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Abstract

This paper develops an estimated New Keynesian model of a commodity-exporting
economy for an integrated policy framework, integrating the full range of policies used in
practice and featuring a range of nominal and real rigidities, macro-financial linkages, and
transmission channels of external shocks. We jointly examine the optimal conduct of
conventional and unconventional monetary policies, macroprudential policy, foreign
exchange intervention, capital flow management, and fiscal policy based on the model. The
policy analysis framework is applied empirically to Mongolia, a small open, and
developing economy highly dependent on imports and commodity exports. We find that
an eclectic policy mix improves policy tradeoffs, and a lack of cooperation among policy
authorities may result in conflicting policies, hence suboptimal results for overall economic
stability. Our optimal policy analysis shows that policy mix adjustments should differ
depending on the type of shocks and the policy objectives. The results suggest that the
policy analysis framework can help policymakers choose their policy mix adjustments to
deal with external shocks in an integrated and optimal way.
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1. Introduction

Policymakers employ different strategies and instruments to manage capital flows and achieve
economic stabilization objectives. In practice, policymakers use some combination of policies to
maintain macroeconomic and financial stability. However, they often face difficult policy
tradeoffs, and policy responses vary across countries and over time. The challenges are particularly
pronounced in emerging markets and developing economies (EMDEs)?. In recent years, IMF-led
efforts have formulated a so-called Integrated Policy Framework (IPF)*, which provides a
systematic and analytical approach to analyzing appropriate policy responses and jointly considers
the role of policy tools and their interactions with each other and other policies (IMF 2020). Recent
global events such as COVID-19 and the war in Ukraine have shown that the outlook for
commodity markets is remarkably uncertain, and volatile commodity prices pose significant risks
to EMDEs. However, the existing literature and IMF’s works on the quantitative models for the
IPF have not explicitly addressed the role of IPF policy tools and their optimal mix in dealing with
commodity demand and price shocks, which play a crucial role in business and financial cycle
fluctuations of commodity-exporting economies such as Mongolia (Figure 1). To address the
issues and examine the optimal conduct of a high-dimensional policy mix while internalizing
trade-offs, the existing models must be extended by incorporating all policy instruments, relevant
shocks, and country characteristics captured in model equations and estimated parameters.

Figure 1. Mongolian real GDP growth, bank credit growth, and commodity prices
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Sources: National Statistical Office of Mongolia, Bank of Mongolia, and FRED Economic Data.
In this context, our paper aims to develop an estimated New Keynesian model of a commodity-

exporting economy for the IPF. Using the model, we jointly analyze the transmission mechanisms
and the optimal conduct of conventional and unconventional monetary policies, FXI,

3 In EMDEs, issues such as dominant currency pricing in foreign trade, dollarization in assets and liabilities, maturity
and currency mismatch in balance sheets of banks and firms, external financial constraints, and worsening inflation
expectations lead to differences in the functioning of the monetary transmission mechanism and policy trade-offs from
those in developed economies.
4 This is in line with what the BIS has called for a long time a Macro-Financial Stability Framework, extended to
include also fiscal policy (Borio 2018).
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macroprudential policy, CFM, and fiscal policy. Building on Adrian et al. (2020), our model
integrates the full range of policy instruments used in practice and features a range of nominal and
real rigidities, macro-financial linkages, and transmission channels of external shocks (i.e.,
commodity export demand, commodity export price, oil price, and risk premium and shocks). The
model is estimated using Bayesian methods, and the policy analysis framework is applied
empirically to Mongolia, a developing economy highly dependent on imports and commodity
exports’.

This paper contributes to the literature on model-based policy analysis in two distinct ways. First,
by capturing the vital role of external shocks and practical policy options in commodity-exporting
EMDEs, we suggest an estimated model-based framework for integrated policy analysis. The
model-based policy analysis supports understanding better the empirical transmission mechanisms
of IPF tools and examining optimal policy mix in dealing with commodity market shocks. Second,
as far as we are aware, this paper is the first attempt to quantitatively analyze the optimal joint
conduct of the six policies mentioned above by numerically optimizing for both Ramsey optimal
policy and response coefficients of simple instrument rules under cases of cooperation and
noncooperation among policy authorities in a developing and commodity-exporting economy.
Thus, the exercise provides some insights about the importance of policy cooperation and optimal
joint policy responses in the wake of risk premiums, commodity export demand, commodity export
price, and oil price shocks.

Several papers (i.e., Gopinath 2019, Mano and Sgherri 2020, IMF 2020) have highlighted the need
to develop the IPF. The primary motivation for the IPF is two-fold. First, policymakers around the
globe have deployed a wider array of policy tools to cope with shocks. In practice, how best to
combine these tools when policy tools have overlapping economic effects remains an open
question. Therefore, developing the analytical groundwork for the IPF can be regarded as a theory
catching up with real-world policy-setting features. Second, the empirical evidence for EMDEs
(i.e., dominant currency pricing in foreign trade, dollarization, currency mismatch in balance
sheets, and external financial constraints) suggests that the analytical approach needs to fully
capture country characteristics, combinations of shocks, and available policy tools. Unlike existing
IMF works, Brunnermeier et al. (2020) sketch an IPF for EMDEs that departs from the New
Keynesian framework.

Since 2020, various papers, mostly IMF working papers, have developed conceptual or
quantitative models for the IPF to support the practice of using multiple policy tools. Basu et al.
(2020) build a conceptual model that incorporates many shocks and allows countries to differ
across the currency of trade invoicing, degree of currency mismatches, tightness of external and

5 In the Mongolian economy, mineral exports account for 80-90 percent of total exports, and the import-to-GDP ratio
is quite high (about 65 percent). China is a big trading partner of Mongolia as the trade between the two countries
accounts for 80 percent of total exports and 40 percent of imports. Imports from Russia account for about 30 percent
of total imports. Other country characteristics of the Mongolian economy are as follows: US dollar invoicing shares
of exports and imports are about 75 percent; total external debts to GDP ratio is about 220 percent; above dollarization
of bank deposits is about 30 percent; FX markets are shallow; there are sizable balance sheet currency mismatches in
both private and public sectors; domestic credit markets are imperfect; both households and companies are highly
dependent on bank credits as their credits to GDP ratio is about 25-30 percent, respectively; and inflation expectations
are poorly anchored.



domestic borrowing constraints, and depth of foreign exchange markets. Based on the calibrated
and three-period model for a small open economy, their analysis maps shocks and country
characteristics to optimal policies and yields principles for the IPF tools. Adrian et al. (2020)
develop and calibrate an empirically-oriented New Keynesian model that embeds balance sheet
channels and includes a range of relevant frictions for EMDESs. They find that FXI and CFM may
improve policy tradeoffs under certain conditions, especially for economies with well-anchored
inflation expectations and significant foreign currency mismatch. Adrian et al. (2021) present a
quantitative micro-founded model to analyze monetary and financial stability issues in open
economies with financial fragilities ad weakly anchored inflation expectations. Based on the
calibrated exercise, they emphasize the power of FXI to provide domestic stimulus in a liquidity
trap. The models of Adrian (2020) and Adrian et al. (2021) only integrate monetary policy, FXI,
and CFM. Amatyakul et al. (2021) extend the central bank of Thailand’s semi-structural model to
provide a coherent framework for conducting integrated policy analysis. Using an estimated
medium-scale dynamic stochastic general equilibrium (DSGE) model, Adrian et al. (2022)
examine how the policy mix should be adjusted in response to domestic and global financial cycle
upturns and downturns. Our model captures the country characteristics and relevant frictions for
the EMDEs, and all policy instruments considered in the papers but also includes unconventional
monetary policy and commodity market shocks.

A few papers are similar in scope to ours regarding the optimal joint conduct of policy instruments.
For example, Basu et al. (2020) conceptually analyze the optimal conduct of policies by solving
for the Ramsey optimal policy mix. Adrian et al. (2022) quantitively investigate the optimal joint
conduct of monetary policy, macroprudential policy, FXI, CFM, and fiscal policy using another
branch of the theoretical optimal policy analysis. Rather than using Ramsey optimal policy setting,
they jointly optimize response coefficients of simple instrument rules governing the decentralized
conduct of the policies. Using a calibrated small open economy DSGE model with financial
frictions, Lama and Medina (2020) jointly optimize simple rules governing the conduct of
monetary policy (reserve requirement), macroprudential policy (differentiated reserve
requirements), FXI, and capital flow tax. Angelini et al. (2014) also study the interaction of
monetary policy and reserve requirements in the cases of cooperation and noncooperation by
optimizing simple rules for them. Our paper empirically differs from the existing papers by
quantitively analyzing the optimal joint conduct of the expanded range of policies using two
branches (i.e., Ramsey policy rule and optimized policy rules) under cooperation and
noncooperation cases.

This paper is structured as follows. Section 2 describes our model for the IPF. Section 3 discusses
data, estimation, and evaluation of the model, including the goodness of fit, impulse responses,
variance, and historical decompositions. Section 4 shows the policy analysis using the model,
covering policy transmission mechanisms and optimal policy responses. Finally, section 5
concludes the paper with policy implications.

2. The model

Our model builds on a structural and quantitative model for Integrated Policy Framework
developed by Adrian et al. (2020). Most equations of the model are derived from a log-linearized

version of the micro-founded small open economy DSGE model developed by Adrian et al. (2021)
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and have several key characteristics of emerging market economies (EMEs) such as shallow FX
markets, sizable balance sheet currency mismatches, and poorly anchored inflation expectations.
First, the model incorporates a broader array of real and nominal rigidities and imperfect exchange
rate pass-through. The model also allows for producer currency pricing and dominant currency
pricing. Second, the model assumes that some agents form inflation expectations adaptability to
capture the imperfect credibility of monetary policy®. Third, the model assumes incomplete
financial markets, with frictions in domestic credit and foreign exchange markets. Fourth, the
model allows for discounting primary aggregate demand and supply equations in the spirit of the
behavioral New Keynesian model developed by Gabaix (2020).

We extend their model in four main dimensions to help capture critical characteristics of an import-
dependent and commodity-exporting economy and to further enrich policy analysis. First, the
model of Adrian et al. (2020) has no capital and import components, and the introduction of capital
and import components can substantially change the dynamic properties of the model. Therefore,
we incorporate investment, capital, and import components, which help introduce additional real
rigidities and characteristics of import dependency into the model. Investment and imports are
sensitive parts of aggregate demand when capital and imports are introduced. We assume that four
final goods (consumption, investment, exports, and government spending) are produced by
combining the domestic homogenous good with specific imported inputs. Second, we introduce
oil price shock, commodity export demand shock, and commodity export price shock as Mongolia
imports 100 percent of its need for petroleum products, and commodity exports significantly affect
budget revenue, the balance of payments, and business activities in Mongolia. The inclusions help
account for the fact that external shocks play an essential role in the Mongolian business cycles
(i.e., Gan-Ochir and Davaajargal 2019). In our specification, oil price, commodity export demand,
and commodity export price shocks directly affect output dynamics, net foreign liability, and
government budget revenues. Third, we incorporate the capital adequacy ratio (CAR) as a
macroprudential prudential policy (MPP) tool that focuses on shaping credit market conditions in
a counter-cyclical manner. Including the MPP tool allows the model to capture all standard IPF
tools and examine the tools' effectiveness and transmission. Fourth, we introduce unconventional
monetary policy (UMP) as EMDEs have started to use the tool during financial stress periods. As
government spending is a crucial policy instrument controlled by the government, we incorporate
the fiscal sector to examine how fiscal policy interacts with IPF tools and the importance of policy
cooperation. The extension will help us to see how these policies can be complemented with the
IPF.

After the extension, the model economy consists of households, firms, and a government, which
in turn consists of a monetary authority, a macroprudential authority, and a fiscal authority. The
monetary authority conducts conventional and unconventional monetary policies and executes

6 This feature helps to account for how exchange rate changes may have large second round effects on inflation that
complicate monetary policy trade-offs in EMEs.
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foreign exchange intervention. The macroprudential authority conducts macroprudential policy,
and the fiscal authority oversees fiscal policy and capital flow management.

In what follows, we provide an overview of the model and highlight key features of the model.
2.1 Aggregate demand

Resource constraint. The home economy resource constraint is expressed as a share-weighted
average of consumption c¢;, investment, in,, government spending g, and export x, and import
my:

Ve = CyC + Lying + g, gp + XX —Mym, (D

where y; is domestic output, c,, is the steady state share of consumption and equals 1 — i, — g, —
xy +m,, where i,, g,, x, and m, are the steady-state investment-output ratio, government
spending-output ratio, export-output ratio, and import-output ratio, respectively.

Modified Euler equation. Total consumption (c;) is determined by the Euler equation linking the
marginal utility of consumption A.; to the future marginal utility of consumption and real short-
term interest faced by consumers, 13, ;.

At = O0cEdctir + 1ot

where 6. € [0,1] is a cognitive discount parameter, which has many consequences for
macroeconomic dynamics, as Gabaix (2020) discussed. Here, we assume that most households are
impatient as they borrow from banks’.

The first order condition (FOC) of household optimization implies that the marginal utility of
consumption varies inversely with current consumption but rises with past consumption, with the
latter reflecting habit persistence in consumption:

1
At = —

f o(1-xc) (Ct —HcCrq — Ec,t)

where o is the elasticity of intertemporal substitution, »,. € (0,1) measures the importance of
external consumption habit, and &, is an exogenous shock to preference, assumed to follow a
first-order autoregressive process with an [ID-Normal error term.

Combining these equations implies that consumption demand depends on a real borrowing rate,
Tb,t:

1

Ct = HeCiq — Ect = 6c(EtCt+1 — HcCp — Etgc,t+1) =) Tpt

2)

Borrowing rate. In addition to discounting, the model also assumes that the borrowing rate facing
home consumers includes a time-varying “private borrowing spread”, ;:

7 The assumption is broadly consistent with the case of Mongolia in the sense that there are 1.6 million credit
accounts at banks, equivalent to 73 percent of adults, 18 years or older.



Tt = (it - Etﬂc,t+1) + (ib,t - it) =1+ Y, 3)

where 1, = i — E;m. ;41 is the short-term real interest rate, i, is the policy rate, E,m. ;41 1S
expected consumer price inflation, and i, is the interest rate spread between the nominal
borrowing rate, ij,; and policy rate, i;.

The private borrowing spread. The borrowing spread, 1, is assumed to be a function of the real
exchange rate, q;, and the function is upward-sloping and locally convex (i.e., logistic functional
form), allowing for the possibility that depreciations above a certain threshold® may exert
significant nonlinear effects on financial conditions even while small depreciations may have only
minimal effects. The linearized representation is given by

Y = pyi—1 + pq (qc,t - 5¢7,t) + Pearcary + PppMply — PepCrep 4

where p, is a parameter governing the effect of the real exchange rate on the spread, and &5, is a
risk appetite shock. Therefore, equation (4) allows the incorporation of the financial channel of the
exchange rate, macroprudential policy, and unconventional monetary policy. The positive
relationship between the spread and the real exchange rate (i.e., the spread rises when the real
exchange rate depreciates) captures the financial channel of the exchange rate. As highlighted by
Aghion et al. (2001), if nominal prices are ‘sticky’, a currency depreciation leads to an increase in
firms' and households' foreign currency debt repayment obligations, thereby deteriorating their
balance sheets. It reduces the borrowing capacity of firms and households (tightens financial
condition), especially when a substantial part of borrowing represents unhedged foreign currency
debt, and therefore investment, consumption, and output in a credit-constrained economy, which
in turn reduces the demand for the domestic currency and leads to depreciation.

Following Quint and Rabanal (2013), we introduce a MPP tool, the capital adequacy ratio (CAR)
on banks, car;. Since the regulation adds extra costs for banks, we assume that it increases the
borrowing spread. The term, p.q,-cars, can be called a “regulation premium”. Within the CAR
requirement, banks will pass the cost of not being able to lend the total amount of funds to their
customers. Hence, a tightening of credit conditions following higher CAR will increase the
spread’. In line with Aguirre and Blanco (2015), we assume that the non-performing loan ratio
(npl;) will positively affect the borrowing spread since the bank will include the cost of credit risk.

The central bank of Mongolia (BOM) has implemented unconventional monetary policy (UMP)
measures primarily focused on increasing banks’ lending by providing subsidized financing to
banks since 2012. Under the UMP, banks receiving financing from the BOM are obliged to issue
loans to households and firms at a subsidized interest rate (much lower than market lending rates).
Therefore, the expansion in domestic assets of the BOM balance sheet (central bank’s claims on

8 Threshold real exchange rate is assumed as g, = G, + £g,t» Where g is constant steady state real exchange rate and
£, 1s a stochastic risk appetite shock. A higher value of g, implies that even a substantial real exchange rate
depreciation relative to the steady state will not induce much of a rise in the private borrowing spread unless the
stochastic shock, €5, is also sufficiently negative so that g, < q..

% Theoretical foundation on how CAR affect the borrowing rate is well documented by Angelini et al. (2014).



banks), cr¢p ., has lowered the lending rate-policy rate spread, Y, and increased newly issued
loans from banks, cr;.

Oil and core consumption. We introduce oil price and consumption into the model consistent with
Medina and Soto (2005). Domestic households consume oil and non-oil (core) goods, which
consist of domestically produced goods (home goods) and imported differentiated goods (foreign
goods). All three types of goods (oil, home, and foreign) are imperfect substitutes in the
consumption basket. Households’ cost minimization of consumption basket yields demands for oil
and core consumptions (i.e., demands for domestically produced and imported goods). The total
consumption, ¢, is a bundle of oil consumption, o, ;, and core consumption, C;, and demands for
these consumptions are given by

Ot = ¢ — Ny " 5)
¢ = ¢ — N>y~ (6)
where 1€ is the elasticity of substitution between oil and core consumption, ;" = py ¢ — Pey 18
the price of oil consumption (p,, ;) relative to that of a total consumption basket (p. ), and y, =
P&t — Pt 1 the price of core consumption (pg ) relative to that of the total consumption basket

(Pe,e)-

The core consumption, C;, is a bundle of domestically produced goods and imported goods, and
demand for the imported goods, ¢, ¢, are given by

e = € — ™y )

where ™ is the elasticity of substitution between domestically produced and imported goods for
core consumption, and ;""" = pp,; — Pe is the price of non-oil imported goods (p, ) relative to
that of the core consumption basket (pg ).

Investment. As in Agénor and Silva (2017), capital good producer owns the capital stock, which
is rented out to the domestic producers at a given rental rate of r/*. To produce these goods, the
capital good firm spends in; on the final good. It must pay for these goods in advance, therefore
capital goods producers must borrow from banks. We assume that a;,, percent of credit issued in
the current period and (1 — ;) percent of credit issued in the last period transformed into the
current period’s investment. Thus, investment goods (in;) is determined by

ing = aipcry + (1 — aip)cre_q + Eint (8)

where cry is real bank credit and e;;, ; represents the marginal efficiency of investment (MEI)
shock, assumed to follow a first-order autoregressive process with an IID-Normal error term.

The demand for imported investment goods is given by

N = ing — ™y 9)



where ™™ is the elasticity of substitution between domestically produced and imported goods
for investment, and ytm'h = Pm,t — D¢ 1s the price of non-oil imported goods (p,, ) relative to that
of domestically produced goods (p;).

The real bank credit (cr;) is modeled as employed by Aguirre and Balanco (2015). The credit is a
function of output, y, borrowing rate, réj ¢» and CAR, cary:

— L
CTt = PerChe—1 — Hrrb,t - Hcarcart + HCBchB,t + Eert (10)

where &, ; 1s a shock to bank credits assumed to follow a first-order autoregressive process with
an [ID-Normal error term. The first two variables, y and rbL,t, are key determinants of bank credit

demand. MPP authority can affect the bank credit supply and interest rate spread by imposing
higher capital adequacy requirements (CAR). Within the measure, banks are only allowed to lend
a proportion of their loanable funds; therefore, tightening the CAR will decrease the bank credit.
To reflect the effects of UMP measures, we also include banks’ borrowing from the central bank
(i.e., central bank’s claims on banks) (cr¢p ;) into equation (10). The specification highlighting the

effects of borrowing from the central bank on the banks’ credit is consistent with Agénor and Silva
(2017).

The non-performing loan ratio (npl;) is defined as a function of lagged value, economic activity,
exchange rate variability, and own shock:

npl, = fnplnplt—l - Eyyt + $nele; + Enplt (1T)

where e; is the nominal exchange rate, &, is a NPL ratio shock assumed to follow a first-order
autoregressive process with an IID-Normal error term. We included the change in nominal
exchange rate into the equation since borrowers who loan out in foreign currency but earn revenue
in domestic currency face exchange rate risk.

Exports. Total exports, x;, consist of non-commodity, X,com¢, and commodity exports, Xcom,¢»
and their demands are modelled differently. In real (volume) terms:

xyxt = xncom,yxncom,t + xcom,yxcom,t (12)

where Xpcom,y and X¢om,y are shares of non-commodity and commodity exports in total output,

and Xy, = Xpcom,y T Xcom,y 18 the share of exports in the output.

Non-commodity export demand, Xy,com ¢, rises with foreign output, y;, and falls with the relative
price of non-commodity exported goods produced by home exporters to that of their foreign
COMPELtors, Puex,t — Pt» Where Dpex e = Py — €, py¢ is foreign price, and e, is nominal exchange
rate. As Chen et al. (2008) documented, commodity markets are mainly independent of
developments in individual exporting countries. In line with the empirical fact, demand for
commodity export is modelled as it depends on foreign output and the demand shock (&.om ¢),
capturing variations in resource exports that are unrelated to the relative cost of export goods and
level of foreign output. Thus, non-commodity and commodity exports are specified as



Xncomt = Vi — nx(pncx,t - p;) =y + Uth (13)
Xcomt = y; + Ecomt (14)

where n* is the relative price elasticity of non-commodity export demand, and q; is domestic
price-based real exchange rate.

The demand for imported inputs for export goods is given by
X = Xp ="y (15)

where n™* is the elasticity of substitution between domestically produced and imported goods for
the export goods.

Exchange rates. By definition, the consumption-based real exchange rate (q. ) and domestic price

based real exchange rate (q,) are defined as
Get =Pt + € —Pet = qep-1 + ¢ +Aep — ey (16)
qt =P + € — Pt = Q-1 + 1 + Aep — Ty (17)

where m{ is foreign inflation, 7., is headline inflation, and m; is domestically produced good
inflation.

Risk-augmented UIP. In the model, banks borrow in domestic and foreign currencies (i.e., taking
deposits or issuing bonds), but issue loans in domestic currency and this generates currency
mismatch in their balance sheets. They pay a risk premium on foreign currency borrowing because
of the default risk. Thus, we assume that the UIP does not hold in the short run. The UIP risk
premium gbt(dt, d,, bt) and a tax on capital outflows 7, are included. The risk-augmented UIP is

specified as
er =Eepr +ii — i+ — 74 (13)

where i; is foreign short term interest rate. The UIP equation implies the real exchange rate
depreciates (i.e., q; rises) when the foreign real interest rate rises relative to the domestic real
interest rate, or if the UIP risk premium ¢, increases; conversely, it appreciates in response to a
tax on capital outflows, 7;, the policy instrument moderating the exchange rate risk by limiting
excessive capital flights. A theoretical foundation supporting the inclusion of such capital control
measures, T;, in the UIP equation is provided by Bacchetta et al. (2013), who analyze optimal
policy in a semi-open economy, where the Ramsey planner is a central bank with access to
international capital markets. They find that the accumulation of reserves combined with capital
controls gives a higher welfare than full capital mobility, especially it is optimal to impose capital
controls so that the domestic interest rate can differ from the foreign rate. As empirical support,
Bacchetta et al. (2023) show that capital controls can eliminate the adverse impact of low US
interest rates and effectively reduce firms' vulnerability to exchange rate fluctuations using firm-
level data on corporate bond issuances in 16 EMEs.

10



UIP risk premium. Time-varying UIP risk premium (],’)t(dt, d;, bt) implies that investors require
higher expected returns if the home economy’s net foreign liabilities d; rise relative to a threshold
level of d, and in times of market stress!®. The government may reduce this UIP risk premium
using foreign exchange intervention (FXI). Foreign exchange sales (b;) strengthen the demand for
home currency and thus may reduce the risk premium. As employed by Adrian et al. (2020), a
nonlinear function of the UIP risk premium is considered, and linearized representation is given
by

bt = ppPe-1 + Gade — Gpby — kadpeg: — (PerErherss + pealer) + ot  (19)

where &5, is a debt limit shock, Ep,t is a risk premium shock, and both shocks are assumed to
follow a first order autoregressive process with an IID-Normal error terms. In line with Bacchetta
and Wincoop (2021), the expected changes in the nominal exchange rate, E;Ae;,, and ¢, ,Ae, are
included in the risk premium function to account for the delayed overshooting puzzle. The risk-
augmented UIP (18) and UIP risk premium (19) equations allow us to include the transmission
mechanisms of CFM and FXI.

Imports. Total import expands as oil consumption and inputs, core consumption, investment, and
government spending rise and fall in response to an increase in their relative prices so that import
demand is given by

MmyMe = Mg 3, 0p + MeyC ¢ + Mip o N + Mgy G e + My y X (20)

where m,, = m,_, + Mo,ys Meys Min,y, Myy, and mgy; = my, — My, — Mgy — My, — My,
are the steady-state oil import-output ratio, core consumption import-output ratio, investment
import-output ratio, export input import-output ratio, and government spending good import-
output ratio, respectively. The imported oil is given by m, 0, = m,_, 0. + Mo,y 0yt where

m,,,y 18 the steady-state ratio of oil consumption to output, Mo,y is the steady-state ratio of oil

input in production to output, 0, . is oil input used in domestic production defined by equation
(30), and g,y ¢ is import demand for government spending goods given by

Gme = ing — n™Iy" 1)

where ™9 is the elasticity of substitution between domestically produced and imported goods for
the government spending goods.

Net foreign liabilities. As the home country is assumed to be restricted to borrowing (or lending)

. . . . e D
abroad in foreign currency, its net foreign liabilities (i.e., the share of GDP), d; = %, evolve
t

according to

1 Threshold net foreign liability level is assumed as d; = d + &5, where d is constant steady state level and &g, is a
stochastic debt limit shock.
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dt = (1 + rd)dt—l — Xncom,yXncomt — Xcom,y (xcom,t + ytcom,* + qt) +
Mogy(0ce + ¥+ qc) + Mo,y (03 + 77 + ar) + My (G + ar) + Miny (e + q2) +
Mgy (Gmie + qc) + Moy (Xme + qr) 22)

where 7, is the steady-state real interest rate on net foreign liabilities, ¥, °"" = pPeom,: — Pt is the

relative price of commodity in foreign currency received by domestic exporters, y;."* = Dot — Pt
is the relative price of oil in foreign currency paid by domestic importers.

2.2 Aggregate supply

Modified Phillips curve. Turning to the supply side, the price-setting equation for domestically
produced goods takes the form of a modified New Keynesian Phillips curve:

T — 1gTp_q = PO (Egmeyq — t1gme) + ch(mct + gn’,t) (23)

This specification is based on a Calvo-style price setting with the sensitivity of inflation, ;, on

domestically produced goods to real marginal cost, mc;, determined by the slope coefficient,

Kme = w, where £ is the discount factor and ¢ is the Calvo price-stickiness parameter.

&r ¢ denotes a domestic price markup shock, assumed to follow a first-order autoregressive process
with an I[ID-Normal error term. The indexation parameter determines some structural persistence
in inflation, t;. This persistence can be interpreted as inflation expectations with an adaptive
component as highlighted by Clarida et al. (1999). In such sense, the parameter reflects the role of
imperfect central bank credibility and the ability of the central bank to anchor inflation
expectations. The indexation parameter can also reflect that cost shocks exert a highly persistent
“second-round” effect on inflation. Moreover, as in Euler equation (2), the Phillips curve also
allows for cognitive discounting parameter, §,; € [0, 1], which dumps the effect of future marginal
cost on current inflation. The traditional, rational model corresponds to 6. = §,; = 1, but our
model generates &, and &, strictly less than 1. We will test which assumption is supported by data
and examine the implication of the discounting for macroeconomic dynamics in the empirical
analysis section.

Domestic producer’s marginal cost. The real marginal cost, mc;, rises with an increase in the
producer real wage, &, or capital rental rate, ¥, or domestic currency real price of oil, p,; — py:

me, = (1= Q — Q)& + Qerf + Qoy" — ey (24)

where &, is a stationary, country-specific shock to the level of technology, the parameters, ()
and (), capture the shares of capital and oil in production, and yto'h = Pot — Pt 1s the price of oil

consumption (p, ;) relative to that of domestically produced goods (p;).

Production function. In line with Bjgrnland et al. (2018), we assume that domestic output goods,
¥;, are produced using capital, oil, and labor, according to a Cobb-Douglas function:

Ve = Qki + Q'ooy,t +(1- O — Q'o)nt + &t (25)
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where kj is capital services, 0y, is oil input used in production, and n, is employment.

Capital accumulation. The capital producers can increase the supply of rental services from capital
(k?) either by investing in additional capital, which takes one period to be installed (k;_;) or by
changing the utilization rate (u;) of already installed capital:

ki—g = kt—l + ut (26)
The accumulation of installed capital (k;) is a function of the investment, i;:
ke = (1= 8i)ke—q + Si(ing + €imye) (27)

where J}, is the depreciation rate of capital, and &;,, ; denotes the marginal efficiency of investment
(MEI) shock that affects how investment is transformed into capital.

We assume that the capital good firm chooses only the utilization rate, u,, to maximize its
intertemporal objective function, and the optimality condition with respect to capital utilization
implies that the degree of capital utilization is a positive function of the rental rate of capital, r*:

U = UglE (28)

where u, = (1 — k)/k and k is a positive function of the elasticity of the capital utilization
adjustment cost function and is normalized to be between zero and one. When «k is closer to one,
it is incredibly costly to change the utilization of capital, thus, it remains constant.

Rental rate of capital. Cost minimization by domestic firms implies that the rental rate of capital,

k¥ is negatively related to the capital-labor ratio and positively to the real wage, &;:

rf = —%(kf —-ng) + & (29)

where ¢ is the elasticity of substitution among inputs (capital, labor, and oil) used in production.

Demand for imported oil input. Cost minimization by domestic firms implies that the oil input
demand, o, is negatively related to the real oil price and positively to the real wage, ¢; and
employment (all with unit elasticity):

Oyt =MN¢ + C(ft - Vto’h) (30)

Labor supply. Sticky wage and unemployment rates are introduced in the model based on the
framework of Gali et al. (2011). The utility function with preference shifter employed by Gali et
al. (2011) does not change the model's main features, and the preference allows us to parameterize
the strength of short-run wealth effects on labor supply. In this setting, the marginal rate of
substitution, mrs;, between consumption and leisure, which determines the cost of working an
additional hour in terms of consumption goods is given by

mrsy = xng + z; + & (31)

where y is the inverse of the Frisch labor elasticity, &, ; is a labor supply shock, assumed to follow
a first-order autoregressive process with an IID-Normal error term, and z; is endogenous reference
shifter (z;), determined as follows:
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ze =1 —-9,) 24 — ﬁz/lc,t (32)

Wage Phillips curve. Nominal wages are sticky and set in Calvo-style wage contracts, and the
wage Phillips curve takes the following form

Wt — Lwﬂét = B6nEt(wt+1 - lw”étﬂ) t Ky (mrst —$ee t gw,t) (33)
where Kk, = % and ¢, is the Calvo wage-stickiness parameter, 6, = Mli“:l is wage

elasticity of labor demand, and M, is the steady-state wage markup. Nominal wage inflation, wy,
depends on future wage inflation and the gap between the marginal cost of work (mrs;) and the
consumption real wage (. ¢). &, ¢ denotes a wage markup shock, assumed to follow a first-order
autoregressive process with an IID-Normal error term.

This setup allows for a flexible specification of wage indexation in which the relevant inflation
measure indexing wages is a long moving average of either past realized inflation or of exchange
rate changes:

ﬂg,t =(1- q’)”lé,t—1 + CD(an‘t_l +(1- V)ACIc,t—1) (34)

The dependence of wage inflation on past exchange rate changes'!, Aq, ;_4, allows for substantial
“second-round” effects through a wage channel. In the case of ® = 1 and v = 1, the wage inflation
equation (33) is the same as the standard wage Phillips curve.

Unemployment and labor force. In the framework of Gali et al. (2011), the wage markup (u, ¢) 1s
equal to the difference between the real wage (w;) and the marginal rate of substitution between
working and consuming (mrs,), which is also equal to a linear function of unemployment (un,)'*:

Uyt = Ec,t — mrs; (35)

un, = % (36)

where y is the elasticity of labor supply in the household utility function.
By definition, the labor force (l;) is given as

lt =ng + ung (37)
Real wages. The producer real wage, &;, is determined by the identity:

$¢ =81t wp — ¢ (38)

The consumption real wage, ¢, ;, is given by

' The potential channel explaining how exchange rate affects wages is as follows: exchange rate depreciation
increases the relative price of imported goods, causing households to demand a higher real wage in terms of the
consumer good, &.;, to keep their purchasing power intact as required to induce them to work the same number of
hours and leave their mrs;unchanged.
12 As explained by Gali et al. (2011), directly observing unemployment rate allows us to correctly identify both wage
markup shock and labor supply shock.

14



$ep = Sct—1+ W — Ty (39)
where 7., is the consumer price inflation.

Phillips curve for import price inflation. The model allows for deviations from the law of one price
in the import sector. The Phillips curve determining import prices is derived from Calvo-style
pricing assumptions. Specifically, the price-setting is given by

Tmt — imTmt-1 = Bgn(Etn'm,L#l - lmﬂm,t) + Kme,, (mcm,t + gnm,t) (40)

where K, = M, Ly 1s the indexation parameter reflecting the weight on the dynamic

ém
(lagged) inflation component, ¢, is the Calvo price-stickiness parameter, mc,, ; denotes the real

marginal cost of importing firms and &, . denotes an import price markup shock, assumed to

follow a first-order autoregressive process with an IID-Normal error term.
Importing firms’ marginal costs. Real marginal costs of import sectors are defined as
c,c m,C
MCmye =Pt + € —Pme =G — Ve — Vi (41)

Relative prices and inflations. Relative prices are given by

Yto'c = Dot — Pct = Vto_’c1 + o — et @
th_'c =Pet — Pet = Vtc_ic1 T o = Tyt “
Ve = Dt — Der = Vet + T — T (44)
Vtm'h =DPmt — Pt = Vtrflh T e — Tt )
oh _ _ o,h
Ve EPot Pt = Vil t o — Tt o
ytcom,* = pcom,t _ pzf = th_();Tl.* —I— T[COm,t - T[z( (47)
Vto’* = Dot — Pt = Vto_'*1 + 1y — T @

Headline price inflation (7. ;) and core consumption inflation (7s,) are defined as

Ter = MM + (1 —mo)ms, (49)
Tee = My + (1 —my)m, (50)
Tlo,t = Po,t — Po,t-1 (51)
Tcom,t = Pcom,t — Pcomt-1 (52)

where m, is share of oil consumption in the total consumption basket, and m,, is the share of
imported goods in the core consumption basket.
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2.3 Monetary, macroprudential, FX intervention, CFM, and fiscal policies

The central bank is assumed to follow a Taylor-style policy rule:

i = Viiemr + U= V)| VeEemls + vyye| + €ix (53)

where y; allows for interest rate smoothing, and &;, is a policy rate shock, assumed to follow a
first-order autoregressive process with an IID-Normal error term. The rule specifies that the central
bank considers the four-quarter change in CPI in setting the policy rate, and the annual inflation is
defined as

T[ét = (T[C,t + o1+ M2+ 7Tc,t—3)/4 (54)
It also takes domestic output, y;, into account.

UMP is assumed to follow a rule:

CTept = chcgchB,t—l - (1 - chCB)(nyt + chcrt) + echB,t (55)

where Q.. allows for central bank credit smoothing, and e, ; is a shock to central bank credit
to banks, assumed to be 1.i.d. and N (O, a’. CB). The policy parameters @,, and g, are both positive,

implying that a decrease in bank credit, d;, and GDP, y,, triggers higher central bank credits to
banks, crep ;.

MPP authority is assumed to follow a CAR rule:
Cary = WeqrCary—q + (1 - ZD-cotr)(w-yyt + ZD'crcrt) + Ecart (56)

wherew,,, allows for CAR smoothing, and €.4,¢ is a shock to capital requirement, assumed to
follow a first-order autoregressive process with an IID-Normal error term. According to the CAR
rule, the MPP authority aims to stabilize output and bank credit fluctuations by gradually adjusting
the policy-controlled prudential measure, caryOther studies have employed similar rules (Angelini
et al. 2014 and Aguirre and Blanco 2015). The rule allows us to examine the effectiveness of MPP
tools. Angelini et al. (2014) describe the reasons why the time-varying CAR is a macroprudential
instrument.

For foreign asset purchases by the BOM, b;, we assume the following FXI rule:

by = byb_; — (1 — bb)[bq (qC,t - g(j,t) + bd(dt - Sa,t)] + Ept (57)

where b, allows for foreign asset purchases/sales smoothing, €, ; is a foreign asset purchase/sale
shock, assumed to follow a first-order autoregressive process with an IID-Normal error term. The
term q., — £z, measures the deviation of the real exchange rate from its threshold level (i.e.,
exchange rate misalignment), the key driver of the private borrowing spread, and d, — &5,
measures the deviation of net foreign liability from its threshold level, the key driver of the
sovereign risk premium. The policy parameters b, and by are both positive, implying that an
increase in d; (or a decrease in £ ) triggers lower by (i.e., foreign asset sales). The rationale behind
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the rule is that the central bank intervenes in the foreign exchange market to sell its currency
reserves if either the private borrowing spread or the risk premium on government bonds issued in
foreign currency rises. The specification implies that the central bank does not attempt to offset all
fluctuations in the UIP risk premium.

For the tax on capital outflows, 7;, we assume the following CFM rule:

T =TT+ (1 — 1) [Tq(QC,t - Sq,t) + T¢>(¢t - P¢>¢t—1)] ter; (58)

where 7, allows for foreign asset purchases/sales smoothing, e, is a foreign asset purchase/sale
shock, assumed to be i.i.d. and N (0, 62). The term ¢, — P¢P¢—1 is the counterpart of risk premium
affected by net foreign liabilities, central bank’s foreign asset purchases, debt limit shock, and risk
premium shock. The policy parameters 7, and 74 are both positive. Therefore, the rule implies
that excessive depreciation in the real exchange rate triggers an increase in the capital outflow tax
to reduce incentives to sell the domestic currency. The rationale behind the second term is that the
authorities attempt to use CFMs to change the exchange value of its currency so that they respond
to any changes in the non-smoothing component of the risk premium on government bonds.

The government collects tax revenues from the capital, 7, labor, 7;, consumption, 7., commodity
. . D
export, T, and import taxes, T, and sells the bond portfolio (i.e., the share of GDP), d ; = yip‘t,
t
to finance its interest payments and expenditure, g,. Fiscal choices satisfy the identify
k [ m,C m,h
dgr + Tickry (k§ + 1) + 1l (ne + &) + tecy (e — v — v +y™") +

Ty (xncom,yxncom,t + xcom,y (xcom,t + ytcom,* + Qt)) + Tm (moc,y(oc,t + )/to'* + Qt) +
moy,y(oy,t + Yto'* + CIt) + mE,y (Em,t + Qt) + min,y(inm,t + Qt) + mg,y(gm,t + Qt) +
mx,y(xm,t + Qt)) = (1 + TL)dg,t—l + gygt (59)

where kr;, is steady state ratios of capital income to GDP, [¢,, is labor income to GDP ratio and rk
is the steady-state real interest rate on government debt.

As employed by Leeper et al. (2017), the fiscal rule is set as government expenditure, g;, respond
to dg 1 and domestic output, Y, as follows:

Gt = 9g9e-1 — (1 = 9)[9yye + Yadge—1] + eg e (60)

where 9, allows for government expenditure smoothing, e, is a government spending shock,
assumed to be i.i.d. and N (0, aj). According to the fiscal rule, the fiscal authority has two
objectives: output stabilization and government debt stabilization. The policy parameters 9, and

Y, are both positive, implying that the fiscal policy is pro-cyclical as an increase in y; (or a rise in
dg ;) triggers lower government spending, g;.
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2.4 Foreign variables

The foreign currency commodity price that domestic commodity exporters take (peom,¢) 1S given
by
Pcomt = ﬂcomp:om,t + (1 - ,ucom)pcom,t—l (61)

where pZom ¢ is the commodity price in the foreign currency determined in world markets and is
unaffected by economic developments in the domestic economy. In the long run, we assume that
the law of one price holds for commodities. However, following Rees et al. (2016), we allow for
a delay in the short-term pass-through into the prices that domestic commodity exporters face. We
do this to account for real-world friction in that a portion of commodity exports is sold according
to predetermined price contracts. We assume that 100 X u.,,,, percent of any changes in overseas
commodity prices feeds into domestic commodity prices within the same quarter of the price
change. The assumption also aligns with the dominant currency pricing paradigm where export
prices are sticky in a dominant currency (i.e., dollar invoicing shares are above 80 percent),
highlighted by Gopinath et al. (2020). The domestic currency oil price that importers sell is given
by

Po,t = P;,t te (62)

where pj ¢ is the oil price in the foreign currency determined in world markets. In line with Medina
and Soto (2005), we assume there is no delay in the pass-through from the world oil prices to the
domestic retail prices.

In the model, the foreign output, y;, foreign inflation, 7;, and foreign nominal interest rate, i;, the
world oil price, p, ;, and the world commodity price, pzom ¢, are assumed to follow AR(1) process:

Yt = Py Vi1t €yt (63)
¢ = Pr*Tli_q + €y (64)
if = pirlg_q T et (65)
Dot = PpyPot-1YVe + €pse (66)
Peom,t = PptomPeomt-1 T Peomy Yt + €pzomt (67)

where e, is foreign output shock, e, is foreign inflation shock, e;, is foreign interest rate
shock, e, . is global oil price shock, e, is global commodity price shock, and these exogenous
shocks are assumed to be i.i.d. and N(0,07), k = {y*,ﬂ*, i*,PZ,t,PZom}- Here we assume that
foreign output (the rest of the world’s output) positively affects world commodity prices.
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2.5 Shock dynamics

To capture the link between private and country borrowing spreads'?, the risk appetite shock gt
in private borrowing, the spread is assumed to be influenced by the private debt limit shock &5 ;.

We also assume that &5 ; has an idiosyncratic component, &, ¢, so that
Eqt = Epe t+ Vez€dts (68)

The other exogenous shocks s = {ep‘t,ea‘t,ec,t, Ea,tr Eintr Ecr,tr EnpLtr Ecom,tr Ed,tr Entr

Entr Enptr Ew,tr E,r it Ecar,tr eb,t} are assumed to follow AR(1) processes:
— - 2
St = PsSe—1 t+ €5ty €¢~i.1.d.N(0,05) (69)

Equations (1)-(69) determine 69 endogenous variables. The stochastic behavior of the system of
rational expectations equations is driven by 24 exogenous shocks.

3. Data, estimation, and empirical results
3.1 Data

The model is estimated using 21 quarterly data from 2005Q1 to 2022Q2, the longest available
times series as the quarterly data for GDP and its components are only available since 2005Q]1.
For the domestic economy (Mongolia), the following 16 variables are observed: log-differences
of seasonally adjusted (s.a.) real GDP (constant 2015 prices in MNT) (dlgdp,), s.a. real household
consumption (constant 2015 prices in MNT) (dlcon;), s.a. real government spending (constant
2015 prices in MNT) (dlgsp;), s.a. real commodity export (constant 2015 prices in MNT) (dlcx;),
central bank claims on banks (dcrcb,), real wage (ratio of nominal wage to CPI) (dlrw,), the
nominal exchange rate (1 USD to MNT) (dlner;), employment (dlemp,), real bank credits (bank
credit to CPI) (dlbcry), consumer price index (dlcpi,), price index of domestically produced goods
(dldcpi;), unemployment rate (unry), (annual) policy rate (prate;), NPL ratio (npl;), capital
adequacy ratio (cary), and foreign exchange sale to foreign reserve ratio (fxi;).

For the foreign economy and market, taken to represent the rest of the world, the following 5
variables are used in the estimation: log-differences of world oil (Brent Crude) price (dlpoil;),
world coal price (2016 = 100, includes Australian and South African Coal) index (dlpcomy),
China's GDP index (dlgdp;), the US CPI (dlcpif), and (annual) Federal funds rate (fedry).
Mongolia has a close trade link with China as exports to China account for about 90 percent of
total export, and coal exports, which only go to China, account for 40-50 percent of total exports.
Therefore, we assume that the Chinese economy influences Mongolian external demand. China's
GDP is used as a proxy for foreign output, and coal price is collected as a proxy for commodity
export price. However, the Mongolian economy is financially linked with the Western world as its
external debts are mainly in US dollar.

13 Adrian et al. (2020) document that in their sample of EME countries, the median correlation between corporate and
sovereign spreads is about 0.4.
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Moreover, a large share of Mongolian trade is still priced and invoiced primarily in the US dollar
(i.e., dominant currency pricing) rather than the exporter’s or the importer’s currency. For instance,
the US dollar accounts for 70-75 percent of export revenues, import payments and foreign
exchange transactions in Mongolia. Statistics on foreign exchange transactions show that RMB's
share is less than 15 percent. To reflect the financial linkage, the US interest rate and the US CPI
are observed as proxies for foreign interest rate and foreign inflation, respectively, and the
exchange rate of MNT against USD is used in the model estimation. As the foreign variables are
modeled as an exogenous AR(1) process, using observable foreign variables from different
countries does not violate the setting of the model.

Exchange rate, bank credit, central bank claims, NPL ratio, policy rate, CAR, and FXI are observed
from the Bank of Mongolia, while all other domestic variables are directly collected from the
database of the National Statistical Office of Mongolia (www.1212.mn). In addition, world oil and
coal prices are taken from the IMF Primary Commodity Prices, the China GDP index is calculated
based on Chinese annual growth data from Bloomberg, the US CPI is observed from Bloomberg,
and the Federal funds rate is collected from the FRED database of Federal Reserve Bank of St.
Louis.

Prior to empirical analysis, the data is transformed as follows: all variables, including log-
differenced (scaled by 100 to convert into percent) and series in level, are demeaned separately in
order to ensure that the series used in the estimation are stationary as they represent the business
cycle-related part of the original variables. The corresponding measurement equation is:

[ dlgdp; T

Ay 1 1 Y Ve
dlcon; dé CE ey
dlgsp: dg 9t — Gt
dereb, dcrep CTept — CTepye

dlex, dX.om Xcom,t — Xcom,t—1
dlrw, dé, St — Set-1
dlner; de e —€er_q
dlemp, dn ng —Ng_q
dlbcr der CTe — CTe—1
dlcpi, T, Tt
Y. =| dldcpi; |=| @ |+ Zt (70)
unry u ) 4 *ti
prate; 41 npl:
npl
rclg}"i % cary
fxi b x be *
dlpoil; dp; *po,t - pg,t—l
dlpcom; dPiom Pcomt — Pcom,t-1
dlgdp; dy* e — *yif_l
dlcpi; T T
| fedr; 1 t4xT1 4x1
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where dl stands for 100 times log difference. The variables with the bar in equations stand for the
steady state values, the historical average of the corresponding series.

3.2 Prior distributions and calibrated parameters

As our model is a medium-scale model, we estimate and evaluate the model using Bayesian
techniques, which help deal with cross-equation restrictions by dealing with misspecification and
identification problems, well will help resolve identification and misspecification problems. As the
prior is based on ‘non-sample’ information, the Bayesian techniques provide an ideal framework
for combining different sources of information (Del Negro and Schorfheide 2011). We estimate
the mode of the posterior distribution by maximizing the log posterior function. In the next step,
the Random Walk Metropolis (RWM) algorithm is used to get the posterior distribution and
evaluate the model's marginal likelihood. All numerical estimations, evaluations, and simulations
in this paper are done using Dynare 4.5.7.

Christopher Sims’s ‘csminwel’ optimization routine is used to obtain the posterior mode and to
compute the Hessian matrix at the mode. To test the presence of the identification problem, more
than 20 optimization runs are launched, and all optimization routines converge to the same mode
value. As a unique mode for the model is found, the Hessian from the optimization routine is used
as a proposal density, properly scaled (¢ = 0.16) to attain an acceptance rate of about 25 percent.
For the RWM results, two independent chains are generated with 500,000 draws each, of which
200,000 are used as an initial burn-in phase. Convergence of the chains is monitored using both
the univariate and the multivariate convergence diagnostics variants of Brooks and Gelman (1998).

There are two sets of model parameters. The first set includes parameters that are calibrated. The
discount factor for Mongolia (f3) is set to 0.9925, which is slightly lower than the calibrated values
for advanced economies, and (quarterly) steady-state real interest rate on net foreign liabilities ()
is calibrated to 0.75 percent (i.e., the annualized rate is 3 percent), consistent with the sample
average of the spread between the nominal interest rate on total external debts and foreign inflation.
The (quarterly) steady-state real interest rate on government debt (11) is set to 0.25 percent as most
government debt is concessional loans from international financial institutions (i.e., ADB, World
Bank, JICA, and EBRD) and donor countries. In the spirit of Gabaix (2020), we allow for
discounting in the Euler equation of consumption and price-setting equations by setting 6. = 0.96
and &, = 0.97, in line with the calibrated values of Adrin et al. (2020). The share of oil in the CPI
basket (m,) is set to 0.08, consistent with the average share in the basket. The share of imported
goods in the core consumption basket (m,,,) is calibrated to 0.45, which is the fact that the sample
average share of imported goods in the CPI is about 40 percent (i.e., (1 — 0.08) - 0.45 = 0.41).
The steady-state value of the labor income to output ratio (I$,,) is fixed at 0.27, which is the average
ratio from 2005 to 2021. The steady-state value of the rent income to output ratio (kr,) is fixed at
0.2, consistent with the sample average ratio. Capital depreciation rate (Jy) is assigned a value of
0.04 (on a quarterly basis), which is chosen to be slightly higher than the values used in advanced
countries.

The steady-state values of investment to GDP ratio (i,,), import to GDP ratio (m,,), the government
spending to GDP ratio (g, ), commodity export to GDP ratio (x1y,) and non-commodity export to
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GDP ratio (xnr,) are respectively calibrated to i,, = 0.36, m,, = 0.61, g, = 0.14, xr,, = 0.46,
xnr, = 0.02, which are the sample average values of the ratios calculated using statistics on the
expenditure approach of GDP and foreign trade statistics. The import to GDP ratio in the economy
is much higher than the calibrated value in Adrian et al. (2022). The shares of import components
are calibrated to m,_,, = 0.06, Mo,y = 0.02, m,, = 0.21, mg, = 0.165, and m,,, = 0.1 based

on the sample average of the import data published by the Mongolian Customs General
Administration. Following Adrian et al. (2020), we set y,_ = 0.5.

Finally, tax rates such as 7y, 7;, 7., Ty, and T, are fixed at 10 percent since Mongolia has kept its
current 10 percent tax rate for most of the income, including employment income, operating
income, capital gains, passive income of dividends, interest and royalties, and other indirect
income for resident tax payers for the sample period.

The second set of 107 parameters to be estimated and their prior distributions are listed in the first
panel of Table X.1 of the Appendix. Priors for parameters of macroeconomic relationships are
selected consistent with those used in the literature (e.g., Smets and Wouters 2007, Adolfson et al.
2007, Gali et al. 2011, and Gan-Ochir and Undral 2018). Prior distributions of parameters in bank
credit, NPL, and private borrowing spread equations are based on Aguirre and Blanco (2015) and
Adrian et al. (2020). Priors for the parameters due to the inclusion of oil prices are chosen in line
with Medina and Soto (2005).

We set diffuse priors for parameters in CAR, FXI, CFM, and Fiscal policy rules in line with Quent
and Rabanal (2013) and Adrian et al. (2022). As a common choice, the inverse gamma distribution
is selected for all standard deviations of shocks, and prior variances are chosen as diffuse priors
reflecting the volatility in the observed series for structural shocks.

3.3 Posterior estimates of the parameters

The last two columns in Table X.1 of the Appendix report the posterior mode, mean, and 90 percent
probability interval of the posterior distribution of estimated parameters. The data regarding the
estimated parameters is very informative as the posteriors significantly shift from the priors. It
implies that the estimated model reflects specific characteristics of the Mongolian economy. The
estimated parameters of macroeconomic relationships and macro-financial linkages align with
those found in existing studies (i.e., Gan-Ochir and Undral 2016) that estimate structural model
for Mongolia using Bayesian techniques. Focusing on the novel results for the Mongolian
economy, we only discuss selected parameters at the posterior mean.

The estimated parameters of private borrowing spread imply that there exists evidence financial
channel of exchange rate passing through the costs of credit (p; = 0.07), but MPP and UMP
measures can directly affect the cost of credit (p.,,- = 0.38 and p.g = 0.013).

The values of the elasticity of substitution between oil and core consumption (%), the share of
oil in production (£},), and the elasticity of substitution among production inputs (¢) is estimated
to be around 0.3, 0.17, and 0.94, respectively. The result supports the argument that oil plays a
vital role in the consumption and production of the economy. Compared to the results found by
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Medina and Soto (2006) for the Chilean economy, n°€ is estimated as a lower value, but ¢ is
estimated in a higher value.

The data also supports the delayed effects of bank credit on investment. For instance, the estimated
share of current-period bank credit on the current investment (a;;,,) is estimated at 0.61, implying
that 39 percent of last quarter’s bank credit transformed into the current investment. The risk
premium parameters, ¢, and ¢, ,, representing the degree of impact of expected and current
depreciation on the risk premium, are estimated at 0.67 and 0.84, respectively. The result supports
the empirical fact that the risk premium negatively correlates with the expected depreciation. As
highlighted by Bacchetta and Wincoop (2021), the modified UIP with ¢, ; and ¢, , will help us
replicate the long-standing empirical evidence (or resolve the delayed overshooting puzzle) that
raises in the interest rate leads to gradual appreciation, followed by a gradual depreciation.

The elasticity of non-commodity export with respect to relative price is estimated at a high value
of 1.43, implying that non-commodity export is very elastic to changes in the relative price. Since
the share of non-commodity export in total export is less than 10 percent, total export can be less
sensitive to changes in relative price and real exchange rate. The elasticities of imports with respect
to relative price are estimated as n™9=1, pn™°=0.8 n™"=113, and
n™* = 1.05, implying that imported goods for government spending, investment, and export are
very elastic to changes in relative price and real exchange rate. The estimated parameter on the
commodity price adjustment (u.,,,) suggests that 67 percent of changes in world commodity export
price feed commodity export prices that domestic companies receive within the same quarter.

Degrees of smoothing in interest rate, UMP, CAR, and fiscal rules are estimated at the high values
of y; = 0.91, 0¢rp = 0.89, Weqr = 0.94, and 9, = 0.59, respectively, which is consistent with
the literature. However, degrees of smoothing in FXI and CFM rules are estimated at relatively
low values. The estimated interest rate rule implies that the Bank of Mongolia gives more focus
on the anti-inflation policy (y; = 1.59), but also considers output (),=0.07) when setting the
policy rate. The estimated policy parameters suggest that the CAR strongly responds to the output
compared to the policy rate, FXI firmly reacts to the real exchange rate, and CFM can be effective
way to respond to changes in risk premium.

The data also contains a large amount of information about the parameters of the shock process.
In particular, standard deviations of bank credit, central bank credit, investment, domestic price
markup, commodity export demand, world commodity export price, world oil price, and
government spending shocks are estimated in relatively high values, capturing the fluctuations in
the observed variables.

3.4 Fitness of the model

Figure X.1 of the Appendix reports the actual data, and the Kalman-filtered, one-sided estimate'*
of the observed variables, computed using the posterior mean, to assess the in-sample fit of the

14 The Kalman filter estimates are also called as one step ahead predictions and can be interpreted as the fitted value
of a regression.
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estimated model. In the figure, green lines represent actual values, and black lines correspond to
model fit values.

The in-sample fit of the estimated model appears to be reasonably well since the model somewhat
replicates the general movements of most variables. In particular, the model fits the actual data
reasonably well in the second half of the sample. The in-sample fit is good for variables with low
fluctuations but weak for high ones.

3.5 Impulse responses to external shocks

Impulse responses of the estimated model to external shocks are shown in green lines with '+'
marker of Figures X.2-X.5 of the Appendix. In this section, the discussion only focuses on the
impulse responses of the estimated model.

The transmission of commodity export demand shock is presented in Figure X.2. The results align
with empirical findings obtained by Gan-Ochir et al. (2022) using a VAR model for a small open
and commodity-exporting economy (Mongolia). According to the estimated model, the demand
shock of a 10 percent increase in commodity export transfers to 9 percent growth in real total
export, leading to 2.5 and 3.5 percent rises in employment and output on impact, respectively. The
higher export increases the import demand, and FXI and CFM measures are adjusted to reduce the
appreciation pressure. Consequently, the real exchange rate gradually appreciates. The
appreciation reduces the imported goods inflation while the domestic output increases the pressure
on wages, causing domestically produced goods' inflation. Responding to the CPI inflation and
output rises, the authority raises the CAR, which crowds out private consumption and investment.

An increase in commodity export price boosts domestic demand, as shown in Figure X.3. Even
with FXI and CFM measures, the shock gradually appreciates the real exchange rate, leading to
decreased net export (i.e., enormously increased import and slightly decreased export) and falls in
imported good inflation and private borrowing spread. The domestic demand increases the
pressure on the inflation of domestically produced goods, hence the CPI inflation. The decline in
the real borrowing rate increases private consumption and investment, boosting output. The results
are consistent with the empirical evidence on the effects of copper and coal prices in the Mongolian
economy found by Gan-Ochir and Davaajargal (2019), who employed a large Bayesian VAR
approach.

As a novel result for the Mongolian economy, Figure X.4 shows that the risk premium shock
generates a difficult policy trade-off. The shock causes investors to be less willing to hold bonds
issued by the home economy or to demand a higher expected return, which leads to the
depreciation of the domestic currency. The real exchange rate depreciation stimulates real net
export (i.e., slightly increases export and strongly reduces import). Total export is less responsive
to changes in the exchange rate since the share of commodity export (prices are sticky and set in
the world market) is relatively high in the economy. As inflation expectations are less well
anchored and the share of imported goods in the CPI basket, the depreciation has significant and
persistent effects on inflation, inducing the central bank to tighten monetary policy. However, the
real policy rate remains negative for the first five quarters since the central bank does not fully
follow the Taylor principle and is relatively slow to respond to inflation. The depreciation
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gradually increases the private borrowing spread through the financial channel of the exchange
rate. Since the rise in the borrowing spread dominates the fall in the short-term interest rate, the
real borrowing rate gradually rises, crowding out private consumption and investment. As
highlighted by Adrian et al. (2020) and Adrian et al. (2021), output contracts while net export and
inflation rise in parallel, highlighting the potential problems associated with exchange rate
depreciations for economics with these characteristics. With FXI and CFM measures, the exchange
rate is stabilized over time. Quantitatively, a 1 percentage point rise in risk premium depreciates
the real exchange rate by 0.45 percent peak after 5 quarters, increases CPI inflation by 0.12
percentage point peak after 2 quarters, and contracts output by 0.05 percent peak after 2 quarters.

The macroeconomic and financial effects of the oil price shock on the Mongolian economy are
shown in Figure X.5. The results are qualitatively like those obtained by Bjgrnland et al. (2018),
who used a Markov Switching New Keynesian DSGE model to analyze the role of oil price
volatility in the US economy. The 10 percent surge in world oil price raises the CPI inflation by
1.3 percentage points on impact and gradually declines output by 0.6 percent within 2 years as the
cost of production increases. The decline in the import mainly drives the initial short-lived rise in
output. Higher fuel prices and CPI inflation decline fuel and core consumption, leading to a fall in
demand for imported oil and consumption goods. In responding to inflation, the central bank raises
the nominal policy rate. Because of the high inflation, the real exchange rate appreciates, and the
real short-term interest rate falls. The appreciation amplifies the fall in the real borrowing rate by
lowering the private borrowing spread on the impact period. The lower borrowing rate temporarily
supports the investment. However, the investment quickly declines as the persistent fall in output
reduces bank credit and investment. With an increased cost of production, firms want to substitute
with labor; employment increases (and unemployment falls), pushing up real wages rapidly by 1.1
percent. The wage growth heightens the pressure on CPI inflation as well.

3.6 Variance and historical decompositions

Having examined the impulse responses, we are now interested in the forecast error variance
decomposition (FEVD) to investigate the role of structural shocks in driving fluctuations of crucial
macro and financial variables. Table X.2 of the Appendix displays the FEVD of selected variables
(at period 20) computed at the posterior mean.

The variance decomposition analysis confirms that external shocks play vital roles in Mongolian
economic fluctuations. For instance, external shocks account for above 40 percent of the 20-quarter
ahead fluctuations in GDP, household consumption, CPI inflation, real wage, and exchange rates.
The result is entirely in line with the empirical facts from vector autoregression (VAR) models
found by Gan-Ochir and Davaajargal (2019) and Gan-Ochir et al. (2022). Within the external
shocks, commodity export demand and price shocks are essential for variances of output,
consumption, exchange rates, NPL ratio, real wage, employment, CAR, and FXI. However, oil
price and risk premium shocks explain the CPI inflation, exchange rates, and interest rate
fluctuations. The analysis also shows that oil price and domestic supply shocks are vital drivers of
inflation, exchange rate fluctuations, real wage, and interest rate. In addition to external shocks,
fluctuations in the labor market are driven by domestic demand shocks such as MEI, preference,
and bank credit shocks.
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In line with the existing literature, contributions of unanticipated policy shocks to macroeconomic
fluctuations are negligible. However, it does not imply that systematic policy actions are less
effective in stabilizing the whole economy.

We also assess the historical decomposition to answer the question of how much of the changes in
key macroeconomic variables are due to external shocks. Figure X.6 of the Appendix reports the
historical decompositions of selected variables explained by external shocks. In the figure, black
lines are the stochastic components of the actual series, and the green bars are contributions of
external shocks.

The shock decompositions confirm that external shocks have been the primary source of changes
in the selected vital variables. For instance, the recent recession during the COVID-19 pandemic
(e.g., annual GDP growth and annual CPI inflation for 2020 were -4.6 percent and 2.3 percent,
respectively) has been mainly driven by external shocks. The result is consistent with findings
obtained by Gan-Ochir (2022), who analyzes macroeconomic effects and transmission of the
pandemic on the Mongolian economy. Moreover, external shocks have mainly led to cycles of
change in the nominal exchange rate, changes in the real wage, and the short-term interest rate.
The crucial role of external shocks implies that policymakers can achieve macroeconomic and
financial stability by implementing an optimal policy mix, which aims to minimize the adverse
effects of the shocks.

Overall, the above empirical results based on the model are entirely in line with the empirical facts
found for the Mongolian economy.

4. Policy analysis

Having verified that our estimated model provides a plausible model fit and reasonably replicates
empirical facts on the effects of external shocks on the economy (i.e., the results of impulse
responses, variance, and historical decompositions), we conduct policy analysis using the
estimated model. In this section, we quantify transmission mechanisms of CMP, UPM, FXI, MPP,
CFM, and fiscal policy and examine the optimal policy mix (i.e., the jointly optimized responses
of these policies) under Ramsey policy and optimized policy rules.

4.1 Policy transmission mechanisms

As our model features extensive interactions among transmission mechanisms of policies, here we
examine these policy transmission mechanisms with impulse responses. Here we show impulse
responses of main variables to unanticipated changes in policy instruments. Figure 2 shows key
macro and financial variables' impulse responses to unanticipated policy instrument changes. The
solid green lines are the mean impulse responses of posterior distributions, while the dashed red
lines represent the 90 percent posterior probability interval.

Figure 2. A presents the transmission mechanism of a monetary policy tightening through a policy
rate hike (CFM). A policy rate hike increases the real borrowing rate, and the resultant tightening
of financial conditions reduces consumption, investment, export, and output. As a result, the
domestic currency appreciates in nominal and real terms, initially stimulating the imports in the
medium term. The lower output decreases the inflation of domestically produced goods.
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Figure 2. Transmission mechanisms of policy instruments
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D. Fiscal policy easing: An increase in government spending
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The currency appreciation also reduces import price inflation and oil price inflation, amplifying
and accelerating the fall in CPI inflation. Numerically, increasing the policy rate by 1 percentage
point lowers output by 0.3 percent peak after 4 quarters, CPI inflation by 0.2 percentage points
peak after 2-3 quarters, and appreciates the currency by 0.4 percent peak after 4 quarters. The
estimated effects on inflation and output are relatively weak compared to findings obtained for
advanced economies.

Figure 2.B shows that macroprudential tightening through a rise in CAR (MPP) increases the real
borrowing rate and reduces the bank credit. The rise in borrowing rate lowers consumption and
amplifies the fall in the bank credit, thereby, investment. As a result, output falls, and the trade
balance ratio increases, reflecting lower imports. The lower output reduces CPI inflation. The
central bank cuts the policy rate to mitigate CPI inflation and output falls. Reduced inflation and
policy rate lead to domestic currency depreciation in both nominal and real terms. Quantitatively,
rising CAR by 1 percentage point lowers output by 0.8 percent peak after 4 quarters, inflation by
0.25 percent peak after 3-4 quarters, and depreciates the currency by 0.6 percent peak after 7
quarters. Compared to a tightening monetary policy, a tighter macroprudential policy can reduce
inflation and output components without leading to a real exchange rate appreciation. The result
suggests that a tighter macroprudential policy can complement monetary policy to stabilize the
whole economy by providing more freedom to focus on its objectives (i.e., to stabilize growth and
prices).

Figure 2.C reports the transmission mechanism of FXI through reserve sales. An increase in
foreign exchange sales to foreign reserve ratio appreciates the real exchange rate, slightly
decreases export, and strongly raises imports. As a result, the currency appreciation reduces the
CPI inflation, allowing room to decrease the policy rate. Moreover, through the financial channel
of the exchange rate, the appreciation also narrows the borrowing spread, which stimulus the bank
credit, consumption, and investment. On the other hand, the decrease in net export dominates the
rise in domestic demand; hence output falls. Quantitively, increasing the foreign exchange sale
ratio by 5 percentage points (i.e., around 150 million USD as of the end of 2022) appreciates the
real exchange rate by 1.5 percent, reduces CPI inflation by 0.3 percentage points on impact, and
falls output by 0.16 percent peak after 2 quarters.

Figure 2.D displays the transmission mechanism of a fiscal policy easing through a rise in
government spending. A surge in government spending boosts public demand, thereby expanding
output. As expected, public consumption or investment crowds out private consumption and
investment. The fiscal expansion also increases imports, leading to currency depreciation. The
depreciation passes to the higher CPI inflation and wider borrowing spread, which amplifies the
crowding-out effects. Numerically, increasing government spending by 10 percent raises the
output by 0.8 percent and imports by 0.9 percent on impact.

Figure 2.E reveals that CFM measure can effectively stabilize the economy through a tax rate on
capital outflows. This measure raises the cost of cross-border transactions from the domestic
market to abroad. Raising the tax appreciates the currency in nominal and real terms, slightly
reducing exports and increasing imports. The currency appreciation also decreases the CPI
inflation and the real borrowing rate, stimulating private consumption and investment. However,
the resultant rise in import is higher than the fall in consumption and investment, hence the output
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falls. As a result, the central bank cuts the policy rate to mitigate the falls in inflation and output.
Like the FXI, the CFM measure supports monetary autonomy by allowing the central bank to focus
on the economy's internal stability solely. Quantitively, raising the tax rate by 5 percentage points
appreciates the real exchange rate by 1 percent and decreases output by 0.1 percent and inflation
by 0.2 percentage points.

Figure 2.F shows the transmission mechanism of a monetary policy tightening through the central
bank balance sheet expansion. The rise in the central bank credit to banks increases bank credit
and lowers the borrowing rate spread on impact, thereby boosting private. In addition, the higher
investment raises demand for imported goods and depreciates the currency. Consequently, the 10
percent increase in central bank credit expands the output by 0.2 percentage points peaking after
3 quarters. The results are qualitatively consistent with empirical estimates of Gan-Ochir and
Davaasukh (2022) based on a sign and zero restricted VAR model for CMP and UMP analysis in
Mongolia.

4.2 The interaction between policies and optimal policy responses

This section examines the interaction among policies and optimal policy mix under Ramsey policy
and optimized policy rules. In the analysis, we use our model calibrated at the posterior mode
values of the estimated parameters.

4.2.1 Policy objectives

Suppose that the government has preferences defined economic stabilization objectives as well as
instrument smoothing objectives, represented by an intertemporal loss function,

Ly =E L1 = BB (x5, 25) (71)

Where f is the planner’s discount rate, x; is a set of objective variables, and z; is a set of policy
instruments. Following existing papers (i.e., Debortoli et al. 2019 and Adrian et al. 2022), we
assume that the intertemporal loss function, €(xs, Z;), quadratically penalizes the deviation of
objective variables and policy instruments from their steady-state equilibrium values,

i’(xs, ZS) = Z?dzl Aj (Xj’s)z + Zli\lzl Ai (Zi's)z

where Aj,li >0 forall j=0,..,M and i =0, ..., N, and the preference parameters Aj and A;
characterize the policymaker’s preferences over objective and policy instrument variables,
respectively. In the case, the value of A; controls the degree of instruemtnt smoothing. Using a
canonical New Keynesian DSGE model, Debortoli et al. (2019) analytically show that the
quadratic approximation to the household utility around a non-distorted steady state results in a
similar generalized loss function with optimal weights, quadratically penalizes the deviation of
objective variables from the equilibrium values.

In specifying the intertemporal loss function, we assume that the considered 6 policies’ loss
functions must be consistent with policy rules in our model. For the CMP, the central bank
stabilizes inflation and output growth by selecting the policy rate for Ramsey policy or the
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parameters of the policy rate rule (53) for the optimized policy rules to minimize the following
loss function',

€CMP (T[cr Ay’ Ai) = (T[c)z + Acmp,y(A:V)z + AAi(Ai)Z (72)
where A¢ppy = 0, 4y = 0.

For the UMP, the central bank aims to stabilize the credit growth and output growth by choosing
the central bank credit or the parameters of the UMP rule (55) to minimize the following loss
function,

€UMP (AC‘I‘, Ay: AchB) = Aump,cr (ACT‘)Z + Aump,y (Ay)z + AAchB (AchB)Z (73)
where Aymp cr = 0, Aympy = 0, AAchB > 0.

The macroprudential authority is also concerned with the variability of credit growth, output, and
the chosen policy instrument. Following Angelini et al. (2014), we accordingly assume that the
authority selects CAR or parameters of the CAR rule (56) to minimize the loss function,

Lypp(Acr, Ay, Acar ) = Appp er (BCT)? + Ainpp y (BY)? + Apcar (Acar)? (74)

where Ampper 20, Apppy =0, Apcar = 0. The positive value for Ay, implies a
countercyclical policy: banks must hold more capital for a given amount of loans in good times,
but CAR decreases in recessions.

In line with the policy rules of FXI set by Adrian et al. (2020) and Adrian et al. (2021), we assume
that the central bank chooses the amount of FXI or parameters of the FXI rule (57) to minimize
the following loss function,

€FXI (ch»Ad' Ab) = Afxi,q (ch)z + Afxi,d (Ad)z + AAb (Ab)z (75)
where Afxi,q = O, Afxi,d = O, AAb = 0.

In the same way, CFM authority selects the tax on capital outflows or parameters of the CFM rule
(58) to minimize the following loss function,

fCFM(AQCr A¢'AT) = Acfm,q (AQC)Z + Acfm,d) (Ad))z + AAT(AT)Z (76)
where A¢rmg = 0, Acpma = 0, Az 2 0.

Following Leeper et al. (2017), we assume that the fiscal authority selects the government
spending or parameters of the fiscal rule (60) to minimize the loss function,

2
Lep(By, Ady, Ag) = Appy (BY)? + Appa(Bdy)” + 2p4(8g)? (77)

where Afp 5 = 0, Arp g =0, 445 = 0.

15 The loss function could be obtained by taking a second-order approximation of the utility function of households
and entrepreneurs, as in Woodford (2003) in the case of optimal policy.
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Positive values for Ay;, Aacregs Aacars Aaps Aar and g are warranted by the need to keep

movements in the policy instruments “reasonable” since it is well known that if there is no cost for
adjusting them, optimal policies tend to generate excessive volatility in the policy instruments.

We examine the interaction between policies in two different cases. In the case of cooperation, the
policies are chosen jointly and optimally by a single authority with 6 instruments. A single
authority sets values of policy instruments or parameters in policy rules to minimize the sum of
the loss functions (72), (73), (74), (75), (76), and (77):

€ ="Ccup +tump + €upp + Crxi + crm + Lrp (78)

In the second case, we assume that policy authorities do not cooperate: each policy authority
minimizes its loss function, taking the other policies’ rules as given.

4.2.2 Ramsey optimal policy

In the case of cooperation, a single authority minimizes (78) by jointly choosing all 6 policy
instruments and taking into account the equilibrium conditions of the economy:

min o Lt
iC 4 C ,C C ,C
{ls'chB,srcars b5, 75,95 }s=t

(79)

subject to the model equations except for policy rules, and where ¢(xg, Z;) is given by equation
(78), x5 = (Tc5, AYs, Aq, s, Acty, Adg, A, Adg ;) and  zg = (i, CTeps, Cary, b, Tg, gs).  The
superscript ¢ denotes the case of cooperation.

In the case of non-cooperation, the Ramsey optimization of each policy authority is as follows:

{Izr?nig: t Ly (80)
subject to the model equations except for the policy rule of I s,
from the set (i, crep s, cars, b, Ts, gs). Lty is the intertemporal loss function with £, given by
(72)-(77), and p stands for names of policies such as (CMP,UMP,MPP,FXI,CFM, FP). For
example, when p = CMP, I;; = i; and f¢yp are used in the minimization. The superscript n
denotes the case of non-cooperation: in practice, the policy chosen by each authority is optimal,
taking the other’s existing policies as given. We also assume that households and firms are passive

in both cases, taking policies as given.

which is a chosen policy instrument

We compare the outcomes of the two cases with different combinations of the preference
parameters. In this exercise, we assume that the preference parameters of the same objective
variables in different policy loss functions are equal and the preference parameter for policy
instrument variables are equal: Ag, = Aempy = Aumpy = dmppy = Arpys Ajer = Aumper =
Ampp,cr; Al,q = ﬂ~fxi,q = Acfm,q; Aa = Afxi,d = Acfm,qb = Afp,d; Ai = An = AAchB = Aacar =
Aap = Apr = Apg. As values of lost functions may vary depending on the choice of the preference
parameters, we consider 6 combinations of the preference parameters set as shown in Table 1. For
example, the choices of 4y, = 0.125, 4;.. = 0.01, 4;, = 0.01, 4; = 0.01 and A; = 0.1 are
broadly in line with the values used by Angelini et al. (2014). The figures of 4, = 0.125, 4; .. =
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0.01, 4,4 = 0.01, 4; = 0.01 and A; = 1 for the authorities' preferences are consistent with the
values Adrian et al. (2022) employed in the search for optimized policy rules. These cases imply
that the government solely focuses on inflation and output growth stabilization and the smoothing
of instruments, in line with the inflation targeting literature. These settings are somehow in line
with the finding obtained by Debortoli et al. (2019), simple loss functions should feature a high
weight on measure of economic activity as stabilizing activity also stabilizes other welfare relevant
variables. In the second row of Table 1, we increase the values of 4; .-, 4; 4 and A4 to make the
weight of each variable in the loss function (78) equal to 0.5, implying that a single authority (in
the case of cooperation) gives the highest preference for inflation with the weight of 1 and the
same preference for the volatility of each other variable. It represents that the authorities consider
all variables in policy rules or loss functions (i.e., aiming to stabilize other loss relevant variables)
when implementing policies. In the third row of Table 1, we consider a case that a single authority
gives equal preference for inflation, output growth, credit growth, and change in exchange rate
with the weight of 1 and a slight preference for smoothing of instruments. To find out the
sensitivity of the result regarding the change in A,, we select different values for the parameter.
In particular, the case of A; = 0.01 implies that the government solely focuses on macroeconomic
and financial stability.

In this exercise, we consider a situation where all shocks simultaneously hit the economy and
choose standard deviations of the shocks as at the posterior mode. Table 1 reports the values of
intertemporal loss functions for the different combinations of the preference parameters under
cooperative and uncooperative cases. The results under all considered combinations of preference
parameters show that coordinated policies lead to much lower joint loss, computed as the sum of
the separate losses. It indicates that the authorities stand to benefit from cooperation in whatever
objective functions (i.e., preference parameters) they have. The robust result suggests that
authorities must fully cooperate to ensure overall economic stability under the integrated policy
framework.

Our analysis also reveals that the choice of preference parameter for instruments matters for the
loss ratio between cooperative and noncooperative cases. For instance, in the case of the first row,
the joint loss of noncooperation is 11.3 percent worse than with cooperation when A; = 1. If we
consider much higher values, such as 4; = 0.1, the loss worsens by 19.9 percent. This finding is
also robust for choices of the preference parameters in the second row. It suggests that the joint
and higher smoothing of instruments may help stabilize the whole economy though policies are
conducted in a non-cooperative way. However, once the government focuses on macroeconomic
and financial stability, additional benefits from including other variables such as external debt,
government debt, and risk premium in the loss function are limited. For instance, there is a minor
difference between ratios of noncooperative and cooperative losses in the two cases of the third
row (44.6 percent and 42.8 percent).
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Table 1. Intertemporal loss function values under Ramsey optimal policy: all shocks

Loss functions

Preference Conventional Unconventional ~ Macroprudential FX Fiscal Capital flow Joint loss®,
parameters* Monetary monetary policy, policy, intervention, policy, management, L
policy, Leyp Lyyp Lypp Lrx Lep Lepy
S o Cooperative 12175.0
S o p
I i’ I Noncooperative 3778.9 3324.7 2620.0 1662.1 30234 194.2 14603.3
5 —
<< T Noncoop./Coop. (%) 19.9
N o
= 3 C i 14585..0
= ? o ooperative y
i
lL ré' [ Noncooperative 4705.7 3325.7 2964.3 1968.5 3052.1 215.9 16232.2
~ o~
= =  Noncoop./Coop. (%) 11.3
TS Cooperative 34560.0
S =
. o
o I Noncooperative 3778.9 10992 8572.6 17310 3415.2 1926.7 45995.4
5 -
<~ 8 ~ Noncoop./Coop. (%) 33.1
ST
=& o Cooperative 43492.0
T
5 3 I Noncooperative 4705.7 11161.0 10439.0 20799.0 3567.0 3286.4 53958.1
SIS ~
= ~ Noncoop./Coop. (%) 24.1
n — Cooperative 36255.0
S =
I ? ﬁ Noncooperative 6716.4 21625.0 15278 1360.6 5904.4 901.4 51785.8
<< & Noncoop./Coop. (%) 42.8
Y
[g\}
S Tr & Cooperative 60071.0
I =)
> g [ Noncooperative 6716.4 21625.0 15278.0 33216.0 6720.6 3333.9 86889.9
3
~ ~ Noncoop./Coop. (%) 44.6

Notes: * Preference parameters in the loss functions: Ay, = dempy = Aump,y = Amppy = Appys Ajor = dump,er = Ampp,ers Aug = Apxig = Aefmgs da = Arxia =
Acfmap = Arpas Ai = Api = Ancreg = Aacar = Aap = Aar = Aag: see equations (72)-(77) in the text. ® For cooperative case, value of £, calculated using (78); for

noncooperative, sum of values of L, ,, calculated using (72)-(77).
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Our results suggest that when many objective variables are included in the loss functions,
cooperation among policies/authorities is essential as losses under non-cooperation (compared to
cooperation case) increase.

We now investigate how the policy mix should be optimally adjusted in response to fundamental
external shocks, the main drivers of cyclical fluctuations in the Mongolian economy. In the
Ramsey optimal policy response analysis, we rely on the cooperative case using the preference
parameters of Ay, = 0.125, 4; . = 0.01, 4;, = 0.01, 4; = 0.01 and 4; = 0.1, shown in the first
row of Table 1. Impulse responses under the Ramsey policy to external shocks are shown in red
lines with the 'o' marker of Figures X.2-X.5 of the Appendix, offering some insights into the key
variables' dynamics.

Under the Ramsey policy, the impulse responses to a positive commodity export demand shock
suggest a substantial tightening of monetary and fiscal policies and solid FXI and CFM measures
to stabilize output and inflation. A moderate reduction in CAR and a loose UMP are recommended
to offset the destabilizing effects of the tight macroeconomic policies partly. Fiscal policy can
complement monetary policy and assist the central bank in pursuing its objectives. With such
policy mix, the headline inflation quickly stabilized and initially declined instead of rising, which
is observed in the response of the estimated model. The real exchange rate depreciated over time
as inflation declined and stabilized well. Because of the tight policies, the real borrowing rate
increases and consumption and investment fall, leading to reduce imports and diminishing effects
on the output. As the output is stabilized quickly, volatilities of employment, real wage, and NPL
ratio are also lowered (Figure X.2). In terms of both risk premium and commodity export demand
shocks, FXI and CFM enhance monetary autonomy by stabilizing inflation. Since there is no
boundary for changes in the policy rate, FXI and CFM measures, the prescribed substantial
adjustments to the policy instruments can be outside of the conventional discrete response
thresholds. As raised by Adrian et al. (2022), this ignorance of institutional realities may impede
a high degree of policy coordination in practice.

Regarding positive commodity export price shocks, Ramsey optimal policy suggests a gradual
but continuous FXI (to buy foreign currency), CFM action, and a tightening monetary policy.
However, gradual fiscal, unconventional monetary and macroprudential policy actions offset the
tight policies' effects on output. As a result, the policy mix stabilizes inflation better but slightly
amplifies the effects on real variables in the medium term (Figure X.3).

Compared to the estimated impulse responses, the responses of Ramsey policy recommend a
more aggressive policy rate hike with a more substantial FXI measure when positive risk
premium shocks hit the economy. The strong monetary tightening is partially offset by easing
macroprudential (CAR) and fiscal policies. As an FXI to sell foreign reserves is suggested, the
need for higher tax on capital outflow is reduced. With the policy mix, headline inflation and real
exchange rate are stabilized well, and the timing of peak adverse effect the output is shortened,
but the output is stabilized within 20 quarters. In line with the output stabilization, volatilities in
consumption, investment, import, export, employment, real wage, and NPL ratio are significantly
reduced (Figure X.4).
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Even with the Ramsey policy, oil price shocks create difficult policy trade-offs as inflation rises
and output drops simultaneously. The policy suggests an aggressive hike of policy rate together
with somehow tighter fiscal policy, supporting to the reduction of both domestically produced
and imported goods inflations. Under the policy, FXI to buy foreign currency and reduction in
tax on capital outflows initially lower the appreciation pressures on the real exchange rate. To
reduce the effects of policy rate on consumption and investment, easing of UMP are also
suggested, and the CAR is initially increased and subsequently lowered. In this policy mix,
inflation is stabilized much quicker at the cost of the drop in output. In particular, the combination
of policies changes the dynamics of real borrowing rate, CFM measure, and investment compared
to their estimated impulse responses (Figure X.5).

Overall, our findings support general principles suggested by Adrian et al. (2022) for economies
with larger international trade and financial exposures. For instance, monetary policy plays the
central role in stabilizing headline inflation and output when external shocks hit the economy. FXI
and CFM play a supporting role in stabilizing the import inflation, through alleviating the volatility
in the exchange rate as exchange rate pass-through is reasonably high. Fiscal and macroprudential
policies help to offset the destabilizing effects of policy rate, tax on capital outflow and FXI on the
real variables.

4.2.2 Optimized policy rules

In this section, we assume that the government minimizes its intertemporal loss function under
long-run commitment to its policy rules with respect to their response coefficients, subject to the
economy's structure as represented by the estimated model. Note that this constrained
minimization problem takes as given out postulated functional dependence of policy instruments
on key target variables.

In the case of cooperation, the solution of the constrained minimization yields a tuple of policy

C* c C*, AC C C*, C c C*, LC* Cx* Cx, . C c Cx, gC Cc
rule parameters (y; ", ¥z » Vy 5 Qcreg: @y » Ocrs Wear Wy » Wer; by, bg', by 107,14, T 5 Vg7, Uy,
9§") such that:

C* C* C*, ~C* C* C*, C* C* C*, J,C* C* C*, ,~C* C* C*, C* C* C*\ __
Az 'Yy 5 @crepr @y » Qcrs Wear, Wy, Wer by, by :bq yTr T Ty ;19g ;19y ,9g) =
arg min Lt (Yi' 143 Vy; QCT‘CBI Qy: Ocrs zD-car,w-y,w-cr; bb' bdr bq; T, Tq' TqS; ﬁg; ﬁyr 19d)r (81)
subject to the model. The superscript ¢ denotes the case of cooperation.

In the case of non-cooperation, the solutions of the optimizations yield a tuple

nx .. n n*, n n nk, N n Nnx, KN* LN* LN*, N n n*x, gn n Nk .
()/l' :Vn'*r Vy*' Qc:cg' Qy*' Qc:;wca*r'wy *fwcr*; bb 'bd 'bq*lTT*'Tq*'Td) :ﬁg*vﬁy*vﬂd )SuCh that:

n

i v V;*) = argmin Ly cyp (Vo Yoo Vyi ECMP)’ (82)
subject to the model.

(0% 05 0}, 08) = argmin Ly yyp (Qcr gy Oyr Ocrs Kump)s (83)
subject to the model.

(@égrs w;l*r wWey ) = argmin L mpp (wcar,wy,wcr; kypp), (84)
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subject to the model.

(bp", bg", bZ}*) = argmin L px; (by, bg, bg; EFXI)a (85)
subject to the model.

(ts", Tg*» Tg*) = argmin L; cpy (77, T Tps ECFM)’ (86)
subject to the model.

O, 97, 94") = argmin Ly gp (94, 9y, 94 kip). (87)

subject to the model. The superscript n denotes the case of noncooperation. L., is the
intertemporal loss function with £,, given by (72)-(77), and p stands for names of policies such as
(CMP,UMP,MPP,FXI,CFM, FP). Izp is a set of other policy rules’ parameters at the estimated

values, implying that other policies are implemented as before (i.e., according to the estimated
rules).

We also compare the outcomes of the cooperation and noncooperation cases with different
combinations of the preference parameters. In this exercise, we set 3 combinations of the
preference parameters, which are also used in the Ramsey policy analysis: i) Ay, = 0.125, 4; .- =
0.01, 4,4 = 0.01, 44 = 0.01 and 4; = 1, shown in the first column panel and similar to the case
used by Adrian et al. (2022); ii) Ay, = 0.25, 4; = 0.5, 4,4 = 0.5, 4; = 0.01 and 4; = 0.1,
shown in the second column panel; and iii) 4, = 0.25, 4; ., = 0.5, 4;, = 0.125, 1; = 0.125
and A; = 0.1, shown in the third column panel. In this exercise, we also consider a situation in
which all shocks simultaneously hit the economy and choose standard deviations of the shocks as
at the posterior mode. With such preference parameters and shocks, we numerically minimize the
intertemporal loss functions, jointly (for cooperation) and separately (for noncooperation) with
respect to the response parameters of the relevant policy rules, subject to the model constraints.

The optimized policy rule parameters and the loss values for cooperative and noncooperative cases
under different combinations of preference parameters are shown in Table 2. The comparison of
values of the loss functions under different preference parameters also implies that a lack of
cooperation may result in suboptimal results for overall economic stability. The results in Table 2
also imply that the optimized rule parameters are sensitive to changes in preference parameters
and the form of cooperation. For instance, in the case of cooperation with the preference
parameters shown in the first column (i.e., the pursuit of inflation and output stabilization
objectives), the optimized policy rule parameters are positive except for only one parameter, ¥,
much closer to zero. It is not the case for the other combination of preference parameters. The
optimized smoothing parameters of the CAR, FXI and CPF rules take negative values depending
on the preference parameters and the form of cooperation. The findings suggest that the setting of
the objective function and the cooperation among the authorities are extremely important when
authorities aim to formulate and implement an optimal policy mix under the IPF. However, there
are some general tendencies for the economy: the policy rate should respond aggressively to
expected future headline inflation and moderately to the output, especially under cooperation; the
optimized parameters of UMP rule implies that the policy should be less responsive to the output
and bank credit; and CAR should be always counter-cyclical in both business and financial cycles.
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Table 2. Optimized policy rule coefficients: all shocks

Parameters & Loss

Ay = 0.125, 4 ¢ = 0.01

Aoy = 0.25, & = 0.5

Ay =025, A = 0.5

value Mg =0.01,1, =001, ;=1 Aug = 05,1, =0.01, 4, =0.1 Mg =0.5,1; =0.125, A, = 0.1
Cooperative Noncooperative  Cooperative Noncooperative Cooperative Noncooperative
Conventional Yi 0.9204 0.9955 0.7673 0.9836 0.9967 0.9923
Monetary policy Y 1.5064 181.73 2.3899 227.96 403.20 99.631
Yy 0.0471 -0.0209 0.0789 7.2120 26.225 3.2145
Loss value, L¢pyp 45.59 58.573 58.573
Unconventional Ocrcp 0.9999 0.9999 0.8904 0.9999 0.9582 0.9999
monetary policy 0y 0.1751 0.1752 0.1803 0.1753 0.7622 0.1751
Ocr 0.1796 0.1798 0.2305 0.1815 6.026 0.1797
Loss value, Lyyp 1694.30 329.22 329.22
Macroprudential Weqr 0.9330 0.0429 -0.1104 -0.0309 -0.0675 0.9986
policy @, 0.3700 0.0317 0.2001 0.2429 0.5046 2.3827
o 0.0629 0.1717 2.4546 1.4848 2.585 26.833
Loss value, Lypp 172.66 132.77 132.77
Foreign by, 0.2001 0.7331 -0.0026 0.2369 -0.2976 0.3413
exchange by 0.0612 -0.0037 0.2601 0.0209 0.8043 0.2550
intervention b, 0.1606 0.0207 0.8041 0.1672 0.5486 0.0758
Loss value, LFXI 25.87 23.701 146.26
Fiscal policy Yy 0.6157 0.9979 0.8853 0.9976 0.9896 0.9946
0, 0.1060 10.014 0.3422 9.921 -13.710 -57.533
94 -0.0008 -234.46 -0.0221 -117.53 -61.616 -172.113
Loss value, Lpp 169.88 58.908 43.1627
T, 0.1391 0.3696 0.9999 -0.4183 0.9992 0.0699
Capital flow Tq 0.3569 2.5179 1.1196 4.1670 7.684 3.6513
management T4 0.7439 -2.002 0.6752 -1.3324 -12.509 -2.9638
Loss value, Lcpy 25.87 8.7875 8.8424
Total loss function value, £ 2039.48 2216.39 556.74 611.96 688.19 718.83

Notes: For cooperative case, value of L, calculated using (78); for noncooperative, sum of values of L, ,, calculated using (72)-(77).

38



In the policy response analysis under the optimized policy rules, we rely on the case of inflation
and output stabilization objectives (i.e., A, = 0.125, 4; ., = 0.01, 4;, = 0.01, A; = 0.01 and
A; = 1) with cooperation shown in the first column of Table 2. The absence of corner solutions
implies that all policies should be systematically used to help stabilize inflation and output within
the IPF. In the case, the policy rate should be more responsive to inflation, and UMP should be
less responsive to the change in output and bank credit. FXI should respond mildly to the change
in the real exchange rate compared to the business-as-usual practice (i.e., the estimated rules). It is
in line with consistent with a postulate that under a flexible inflation targeting regime, real
exchange rate changes should not be stabilized through FXI (i.e., Lama and Medina 2020).

Impulse responses under the optimized policy rules to external shocks are shown in blue lines
with the '*" marker of Figures X.2-X.5 of the Appendix. In the case of commodity export demand
shock, there is no significant difference between the impulse responses of the estimated model
and the optimized policy rules (Figure X.2). In the case of positive commodity export price
shocks, the policy responses suggest a continuous CFM action to raise tax on capital outflow and
FXI to sell foreign currency initially, but to buy foreign currency later. The responses also endorse
the tight FP but does not recommend active UMP and MPP. The policy mix stabilizes the output
better compared to the Ramsey optimal policy, but at the cost of a little higher inflation (Figure
X.3).

In the case of risk premium shock, the responses of the optimized policy rules suggest a more
aggressive FXI (to sell the foreign currency) and CFM measure (i.e., raising tax on capital
outflow) with a tighter CMP compared to those of the estimated model. However, no responses
of MPP, UMP and FP are recommended. With the policy mix, real exchange rate depreciates,
leading to raises in imported inflation, net export (low import and high export) and real borrowing
spread. The increase in real borrowing rate reduces consumption and investment more, but the
output is quickly stabilized for the first quarters because of the lower import (Figure X.4).

The optimized policy rules stabilize the output well when a positive oil price shock hits the
economy. The policy responses suggest a strong FXI to buy foreign currency and higher tax on
capital outflow for the first 8 quarters in addition to the gradual tightening of CMP. The policy
measures help lessen the pressure on real exchange rate appreciation, leading to a rise in imported
inflation and an improvement in net export. The initial higher inflation reduces the ex-ante real
interest rate, which lowers the fall in consumption and promotes the raise in investment. To balance
the contraction of output, MPP and FP start to loosen in the medium term (Figure X.5).

Overall, the exercise based on the optimized policy rules suggests more active FXI and CFM
measures in responding to the considered external shocks compared to those of the estimated rules.
The active use of the measures can help stabilize the output better, especially in the event of the
risk premium and oil price shocks.

5. Conclusion

This paper has developed an estimated New Keynesian model of a commodity-exporting economy
for the IPF. Our model incorporates the full range of policies used in practice and featuring a range
of nominal and real rigidities, macro-financial linkages, and transmission channels of commodity
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export demand, commodity export price, risk premium, and oil price shocks. The policy analysis
framework is applied empirically to Mongolia, a small open and developing economy highly
dependent on imports and commodity exports.

We empirically show that commodity export demand, commodity export price, risk premium and
oil price shocks are vital sources of Mongolian economic fluctuations. These four external shocks
account for more than 40 percent of the forecast error variance of key macro and financial variables
and have led the recent business cycles including the recession during the COVID-19 pandemic.
Within the external shocks, risk premium and oil price shocks apparently generate difficult policy
trade-offs as inflation rises and output drops simultaneously. The estimated transmission
mechanisms of policy instruments within the IPF suggest that an eclectic policy mix has the
potential to resolve policy tradeoffs. We also find a lack of cooperation among policy authorities
may result in conflicting policies, hence suboptimal results for overall economic stability.
Particularly, our results suggest that when many objective variables are included in the loss
functions, a better cooperation among policies is essential as losses under non-cooperation
(compared to cooperation case) increase significantly. The results are robust to alternative
parameters of policymaker’s preferences and to setting of Ramsey policy or optimized policy rules.

Our optimal policy analysis shows that policy mix adjustments should differ depending on the type
of external shocks and policy objectives. When we rely on the case of inflation and output
stabilization objectives with all shocks, the Ramsey policy results broadly supports the general
tendency such as i) conventional monetary policy plays the central role in stabilizing inflation and
output when the external shocks hit the economy, ii) FXI and CFM enhance monetary autonomy
through a supporting role in stabilizing import inflation, and iii) fiscal and macroprudential policies
can help to offset the destabilizing effects of policy rate, FXI and CFM measures on the real
variables. Our analysis also shows that the optimized rule parameters are sensitive to changes in
the preference parameters of the objective function and the form of cooperation among authorities.
Moreover, the policy responses under optimized policy rules suggest more active use of FXI and
CFM measures in responding to risk premium and oil price shocks as the measures can help
stabilize the output better.

Finally, these findings suggest that the estimated model-based integrated policy analysis
framework can help policymakers choose their policy mix adjustments to deal with external shocks
in an integrated and optimal way. Though the results have provided significant insights about the
optimal policy mix under the IPF in economies with larger international trade and financial
exposures, there are some ways to extend our model and enrich deepen the policy analysis. The
model can be extended to incorporate some constraints for movements in policy instruments
capturing institutional realities (i.e., prescribed adjustments to instruments should fall within
conventional discrete response thresholds or should not be beyond a certain threshold level). For
example, using FXI to support the exchange rate may lead to a risk of destabilizing losses of
reserves if external shocks are persistent and the size of reserves (in terms of imports) is quite low,
which is the case for central banks of EMDESs. Further enrichment of policy analysis may consist
of incorporating other tools of fiscal and macroprudential policies, searching for optimal policy
mixes under different economic circumstances, and allowing more generalized functional forms
for policy rules and loss functions derived from micro foundations.
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Annexes

Tables

Table X.1. Prior densities and posterior estimates

Parameters Prior Distribution Posterior Distribution
Density Mean Sd. Mode/ [5, 95]
Mean prob.
Modified Euler equation
K, Habit B 0.5 0.15 0.82/0.81 [0.68, 0.94]
g Intertemporal ES G 1.0 0.2 0.81/0.82 [0.52, 1.11]
Private borrowing spread
Py Spread, smoothing B 0.5 0.2 0.19/0.2 [0.04, 0.36]
Pq Spread, real exchange rate G 0.1 0.05 0.06/0.07 [0.03, 0.12]
Dear Spread, CAR B 0.5 0.1 0.36/0.38 [0.22, 0.53]
Prpl Spread, NPL B 0.2 0.1 0.21/0.24 [0.07, 0.42]
Oce Spread, UMP G 0.1 0.075 0.009/0.013  [0.001, 0.024]
Oil, core consumption
170'5 Elasticity 0-C goods G 0.2 0.1 0.21/0.3 [0.07, 0.51]
Investment
Ain Weight on current credit B 0.5 0.2 0.65/0.61 [0.34, 0.91]
Bank credit
0., Credit, smoothing B 0.5 0.2 0.42/0.46 [0.25, 0.67]
0, Credit, interest rate elasticity G 0.25 0.1 0.22/0.26 [0.10, 0.41]
Ocar Credit, CAR elasticity G 0.25 0.1 0.22/0.26 [0.09, 0.41]
Ocp Credit, UMP elasticity G 0.25 0.1 0.09/0.09 [0.04, 0.13]
Non-performing loan
$npt. NPL, smoothing B 0.5 0.2 0.69/0.68 [0.48, 0.88]
&y NPL, output elasticity B 0.1 0.05 0.02/0.03 [0.01, 0.05]
Ene NPL, exchange rate elasticity B 0.1 0.05 0.02/0.03 [0.01, 0.05]
Exports
n* Elasticity of relative price G 1.0 0.5 1.06/1.43 [0.30, 2.53]
UIP risk premium
Pe Risk premium, smoothing B 0.5 0.2 0.10/0.10 [0.01, 0.19]
b4 Risk premium, NFL elasticity B 0.01 0.005 0.007/0.008  [0.002, 0.013]
bp Risk premium, FXI elasticity IG 1.5 0.5 0.75/0.85 [0.62, 1.08]
qbga Risk premium, debt limit shock B 0.01 0.005 0.008/0.01 [0.002, 0.018]
ber Risk premium, EAe; B 0.5 0.2 0.75/0.67 [0.40, 0.95]
b2 Risk premium, Ae; B 0.5 0.2 0.82/0.84 [0.72,0.97]
Imports
nm™9 Elasticity H-M goods (gov.spend) G 1.0 0.5 0.67/1.0 [0.22, 1.75]
n™e Elasticity C- M goods (cons) G 1.0 0.5 0.42/0.8 [0.16, 1.46]
nm"'" Elasticity H-M goods (invest) G 1.0 0.5 0.51/1.13 [0.18, 2.08]
nm™* Elasticity H-M goods (export) G 1.0 0.5 0.62/1.05 [0.19, 1.86]
Phillips curve for domestic inflation
Ly Indexation, domestic price B 0.5 0.1 0.34/0.35 [0.21, 0.49]
& Calvo, domestic price B 0.5 0.1 0.81/0.81 [0.76, 0.86]
Production function & capital
Qy Capital share in production B 0.3 0.1 0.38/0.35 [0.19, 0.52]
Q, Oil share in production B 0.3 0.1 0.17/0.17 [0.09, 0.25]
K Capital utilization B 0.35 0.1 0.11/0.14 [0.06, 0.21]
c Elasticity of substitution, inputs N 1.0 0.1 0.94/0.94 [0.75, 1.12]
Labor Supply
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X Inverse Frisch
9, Reference shifter
Wage Phillips curve
Ly Indexation, wages
o Calvo, wages
My Steady state wage markup
(] Wage indexation, inertia
v Wage indexation, past inflation

Phillips curve import inflation

lm Indexation, import price
Em Calvo, import price
Taylor rule
Yi Taylor rule, smoothing
Vu Taylor rule, inflation
Yy Taylor rule, output
UMP rule
Ocrcp UMP rule, smoothing
0y UMP rule, output

Ocr UMP rule, bank credit

®ear CAR rule, smoothing
@, CAR rule, output
Wer CAR rule, bank credit

by, FXI rule, smoothing
bq FXI rule, real exchange rate
by FXI rule, foreign liability

o CFM rule, smoothing

Tq CFM rule, real exchange rate

Tg CFM rule, risk premium
Fiscal rule

19g Fiscal rule, smoothing

9, Fiscal rule, output

Yy Fiscal rule, government debt

Foreign variables

Ucom  Commodity price adjustment
Potom World commodity price, AR(1)
Pcom,y* Foreign output

Py World oil price, AR(1)

Py* Foreign output, AR(1)

o Foreign inflation, AR(1)

Di* Foreign interest rate, AR(1)
Persistence of the exogenous processes
De Preference shock, AR(1)

Din Investment shock, AR(1)
Pa Technology shock, AR(1)
P Domestic markup shock, AR(1)
Prm Import markup shock, AR(1)
Pn Labor supply shock, AR(1)
Po Wage markup shock, AR(1)
Py Risk premium shock, AR(1)
Di Interest rate shock, AR(1)
Pcom Com. demand shock, AR(1)

oy QaQw QQw o W oWz w W Z

oelllvs)

W ™

W ™

TWW W W W™

T W www W w

2.0
0.05

0.5
0.5
1.25
0.5
0.5

0.5
0.5

0.8
1.5
0.25

0.5
0.25
0.25

0.8
0.5
0.2

0.5
0.2
0.2

0.5
0.25
0.25

0.5
0.2
0.01

0.5
0.8
0.5
0.5

0.8
0.8
0.8

0.5
0.5
0.5
0.5
0.5
0.8
0.5
0.8
0.5
0.8

1.0
0.025

0.2
0.2
0.25
0.2
0.2

0.1
0.1

0.1
0.25
0.125

0.2
0.125
0.125

0.1
0.1
0.1

0.2
0.05
0.05

0.2
0.125
0.125

0.2
0.1
0.005

0.2
0.1
0.2
0.2

0.1
0.1
0.1

0.2
0.2
0.2
0.2
0.2
0.1
0.2
0.1
0.2
0.1

1.02/1.19

0.049/0.053

0.56/0.53

0.01/0.016

1.39/1.48
0.58/0.54
0.43/0.46

0.36/0.41
0.68/0.75

0.91/0.91
1.5/1.59
0.06/0.07

0.90/0.89

0.18/0.24
0.18/0.25

0.94/0.94
0.37/0.39
0.06/0.09

0.19/0.1
0.2/0.29
0.05/0.04

0.10/0.20
0.35/0.32
0.78/0.67

0.60/0.59
0.11/0.15
0.008/0.01

0.72/0.67
0.94/0.93
0.19/0.26
0.92/0.91
0.95/0.91
0.79/0.78
0.94/0.94

0.13/0.2
0.80/0.79
0.58/0.57
0.53/0.45
0.92/0.74
0.87/0.85
0.58/0.58
0.95/0.94
0.14/0.17
0.87/0.87

[0.72, 1.66]
[0.015, 0.091]

[0.21, 0.86]
[0.004, 0.028]
[1.19, 1.79]
[0.22, 0.88]
[0.13,0.77]

[0.25, 0.56]
[0.66, 0.85]

[0.86, 0.96]
[0.81,2.32]
[0.02, 0.13]

[0.84, 0.96]

[0.05, 0.42]
[0.05, 0.44]

[0.89, 0.98]
[0.22, 0.56]
[0.01, 0.16]

[0.01, 0.19]
[0.21, 0.38]
[0.03, 0.06]

[0.08, 0.33]
[0.17,0.47]
[0.49, 0.85]

[0.40, 0.80]
[0.02, 0.26]
[0.002, 0.017]

[0.44,0.91]
[0.90, 0.97]
[0.04, 0.47]
[0.86,0.97]
[0.85, 0.98]
[0.66, 0.91]
[0.9,0.97]

[0.03, 0.36]
[0.70, 0.89]
[0.44,0.71]
[0.17,0.74]
[0.45,0.97]
[0.73, 0.96]
[0.43,0.73]
[0.89, 0.99]
[0.06, 0.28]
[0.81,0.94]
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Per Bank credit shock, AR(1) B 0.5 0.2 0.68/0.65 [0.47, 0.83]
Pear CAR shock, AR(1) B 0.5 0.2 0.42/0.43 [0.23, 0.63]
Pnpl NPL shock, AR(1) B 0.5 0.2 0.71/0.7 [0.51,0.89]
Pb FXI shock, AR(1) B 0.5 0.2 0.13/0.26 [0.06, 0.45]
Pp Idiosyncratic component, AR(1) B 0.5 0.2 0.51/0.16 [0.02, 0.29]
PG Private debt limit shock, AR(1) B 0.5 0.2 0.50/0.50 [0.18, 0.83]
Standard deviation of shocks
Ocr Sd bank credit IG 20.0 20.0 14.5/14.9 [12.8, 17.0]
Onpl Sd NPL IG 1.0 0.5 0.92/0.96 [0.82, 1.09]
04 Sd risk premium IG 3.0 3.0 3.86/2.78 [1.17,4.37]
Oy Sd domestic price markup IG 30.0 10.0 51.8/60.1 [26.0, 96.5]
O Sd import price markup IG 10.0 10.0 8.19/20.1 [6.51,42.4]
Oy Sd wage markup IG 2.0 1.0 1.55/1.88 [1.12,2.66]
o; Sd interest rate 1G 1.0 1.0 0.40/0.41 [0.35, 0.47]
Ocar Sd CAR IG 1.0 1.0 0.96/0.98 [0.84, 1.12]
oy Sd FXI IG 10.0 10.0 8.52/5.89 [3.91,7.75]
oy Sd CFM IG 1.0 0.5 4.06/0.96 [0.44, 1.48]
Oy Sd government spending IG 40.0 20.0 12.4/12.7 [10.9, 14.4]
Oin Sd investment IG 20.0 10.0 63.3/65.6 [56.8, 74.9]
Oy Sd foreign output IG 2.0 2.0 1.97/2.01 [1.72,2.31]
fo Sd foreign inflation IG 0.30 0.1 0.32/0.32 [0.28,0.37]
O Sd foreign interest rate IG 0.15 0.1 0.09/0.09 [0.08, 0.11]
Ocom Sd commodity demand IG 20.0 10.0 24.3/24.7 [21.5,27.9]
Diom Sd world commodity price IG 20.0 10.0 18.8/19.3 [16.5,22.0]
Ops Sd world oil price IG 15.0 15.0 16.8/17.1 [14.8, 19.5]
Oy Sd idiosyncratic component IG 2.0 1.0 1.48/19.2 [12.9, 26.5]
o, Sd preference IG 16.0 8.0 7.34/7.83 [6.67, 9.05]
o0 Sd private debt limit IG 1.0 0.5 0.73/0.93 [0.45, 1.39]
04 Sd technology IG 8.0 4.0 7.58/7.76 [6.38,9.15]
On Sd labor supply IG 6.0 3.0 7.12/7.80 [6.04,9.61]
Ocrep Sd CB credit IG 20.0 10.0 38.9/40.0 [34.4,45.6]
Table X.2. Variance decomposition of selected variables, in percent
Yt Ct gt et €6 et CTt nply  §cr U ne 4%, _cary by CTcpt

ecome 397 50 20 45 192 172 03 11.8 230 54 230 6.0 159 246 0.

eptomt 22 303 04 31 128 218 0.1 1.1 13.0 00 9.7 53 09 285 0.0

Tg 2 ep:y 34 34 02 229 127 103 01 19 49 07 31 241 13 06 0.1

g é ept 03 28 00 45 123 54 01 03 06 0.0 1.7 64 01 06 00

M “ e« 08 24 01 05 06 20 00 03 1.8 00 038 1.3 04 19 00

ey 03 11 02 29 62 25 00 02 06 00 04 53 01 02 00

e, 00 00 00 00 01 00 00 00 00 00 00 01 00 00 00

eat 09 05 00 25 13 05 00 04 65 62 80 1.5 04 0.1 0.0

> o emt 82 46 05 312 130 49 02 38 131 02 48 144 44 10 00

E § ep,te 26 06 01 95 08 46 00 09 13 00 08 60 13 3.1 0.0

] eut 00 00 00 00 00 00 00 00 03 772 013 00 00 00 0.0

ent 08 04 00 16 18 05 00 04 106 27 72 21 04 0.1 0.0

< ect 44 106 02 03 03 04 01 09 21 05 39 08 15 05 00

% g eme 322 294 16 68 61 233 10 7.1 161 67 322 69 113 228 00

A = ept 01 01 00 23 24 22 00 02 02 0.1 0.3 1.1 01 36 00
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et 00 00 00 00 00 00O 00 00 00 00 00 00 00 00 00
eppe 01 05 00 02 00 03 00 700 04 00 O1 06 01 Ol 0.0
et 19 37 01 07 04 17 795 04 18 01 24 09 60 14 04

et 03 02 00 18 04 04 00 01 05 00 0.1 86 02 02 00
eqre 10 33 01 27 38 05 10 02 28 00 04 75 533 06 00

z%e, 00 00 00 13 12 12 00 01 01 01 01 05 00 95 00
S 2 e 07 L1 00 03 05 05 175 02 06 00 08 07 26 07 994

ert 00 00 00 02 02 02 00 00 00 00 00 O1 00 00 00
€qt 03 01 943 00 00 00 00 00 01 01 02 00 01 00 00

Notes: The numbers in the table are the posterior mean conditional variance decomposition at period 20,
approximating (long-horizon) stationary variance (or unconditional variance).

Figures

Figure X.1. Selected data and one-sided predicted variables
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Figure X.2 Impulse response functions to a commodity export demand shock
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Notes: Lines with “+” marker represent impulse responses of the estimated model, lines with “o” marker represent

impulse responses under Ramsey policy, and lines with “x” marker are impulses responses under optimal rules.



Figure X.3 Impulse response functions to a commodity export price shock
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Notes: Lines with “+” marker represent impulse responses of the estimated model, lines with “o0” marker represent
impulse responses under Ramsey policy, and lines with “*” marker are impulses responses under optimal rules.
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Figure X.4. Impulse response functions to a risk premium shock
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Notes: Lines with “+” marker represent impulse responses of the estimated model, lines with “0” marker represent
impulse responses under Ramsey policy, and lines with “*”” marker are impulses responses under optimal rules.
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Figure X.5 Impulse response functions of oil price shock
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Notes: Lines with “+” marker represent impulse responses of the estimated model, lines with “o0” marker represent
impulse responses under Ramsey policy, and lines with “*” marker are impulses responses under optimal rules.
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Figure X.6. Historical decomposition of the selected variables: Contribution of external

shocks
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