as to mateh real wage with the marginal rate of substitution. The increase
in policy interest rate causes domestic currency to appreciate.

With sterilized FX intervention, the central bank acemmulakes more reserves from the foreign exchange
market in order 1o stabilize the currency. As sucl, the most: prominent differences between Taylor rule alone
and sterilized FX intervention lie in the change in I'X reserves as well as the fluctuation in the nominal
exchange rate. While the resulting differences in the responses of domestic price inflation and nominal wage
nflation are not as obvious as in the case of forcign price shock, variables under steritized FX intervention
are slightly less volatile.

The difference between the regimes with and without WIT is more striking. In general, we find more
stabilizing effects in all the impulse responses as shown in Figure 4. Similar to the case of foreign price shock,
we gee that WIT leads to smaller response in policy interest rate, lesser appreciating pressure on domestic
currency, and hence smoother responses in reserves,

5.2. Coordination among PIT, WIT and sterilized FX infervention

Our earlier discussions have shown that combinations of PIT, WIT and sterilized X intervention deliver
the best cutcomes both in terms of the welfare and the impulse responses. From the welfare analysis, we
find the improvements i welfare are obvious when PIT and WIT are less strict. Our immpulse responses
further show that sterilized FX intervention with WIT produces the least volatilities at Jeast for the nominal
variables. Anocther finding that is not found in the welfare analysis is that WIT helps reduce the volatility
in FX reserves should the central bank need to apply sterilized FX intervention to stabilize the rominal
exchange rate. This finding may be of interest to central banks adopting sterilized FX intervention as they
may only possess limited amounts of reserves, and persistently large volatilities in reserves may risk making
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sterilized FX intervention unsustainable in the long run. In this section, we conduct sensitivity analyses
to discover how the macroeconomic volatilities change under the foreign price and interest rate shocks at
different combinations of PIT and WIT. '

We loop the values of o and £ between [ and 5 and calculate the second moments of owtput gap, domestic
inflation and reserves. While outpub gap and domestic inflation are the key variables that determine the
welfare losses, volatility in reserves could also have implications for the conduct of sterilized FX intervention,
Voletilities of the variables, calculated as the square roots of the second moments, are shown in Figure 5.

The volatilities show similar patterns except for that of the output gap under the foreign price shock.
We observe a trade-off between output gap and domestic inflation volatilities in the case of the foreign price
shock. As the central hank adopts stricter PIT and WIT, the volatility in output gap increases while that
of domestic price nflation decreases. Whereas, under an inberest rase shoclk, both cutput gap and domestic
price inflation show decreasing volatility as PIT and WIT get stricter. As for the reserves, we find consistent
rosults as in our impulse response analysis: stricter PIT or WIT leads to more stalie reserves under both
the foreign price and interest rate shocks. This is an added advantage of the coordination among PIT, WIT
and sterilized FX intervention that is not captured by the welfare loss function.

5.3. Coordination between WIT and wege policy

Wage stickiness is an inportant motivating factor for the clusion of WIT in central bank’s policy
fraunework. A erucial question that follows is how WIT and policies guiding wage flexibility should coordinabe
to improve welfare. We therefore conduct a sensitivity analysis of welfare loss to changes in the WIT
coeficient, x, and the degree of wage flexibility in the labor market, £,

Figure 6 shows the relationship between & and &, against the welfare loss for the dual-instrument frame-
work when all shocks in our model are present. Note that in our wage setting, at each period, only (1 — £}
fraction of households can change wage. This means that &, can have valae befween the range of 0 and
1, with the degree of nominal wage rigidity increasing with £,. We restrict our discussion to middle to
moderate degrees of wage rigidity /flexibility as at the extreme values of £, near 0 and 1, the welfare losses
are either oo large or too small to distingnish their changes with the WIT coefficient.

Our findings from this sensitivity avalysis is consistent with the literature such as Erceg et al. {2000).
First, wage rigidity canses welfare loss. This is seen from the increasing surface as €, increases in its value.
As wage becomes more rigid, frms and households are not able to adapt to changing economic conditions
and have to deviate their production and consumption froin the natural levels. Second, WIT reduces welfare
loss caused by wage rigidity. This is seen from the decreasing swrface as WIT gets stricter. When the central
bank adopts WI'T' in the presence ol wage rigidity, the interest rate responds to changes in nominal wages,
helping firms and households adjust their production and consumption behavior if they are unable to adjust
wages in time. Our findings thus suggest that WIT conld pair with a more flexible wage policy to achieve
hetter welfare for the econocmy.

&. Conclusion

The sluggish recovery from the global financial crists motivated policy makers to look for new inessures
of resource slack, and recent studies have found a good measure in nominal wage inflation. As such, wage
inflation should he a targel of monetary policy. In addition, lhe rapid accummnlation of X reserves in the
EMEs has promipted the re-thinking of the macroeconomic trilemma as well as the role of macroeconomic
policies in advanced and emerging market econondes. With substantial amount of reserves, the central bank
is able to moderate the exchange rate in the FX markets without changing the domestic monetary base.
I this paper, we examine the interactions among the conventional price inflation targeting, wage inflation
targeting and sterilized FX interventions. We look for conditions under which an additional nominal target,
the wage inflation, is preferable to the conventional set-up with only output gap and price inflation targess.
We also look at situations in which the central bank carries out sterilized FX interventions while condueting
independent moenetary policies at home.
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Figure 1: Impulse responses with 95% confidence intervals.

To conduct independent monetary policies at home, the interest rate needs to respond promptly to
varying real and nominal volatility. In a small open economy, the consequence of varying interest rate is an
appreciating or a depreciating pressure on the nominal exchange rate, Sterilized FX interventions come into
play when the central bavk prefers stable exchange vate movements. To reduce the volatility of exchange
rates, the central bank responds to any changes in exchange rates with changing stoecks of reserves. However,
sterilized FX intervention is not without costs. It is only feasible until the central bank tuns ont of its
reserves. Thus, the first question is whether there exists an independent monetary policy that could improve
welfare. The second question is whether such a policy could also promote a more sustainalile sterilized FX
interventions. While the former question applies generally to small open economies, the latter is of nmch
interest to the EMEs, Our answers to these questions involve the mmchision of WIT in the interest rate
rule. First, our welfare analyses show that a combination of PIT and WIT improves welfare of the economy.
Welfare improves regardless whether the central bank implements the Taylor rule with or without sterilized
FX interventions. Second, our counter-factual analyses and sensitivity analyses show that, under the foreign
price and imerest rate shocks, incorporating WIT has an obvious effert of reducing volatility in reserves.
This is primarily due to the smaller changes in price and wage inflation that lead to smaller-than-usual
change in the interest rate and hence smaller appreciating or depreciating pressure ou the exchange rate,
As such, our conclusion is that WIT is welfare improving in small open econormies, and if the central banlk
adopks sterilized FX interventions, WIT promeotes more sustainable sterilized FX interventions. Interest rate
rule with WIT aad sterilized FX interventions should be used in tandem to aclieve stabilities at home and
in the FX market.

Adjemian, 5., H. Bastani, M. Juillard, F. Karam, F. Mihouhi, . Perendia, J. Pfeifer, M. Ratfo, and
S. Villemot {2011). Dynare: Reference Mammal, ver. 4. Dynare Working Papers 1, CEPREMAP.




Table 1: Key equations.
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Noles: Variables in lower cases represent log-deviaiions from the steady states except for balance of
payment I} and reserves J] which are level deviations from their steady states expressed as percentages
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Table 2: Calibrated paramefers.

Parameter Brefinition Valne Source
Win Imports in consumpfion 0.642 CEIC and authors’ caloulations
; Trade balance 0.022 CEIC aad anthors’ caleulations
Il Discount factor 0.99  Gali and Monacelli (2005)
e Output elasticity of labour 0.5 Benes et al. {2015}
@ ¥riselr elasticity of lsbowr supply 4 Authors’ choice
0y Risk premium 0.1  DBenes et al. {2015)
by o Elasticity of substitution between goods (labour) 6 Gali and Monaeell (2005)
Pz Smanthing parameter for preference evolution 0.019  Chung et al. (2007)
Pr Simoothing parameter for interest rate rule 0.791  CEIC and anthors’ caleulations
g Smoothing parameter for FXI rule 0.768 CERIC and authors’ calculations
Ep L Price {wage) rigidity 0.5  Authors’ choice

g Wedge between lendiug rate and discount factor (.01 Benes et al. (2015}
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Table 3: Prior and posterior estimates,

Paraipeters

Prior mean Post. mean  90% HPD interval Prior distr.  Prior s.d.
o 3.0000 1.7339  {1.6725, 1.8118) Gamma 0.2500
&, 0.2500 LBY77 {18339, 2.0422) Granma 0.1300
We 0.5000 0.2301  {0.0890, 0.3764) Beta 0.2060
2. 0.5000 0.6816  {0.6282, 0.7421) Beta 0.2000
p; 0.5000 0.6570  {0.5746, 0.7376) Beta. 0.2000
,r};;‘s 0.5000 0.7990 (L7564, 0.8452) Beta 0.2000
pr (.5000 0.8497  (0.7798,  0.9230) Beta 0.2000
Ph (1.5000 0.0428  (0.9234,  0.9606) Beta (0.2000
0y 0.5000 3.9118  (0.8583, 0.9878} Beta 0.2000
Parr 0.5000 0.7416 {06521, 0.8278) Beta 0.2000

Standard deviations of shocks

Prior mean Post, mean  90% HPD interval Prior distr. Prior s.d,

Th 0.0050 0.0324  (0.0323, 0.0324) Inv. Gamma 0.0010
oy 0.0020 (0.0069  (D.0008, 0.0010) Inv. Gaunma 0.0010
o, {(1.0040 0.0350  (0.0303, 0.0399) Inv. Gamma 0.6010
T 0.0040 0.0287  (0.0252, 0.0325) Inv. Gamma 0.0010
Ty, 0.0200 (10065 {0.0047,  0.0063) Inv. Gamma (1.5006
Ty (1.0020 0.0376¢  {(0.0321, 0.0431) Inv. Gamma 0.0010
of 0.0100 0.0253  (0.0216, 0.0288) Inv. Gamma 0.0100
Typ .0040 0.0485 {0.0482, 0.0487) Inv. Gamma 0.0010
Ty 0.0220 0.0270  {0.0233, G.0304) Inv. Gammna 0.0040
Ty 0.0100 0.0153  (0.0101, 0.020%) Inv. Gammma 0.0200
T, $.0360 0.0308  (0.0263, 0.0350) Inv. Gamma 0.0070

Notes: «, and 4, are the responses of domestic policy interest rate to domestic price
mflation and output gap, respectively. w, and #, when transformed to we/ (1 — w,}
and ¢/ {1 — ), are the respouses of FX reserves to deviations from fixed exchange
rate target and nominal depreciation, respectively. o3, pf, . o7, pn. py, and p,raze
autoregressive coeflicients of foreign price, export price, foreign interest rate, domes-
tic productivity, foreign output and UIP condition shocks. o, o7, 03, 03, 6, 0y,
Tup, Tyw, Tyr ald o, are the standard deviations of domestic productivity, foreign
interest rafe, foreign price, foreign output, policy interest rate, reserves, domestic
inflation, wage inflation, UIP condition and preference shocks.
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Table 4: Vaviance decompositions.

¥ ¥

o o; ap. an Gy &y Ty 7 Ty o, as
Output gap 0 2216 135% 045 1192 015 012 6.27 0.57 44506 0.2
Domestic inflation 0.01 3.68 S04 206 7938 061 0.16 0.07 0.78 5.2 0.02
Wage inflation 0.04 796 1989 231 227 4779 1.5 0.08 161 1638  0.07
Nominal exchange rage 024 1838 1945 7.25 478 (.25 1682 0.27 2.8 3013 013
Policy interest rate 0 3.8 037 329 1078 026 012 159 015 7934 0.26
FX reserves 0.2 1541 1517 588 364 016 1508 026 168 2816 1426

Notes: of refers the foreign interest rate shock, o, is the foreign price shock, ¢} is the world export price
shock, oy iz the domestic productivity shock, o, and @, are the cost-push shocks to inflation of domestic
price and nominal wage, o,- is the shock to the UIP condition, o, is the preference shock, a; is the foreign

output shock, o; i the domestic interest shock and oy is the FX reserves shock.

Taylor rule alone Sterilized FX intervention

Weitare loss
Wellare loss

25

Welfare impravement under sierilized FX intervention

Welfare improvement

Figure 2: Wellare comparison between Taylor rule and FX intervention.
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Pigure 6: Coordination between wage-inflation targeting and wage policy.
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Appendix A. Observables and data sources

p*: Log of import price index (2010=100)
Source: CEIC

pii: Log of export price index {2010=100)
Source: CEIC

¥ G7 GDP-weighted money market rate
Source for G7 money market rates: OECD Statistics
Source for (G7 real GDP: CEIC

g: Log of real GDP
Source: OECD Statistics

y*: Log of GT real output Source: CEIC

a: First difference of logged consuimer price index
Source: CEIC

¢: Log of consumption (2010=100, seasonally adjusted)
Source: OECD Statistics

[ Reserves to trend GDP ratio
Source for reserves in USD: Bank of Korea
Source for nominal GDT? and exchange rate: CEIC

7 Interest rate
Source: OECD Statistics

w: First difference of logged manufacturing wage index
Source: International Financial Statistics

7, Nominal exchange depreciation
Source: CEIC
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