ESSAYS ON THE MONGOLIAN MONETARY POLICY

A Dissertation

Submitted to the Faculty of National Graduate Institute for Policy Studies

(GRIPS) in Partial Fulfillment of the Requirements for the Degree of

DOCTOR OF PHILOSOPHY IN PUBLIC ECONOMICS

by

Dulbadrakh Sanduijav

September, 2016



[This page is intentionally left blank|



Acknowledgements

First and foremost, I would like to thank the main advisor of my dissertation
Professor Minchung Hsu, who had agreed to guide me through this research. Thank
you to dissertation committee members, Professor Ponpoje Parapakkarm, Professor
Junko Koeda, and Professor Tetsushi Sonobe, for their kindness and the numerous
difficult questions and comments. Without their support, guidance and suggestions
this dissertation would have never been realized.

I also would like to thank Japanese taxpayers, Government and GRIPS, who
finance and implement the MEXT scholarship and the Policy Analysis programs,
for given opportunity me to study in Japan.

Finally, I would like to thank to family, my parents, wife, Khaliun, and

children, Temuulen and Maral, for their continuous love and support.



11

[This page is intentionally left blank|



ESSAYS ON THE MONGOLIAN MONETARY POLICY
by
Sanduijav Dulbadrakh
National Graduate Institute for Policy Studies, 2016

Main Advisor: Minchung Hsu, Ph.D, Associate Professor

Abstract

This dissertation is a collection of two essays on the Mongolian monetary
policy, organized in the form of two chapters.

In the first chapter, we proposed two hypothesis on the Mongolian mone-
tary policy rule. In order to answer the hypothesis we estimate a New Keyne-
sian dynamic stochastic general equilibrium model (DSGE) model of a small
open economy (SOE) via the Bayesian estimation technique. We use the pos-
terior odds test focusing on the modified generic Taylor-rule monetary policy,
where the monetary authority reacts in response to inflation deviations from
inflation target rates, output gaps, and exchange-rate movements. The main
result is that the central bank of Mongolia (Bank of Mongolia - BoM) do not
concern inflation target rates and systematically respond to nominal exchange
rate (NER) changes when setting its monetary policy rule. We also find that
terms-of-trade (ToT) movements do not contribute significantly to domestic
business cycles.

The second chapter analyzes the monetary policy rule for Mongolia by
comparing the corresponding social welfare losses for alternative monetary
policy rules. In order to calculate the welfare losses, we use simulation, which is
based on the Bayesian estimates, of the same DSGE model for each alternative
monetary policy rules and the social welfare losses function. This function is

a measurement of the second-order approximation for domestic representative
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consumer’s utility losses due to deviations from the optimality conditions for
the SOE. By our calculation results, the domestic inflation based Taylor rule
(DITR) reacting to the domestic inflation and NER changes would be delivered
the highest welfare than in other rules, however, if we consider only total or
CPI inflation, it turns to CPI inflation based Taylor rule reacting to inflation
and NER changes. We proved this result is a robust by using household utility

computations under various main parameter assumptions.
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Chapter 1

Introduction

Objectives

The DSGE model, which is constituted from a generic Taylor-rule and the New
Keynesian macroeconomic theory, are dominating in the recent monetary policy
research. Its versions with nominal rigidities, flexible exchange rates and inflation
targeting produce desirable macroeconomic results in open economies and therefore,
many central banks are building and estimating their DSGE models with nominal
rigidities and are using them for monetary policy analysis.

As the DSGE models have the power to explain monetary policy implications and
business cycles of a country, it would be important to apply this research framework
to the current Mongolian monetary policy analysis. This dissertation contributes to
the discussion by studying the monetary policy rules in Mongolia. In particular, we
determine whether the central bank of Mongolia (Bank of Mongolia -BoM) really
concern inflation target rates on its monetary policy rule setup and whether recent
official exchange rate regime - a managed floating by the BoM and a floating by
the IMF - is actually effective in the Mongolian economy or not. The result would
be useful for future monetary policy settings and to find optimal policy rule for the
current economic situations.

Mongolia has been pursuing a form of implicit or informal inflation targeting
framework from 2000s. In the end of every year, the Parliament of Mongolia resolves
the annual Monetary Guidelines which includes the next year’s inflation target rate
and a provision that the BoM mandatorily to follow or concern this rate on their
policy setting. From this conflicted fact, we can realize a research issue that whether

the BoM really concern this inflation target rates on its monetary policy rule setup



or not.

Mongolia may not a floating regime country due to the main conclusion of Calvo
and Reinhart (2002) - Fear of Floating - that the most exchange rate regimes de-
scribed as a floating under the IMF classification are actually characterized by heavy
exchange rate management by the monetary policy authorities. As our calculation
based on the approach of the article, the probabilities of variability of the interest
rates and the international reserves of Mongolia have much more variability than
in the US which is considered as a pure floating regime; thus, we can propose the
latter issue.

Finally, we can aim to determine the optimal monetary policy rule for Mongolia
based on the results from these first two issues. In general, the main goal of any
central bank is to determine the optimal monetary policy and to implement it. In
regarding with the BoM, as we determine the current effective monetary policy rule,
we need to determine whether it is an optimal or not by basing on the corresponding

welfare measures.

Main findings

We analyze monetary policy in Mongolia by using a DSGE model, quarterly macroe-
conomic data from 2000Q1 to 2014Q3 collected from the BoM’s database, and the
Bayesian estimation technique and a stochastic simulation approach.

In Chapter II, we estimate a DSGE model by Gali and Monacelli (2005) that
extend the benchmark New Keynesian DSGE model to a SOE setting by using
Bayesian estimation technique. We perform the posterior odds test using the esti-
mation results and we found that the BoM do not concern inflation target rates and
systematically respond to NER changes when setting its monetary policy rule. More-
over, due to the estimated impulse response function, terms-of-trade movements do
not contribute significantly to domestic business cycles in Mongolia.

In Chapter III, we analyze the optimal monetary policy rule Mongolia. As the



main result Chapter II, the current effective monetary policy rule in Mongolia is
the total inflation based Taylor rule (CITR) without inflation target rates. In order
to find the optimal monetary policy rule for Mongolia, we determine alternative
policy rules based on the possible Taylor-type rules, CITR and DITR, and to rank
them by the corresponding welfare losses. By following research framework of Gali
and Monacelli (2005), we show the conditions for optimal monetary policy rule
and derivations the welfare loss function that is a measurement by the second-order
approximation for domestic representative consumer’s utility losses due to deviations
from the optimality conditions for the SOE. We show that how to derive this function
by different approach from in the article. We used simulation analysis on the same
DSGE model based on the corresponding Bayesian estimates for each alternative
monetary policy rules and obtained values that need in calculations of the welfare
losses. By our calculation results, the domestic inflation based Taylor rule (DITR)
reacting to the domestic inflation and NER changes would be delivered the highest
welfare than in other rules, however, if we consider only total or CPI inflation, it
turns to CPI inflation based Taylor rule reacting to inflation and NER changes. We
proved this result is a robust by using household utility computations under various

main parameter assumptions.

Organization of the dissertation

Chapter 11, entitled “An essay on the inflation targeting and exchange rate regime”,
analyzes the monetary policy rule using a DSGE model and the Bayesian inferences.
Chapter III, entitled “An essay on the monetary policy rule” analyzes the optimal
monetary policy rule for Mongolia using a same DSGE model and stochastic simu-

lation approach. The last Chapter IV contains conclusions.
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Chapter 11
An essay on the inflation targeting

and exchange rate regime

1 Introduction

A recent trend in the monetary policy research is to use a generic Taylor-rule for
the setting of interest rate policy. The Taylor-rule theory and the New Keyne-
sian macroeconomic theory constitute the new macroeconomic research framework
named as DSGE models. According to Clarida (2014), the Taylor-rule framework
is a convergence result of many theories for conducting, evaluating monetary pol-
icy over the past twenty years. In DSGE models with nominal rigidities, flexible
exchange rates and inflation targeting produce desirable macroeconomic results in
open economies. Moreover, with its crucial advantages, the Taylor-rule framework
will be dominating theory for monetary policy research. Following the influential
work of Smets and Wouters (2003) and Adolfson et al. (2008), the central banks are
building and estimating their DSGE models with nominal rigidities and are using
them for monetary policy analysis.

As the DSGE models have the power to explain monetary policy implications
and business cycles of a country, it would be important and interesting to apply this
research framework to the monetary policy of the BoM. To do so, we reviewed the
recent Mongolian monetary policy facts and obtained the following two issues that
can motivate this research.

First, Mongolia has been pursuing a form of implicit or informal inflation tar-
geting framework from 2000s. As mentioned in Hammond (2012) and other similar

documents, recently there are 27 countries in the world have a formal inflation tar-



geting regime. On other hand, in every end of year, the Parliament of Mongolia
resolves the annual Monetary Guidelines which includes the next year’s inflation
target rate! and a provision that the BoM mandatorily to follow or concern this
rate on their policy setting. From this conflicted fact, we can realize our first re-
search issue that whether the BoM really concern this inflation target rates on its
monetary policy rule setup or not. The result would be useful for future monetary
policy settings and to find optimal policy rule for the current economic situations.

Second, the recent official exchange rate regime - a managed floating by the
BoM and a floating by the IMF - is actually effective in the Mongolian economy?
Calvo and Reinhart (2002) show that most exchange rate regimes described as a
floating under the IMF classification, are actually characterized by heavy exchange
rate management by the monetary policy authorities. Using exchange rates, NIRs,
international reserves and commodity prices as indicators of policy intervention and
external shocks, they demonstrate that a floating regimes of most emerging market
economies more closely utilize a fixed exchange rate regimes than actual float. We
have calculated the probabilities of variability of the interest rates and the interna-
tional reserves of Mongolia? by following the approach in the article. As our results,
Mongolia has much more variability than in the US which is considered as a pure
floating regime. It means that Mongolia may not a floating regime and may be a
PEG as a shown in the graph since it is located more close to the PEG.

On the other hand, the exchange rate is one of the important ingredients of
monetary policy when a country chooses from the non-fixed exchange rate regimes.
As discussed in Taylor (2001), the long-run monetary policy in a such country is
based on the trinity of (i) a flexible exchange rate, (ii) an inflation target, and
(iii) a monetary policy rule. These policy implications differ to each other based

on the issue about how exchange rates should be include in monetary policy and

In Appendix 1, Table A.1 summarizes inflation target rates, monetary policy and exchange
rate regimes of Mongolia over the observation period, 2000-2014.
2The corresponding figures are in the Appendix 1.



how should the instruments of monetary policy (the interest rate or a monetary
aggregate) react to the exchange rate. According to Lubik and Schorfheide (2007),
these issues can be transferred to an important research question of what extent a
central bank responds to exchange rate movements when making monetary policy?
Answers to these two questions may be one because a pure floating means that a
central bank do not respond systematically to exchange rate movements and vice
versa.

Finally, we can summarize the main purpose of this chapter is to answer these
two questions by estimating a DSGE model of a SOE for Mongolia. For the theo-
retical framework, we use Lubik and Schorfheide (2007) which is derived from Gali
and Monacelli (2005) that extend the benchmark New Keynesian DSGE model to a
SOE setting. Open economies have a possibility to participate in inter-temporal as
well as intra-temporal trade in order to keep consumption above and beyond what is
possible in a closed economy. Moreover, foreign shocks, such as the terms of trade,
can change domestic business cycle fluctuations which may lead the monetary au-
thority to explicitly take into account international variables. The model consists
of a forward-looking (open economy) dynamic IS equation (DIS) and a New Key-
nesian Phillips curve (NKPC) relationship. The DIS is derived from a consumption
Euler equation when households consume both domestically produced and imported
goods. The NKPC is obtained from the optimal price setting decisions of domestic
producers. Monetary policy is described by the modified Taylor-type rule, while the
exchange rate is introduced via the definition of the consumer price index (CPI) and
under the assumption of purchasing power parity (PPP).

The chapter is organized as follows. The section 2 summarizes the related liter-
ature review. In section 3, the structural SOE model is derived from the mentioned
DSGE model, which we proceed to estimate. In Section 4, we discuss the estimation
approach - Bayesian method, estimation results, and the results on the proposed

hypothesis testings. Section 5 contains our conclusions.



2 Literature review

In this chapter, we use the following three broad concepts, i) DSGE modeling, ii)
Bayesian estimation and inference, and iii) some related empirical facts of Mongolia;

therefore, it may more convenient to organize this section by these three parts.

2.1 DSGE modeling

As described in Negro and Schorfheide (2010) the DSGE models are a research
framework to study macroeconomic issues in dynamic horizon. It implies that the
main decision rules of economic agents are originated from the solution of inter-
temporal optimization problems as same as in the RBC theory. In economy, there
are also many uncertainties, for example total factor productivity, nominal interest
rates and its deviations, that can influence agents, and these uncertainties are usually
generated from exogenous stochastic processes.

According to Gali (2008), the New Keynesian (NK) and the Real Business Cycle
(RBC) theories are the most influential developments in macroeconomics for the last
three decades. The RBC revolution had a impact on both of methodological and
conceptual areas, and the most important one is that the RBC theory constituted
the use of dynamic stochastic general equilibrium (DSGE) models as “workhorse” for
macroeconomic analysis. However, in the empirical area or among the central banks
and other policy institutions, the RBC approach and its version with money referred
as to the classical monetary model were not perceived as yielding a framework that
was relevant for policy analysis. This kind of model generally predicts neutrality (or
near neutrality) of monetary policy with respect to real variables, such as output
and employment. That result is an opposite to central bankers’ view that monetary
policy has an influence output and employment, at least in the short run. Moreover,
the classical monetary models generally yield a normative implication that the only

one optimal monetary rule is to keep the short term nominal rate constant at a



zero level (the Friedman rule) even though this policy is not consistent with the
implementing desirable monetary policy by the central banks. The conflict between
theoretical predictions and evidence, and between normative implications and policy
practice, can be viewed as a symptom that some elements that are important in
actual economies may be missing in classical monetary models. Those shortcomings
are the main motivation behind the introduction of some Keynesian assumptions,
while maintaining the RBC apparatus as an underlying structure.

As concluded in many recent research studies, the New Keynesian framework is
established to understand relationship between monetary policy, inflation, and the
business cycle and has been the main tool for the recent research on the theory and
practice of monetary policy. Recently, this framework has been used to research on

monetary policy in the open economy as well.

2.2 Bayesian estimation technique and inference

As mentioned in Herbst and Schorfheide (2016), the Bayesian technique has been
used as an estimation tool for DSGE models since 15 years ago and examples of
pioneers are DeJong et al. (2000), Schorfheide (2000), and Otrok (2001). To date,
DSGE models cover a broad area of macroeconomic research fields in particular
monetary policy issues, and consequently the literature is becoming an abundant.

Geweke et al. (2011) summarizes the main important contributions of Bayesian
analysis and explains a rapid growth of estimated DSGE models as follows.

First, Smets and Wouters (2003) is the one of influential research works that
shows how to derive a DSGE model from the neoclassical growth model. It im-
proves the model by introducing a habit formation in consumption, capital adjust-
ment costs, variable factor utilization, nominal price and wage stickiness, behavioral
rules for government spending and monetary policy. DSGE models are usually crit-

icized on their fitting and forecasting performance of key macroeconomic variables,



but by introducing potential exogenous shocks into the model, these disadvantages
could be solved that is comparable to VAR and make DSGE models a powerful
competitor within macroeconomic research frameworks. Bayesian methods updates
estimation results using non-sample information, which is through specification of
prior distributions, is one reason to use it widely.

Second, the many latest researches have devoted to invent the importance of var-
ious pass-through mechanisms that are useful for explaining empirical facts of busi-
ness cycle fluctuations. The posterior odd test procedure that is based on Bayesian
posterior model probabilities are commonly used to compare competing model speci-
fications. One of a good example is Rabanal and Rubio-Ramirez (2005) which shows
how to use this comparison method for determining the relative importance of wage
and price rigidities. We can use it for a comparison analysis even if the model spec-
ifications are non-nested, for example, a DSGE model with sticky wages versus a
DSGE model with sticky prices.

Finally, DSGE models with nominal rigidities are becoming a “workhorse” for a
monetary policy research. According to Adolfson et al. (2007), many central banks
of the world have been using DSGE models as their main research framework. This
kind of models usually have a unique stable rational expectations solution for the
main monetary policy rule coefficients that are satisfying the following common
properties: i) to maximize the welfare of a representative consumer or minimize a
inflation and output gap, ii) to determine welfare maximizing mechanism between
the state variables of the economy and the monetary policy instruments. The key
elements for the determination of such optimal policy problems are always unknown
parameters of firm’s technology and consumer’s preference. Then, the main advan-
tage of the Bayesian method is determined as availability for researchers to find

these parameters through maximizing expected posterior welfare.
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2.3 Empirical facts of the Mongolian monetary policy

As a result of the democratic revolution and transition to the market economy in
1990, a two-tiered banking system, which is comprising of the (central) BoM and
commercial banks, established in 1991. The main objective of the BoM’s monetary
policy is to sustain stability of national currency Togrog in the external and internal
markets. The stability of Togrog refers to the stable exchange rate in the external
market and to the stable CPI or price stability in the domestic market.

As published in the official website of the BoM?, the BoM had a monetary ag-
gregate targeting framework in between mid of 1990s and mid 2000s. In this period,
the BoM was implementing policy by controlling reserve money as the operating
target and M2 as the intermediate target. However, since mid 2000s, the BoM have
faced the difficulties on implementing this type of policy due to the instability on
the velocity of money, money demand, and money multiplier resulting from the
ongoing remonetization process in the economy. Because of these difficulties, the
BoM has been shifting their monetary policy to inflation targeting framework since
2007 based on the mid-term plan. By the this plan, the intermediate target of the
framework is inflation rates and the final purpose is the stability of price.

In order to achieve desired objective, the BoM has been trying to implement
the following conceptions under the inflation targeting monetary policy framework:
i) announcing mid-term targeted inflation to the public, ii) defining price stability
as the BoM’s main and long-term objective of monetary policy and taking every
possible measures to maintain inflation rate within its targeted range, iii) utilizing
all available information (not only regarding monetary aggregates) in the process of
monetary policy decision-making, iv) ensuring transparency of the monetary policy
strategy by publicizing and introducing the objectives and operational plans of the

monetary policy-makers, and v) coordinating the responsibility of the BoM with

3https://mongolbank.mn /eng/listmonetarypolicy.aspx
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inflation performance.

The announcement of mid-term inflation target rate to the public is one of the
main components of the this policy framework. The main purpose are i) to reduce
agent’s uncertainty for the decision making process and ii) to ensure the central
bank’s transparency tend to be have conventional channels to deliver their decision
plans to the public.

Moreover, the BoM has used one-week central banks’ bill as the policy rate since
2007. By managing the policy rate, the BoM can influence on the expectations of the
deposit rate and thus the lending rate of commercial banks. Policy rate movements
are an indicator of the monetary policy direction (easing or tightening) and thus it
is also main leading factor for interbank market rates. It means that the weighted
average rate of interbank market trading is expected to be an approximately same
level of the policy rate. Based on this correlation, when the economy have a high
inflationary pressure the BoM increase policy rate intends to slow down the rapid
growth of monetary and credit aggregates, to keep them at an optimal level and to
avoid overheating. In contrast, when the economy faces difficulties on the economic
growth, the BoM lower policy rate or the cost of money in order to support loans

and spending, to recover the economy.

Standard policy activities

According the MongolBank (2015), the BoM has been implementing the following
standard money market operations since established date as similar as the most

other country’s central banks.

e Central bank bill: The main instrument of manage liquidity of the banking
system. The two types of bills, CBB with maturity of 7 days and 28 days,
are regularly auctioned with the commercial banks on the basis of reserve

demand and supply. To maintain CBB rates consistent with market condition
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and provide the means for equilibrating Togrog and foreign exchange returns,

CBBs have been being auctioned three times a week since March, 2013.

e Central bank financing: In order to implement the monetary policy and
manage the appropriate level of cash in the banking system the BoM uses in-
traday credit, overnight repo financing, repo trading and secured loan lending.
These instruments are differentiated based on their tenor, interest rate and
specification. All financing done by the BoM are collateral and included in

the list of assets pledged by Risk Management Unit of the BoM.

e Government bill: In order to improve financial management of the Govern-
ment and to diversify monetary policy instrument, Ministry of Finance and
the BoM jointly passed the “Regulation of Government securities issuance and
auction” in October 2012 and plans to introduce “Primary dealer system” on
the government bonds market. The BoM believes that the introduction of the
primary dealer system will significantly improve the liquidity of government

securities and will increase the efficiency and competition of the entire market.

e Foreign exchange market intervention: The BoM has been persistent in
pursuing a floating exchange rate regime that is consistent with macroeconomic
fundamentals and supports Togrog’s stability and balanced development of the
national economy. The BoM has been taking active participatory role in the
domestic foreign exchange market through the foreign exchange auction, in
order to mitigate fluctuations in the exchange rate arising from the changes of
short term imbalance in foreign exchange supply and demand and to stabilize
market participant’s expectation errors in the foreign exchange market. In
order to improve efficiency of operational engagement in the domestic foreign

exchange market, the BoM has activated FX Platform System.

e Gold purchasing from domestic market: The BoM purchase gold from

13



domestic gold miners and artisanal miners further to refine the gold at for-
eign refinery up to international standard level, and increase foreign exchange

reserves.

Special policy activities

The BoM and Government of Mongolia have been jointly implementing “The medium
term price stabilization program” since October, 2012 in order to reduce supply
driven inflation and to maintain low and stable inflation. This program has im-
plemented to the private sector loans provided by commercial banks for mid-term

period and consists of the following sub-programs:

e Food price stabilization subprogram: Prepare reserves and price stabilization

on the strategic foods, like as meat, flour etc.

e Fuel retail price stabilization subprogram: To reduce retail price of fuel goods

which are the main source of the inflation.
e Price stabilization and lowering costs of main importing goods subprogram

e Construction sector support and housing price stabilization subprogram: Sup-
port the domestic production of basic construction materials; to reduce sea-
sonal supply importing construction materials; to encourage advanced and

nature friendly construction technology.

Accumulation of coal reserves and energy price stabilization subprogram

In general, the repayment of the loan and schedule are fixed or unchangeable in
the contract between implementing private firms and commercial banks. To date,
the most of these subprograms are terminated and the whole program tend to be
finished by the end of 2016.

The result of this price stabilization program is not yet to be observable clearly,

however, the BoM has been concluding that as a result of the program i) supply

14



driven inflation has been significantly been reduced annual inflation by 3 percentage
point within the last two years, ii) difficulties on balance-of-payments are eliminating
by substantially reducing growing prices of meat, flour and retail gasoline, iii) the
BoM provide more positive environment for inflation target at 7 percent. Moreover,
in the mid-term, the market based efficient sustainable supply mechanism on the
main consumer’s goods would be established due to this program by promoting do-
mestic producers for expanding production capacity for construction materials, for
farming enterprises, entities which operate in food storage and warehouse. In addi-
tion, the program has played crucial role to prevent potential risk of unemployment,

maintaining employment in these industrial sectors.

Empirical studies based on the DSGE modeling

Studies on the Mongolian monetary policy that applied the DSGE modeling and
the Bayesian technique are very rare. It is very difficult to access to reports of this
kind studies due to the lack of official published journals and databases in Mongolia.
However, we could obtain two of them.

Dutu (2012) is a report of project implemented in the Ministry of Finance of
Mongolia. It builds a large-scale New Keynesian DSGE model of a SOE interacting
with the rest of the world. The model’s parameters are estimated via Bayesian
techniques using seven quarterly Mongolian time series, three quarterly Chinese
time series, and one quarterly commodity price index starting from 2001:Q2. In
regarding with monetary policy rule, it assume that the BoM follows a Taylor-rule
for deciding on the interest rate as in Smets and Wouters (2003).

Bumchimeg et al. (2014) represents the medium-run forecasting “GAP” model
used for monetary policy analysis in the BoM. The main purpose of study is to
explain calibrations of the model, impulse response analysis, and influences of shocks
of the modified a New Keynesian structural model to the Mongolian economy. The

model consists of 6 set of structural equations and one of them is an equation of

15



monetary policy rule. The assumption on the monetary policy rule is an almost
same in Smets and Wouters (2003) that is the BoM reacts to the inflation deviation
from its targeting rates, the output gap, and the nominal exchange rate changes
when setting their policy rates.

An important result from this part is that to follow Smets and Wouters (2003)
for determining the modified monetary policy rule satisfying the current Mongolian

specifications may be a rationale.
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3 A small open economy model

In this section we show how to derive the linear DSGE model in Lubik and Schorfheide
(2007) from the small open economy model in Gali and Monacelli (2005). We es-
timate this model by using Mongolian data in the next section. We use model
explanations in Gali and Monacelli (2005) without any changes, but we add some
derivations of equations basing in Bergholt (2012).

The model has four sectors of households, firms, monetary authority and foreign
economy. It assumes that the world economy consists of a continuum of small open
economies represented by the unit interval. Every single economy has zero share of
world economy, so its domestic policy decisions do not have any impact on the rest of
the world. However, different economies are correlated through productivity shocks,
and they have identical preferences, technology, and market structure. Notice that
goods produced in home country denoted with subscript h, imported goods related
variables denoted with subscript f, and foreign economy variables are denoted with

superscript®.

3.1 Households

The domestic economy is inhabited by a representative household who attempts to

maximize her lifetime utility

00 1—o 1+
I 0
where N, is labor hours and, C} is a consumption bundle; ¢ is the inverse elasticity
of inter-temporal substitution and ¢ is the inverse elasticity of labour supply to real
wage.

The consumption bundle, C} is defined as a composite consumption index defined

17



by a constant elasticity of substitution (CES) form,

n
n—1 n—11|n-1

Cr=|(1-a)iC,) +aiC,) 2)

where 7 is the elasticity of substitution of domestic goods to foreign goods, from the
side of the domestic consumer; « € [0, 1] is share of imported consumption goods
and inverse related to the degree of home bias in preferences, and is thus a natural
index of openness. C}; and Cy; are indices of domestic goods and foreign goods,

which both are given by the CES functions,

1 =1 I A=
Ch,t = (/ Oh,t(j)EE d]) ) Cf,t = (/ Gi,t7 di)
0 0

where j € [0, 1] denotes the good variety. C;; is, in turn, an index of the quantity of

goods imported from country ¢ and consumed by domestic households. It is given

by an analogous CES function:

1 =
Ci,t = (/ Ci,t(j)eg dj)
0

where parameter € > 1 denotes the elasticity of substitution between varieties (pro-

duced within any given country).
Utility maximization problem of (1) subjects to a sequence of budget constraints

of the form

/01 Pri(7)Che(3)dy + /01 /01 P;(7)Cii(3)djdi + By {Qt 41 Der} < Dy + W Ny + T,

(3)
for all ¢. The domestic price on good j denoted Py :(j) while the price on good j
imported from country i is denoted P, ;(j). D¢yq is the nominal payoff in period ¢t 41
from a portfolio held at the end of period ¢. @11 is the stochastic discount factor

for one-period forward nominal payoffs of the domestic household. The nominal

18



wage is denoted W, while lump-sum transfers/taxes is denoted T;. In here, domestic
currency is a common measurement of these variables.

We assume that households can access completely to international financial mar-
kets and have a complete set of contingent claims. It implies that monetary policy
can be specified in terms of an interest rate rule directly and indirectly. Thus, we
do not need to introduce money explicitly in either the utility function or budget
constraint.

In order to use the budget constraint to maximization problem, first we need
to determine the demand functions based on the optimal allocation of any given

expenditure within each category as follows*. The optimal demand for home good

j:
Cra(j) = (M) ey (4)

In a similar way, the aggregate price index for imported goods from country ¢ is

1
1 1—e
P = (/ Pi,t(j)lsdj)
0

The optimal consumption of good 7 imported from country ¢ is given by:

given by:

Cia(j) = (Ppt—(f)> N Cis (5)

The aggregate price index for all imported goods is given by:

1
1 =
Pry = (/ Pil,tvdi>
0

4The details are in the Appendix 2.
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The optimal basket of import consumption from country ¢ is:

P\’
ce=(32) o ©)

Finally, the aggregate consumption price index (CPI) in the home country is given
by:
_1
Pi=[1-a)P "+ aP; """

It follows from (4) - (6) that®

1 1
/ Ph,t(j)oh,t(j)dj = Ph,tch,tQ / Pzt(])czt(])dj = Pi,tci,t
0 0

and

1
/ PyCisdi = Py ,Cpy.
0

By analogously, the optimal allocation of expenditures between domestic and im-

ported goods is determined by

P 1 P -
Ch,t = (1 — Oé) <%> Ct, Cf}t = <ﬁ> Ct (7)
t

Notice that, when the price indexes for domestic and foreign goods are equal (as in
the steady state described below), parameter « corresponds to the share of domestic
consumption allocated to imported goods. It is also in this sense that « represents
a natural index of openness.

It follows from (7) and the given CPI definition that

PyiChy = (1= a)P,"P'Cy;  Pp,Cpy = aP;["PIC,

5The details are in the Appendix 2.
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Py Chy+ PpyCry = (1 — a)P;;"Pg?Ct + aP;;"Pg?ct

= PIC[(1 — )P, "+ aP;"]

(.

'

_pl—-nm
_Pt

= PC,P/™" = B,
If we combine above results into the period budget constraint definition we have

1 1 1
Dy + W N, +T; > / Pyi(7)Chi(j)dj + / di/ P y(5)Cii(j)dj + Er{Qr111Dy11}
0 - Jo 0 B

N

TV NV
=Py +Cht =P;+Ciy
1
> P Chy + / P Ciydi + By { Q41D }
0
—_—
=PrCr

> PpiChy+ PriCry+ Ey{Qri+1D11}

> P,Cy+ By {Qi4+1De1 }

Then, the aggregated household maximization problem becomes

o0 Cl—a N1+<,0
By s (fe - )
t=0 QD

such that

P,Cy+ Ey{Qit+1 D1} < Dy + WiN, + T, (8)

The corresponding Lagrangian is

Cl o Nl-‘rsﬂ
= c, T]%agtﬂ Zﬁt [(1 o 1 :_ 90) + A (Dy + WiN, + Ty — P.Cy — E{Qt441D141})

The FOC s are

oL .. B 7
8_Q_Ot —At.ljt—o = Pt _>\t
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oL NY
~= — _N¥ — -t
ON, S+ MW =0 W At
oL B
D411

—ANQtir1+ LAy =0 =

)\tQt,tJrl = 5>\t+1
Then, the optimality conditions for the household’s problem become

c;7  Nf W,
L = L = CoNy = =L
I Wi I
which is a standard intra-temporal optimality condition, and
G O
= >\t = )\t 1= +
Pt * -F)t-i-l

c° C..2
AMQrir1 = Bt [t, Qi1 = B
t

P
C (P
5(S) () -

Pria

(10)
Taking conditional expectations on both sides of (10) and rearranging terms, we
obtain a conventional stochastic Euler equation,

Ot+1)_a( Py )
R.E

o {( ¢ ) \7.
where R; =

(11)
I S
Ei{Qt,t+1}

is the gross yield on a risk-less one-period bond paying off one
unit of domestic currency in ¢ + 1 (with E;{@Q:++1} being its price).

22



Then (9) and (11) can be respectively written in log-linear form as®:

Wy — Pr = 0C + PNy

e = E{ci} — % (re — Ee{mea} — p) (12)

where lower case letters denote the logs of the respective variables, p = —Inf,
which is the usual definition of the time discount rate, and my = p; — p;_1 is CPI

inflation (with p, = In P,). The nominal interest rate (NIR) is defined here as

re =In(Ry) = —In(E {Qrp11})-

3.2 The inflation, the exchange rate, and the terms of trade

3.2.1 The terms of trade

Bilateral terms of trade between the domestic economy and country ¢ is defined as

the price of country i’s goods in terms of home goods:

g _ L
it — P_
h,t

The effective terms of trade are thus given by:

L pl=v4; = 1— = 1 =
Py <f0 Fia z> /1(13“) TN </ _ .)1”
S === = = 2 di = S di 13
' Py P 0o \Dnt o (13)

A first-order approximation around a symmetric steady state satisfying S;; = S; =1

for Vi gives us:

6The details are in the Appendix 2.
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1 e 1 1 = 1
S, ~ / slUdz') + < / slUdz') ( / S8t — S dz’)
' < 0 A—7 \Jo 0 (=778, (S )
1
01
z1+/ Siqdli — 1

0
1
~ / Si,tdi
0
1
= St = Pt — Phe = In (/ S,;idi)
0

1
~ / 5s,di (14)
0

where s; = ps; — pn+ denotes the log-linear effective terms of trade, i.e. the price of

foreign goods in terms of home goods.

3.2.2 Domestic and CPI inflation

If we describe the log-linear form of the CPI around the same symmetric steady

state satisfying the PPP condition Pj,; = P, = P, we have

P = [(1 — oz)P;;" + anl;”} =
[(1—a)P'""+aP""] = + ﬁ [(1—a) P+ aP'] =l

x [1=a)(X=n) P (Phy = P)+a(l—n) P77 (Pry — P)]

Q

~P+P'[(1—a)P " (P —P)+aP ™" (P — P)]

P—P~[(1—a)(Pu—P)+a(Pr— P)
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PP Pui—P  P—P
—(1— ) )
= 5 ( a) iz + « 7

pe—p=(1—a)(pns —p) +alpr: —p)
pe—p=(1—0a)pps +apps —p(1 —a+ a)

pe—pP=(1—)phs+apr: — p

P = (1 — a)pps + apyy

= DPh + sy (15)

Domestic inflation is defined as the rate of change in the index of domestic goods
prices:

Th,t = Pht — Phit—1

Thus, using (15) CPI inflation is given by:

T = Thy + aAsy (16)

It shows that the difference between domestic inflation and CPI inflation is propor-
tional to the percentage change in ToT and the index of openness a (the coefficient

of proportionality).

3.2.3 The nominal and real exchange rate (RER)

Define &;,; as the bilateral NER, i.e. the price of country i’s currency in terms of
domestic currency and Pjt(]) is the price of country i’s good j expressed in the
producer’s (i.e. country i’s) currency. Thus, &; measures how many domestic
currency units one country i’s currency unit is worth. Assume that the law of one

price holds for individual goods at all times for both import and export prices. Thus,
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for all goods j € [0,1] in every country ¢ € [0, 1]:

Pi.(j) = gi,tljii,t(j)

1

where P/, = ( fol H{t(j)l_adj) s defined as the aggregate price level in country i

7

in terms of country ¢ currency, i.e. country +’s domestic price index.

Aggregation across all goods using a price index for goods imported from country
1

i P, = ( N Pl,t(j)l—ﬁazj‘)E gives:

In turn, by substituting into the definition of P, and transforming in log-linear

form around the symmetric steady state, £ and P*, we obtain
.

! = Lo =
= (f i) = ([ @) i)
0 0
~ ( / 1 Py d@) o SR < / 1 (&P d@) T
0 (1=7) \Jo

x (/01 (=) [(EP) TP (=) + (EP) T E (P — P dz‘)

Eir—E) (let - Pi) di)

mgpi+(5pi)'y </01 (gpi)lfv [( : X =

1
~EP + (P (P (/ leis = e+ pia =] di>
0
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Py — EP? ! .
B ([ o mema-sla)

1
Pf,t—¢—1/%/ (ei,t‘i‘pi,t)di_g_p{
0
1 . 1 L
pf,t%/ (ei +1iy) di:/ ei,tdi+/ pi4di
0 0 0

~ *
e+ py

where ¢; = fol eixdi is the (log) nominal effective exchange rate, pj, = fol pi,(7)dj
is the (log) domestic price index for country i (expressed in terms of its currency),
and p; = fol pi,di is the (log) world price index. Notice that for the world as a
whole there is no distinction between CPI and domestic price level, nor for their
corresponding inflation rates.

Combining the previous result with the definition of the terms of trade we obtain

the relationship between home and world price:

St = € +p;:k — Pht (17)

Next, we derive a relationship between the ToT and the RER. Define the bilateral

Ei1 P}

RER with country 7 as Q;; = 5

, i.e. the ratio of the two countries’ CPIs, both
expressed in domestic currency. Let ¢, = fol ¢i+di be the (log) effective RER, where

gi+ = In Q; ;. It follows that

1
qQt = / <€z‘,t + pi - pt) di
0

=e +p; — D
= St + Pht — Pt
=(1—a)s; (18)
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where the last equality holds only up to a first order approximation when 7 # 1.

3.3 International financial market
3.3.1 International risk sharing

Under the assumption of complete securities markets for securities traded interna-
tionally, a condition analogous to (10) must also hold for the representative house-

hold in any other country, say country ¢:

Cin\ *( P &l
1=6E < Q;} <i1) ( ¢ )( t ) 19
t { t,t+1 Cg _Ptz+1 gtl+1 ( )

Divide (10) by (19) and solve for C;:

nforn () ()] e{() ()

N/ P A Cio\ (P &
) @@ &) B
/ t{%< Cy Pl i1 t Ci P Eis
:Et <Ct+1)_o( Pt ) (Cffl)agtiﬂP;—H
Ct Pt+1 Ctz (c;tZPtZ

gti-i-lpti—‘rl
Cii\* , in-e P Cii\ | in—o 9
-0 _ E t+1 7 ‘t—i.-l — E t+1 7 t—".-
= G t (Ct+1) () 531;&1 U\ Ci () i

Ci 7 i\ —0 Ql 7% C i % - i 7
scmm{(g2) @2l - n S o) @))
Ci1
Cin ()7

Q=

= L Ci (1)

C, = viCiQr, (20)
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Ciia(Qis)”
initial conditions regarding relative net asset positions. For simplicity and generality,

for all t. ¥, = E} {Ll} is some constant which will generally depend on

we assume that there is symmetric initial conditions, for example zero net foreign
assets and same expected conditions. This implies ©¥; = ¢ = 1 for all 7. Then, if we

take logs on both sides of (20) we have:
D1
Ct = C+ —Qiy (21)
o

Equation (21) is determined at the household level. Note that world consumption
is given by ¢* = fol cidi. Integrating (21) over all i and using ¢; = fol ¢;+di and (18)

yields:

1
o1 o
0 o o

ZCH(I_O‘) 5t (22)

This equation express the relationship between domestic and world consumption
by the ToT under an assumption of complete markets at the international level.
It shows that if the ToT increases which means that domestic price to world price
decreases, domestic consumption would be increased.

3.3.2 Uncovered interest parity (UIP) and the ToT

Allow households to invest both in domestic and foreign bonds; B; and B;. The

budget constraint may be written as:

PiCy + Qi1 By + Q1 Eei By < By + EBy + WiNy + T,
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The optimality conditions with respect to these assets are:

1:5@{%“ <%)_U(Pil>} (23)
confaa (%) () ) @

Divide (23) by (24) to obtain:
_ Cip\ 7 }
E ! _
1 — PE: {Qt’tﬂm _ B { Qi)
-1 C't+1 - [4 5t+1> } { -1 gt-s—l }
E * —_— E * —_—
PE. {(Q“H) m < & Qi)

:Et{ Qf 11 }
Qtt+1E41

_ B {Qi} 5, {&H}

E{Qui} &
Ry {8t+1 } 1
= — =F,{ — 3, ,where R} = ————— 25
R L& " EA{Qun) (25)

Transforming to the log-linear form of (25) gives:

ro—r; = E{ein —e} = E {Aepr} (26)

Now, from (17) we have that:

* *
Eisipr — sy = Eegr — e+ Eipl ) — pf — Eibniv1 + Duy

= E{Aep} + E {Am) ) — By {mhia}

= 5= —E{Aei1} — B {AT L} + E{mne} + B {sen)
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Thus, using (26) we get the following stochastic difference equation:

se= (rf — Ee{mf1}) — (re — E{mnair}) + Ee {se1} (27)

Given that the terms of trade are pinned down uniquely in the perfect foresight
steady state, and given the assumptions of stationary in the models driving forces
and unit relative prices in steady state, it follows that Tlim Ei{sr} = 0. Hence, (27)

—00

can be solved forward to obtain:

St = (T: — L {77:+1}) — (re = Ex{mns1}) + B {se41} +
+ E{(ri — B 7)) — (ren — B {mnasa}) + (rfe — Ec {7 s}) —

— (142 — Ex{mnqs}) +.. .}

=5 =F, {Z [(rf e = Thinsn) — Pk — Thotsns)] } (28)

k=0
Equation (28) expresses the terms of trade as the expected sum of real interest rate

(RIR) differentials between the world market and the home market.

3.4 Firms
3.4.1 Technology

A domestic firm produces a differentiated good with a linear technology represented
by the production function

Yi(j) = ANi(j) (29)

where j € [0,1] is a firm-specific index and a; = In A; follows the AR(1) process

ar = prai—1 + €44 The real marginal cost (expressed in terms of domestic prices)
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will be common across domestic firms and defined by:’
me = —V + W — Ppp — G (30)

where v = In(1 — 7), with 7 = l being an employment subsidy.
Let Y, = [ fo Yi(y 1_’dj] represent an index for aggregate domestic output,
analogous to the one introduced for consumption. If we assume that the market

clearing in the labor market, we have

1
0

In order to find the approximate aggregate production function we will rearrange

the production function as follows:

Yi(4)

Yi(j) = ANe(§) = Ni(J) = A,

So,

N, = /Nt d—/o ;t)d] jlt V()i

Y "Yi(y )dj _ YtZt
A Jo Y Ay
where Z; = 1 ¥ ])d] Thus,
ANy
Y,
t Z

and the log-linear form becomes:
Ye = Qr + N — 2

1 Yi(j
where z; = In f tt

"The details are in the Appendix 2.
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LYi(d) 70 ~
o vodj ~ 1 up

In the Appendix 2, we showed that z; ~ 0 because Z; =
to a first-order approximation around Pj.(j) = Fn;. Thus, the above log-linear

aggregate production function becomes:

Y = Qg + 1y (31)

3.4.2 Price-setting

Following staggered price setup in Calvo (1983), define € the probability for a firm
of keeping the price fixed and (1 —6) the probability for a firm of changing the price.
In other words, in each period there is a constant probability (1 — @) that the firm
will be able to adjust its price, independently of past history. Since we assume a
continuum of firms of measure one, by the law of large numbers it follows that the
fraction of retailers setting their price at ¢ is (1 — #). Thus, only a fraction of firms
is setting its price at a certain period in time allowing for inflation dynamics.

We use Appendix B of Gali and Monacelli (2005) and home firm’s optimal price

is determined by the following rule:
Pre=p+ (1= 50)> " (80)" E, {mc},,} (32)
k=0

for all ¢. pn; denotes the (log) of newly set domestic prices, and = In ( ) is the
log of the steady state mark-up.

We can see from (32) that firms will set price that corresponds to the desired
mark-up plus a weighted average of their current and expected nominal marginal
costs, with the weights being proportional to the probability of the price remaining

effective at each horizon 6.
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3.5 Market equilibrium
3.5.1 Demand side: Aggregate demand and output
Market clearing for good j in the home economy implies:

1

Yi(j) = Chaj) + / Ci,(j)di (33)

The supply of domestically produced good j is denoted Y;(j), the domestic demand
is denoted C},+(j), and country 4’s demand for good j produced in the home economy
is denoted Cj ,(j) for all j € [0,1] and all £. Due to the nested structure one can
express demand in sub-markets in terms of total demand by combining all demand
functions from each level. For instance, insert (7) into (4) and get:

)

Furthermore, the demand for domestically produced good j in country i is ex-
pressed by nesting up across different demand layers in country 7. First, note that the
consumption of domestically produced good j in country ¢ is a function of country

i’s consumption of goods produced in the home economy, given as in (4):

i/ Phi(J - i
Ch,t(]): (}]lg;hi)) Oh,t

Second, note that country ’s consumption of goods produced in the home econ-

omy is a function of country i’s consumption of foreign goods, given as in (6):

-
Ci,= |22 ¢
h,t <5i,tp}7t> it

Third, note that consumption of imported goods in country ¢ is a function of
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total consumption in that country, given as in (7):

Combining all these yields the demand for domestically produced good j in country

¢ as a function of total consumption in that country:

— AN
- Poi()\ [ Pus Pty ;
Ci () = o (L) £ e 35
W =o () () (3] @ (35)

Thus, we can insert (34) and (35) into (33) and get another form of domestic supply

of goods j:

_ _ _ - : -n
. Pht(j)> E<Pht> ! /1 (Pht<j)) [ Puy Py 10
Yi()) =(1 -« : — Ci + o : - ’ C'di
1) = ( )( Py P e Py EirPr, b '
N _ - AN
Pht(j)) : <Pht> ! /1 Py Pty -
— : 1—qa) | =22 C,+a - : Ctdi
( Py ( ) P ' o \&itPh, Py !

Plugging (36) into the definition of aggregate domestic output Y; = [ fol Yi(j )l—idj} :

we obtain®

—y S\ -1

AN /1 Phy Py, -

Y, =(1— — C, —_— — Cid
—t-a) () aval o) (7)) o
.Ph7 1 ! gi,tpi o i 7.

— <?tt) (1 —a)CmLa/O ( Iz Lt Q],Cidi

Bt
(D - ! i Y= A% .
=5 Col(l—a)+a [ (S8)" "9, "di (37)
t 0

where the last equality follows from (20), and where (S}) denotes the effective terms

of trade of country 7, while §; ; denotes the bilateral terms of trade between the home

8The details are in the Appendix 2.
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economy and foreign country ¢. Notice that in the particular case of c =n =7y =1

the previous condition can be written exactly as
Y, = C,S8Y (38)

More generally, and recalling that fol sidi = 0, we can derive the following first
order log-linear approximation to (37) around the symmetric steady state:

1
yt:Ct—FOéVSt‘i‘Oé(T]—E)Qt

aw
=cC+ —S¢ (39)
o
where w = oy + (1 — a)(on — 1). Notice that 0 =n =~ =1 implies w = 1.
A condition analogous to the one above will hold for all countries. Thus, for
a generic country i it can be rewritten as y; = ¢; + %s}. By aggregating over all

countries we can derive a world market clearing condition as follows:

1
i = [ via (40)
0
1 1
:/ cﬁdi+%/ sidi
0 g Jo
1 .
:/ cydi = ¢
0

where yfand ¢ are indexes for world output and consumption (in log terms), and
where the main equality follows, once again, from the fact that fol sidi = 0.

Combining (39) with (21) and (40), we obtain

., l—« ow . l—at+aw
Yp = + Sttt ——5=Y +————5¢
o o
., 1—a)+aw
=Y St
o

*—l—l (41)
= —S

Yy 5 ot
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where o, = #w—l) > 0.

Finally, combining (39) with Euler equation (12), we get

aw aw 1
y——s =Lk {ym - —3t+1} ——(r— E {7Tt+1} —p)
o o o
1 oaw
Yr = E{yr1} — P (re — Ee{mea} — p) — 7Et {Asy} (42)
This IS equation is similar to the one in a closed economy except that now there is
an additional term linking domestic output to the international environment. An

alternative representation including domestic goods inflation is found by inserting

(15) into (42):

1 aw
Yo = By {ye1} — = (re — By {mhep1 + @Asi 1} —p) — 7Et {Asya}

1 alw—1
= L, {yt+1} - ; (T’t - E, {7Th,t+1} - ,0) - gEt {A5t+1}
1 a®
= B {y1} — - (re = By {Thps1} — p) — 7Et {Asia} (43)

where © = (o7 — 1)+ (1 —a)(on—1) =w — 1.

Inserting s; from (41) into (43) we get:

1 Oé@ * *
Y = Ey {yt+1} - ; (Tt — By {7Th,t+1} - P) - 7gaEt {(yt+1 - yt+1) - (yt - yt)}

aBo, 1 a® . a®
= (1 T, ) Ei{ye} — p (re = B {mhesr} — p) + 70aEt {AytH} + 7%%

aBao, aBao, 1 a® X
(1 - ) Y = (1 - ) E{yi} — p (re — By {mhes1} — p) + 7UaEt {Ay; 4}

ry — B Aw — aOo Fy 1 Ay;
Yy = By {ypa} — (re At = p) + ! { t+1}
( oz@cra> ( oz@aa>
1-— o 1-— o

o o
— B {yo) — (re— B {mnin} — p) | aO0aEy {Ay; i, }
W (0 — aBay,) (0 — aOay,)
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Use@:w—landaa:m:

(re = Ex{mhi41} — p) B0, Ly {Ayal}

+

Yr = B {y } — p p
(U_a(w_l)l—i—a(w—l)) (a—a(w—1)1+a<w_1))
_ _ (re — B {mniia}} — p) aO0. Ey { Ay;y }
= Eidyend ([1 +alw—1)]o— alw— 1)0) * ([1 +a(w—1)]o— a(w— 1)0—)
1+ a(w-—1) 1+ a(w-—1)
= E{y} — (r ~ Ei {Zh’tﬂ} —r) + a@aaEta{Ay;‘H}
(1+a(w—1)) (1+a(w—1))
= B () - O AT} ) ‘Y@%E;V{Aytﬂ}
= E{yt1} — Ui (re — By {mppe1} — p) + aOE {Ay;, } (44)

«

The expectation of the world output growth in one period forward, E,{Ay; ,}, is
exogenous to domestic allocations. In general, the degree of openness « influences
the responsibility of output to any given change in the domestic real rate r; —
E{mp44+1}. Also note from (43) that if © =w—1> 0 (i.e. if 7 and 7 are sufficiently

high) we have that o, = < o, and output is more responsible to real rate

g
1+a(w—1)

changes than in the closed economy case.

3.5.2 The trade balance

Next, we can define net exports nz; as the difference between total domestic pro-

duction and total domestic consumption, relative to steady state output Y:

wn (1) (- )
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A first-order approximation around a symmetric steady state with price level P, =

P, = P and output level Y, = C; =Y, i.e. zero net export, yields:

1 P 1 P 1 1
nxt%? (Y_FY) +? {(Yt—y)—F(Ct_c)_FC(Pt—P)‘FﬁPC(PM—P)
_Yt—Y_C’t—C_Pt—P_i_P;m—P
Y Y P P
=W —y) —(cc—¢)— e —pP) + Pt —P) =Yt — ¢t — Pt + Py
=y — ¢ — asy (using 15)
which combined with (39) implies:
NIt =Y — Ct — Sy
= NT = —S¢ — ASy
ow
Yt =c+ —5
= nry =« <E — 1) Sy (46)
o

Again, in the special case of 0 = n =~ = 1 we have nxz; = 0 for all ¢, though
the later property will also hold for any configuration of those parameters satisfying
o(y—=1)+ (1 —a)(on—1) = 0. More generally, the sign of the relationship between
the terms of trade and net exports is ambiguous, depending on the relative size of

o, v, and 7.

3.5.3 The supply side: Marginal cost and inflation dynamics

From the Appendix B of Gali and Monacelli (2005), we can see that the dynamics

of domestic inflation in terms of real marginal cost are given as follows:

Tht = ﬁEt {7Th,t+1} + )\771\615 (47)

_ (1-p0)(1-0)

where A\ 5 .
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The real marginal cost is determined in our model as follows:

mey = —v + (W — Pry) —
= —v+ (we — ) + (Dr — Phy) — @
= —Vv+0oc+ png + asy — a

=—v+oy +oy+ s — 1+ (48)

where (31) and (22) are used in the derivation.

An economy becomes an open implies that world prices and output have begun
to influence home variables. As we can see from the equation, the ToT (home price
relative to world price) and world output will increase home real marginal cost.
Moreover, these two foreign variables influence on the home consumption and con-
sequently, home labor supply will changed and so will the real wage. Technology and
home output have an similar influences as in the closed economy, technology has a
direct impact on labor productivity while home output level determines employment
and the real wage.

Finally, using (41) to substitute for s;, we can rearrange the previous expression

in terms of the domestic output, world output, and technology:

mey=—v+ (0o + @)y + (0 —00)y; — (1 + @) (49)

Notice that in the special cases & = 0 and/or ¢ = = v = 1, which imply
0 = 0, the domestic real marginal cost is completely insulated from movements in

foreign output.

3.5.4 Equilibrium dynamics: the NKPC and the DIS

In this section we show that the linearized equilibrium dynamics for the small open

economy have a representation in terms of output gap and domestic inflation dy-
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namics. That representation, which we refer to as the canonical one, has provided

the basis for the analysis and evaluation of alternative policy rules.

First, we define the domestic output gap z; as the deviation of (log) domestic

output v, from its natural level y;', where the latter is in turn defined as the equilib-

rium level of output in the absence of nominal rigidities (and conditional on world

output y;). Formally,

Tt =Y — Yy (50)
The domestic natural level of output can be found after imposing mc; = —pu for
all t and solving for domestic output in equation (49):
—p=—v+(0at @)y +(0—0oa)y; — (1+p)as (51)
Solve this for y;* and use that o, = 7%5:
(Ca + @)y =v—p+ (1 +p)a—(0—0a)y;
o
n V= I+ 7= *
Pl (R S E I
Gat@  Oate (00 +¢)
o0
a —_—
L N 2 14+ a0 .
= + ar — Yy
Oat@ Oaty (00 +¢)
v— U n 14+ ¢ Oo,
= ay — o0———
Gat 9 Gate ' “(ate)
=y, =2+ Ta; + aVy; (52)

where 2= X4 T =12 50 and U = —8%
Oatp Oate oot
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Second, if we subtract (51) from (49) gets the real marginal cost gap as follows:

mey = —v + (0o + @)y + (0 — o)y — (1 + p)a;—
— [+ (oat+ )y + (0 —0a)y — (1 +p)af]

= (00 + ) (v — y7')

= me; = (0o + )2

which we can combine with (47) to derive a version of the NKPC for the small open

economy in terms of the output gap:

The = BEATh 41} + Moo + 9)2y

= BE{Th i1} + Koy (53)

where o, = Ao, + ¢). Note that (53) nests the special case of a closed economy
because a = 0 implies that o, = o (or 0 = =~ = 1) and then the slope coefficient
is given by A(o + ¢) as in the standard, closed economy NKPC. In general, the
relation between the degree of openness parameter «, an increase in the output gap,

and domestic inflation, depends on the sign on © because 0, = =55. I © > 0

(i.e. if n and ~y are sufficiently high), an increase in the openness will make domestic
inflation less responsive to change in the output gap. On the other hand, if © < 0,
then more openness will make domestic inflation more responsive to output gap
changes.

To derive the open economy DIS we define the RIR as

rry =Ty — EtWh,tH
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Then, IS equation given in (44) can be written as:

1 %
Ui = E{yiia} — puy (re — E{mnea} — p) + a@Et{Ayt—i-l}

[

1 "
= By} — U_(Wt —p)+ @@Et{AytH}

«

In similar way, the natural output is defined as a function of the natural RIR as

follows:

n n 1 n *
Yy = Et{yt+1} - U_<7’Tt - ,0) + a@Et{Ayt+1} (54)

The DIS yields by subtracting (54) from (44):

1 *
Ty =Yt — yf = Et{yt+1} - U— (Tt - Et{ﬂh,tﬂ} — p) + OZ@Et{Ayt-H}_

«

n 1 n *
- Et{ytJrl} - U_(Wt —p)+ a@Et{AyHl}

«

1
= 1 = B{wia} — U_(Tt — Ef{mpaa} —rry) (55)

If we solve rr} from (55) we have:

T’Tf =Tt — Et{ﬂ'h,t+1} — Oq (Et{xt+1} - il?t)
=1 — E{mhii1} — 0a (Et{ytﬂ - y?ﬂ} — (ye — yf))
=1 — E{mpi} — 0q (Et{yt+1 — Ui} — Et{y;?ﬂ - ytn})

=1 — E{mhii1} — 00 (Be{Ayi } — Et{A?/?H})

From equation (52) and (44) we have E{Ay},} = F'E{Aa1} + oVE{Ay; 1}

1 .
and E{Ay1} = p (re = E{mnii1} — p) — aOE{Ay;,}, respectively, and by

«
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substituting these we get:

1 *
rry =1y — E{mh41} — 0q (a_ (re — BE{mnit1} — p) — aOE{ Ay -

«

—FEt{Aat+1} — O{\I]Et{Ay;'_l})
= p+ 0 LE{Aa 1} + 0o (© + V) E{ Ay, }

= p+ oL E{pea; — ar} + oo (© + V) E{Ay;  }

=11y = p—0al'(1 = pa)as + ao(© + V) E{ Ay}, } (56)

Thus, we see that the NKPC and the DIS equations in the small open economy
equilibrium is similar to the counterparts in the closed economy. A couple of differ-
ences appear however. First, the degree of openness influences the sensitivity of the
output gap to interest rate changes. Second, openness generally makes the natural

RIR depend on expected world output growth, in addition to domestic productivity.

3.6 A small, structural open economy model

In this section we summarize the above small, open model into the structural model,
which is same in Lubik and Schorfheide (2007). The model consists of a forward-
looking DIS equation and a NKPC. Monetary policy is described by the modified
interest rate rule satisfied the current Mongolian monetary policy specifications.
All exogenous shocks are assumed as given by the corresponding AR(1) process,

respectively. Moreover, we determine steady states of the model.

The DIS curve: Combining equation (16) into IS equation (44) we have:

1
Ui = By} — U—(Tt - Et{ﬂh,t+1} —p) +aOF; {Ay;&-l}

[0}

Ty = Tht -+ OéASt
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1
= Y = Et{yt—i-l} - U—(Tt - Et{WtJrl - aASt—i—l} - P) + a0k, {Ay;-l}

«

1 Qo
= Et{yt-i-l} - U—(Tt - Et{WtH} - P) - U_Et{ASt—i-l} + a0k, {Ay:+1}

where o, = 1+Ze and © = (oy — 1)+ (1 — a)(on — 1). If we denote as 7 = % the

inter-temporal substitution elasticity and assume that n = v = 1 for simplicity we

have:
a®@=a(c—1+(1—-a)lc—1)=a((c—1)(1+1—a))
— (o —1)(2—0a) = al2—a) (%_1)
:a(2—a)(1;7)
Then,
o o _ o _ 1
1400 1+4+alc—-1)(2-a) é—i—a(U;l)(Q— )
1

T+a(l—71)(2—a)

As result of these calculations, the IS equation becomes:

Yr = By} — [T+ ol = 7)2 = )] (re — B{me1} — p)—

1—71

—alr+a(l=7)(2—a)] E{Asy1} + a2 — ) ( ) E {Ay/} (57)

As discussed in Lubik and Schorfheide (2005), in order to guarantee stationary

of the model, real variables are expressed in terms of percentage deviations from A;.
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Thus, we need to modify the IS becomes:

v = Edyeny = 1 +a(l =7)(2 = Q)] (1 = E{min}) = pai—

1—171

—afr+a(l—7)2— )] EfAsi} + a2 —a) ( ) E {Ayf, ) (58)
The NKPC: 1If we combine (16) into the NKPC (53) we have:

The = BEAThi41} + Moo + 0)2y

1
T — alsy = BB — alspa )+ A (T +o(l-7)2—a) ! 90) "

T = BE{m} — afE{As 1} + als, + TTal _/{7—)(2 — ) (e — y)

(59)

where y' = —a(2 — a) (1—77) y; is potential output in the absence of nominal rigidi-
ties. The slope coefficient £ > 0 is a function of underlying structural parameters,
such as labor supply and demand elasticities and parameters capturing the degree of
price stickiness. Since we do not use any additional information from the underlying

model we treat x as structural.

Monetary policy rule: In order to complete or close the model, we need to
determine the NIR. In here, we do not use the monetary rule function in Gali
and Monacelli (2005) and Lubik and Schorfheide (2007) due to the our interesting
hypothesis. We assume that the BoM follows a generalized Taylor-rule as in Smets
and Wouters (2003) for deciding on the the interest rate. Based on the hypothesis
and the Monetary Policy Guidelines of Mongolia, it is assumed that, in addition
to smoothing the interest rate, prr;_1, the interest rate is decided in reaction to
CPI deviation from the inflation target, m;_; — 7!, the output growth, Ay, and the
nominal exchange rate changes, Ae;. We also assume that there are two monetary

policy shocks: one is a persistent shock to inflation target, which is assumed to follow
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a AR(1) process m] = pml | +&x4; the other is a temporary identically independent
distributed (i.i.d) normal interest rate shock, ez ;. The latter will also be denoted a

monetary policy shock. Then, the log-linear policy function for the BoM is given by

re = prrio1 + (1= pr) [7] + 1 (T — 7)) + oy + 3Aer] + €ry (60)

In this specification, 11, 15 and 13 are, respectively, the responses of the BoM to
deviations of inflation from its target rates and the output growth, and smoothing
nominal effective exchange rate volatility. As i — oo the central bank would
be strictly targeting the inflation; or ¢, — oo it would be a strict output growth
targeting; or 13 — oo it would be exchange rate targeting. If ¢, is finite and 3 > 0
a managed float is being implemented. pg controls for the degree of NIR smoothing,
which is an important variable for the conduct of monetary policy due to imperfect
asset substitution, where 0 < pr < 1.

Due to the small scale model or a few endogenous pass through relation model,
we are unable to expand this rule by including all influencing policy instruments
(described in the section about Mongolian monetary policy) on these main policy
variables: inflation, economic growth, and exchange rate. It is possible when we use
a large-scale DSGE model consists of the enough auxiliary endogenous transmission

relations on the variables.

Nominal exchange rate: We can introduce the NER policy by combining (16)

and (17), which the later satisfies the relative PPP condition, as follows:

S¢ = €+ Df — Dhy = Asp = Aey + 71 — Thy
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Then,

Asy = Aey + T — Thy
=  As;=Aep+ 71 — 1+ als =

Ty = Tht + OéASt

=e=e1+m— (1l —a)As;—m; (61)

where 7} is a world inflation shock which we treat as an unobservable.

The terms of trade (ToT): Instead of solving endogenously for the terms of
trade, we add a law of motion for their growth rate to the system by the following
AR(1) process:

Asy = psAsy_1 + ey (62)

Others: We assume that all other variables in the model, a;, y;, and 7}, will be

determined exogenously by AR(1) process, respectively.

Qt = Pali—1 + Eqy (63)
Yt = Pyl + ey

* *
Ty = PreTy_q T Exet

Equations from (58) to (63) form the linear rational expectation model which

can be solved with standard techniques, for example, described in Sims (2001).

3.6.1 Equilibrium determinacy

This section is mainly based on the Herbst and Schorfheide (2016). Four structural
equations, the DIS, the NKPC, the Taylor-type monetary policy rule, and the NER,

and 5 exogenous AR(1) processes, as, Asy, 71, yi, and 7}, form a LRE system that
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determines the evolution of

ft = [yt,ﬂ't,7"t7€t,€R7t,@t,Ast,ﬂ'?,y?,y:,ﬂ':} (64>

In order to solve for the law of motion of f; it is convenient to augment f; by

the expectations Ei{y;1} and Ei{m 1}, defining the n x 1 vector

& = Uf} E{yenr}, E{men }] (65)

If we follow the solution method in Sims (2001), first we need transform the log-linear

DSGE model into the canonical LRE form:

Mo& = Mi&q + Kep + X0, (66)

where €; = [+, €y 1y Ents Esits Eats ERy] - The vector &; captures one-step ahead
rational expectations forecast errors. To write the equilibrium conditions of the
model in the form of (66), we begin by replacing E,{As;11} and E{Ay;, ,} with

psAsy and p,~Ay;, respectively. We then note expectations errors for inflation and

output as:
5y,t =Yt — Etfl{yt}a (67)
57r,t =Ty — Etfl{ﬂ't}

and define §; = [0y, 0] . Using these definitions, the rational expectational log-

linear model can be written as (66). The system matrices My, M;, K, and X are
functions of the DSGE model parameters 6.

Characterizations of a solution of this DSGE model is realized when the cor-
responding set of transversality conditions are satisfied. It implies that the law of

motion should be non-explosive. This stability requirements restricts the set of solu-

49



tions to (66). In general, the system have the following three possible solutions: i) no
non-explosive (non-existence), ii) exactly one solution (uniqueness), and iii) many
stable solutions (indeterminacy). The solution depends on the system matrices M,
My, and K.

There are many alternative solution methods for the LRE systems and one of
them is provided by Sims (2001). It shows that the LRE system can be transformed
through a generalized complex Schur decomposition (QZ) of My and M;, where @,
Z, A\, and Q are n x n matrices, such that Q'AZ' = My, Q'QUZ"' = M,, QQ' = ZZ' =
I, and A and Q are upper-triangular. Then, if we let w; = Z'¢; and pre-multiply
(66) by @ to obtain:

A1 Age Wit | 1 Sho Lt + @ (Ke + Xo)  (68)

Ag1 Ago Wa 4 0 Qg Wa 1 Q2

)

The second set of equations can be written as:
Wy = A3y Qoows 1 4+ Ay Qo (Kep + X0y) (69)

where wq, is ordered by purely explosive m x 1 vector (0 < m < n).
Then, if wey = 0, the LRE system given in (66) has a non-explosive solution of
&. It means that there is one can find a k x 1 vector of rational expectations errors

0; offsets the impact of [ x 1 vector of structural shock innovations €, on ws:

K X 6 =0 70
Q2K ¢ +Qs t U (70)
mxl Ix1 mxk kx1 mXx1

If m = k and the matrix (Q2X is invertible, then the unique set of expectational

errors that satisfy the stability of the system is given by

0 = — (QuX) ' QK e
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In general, it is not guaranteed that the vector J; need is uniquely determined
by €. An example of non-uniqueness (or indeterminacy) is the case in which the
number of expectation errors k exceeds the number of explosive components m and
(70) does not provide enough restrictions to uniquely determine the elements of ;.
The set of non-explosive solutions (if it is non-empty) to the LRE system (66) can
be obtained from & = Zwy, (70).

In order to see how additional variables, the NER and the time-varying infla-
tion target rate, influence to the equilibrium conditions, we summarize the different

dimensions in the following Table 3.1.

Table 3.1: The equilibrium conditions of Sims approach
| [n [m[1][k] |

K e +QX 6 =_0
Benchmark 113 |52 QK & +Q -~~~
3x5 5x1 3x2 2x1 3x1

K ¢ +QX 6 = 0
+ Exchange rate | 12 | 4 | 5 | 2 Q2K t, Q2 e~
4x5 5x1 4x2 2x1 4x1

+ Inflation target | 12 | 3 | 6 | 2 QK e +Q2X & = 0

K ¢ +0QsX 6 = 0
+ ER & IT 1341612 Q2K ¢ +Q2X 6
4x6 6x1 4x2 2x1 4x1

In our case, m can be 4 at the maximum because y;, m;, r, and e; are the
aggregate macroeconomic variables, and these tend to be an non-stationary or an
explosive. The number of expectations error is always 2, so £k = 2. The dimensions
of vector of structural shock innovations [ depends on these additional variables are
in the model or not. The benchmark model means that the using DSGE model is

described without the exchange rate and the inflation target.
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As we can see from the table, there is always possibility to have an non-explosive
solutions because m > k in every case. The corresponding numerical analysis of

equilibrium will be performed in the next section by estimating the model.

3.6.2 Steady states

In this section, we describe the steady state relations and values of the main variables
of the model which will be an important initial guess in the Bayesian estimation. In
order to find these values, we use the assumptions when we made for building the
model in the previous section.

The consumption Euler equation implies that the domestic NIR is r = —In (3);
thus, we can find 5 = exp(—r) = exp(—0.17) = 0.84 by using the average RIR of
the observation period, which was approximately 17 percent quarterly. In here, we
are following Lubik and Schorfheide (2007), in which parameterization is based on
the terms of the steady state RIR.

We assumed that the model has the symmetric steady state satisfying the PPP
condition P,; = P;; = P. Then, at the steady state, we have zero domestic and
foreign goods inflation rates, m, = 73 = 0. Moreover, we have § =1 or s = 0 since
S = %, which is given by equation (13).

Usin,g the relationship between domestic and CPI inflation in equation (16), we

can determine the steady state CPI inflation is also zero.
Ty = Tht —+ CYASt = =20

If we take a first-order difference from equation (17), we have As; = Aey+m; —mp,
and so, in the steady state, it will be Ae = —7*. Since we are assuming that the
foreign inflation dynamic is given as AR(1), its steady state value would be zero,

so Ae = 0 . Then, the equation of UIP (26) determines the steady state foreign
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interest rate as equal to the domestic interest rate.
re —r; = E{Aei1} = r=r

According to the small open economy assumption y = ¢ which is used in trans-
forming to log-linear form of aggregate demand and output. By the market equi-
librium condition given by equation (41), the steady state foreign economy output

equals to the domestic output.

.1
Y=y +0_5t7 s=0 = y=1y

«

Finally, we can determine y from the marginal cost condition given in equation

(49) as follows,

mey = —v + (0o + @)y + (0 — 0a)y; — (1 + p)ay

1
where, in the steady state, mc = In ( £ 1) and v = In (1 — —). Then, we have
€ — €

ln(5i1> :_m(g; >+(aa+go)y+(0—0a)y
In <€f1) +1n(€;1> = (ot to—valy
1n(&érf/7/r> =(c+9)y
In(1) = (0 +¢)y
y:(aiw) -
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4 Estimation

In this section we present our estimation methodology and explain the results es-
timation of monetary policy rules. We also explain our observations of the data
sets and how to choose prior distributions for the Bayesian analysis. At end of the
section, we present the estimation results, its explanations and results of robust-
ness analysis. The estimations are performed in the Dynare 4.4 with the Matlab
2015b by referring the code in Wieland et al. (2012), which is related to Lubik and
Schorfheide (2007).

4.1 Methodology: Bayesian inference

We use Bayesian approach in estimation procedure because of the main purpose of
this research that to estimate of the monetary policy rule (60) of the DSGE model
of SOE.

The monetary policy rule parameters of the DSGE model are collected into the
4 x 1 vector ¥ = [¢1, 19,13, pr] and the non-policy parameters and the shock stan-
dard deviations are collected in the 12 x 1 vector 6. If we use the common assumption
on structural shocks that is normal i.i.d (identically, independently distributed) we
can have a joint probability distribution for the endogenous model variables. The
vector of observables Y; consists of annualized interest rates, annualized inflation
rates, annualized inflation targets, output growth, nominal depreciation rates, and

terms of trade changes.

}/;/ = [4Rt, 47Tt7 47TtT, Ayt, Aet, ASt]/

In the Bayesian approach, a prior distribution is determined with density p(¢, 8) =
p(1)p(#) on the structural parameters. The observed data set update the prior
through the likelihood function of the DSGE model which is denoted by Lp (1/), 0|YT) ,
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where YT = {Y}, Y, ..., Y7 }. Due to the Bayesian Theorem the posterior distribution

of the parameters is given by:

pp (,0YT) = Lp (v, 0]Y") p(¥)p(0)

T Lo .0 T) p()p(0)d (¥, ) (71)

Schorfheide (2000) and An and Schorfheide (2007) explain how Bayesian simu-
lation technique generates posteriors. In general, the Bayesian estimation technique
has benefits of that we can estimate all model parameters not only policy rule pa-
rameters. Moreover, the estimation approach can determine the dynamic properties
of the DSGE model through impulse response functions and variance decomposi-
tions, thus we are possible to do some conclusions on the importance of structural
shocks.

We are interested in the following two hypothesis. First, whether the BoM
concern the inflation target announcement when they setting their monetary policy
rule or not. It is given by equation (60) in which the NIR reacts to the inflation
target rates and the deviation of total inflation from the inflation target. Second,
whether the BoM react systematically to exchange rate movements or do not? In
order to answer these hypothesis, we estimate a version M; of the DSGE model
in which the inflation target and the NER changes include in the monetary policy
rule (13 > 0) and two different second version of M, which expresses an alternative
in each hypothesis. In other words, for the first hypothesis, a version M} does not
include the inflation target variable and for the second hypothesis, M3 is expressed
when 13 is restricted to be zero. Then, the posterior odds of each Mé versus M,

are given by

Tor w0 2 (VTIM) j=1,2 (72)
™7 1,0 p(YT|M1)’ ’
-~ ——

Prior Odds  Bayes’ factor

The first factor is the prior odds ratio to accept M%. The second term is called the

Bayes’ Factor and summarizes the sample evidence to accept /\/lg version. The term
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D (YT|Mi) is called marginal data density and appears as normalizing constant in
the denominator of (71).

The logarithm of the marginal data density can be interpreted as maximized log-
likelihood function penalized for model dimensionality. Under a 0 — 1 loss function,
the loss attached to choosing the wrong model is 1 and the optimal decision is to
select the highest posterior model probability:

p (YT|M%) 70,0 o p (M{)|YT)

PO}, = = :
N p(YTIM) T p(My|YT)

If we assume that we have two models, then

Then,

, j
D (M%D/T) _ POOl

-0 MYT) =1 —p(MEYT

4.2 Data description

We use observations on real output growth, inflation, NIRs, exchange rate changes,
and terms of trade changes in our empirical analysis. All series, except of the
inflation targets, are seasonally adjusted and at quarterly frequencies for the period
2000Q1 to 2014Q)3 and are obtained from the BoM statistic database. Inflation
target rates are observed from the annual Monetary Guidelines which are resolved
from the Mongolian Parliament on the country’s monetary policy between 2000 —
2014°.

Output growth rates are computed as log differences of real GDP and scaled by
100 to convert them into quarter-to-quarter percentages. Inflation rates are defined

as log differences of the CPI and multiplied by 400 to obtain annualized percentage

9The summarized table is attached in the Appendix 1.
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rates. The series of ToT are calculated by the ratio of price indices of exports
and imports, and converted in log differences (scaled by 100) to obtain percentage
changes in the terms of trade. The weighted average loan rates represent NIR and
scaled by 400 to obtain annualized percentage rates. NER changes are defined as
log differences of the nominal effective exchange rate index (NEER) and scaled by
100 to convert the indices into depreciation rates. All series are demeaned before

estimation.

4.3 Choice of prior

As consistent with Lubik and Schorfheide (2007) we can divide all parameters in the
model into three groups. First, theoretical structural parameters which do not de-
pend on the country’s characteristics: 1, 19, V3, pr, &, 7, and . These coefficients
are usually common in the related literatures. Second, country specific structural
parameters: «, pPu, Ps, Pr, €ats Est, ald €y, Third, structural parameters of the
world economy: py=, pr+, €4+, and e+, which are also do not depend on the country’s
characteristics. The following Table 4.1 shows values of prior for Mongolia.

Assumptions and prior values of the theoretical structural parameters are same
as in the article. These parameters are based on the common literatures related
to Taylor-rule and the Phillips curve. The only change made in this group is that
we increase the mean value of 7 to 0.90 due to the assumption of unit substitution
elasticity (o = %) which will be used in the next chapter of the optimality analysis
on the monetary policy. Moreover, in order to get the tight estimate we choose a
relatively small standard deviation 0.05 on the prior distribution of 7.

We defined 8 = 0.84 in the previous section. The country specific parameter «,
import share, is defined by the average import share of the observed period, which
is about 60 percent. To specify p, and €5, we estimate AR(1) processes to growth

rates of ToT, and obtain 0.94 and 0.10 respectively. These estimated parameters are
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little bit higher and tighter than the usual values, we assume that it centers at 0.90
with the standard error of 0.20, which allows it to vary widely. For the technological
process, even we tried to obtain p, and &, by estimating AR(1) processes to the
growth rate of Mongolian economy, we obtained a negative estimated value same as
in the article for the UK and Australia; thus, we follow the article and choose the

positive values in the article.

Table 4.1: Prior distributions for Mongolia

Prior
Name | Domain Density
P(1) | P(2)
1 Rt Gamma, 1.54 | 0.50
(5 R* Gamma 0.25 | 0.13
U3 R* Gamma 0.25 | 0.13 | from Lubik and Schorfheide
Theoretical (2007)
parameters PR [0, 1) Beta 0.50 | 0.20
R+ Gamma, 0.50 | 0.25
el R* InvGamma | 0.50 | 4.00
. 0,1) Beta 0.90 | 0.05 Du.e to th§ as§umptior.1 (_)f an
unit substitution elasticity
An average import share of
a [0,1) Beta 0.60 | 0.20 | Mongolia during the observed
period
Countr Pa [0,1) Beta 0.20 | 0.10 | from Lubik and Schorfheide
Yy
specific €a R* InvGamma | 1.00 | 4.00 | (2007)
parameters ps [0,1) Beta 0.90 | 0.20
.. R+ InvGamma | 0.10 | 4.00 | from AR(1) processes on the
i Mongolian ToT and inflation
P [0,1) Beta 0.97 | 0.05 | target rates
Ex Rt InvGamma | 0.21 | 4.00
Py* [0,1) Beta 0.97 | 0.05
World 1 B 4 1 ) .
economy’s Prx [0,1) eta 0.46 | 0.10 | from Lubik and Schorfheide
parameters Eyr Rt InvGamma | 1.29 | 4.00 (2007)
Epn RT InvGamma | 2.00 | 4.00

Notes: P(1) and P(2) list the means and the standard deviations for beta, gamma, and normal
distributions.

In order to input inflation target observations into the estimation process, we
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estimate AR(1) processes to the seasonally adjusted quarterly inflation target values,
which is built by dividing annual value into four equal parts. We obtained p,r = 0.97
and e, = 0.21.

In regarding to the world economy’s parameters, we choose the estimated pos-
terior values in the article. The article uses data between 1983 : 1 and 2002 : (04,
so this is a pre-sampling period for our data period; thus the estimated posterior

values can be a good representative prior values for our model.

4.4 Estimation results

The following Table 4.2 summarizes the Bayesian estimates of parameters of M;
and M} models for Mongolia. In other words, these two models represent the cases
when the BoM concern inflation target (M;) and when they do not concern it (M}).

In here, the point estimates are the corresponding posterior means. The esti-
mated results for two models are almost same, all parameters have a same sign and
almost same standard deviations.

We use the results of M; model for the explanations because this model includes
all empirical variables that influence the NIR. Our findings mean that the BoM
follows a moderately anti-inflationary policy, ¥; = 1.0636, and implements a concern
for output, 19 = 0.1764. The main interested parameter, 13, is estimated as 0.7048
means that the bank relatively more concerns on the exchange rate movements when
they implements interest-smoothing policy. There is also a reasonably high degree
of interest-smoothing with an estimate of pgr = 0.8862. The preference parameter o
is estimated as 0.8922 means that it is a higher than observable Mongolian import
share.

The estimates of the stochastic processes shows that technology growth and
inflation target rates have a relatively high degree of autocorrelations than in the

prior means, p, = 0.7818 and p, = 0.9963 respectively. The rest of the stochastic
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Table 4.2: Parameter estimation results of M; and M} models

Prior Posterior (M) Posterior (M)
Mean | Std.dev Mean St.dev 99% HPD Mean St.dev 9(,)% HPD
interval interval
Y | 1.54 0.50 1.0636 | 0.19 [0.87 1.31] 09112 | 0.21 [0.57 1.22]
Yo | 0.25 0.13 0.1764 0.09 [0.04 0.30] 0.1558 0.08 [0.05 0.27]
P3| 0.25 0.13 0.7048 0.16 [0.43 0.98] 0.6711 0.15 [0.44 0.89]
pr | 0.50 0.20 0.8862 0.02 [0.86 0.92] 0.8665 0.03 [0.83 0.91]
er | 0.50 4.00 0.6571 0.09 [0.51 0.79] 0.6694 0.08 [0.54 0.78]
K 0.50 0.25 3.5937 0.27 [3.16 3.96] 3.6024 0.22 [3.22 3.96]
T 0.90 0.05 0.8419 0.04 [0.77 0.91] 0.8432 0.05 [0.77 0.91]
e 0.60 0.20 0.8922 0.06 [0.81 0.97] 0.8787 0.06 [0.80 0.97]
Pa | 0.20 0.10 0.7818 0.05 [0.69 0.87] 0.7803 0.04 [0.70 0.86]
Ps 0.90 0.20 0.1716 0.06 [0.06 0.26] 0.1657 0.06 [0.06 0.25]
p= | 0.97 0.05 0.9963 0.01 [0.99 1.00] 0.9959 | 0.003 [0.99 1.00]
py+ | 0.97 0.05 0.8448 0.11 [0.65 1.00] 0.8282 0.14 [0.62 1.00]
poe | 0.46 0.10 0.3314 0.08 [0.20 0.44] 0.3400 0.07 [0.22 0.44]
€a 1.00 4.00 1.8149 0.44 [0.88 2.82] 1.6391 0.43 [0.85 2.59]
€s 0.10 4.00 12.2025 | 1.13 [10.04 14.23] 12.2839 | 0.95 [9.97 14.55]
er | 0.21 4.00 0.2185 0.02 [0.19 0.25] 0.2175 0.02 [0.18 0.25]
gy | 1.29 4.00 36.2324 | 5.34 [17.69 53.24] | 36.3648 | 11.63 [16.96 54.60]
ex~ | 2.00 4.00 5.0084 0.59 [4.02 5.96] 4.9340 0.50 [4.09 5.74]

Notes: HPD - Highest Posterior Density

processes have a smaller degree of autocorrelations, for instance the terms of trade

processes has much smaller, p, = 0.1716.

The influence of the individual shock is expressed by computing variance de-

compositions.

Table 4.3 summarizes the results.

In order to see short-term and

long-term impacts, we compute it with conditional on different time horizons, 1

quarter, 1 year, 3 year, and many years. However, the most driving shock for each

variables is same in the both horizons, and this is indicated as the same bolded

shock impacts in each variable’s column of the table. Thus, we use the long-term or

final results of variance decompositions for the further explanations.
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Table 4.3: Variance decompositions of M7 model, in percent

Variables . .
Forecast horizon | Output | Inflation | Interest rate | Exchange rate
Shocks
t =1 (1 quarter) 0.44 17.29 38.96 17.54
) t =4 (1 year) 0.19 16.95 8.25 16.01
Monetary policy
t =12 (3 year) 0.14 16.87 6.73 15.93
t = oo(final) 0.13 16.16 5.10 15.38
t =1 (1 quarter) 9.35 5.17 1.60 0.85
t=4(1 4.41 5.9 1.12 2.2
Terms of trade (1 year) 5 J
t =12 (3 year) 3.43 5.95 0.91 2.28
t = oo(final) 3.17 5.60 0.66 2.17
t =1 (1 quarter) 1.91 57.91 41.02 59.33
t =4 (1 year) 0.81 57.48 85.40 55.34
Technology
t =12 (3 year) 0.60 57.60 86.79 55.45
t = oo(final) 0.54 55.62 71.42 53.76
t =1 (1 quarter) | 0.004 0.21 0.06 0.20
. t =4 (1 year) 0.002 0.23 0.43 0.20
Inflation target
t =12 (3 year) 0.001 0.28 1.25 0.25
t = oco(final) 0.003 3.97 19.09 3.69
t =1 (1 quarter) | 87.88 1.03 8.10 1.11
t=4(1 g 94.42 1.06 2.55 1.07
World output (1 year)
t =12 (3 year) 95.69 1.09 2.47 1.09
t = oco(final) 96.04 1.07 2.28 1.08
t =1 (1 quarter) 0.41 18.38 10.26 20.98
t=4(1 0.18 18.29 2.24 25.10
World inflation (1 year)
t =12 (3 year) 0.13 18.21 1.84 25.01
t = oco(final) 0.12 17.59 1.46 23.92

Notes: Table reports posterior means of variances based on the model M;. Bold means the highest
contributions.

The only interesting results of comparison between different time horizon’s im-
pacts is relating to the shocks on inflation targeting rates. The influences of the
shock are almost zero for all variables in the short-term but eventually increases
in the long-term, for example, it explains only 0.06 percent of changes in interest
rates in the short-term but in the long-term it will explain 19.09 percent of the
changes. This result suggests that inflation target rates may have an influences on
the long-term.

The changes in Mongolian GDP are almost fully, 96 percent, driven by the world
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output. This fact is consistent with the current Mongolian economic situation that
the economic growth is highly depending on the foreign economies, in especially on
the mining sector exports. The technology shock is the most influencing factor for
the inflation, interest rate, and exchange rate change volatilities. The world infla-
tion has a larger contribution than the monetary policy on the inflation (18 and 17
percent respectively) in long-term is likely the results of model misspecification as
the the unobserved process including the effects of other foreign variables. More-
over, the world inflation shocks are the second driving factors for the exchange rate
changes. If we follow Lubik and Schorfheide (2007) about the assumption on world
inflation expression, which is 7} is interpreted as measurement error designed to
capture deviations from PPP, then our model explains roughly about 21 percent
(the difference between the world inflation and the ToT contribution percents) of
Mongolian exchange rate movements.

In regarding with the ToT, it does not have a significant contribution to the
domestic business cycles, between 0.7 and 5.6 percent, stands in consistent with the
fact that ToT has a less than 10 percent explanatory power, for example Lubik and
Teo (2005) which is mentioned in the article. As concluded in the article, the minor
role of the ToT is not an undoubted results in international RBC literature, while
some researchers prove that up to 50 percent of domestic GDP fluctuations to the
ToT.

In order to describe the dynamic effects of the shocks, we compute impulse
response functions, which are reported in Figure 4.1. The figure shows posterior
means (thick lines) and 90% HPD intervals (tiny lines) for impulse responses of
output, inflation, interest rate, and exchange rate changes to one-standard deviation
structural shocks. We can see from these graphs which posterior mean is i) not
signifiant when the 90% HPD intervals overlap, for example monetary shock on the
interest rate, ii) strongly significant when the 90% percent HPD intervals include

the posterior mean (most of them), and iii) weakly significant when the posterior
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Figure 4.1: Impulse Responses of Mongolia (M)
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mean does not lie within the 90% HPD interval, for example inflation target rate
shocks on the all variables.

An positive shock in the interest rate or contractionary monetary policy lowers
output and inflation and appreciates the currency. In Mongolian economy, an im-
provement in the terms of trade (decreasing the domestic price) increases output
and inflation level on impact via a nominal appreciation. The decline in the ex-
change rate prompts the BoM to decrease their policy rate which has an additional
expansionary effect on output.

The technology is assumed as difference stationary innovations; thus, an posi-
tive technology shock should have an positive effect on production. However, we
obtained an negative effects on output which is same as in the AR(1) estimation on
the Mongolian economic growth rates in when choosing the priors. For other vari-
ables, an positive technology shocks lower inflation and interest rates and thereby
appreciate the currency. An positive shock in the inflation target would increase the
output and inflation rates on impact via a lowering NIR. It means that the total
effect of the inflation target terms in the monetary policy rule is an negative to the
NIR, and a lower NIR will prompt to increase the output and so is inflation.

In regarding with the effect of rest of the world, we conclude that the world
demand shocks would decrease output and interest rate in company with an increase
in inflation and an exchange rate depreciation. Since world output shocks lower
domestic potential output (equation (52)), we can see that the excess demand arises
in equation (59), and as a result, inflation will be increased. By the monetary
policy rule, these permanently increasing inflation leads central bank to raise NIR;
however, on the other hand, an decreasing output lowers NIR due to this rule, so
in Mongolian economy, the lowering effects dominate the increasing effect, and at
the end the NIR decreases. An positive shock in world price inflation appreciate
exchange rate (equation (61)) and raise inflation because the central bank reacts to

this negative changes and to try to keep NIR without changes.
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In the next, we answer two hypothesis described in the beginning of this section.
We estimate two models, M{ and M3. In order to find answer we test the following
two set of hypothesis by computing the posterior odds ratio, respectively. The results

are reported in Table 4.4.

Table 4.4: Posterior odds

Log marginal data densities
, Odds
M} My
Inflation target hypothesis (7 = 1) —1044.84 —1045.41 1.7653
Exchange rate hypothesis (j = 2) —1082.57 —1045.41 0.0000

Notes: The table reports posterior odds of the hypothesis Hy vs H;, assuming that the prior odds
are one.

For the inflation target hypothesis, the marginal data density of the restricted
model is 0.5683 smaller on a log-scale which translates into posterior odds ratios of
1.7653. If we calculate the posterior model probability as described in the above,

we have

~ 63.84%

PO! 1.7653
1 YT — 01 —
p(MoPT) = = POS, ~ 1+ 1.7653

p(MYT) =1—p(MyIY") ~ 36.16%

The result says that the optimal model for the observation is M} means that the
BoM does not concern the inflation target rate when setting the nominal interest
rate.

In case of the exchange rate hypothesis, the marginal data density of the model
is 37.16 larger on a log-scale which translates into a posterior odds ratio of almost

zero (7e — 17), and the corresponding posterior model probability is:

2
p(MeyTy = —FOh 00000

= = ~ 0.00
1+ POZ 1+ 0.0000 %

p(Mi]YT) =1—p(MFYT) ~ 100.00%

The result says that, in this case, the optimal model for the observation is M
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which is 13 > 0. This leads us to conclude that the BoM pays very close attention
to exchange rate movements when they are formulating their monetary policy in the

Taylor-type rule.

4.5 Robustness

In general, there are two main approaches to robustness in the DSGE literature, 1)
to estimate in parallel a VAR (or a BVAR) and ii) to compare priors and poste-
riors within the DSGE model to assess mean and standard deviation, and overall
reasonableness.

We use a second type of robustness approach based on the main restriction of the
unit substitution elasticity assumption. We modified the prior on the elasticity due
to the assumption; thus, we assess the robustness of the baseline results by relaxing
the priors on 7. Since we chose 7 = 0.90 or a relatively high value in the estimation
section, now we decrease this value to 0.80, 0.70, 0.50, and 0.30 and re-estimate the
model on these alternative values of 7 and all other priors are same as in the baseline
model (Table 4.1). Table 4.5 provides information about the alternative priors and
the resulted posteriors.

If we compare alternative estimates to the corresponding baseline estimates,
we can see that the estimates of the 7 are decreasing or shifted same direction
in response to the prior mean changes. The estimated values of 7s are close to
the corresponding priors and sensitive to the changes in the prior mean. However,
the differences in other policy parameter estimates are a relatively small; therefore,
there would be no drastic changes in the conclusions based on the baseline posterior

estimates.
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Table 4.5: Alternative priors and posteriors for Mongolia

Prior mean (with st.dev 0.05)
Baseline | Alt. 1 | Alt. 2 | Alt. 3 | Alt. 4

Name | Domain | Density

T [0,1) Beta 0.90 0.80 0.70 0.50 0.30

Posterior mean

Baseline | Alt. 1 Alt. 2 Alt. 3 Alt. 4

Name

U1 1.0636 1.1073 1.0660 1.0815 | 1.1900

5 0.1764 0.2088 0.1901 0.1689 | 0.1700

U3 0.7048 0.7017 0.7133 0.7255 | 0.7562

PR 0.8862 0.8884 0.8908 0.8847 | 0.8923

ER 0.6571 0.6638 0.6735 0.6703 | 0.6508

K 3.5937 3.5774 3.6607 3.5682 | 3.5471

T 0.8419 | 0.7701 | 0.6903 | 0.4771 | 0.2700

! 0.8922 0.8771 0.8751 0.8750 | 0.8725

Pa 0.7818 0.7949 0.8111 0.7919 | 0.7900

Ps 0.1716 0.1632 0.1602 0.1841 0.1700

Pr 0.9963 0.9966 0.9959 0.9949 | 0.9965

Py~ 0.8448 0.9791 0.8299 0.7813 | 0.8122

o 0.3314 0.3287 0.3396 0.3284 | 0.3179

€a 1.8149 1.6514 1.4951 1.6096 1.7331

Es 12.2025 | 12.1504 | 12.12428 | 12.0422 | 12.1314

En 0.2185 0.2150 0.2153 0.2144 | 0.2237

Ey~ 36.2324 | 23.5542 | 14.1405 5.7761 2.3431

Eq 5.0084 5.0693 5.0563 5.0994 | 4.9581
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5 Conclusion

In this chapter, we estimate the modified small-scale DSGE of SOE setting using
Bayesian methods for the Mongolian data. In order to answer to proposed hy-
pothesis, we modified a generic Taylor-rule to one that consistent with the current
Mongolian monetary policy regime.

Our main conclusion is that the BoM do not concern the time-varying inflation
target rates on its policy rates and the BoM responds to exchange rate movements
systematically. Our findings suggest that Mongolia is a managed flexible exchange
rate regime country and the CPI inflation-based Taylor rule (CITR, for short) forms
the current effective policy rule. Moreover, the shocks of the ToT do not have a
significant contribution to the business cycle and stands in consistent with the fact
that the ToT has a less than 10 percent explanatory power.

As consistent with Lubik and Schorfheide (2007), we agree that our used model
may be misspecified because of the lack of imperfect pass-through of NER changes
into domestic import prices and our assumption of exogenous ToT movements.
Moreover, our finding that the ToT has an almost negligible influence in the output
is a conflicted result with studies based on VAR, in particular, calibration studies.
The model has a weak endogenous transmission mechanism on the ToT; thus, in-
troducing additional dynamics through capital accumulation, different production
sectors and internationally incomplete asset markets would prove that the ToT’s

different character.
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6 Appendix 1

Table A.1: Inflation target rates and Monetary and Exchange rate regimes of Mon-
golia, 2000-2014

Bank of IMF
Mongolia
Inflation Exchange rate Exchange rate Monetary policy
target (%) policy regime framework
2000 15
2001 max 9 Managed flexible
2002 6-8 Managed flexible | IMF-supported or
2003 5 Managed flexible Managed floating other monetary
with no program
2004 5 Flexible pre-announced path
92005 5 Monetary aggregate
target
2006 79 Floating Conventional pegged | Exchange rate
2007 5 Floating arrangement anchor
2008 6 Managed ﬂoating Floating Monetary aggregate
2009 max 9 Managed floating Floating target
2010 max 9
Managed floating
2011 max 9
. . Monetary aggregate
2012 max 9 Managed floating Floating
target
2013 8 Managed floatin Floatin Monitor various
& & & monetary indicators
2014 7 Managed floating
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The results by Calvo and Reinhart (2002) approach

Figure A.1: Variability of interest rates against exchange rate changes of Mongolia
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Figure A.2: Variability of international reserves against exchange rate changes of

Mongolia
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7 Appendix 2

In this appendix, we show the derivations of the main structural equations and how

to transfer those into the log-linear type.

Optimal allocation condition

In this section, we show the derivations of equations from (4) and (7). In order to find

these, we use the following optimal allocation condition for goods that maximizing

the utility in the given expenditure.

MUj pj
In our model,
Cl*O’ N1+<P
N — t o t
U<Ct7 t) (1 — 0 1+S0>

£

1 e—1
Chy = ( / Chie(4) = dj)
0
L 31 \ 71
Chi = ( / o dz‘)
0

_£_

1 e—1
v — ( / Ciali) dj)
0

Thus, the marginal utilities for each goods become

U oU  aC,

M — — .
Ve = a0, = aC, " aCh,
AU oU 90,  9Ch, IChy
MU o — _ oY . L — MU, , - ’
UC’h,t(J) dCh,t(j) aCt aCh,t aCh,t(i) UCh’t aCh,t('i)
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U oU  9C,

M —_ — .
Uey. dCy, — 8C, aCy,

U U OC, 9Cy, aC;,

MU = - Nt S /51 :

Ve, aci, — 9C, aC;, OC;, “reaC;,
dU 8U 3C't aOft 301 t acz t
M ] R — . . . 2 :MU . 2
Uit dCiy(j) — 0C, 8C;, 9Ci, C:,(j) Gt " DC; (i)

In order to find the marginal utilities we need to find each partial derivatives sepa-

rately.
aU:MOt—a:Ot—a
8Ct M
oC, ) 1A 2117 () — 1 -1
o= (24 [a-wicd vaic |7 (BF)a -,

aCht a (/1 = ! ) 5%1 £ (/1 Le—1 ) e-1
G) : Cheld) = d = Coi(NFdj)
3CniG) ~ 90 ) \Jy Tl ™l )] o=

( € —%) N
: Ch,t(]) €
IS

— O Chalj) ¢
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£

0C; 4 0 ( 1 L > =1 e (/1 L .)51
7. - B C’l € d — OZ - d i
9C.(j) ~ 9Ci () \Us A7) dj =1\, A7) dj
€~ N1
(==
= C;,Cia(j) ¢

Then, the marginal utilities become

oU  9C, . 1 i 1 L,
MUC’ft_actaCft C OénCt Cf,t —Oé’ict Cft
60 1 s - -1
MUCi,t MUCN 80]0’; =anC/ Cf,tn CftCz J
1_4 l_,l _1
=anCy) Cﬂt "C.)
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0C;
0C; (1)

_1

y 1., 1.1 1 g
= anCy ;,t nC‘,tW 'Cz‘ftci,t(]) ¢

MUCM(]') - MUCM .

1 1 1 1

L %70 Y o mYe v -1
= Qn Ct Ofyt C'ﬂf CZ,t (]) €

(2

Define P+, Pyh+(j), Pr+, Pit, and P;4(j) as prices of the goods, then the optimal

allocation conditions for each two goods, which are described in the model, become

[ Ch,t and Ch@L(j)Z
MUg, )y  Pni(j)

MUg,, Py

(¥)
P 1 lo' — _é

° it and Ci’t(j)i

Pii(7) :%%%%:Ciz{ci,t(j)i _ Cie(j) ¢ _ (Q‘,t(j))s
Piv 7T 5 n ey _%
t %%/%X%Z o
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[ Cf,t and Ci,t:
MUCi,t o Pi,t
MUeg,, Py

P, fw/c;t"ol” .y <c>
Pry WZQ)/%Z ij

Pu)‘7 Ciz (Pu)_”
’ == : = C,L — : C
(Pf,t Cf,t t Pf,t fit
o C; and Cy

MUCh,t o Ph,t

MUs, P

P, (1- O‘)%Ctn Cud 14—t Chy o
= — 1 _ n n L/ — s
P, [ A (]
Pt " Chy AN
(%) —ataq = ou=-oF) @
[ Ct and Cft
MUCN Pry
MUCz Pt
Py owC’ Cft” B Lo TC ]
P o - C Cft aCy
Py K _ Cra _ Py -
(Pt) _@Ct = Chﬂg—Oé ]Dt Ct
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Consumption of domestic, imported, and country i’s goods

e Consumption of domestic goods:

P © . . N1_e
(o) G = PuliCni) = FuPuali) G

Taking integration from the both sides gives:

1 1

[ mrstisCuetiai = ([ muotir=<ai) £i.cu
0 0
From the domestic price index, we have
1 = 1
P = (/ Ph,t(j)lsdj) = / Poy(j) dj = Pfif
0 0

So,

1
/ Ph,t(j)ch,t(j)dj = P}};EP}itCh,t = Ph,tCh,t
0

e Consumption of country i’s goods:

P \° . . . e
N <Pzt<;)) G = Pii(5)Cie(j) = Pz‘,tpi,t(]>1 Cit

Taking integration from the both sides gives:

[ Paticatis - (/ 1 PA)5d]) (Ra) Gy

76



From the price index for goods imported from country ¢’, we have

1 = 1
P = (/ Pi,t(j)l_adj) = / Pi7t(j)1_adj _ pl-e
0 0

So,

1
/ Pii()Cin(g)dj = PP, Ciy = PyyCiy.
0

e Consumption of imported goods:

P\ -
_ < f’t) Cri = PiCiy = P;,tpilvt Cr

Taking integration from the both sides gives:

1 1
/ P, Cidi = < / P;;”dz) P},Cry
0 0

From the price index for imported goods, we have

1 e 1
Py = ( / Q[“’di) = / f;};ﬁdi:P};V
0 0

So,
1
/ P,y Cypdi = P}yt_'yP]’tOﬁt = P;,Cyy
0
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Log-linearization of the Euler equation

With respect to the Euler equation, we define the following:
. p=—In(p)

® = 1H(Qt,t+1)

C
[ J Act+1 = Ct+1 _Ct Eln0t+1 _lnCt :1n< é‘f’l)
t

P
® T i =P~ =P —InP —111( ;1)

t

Using these, (11) can be rewritten to:

-1 Cet41\ 77 _P
g [ )

= Et (eln B—In Qt,t+1*0’ln<cé'7‘:1> 7ln<PtTJ;1) )

— F, (e*P+Tt*0ACt+1*7Tt+1 )

It is clear from the equation above that —p = —r 4+ 0y + 7 in steady state where
~v = Ac. Thus, a first-order Taylor expansion of the Euler equation around steady-

state yields:

1= By (e rtmotenmn) = B 14 (p—p) + (1 — 1) — 0 (Dcrpr =) = (Tip1 — 7))
l=(1—-r4+oy+mn)+(r —oE {Acts1} — By {m1})
I=1—p+r—cE{ et} — B {mi1}
O=—p+r—ocE{cn}t+oE{c} — E{m1}
oce = -1+ p+ E{m1} +0E {1}

1
¢ = By {Ct+1} T, (Tt — L {7Tt+1} - P)

which corresponds to equation (12) in the text.
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Firm’s marginal cost
Firm ¢’s problem becomes:

o { PeiiC) -~ -l

Ph,t(])

If we substitute Y;(j) = (%(j))_ Y; and Ny(j) = YA(Z), we have:

P\ Wi (Pui(5)\ Y
: y, - —t [ 2Rt _t
max {Ph,t(J) ( P, t Prs Py A,

—£&

bt P4 P4 APy P+
D 1 ( W, )
e=—~~— | b — =
Ph,t(]) b t ht(j) AtPh,t

o € W, 1 = e—1 1 W,
Ph,t(j) AtPh,t € Ph,t(j) AtPh,t

. € W,
Py.(j) =
h7t(j) E — 1 AtPh,t

Let 7 denote the rate at which the cost of employment is subsidized, and let outlays

associated with the subsidy be financed by a lump-sum tax. If the subsidy is set to
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7=21 then (1-7)=1-1=2=1 Then,

. € Wt —1 Wt
P;Lj) = —(1-
h,t (j> e—1 AtPh,t ( T) AtPh,t

The optimal price of the monopolistic firm equals to their marginal cost, so the

log-linearized form becomes:

mey =—In(1 —7) +wy — pry —

= —V+ W — Prt — Q¢

where v = In(1 — 7). This result corresponds to equation (30) in the text.
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The log-linearized aggregate production function

As same as shown in the above, we can define the demand function for Y;(j) as

o= ()

follows:

Then, rearranging gives:

= ()

and taking the integration from the both sides gives:

[ [ (R2) o

So, Z; = 01 “Y(,tj)dj becomes:

1 . —€
Pht(])) .
Z —/ ( ’ d
¢ ; Ph,t 9

Recall that the domestic price index is given as Pj,; = < fol tht(j)lfsdj> " and

rearranging gives:

1 1

1 . 1—e 1—e 1 —€
_ [/ <P};t(j)) dj] _ (/ 6(1—5)(Ph,t(j)—l7h,t)dj) '
0 h,t 0

1
1= / (=2 010(3)p1.0) g
0

A second-order approximation of this gives us:

I~ /0 {60 + 60(1 —&)(Pnt(J) — Phi) + %60(1 — 5)2(ph,t(j) _ ph,t)2:| dj
(1-¢)

2

2

~ 14 (1—e) / (Phe) — pi)dj + / (pneG) — pra)’di

c1- -+ (0-9) [ a5 L [0 - pra
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= 1-0) [ pat+ S5 [ ) - moa

! . . (1 - 8) ! . 2 7-
=~ | o)y + 5 (Pri(J) — pri) dj
0 0

It is clear that pp; ~ fol prt(j)dj up to a first-order approximation.

Ph,t (.7) ) - d]
Phy

Now, let us do a second-order approximation of Z; = fol (

1 . —€ 1
_ Bni(9) _ / (=)o) —n2)] 3
Zt_/o(Ph,t d]—o[e ]dz
1 1 1
~ b [ D) - i + [ <§<—e>2<ph,t<j> —ph,»?) dj
0 0

2

<14 [ ) = mddi+ 5 [ one) =

2

1 1
N 9 . .
~1+epp, — e/ prt()dj + 5/ (Prt(F) — pre)’dj
0 0

(1-¢)
2

! (1 —g)e (! . 5. ! . . 5 .
~1l+e (7)dj + 5 (Pre(3) — Phy)dj — € <(7)dj + B (Pht(J) — Pre) dj
0 0

~14E /0 (Pra(i) — pre)?di [(1 — &) + ]

If we substitute pp; ~ fol pni(J)dj + fol(ph,t(j) — pne)?dj, we have:

2
c 1
~1+ 5/ (Prt(§) — Pre)’dj
0

From this result, we can conclude that up to the first-order approximation 7, = 1
and this implies that:
zz=InZ;=Inl1=0

So, the log-linearized aggregate production function becomes:
Yr = Qg + 1

which corresponds to equation (31) in the text.
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Aggregate demand and output

In this section we show how to derive equations (37) and (39).

£

Plugging (36) into the definition of aggregate domestic output Y; = [ f Yi(5)' = dj} -

) ’

_e
e=1ly\ =—1

and solve out:
1 . —& -n 1
Pht(])) (Pht> / th
Y, = ’ 1—a)| —== Ci+a
=1 (( W) a3 ava | (&
1 A\ e -7
Pht(J)) < (Pht) / Pht
= —_— d 1—a) —== Ci+a
[/0 < Py, i ) Py ! 0
1 . 1—e e—1 -n 1 ]
Pht(])) : (Pht) / P P
— d 1—a)| — Ci 4+« o~
/0 ( P i (e p )y \ &P,
= - ; -n
— Pht -n /1 Pht P}'t .
=P Phi(j)' ¢ 1—a)|—* > : Cid
[/ s o () T [ () () e
1 =\ ¢ -n 1 -
e o P P
= P¢ /P7jlsdj:| 1—a () C+a/ v
ot <[ ; ot (7) ( ) P, t o \&.pr,
_ - ; -n
_ Pht> K /1 Phy P, -
=P P f|(l—qa)l—== Ci+a - : Cidi
- ; -n
Pht>n /1 P+ Py »
=(1—-a)| == Ci+a = : Cidi
( )< by ' o \&itPpy b '

Next, factorize out the elements in the integral and insert for Q;; =

()
) (%)

&.,q
v
Q
U
<

gi,tPti .
I

P -n 1 3 ) _ ) o
Yi=(1-a) (Tﬁ:) Ot+a/0 P, (Pr) " (P! Cidi

—n 1
( ) Ci + a /0 PP e e (Pry) " (B Cldi
K 1 EaPi (&P
=(1-a ﬂ) C +a/ P = <—” t) P/C}di
( ) ( Pt t 0 h,t Ph,t Pt t Mt
- PN [P\ (P
() e () [ () (5 o
Pui) Jo Py I
; Y=
Pht>n /1 5i,tP}t i 7.
=== 1—a)C+« — L Cidi
(IDt ( ) t 0 Ph,t R

Q
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Define the effective terms of trade for country 7 as:

87"tp}7t
P}

I3
t

Use this, and also insert for the bilateral terms of trade between the home economy

and country i: S;; = %, and for (20):

e

=<
R
s

R
SE

R
SE

N N N

R
S

which corresponds to equation (37) in the text.
In order to log-linearize around symmetric steady states, ¥, = C; =Y, P, =

Poi=P, S =8,8,=8=1,and Q;; = Q, we use the following formula.

[ @ny) = foy) + fo(2y) (2 —2) + fy (2,9) (e — y)

Then, the corresponding FOCs are:

f(P.C,S8,8,Q) = (g) e ((1 —a)+ a/ol (88" Qn—idi)
=C ((1 —a)+ a/lSW_"Q”_idi)

0
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’ P\l Lo e o
fr. (P.C.8,8',Q) = —n (‘) e ((1 —a)+ a/ (88" Q"—odi)
, 5 5 0

C 1 )
=5 ((1 —a)+ a/ S”""Q”—adi)
P 0

(§>_n_1 (—;) c ((1 —a)+ a/ol (88)" Q”‘idi)
(- vo [ smrora)

fPt (P,C,S,Si,Q) = —

3

ol Q

=n

. P\ " 1 o L
PC, S, S = (= — SSHY' " O 5 di
fCt( , Ly O, 7Q> (P) ((1 @)+QA ( ) Q Z)

1
= ((1 —a)+ a/ SV‘"Q”—idZ')
0

- 1
fSti (P7 C7S7Si7 Q) =« (g) C/ (fy — 77) (S‘S'i)v_n_l SZQH_%dZ
0

1
ot [ ot
0

-n 1
fSi,t (P, C,S,Si,Q) — (g) C/ ('7_77) (Ssi)'y—n—l SQ”_%d@
0

1
=a(y—n) C’/ SV—nQn—idi
0

- 1
fo.. (P.C,8,8.Q) =a (E) C/ (77 - l) (88" Qs 1di
, - 0 !

1
o 0
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Then, the log-linearizing becomes:

1
5@zc(m—ay+@/(wngnim)+
0

Y

C ! 1
+ % ((1 —a)+ a/ S”‘"Q”_adi) (P — P) — (Pt — P)] +
0
1
+ ((1 —a)+ a/ SV_”Q"_clfdi) (C; —C)+
0
1
+a(y—n) C/ §TIQadi (8] - S) +
0
1
rot-me [[sartas
1 L )
e (n - ‘) 0/ §1Q" i (Qiy — Q)
o 0
Here, in order to satisfy the steady-state values the following condition must be

satisfied:

1
Y=C ((1 —a)+ a/ 87_’7Q77_;dz‘) where Y = C' then,

0
1
YzY((l —a)ta / sv—ngn—idz-)
0
1
1:1—a+a/ 9ﬂQWhﬁ
0
1
o= o / ST di
0

1
1= / Svfngnfidi _ Svannfi
0
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Then, the above log-linearizing becomes:

C 1
Y,~Y + 5 ((1 — )+ aS’Y*”Q”T) (Pr — Phy) +

+ ((1 —a)+ asv—"gv—%) (C, — O
faly—n)CST1IQ1 s (8- 8) +
ta(y—n)CSTIQTT (S — 1)+

+a (?7 — %) cS Q! (Qir — Q)

Y;-Y==C ((1 —a)+ agv—ngn—é) |:n(Pt —PPh,t) n (Ctg C)] N

1 Si—-8 ;
+aCsTTIQIs l(vn) SL9) 4 (g Gt

~ nn-1 (P = Pp) | (Cr=C)
NC((I—a)—i-ozS'y nQn )[7] P T ]—s—aC

oy (nm “P)  G20)

(St =)
(v —mn) 5 +<n—

(i - 8) 1
(v—m) 3 +<n—0

1
yt_y%n(pt_ph,t)‘FCt_C+O‘(7_n)(3t_5)+a(77_U) (¢t —q)

-V (Pt_Ph7t)+(Ct_C)
Y p c

+«

FromY =C and 1 = SV_UQ"_i, we have

InY =InC
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Also, using equation (15): p; — ppt = as, we have

1 1
yt:Ct‘i‘OfYSt‘i‘Oé(U_;)Qt+Q—795T—Q—9957—04((’Y—77)8+(77—;) q)

(. J

~~
=0

1
Y = ¢+ aysg + an — ;)Qt

which corresponds to the first row equation (39) in the text.

Next, insert for (18):

1
Y = ¢+ aysg + a(n — ;)qt

1
=c¢ + ays +a(n — E)(l — )8y

— o+ gst(m + (o — 1)(1—a))

ow
= G + — S5t
g

which corresponds to the second row equation in (39) in the text. w = oy + (1 —

a)(on —1)

88



Chapter 111

An essay on the monetary policy rule

8 Introduction

In general, the main goal of any central bank is to determine the optimal monetary
policy and to implement it. In regarding with the central bank of Mongolia, the BoM,
we proved that the current effective monetary policy rule is a CITR without inflation
targeting rates in the previous Chapter II. It means that in the current Mongolian
macroeconomic environment, which is expressed by the used DSGE model, this rule
is an effective or more fitted on the observations. Then, we need to judge this rule
in terms of the optimality in order to determine whether the BoM achieves its main
goal or not. We can formalize the research questions as follows: Does the current
effective policy rule in Mongolia, CITR, an optimal or not? If not what alternative
policy rule would be the optimal for Mongolia?, and consequently, the main purpose
of this chapter is to perform a welfare evaluation analysis of alternative policy rules
for Mongolia.

We follow welfare analysis in Gali and Monacelli (2005) which shows one of the
influential ways to derive the welfare criteria that solve for optimal monetary policy
in open economy. It follow Woodford (2003) and find welfare loss function that is
a sum of variations of the domestic inflation and the output gap with weights as a
function of deep parameters. However, we show a different derivation way of this
welfare loss function than in Woodford (2003).

Moreover, Gali and Monacelli (2005) shows that under specific restriction that
involve a unit elasticity of substitution between bundles of goods produced in differ-
ent countries, the optimal policy requires that the output gap and the domestic price

level is fully stabilized. However, as proved in Chapter 4 of Gali (2016), this result
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is associated with an indeterminate equilibrium, and hence, does not guarantee that
the outcome of fully price stability is attained. As shown there, the indeterminacy
problem can be avoided, and the uniqueness of the price stability outcome restored
by having the central bank follow a rule that makes the interest rate respond with
sufficient strength to deviations of domestic inflation and/or the output gap from
target.

The current effective rule in Mongolia, CITR, satisfies this condition in some-
what dimension, but we do not know about its optimality. We then determine the
alternative policy rules that can be compared to the rule by the relative welfare
losses. In addition to the CITR, the domestic inflation-based Taylor-rule (DITR,
for short) is a possible rule to implement, and we can expand alternative policy rules
by imposing restrictions on the policy parameters.

We determine the optimal monetary policy rule by ranking corresponding welfare
losses derived from the calculations based on the welfare loss function. We use a
simulation analysis based on the same DSGE model, prior assumption, and posterior
estimates that are used and obtained in Chapter II. Why we are using same things
are i) we compare the CITR from the previous chapter to other rules and ii) we are
only possible to compare the welfare results from alternative policy rules in a same
economic environment.

The remainder of the chapter is organized as follows. In section 9 we summarize
the important research papers that supporting our following model and approach.
In section 10 we explain the optimality condition and its implications. Section 11
derives the function for welfare costs of deviations from the optimality conditions.
In section 12, we perform welfare evaluation analysis of the alternative monetary

policy rules. Section 13 contains our concludes.
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9 Literature review

Clarida (2014) documents that there are two ways to specify the central bank’s
objective function that to solve for optimal monetary policy in open economy. The
first way is an assumption - as in the much of the “pre-Woodford” international
monetary literature - that the objective function is quadratic in inflation and the
output gap with arbitrary weight, for example «, on stabilizing output at its natural
level. The second way is derived in Gali and Monacelli (2005), to follow Woodford
(2003) and solve for « - and thus the optimal policy rule - as a function of deep
parameters.

Gali and Monacelli (2005) is one of illustration for a SOE of the recent frameworks
that have adopted the staggered price setting structure of Calvo. Their analysis is
based on producer currency pricing, complete asset markets, log utility of consump-
tion, and a unit elasticity of substitution between domestic and foreign goods and
replicating the flexible price equilibrium allocation through full stabilization of do-
mestic prices is optimal. An extension of that framework, incorporating cost-push
shocks and featuring tradeoffs can be found in Clarida et al. (2001). Erceg et al.
(2009) analyze the role of openness in the transmission of shocks using a version of
the Gali - Monacelli model that incorporates staggered wage setting.

Many papers examined the consequences on optimal monetary policy based on
the benchmark assumptions of the Gali - Monacelli model. They show that, in order
to improve welfare, how the size of the elasticity of substitution between domestic
and foreign goods affects the extent to which the central bank wants to stabilize the
exchange rate. The main result suggest that the central bank should design the op-
timal monetary policy departing from strict domestic inflation targeting. Campolmi
(2014) introduces staggered wage setting in a small open economy. She shows that
the presence of sticky wages generally makes CPI inflation targeting more desirable

than domestic inflation targeting.
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In contrast with the Gali - Monecelli framework, which study monetary policy in
a small open economy, a number of papers have framed their analysis of monetary
policy design in the context of two-country models with staggered price setting of
Calvo. The papers by Pappa (2004) and Benigno and Benigno (2006) provide exam-
ples of that literature, with a special focus on the gains from cooperation, and under
the assumption of producer currency pricing. Engel (2011) studies the implications
for optimal monetary policy of assuming local currency pricing instead in an oth-
erwise similar framework, showing how that modification warrants a focus on CPI
rather than domestic price-stabilization. Benigno (2009) studies the implications of
incomplete asset markets and financial imbalances in a similar environment, showing
that those factors may justify a deviation from a strict domestic inflation targeting

policy.
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10 An optimality condition of the SOE model

In this section we characterize the condition for an optimal monetary policy on
the SOE model. At the end of model section of Chapter II, we used simplification
of parameter n = v = 1 in order to obtain the model determined in Lubik and
Schorfheide (2007) which is estimated by the Bayesian technique in the section 4.
By following Gali and Monacelli (2005) we set o = 1 in addition above restriction.

First we characterize the optimal allocation from the viewpoint of the social
planner. The optimal allocation maximizes household utility (1) subject to the tech-
nological constraint (29), a consumption/output possibilities (20), and the market

clearing condition (37), which is in the following form:

P\ Lo _ -1
v <?) c, [(1 —a)+a [ (sis) el d]
A 0

This constraint becomes Y; = C}S;* under the parameter restriction above!?.

Then, the period optimization problem of the social planner follows as:

max {EO ; U (C,, Nt)} (73)
subject to
Yi(5) < ANi(j)
C, = BUiCiQr,

Y, = CiS;

It is useful to make the problem simpler by getting rid of some constraints. Insert

Ce\ 7o . : : : :
S, = (C—i> " into output constraint above and combine with (40), which states
t

that C} = Y,*. The result is an equilibrium identity linking domestic consumption

0Details are in the Appendix 3.
HDerivations are in the Appendix 3.

93



to domestic and world output:

C o 1472 o i oy — 2
vi—a(g) =TT T = o )
t

Cr=Y o (v (74)

Finally, to achieve an consumption expression useful to the social planner we insert
(29) into (74) and use that the optimal allocation implies N;(7) = N; just as in the
closed economy case:

Cy = (AN (V)" (75)

The period optimization problem of the social planner now becomes a problem in

N, only:

max {EO i U (Ct, Nt)} = HJI\?X {EO i U [(At]\ft)l_a (Y;*)a ,Nt} } (76)

N
t=0 t=0

The FOC in terms of N;:

Ue, (1 —a) (AN (Y)* A+ Un, =0
(AN (V)"

Uct(l—a) Nt +UNt:0
Un, Cy
= Mg
UC’t ( ) Nt
— (1—a) MPN, (77)
Using the specified utility with o = 1, which implies that U (C}, N;) = In Cy — %,
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the left hand-side (LHS) of (77) becomes:

N¥ C,
(1)t
z 0N

N, =(1— )T (78)

Thus, the optimal employment is constant.
From home firm’s optimization problem in flexible price, free competition, we

also have the following:
mj\?X {Pt}/;f — WtNt} = m]\/aX {PtAtNt — WtNt} (79)
The FOC in terms of N, gives us:

PtAt—Wt:O
Wi

MPNy = A = —
== (50)

From (77) and (80) we get the optimal allocation of domestic quantities in the

economy:
—_ UNt
Ue,

=(1—a)MPN;=(1—a)— (81)

In order to do a comparison, we need determine the distortion in a market equi-
librium where firms have monopolistic power, but where prices are flexible. This is
what we refer to as the natural equilibrium (illustrated by under bar ). Home firms’
maximization problem follows from firm production, Cj.(j) = (Ph#(j)) B Cht
given by equation (4), the aggregated version of Y;(j) = A:N¢(j) in equvation (29),

and finally market clearing conditions, Y;(j) = C;(j). We know from the closed
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economy case that monopolistic competition yields a distorted equilibrium which,
in the absence of sticky prices, can be fixed by labor subsidy. Thus, we also add the

labor subsidy with size yet to be determined:

o (PLGIVG) ~ (1= WG} = max {AGvi0) - @ - L )

Pr.(5) By, ()

= max { P,(j) ( = > Chy — (1 —1)W,

P, 1 (4)

~ max{Ph,t(j)(P’g(j))EAtNt—u—T)Wt(PWU))€Nt} (82)

P +(9) hit

The FOC in terms of Py 4(j):

(1—¢) (M) N AN, + (1= 7)We (P’g(‘j))“ N o

Py, Rt

(Pz(f )>€N (1= ) A+ (1= )W ()] =0
Wt e—1 — NI
ARG T e M

The LHS can be written by inserting for (9) and the new aggregate output Y; =

CtStaI
e—1 1 P W, 1Y,
=(1— = — N‘”
19 ( )Atpht( )Pt At/@//g/
—(1 — T)Z%NtNt
—(1—7)N!t* (83)
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If we insert (78) to get the social planner’s solution, the optimal subsidy is found

o nfa-aF]) T ma-n0-a
= T:1_5_1 I _ell-a)—e+1 1-ae

e 1l—-a  l—-a)  e1-a)
:1ia<§_a> (84)

Note that (84) nests the closed economy case where o = 0 in which (84) collapses

to T = % In addition, and because 0 < « < 1, a sufficiently open economy (and

e > 1) implies a wage tax as the optimal fiscal policy instead of the subsidy.

With the optimal subsidy is place, and as in the closed economy, the optimal
monetary policy requires stabilizing the output gap, i.e. ; = 0. On other hand, the
optimal employment is a constant means that the total output tends to be stabilized
at the optimal condition. Then, the NKPC given by (53) implies domestic prices
are also stabilized under that optimal policy, 7, = 0 for all £. Thus, in the special
case under consideration, x; = 7, = 0 is the optimality conditions of a SOE model.

From the DIS equation (55) we see that z; = m,; = 0 implies r, = rr} in
equilibrium, with all variables matching their natural levels at all times. As proved in
Chapter 4 of Gali (2016), an interest rate rule of the form r, = 7} is associated with
an indeterminate equilibrium, and hence, does not guarantee that the outcome of
full price stability is attained or these results are not about an optimal policy. That
result follows from the equivalence between the dynamical system describing the
equilibrium of the SOE. As shown there, the indeterminacy problem can be avoided,
and the uniqueness of the price stability outcome restored by having the central
bank follow a rule that makes the interest rate respond with sufficient strength to

deviations of domestic inflation and/or the output gap from target.
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11 Welfare costs of deviations from the optimality
conditions

In this section we will derive a welfare loss function that able to measure welfare
deviations from the optimal conditions derived in the previous section.

Lets denote the period ¢ utility as U; = U(C}, V;) and the steady state utility as
U=U(C,N). We will use the following second order approximation of relative de-
viation in consumption from its steady state counterpart, where logged consumption

is approximated around logged steady state consumption:

C;—C e —C 00 1 11
tC’ = 5 N + Eelnc (InC; —InC) + i—elnc (InC, —InC)?
—C;C+é{,@((ct c)+%é(,@((ct—c) , since ¢ = C
1
—(ct—c)+§(ct—c)
_ +1_
= C §Ct

The same kind of second order approximation is performed on labor N, so that:

N, — N 7+172
~ N —N
N gt

We need some more results as well. From (1) we have that!'?

Uce . —oC—1 .
U—CC = C—o C=o0

N -

Un N¥ N v

and from the market clearing condition we have that ¢; = ;. Using all these results,

a second-order Taylor approximation of U, around steady state (C, N) leads us to

2Details are in the Appendix 3.
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the following criterion for welfare losses:

C,—C N,—N 1 ,| a-c 1 ,| N—N
—U~ N - —UxnN
U —U=U:C + Uy N + 2UccC e + 2UNN N
—
~InCy—InC ~In Ny—In N
1 1 1 1
~ UcC (Et + 56?) + UxN (ﬁt + 5@?) + §UCCC%§ + QUNNN%E
U U
1+ —UCCC 1+ —UNNN
~UsC | ¢+ Tcéf +UyN | 7y + TNﬁ?
4 Yoo )4 Yy
Ul sy — Vo p UnWg 0 Un g (85)
UcC ! 2 TN 2 t

Our goal is to find a way to express (85) in terms of steady state deviations only,
that is with the gap in output from natural output and the gap in inflation from
zero inflation. The way to such a representation contains several steps. First, notice

that in the special case considered here, (41) can be rewritten to:

StZyt—yf

where we have used that the parameter restrictions above implies:

o = l+a(w—1) - l+a(oy+(1—a)(on—1)—1)
1
T lta(l+(1-—a)(1-1)-1)
~1
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Thus, (22) becomes:
a=ctl-a)si=c¢+1-a)(y—y)=(1—-a)y+ay (86)

U,
Insert (86) into (85) and use that ———C = —1 (where ¢ = 1) in the log consumption

Uc
case:
U —U i . 1-1 _ . Uy N [_ 1+¢_
[t]CC z(l—a)yt+ayt+T((1—a)yt—l—ayt)2+U—CE (nt‘l‘?n%)
_ Uy N [_ 1+¢_ )
z(l—a)yt—l—U—ZZ(nt—i— 2(pnf)+t.z.p (87)

where t...p = ay; stands for terms independent of policy.
The next step is to rewrite n; as a function of the output gap and price dispersion.
V(i
From the production function (29), N;(j) = %j)
t

in the labor market and the goods market requires:

. Thus, using (4), market clearing

1
Labor clearing: N; :/ Ni(7)dj
0

1

Market clearing: Y;(j) = Ch+(j) +/ C;L,t(j)di
0
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! NG = /01 Yild) 4 _ /01 (ch,t(j)+ iot C:;,to)dz') U

dj, since Cé7t(j) = ( )
it

[ (Ba)” (Gt has),
0 Py, Ay
_ Cht + fol C',il,tdi /1 <Ph,t(j>>_a dj
Ay 0 Py

:E ! (Ph,t(j))_sdj
A Jo Py

where, Y; = Cp,; + fol C} ,di which means that the total domestic production is sum
of the total domestic consumption and total domestic export. Then, we have the

following log-linear expression.

:>nt:yt—at—|—ln

/01 (P];f))edj] =y atd (88)

The next step is to get an alternative expression for d;. In the welfare analysis
we do a second-order approximation. Thus, while we earlier found that d; ~ 0
up to a first-order, this result can no longer be used. The following second-order

A\ 1—€
approximation of (%&”) will be useful, where P}, 1(j) = Pyt or ppi(j) = prt(j)—
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Dh, 1s approximated around zero.

Pya(j)

l1—¢
. ) 1 . )
At — o(1=E)Pnt(7) oy O + 60(1 . €)ﬁh,t(]) + —60(1 . 5)2pi7t(])
Py 2

= 14 (1= i) + (1 - P70) (59)

1

Note that from the definition of P, = (fol Pf‘%j)dj)m, we have that 1 =

1
A\ 1—¢ 1-¢
( fol < PtT(tJ) ) dj) . Thus, when taking expectations on both sides of the above,

where E; denotes the expectations operator with respect to good j, we get:

B [P 5y [ (- et + 30 - 50|

LR 1 (1= ) B o)) + 51— 2B [7,0)]

= B i) % 5B ()] =~ vary (i) (90)

The price dispersion is denoted var; (prt(j)). Next, let us do a second-order ap-

. —&
proximation of (%9) in d;:

PN~ o 1

( h,t(])) _ e—Eph,t(]) ~ eO — €€0ﬁh,t<j) + _(—E)Zeopit(j)
Py 2 |

82

~ 1 —epns(f) + 9

Pie(J) (91)

Finally, insert (90) and (91) into the expression of d; to get the following second-
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order approximation:

1 P . —E ]. 1
4=l / (h—(j)) g Mn{ / (1—eﬁh,t<j>+—szﬁi,t<j)) dj}
0 Ph,t 0 2
1 1 82 1
i [1a-< [ ptai+ 5 [ A}
0 0 0
19

€ , € € .
~ In (1 + §EJ [pi,t(j)] - hit ])] + = hit J)]
€ o .
~ In (1 + §Ej [pit(])])
€ .
~ In [1 + AT (phﬂ;(]))]
Thus, we have that (when gvarj (pre(3)) = 0)
€ .
d; ~ §varj (Prt(7)) (92)

Then, we define the employment gap from steady state employment by combining

(88) and (92) as:

mw=n—n=y —y) — (e —a)+ (d —d)

Y —ap+dy
_ g .
~ e — ag + Sar; (Pne(5)) (93)
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The next step is to insert (93) into (87):

U —U ~  UNN [ 14+¢_ :
(tJCC’ %(1—a)yt+U—Za (nt—l— 5 nf)—i—t.z.p

Un N € ‘
~ (= a)i 4 g (B ot svar (i) +
1+ /_ € )2 ,
0 (5=t Soan i) | + i
- UnN|_ ¢ N LT .
~ (-0t gt o S (i) + 5 - | i

From the steady state version of (77), we can get the following,.

— UNt
Ue,

_1-a)% o UN——(1—Q)%

N, Ue
Un N
N (1=
0o O (1-a)

When we insert this, we have:

U —-U B B € . 1+ _ .
' = (1 — )y — (1 —a) |J + svar; (ph,t(])) + ¥ (g — at)2 +ta.p
U-C 2

2
s ; 2 [cvar; (pre(7) + (1 + ) (5 — )] + tip

= (L~ — (L~ -
= 2 fevar, (o) + (1 4+9) (37 — 25100 +)] + £

_ . a . a) [evar; (Phe(5) + (1+ @) 52 — 2(1 + @) o] + t.i.p (94)

To proceed, note that with parameter restriction above, the log of natural output

in equation (52) becomes:

. V=l 1+ Oo,
Yy = + ay — Yy
Oa + ¢ Oa + ¢ Oa + ¢
on=0=1,v=0 = y?:—ﬁ—i-at

O=(oy—-1)+(1—-a)(on—1)=0
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Thus, from the definition of the natural output gap from its steady state counterpart

we have:

) I T
Y =¥ —Y (at 1+g0> ( 1+<p) @ (95)

Insert (95) into (94):

U, —U 1—« ) _ o .
N [evar; (pra(i) + L+ ) 5 = 2(L+ @) 4] + tip
UcC 2

- ) levar; (pne(5)) + (1 + ) (U7 — 25:57) | + tip

I ) levar; (pne(5)) + (1+ @) (77 — 2007 + 07)° — (7)?)] + tip

— . 04) [m)arj (ph,t(j)) + (1 + QD) @t _ g;z)Z _ (1 + 90) (g?)z} Y iip

= L Loty (g ()) + (14 ) (= 20 = (1) )] + i

UIthCU ~-L 3 = [cvar; (pai(3) + (1+¢) (5 — 4)°] + tip

(1-a)
2

~
~

[evar; (pni(5)) + (1 + @) &f] + tip

where (§; — 91') = (ye —y) — (W' —¥") = ¥e — y¢* = 7.
When we write up a discounted sum of lifetime welfare losses as a function of

output gap from natural output and inflation gap from zero inflation:

Zﬁt U —U ~— 1—a ;ﬁt [evar; (pni(7)) + (1 + )af] +tip

" UcC 2
o 1l -« > + . > t 92 .
= |¢ ;:O Bruar; (pne(5)) + (1 + ) ;:0 Bray| +tip  (96)

As we can see, we need to rewrite the terms involving price dispersion in (96) as a
function of inflation. Note that because a fraction (1 — @) of firms are able to reset

their price in period ¢ while the remaining # firms are stuck with last periods price,
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we can rewrite the expected price for good j to:

Ejlp(7)] = (1 = 0)p; + 0E; [pi1(7)]

Rewrite this:

i = 1258 )] — 1o By I ()]
= 0 = Ej o1 ()] = 758 ()] = 75 E5 P2 ()] = Ej [pe—1(5)]
= G- g )
= 2 (B )]~ B o) (o7)

Using var(X) = E[X? — (E[X])?, the variance expression of the random variable,

X, with the mean p = E'[X], we can write price dispersion as:

var; (p(7)) = E; [(0:(7) = E [p-1(D)?] = (B (3] = E; [pe-1 (4)])° (98)

Furthermore, because only an exogenous draw of (1 — 6) firms are able to reset

their price:
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Insert (99), and then (97), into (98), then simply:

var;pi(j) = [0E; (p(§) — E; -1 () + (1 = 0) (p; — E; [ptq(j)}ﬂ -
— (E; ()] — Ej [pr-1()))?

=085 (1) ~ By ) + (1 - ) (22—l

1—-6

~ (B )~ By o))
= 65, () ~ B3 s G0 + 1 (B3 )] — B e ()] -
— (& [p(h)] — E; [Pt—1(j)]>2

=05, 0() — 2 G + 22 (0 1))~ B o))

= 05, (05) — By o G + 1 (B )] — B s ()

1
= Buar; (o2 (1) + g By )] = B o1 (5))°

, 0
~ Ovar; (pi-1(5)) + mﬂz

Iterating backward, and collecting terms for every period s, yields:

. ) 9 9
vary ) =0 (900, G0a6) + ) + g

1-46
s=2: = 0%var; (p 2(j))+9L7T2 +—9 m
: J t— 1 _z t—1 1— 9 tg 5
— 2 (Q’UCLTJ‘ (ptf?,(j)) + mﬂ'tZQ) + emﬂ'?fl + 1__ 97"152
| 0 6 f
=3 = 0%var, (pi-a())) + 0P =gty + 0wy + g
. t s 0 2
S=S5: = Hsvm“j (pt—s(])) + Zszoe 1 — gﬂt—s
0
~ ZZ:O 98 1— 9,”3—5

Thus, if one takes the discounted value of these terms over all periods:

- t : = tpt 0 _ 0 - t
2 Bers (i) = 2P0 g = gy 20 (100)
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Now, we can write the discounted lifetime welfare losses in (96) as a function of

inflation gap and output gap, as follows:

+t.a.p

= U -U  l—a & ' )
S B = e D B (nei) + (1) D B
t=0 =0 =

11—« [

0 N =
=TT T aa g & et A 2 B

+t.a.p

l—a 0 ,
=-— Zﬂt {5(1 5 )me +(1+ go):c?] +ti.p
=0

(1—p6
1 —a— € .
-0y [Xwit +(1+ go)xf] Ftip (101)
t=0
where A = w. Thus, we can write the second-order approximation to the

utility losses of the domestic representative consumer resulting from deviations in

optimal policy, expressed as a fraction of steady state consumption, as:

1 —a 3
W= -3 B[S+ (1 + )l (102)
t=0

Taking unconditional expectations on (102) and letting 8 — 1, the expected welfare
losses for any policy that deviates from strict inflation targeting can be written in

terms of the variances of inflation and the output gap:

1—a Evar (mht) + (1 + p)var (x;) (103)

L=—
2 LA

In the next section, we use this approximation to assess the welfare implications

of alternative monetary policy rules, and to rank those rules on welfare losses.
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12 Welfare evaluation analysis

In the present section we do welfare analysis of alternative monetary policy rules
based on the welfare losses function derived in the previous section. In order to find
the corresponding variations of output gap and domestic inflation, first we estimate
the same model in the Chapter II by using Bayesian estimation technique under
the additional assumptions. By obtaining parameter estimates, we simulate the
model for each form of purposed monetary policy rules. Then, the optimal rule for
Mongolia will be determined based on the ranking of their corresponding welfare
losses. At the end, we check robustness of the result based on the household utility

computations.

12.1 Alternative monetary policy rules

In regarding with monetary policy rules, the following two form of Taylor-type rule
are available due to the indeterminacy of the model mentioned in the optimality
condition section. As mentioned there, the indeterminacy problem can be avoided,
and the uniqueness of the price stability outcome restored by having the central
bank follow a rule that makes the interest rate respond with sufficient strength to

deviations of total inflation, domestic inflation, and the output from target.

1. CPI inflation-based Taylor rule (CITR), which is proved that the current ef-

fective rule in Mongolia in Chapter II.
re = prri—1 + (1 — pr) [V1mi—1 + V2 Ay + sAey] + gy
2. Domestic inflation-based Taylor rule (DITR),

re = prri—1 + (1 — pr) [Y1mhi—1 + V2 Ay + Y3ley] + €py
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Table 12.1: Alternative monetary policy rules for Mongolia

Rules Implications
Benchmark (CITR): BoM reacts CPI inflation, output growth and exchange rate
1 > 1,49 > 0,73 >0 changes
DITR %1 > 1,99 > 0,93 > 0 | BoM reacts domestic inflation, output growth and exchange rate
changes
P =0 BoM reacts to CPI inflation (domestic inflation when DITR)
and exchange rate changes
Y3 =0 BoM reacts CPI inflation (domestic inflation when DITR) to
output growth
o =0and 13 =0 BoM only reacts to CPI inflation (domestic inflation when
DITR)

We can derive possible alternative policy rules from these Taylor-type rules by im-
posing restrictions on the policy parameters, 11, 19, and 3. The following Table
12.1 summarizes these possibilities and implications. The parameter indicating a
response of inflation term, ¢, should be higher than 1 which is the fundamental
determinacy condition of the model as shown in Chapter 4 of Gali (2016). Thus, we

cannot assume that ¢y, = 0.

12.2 Simulation analysis of welfare losses

We use M} as the benchmark model (the model without inflation targeting rates)
and baseline priors described in Chapter II for the estimations since the observations
are more fitted in this model. However, the following assumptions and relations
include in addition to the model due to the assumptions used in the derivation of

the welfare losses function.

1. An assumption of unit elasticity on ¢ = 1. The DIS equation given by (58)
includes ¢ as a form of 7 = % the inter-temporal substitution elasticity; thus,

we need to restrict 7 = 1 in the estimation.

2. In order to find a variation of domestic inflation we add the relationship be-

tween CPI inflation and domestic inflation, m, = 7, +aAs,; given by equation
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(16).

3. Due to the unit elasticity assumptions, the natural level of output given by

equation (52) becomes

yp = Q4 Tap + aVy; =y =

. . . _ _ 1 1
where, with parameter restrictions, Q = 2t =0, [ = 22 = ¢ — | and
Oatp Oateo 1+

\I/E—fi%fpzosince@:(07—1)—1—(1—@)(077—1):0-

Next, we proceed to estimate the model under the additional assumptions and then,
simulate the models that differs on only their monetary policy rules by using the
Bayesian posterior estimates!®.

Table 12.2 summarizes the standard deviations of several key variables and the
corresponding welfare losses. By following a comparison analysis of Gali and Mona-
celli (2005) we can conclude that the critical element that distinguishes each rule
relative to the optimal policy is an excess smoothness of the output and nominal
exchange rate changes in Mongolia. In general, this in turn often reflected in too
high a volatility of the output gap and domestic inflation. In particular, the CITR
rule with restrictions of 13 = 0 and 1 = 13 = 0 are the cases that increases both

output gap and domestic inflation volatility to the largest extent.

13The estimated posterior means are in Table A.2 of the Appendix 3.
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Table 12.2: Properties of alternative policy rules

CITR DITR
Benchmark ¢ =0 ¢3=0 Py =0, P > 1, Pa=0 P3=0 P =0,
Y3 =10 Py > 0, Y3 =10
3 >0
o (yt) 0.8899 0.9014  1.3545 1.3601 0.6984 0.7045  0.7470 0.7470
o (zt) 1.3841 1.3848  1.7009 1.7015 1.2859 1.2827 1.3245 1.3206
o (Tht) 0.5451 0.5447 0.9419 0.9300 0.4523 0.4485 0.4983 0.4937
o () 0.4833 0.4833  0.8414 0.8310 0.4758 0.4721  0.5240 0.5215
o (Aey) 0.6576 0.6568  1.0603 1.0485 0.5676 0.5643  0.6661 0.6615
L, 5.7021 5.6987  14.3951 14.1029 4.2378 4.1843  4.9072 4.8375
VI \Y VIII VII I I v 111

Note: Bold and bold italics indicate the lowest and highest values within alternative policy rules,
respectively.

In calculation of the corresponding welfare losses of alternative policy rules, we
need to determine ¢, ¢ and A which are not known from the estimation and the
restriction. In regarding with ¢ and e, we follow Gali and Monacelli (2005) and
choose same values for these parameters, ¢ = 3 (labor supply elasticity is % ~ 0.33)
and ¢ = 6 (the elasticity of substitution between differentiated goods of the same

origin). For A\, we use a parameter definition in (53) under elasticity restrictions:

K=A(14 ) = A=

In the last row of Table 12.2 we report the welfare losses associated with the
alternative policy rules expressed as a percentage of steady state consumption.

The results suggest that the DITR with policy parameter restriction of ¢y = 0,
which implies a case when the BoM only reacts to the domestic inflation and NER
changes, would deliver the smallest welfare losses. However, if the BoM observes only
total/CPI inflation in a reality, then the optimal policy form would be determined
as the CITR with restriction of 1) = 0, which implies that the BoM reacts to CPI

inflation and NER changes. In this case, the BoM do not need to concern the output
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growth rates.

12.3 Simulation analysis of household utility

In this section, we also use M} model in the Chapter II but we do not impose the
additional unit substitution elasticity assumption on ¢ (or 7). The main reasons for
performing utility based analysis are i) to try weakening the strong restriction and
ii) to check robustness of the previous welfare losses ranking results based on o = 1.

We can use posterior estimates of M} model presented in Table 4.2 because we
do not modified priors. By using these estimates, we simulate the models that differ
on only their monetary policy rules which are described in the above. Then, we
compute the corresponding representative household utility given in equation (1) by

using values of simulated variables.
%575 (Ctla - NtlJrng)
— l—0 149

In here, we choose simulation period as ¢ = 280 because we assume that the

average life expectancy of the representative household is 70 years. Moreover, o =
1 1

7 0.8432

The following Table 12.3 summarizes the final results of utility computations.

= 1.1859 and ¢ = 3 (the last is same as in the welfare loss analysis).

Table 12.3: Household utility under alternative policy rules

CITR DITR
Benchmark 92 =0 ¢3=0 =0, P1 >0,  ¢P2=0 Y3=0 P2=0,
3 =0 P >0, Y3 =0
Pz >0
U -44.14 -44.15 -62.33 -62.63 -37.41 -37.38  -41.03 -41.10
t
Vv VI VII VIII II I 111 1A

If we compare two ranking results we can conclude that, in general, the monetary
policy based on DITRs would provide a higher well-being to households and whole

society than in based on CITRs. In other words, the conclusion that DITRs are
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better than CITRs do not depend on the unit substitution elasticity assumption
on o. In either case, the DITR with policy parameter restriction of ¥y = 0, which
implies a case when the BoM reacts to the domestic inflation and NER changes, is
proved as the best monetary policy rule.

Next, we check the sensitivity of the utility results with the different values of 7.
We perform the same simulation analysis on the household utility based on the much
smaller prior mean of 7 = 0.50 which is used in the robustness analysis in Chapter
II. In order to get posterior estimates under this assumption, we re-estimate the
M model™. In this case, since the posterior mean of 7 is estimated as 0.4804, we

1 1

h p— — p—
wWe T = T 04804

policy rules and compute the corresponding household utility same as the previous

= 2.0814. Then, we simulate the models under alternative

computations. The following Table 12.4 summarizes the results.

Table 12.4: Household utility under 7 = 0.50

CITR DITR
Benchmark 1/12 =0 1/}3 =0 1/)2 = O, 1/11 > 0, 1/)2 =0 1[13 =0 1/)2 =0,
3 =0 g > 0, Y3 =0
3 >0
U -71.81 -71.04 -181.91 -183.32 -60.74 -59.88  -110.08 -110.34
t
v 111 VII VIII 1I I \% VI

As we see from the table, now all DITRs are not better than CITRs. The rank of
benchmark and the CITR with ¢ = 0 are improving by the two positions. However,
we can conclude that the DITR with 15 = 0 and the non-restricted DITR are the
best policy rules within these alternative policy rules in terms of the both welfare
measurements. This conclusion does not change by depending on the different values
of 7.

If the BoM only concern the total inflation, the CITR with 9 = 0, which

implies a case when the BoM reacts to the total inflation and NER changes, and

14The estimated posterior means are in Table A.3 of the Appendix 3.
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the non-restricted CITR have an almost same welfare/utility results and either of

them would be a better policy rule.
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13 Conclusion

In this chapter we showed how to derive a second order approximation to the utility
of the small open economy’s consumer and the welfare level implied by alternative
monetary policy rules can be evaluated.

The welfare loss function penalizes fluctuations in domestic inflation and the
output gap. Under the special restriction, the strict domestic inflation targeting
becomes the conditions for optimal policy rule.

By following research framework of Gali and Monacelli (2005) we found that
if the BoM do not concern output growth rates and reacts to domestic inflation
and NER changes would deliver the highest welfare than in all other alternative
policy rules. However, if the BoM only consider the CPT inflation (includes foreign
goods prices), then the optimal policy rule form will turn to the case when reacting
to the total inflation and NER changes. The robustness of these conclusions is
proved based on the household utility measurements with non-restricted, various
substitution elasticity assumptions.

As consistent with Gali and Monacelli (2005), we point that, in order to solve
its disadvantages and limitations, the used research framework can be extended
through the ways mentioned in the literature review section that are i) to weaken
the specific restriction and to use more general preferences, ii) to use two-country
version of the framework that would allow us to analyze a number of issues that
cannot be addressed with the present model, including the importance of spillover
effects in the design of optimal monetary policy, the potential benefits from monetary
policy coordination, and the implications of exchange rate stabilization agreements,
iii) to introduce a sticky nominal wages along with sticky prices, iv) to complete
exchange rate pass-through of nominal exchange rate changes to prices of imported

(or exported) goods.
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14 Appendix 3

Derivation of output constraint

In this section, we show how to derive output constraint in the social planner problem
(73).

From (22) and ¢ = 1 implies that:
a=c+(1—-a)s
Then, since ¢, =InC, ¢; =InC, and s, = InS;, we have,

InCy=InC;+ (1 —a)lns;
=InC; +InS/™°

~In (C7S!)

= C, = CySie

:&_<@>

1
Furthermore, when 1 = 1, the CPI given by P, = [(1— oz)P,i;" + anl;"} b

takes the Cobb-Douglas form?!’:
P, = PP},

When we rewrite the Cobb-Douglas price index, and then insert the effective ToT,

P
S, = =L given as in (13):
P

p— P apa p— 2 p— Sa
P+ ht = ft Py !

15Details are in the next.

117



Thus, (37) becomes:

~( Phy - ig vn n—= ..
Y= — Ci|(1—-a)+a S Zt Zt di
I o

Sz zt ?td2:|

=Y, = C,S?

Derivation of Cobb-Douglas type price index

In here, we show how to derive equation the Cobb-Douglas price index above. This
function is a special case of the CES function where (1 — ) = 0 in the CPI equation,
although the equation is undefined when 1 = 1 because division by zero is not possi-
ble. Nevertheless, we can demonstrate that as 7 — 1 or (1—n) — 0 the CES function
approaches the Cobb-Douglas function. To do this we need to use L’Hopital’s rule
which holds that the ratio of two functions m(z) and n(x) approaches the ratio of

their derivatives with respect to x as x — 0.

L) (o)
il—r{(l) n(x) o alc—>0 n’(x)

When we take the logarithm from the price index equation we obtain

B In [(1 — oz)P;;n + @P]},Zn} ~ m(n)
i = 1—n ()

for which m/(n) becomes

1 d
(RO
ht fit
—(1=a)P,;"In Py, — aP;"In Py,
[(1—0)P" + Py,

m'(n) = _ a)P,};” + ozP}jt_"}
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which, in the limit as (1 — ) — 0 becomes

—[(1 =) In Pyt + aln Py

m/(n) - [1 —/@(4—/@4 = - [(1 — Oé) In Ph,t + aln Pf,t]
Since n/(n) = —1, we have
lim InP, = lim m'(n) _ = (1 —a)ln P+ oln Pry]
(1-m)—0 ! (1—n)—0 n’(n) —1

=(1—-a)lnPy;+alnPy,

This implies that

P = PP,

Marginal utilities

In here, we show that how to derive the ratios of marginal utilities which are used
in the welfare losses function. The corresponding steady state utility function of (1)

becomes:

Ol—a’ N1+<p . s Cvlfa N1+e
Ue (Gt Ne) = <1t—a N 1iu<p) - UEeN= (1—0 N 1—|—go)

Thus, the first and second order derivations will be:

UC =C77 and UCC = —O'Cigil

Uy = N? and Uyy = @N?*

and so, the ratios in the text become:
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Table A.2: Parameter estimation results of M} model under 7 =1

Name | Domain Density Prior Posterior
Mean | Std.dev | Mean | St.dev 9(,)% HPD
interval

U RT Gamma 1.54 0.50 1.0933 | 0.2782 [0.73 1.45]
P R* Gamma 0.25 0.13 0.2767 | 0.1217 [0.12 0.44]
Y3 R* Gamma 0.25 0.13 0.4233 | 0.1464 [0.19 0.61]
PR [0,1) Beta 0.50 0.20 0.8982 | 0.0190 [0.87 0.93]
ER R* InvGamma | 0.50 4.00 0.6009 | 0.0684 [0.47 0.73]
K Rt Gamma 0.50 0.25 0.4233 | 0.0900 [0.25 0.60]
« [0,1) Beta 0.60 0.20 0.5347 | 0.1061 [0.38 0.68]
Pa [0,1) Beta 0.20 0.10 0.1110 | 0.0474 [0.05 0.18]
Ps [0,1) Beta 0.90 0.20 0.9762 | 0.0179 [0.96 1.00]
Py [0,1) Beta 0.97 0.05 0.9704 | 0.0680 [0.92 1.00]
P [0,1) Beta 0.46 0.10 0.2590 | 0.0646 [0.17 0.36]
€a R* InvGamma | 1.00 4.00 9.9908 | 1.3512 [6.48 13.43]
Es R* InvGamma | 0.10 4.00 0.7559 | 0.0799 [0.62 0.90]
Eyr RT InvGamma | 1.29 4.00 1.1095 | 1.4820 [0.37 2.15]
Eg R* InvGamma | 2.00 4.00 4.5113 | 0.4726 [3.76 5.17]
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Table A.3: Parameter estimation results of M} model under 7 = 0.50

Name | Domain Density Prior Posterior
Mean | Std.dev | Mean | St.dev 9.0% HPD
interval
U RT Gamma 1.54 0.50 0.9121 | 0.2064 [0.51 1.28]
P R* Gamma 0.25 0.13 0.1685 | 0.0617 [0.05 0.25]
Y3 R* Gamma 0.25 0.13 0.8249 | 0.0794 [0.68 0.99]
PR [0,1) Beta 0.50 0.20 0.8799 | 0.0291 [0.84 0.91]
ER R* InvGamma | 0.50 4.00 0.6735 | 0.0910 [0.56 0.77]
K R* Gamma 0.50 0.25 3.6190 | 0.1651 [3.25 3.95]
T [0,1) Beta 0.50 0.05 0.4804 | 0.0409 [0.38 0.55]
! [0,1) Beta 0.60 0.20 0.8806 | 0.0625 [0.80 0.97]
Pa [0,1) Beta 0.20 0.10 0.8223 | 0.0470 [0.76 0.88]
Ps [0,1) Beta 0.90 0.20 0.1587 | 0.0641 [0.07 0.27]
Py [0,1) Beta 0.97 0.05 0.9609 | 0.0243 [0.89 1.00]
P [0,1) Beta 0.46 0.10 0.3025 | 0.0602 [0.21 0.41]
€a R* InvGamma | 1.00 4.00 1.2772 | 0.5958 [0.74 1.79]
€s R* InvGamma | 0.10 4.00 12.4719 | 1.1917 | [10.38 14.30]
Eyr R* InvGamma | 1.29 4.00 6.2434 | 1.6134 [3.75 8.19]
Epr RT InvGamma | 2.00 4.00 5.0676 | 0.6194 [4.23 5.90]
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Chapter IV

Summary and Conclusion

The dissertation aims to study the current Mongolian monetary policy by using
the New Keynesian DSGE model of SOE and the Bayesian estimation technique.
We propose three research questions: i) Do the BoM really concern inflation target
rates on its monetary policy rule setup or not?, ii) Does the recent official exchange
rate regime - a managed floating by the BoM and a floating by the IMF - actually
effective in the Mongolian economy?, and iii) Does the current effective policy rule
in Mongolia an optimal or not? If not what alternative policy rule would be the
optimal for Mongolia?

This study is timely and important for two reasons. First, the economics is one
of newly developing social sciences in Mongolia, and consequently macroeconomic
research studies using general equilibrium models and Bayesian estimation technique
have rarely been developed. This study can be a contribution to literature of this
kind study. Second, a high level quantitative study of the significance, timing and
effect of monetary policy rule’s instruments will benefit the Mongolian policy makers
in formulating and implementing monetary policy.

In Chapter II, we introduce a DSGE model by Gali and Monacelli (2005) that
extend the benchmark New Keynesian DSGE model to a SOE setting and estimate it
with Mongolian quarterly data from 2000Q1 to 2014Q3 using Bayesian estimation
technique by following Lubik and Schorfheide (2007). We perform the posterior
odds test using the estimation results and we found that the BoM do not concern
inflation target rates and systematically respond to NER changes when setting its
monetary policy rule. Moreover, due to the estimated impulse response function,
terms-of-trade movements do not contribute significantly to domestic business cycles

in Mongolia.
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Chapter III is devoted to an analysis of the optimal monetary policy rule Mon-
golia. As the main result Chapter II, the current effective monetary policy rule in
Mongolia is the total inflation based Taylor rule (CITR) without inflation target
rates. In order to find the optimal monetary policy rule for Mongolia, we deter-
mine alternative policy rules based on the possible Taylor-type rules, CITR and
DITR, and to rank them by the corresponding welfare losses. By following research
framework of Gali and Monacelli (2005), we show the conditions for optimal mone-
tary policy rule and derivations the welfare loss function that is a measurement by
the second-order approximation for domestic representative consumer’s utility losses
due to deviations from the optimality conditions for the SOE. We show that how to
derive this function by different approach from in the article. We used simulation
analysis on the same DSGE model based on the corresponding Bayesian estimates
for each alternative monetary policy rules and obtained values that need in calcula-
tions of the welfare losses. By our calculation results, the domestic inflation based
Taylor rule (DITR) reacting to the domestic inflation and NER changes would be
delivered the highest welfare than in other rules, however, if we consider only total
or CPI inflation, it turns to CPI inflation based Taylor rule reacting to inflation
and NER changes. We proved this result is a robust by using household utility
computations under various main parameter assumptions.

There are many possibility to extend the used model based on its limitations
and disadvantages, and to improve overall model’s explanation power and some
conflicted results, for example an negligible influence of the ToT to the output.
Introducing additional dynamics through capital accumulation, different production
sectors and internationally incomplete asset markets would prove that the ToT’s
different character. In recent literatures, to weaken the specific restriction and to
use more general preferences, to use two-country version of the framework that
would allow to analyze a number of issues that cannot be addressed with the present

model, to introduce a sticky nominal wages along with sticky prices, and to complete
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exchange rate pass-through of nominal exchange rate changes to prices of imported
(or exported) goods are concluded as the most important and the well developed

extension ways.
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