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I. INTRODUCTION

International financial integration has increasingly exposed small open advanced and emerging market
economies to volatile global capital flows. To cope with recurrent capital inflow and outflow surges—often
associated with domestic or global financial cycle upturns and downturns—policymakers in some of these
economies have occasionally responded with eclectic policy mix adjustments. In particular, to maintain
macroeconomic and financial stability amid volatile capital flows, they have occasionally deployed some
combination of monetary policy, foreign exchange intervention, fiscal policy, macroprudential policy, or capital
flow management measures. As discussed in IMF (2020), analyzing such high dimensional policy responses
requires an integrated policy framework (IPF).

This paper jointly analyzes the optimal conduct of monetary policy, foreign exchange intervention, fiscal
policy, macroprudential policy, and capital flow management for four small open advanced and emerging market
economies. In the spirit of the inflation targeting literature, we jointly optimize simple instrument rules governing
the decentralized conduct of these policies to minimize an intertemporal loss function quadratically penalizing
the deviations of inflation from target and output from potential, subject to our representation of the world
economy. We then examine how the policy mix should be adjusted in response to domestic and global financial
cycle upturns and downturns, with and without policy space constraints. We represent the world economy with
an estimated medium-scale heteroskedastic linearized DSGE model of a pair of economies that are asymmetric
in size. This framework features multiple distortions—associated with nominal rigidities and financial frictions—
and internalizes extensive interactions among the policies under consideration. We consider a diverse set of
small open advanced and emerging market economies that have experienced volatile capital flows, comprising
Korea, South Africa, Switzerland, and Thailand. Given our focus on the global financial cycle, we represent the
rest of the world with the United States.

Our DSGE model features a range of nominal and real rigidities, extensive macrofinancial linkages with
endogenous risk, and diverse spillover transmission channels. The specification of nominal and real rigidities
builds on the seminal work of Christiano, Eichenbaum and Evans (2005), Smets and Wouters (2003), and
Monacelli (2005). This allows our model to account for the empirical evidence concerning the monetary
transmission mechanism in a small open economy, while generating reasonably accurate forecasts of inflation
and output growth, as documented in Vitek (2008). To integrate the other policies under consideration, we extend
this conventional framework in multiple directions. To integrate fiscal policy, we add a fiscal sector and credit
constraints. The credit constraints endow our model with empirically plausible fiscal multipliers, following the
theoretical fiscal policy analysis literature. To integrate macroprudential policy, we add housing and banking
sectors together with financial accelerator and endogenous risk mechanisms, building on Adrian and
Vitek (2020). The endogenous risk mechanism captures the negative correlation between the conditional mean
and variance of output growth emphasized by the growth at risk literature introduced by Adrian, Boyarchenko
and Giannone (2019). To integrate foreign exchange intervention, we make explicit the balance sheet of the
central bank, and drive a wedge into the uncovered interest parity condition spanning the globally integrated
interbank market with a foreign currency liquidity regulation cost, motivated by Gabaix and Maggiori (2015). By
altering the currency composition of the balance sheet of the central bank, sterilized foreign exchange
intervention influences the exchange rate by inducing the banking sector to substitute between domestic and
foreign currency denominated interbank funding, with the latter costing an exposure dependent premium. Finally,
we integrate capital flow management by treating domestic and external mortgage and corporate debt as
imperfect substitutes, and levying capital control taxes on cross-border borrowing. This is analogous to treating
domestic and foreign output goods as imperfect substitutes, and levying tariffs on imports, as is standard in the
theoretical trade policy analysis literature.
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To our knowledge, this paper is the first to quantitatively analyze the optimal joint conduct of monetary policy,
foreign exchange intervention, fiscal policy, macroprudential policy, and capital flow management. A vast
literature has jointly analyzed the optimal conduct of subsets of these policies. Broadly speaking, the empirical
optimal policy analysis literature has addressed positive issues using partial equilibrium reduced form models,
while the theoretical literature has tackled normative issues using general equilibrium structural models. A branch
of the theoretical optimal policy analysis literature comprises papers that derive conceptual principles guiding the
optimal conduct of policy using theoretically stylized models, by analytically solving for the Ramsey optimal policy
mix that supports the efficient allocation, or instrument rules that decentralize its constrained counterpart. An
example of a recent paper similar in scope to ours is Basu, Boz, Gopinath, Roch and Unsal (2020), which jointly
analyzes the optimal conduct of monetary policy, foreign exchange intervention, macroprudential policy and
capital flow management, by solving for the Ramsey optimal policy mix that supports the constrained efficient
allocation. Their paper analyzes the optimal policy mix conceptually, whereas ours does so quantitatively, using
a fundamentally different theoretical framework. In particular, their model features occasionally binding borrowing
constraints, whereas ours always bind. Another branch of the theoretical optimal policy analysis literature
consists of papers that generate quantitative policy prescriptions using empirically congruent models, typically
by numerically optimizing the response coefficients of simple instrument rules under a flexible inflation targeting
regime. An example of a recent paper related to ours is Lama and Medina (2020), which jointly optimizes simple
instrument rules governing the conduct of monetary policy, foreign exchange intervention, macroprudential policy
and capital flow management, to minimize an intertemporal loss function quadratically penalizing the deviations
of inflation from target and output from potential. Another example is Adrian, Erceg, Kolasa, Lindé and
Zabczyk (2021), which examines how foreign exchange intervention and capital flow management can improve
monetary policy tradeoffs and promote financial stability. Our paper contributes to this quantitative branch of the
theoretical optimal policy analysis literature, expanding the range of policies considered.

Our optimal policy analysis broadly supports the observed tendency for policymakers in some small open
advanced and emerging market economies to respond to recurrent capital inflow and outflow surges with eclectic
policy mix adjustments. A general principle that emerges is that economies with larger international trade and
financial exposures should more actively use foreign exchange intervention and capital flow management, if
these policies are effective and their response thresholds are crossed. Intuitively, foreign exchange intervention
tends to be more effective at stabilizing inflation and output in economies with higher trade openness due to
stronger exchange rate pass-through and expenditure switching. In parallel, capital flow management tends to
be more effective at stabilizing economies with larger unhedged external foreign currency denominated debt
exposures due to more sensitive financial conditions and vulnerabilities, which influence growth at risk. We
illustrate this general principle by simulating domestic and global financial cycle upturn and downturn scenarios
using our model, conditional on our optimized policy rules. When unconstrained, monetary policy plays the
primary role in stabilizing consumption price inflation and output. Foreign exchange intervention enhances
monetary autonomy through a supporting role in stabilizing consumption price inflation, while its destabilizing
effect on output under these scenarios is offset by fiscal policy. Finally, macroprudential policy and capital flow
management have much smaller effects on the conditional means of consumption price inflation and the output
gap under these scenarios, but help maintain macroeconomic stability by safeguarding financial stability, by
leaning against financial developments that put growth at risk.

The organization of this paper is as follows. The next section develops the theoretical framework, while
section three describes the corresponding empirical framework. These sections are necessarily technically
complex given the scope of our policy analysis, and readers content to understand our results at an intuitive level
without fully knowing their underpinnings can skip them. Estimation of our empirical framework, and examination
of its goodness of fit, is the subject of section four. Policy analysis using this empirical framework is conducted
in section five. Finally, section six concludes.
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Il. THE THEORETICAL FRAMEWORK

Consider a pair of structurally isomorphic open economies that are asymmetric in size and constitute the
world economy. Each of these economies consists of households, firms, banks and a government, which in turn
consists of a monetary authority, a fiscal authority and a macroprudential authority. Households, firms and banks
optimize intertemporally, interacting with the government in an uncertain environment to determine equilibrium
prices and quantities under rational expectations in globally integrated output and financial markets. All
transactions in the foreign exchange market are intermediated by banks.

A. The Household Sector

There exists a continuum of households indexed by h €[0,1]. Households are differentiated according to
whether they are credit constrained, but are otherwise identical. Credit unconstrained households of type Z =U
and measure ¢” have access to domestic banks where they accumulate deposits, to global banks from which
they secure mortgage loans, to the domestic housing market where they trade houses, and to domestic financial
markets where they trade government bonds, firm stocks and bank stocks, where 0 < ¢V < 1. These mortgage
loans are composites of domestic currency denominated mortgage loans from domestic banks, and unhedged
foreign currency denominated mortgage loans from foreign banks, giving rise to a balance sheet currency
mismatch. In contrast, credit constrained households of type Z=C and measure ¢° do not have access to
banks, or to the housing and financial markets, where 0 < ¢° <1 and ¢" + ¢° =1. Houses are in fixed supply at
one per credit unconstrained household. Government bonds are perpetual bonds with coupon payments that
decay exponentially at rate ®° where 0 < »° <1, following Woodford (2001).

In a reinterpretation of the labor market in the model of nominal wage rigidity proposed by Erceg, Henderson
and Levin (2000) to incorporate involuntary unemployment along the lines of Gali (2011), each household
consists of a continuum of members represented by the unit square and indexed by (i,j) €[0,1]x[0,1]. There is
full risk sharing among household members, who supply indivisible differentiated intermediate labor services
indexed by i € [0,1], incurring disutility from work determined by j €[0,1] if they are employed and zero otherwise.
Trade specific intermediate labor services supplied by credit unconstrained and credit constrained households
are perfect substitutes.

Consumption, Saving, and Residential Investment
Each infinitely lived household h has preferences defined over consumption C, ., housing Sy H, ., labor

supply {L,,.},, houses S/ ., government bonds {S;, .}, and firm stocks {Sf,. .}, represented by
intertemporal utility function

Uh,t = Et Zﬂ&,u(ch,s'SﬁsHh,s’{Lh,i,s ::0’S:sn’{S/?,v,sﬂ}3:1’{S;f,s+1};:0 )’ (1)
s=t
where E, denotes the expectations operator conditional on information available in period ¢, and 0 < g <1. The

intratemporal utility function is additively separable and represents external habit formation preferences in
consumption and labor supply,
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1-1o
s 1 CSZ, (SHSH . )1—1/;
U(Ch,s’S:sHh,s'{Lh,i,s ;'I:O’SI:,ISH’{Sffv,s+1}v:1’{S:,f,s+1}1f:0) = U;: [%[Ch,s - ac ¢z1j + UsD ﬁ

(2)

1 Lgs z A\ H QH G oG 1 \/F oF
( ; i,s— v H VsS S+ S VvsS V,S+ VsS S+
—UNJ I j-at | djdi - ol et P S ;—Ufj Ls A gf
¢ (1+ 7, )P, =1+ 1) )P o (1+75)P;

where 0 < a° <1and 0<a" <1. Tointroduce exogenous asset risk premia that affect intertemporal substitution,
we specify preference shifters v°, v, v2 and v? as functions of aggregate endogenous variables or structural

S

shocks,
C C C ~B H
08 =vC - [ V- s 7o s 75, ot = Vs z+ V; ’
1-py 1-pg 1-ps v(C:,.CZ,) @)
B B, ~S z z Ve
V(Cs YCs—‘I) V(Cs YCsf1) ¢ ¢

where ¢S >0, ¢5 >0 and ¢S > 0. To support the existence of a long run balanced growth path, we also specify
preference shifters v° and v as functions of aggregate endogenous variables or structural shocks,

b ve w_ AL (L)

- C 1/g, —
Y To e NV e e R T )

1%

z z \"
WL LE )= (;—z —a e;? ] : (4)
where x> 0. We assume that the intratemporal utility function is strictly increasing with respect to consumption
and housing, and is strictly decreasing with respect to labor supply. This implies restrictions on serially correlated
private consumption demand shock v¢ and labor supply shock v, given mean zero and serially correlated
housing risk premium shock v!', as well as mean zero and internationally and serially correlated duration risk
premium shock 2 and equity risk premium shock v . Given these and other restrictions, this intratemporal utility
function is strictly concave with respect to consumption, housing and labor supply if >0, ¢>0 and n>0.
The household enters period s with previously accumulated wealth, allocated across the values of bank
deposits, mortgage loans, houses, government bonds, firm stocks and bank stocks. In particular, it holds bank
deposits B,ff'sD which pay interest at risk free deposit rate i°,, secures new borrowing B,ff's” from global banks on
its S;/; mortgage loans, owns S}, houses worth V," , owns {S;, }>} vintage specific government bonds worth
{V.2 }o~, which pay coupons {/7°}:7}, owns {S/, };_, firm stocks worth {V/}}_, which pay dividends {/Z}; ;,
and owns {S7, .}, , bank stocks worth {V,>.}, ; which pay dividends {7}, . The user cost per house /7,
satisfies 77/ = P"H, .+ (B! —C/"")~P!"I"_ where P/ denotes the implicit rental price of housing. The coupon
payment per government bond 77,% satisfies 77 = (1+if — #®)(@° )"V}, , where i’ denotes the vintage specific
yield to maturity on government bonds at issuance when va =1. During period s, the household receives profit
income /7. from global banks, where /7. =717 + 11,7 . It also supplies differentiated intermediate labor

services {Lh,,.,s},Lo, earning labor income at trade specific wages {W, !, The government levies a tax on

household labor income at rate z-, and remits household type specific lump sum transfer payment T,fs. These
sources of funds are summed in household dynamic budget constraint:

h,s+1

s 1 1
H,D H ~HH H QH G QG F QF B QB
B + Sh,sCh,s + \/h,sSh,s+1 + ZV\/,sSh,v,sH + J.Vf,ssh,f,sﬂdf + J.Vb,ssh,b,sﬂdb
v=1 0 0

s-1
H1H 2 IPIC,  + PUST I = (1410 DB + SyBY + VIS, + 2 (T + Vi3S, s (5)
v=1
1 1 1
+J.(Hst + Vf,; )Sfiizfsdf + _‘-(IYst + Vst )Sl?bsdb + Hl?s + (1 - TsL )J. |/Vi,sLh,i,sdi + Thz,s'
0 0

0
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According to this dynamic budget constraint, at the end of period s the household reallocates its wealth across
the values of bank deposits, mortgage loans, houses, government bonds, firm stocks and bank stocks. In
particular, it holds bank deposits B;',, pays debt service cost C;"" to global banks on its S}, mortgage loans,
owns S/, houses worth V/’, owns {S; ...} vintage specific government bonds worth {V>}_,, owns
{Sf; e}t firm stocks worth {V/};_;, and owns {S;, ..}, , bank stocks worth {V,>.}, ;. Finally, the household
purchases private consumption good C, at price P, , and residential investment good I/, for its S, houses
at price PS’H . The government levies a tax on household consumption expenditures at rate ¢ .

The household enters period s with housing of previously accumulated quality H, ., which subsequently

evolves according to accumulation function
Hh,s+1 = (1 - 5H )Hh,s + HH (If’y-,ls7lilv-,(s—1 )’ (6)

where 0 < 5, <1. Effective residential investment function 7" (I,f"s,l,f”sq) incorporates convex adjustment costs

in the gross growth rate of the ratio of nominal residential investment to nominal output,

o 2

" "R PLY.
HAE Py =y - E | s hs TstTen q | yH 7
(h,s h,sf1) Vs 2 IDSI71I:871 IDSYYS h,s ( )

where serially correlated residential investment demand shock vf satisfies vf >0, while " >0. In steady
state equilibrium, these adjustment costs equal zero, and effective residential investment equals actual
residential investment.

The household enters period s with previously accumulated mortgage debt D,’js, which subsequently
evolves according to accumulation function

D, =(1-a" )DL, + B (8)

h,s+1 h,s

where 0 < o <1. Adopting the collateralized borrowing variant of the financial accelerator mechanism due to
Kiyotaki and Moore (1997), the household secures new mortgage borrowing from global banks to finance a
fraction of the installed value of residential investment,

B = ¢l'QlIY,, 9)

given by regulatory mortgage loan to value ratio limit ¢/. Its debt service cost satisfies
C =(1-67)a" +i )Dj; , reflecting an amortization payment at rate & and an interest payment at effective
mortgage loan rate i on the outstanding stock of mortgage debt, net of a writedown at mortgage loan default

s—1
rate ..

Credit Unconstrained Households

In period t, the credit unconstrained household chooses state contingent sequences for consumption
{C,}=,, residential investment {//}7_,, housing quality {H, ,.,}7.,, labor force participation {{N,, }!,}7.,, bank
deposits {A?,,,}o,, mortgage debt {D; ,}7,, houses {S/ ,}7,, government bonds {{S¢, . . }s_}=,, firm stocks
{Shss}t-o}e, and bank stocks {{S;,..1},o}7, to maximize intertemporal utility function (1) subject to dynamic
budget constraint (5), housing quality accumulation function (6), mortgage debt accumulation function (8), and
terminal nonnegativity constraints H,.,>0, A’ ,>0, D ,>0, S >0, S’ ;,20, S/, ,>0 and
SB

wore1 =0 for T —oo. In equilibrium, the solutions to this utility maximization problem satisfy intertemporal

optimality condition

s=t?
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C C
Pt e Ry oy g (10)
ug(ht) 1+2C, P

t+1 7 t+1

which equates the expected discounted value of the gross real return on bank deposits to one. They also satisfy
intertemporal optimality condition

Q QY u.(ht+1) 1+ PC P" Q.
g (t)+ g (14 RE) S B PP D A e B By B g4 (1)
’Dt ’Dt uC(h’t) 1+Tt+1 Pt+1 lDt ’Dt+1

which equates the expected discounted value of an additional unit of residential investment to its price. Here Qﬂs
denotes the shadow price of housing, which is proportional to the Lagrange multiplier on the period s housing
quality accumulation function, while R,ffs denotes the shadow price of mortgage debt, which is proportional to the
Lagrange multiplier on the period s mortgage debt accumulation function. In addition, they satisfy intertemporal
optimality condition

Q' _g Puchte 1? P° R Pt_’j1+(1_5 )Q:M (12)
P ucht) 1+25, PSR P R

t t+1 t+1

which equates the relative shadow price of housing to the expected discounted value of its future value net of
depreciation plus the future relative implicit rental price of housing. Furthermore, they satisfy intratemporal
optimality condition

ug(ht) 1 PY
ug(ht)y 1+2° P°’

(13)

which equates the marginal rate of substitution between housing and consumption to the relative implicit rental
price of housing. They also satisfy intertemporal optimality condition

H _ ,Buc(h!t+1)1+7tcic __H\PH (4 H H | :HE
R =B e D Taet P (@ R (=8 40| (14)

which equates the shadow price of mortgage debt to the expected discounted value of its amortized future value
minus the marginal cost of future mortgage debt service. In addition, they satisfy intratemporal optimality condition

u, (hit) 1-ct W, 5)
ug(hty 1+z° P°’

which equates the marginal rate of substitution between leisure and consumption for the marginal trade specific
labor force participant to the corresponding after tax real wage. They also satisfy intratemporal optimality
condition

E ﬂuC(h’t+1) 1+th F)tc |:U:t+1 +\/h’1+1 _(1 'D):IZ uC(t) (ﬁtB +VtH), (16)

—_— ]
©oug(ht) 1+2°, PC 74 ‘ ug(h,t)

t+1

which equates the expected discounted values of the gross real risk adjusted returns on houses and bank
deposits. In addition, they satisfy intratemporal optimality condition
Buc(ht+1) 1+7° P° {Hfg1 +V§ .D)} u(t) s

W _(1+iP) | = , 17
\/VGt ( t Uc(h,t)Vt ( )

“oug(ht) 1+2°, PS

t+1

which equates the expected discounted values of the gross real risk adjusted returns on government bonds and
bank deposits. Furthermore, they satisfy intratemporal optimality condition
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c c HF VF
tﬁuc(h,t+1) 1+ré % f,M+F 1 (1470 | = ug(t) (78 +7), (18)
uc(ht) 1+7, P, Vf,t Uc(hit)

which equates the expected discounted values of the gross real risk adjusted returns on firm stocks and bank
deposits. Finally, they satisfy intratemporal optimality condition

E ﬂuc(h,t+1) 1+th ic 17bi+1 +Vb‘,3t+1 —(1+iD) =0 (19)
©ug(hty 1+2°, P° V2 t ’

t+1

which equates the expected discounted values of the gross real returns on bank stocks and bank deposits.

Credit Constrained Households

In period t, the credit constrained household chooses state contingent sequences for consumption {C, .},
and labor force participation {{Nh,i,s}l1‘:0}::t to maximize intertemporal utility function (1) subject to dynamic budget
constraint (5) and the applicable access restrictions. In equilibrium, the solutions to this utility maximization
problem satisfy household static budget constraint

1
(1420 )P°C,, = (1= )W, L, di + TS, (20)
0

which equates consumption expenditures to disposable labor income plus transfers. They also satisfy
intratemporal optimality condition
u (hit) 1-z- W,

_d=n W 21
us(ht) 1+z° P (21)

which equates the marginal rate of substitution between leisure and consumption for the marginal trade specific
labor force participant to the corresponding after tax real wage.

Labor Supply

The unemployment rate uS measures the share of the labor force N, in unemployment U,, that is
ur =U, I N,, where unemployment equals the labor force less employment L, , thatis U, =N, - L,. The labor
force satisfies N, = L; N, di .

There exist a large number of perfectly competitive firms which combine differentiated intermediate labor
services {L, ', supplied by trade unions of workers to produce final labor service L, according to constant

elasticity of substitution production function:

0IL

1 '9rLL‘1 o -1
L={[w) " di| . (22)

0

The representative final labor service firm maximizes profits from production of the final labor service with respect
to inputs of intermediate labor services, implying demand functions:

w, )"
L - (W] L (23)

t
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Since the production function exhibits constant returns to scale, in equilibrium the final labor service firm
generates zero profit, implying aggregate wage index:

W, = [I W, ) ch}”"L : (24)

Serially uncorrelated wage markup shock 9" satisfies 8" = 6/ /(6 —1), where the wage elasticity of demand for
intermediate labor services 6 satisfies 6/ > 1.

In an extension of the model of nominal wage rigidity proposed by Erceg, Henderson and Levin (2000) along
the lines of Smets and Wouters (2003), each period a randomly selected fraction 1— " of trade unions adjust
their wage optimally, where 0 < »" < 1. The remaining fraction »" of trade unions adjust their wage to account
for past wage inflation, as well as past consumption price inflation and trend productivity growth, according to
partial indexation rule

1-pt u 7 — N == '
wW. = VVt—1 Pt(—:1At7:1 VVt—1 Pt(—:1At—1 w. (25)
it W PC T VI_/ Isc A it=17
t-2 t—2At—2 t-2 t—2At—2

where 0 <" <1 and 0 < x* <1. Under this specification, although trade unions adjust their wage every period,
they infrequently do so optimally, and the interval between optimal wage adjustments is a random variable.

If trade union /i can adjust its wage optimally in period {, then it does so to maximize intertemporal utility
function (1) subject to dynamic budget constraint (5), intermediate labor service demand function (23), and the
assumed form of nominal wage rigidity. Since all trade unions that adjust their wage optimally in period t solve
an identical utility maximization problem, in equilibrium they all choose a common wage W, given by necessary
first order condition:

L

. o
. 1t LT — - — = i g -t
E 3 (ot B tolhs) 4 (1:S) [W] ’ [RzAL j [7] ! (5?@4 j w, [w, J L
o ug(ht) = uc(hs) W, Psc:1AsT—1 51 PSA, W, W * (26)

L . o1 ’
. . -yt @+ T — N\ =n = it N0
E Z(wL )sft B tuc (h,S) (HL _ 1) 1- TsL VVs VV!—1 ! PrgAL V7VM 5?161—1 % % L
‘= ug(hit) ° 1+ ‘rf Psc W, F’;AL W, PPA W, W, "

s|s

s—1 s-1

This necessary first order condition equates the expected discounted value of the marginal utility of consumption
gained from labor supply to the expected discounted value of the marginal utility cost incurred from leisure
foregone. Aggregate wage index (24) equals an average of the wage set by the fraction 1- " of trade unions
that adjust their wage optimally in period t, and the average of the wages set by the remaining fraction »" of
trade unions that adjust their wage according to partial indexation rule (25):

1-0- | 1—gt
L . . 1yt | 1-6

s e AT | — N\ s O\
M/t _ (1_(0L )(m )1—€,L +a)L [VVHJ [PIC1A1T1 j [ t1j (_ch1ér1 j VVH ) (27)
W, Pt—ZAt—Z IDI—ZAt—Z

t-2

Since those trade unions able to adjust their wage optimally in period t are selected randomly from among all
trade unions, the average wage set by the remaining trade unions equals the value of the aggregate wage index
that prevailed during period t -1, rescaled to account for past wage inflation, as well as past consumption price
inflation and trend productivity growth.
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B. The Production Sector

The production sector supplies a final output good for absorption by domestic and foreign households, firms
and governments. In doing so, firms demand the final labor service from households, obtain corporate loans from
global banks, and accumulate private physical capital through business investment. These corporate loans are
composites of domestic currency denominated corporate loans from domestic banks, and unhedged foreign
currency denominated corporate loans from foreign banks, giving rise to a balance sheet currency mismatch.

Output Demand

There exist a large number of perfectly competitive firms which combine differentiated intermediate output
goods {Y,V,}}:0 supplied by intermediate output good firms to produce final output good Y, according to constant
elasticity of substitution production function:

9

R B ]
Y= [oh) 7 af | (28)

0

The representative final output good firm maximizes profits from production of the final output good with respect
to inputs of intermediate output goods, implying demand functions:

Y, (29)

Since the production function exhibits constant returns to scale, in equilibrium the final output good firm generates
zero profit, implying aggregate output price index:

1
! e
sz _ J‘(sz)fﬂ, df . (30)
0

Serially uncorrelated output price markup shock 4" satisfies 4" =6 /(6 —1), where the price elasticity of
demand for intermediate output goods 4 satisfies 6 > 1.

Labor Demand and Business Investment

There exists a continuum of monopolistically competitive intermediate output good firms indexed by f [0,1].
Intermediate output good firms supply differentiated intermediate output goods, but are otherwise identical.
Each intermediate output good firm f sells shares to domestic credit unconstrained households at price \/,’;.
Acting in the interests of its shareholders, it maximizes its pre-dividend stock market value, which in equilibrium
equals the expected discounted value of current and future dividend payments
s—t/fLF

s 11
F f,s?
A

v =g Y2 31)
s=t

where AL :/15”1_[:(1+\7f’+\7f)’1, while 2, denotes the Lagrange multiplier on the period s household
dynamic budget constraint. The derivation of this result imposes a transversality condition that rules out self-
fulfilling speculative asset price bubbles.
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Shares entitle households to dividend payments equal to net profits H,f'; , defined as after tax earnings, plus
new corporate borrowing B/ less debt service cost C/.”, minus business investment expenditures,

fs ?

iji = (1 - T: )(PXSYIS - Wst,s - @Fs)'f' (B;:SF - C;:SF ) — PIK IK

s 'f,s?

(32)

where Y, = F(uf K,
good Y, atprice P, less expenditures on final labor service L,
levies a tax on corporate earnings at rate 7.

The intermediate output good firm utilizes private physical capital K, ; atrate u/; and rents final labor service
L, . to produce differentiated intermediate output good Y, ; according to production function:

AL, ). Earnings are defined as revenues from sales of differentiated intermediate output
and other variable costs @&/, . The government

f.s?

FUKK, AL )= (UK, ) (AL )™ (33)

f,s?

This production function exhibits constant returns to scale, with 0 < ¢” <1. Productivity A, depends on the ratio
of the public capital stock to the aggregate labor force,
1-g*
A KE
A =Y | —= , 34
s = (V) [N j (34)

S

where internationally and serially correlated productivity shock v/ satisfies v/ >0, while 0<¢* <1. Trend
productivity A! exhibits partial adjustment dynamics, that is A! = (AL)"AT (A" where 0< p* <1.

In utilizing private physical capital to produce output, the intermediate output good firm incurs a cost
G"(uf.K, ;) denominated in terms of business investment:

@, =P G K )+ FL (35)

f,s?

Following Christiano, Eichenbaum and Evans (2005), this capital utilization cost is increasing in the capital
utilization rate at an increasing rate,

G (U Kp) = [ " - K, (36)

where 4 >0 and 5* >0. In steady state equilibrium, the capital utilization rate equals one, and the cost of
utilizing capital equals zero. Fixed cost F ensures that J';cbfsdf =0.

The intermediate output good firm enters period s with previously accumulated private physical capital stock
which subsequently evolves according to accumulation function

K = (1= 80K, o + H U7l ), (37)

K

f.s?
f.s+1

where 0<5, <1. Motivated by Christiano, Eichenbaum and Evans (2005), effective business investment
function HK(If'fS,I,'fsz incorporates convex adjustment costs in the gross growth rate of the ratio of nominal
business investment to aggregate nominal output,

2
K P’KIK PY y
KK K K X s 'fs s 1Tsq K
H (If,s’lf,s—1)_Vs 1- 2 [PSI:I}KS_1 PSYYS -1 If,s’ (38)

where serially correlated business investment demand shock v;K satisfies v;K >0, while ¥ >0. In steady state
equilibrium, these adjustment costs equal zero, and effective business investment equals actual business
investment.

The intermediate output good firm enters period s with previously accumulated corporate debt Df <» Which
subsequently evolves according to accumulation function

Df,..,=(1-a")Df + B[S (39)

fs?
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where 0 <a" <1. Adopting the collateralized borrowing variant of the financial accelerator mechanism due to
Kiyotaki and Moore (1997), the intermediate output good firm secures new corporate borrowing from global banks
to finance a fraction of the installed value of business investment,

B = g[QUIF, (40)

given by regulatory corporate loan to value ratio limit ¢. Its debt service cost satisfies
Crl=(1-6 )" +if )D,FS , reflecting an amortization payment at rate " and an interest payment at effective
corporate loan rate /s_1 on the outstanding stock of corporate debt, net of a writedown at corporate loan default
rate o. .

In period t, the intermediate output good firm chooses state contingent sequences for employment {L, . }. ,,
the capital utilization rate {uf}:,, business investment {/}7_,, the private physical capital stock {K,,,}7, and
corporate debt { ,w} _, to maximize pre-dividend stock market value (31) subject to production function (33),
private physical capital accumulation function (37), corporate debt accumulation function (39), and terminal
nonnegativity constraints K, ,>0 and Dj;,>0 for T —o. In equilibrium, the solutions to this value
maximization problem satisfy necessary first order condition

W (41)
FoA

which equates real marginal cost ?’fs to the ratio of the after tax real wage to the marginal product of labor,
where Tfs is proportional to the Lagrange multiplier on the period s production technology constraint. They also
satisfy necessary first order condition

Y K
LA A
P’ K,

t

©
s=

}—AL(fyt)"Uf,t =(1- TtK)

x (F5) , (42)

which equates the marginal revenue product of utilized capital to its marginal cost. In addition, they satisfy
necessary first order condition

Q¥ A" Pl QN
j:w<ft)+¢t(1+RmP ,ﬁ; )= (43)

t t+1

which equates the expected discounted value of an additional unit of business investment to its price. Here Q}fs
denotes the shadow price of private physical capital, which is the Lagrange multiplier on the period s private
physical capital accumulation function, while Rf’fs denotes the shadow price of corporate debt, which is
proportional to the Lagrange multiplier on the period s corporate debt accumulation function. Furthermore, they
satisfy necessary first order condition

K F I Y
Qf,t ﬂﬂ’t+1 Pt+1 Pt+1

QK+
F: t ﬂ,F P,K fr+1~7:uKK(f’t+1) '1”H+1—(1—r£1)g,5(f,t+1) (1 5) L ’ (44)
t

t t+1 I+1

which equates the relative shadow price of private physical capital to the expected discounted value of its future
value net of depreciation plus the future marginal product of private physical capital net of its real marginal
utilization cost. Finally, they satisfy necessary first order condition

F

A FE
R B2 (1-a Rl (-5 +i0)] s)
t

which equates the shadow price of corporate debt to the expected discounted value of its amortized future value
minus the marginal cost of future corporate debt service.
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Output Supply

In an extension of the model of nominal output price rigidity proposed by Calvo (1983) along the lines of
Smets and Wouters (2003), each period a randomly selected fraction 1- " of intermediate output good firms
adjust their price optimally, where 0 < »" < 1. The remaining fraction »" of intermediate output good firms adjust
their price to account for past output price inflation according to partial indexation rule

prY (B
(] (B

where 0<y" <1. Under this specification, optimal price adjustment opportunities arrive randomly, and the
interval between optimal price adjustments is a random variable.

If the intermediate output good firm can adjust its price optimally in period t, then it does so to maximize
pre-dividend stock market value (31) subject to production function (33), intermediate output good demand
function (29), and the assumed form of nominal output price rigidity. We consider a symmetric equilibrium under
which all firm specific endogenous state variables are restricted to equal their aggregate counterparts. It follows
that all intermediate output good firms that adjust their price optimally in period t solve an identical value
maximization problem, which implies that they all choose a common price P"" given by necessary first order

condition:
Y Y gsy '%
w s— tﬂF pY 4 ISY -y pY pY ~0s
E s t ﬁ s 9Y t-1 Tt s t PYy
2D e {PJ [Pj ROJART) 0

t

R _
P[Y - . = 1oy o) 1 _oY '
o S— AF PV PV PV PY,* &

E Y \s—t ﬂ s (0Y —1)(1-7K t-1 Tt s t P'Y
D e [ I T < I 4

t t

This necessary first order condition equates the expected discounted value of the marginal revenue gained from
output supply to the expected discounted value of the marginal cost incurred from production. Aggregate output
price index (30) equals an average of the price set by the fraction 1- " of intermediate output good firms that
adjust their price optimally in period t, and the average of the prices set by the remaining fraction o of
intermediate output good firms that adjust their price according to partial indexation rule (46):

1
- Hry 1- O,V

Yy y "7
R = -a BT v | [ 22 ] (PJ A 8)

t-2

Since those intermediate output good firms able to adjust their price optimally in period ¢t are selected randomly
from among all intermediate output good firms, the average price set by the remaining intermediate output good
firms equals the value of the aggregate output price index that prevailed during period ¢ —1, rescaled to account
for past output price inflation.

C. The Banking Sector

The banking sector supplies global financial intermediation services subject to financial frictions and
regulatory constraints. In particular, global banks issue risky mortgage or corporate loans to domestic and foreign
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households or firms. These mortgage or corporate loans are composites of domestic currency denominated
mortgage or corporate loans from domestic banks, and foreign currency denominated mortgage or corporate
loans from foreign banks. These currency specific mortgage and corporate loans are issued at infrequently
adjusted predetermined mortgage and corporate loan rates. Mortgage and corporate borrowing by households
and firms is subject to regulatory loan to value ratio limits. Cross-border mortgage and corporate borrowing is
also subject to capital controls, represented by taxes on capital inflows.

Domestic banks accumulate bank capital from retained earnings given credit losses to satisfy a regulatory
capital ratio requirement. They obtain funding from domestic households via deposits and from the globally
integrated interbank market via loans, giving rise to a balance sheet currency mismatch. Cross-border interbank
borrowing is subject to a foreign currency liquidity regulation cost, which is influenced by foreign exchange
intervention.

Credit Demand

There exist a large number of perfectly competitive risk neutral banks owned by domestic credit
unconstrained households which combine the domestic final mortgage or corporate loan D?f with the foreign
final mortgage or corporate loan D! to produce global mortgage or corporate loan D/, according to constant
elasticity of substitution portfolio aggregator

B

4 i 4 Va7
D7, =[(1—¢5 ) DI+ (€D } , (49)

where Z e {H,F}, while 0<¢® <1 and w® >0. The government levies a tax on cross-border mortgage or
corporate borrowing at rate 7/ . The representative global bank maximizes expected profits from intermediation
of the global mortgage or corporate loan, with respect to inputs of the domestic and foreign final mortgage or
corporate loans, implying demand functions:

,‘//B

2\ &
oY E,(1+77)(1- 67 )a” +if")=t
DZh — (1— 48 E,(1-8%)(a” +if) DZ. DZf — 4B t t o ‘g D7, 50
t+1 _( ¢Z) z z . 7E t+1? t+1 T ¢Z z z . 7E g . ( )
E.(1-5)(a” +if ) E.(1-5 )(a” +if ) ¢

Since the portfolio aggregator exhibits constant returns to scale, in equilibrium the representative global bank
generates zero expected profit, implying aggregate effective gross mortgage or corporate loan rate index:
E,(1-62)(a® +i7) = {(1—@)[&(1—551)@2 )] g8 {E,mrf )(1- 62 ) (e +iff)5g1} } NG
t

The effective mortgage or corporate loan rate equals the minimum expected cost of producing one unit of the
global mortgage or corporate loan, given the expected domestic currency denominated costs of borrowing from
domestic and foreign final banks.

There exist a large number of perfectly competitive banks which combine differentiated intermediate
mortgage or corporate loans {Af,’,i}l,:o supplied by intermediate banks to produce final mortgage or corporate
loan AP?? according to constant elasticity of substitution portfolio aggregator
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Y
G711

1
AL =| [(ASE) Bodb | (52)
0

041

where Z e{H,F}. The representative domestic final bank maximizes profits from intermediation of the final
mortgage or corporate loan with respect to inputs of intermediate mortgage or corporate loans, implying demand
functions:

BZ aZ + Ilft _9'2‘1 B,z
Al = . .. 53

b,t+1 az +I,Z At+1 ( )
Since the portfolio aggregator exhibits constant returns to scale, in equilibrium the domestic final bank generates
zero profit, implying aggregate gross mortgage or corporate loan rate index:

1

! . e
a? +if = { j (a? +iZ,)" db} . (54)
0

Serially correlated mortgage or corporate loan markup shock &7, satisfies $°, = 67,/(6/,—1), where the rate
elasticity of demand for intermediate mortgage or corporate loans 67, satisfies 6°, > 1.

Funding Demand and Bank Capital Accumulation

There exists a continuum of monopolistically competitive intermediate banks indexed by b <[0,1].
Intermediate banks supply differentiated intermediate mortgage and corporate loans, but are otherwise identical.
Each intermediate bank b sells shares to domestic credit unconstrained households at price V;, . Acting in
the interests of its shareholders, it maximizes its pre-dividend stock market value, which in equilibrium equals the
expected discounted value of current and future dividend payments:
s—tﬂU

© /B .
15 +V, =E>. 0 117 (55)
s=t t

The derivation of this result imposes a transversality condition that rules out self-fulfilling speculative asset price
bubbles.
Shares entitle households to dividend payments /7°

,s. defined as profits from providing financial
intermediation services less retained earnings I, :

112 = (BEE, — (1412 )BE2) + (BEE, — (1412 )BEE )+ £,(BEE, — (1+i8))BES )

S+ s+l

BH BH B,F BF B B (56)
_(Bb,is - Cb,é ) - (Bb,é - Cb,Ys ) - @b,s - Ib,s'

Profits are defined as the increase in deposits B.2, from domestic households net of interest payments at the
deposit rate i2,, plus the increase in net loans 8551 from the domestic interbank market net of interest payments
at the domestic interbank rate i°,, plus the domestic currency denominated increase in net loans B{fff1 from the
foreign interbank market net of interest payments at the foreign interbank rate i/, minus new mortgage lending
B;Y' net of mortgage loan income C;2', minus new corporate lending net of corporate loan income C;7 , minus
regulation costs @ .

The intermediate bank enters period s with previously accumulated mortgage or corporate credit

outstanding A[f*sz , which subsequently evolves according to accumulation function

ABZ = (1-a?)APZ 1 BE? (57)

b,s
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where Z < {H,F} , while 0 < &” <1. During period s, the intermediate bank extends new mortgage or corporate
credit Bff to satisfy demand, ultimately from domestic and foreign households or firms. Its mortgage or corporate
loan income C;? satisfies

CZ =(a” +if, A (58)

b,s

reflecting amortization income at rate «” and interest income at variable mortgage or corporate loan rate i, on
the outstanding stock of mortgage or corporate credit.

The intermediate bank transforms deposit and money market funding into risky differentiated intermediate
mortgage and corporate loans according to balance sheet identity:

ABH L ABF - BPD L BPE £ BPF L K?E

b,s+1 b,s+1 b,s+1 b,s+1 b,s+1 b,s+1*

(59)

The bank credit stock A°?

s+1

= A2 + AZf, while the money stock

s+1 7

measures aggregate bank assets, that is A°?

s+1

MS , measures aggregate bank funding, that is M3, = B®2 + B2 1 £ B®%"  The bank capital ratio «,,, equals
the ratio of aggregate bank capital to assets, thatis «,, = K2, / A2,. The banking sector takes offsetting positions

in the domestic and foreign interbank markets, that is B%¢ +£,B2% =0.

In transforming deposit and money market funding into risky mortgage and corporate loans, the intermediate
bank incurs costs of satisfying the regulatory capital and foreign currency liquidity requirements:

DS, =G AL ALK+ GBI ) + R (60)

b,s ?

Motivated by Gerali, Neri, Sessa and Signoretti (2010), the capital regulation cost is decreasing in the ratio of
bank capital to assets at a decreasing rate,

B
Kb,sﬂ

(2478 1——
’(§+1

bfs'iﬁAbB.‘sFH} -1 K55+1! (61)

B A

gB'c(Alig11A5£1!K§s+1) =4y e

given bank capital requirement £, where x® >0 and 7° > 0. In steady state equilibrium, the bank capital ratio

equals its required value, and the cost of capital regulation is constant. Motivated by Gabaix and Maggiori (2015),
the foreign currency liquidity regulation cost is convex with respect to the ratio of net foreign interbank market
funding to nominal output,

r \2 ¢
co 1] B[ EBYE EBZE
g8 = %[W -y iy, (62)

s+1°

given foreign currency liquidity shifter 2, where 2 > 0. Fixed cost F? ensures that L:qfsdb = -AK?®

The intermediate bank enters period s with previously accumulated bank capital stock Klffs, which
subsequently evolves according to accumulation function:
KbB,s+1 = (1 - 555 )Kst + HB(/bB,s’IbB,sJ)' (63)

The bank capital destruction rate 555 equals the ratio of credit losses on mortgage and corporate loans to capital,
given mortgage credit loss rate 5 and corporate credit loss rate &7 :

SBKE. =8 (o +it_)ABH + 55 (o +iF. )ABE. (64)
b,s" ‘b,s s b,s-1 b,s s b,s—1 b,s

The intermediate bank smooths retained earnings intertemporally, and effective retained earnings function
HE(l;,.l5, ) incorporates convex adjustment costs,
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B 2
Mol lys 1) = {1 o [L —1J ]/fs—’:sc, (65)
2 Ibs 1 Y

where #® >0. In steady state equilibrium, these adjustment costs equal zero, and effective retained earnings
equals actual retained earnings. Fixed cost F ensures that .[ HE(Ig s 0E )b =12

In period t, the intermediate bank chooses state contingent sequences for deposit funding {8531}5 ., net
domestic interbank market funding {Bffﬂ}s . » net foreign interbank market funding {8531}5 . » retained earnings
{I3;}7, and the bank capital stock {K.,,}7, to maximize pre-dividend stock market value (55) subject to balance
sheet |dent|ty (59), bank capital accumulation function (63), mortgage and corporate credit accumulation
functions (57), and terminal nonnegativity constraint Kfm >0 for T — . In equilibrium, the solutions to this
value maximization problem satisfy necessary first order condition

1+if =1+i7, (66)
which equates the interbank rate to the deposit rate. They also satisfy necessary first order condition

A, 5\ &, SL(b,t+1
E[ ﬂﬂytﬂ |:(1+I ) (1+ItB ) g1:| , ﬂﬂfjﬂ B (5 )Y (67)
t

t t

which equates the expected discounted values of the gross real foreign currency liquidity regulation cost adjusted
returns on domestic and foreign interbank loans. Furthermore, they satisfy necessary first order condition

B U B
ibyt 7_(] (b t) . ﬂj{jﬂ Qb\t/ﬂ 7_{2 (b t+1) 1 (68)

t+1

which equates the expected discounted value of an additional unit of retained earnings to its price. Here Q,fs
denotes the shadow price of bank capital, which is proportional to the Lagrange multiplier on the period s bank
capital accumulation function. Finally, they satisfy necessary first order condition

Q_E’tzE ﬂ t+1{Q§t+1 _|: ﬁ'U
'Dty ‘ ﬂ’tU IDtL ﬂ t+1
which equates the relative shadow price of bank capital to the expected discounted value of its future value,

minus the spread of the cost of equity over interbank market funding, minus the real marginal regulation cost of
bank capital.

—(1+4f )}—Qféc(b,t+1)}, (69)

Credit Supply

In an adaptation of the model of nominal price rigidity proposed by Calvo (1983) to the banking sector along
the lines of Hilsewig, Mayer and Wollmershauser (2009), each period a randomly selected fraction 1-»® of
intermediate banks adjust their gross mortgage and corporate loan rates optimally, where 0 < w® <1. The
remaining fraction «® of intermediate banks do not adjust their loan rates,

af +ig, =a’ +ig, (70)

where Z € {H,F} . Under this financial friction, intermediate banks infrequently adjust their loan rates, mimicking
the effect of maturity transformation on the spreads between the loan and deposit rates.

If the intermediate bank can adjust its gross mortgage and corporate loan rates in period t, then it does so
to maximize pre-dividend stock market value (55) subject to balance sheet identity (59), intermediate loan
demand function (53), and the assumed financial friction. We consider a symmetric equilibrium under which all
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bank specific endogenous state variables are restricted to equal their aggregate counterparts. It follows that all
intermediate banks that adjust their loan rates in period t solve an identical value maximization problem, which
implies that they all choose common loan rates i given by necessary first order conditions:

, - B BC 2 \% 7\

&gyt B U0+ G5 (0,8) (0 402, ) (o +iF )" 2 2 ez

7 .ze Ezzl(w) o0 7 .z 7z 7 .z (@ +ig A
a® +il — A a® +il, a’ +1i a’ +if

zZ .,z N . 7 NG 2o\ ’
a th E i(wB)H pAl 9?2 1+ i _s% Q. s Q)| @ +iZ, a’ +if (a? +i%,)AB?
A‘S:‘ /1{[/ s * s PSY s PY aZ + I‘tZ aZ + I'tZ s-1 s

z iZ,
a” + 1 s

(71)

These necessary first order conditions equate the expected discounted value of the marginal revenue gained
from mortgage or corporate loan supply to the expected discounted value of the marginal cost incurred from
intermediation. Aggregate gross mortgage or corporate loan rate index (54) equals an average of the gross
mortgage or corporate loan rate set by the fraction 1-@® of intermediate banks that adjust their loan rates in
period t, and the average of the gross mortgage or corporate loan rates set by the remaining fraction »® of
intermediate banks that do not adjust their loan rates:

1
o +il = [(1 — &)@ i)+ @B (o +iE) J% . (72)

Since those intermediate banks able to adjust their loan rates in period t are selected randomly from among all
intermediate banks, the average gross mortgage or corporate loan rate set by the remaining intermediate banks
equals the value of the aggregate gross mortgage or corporate loan rate index that prevailed during period t —1.

Loan Defaults and Foreign Currency Liquidity

We define the financial gap as a weighted average of the contemporaneous deviations of real nonfinancial
private sector debt and the relative prices of housing and equity from their steady state equilibrium values,

- DFf D’ Vi v Ve VF
INE —InF, = ¢ (In—t+1 —In—_”‘]+¢F (In—* —InZ- ]+¢F [In—’ —In=- ] (73)
t t B PtY F)[Y H PtY RY F F)tY F)[Y

where ¢f >0, ¢/ >0, ¢ >0 and ¢ +¢, +4f =1. Nonfinancial private sector debt D/, satisfies
Dl =D/, +Df,. The change in the financial gap reflects financial conditions, as well as other drivers of the
financial cycle, while its level measures financial vulnerability.

The mortgage and corporate loan default rates satisfy loan default relationships exhibiting partial adjustment

dynamics of the form
8 =67 = p* (67, =6%)=(1-p* ) [(INY, =InY) + ¢ 7 (INF, —InF) |+v/", (74)

where Z e {H,F},while 0< 5% <1, 0< p* <1, ¢ >0 and ¢F > 0. As specified, the deviation of the mortgage
or corporate loan default rate from its steady state equilibrium value is inertially decreasing in the
contemporaneous output and financial gaps. Deviations from these default rate relationships are captured by
mean zero and serially correlated mortgage or corporate loan default shock vfz .

The foreign currency liquidity shifter satisfies a foreign currency liquidity relationship that helps stabilize the
net foreign asset ratio of the form

A Z\M £
f(75—75)=—§5(—*——* +v/, (75)
t RY, RY,)
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where ¢¢ > 0. As specified, the deviation of the foreign currency liquidity shifter from its steady state equilibrium
value is decreasing in the contemporaneous deviation of the net foreign asset ratio from its steady state
equilibrium value. Deviations from this foreign currency liquidity relationship are captured by mean zero and
serially correlated foreign currency liquidity shock vy .

D. The Trade Sector

Let O, denote the real exchange rate, which measures the price of foreign output in terms of domestic output,
thatis Q =R 1P .

The Export Sector

The export sector transforms the final output good into a final export good under producer currency pricing,
with partial indexation to contemporaneous domestic currency denominated foreign output price inflation. This
partial indexation mechanism incorporates some degree of local currency pricing.

Export Demand

There exist a large number of perfectly competitive firms which combine differentiated intermediate export
goods {X,, }._, supplied by intermediate export good firms to produce final export good X, according to constant
elasticity of substitution production function:

o

1 o1 o<1
[0 % dx| (76)
0

X, =

The representative final export good firm maximizes profits from production of the final export good with respect
to inputs of intermediate export goods, implying demand functions:

px\ "
X, =2 X, 77)
X, Pt)(

Since the production function exhibits constant returns to scale, in equilibrium the final export good firm generates
zero profit, implying aggregate export price index:
1

P = D(P ) dx}wx . (78)

0

Serially uncorrelated export price markup shock 9~ satisfies ¢~ =6 /(6 —1), where the price elasticity of
demand for intermediate export goods & satisfies 6 > 1.
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Export Supply

There exists a continuum of monopolistically competitive intermediate export good firms indexed by x € [0,1].
Intermediate export good firms supply differentiated intermediate export goods, but are otherwise identical.
Each intermediate good exporter x sells shares to domestic credit unconstrained households at price V;; .
Acting in the interests of its shareholders, it maximizes its pre-dividend stock market value, which in equilibrium
equals the expected discounted value of current and future dividend payments:
o s—t U
X evE =g B A ppx (79)

7] Xs"
s=t ﬂ(

The derivation of this result imposes a transversality condition that rules out self-fulfilling speculative asset price
bubbles.

Shares entitle households to dividend payments equal to profits fo(s , defined as earnings less fixed cost
R

1Y =P} X, —-P'X,,—F). (80)

x,s7 x,s s

Earnings are defined as revenues from sales of differentiated intermediate export good X, ; at price P, minus
expenditures on final output good X, .. The representative intermediate export good firm purchases the final
output good and differentiates it. Fixed cost F* ensures that J; I1)Xdx =0.

In an adaptation of the model of nominal import price rigidity proposed by Monacelli (2005) to the export
sector, each period a randomly selected fraction 1-@* of intermediate export good firms adjust their price
optimally, where 0 < »* < 1. The remaining fraction »* of intermediate export good firms adjust their price to
account for past export price inflation, as well as contemporaneous domestic currency denominated foreign
output price inflation, according to partial indexation rule

x x 7% X %
-u u Sy \1# == “
PX PY,f PX Py'f
p[J (5] [__,J [f] PE., 1)
R~ &aP5 R~ &aP4

where 0<y* <1 and 0 < 4% <1. Under this specification, the probability that an intermediate export good firm
has adjusted its price optimally is time dependent but state independent.

If the representative intermediate export good firm can adjust its price optimally in period ¢, then it does so
to maximize pre-dividend stock market value (79) subject to intermediate export good demand function (77), and
the assumed form of nominal export price rigidity. Since all intermediate export good firms that adjust their price
optimally in period t solve an identical value maximization problem, in equilibrium they all choose a common
price P*" given by necessary first order condition:

1-p KT T, =y e == 7 g L\-0X
E 3 () B g PN (BT (ERY RAVT(ERT | BEL (B py
= A GH &P PX, EP P P ) o7
X X1

Pt X x 7" X X 7% : X .
w st 4U px -u epy Y P = SR\ pX px: 05
E X \s—t ﬁ s gX -1 t-1 tt -1 Tt t s t PXX
tsZ:t:(w ) ﬁtu ;-1 HPSXJ gsPsy,f P;; epYr PtX Prx s s

This necessary first order condition equates the expected discounted value of the marginal revenue gained from
export supply to the expected discounted value of the marginal cost incurred from production. Aggregate export
price index (78) equals an average of the price set by the fraction 1- »* of intermediate export good firms that

B (82)
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adjust their price optimally in period t, and the average of the prices set by the remaining fraction ©* of
intermediate export good firms that adjust their price according to partial indexation rule (81):

1-0F | 1-g¥

1—yX

X x 7% _ 11X I u
- P (&R Y Px gR"
PX =1(1- " )(P* Y 4 |:(Pt_)-<1) gt ;pY,f ﬁt_; g_t ;5ny P . (83)
t-2 t-1l 1 t-2 1111

Since those intermediate export good firms able to adjust their price optimally in period t are selected randomly
from among all intermediate export good firms, the average price set by the remaining intermediate export good
firms equals the value of the aggregate export price index that prevailed during period f -1, rescaled to account
for past export price inflation, as well as contemporaneous domestic currency denominated foreign output price
inflation.

The Import Sector

The import sector transforms the foreign final export good into a final import good under local currency
pricing, with partial indexation to contemporaneous domestic currency denominated foreign output price inflation.
This partial indexation mechanism incorporates some degree of producer currency pricing. The final import good
is then combined with the final output good to produce goods for absorption by households, firms and the
government. Under this transformation, exchange rate pass-through to the prices of these absorption goods is
incomplete in the short run, but complete in the long run.

Import Demand

There exist a large number of perfectly competitive firms which combine the final output good
Z! e{C/ 1" 1" ,GE",G!"} with the final import good Z/ € {C/,I["",I}"",GF',G/"} to produce private consumption,
residential investment, business investment, public consumption or public investment good Z, € {C,,I{",I,G’,G/}
according to constant elasticity of substitution production function

M

1 M1 1 [ P
Zt:[(1—¢£”>”<2fw“ +(¢!>WM(9X9M2{>WM] : (84)

where 0<¢) <1 and y" >0, while ¢}/ = 4 = 4" and g% =4 = 4. The representative absorption good firm
maximizes profits from production of the private consumption, residential investment, business investment, public
consumption or public investment good, with respect to inputs of the final output and import goods, implying

demand functions:

PY - 1 PM - Z
Zf=<1—¢?>[?j z, 2 =¢£”{9X3M?J T (89)

Since the production function exhibits constant returns to scale, in equilibrium the representative absorption good
firm generates zero profit, implying aggregate private consumption, residential investment, business investment,
public consumption or public investment price index:
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v pr
P:=|(1=-8"YP)™ +¢ (W} : (86)
These aggregate absorption price indexes equal the minimum cost of producing one unit of the absorption good,
given the prices of the final output and import goods.
There exist a large number of perfectly competitive firms which combine differentiated intermediate import
goods {Mm,,}:,,:O supplied by intermediate import good firms to produce final import good M, according to
constant elasticity of substitution production function:

H,M

1 ‘91MM*1 -1
M, =|[(M,)* dm| . (87)

0

The representative final import good firm maximizes profits from production of the final import good with respect
to inputs of intermediate import goods, implying demand functions:

P
M, = [L‘J M,. (88)

Since the production function exhibits constant returns to scale, in equilibrium the final import good firm generates
zero profit, implying aggregate import price index:
1
! v T
P =| [Py dm| . (89)
0

Serially uncorrelated import price markup shock " satisfies " =" /(6" —1), where the price elasticity of
demand for intermediate import goods 8 satisfies 6" > 1.

Import Supply

There exists a continuum of monopolistically competitive intermediate import good firms indexed by
m e[0,1]. Intermediate import good firms supply differentiated intermediate import goods, but are otherwise
identical.

Each intermediate good importer m sells shares to domestic credit unconstrained households at price Vn“q’f,.
Acting in the interests of its shareholders, it maximizes its pre-dividend stock market value, which in equilibrium
equals the expected discounted value of current and future dividend payments:

S—tﬂU
/ 0 s (90)
t

my, +Ve =E>
s=t

The derivation of this result imposes a transversality condition that rules out self-fulfilling speculative asset price
bubbles.

Shares entitle households to dividend payments equal to profits Hnﬁf’s , defined as earnings less fixed cost
FM-

S

Hnﬁl,’s = Pr:/,lst,s _SsPsX’me,s - FsM' (91)

©lnternational Monetary Fund. Not for Redistribution



IMF WORKING PAPERS A Medium-Scale DSGE Model for the Integrated Policy Framework

Earnings are defined as revenues from sales of differentiated intermediate import good M, ; at price P,f,f’s minus
expenditures on foreign final export good M, . . The representative intermediate import good firm purchases the
foreign final export good and differentiates it. Fixed cost F ensures that L: 17 dm=0.

In an extension of the model of nominal import price rigidity proposed by Monacelli (2005), each period a
randomly selected fraction 1-w" of intermediate import good firms adjust their price optimally, where
0 < " <1. The remaining fraction »" of intermediate import good firms adjust their price to account for past
import price inflation, as well as contemporaneous domestic currency denominated foreign output price inflation,
according to partial indexation rule

M M VM _ M _ M 1‘7M
v |(BEY T (ER YL (R (R Y o
Pm,t - M Y f pM c pYf Pm,t—1’ (92)
F)t—Z gt—1Pt—1 IDt—2 gt—1Pt—1

where 0 <" <1 and 0 < 4" <1. Under this specification, the probability that an intermediate import good firm
has adjusted its price optimally is time dependent but state independent.

If the representative intermediate import good firm can adjust its price optimally in period t, then it does so
to maximize pre-dividend stock market value (90) subject to intermediate import good demand function (88), and
the assumed form of nominal import price rigidity. Since all intermediate import good firms that adjust their price
optimally in period t solve an identical value maximization problem, in equilibrium they all choose a common
price P" given by necessary first order condition:

oM

M VT, M L s e
£ oy B e SR (B (SR YT (AT (ERNT R (R T
t U s M M Y.f pM o pY.f M M s s
s=t ﬂt le Ps—1 gslas Ps—1 gsljs ,Dt IDI 93
(93)
M M1 .

M M M M M 1’VM ® M

w st U pM il epY Y pM - gprY pM pm 05
E M \s—t /8 s QM -1 t-1 t't -1 Tt s t PMM
' ;(a) ) //z’tU ( ° ) PSA111 gs lDSYYf IDSAQ gs Psz lDlM lDlM § ¥

This necessary first order condition equates the expected discounted value of the marginal revenue gained from
import supply to the expected discounted value of the marginal cost incurred from production. Aggregate import
price index (89) equals an average of the price set by the fraction 1- " of intermediate import good firms that
adjust their price optimally in period t, and the average of the prices set by the remaining fraction »" of
intermediate import good firms that adjust their price according to partial indexation rule (92):

P

t

1
1= M -6 1—6/”

1-pM M e _ 1-pM _ M 4
gt P ERT p" ERT
P =1(1-a" )P )™ + & (P[M1 j [gt /;Y,fj [13,/\/11 ] (Et /tSY,f] P . (94)
t-2 t-1" 11 t-2 t-1" 11

Since those intermediate import good firms able to adjust their price optimally in period t are selected randomly
from among all intermediate import good firms, the average price set by the remaining intermediate import good
firms equals the value of the aggregate import price index that prevailed during period t -1, rescaled to account
for past import price inflation, as well as contemporaneous domestic currency denominated foreign output price
inflation.
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E. The Monetary, Fiscal, and Macroprudential Authorities

The government consists of a monetary authority, a fiscal authority, and a macroprudential authority. The
monetary authority conducts monetary policy and executes foreign exchange intervention. The fiscal authority
conducts fiscal policy and administers capital controls. The macroprudential authority conducts macroprudential
policy.

The Monetary Authority

The monetary authority takes offsetting positions in the domestic and foreign interbank markets, transferring
profits 77° to the fiscal authority,

718 = (BES —(1+18,)B0% )+ £,(BLF —(1+iE)BC ), (95)

t+1 t+1

where BCE +&BCF =0 . Profits are defined as the increase in net loans BSY from the domestic interbank
market net of interest payments at the domestic interbank rate i’,, plus the domestic currency denominated
increase in net loans B,+1 from the foreign interbank market net of interest payments at the foreign interbank
rate i7"} . The stock of foreign exchange reserves R, , satisfies R,., = Bﬁf , while the foreign exchange reserve
ratio r,+1 satisfies r,,, = &R,,,/ P"Y,, and foreign exchange intervention FXI, satisfies FXI, = Changes in

foreign exchange reserves are fully sterilized since AER, AB,CHBh .

t+1

Monetary Policy

The monetary authority implements monetary policy through control of the interbank rate according to a
monetary policy rule exhibiting partial adjustment dynamics of the form

if =7 = P~ 5+ (1= p") B, — 75+ €7 (nY, —In¥?) |+, (96)

where 0<p” <1, &° >1and £ >0. As specified, the deviation of the interbank rate from its steady state
equilibrium value is inertially increasing in the expected future deviation of consumption price inflation from its
target value, as well as the contemporaneous output gap. We define the output gap as the deviation of output
from its potential value, which we define as that output level consistent with full utilization of private physical
capital and effective labor, given the private physical capital stock and effective labor force. Deviations from this
monetary policy rule are captured by mean zero and serially uncorrelated monetary policy shock vt'B .

Foreign Exchange Intervention

The foreign exchange reserve ratio satisfies a foreign exchange intervention rule that helps stabilize the real
exchange rate of the form

hy—r=-§(InQ, - an_{)+Vtr' (97)

where r >0, 0<p" <1 and & >0 . As specified, the deviation of the foreign exchange reserve ratio from its
steady state equilibrium value is decreasing in the contemporaneous deviation of the real exchange rate from its
steady state equilibrium value. Deviations from this foreign exchange intervention rule are captured by mean
zero and serially correlated foreign exchange intervention shock v, .
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The Fiscal Authority

The fiscal authority issues domestic currency denominated government bonds to domestic households,
securing new government borrowing B . It also levies taxes on corporate earnings at rate 7/, on household
labor income at rate z;, on household consumption expenditures at rate ¢, on cross-border mortgage
borrowing at rate z/’, and on cross-border corporate borrowing at rate 7/, generating tax revenues T,. In
addition, the fiscal authority receives profit transfer 77,¢ from the monetary authority. These sources of funds are
summed in government dynamic budget constraint:

1 1 1 1
CO° + RGP +RYG! + [TZdh = BY® + [ (PLY,, ~WiL,, - @i )df + [t [W, L, didh
0 0 0 0 (98)

1
+J‘rtCP,CChytdh+rﬂ1(1—5t”)(a” +i'MEDP + ¢ (1= )" +ifED] + 11°.
0

According to this dynamic budget constraint, the fiscal authority services its debt at cost CZ° . It also purchases
public consumption good G at price P,GC , and public investment good G/ at price F’,G/ , accumulating the public
capital stock KZ, according to K, =(1-6,)KS +G where 0<d, <1. Finally, the fiscal authority remits
household type specific lump sum transfer payments {T,f, },_, » which it allocates across nondiscretionary transfers
{T"},_, and discretionary transfers {TZ o, thatis T =T + T4 . Nondiscretionary transfers sum to zero
across households, that is JO T,f,'”dh =0, while discretionary transfers are targeted at credit constrained
households, that is Th‘f,’D =0. In steady state equilibrium, nondiscretionary transfers equate consumption across
credit unconstrained and credit constrained households.

The fiscal authority enters period t with previously accumulated public debt D, which subsequently evolves
according to accumulation function

D7, =(1-a°)Df + B>, (99)
where o® =1- %, which implies that 0 < a® <1. Its debt service cost satisfies C&¢ = (a® +i%,)D?, reflecting
an amortization payment at rate «® and an interest payment at effective rate lfj on the outstanding stock of

public debt. This effective government rate evolves according to

oE BPS\ ¢ BFY.
# =(- 2 B, (100
as a weighted average of the interest rates applicable to outstanding and new public debt, the latter given by the
past government bond yield.

Fiscal Policy

Public consumption and investment satisfy countercyclical fiscal expenditure rules exhibiting partial
adjustment dynamics of the form

G? G2 . .
INZL = pCInZLL —(1- p°)e% (InY, —InYP) +v&, (101)
G, G,

where Z e{C,/}, while 0< p® <1 and & >0. As specified, the deviation of public consumption or investment
from its steady state equilibrium value is inertially decreasing in the contemporaneous output gap. Deviations
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from these fiscal expenditure rules are captured by mean zero and serially correlated public consumption or
investment shock v& .

The tax rates applicable to corporate earnings, household labor income and household consumption
expenditures satisfy acyclical fiscal revenue rules of the form

Z_

o7 =7 = p (el =77+ (102)

where Z € {K,L,C}, while 0<z? <1 and 0 < p* <1. Deviations from these fiscal revenue rules are captured by
mean zero and serially correlated corporate, labor income or consumption tax rate shock v{z .

Nondiscretionary transfers to credit constrained households satisfy a transfer payment rule that gradually
stabilizes the net foreign asset ratio of the form

TtCN _ ECﬁ _ §TN At+1 _ Ztﬂ (103)
RY, R, RY., RY,)

where chN > 0. As specified, the deviation of the nondiscretionary transfer payment ratio from its steady state
equilibrium value is increasing in the contemporaneous deviation of the net foreign asset ratio from its steady
state equilibrium value. Discretionary transfers to credit constrained households satisfy a transfer payment rule
that gradually stabilizes the public debt ratio of the form

7-tC,D 7_-tC,D B _é:TD [ DG 56

S g 5 Y U (104)
FY, szytj t

PYY, R,
where §TD >0. As specified, the deviation of the discretionary transfer payment ratio from its steady state
equilibrium value is decreasing in the contemporaneous deviation of the public debt ratio from its target value.
Deviations from this transfer payment rule are captured by mean zero and serially correlated transfer payment
shock v/ .

Capital Flow Management

The tax rates applicable to cross-border mortgage and corporate borrowing satisfy capital flow management
rules exhibiting partial adjustment dynamics of the form

Zf o NZf
2= prl (1= pT)E” (ln%—m &D: j+ vie, (105)

Y R’

where Z e {H,F}, while z* =0, 0< p’c <1 and f’z > 0. As specified, the mortgage or corporate capital control
tax rate is inertially increasing in the contemporaneous deviation of the real domestic currency denominated
value of external mortgage or corporate debt from its steady state equilibrium value. Deviations from these capital
flow management rules are captured by mean zero and serially correlated mortgage or corporate capital control
shock v~ .1

" These capital controls may be classified as both capital flow management and macroprudential policy measures, as they limit both
capital inflows and systemic risk arising from them.
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The Macroprudential Authority

The regulatory bank capital ratio requirement satisfies a countercyclical capital buffer rule exhibiting partial
adjustment dynamics of the form

Y PV t

t t

B AB
KR =R = p (kR =R+ (1= p ) [In%—ln Af_”jw” (106)

where 0<«® <1, 0< pKR <1 and g”R > 0. As specified, the deviation of the bank capital requirement from its

steady state equilibrium value is inertially increasing in the contemporaneous deviation of real bank credit from

its steady state equilibrium value. Deviations from this countercyclical capital buffer rule are captured by mean
zero and serially correlated bank capital requirement shock vt"R .

The regulatory mortgage and corporate loan to value ratio limits satisfy loan to value limit rules exhibiting

partial adjustment dynamics of the form

:( Df D} :

4 —¢" = p'(#l - ¢°)-(1-p*)¢* ['nﬁ—ln 5;1} v (107)

t t

where Ze{H,F}, while 0<¢? <1, 0<p’<1 and & >0. As specified, the deviation of the mortgage or
corporate loan to value limit from its steady state equilibrium value is inertially decreasing in the contemporaneous
deviation of real mortgage or corporate debt from its steady state equilibrium value. Deviations from these loan
to value limit rules are captured by mean zero and serially correlated mortgage or corporate loan to value limit
shock v/ .

F. Market Clearing Conditions

A rational expectations equilibrium in this DSGE model of the world economy consists of state contingent
sequences of allocations for domestic and foreign households, firms and banks that solve their constrained
optimization problems given prices and policies, together with state contingent sequences of allocations for the
domestic and foreign governments that satisfy their policy rules and constraints given prices, with supporting
prices such that all markets clear.

Clearing of the final output good market requires that the value of exports X, equal the value of final output
good supply minus demand from households, firms and the government,

PXX, =P/ (Y,~Cl —I"" ~If" ~G*" ~G!"), (108)
where X, = M/ . Clearing of the final import good market requires that the volume of imports M, equal the volume
of demand from households, firms and the government,

M, =C/ +1I"" + 1" + G + G/, (109)
where M, = X/ . In equilibrium, combination of these final output and import good market clearing conditions
yields output expenditure decomposition,

PtYYt = PtCCt + Ptllt + PtGGt + PtXXt - PtMMtv (110)
where the price of investment satisfies P’ = Pt’H = F’t’K while investment satisfies /, =/ +/, and the price of
public demand satisfies P® = P®" = P® while public demand satisfies G, = G® + G| .

Clearing of the final mortgage or corporate loan market requires that bank credit supply equal bank credit
demand, ultimately from domestic and foreign households or firms,
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ABZ = D21 4 DE! (111)

+1 t+1 t+1

where Z e {H,F} . In equilibrium, clearing of the final mortgage or corporate loan payment system implies that
the mortgage or corporate credit loss rate satisfies:

@ZEAzB'Z = 52D7" + 57 D' (112)

The derivation of this result equates the debt service receipts of domestic banks to the debt service payments of
domestic and foreign households or firms. To close the model, we assume that the economy has zero net
exposure to the foreign interbank market, that is B% + B¢ =0 .

Let A,, denote the net foreign asset position, which equals the sum of the assets less liabilities of
households, firms, banks and the government:
(113)

1 1
A= jAf}'Ldb + jAff;db - Dﬁm - Dti1'

0 0
Imposing equilibrium conditions on government dynamic budget constraint (98) reveals that the fiscal deficit
FD, = DS, - Df equals the sum of interest expenditures, the primary fiscal deficit PD, = P°G, + T°® ~T,, and the

cost of holding foreign exchange reserves,

DE,-DE =iZDf +PCG, + TP — ¢ (RYY, -WL,) - it WL,

t+1

& (114)

PR et -0F e DY | (2= 2 26 R,
z t-1
where Z € {H,F} . Imposing equilibrium conditions on household dynamic budget constraint (5), and combining
it with government dynamic budget constraint (114), firm dividend payment definition (32), bank dividend payment
definition (56), output expenditure decomposition (110), and mortgage or corporate credit loss rate decomposition
(112) reveals that the current account balance CA, = A, — A equals the sum of net international investment
income and the trade balance TB, = B*X, - P"M,,

A-A = Y| (1= )a? +i2,)(A5 — D7)
z
1 (115)
-7 08~ [ AFa=0F || R -t
0

where Ze{H,F}. The derivation of this result imposes deposit market clearing condition B/’ =B"?,

government bond market clearing conditions D¢, =ztv vese ., and (1+i%)D° =Ztvj1(17vfj +V3)S:, , stock

—1 VitV

market clearing conditions S/, =1 forall f €[0,1] and S;,,, =1 forall b €[0,1], and domestic interbank market

. e h h
clearing condition B>?" +BS? =0.

t+1

Ill. THE EMPIRICAL FRAMEWORK

Estimation, inference and forecasting are based on an augmented linear state space representation of an
approximate multivariate linear rational expectations representation of this DSGE model of the world economy,
expressed as a function of its potentially heteroskedastic structural shocks. This multivariate linear rational
expectations representation is derived by analytically linearizing the equilibrium conditions of the DSGE model
around a stationary deterministic steady state equilibrium that abstracts from long run balanced growth, and
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consolidating them by substituting out intermediate variables.? Its linear state space representation is augmented
with empirically flexible trend component specifications for observed endogenous variables that account for long
run balanced growth while absorbing intermittent structural breaks. It is also augmented with state dependent
conditional heteroskedasticity specifications for structural shocks that generate endogenous risk, by
parsimoniously capturing intertemporal dependence of the conditional variances of endogenous variables on
their conditional means, yielding a nonlinear empirical framework.

A. Endogenous Variables

In what follows, X, denotes the cyclical component of variable x,, while X, denotes its trend component,
where x, = X, + X, . The relative sizes of the domestic and foreign economies are measured by their steady state
equilibrium world output shares w” and w”’", where w” +w"" =1.

Cyclical Components

Credit unconstrained consumption Inéf’ depends on its past and expected future values, and is driven by
the real interbank rate adjusted by the housing, duration and equity risk premia, according to Euler equation:

aC

A A 1 A
InC/ = ~InC/, +——E,InC,
1+a 1+a (116)

c

H:] C ~H CAB CZs ~C 1 ~C ~C
e Et[(lt + OV PV, + PV, —7rM)——1+TC ATH1+A|HVH1:|.

Credit unconstrained consumption is also driven by the change in the consumption tax rate. Credit constrained
consumption InC’ satisfies static budget constraint

5CAC A7 =C
(1+TC)9 |nPiYC: +chf =(1—TL)MCL |n'f'/;Lf— 1Lff +iC T; , (117)
YT PY, 1+r PY\"PY 1-r ¢° PY,

which equates credit constrained consumption expenditures to household disposable labor income plus
transfers.

The unemployment rate depends on its past value, and is driven by employment and the real effective wage,
determining the labor force In/\?, according to supply function:

. . L w, 1 1
L _ LAL L t t AL ~C
U =at ,—(1-«a ){ulnﬁ—nl:lnéclz\tr 1 Ty — 1.0 7, }} (118)
The unemployment rate also depends on the labor income and consumption tax rates. The unemployment rate
ar satisfies d; =InN, —InL, .

The deviation of wage inflation 7" from its partially indexed value depends on its expected future value, and
is driven by the contemporaneous and past unemployment rate, according to Phillips curve:

G K L © T KR o

2 In steady state equilibrium VC=V,H=V/K=1, VB =M =S =y o o o o 2 o8 oy oy o o T o oy
v =v" =y =0, ¥ =V for Ze{ABS}, and APZ | PYY =D?|P"Y for Ze{H,F}.
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A =y (A= HOIRL, + G+ G = PE[ A =7 (1= iR + (3 + 6]

_(1—of)<1—afﬂ>{l Lot - ati —'nﬁf}-

ot nl-«a

(119)

The partially indexed value of wage inflation depends on its past value, as well as past consumption price inflation
and trend productivity growth. The wage InW satisfies 7, InW In W,f1 .

The price of housing In\/tH depends on its expected future value, and is driven by the user cost of housing,
according to asset pricing relationship:

InV" = BE, IV +(1- B)E, In 11"

I (RS (120)

t+1

The price of housing is also driven by the interbank rate adjusted by the duration and housing risk premia. The
user cost of housing In 77} satisfies

ot . N L - A Mo

TyInH,H =In(B"A,)+ yy|:aH nB™ —(1-8")(a" + /"’)InCtH”"} —7|n(P,’/,”), (121)
where %:1— 1- %;RH) 1-(1- 5”)“ " g New mortgage borrowing InB"" satisfies InB"" =
Z’ +In(Q/1""), while mortgage debt service cost InCH* satisfies:

A 1+ ope a S
InC/*" = P i, = +InD/". (122)

Mortgage debt InD[i1 is accumulated from new mortgage borrowing according to In D,+1
(1-a")InD +a" InB" .

The deviation of residential investment expenditures from nominal output depends on its past and expected
future values, and is driven by the relative shadow price of housing, shadow price of mortgage debt and regulatory

mortgage loan to value ratio limit, determining residential investment InIAt” according to demand function:

Inl?’//’H L In 1,3’11£H1 B E,In P’/”/‘,L
PY, 1+8 PY,, 1+8 ' P,

t— t+17t+1

1 17 étH H H Q_H_ﬂ HBH
+m{ln(vt PT/]+¢ (1+R )[InPt ¢ J+¢ Rt :|

The relative shadow price of housing depends on its expected future value, and is driven by the real interbank
rate adjusted by the duration and housing risk premia, determining the shadow price of housing InQ/" according
to Euler equation:

QH

!

(123)

Q:L B, 2B | AH Al /5:1
=E,| B(1=8,)In—51 = (if +0F + 0 =4[ )+ (1= B(1=5,)InZ | (124)
F)t+1 F)t+1
The relative shadow price of housing is also driven by the relative implicit rental price of housing. The implicit
rental price of housing Inls,” satisfies:
P11 F/,

|n__ = ——|ln— 125
PC 1+TCTt < C (125)

The shadow price of mortgage debt l@t” depends on its expected future value, and is driven by the interbank rate
adjusted by the duration and housing risk premia, according to Euler equation

AtH H éﬁ% B, 2B | AH H 14" ~HE
E:Et pl-a )F_(It +v +v)+(1- (1~ « ))aH+iH I, (126)
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where R" = —% The shadow price of mortgage debt is also driven by the effective mortgage loan

rate. The housing stock InI-AIt+1 is accumulated from residential investment according to
InA,., =(1-8,)InH, +5,In(>" i) 3

The government bond vyield /, depends on its expected future value, and is driven by the interbank rate
adjusted by the duration risk premium, according to asset pricing relationship:

- - 1—6()6,3 2 2

ie = wCPEIS + m(f +V7). (127)
The term premium 4’ depends on its expected future value, and is driven by the duration risk premium,
according to:

n 1- CUG,B 2
,UtB = a)GﬂEtﬂ,BH +mvt8. (128)
The duration risk premium ¥ may be internationally correlated given v2 = 2802 +(1—- 2%)P® where 0< A% <1,
capturing international bond market contagion.
Output depends on utilized private physical capital and effective employment, determining employment InL,
according to production function:

InY, :(1 9" ';VL jln("KK) 9Y WL (129)
Potential output In\?," depends on the private physical capital stock and effective labor force according to:
InY? =|1-9 wL InK, +3Y WL (130)
PYY

The output gap InY? satisfies InY? =In\7, ~InY? . Productivity InA, depends on the productivity shifter and
public capital intensity according to:

oG
InA, :¢A|n&;*+(1—¢A)|nK+. (131)
Nt
The productivity shifter Inv* may be internationally correlated given Inv/ = 2%Inv*" +(1-2%)Inv”, where
0 < A" <1.Trend productivity InAT satisfies INA” = p* InAT, +(1- p* )In,z\, ,wh|Ie trend productivity growth g
satisfies " =InAT —InAT .
The price of equity In\7f depends on its expected future value, and is driven by corporate profit, according
to asset pricing relationship:

NV = BE, NV, + (1= B)E, In 175, — (i% + 52 + 5°). (132)

The price of equity is also driven by the interbank rate adjusted by the duration and equity risk premia. The equity
risk premium v may be internationally correlated given v° = 250°" +(1-2%)7° where 0< 1° <1, capturing
international stock market contagion. Corporate profit In ﬁf satisfies

* s WL oo WL,
o7 ymnF (’I—z'K)[In(PtYYt)—Pyyln(WtLt)}—@—quK

(133)

BF /K

yy[aF INBFF —(1-57)(a" +iF)In é,ﬂ -

+
P

3 The inclusion of asset risk premia, exclusion of the mortgage loan default rate, and sign on the mortgage loan to value ratio limit in
these equations are not microfounded.
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g _(1_ K WL v Fya +i ® . SF.F i
Wh?:f ?_(1”5 N1- pYy —{1- W -(1-07) 217 .Ne.w corporate borrowing InB, " satisfies
InB™ :fﬂn(q 1), while corporate debt service cost InC satisfies:
InGFF = %i‘ff —§F +InDf. (134)
+1i

Corporate debt In D,’:+1 is accumulated from new corporate borrowing according to In D,’:+1
(1-a")InDf +a" InBFF .

The deviation of business investment expenditures from nominal output depends on its past and expected
future values, and is driven by the relative shadow price of private physical capital, shadow price of corporate
debt and regulatory corporate loan to value ratio limit, determining business investment InIA,K according to
demand function:

In ,DtIItK _ 1 In IDtI1ItK1 + B E.In IDtIHIt’;
PY, 1+ P'Y., 1+B8 ' Py

t-1 t+1 7 t+1

1 N étK F K Q_K_¢, F BK
+m{ln(vt ?/Jﬂé (1+R )(Inpt 7 ]+¢ R }

The relative shadow price of private physical capital depends on its expected future value, and is driven by the
real interbank rate adjusted by the duration and equity risk premia, determining the shadow price of private
physical capital InQAtK according to Euler equation:
K K
InQ—_E {ﬂm )In Q‘”
P t+1

t

(135)

° 2 2 ~ ~ 1 ~
_(ItB +VtB +VtS _”rl+1)+(1_ﬁ(1_5K))(77K|nurﬁ1 _Uﬂ};ﬂ- (136)

The relative shadow price of private physical capital is also driven by the capital utilization and corporate tax
rates. The capital utilization rate Ing/ satisfies:

Ing/ =Lln£. (137)
1+ 7% P'K,

The shadow price of corporate debt Ii’tK depends on its expected future value, and is driven by the interbank rate
adjusted by the duration and equity risk premia, according to Euler equation
RK RK, 1407 ope
w=E|B(l-a ) =P+ 00 +00)+ (1= pA-a ) ———1 |,

RX af +if

(138)

where R¥ = % The shadow price of corporate debt is also driven by the effective corporate loan

rate. The private physical capital stock InKt+1 is accumulated from business investment according to
InK,., = (1- 8, )InK, + 5, In(#" [¥) 4

The deviation of output price inflation £’ from its partially indexed value depends on its expected future
value, and is driven by the labor income share, according to Phillips curve:

Y

YR = PR, -y )+ (2 (=" B)( 1, W Longr |. (139)
@ Py Yt

The partially indexed value of output price inflation depends on its past value. The price of output Inls,y satisfies
=InP’ -InPY,.

4 The exclusion of the corporate loan default rate and sign on the corporate loan to value ratio limit in these equations are not
microfounded.
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Domestic mortgage or corporate debt InDﬁf depends on total mortgage or corporate debt, as well as the

deviation of the mortgage or corporate loan rate from its effective value, according to demand function

.7 R e
D7 =InDZ, —y® 1z iy, (140)

t+1 t+1

az +i?
where Z e {H,F} . The domestic currency denominated value of external mortgage or corporate debt depends

on total mortgage or corporate debt, determining external mortgage or corporate debt In[h),z+'1f according to
demand function:

t+1 t+1 Z Z 't

74
In(£D7%;) =InD7, -y {fﬂojzi’l ! +EAINE %if}. (141)

The domestic currency denominated value of external mortgage or corporate debt also depends on the deviation
of the foreign mortgage or corporate loan rate from its effective value, adjusted by the mortgage or corporate
capital control tax and nominal currency depreciation rates. The effective mortgage or corporate loan rate i:ZE
depends on the mortgage or corporate loan rate according to

1477 5 1+i% - s 1407
7 iz :(1—¢f)m,t2+ f{rtz+az+/ +EAInEM}, (142)
where ¢7 = = " with gow” % =g2'w"’ :V’Y' The effective mortgage or corporate loan rate also depends on

the foreign mortgage or corporate loan rate, adjusted by the mortgage or corporate capital control tax and nominal
currency depreciation rates.

The money stock InM+1 satisfies InA, =(1- )InMi1 +K InKi1, while bank credit Inlz\f+1 depends on
contemporaneous mortgage and corporate credit according to
AB . AB,H . ABF
PyylnA,z - PyymAﬁf AL, (143)
AB _ AB‘H ABH 1 H IH AB‘F 1 ¢F
where Py = 2, W|th A% 1+¢ & By = = W . New mortgage or corporate lending
InB2? satlsfles InA,B A g InBBZ while mortgage or corporate loan income InC2# satisfies
A 1447
InC>* = R i’ 1+InA,BZ (144)

where Z e {H,F} . Mortgage or corporate credit InAﬁf depends on domestic and foreign external mortgage or
corporate debt according to INAZ? = (1-¢£)InDZ" + g2 InDZ!" .

Bank retained earnings In/:B depends on its past and expected future values, and is driven by the relative
shadow price of bank capital, according to:

B
e = ni® + L Emi® +— i Q.
1+ B 1+ B 2P+ p) P

The relative shadow price of bank capital depends on its expected future value, and is driven by the interbank
rate, determining the shadow price of bank capital InQ? according to Euler equation:

B B
Q Qt+1 _ I"B
t

(145)

L = fE,In>

t t+1

—<1—ﬂ>Z—R(f%,+1 S} (146)

The relative shadow price of bank capital is also driven by the deviation of the bank capital ratio from its required
value. The bank capital ratio #,,, satisfies £,,, = «*(INK?, —=InAZ ) . The bank capital stock InK?, is accumulated

from retained earnings given credit losses according to INK2., = (1—52)(INK? — 52) + 5% Ini? .

©lnternational Monetary Fund. Not for Redistribution



IMF WORKING PAPERS A Medium-Scale DSGE Model for the Integrated Policy Framework

The financial gap Inlf, depends on real nonfinancial private sector debt, as well as the relative prices of
housing and equity, according to

P H F
InF, :¢§In%+¢jln%+¢,§ln%, (147)

t t t

where nonfinancial private sector debt Inﬁp satisfie = InD” InDF The mortgage or
t+1 I+1 t+1 "

corporate loan default rate 52 responds inertially to the output and flnanC|aI gaps accordlng to:

87 = p* 82— (1= p ) (INYE + LT InF) 407" (148)

The effective mortgage or corporate loan default rate 5 satisfies 57 = (1-¢%)5% + ¢25%" . The bank capital
destruction rate ciB depends on the effective mortgage and corporate loan default rates according to

A® [1-5° A APy 107
58k PYY{ 58 +InKB} 252 a’ +i? PYYL;ZHZ iZ,+ P 5% +InAtBZ} (149)
where 5%k A = 6% (a" + 1) A+ 55 (a +iF) s

capital buffer and credit risk exposures.
The change in the mortgage or corporate loan rate i” depends on its expected future value, and is driven
by the interbank rate and mortgage or corporate loan rate, according to Phillips curves

= PEATZ, + (1_mc)(1_wcﬂ){ & { n®(1- ﬂ){ 1+77 ,H
10} 77

BOA-%)1+i%)

af +i¢ |: azE o° QAB A B
+—— 57 + In=t-+In3* |- i? ¢,
1+ % 1-62 P

(150)

where &% = % . The change in the mortgage or corporate loan rate is also driven by the bank capital

ratio and its required value, as well as the effective mortgage or corporate loan default rate and relative shadow
price of bank capital.

The interbank rate iAtB responds inertially to consumption price inflation and the output gap according to
monetary policy rule:

i = p I8+ (1= P NETE AL+ E Y+ (151)

The foreign exchange reserve ratio F,

.1 responds to the real exchange rate according to foreign exchange
intervention rule:

F==&InG +v. (152)

Foreign exchange intervention FXI satisfies FX/ Ar,.,, while the foreign exchange reserve stock InF:’H1
satisfies f,,, = r(Iné, +InF\’H1 InF’, —InYt).

Public consumption or investment InG,Z responds inertially to the output gap according to fiscal expenditure
rule

INGZ = p®InGZ, —(1- p®)& InYC + ¢, (153)

where Z e{C,I}. The public capital stock InK,‘i1 is accumulated from public investment according to

INK®, = (1-8,)InK® +5,InG! . The corporate, labor income or consumption tax rate 72 satisfies fiscal revenue

rule

= p 0 (154)
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where Z e {K,L,C} . The mortgage or corporate capital control tax rate #/ responds inertially to the real domestic

currency denominated value of external mortgage or corporate debt according to capital flow management rule

T et T T EDZﬁ»f Z'Z
=p" &, +(1=p" )E  In 'P“+vt , (155)
t
where Ze{H F}. The nondlscret|onary transfer payment ratio FT;:: satisfies ;‘:: :§TN PA;;/ , while the
C.D "‘[D'yy :—gTD PD;;/ iy Tt t t Tt t 't

The regulatory bank capital ratlo requirement £F

R responds |nert|aIIy to real bank credit according to
countercyclical capital buffer rule:

B
RR = p RR+ (1= p )" In%+ o (156)

t+1
t

The regulatory mortgage or corporate loan to value ratio limit &Z responds inertially to real mortgage or corporate
debt according to loan to value limit rule

R R . DX .
# = P (1= It il (157)
t
where Z e {H,F}.
The nominal exchange rate Inét depends on its expected future value, and is driven by the international
interbank rate differential, according to uncovered interest parity condition:

In& = E,Iné,, —(1% 1)+ %, — £ Tty pr. (158)
The nominal exchange rate is also driven by the foreign exchange reserve and net foreign asset ratios. The real
exchange rate InQ, satisfies Ing, =Iné +InP" —InP" .

The deviation of export price inflation 7~ from its partially indexed value depends on its expected future
value, and is driven by the price of output relative to exports, according to Phillips curve:

= (= OV + i ANERT) = BE [ £, = (1= V&S + 1 AnE, P ]
159
(=)= wﬂ)[ 7 +mxj (159)

a)

The partially indexed value of export price inflation depends on its past value, as well as contemporaneous
domestic currency denominated foreign output price inflation. The price of exports Inls,x satisfies
=InPX —InPX,.
The deviation of import price inflation 7" from its partially indexed value depends on its expected future
value, and is driven by the domestic currency denominated foreign price of exports relative to imports, according
to Phillips curve:

A =M= VA + i AIRERT) = B [ 21 (1= i) + 1A, BY)]

(1-a")1-o ﬂ)[ & ,X’+,n9tMJ. (160)
C()

+

t

The partially indexed value of import price inflation depends on its past value, as well as contemporaneous
domestic currency denominated foreign output price inflation. The price of imports InP" satisfies
=InP" —InpP" .
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The price of absorption InFA’tz depends on the price of output, as well as the relative price of imports,
according to

PZ . PM
|n+P=|nF¢Y+¢yrnﬁ, (161)

Vi t

where Z < {C,/,G}. Absorption price inflation 7/ satisfies 7/ :Inl-'h’,Z —InFA’,ﬂ. Imports InI\;It depend on private
consumption, private investment and public demand according to demand function

M, M, C P I P") .G F">M
FI —In_L =g InC, —y"InZ— |+ ¢ —|In], - YIn—- |+ InG, —y"InZ- 162
y o = e y( -y 2 ] y[ v B J & [ -y pe (162)
where SXSM M_ iy C ¢ +f 2 with wngg w”'\;i,f. Imports also depend on the corresponding relative

prices oflmports Exports InXt satlsfy InX, =In(¥XM’) .5
Nominal output depends on consumption expenditures, investment expenditures, government expenditures,
export revenues and import expenditures, determining output InY, according to market clearing condition

avoo Coomoa | an G aa M._P*X,

Y (o] / G M

In(R Yt)=7|n(Pt Ct)+7|n(Pt It)+7|n(F>t G)+ 99 yl 7R (163)
where %+ \'( +7 =1. Private consumptlon InC, satisfies InC, = (1-¢°)InCY + ¢°InCE , while private investment
InI satlsfles flnl _Vlnl” VlnIK with % '7+'Y and public demand InG, satisfies
oG, _—InGC+—InG’ with O =2+ 9.

The flscal defrcrt ratio ,’:;, depends on public debt service cost, the primary fiscal deficit ratio and the central
bank profit transfer accordlng to dynamic budget constraint:

FD, 1-0°(1-®)B D° +
R, o°f  PYT

N a A . (164)
1-0°(1-0%)B D¢ D¢ PYY, PD LT .AB “pf &
+ 5 -1 v voin= +— —iy —In4—1.
o p Pl P Y P Yt 1 RY, ﬂ Ea
The effective government rate f ¢ satisfies f G /At f +(1-w )f . The primary fiscal deficit ratio depends

PVY,
on the government expenditure, discretionary transfer payment and tax revenue ratios according to:
=1} G ~C,D r
PyDt _G nP G . TY 7y't (165)
RPYY, Y P, P'Y, RBY,

"C _ szN + 7';0
Py, Y TPY, RY,
labor income and consumptlon tax rates, as well as the mortgage and corporate capital control tax rates

according to:

(166)

wL (. Wi ) cf. PCC, APZ
pr(T’LJﬁLIn,Sr“tJJFV[T’C T InP YJ Z¢Z1 5N at +i )PYYTt1

t Tt

The tax revenue ratio also depends on the corporate labor income and consumption tax bases. The public debt

FD, D¢ Dg Dé , PYY,
t1 — 1 | &t
ratio Py, satisfies Y By Py PVYInP,X '

5 The inclusion of shocks in these equations is not microfounded.
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The current account balance ratio FC,Y—A;, depends on net international investment income and the trade

. . " t .
balance ratio according to dynamic budgef constraint
C/Zr AP? 2oz i) el 1+ 3z f Az,h 1+4° 2zf 8z 5 AZf A{B,Z z A{B,Z 78, 167
PVY:ZPYY (1=87)a” +77 ) || =ity = 67/ +mD7” |- azﬂ_zf,,fa, +In(E D7) +|an‘“ et +P,Y</,‘ (167)

t

where Z e {H,F}. The trade balance ratio ;/ satisfies PYY QXBMMI P' i
A, CA _ A, A

t t t
By satisfies Py = BY Ry

t 't

, while the net foreign asset ratio

Trend Components

The changes in the trend components of the price of output InP" , output Ith , price of consumption InP¢ ,
consumption InC, , investment In],, exports InX,, imports InM,, price of housing InV" , price of equity InV/",
bank credit InA?, nominal exchange rate In&,, wage InW, and employment InL, follow stationary first order
autoregressive processes

AX, = (1= p)p, + A + &), &1 T, ~ N(O.h"), (168)
where X, e {InI-T’,Y,In?t,InI3tc,Inét,In[,ln)_([,Inl\ﬁt,In\Z”,In\ZF,InZ,B,InE,InM_/,,InI:} , with corresponding unconditional
means u, €{r, g+n Tg+ng+ng+ng+nr+gr+g+nr+g+nr—a,r+g,n} and innovations
E,X e{Efv E,Y,Et P g, B AR A A - having unconditional variances

e{c Pv,ay, Pc,ac,o-, ,O'X,O'M,GVH,GVF,GAB,O'E,O'S/,ELz} These trend components converge asymptotically at a
common speed determined by p to a long run balanced growth path featuring constant inflation at rate =,
productivity growth at rate g, and population growth at rate n. In parallel, the changes in the trend components
of the interbank rate j,®, government bond yield i,° and unemployment rate u" follow stationary first order

autoregressive processes with zero unconditional means
AX, = pAX, 4+ &), & | T ~ N(0,h%), (169)

where X, €{i,?i°u"}, with corresponding innovations & e {Et"s,Et’G,Et“L} having unconditional variances
h* e {Elfi ,6; ,&EL} . These trend components converge asymptotically at the same speed to a long run balanced
growth path featuring constant interest and unemployment rates. As an identifying restriction, all innovations are
assumed to be contemporaneously uncorrelated.

B. Exogenous Variables

All structural shocks follow stationary first order autoregressive or serially uncorrelated processes, driven by
conditionally normally distributed heteroskedastic or homoskedastic innovations.

Conditional Means

The productivity Inv/*, labor supply Inv , private consumption demand Inv¢ , residential investment demand

Inuﬁt’H , business investment demand Inﬁ,’K , export demand Inv, import demand Inv , duration risk premium

v? , housing risk premium v/, equity risk premium v° and forelgn currency liquidity v° shocks follow stationary
first order autoregressive processes driven by conditionally normally distributed heteroskedastic innovations

V7 = pvl, + & 801 T, ~ N(OAF), (170)
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where vZ e {InvA,InvM InvC Inv!” Inv! InvX Inv¥ 08 o 58 0fY | with corresponding autoregressive coefficients
Pz e{pA’pvac1p/1p/vp)§‘vav/ZB’pAHvesveg}A %ndnianV?tianA ‘é:tz e{‘é:tA’ét vétc’étl ’ghtl ’étxvét 'gf’étl-"étsvétg} havihng
conditional variances h’ e{h},h",h¢ h b 0} " h° KT K% h7}. Furthermore, the output price markup Ing",
wage markup In g, export price markup In 9, import price markup InétM and monetary policy 17;'5 shocks follow

serially uncorrelated processes driven by conditionally normally distributed homoskedastic innovations

i =8, & |1, ~ N(0,A%), (171)

agt AgX agM

where vZ e{Ind’ In3"Ind*Ing" "}, with corresponding innovations &% e{&” " &% " &} having
uncondltlonal variances h? e{ogy, BL,ézx,ﬁjM,&;}. Finally, the mortgage loan markup In4", corporate loan
markup Ing " | mortgage loan default v, corporate loan default \?fF , absorption price Inv/, foreign exchange
intervention v, , public consumption demand ﬁ,Gc , public investment demand ﬁtG/ , corporate tax rate 17,’K , labor
income tax rate 17[L , consumption tax rate 17[0 , transfer payment v/ , bank capital requirement \?fR , mortgage
loan to value limit 17;”H, corporate loan to value limit 17f’F , mortgage capital control 17,’H and corporate capital
control ﬁt’F shocks follow stationary first order autoregressive processes driven by conditionally normally
distributed homoskedastic innovations

= p,vi &2, B2 | T, ~ N(0,h?), (172)
where v“f e{Ind" IngF v v InvP wr v w8 v o o T o o pf o vy, with  corresponding
autoregressive coefficients Pz e{pgc,pC,pC,péc,pF,,pr,pG,pG,pr,pr,pr,pT,pK,p(p,pdj,prc,prc} and innovations

é,z e{&’ ,éf ,éf ,éf ,éf,é,’,éf &8 ,é,’ ,é{ ,ét ,g, ,g, ,gf’ ,gf’ 1& ,g, "} having  unconditional  variances
h? e {62 62,6

o gc, o sc’C’P’C’ ,62,62,6%,62,62,62,67 o-¢, ¢,ac,0' }. As an identifying restriction, all innovations
are assumed to be contemporaneously uncorrelated.

Conditional Variances

The conditional variances of the productivity h*, labor supply hY, consumption demand hE , investment
demand h/, export demand h* and import demand h shocks are loglinear functions of the past changes in
and levels of the domestic and foreign output gaps

InAZ =Iné2 — AM(y,, AINYSE =y, INYE )= (1- 2 )(w,, AINYE, =y, INYS)), (173)

where Z € {A,N,C,I,X,M}, while 0 < M <1 If v,y > 0 then the conditional variances of these macroeconomic
shocks are higher during a domestic or foreign business cycle contraction than during an expansion, while if
v, >0 then they are higher when domestic or foreign capacity pressures are elevated than when they are
subdued. In parallel, the conditional variances of the duration risk premium ﬁf, housing risk premium ﬁ,” , equity
risk premium ﬁf and foreign currency liquidity ﬁf shocks are loglinear functions of the past changes in and
levels of the domestic and foreign financial gaps

INAZ =In63 = A" (y  AINF . nFL) = (1= A7) p  AINF —y InF ), (174)

where Z e {B,H,S,£}, while 0< A" <1.If y,, >0 then the conditional variances of these financial shocks are
higher during a domestic or foreign financial cycle downturn than during an upturn, while if . > 0 then they are
higher when domestic or foreign financial vulnerabilities are elevated than when they are subdued. These
loglinear functional forms ensure positive conditional variances h?, which converge asymptotically to
unconditional variances of &2, given that the lagged output and financial gaps are stationary predetermined
endogenous variables with zero unconditional means.
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IV. ESTIMATION, INFERENCE, AND FORECASTING

We interpret our linearized DSGE model with state dependent conditional heteroskedasticity as a
representation of the joint probability distribution of the data, and estimate a restricted version of it using the
Bayesian maximum likelihood procedure documented in Adrian and Vitek (2020). This restricted version of the
model consolidates or eliminates those structural shocks that are weakly identified by our macrofinancial time
series data sets. Given the parameter estimates, we then conduct scenario analysis using the unrestricted
version of the model.

A. Estimation

The set of parameters associated with our heteroskedastic linearized DSGE model is partitioned into two
subsets. Those parameters that enter into the conditional mean function of its augmented linear state space
representation are calibrated, whereas those that enter into its conditional variance function are estimated. Most
calibrated and all estimated parameters are subject to cross-economy equality restrictions.

Calibrated Parameters

The calibrated values of steady state equilibrium parameters are reported in Table 4 of Appendix A. All
reported steady state equilibrium great ratios are set to their sample average values for the economy under
consideration, while all unreported ones are derived from these given steady state equilibrium relationships. In
steady state equilibrium, the import share of private investment ¢ is setto 1.25 times that of private consumption
#Y and public demand ¢ . The steady state equilibrium annualized depreciation rate of the housing stock &,
is set to 5.0 percent, while that of the private physical capital stock &, is set to 10.0 percent, and that of the
public capital stock &, is set to 7.5 percent. In steady state equilibrium, the annualized mortgage i and
corporate i loan rates are set to 4.0 and 6.0 percent, while the annualized mortgage «" and corporate " loan
amortization rates are set to 2.5 and 5.0 percent, and the annualized mortgage 5" and corporate 6" loan default
rates are set to 1.0 and 2.0 percent, respectively. Finally, the output 4", export 3 and import 3" price markup
parameters are all set to imply steady state equilibrium price markups of 25 percent.

The calibrated values of behavioral parameters lie within the range of estimates reported in the existing
empirical literature where available, and are differentiated across the advanced versus emerging market
economies under consideration where appropriate, as reported in Table 5 of Appendix A. For example, the habit
persistence in consumption ¢ and labor supply o parameters are both set to 0.8, while the subjective discount
factor g is set to imply a steady state equilibrium annualized interbank rate of 2.0 percent. The intertemporal
elasticity of substitution in consumption o is set to 1.0, while the intratemporal elasticity of substitution in labor
supply 7 is set to 0.5. In addition, the share of credit constrained households ¢° is set to 20 percent in the
advanced economies under consideration, versus 25 percent in the emerging market economies. Furthermore,
the adjustment cost parameters for residential y"” and business »* investment are both set to 3.0. The partial
indexation parameters for output price »*, wage ", export price »* and import price y" determination are all
set to 0.8. In addition, the nominal rigidity parameters for output price »” and wage «" determination are both
set to imply average reoptimization intervals of 8 quarters in the advanced economies under consideration,
versus 6 quarters in the emerging market economies. Furthermore, the nominal rigidity parameters for export
»* and import »" price determination are both set to imply average reoptimization intervals of 6 quarters, while
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the financial friction parameter for nominal mortgage and corporate loan rate determination o® is set to imply an
average adjustment interval of 4 quarters. The intratemporal elasticities of substitution in import " and external
bank credit ® demand are both set to 0.5. Finally, the international bond and stock market contagion coefficients
2B and A5 are set to 40 and 50 percent in the advanced economies under consideration, versus 60 and
75 percent in the emerging market economies, respectively.

The calibrated values of policy rule parameters also lie within the range of estimates reported in the existing
empirical literature where available, as reported in Table 6 of Appendix A. In the monetary policy rule, the
response coefficient on consumption price inflation cf”c is set to 2.0, while that on the output gap fyG is set to
0.5 at the annual frequency. In the foreign exchange intervention rule, the steady state equilibrium foreign
exchange reserve ratio r is set to its sample average value for the economy under consideration, while the
response coefficient on the real exchange rate & is set to 0.1 at the annual frequency. In the fiscal expenditure
rules, the response coefficients for public consumption §GC and investment .fG' with respect to the output gap
are both set to 1.0. In the fiscal revenue rules, the steady state equilibrium corporate 7*, labor income - and
consumption z° tax rates are set to their sample average values for the economy under consideration. In the
countercyclical capital buffer rule, the steady state equilibrium bank capital ratio «* is set to 5.0 percent, while
the response coefficient on real bank credit f“’R is set to 0.1. In the loan to value limit rules, the steady state
equilibrium mortgage ¢"” and corporate ¢" loan to value ratio limits are both set to 80 percent, while the response
coefficients on real mortgage f"’H and corporate §"’F debt are both set to 0.5. Finally, in the capital flow
management rules, the response coefficients on the real domestic currency denominated value of external
mortgage .f’H and corporate .f’F debt are both set to 0.1 at the annual frequency.

The calibrated values of trend component parameters are reported in Table 7 of Appendix A. The common
speed of convergence parameter p is set to imply a half life of deviations from the long run balanced growth
path of 10 years. Along this balanced growth path, the constant inflation 7 , productivity growth g and population
growth n rates are set to their sample average values for the economy under consideration.

Estimated Parameters

Estimation of the restricted version of our heteroskedastic linearized DSGE model is based on the levels of
a total of 31 endogenous variables observed for four pairs of economies over the sample period 2001Q1 to
2019Q4. Each pair of economies combines a small open advanced or emerging market economy with the United
States, which is taken to represent the rest of the world. This choice is motivated by our focus on the global
financial cycle, but the rest of the world could alternatively be represented by another systemic economy such
as the Euro Area, depending on the application. The small open advanced economies under consideration are
Korea and Switzerland, while the small open emerging market economies are South Africa and Thailand. These
economies have experienced volatile capital flows, span a wide range of structural characteristics, and satisfy
our data availability requirements.

The observed macroeconomic and financial market variables under consideration are the gross domestic
product price deflator, real gross domestic product, the headline consumer price index, real private consumption,
real private investment, real exports, real imports, the nominal policy interest rate, a benchmark long term nominal
government bond yield, a house price index, an equity price index, credit to the nonfinancial private sector, the
nominal bilateral exchange rate, a nominal wage index, the unemployment rate, and employment. The
macroeconomic variables are all seasonally adjusted. The nominal wage index is derived from observed labor
income and employment. For Switzerland and the United States, the estimated shadow nominal policy interest
rate substitutes for the observed nominal policy interest rate, to account for the effects of unconventional
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monetary policy at the effective lower bound. All data was obtained from the GDS database compiled by the IMF
where available, and from databases produced by the BIS or HAVER otherwise.

The restricted version of our model consolidates or eliminates those structural shocks that are weakly
identified by our macrofinancial time series data sets. In particular, we consolidate the residential and business
investment demand shocks into an investment demand shock, the public consumption and investment demand
shocks into a public demand shock, and the mortgage and corporate loan to value limit shocks into a loan to
value limit shock. In addition, we eliminate the mortgage and corporate loan markup shocks, the mortgage and
corporate loan default shocks, the export and import price markup shocks, the foreign exchange intervention
shock, the corporate, labor income and consumption tax rate shocks, the transfer payment shock, the bank
capital requirement shock, and the mortgage and corporate capital control shocks.

Parameter estimation results based on effective sample period 2001Q3 to 2019Q4 are reported in Table 9
of Appendix A. The data is very informative regarding many of the estimated parameters that enter into the
conditional variance function, as evidenced by substantial updates from prior to posterior. The prior means of the
slope parameters associated with our state dependent conditional heteroskedasticity mechanism are aligned
with the estimated posterior modes reported for different economies in Adrian and Vitek (2020). The posterior
modes of these slope parameters exhibit substantial economy specific deviations around these common prior
means.

B. Inference

Our estimated DSGE model generates output and financial gap estimates, which summarize the business
and financial cycles. As shown in Figure 1, our output gap estimates indicate abrupt synchronized business cycle
contractions during the global financial crisis (GFC) in all of the economies under consideration, followed by
recoveries of varying intensity. These business cycle dynamics reflect reinforcing fluctuations in capital and labor
utilization.® In parallel, our financial gap estimates indicate synchronized financial cycle downturns during the
GFC, followed by upturns that lag behind the business cycle recoveries. These financial cycle dynamics reflect
reinforcing credit cycle dynamics and asset price adjustments.

6 iofi 76 _[4_ qv WL sK _qv WL ~1
The output gap satisfies InY, —(1 g Pyy)lnu, g oy Ur -
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Figure 1. Business and Financial Cycles
Output Gap
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Note: Decomposes smoothed estimates of the output gap m into contributions from the capital utilization m and unemployment = rate
gaps. Also decomposes smoothed estimates of the financial gap m into contributions from the debt m, house price m and equity price
= gaps.

Our historical decompositions of consumption price inflation and output growth yield economically plausible
explanations of their evolution over time, as shown in Figure 2. Those of consumption price inflation attribute
deviations from trend rates primarily to macroeconomic shocks, in particular to price and wage markup shocks.
In parallel, our historical decompositions of output growth attribute business cycle dynamics around trend growth
rates primarily to macroeconomic and financial shocks, in particular to demand and risk premia shocks.
Consistent with conventional views, these historical decompositions identify adverse demand and risk premia
shocks in the United States as the primary drivers of the business cycle contractions that occurred during the
GFC. Finally, they identify policy shocks as countercyclical mitigants of these business cycle contractions,
particularly in the advanced economies under consideration.

Figure 2. Historical Decompositions
Consumption Price Inflation
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Note: Decomposes observed consumption price inflation or output growth m as measured by the seasonal logarithmic difference of
the consumption price level or output into the sum of a trend component = and contributions from domestic macroeconomic m, foreign
macroeconomic =, domestic financial m, foreign financial =, domestic policy m, foreign policy =, and world terms of trade m shocks.
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C. Forecasting

Our sequential dynamic forecasts of consumption price inflation and output growth track their observed
realizations reasonably accurately, as shown in Figure 3. We measure the dynamic forecasting performance of
our estimated DSGE model relative to that of a random walk in sample at the 1 to 12 quarter horizons on the
basis of the logarithm of the U statistic due to Theil (1966), which equals the ratio of root mean squared prediction
errors. We find that the model dominates a random walk in terms of predictive accuracy for consumption price
inflation and output growth, for all of the economies under consideration. Indeed, over the holdout sample period
2005Q2 to 2019Q4, the root mean squared prediction error is 19 to 40 percent lower for consumption price
inflation, and 40 to 46 percent lower for output growth, on average across horizons.

Figure 3. Sequential Dynamic Forecasts
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Note: Depicts observed consumption price inflation or output growth m as measured by the seasonal difference of the logarithm of the
consumption price level or output versus sequential dynamic forecasts m.

Policymakers are often concerned with the risks surrounding their central forecasts. In our model, these risks
vary systematically with respect to the phase and position of the domestic and global business and financial
cycles. As shown in Figure 4, the entire conditional distribution of output growth, and not just its central tendency,
evolves over time. Indeed, both the location and scale of the conditional distribution of output growth shift in
response to changes in domestic and global macroeconomic and financial conditions and vulnerabilities.
Moreover, these shifts are negatively correlated, generating conditional distributions that are skewed to the
downside, particularly at times of domestic or global macrofinancial stress. In contrast, the conditional distribution
of consumption price inflation is roughly symmetric.
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Figure 4. Conditional Distributions
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Note: Depicts the one year ahead predicted probability density function of consumption price inflation or output growth, estimated
using a normal kernel based on a Monte Carlo simulation with 100,000 replications.

Consistent with the key stylized facts of growth at risk documented in Adrian and Vitek (2020), in our model
the conditional lower quantile of output growth is more volatile than its conditional mean, which in turn is more
volatile than its conditional upper quantile, as shown in Figure 5. This reflects the strong dependence of output
growth dynamics on demand and risk premia shocks, which are conditionally heteroskedastic. Given the
specification of our state dependent conditional heteroskedasticity mechanism, adverse demand and risk premia
shocks not only reduce the conditional mean of output growth, but also raise its conditional variance, and vice
versa. This generates a negative correlation between the conditional mean and variance of output growth, which
ranges from -0.14 to -0.49 across the economies under consideration. In contrast, for consumption price inflation
the conditional lower and upper quantiles are roughly equally volatile in our model. This reflects the strong
dependence of consumption price inflation dynamics on price and wage markup shocks, which are conditionally
homoskedastic.
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Figure 5. Conditional Quantiles
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Note: Depicts observed consumption price inflation or output growth m as measured by the seasonal difference of the logarithm of the
consumption price level or output versus the one year ahead predicted mean = and 0.05 and 0.95 quantiles m. The quantiles are
estimated based on a Monte Carlo simulation with 100,000 replications.

V. PoLICY ANALYSIS

Having verified that our estimated DSGE model yields economically plausible historical decompositions and
reasonably accurate sequential dynamic forecasts of consumption price inflation and output growth, we proceed
to conduct policy analysis using it. In particular, we quantify its monetary policy, foreign exchange intervention,
fiscal policy, macroprudential policy, and capital flow management transmission mechanisms with impulse
responses. We then jointly optimize the response coefficients of the simple instrument rules governing the
conduct of these policies. Finally, we examine the jointly optimized responses of these policies under domestic
and global financial cycle upturn and downturn scenarios, with and without policy space constraints.

In what follows, note that under the parameterization of our model, Korea and Switzerland have well
anchored inflation expectations, whereas South Africa and Thailand have less well anchored inflation
expectations, as reflected in the values of the nominal rigidity parameters for output price »” and wage o"
determination. Furthermore, Switzerland and Thailand have relatively high trade openness, whereas Korea and
South Africa have relatively low trade openness, as reflected in the value of the steady state equilibrium import
ratio M/Y . Finally, Switzerland and South Africa have the largest unhedged foreign currency denominated
mortgage and corporate external debt exposures, while Korea and Thailand have the smallest, as reflected in
the values of the steady state equilibrium external debt ratios ED"' / PY and D'/ P'Y , respectively.”

7 Calibration of the mortgage and corporate external debt exposures is based on the Locational Banking Statistics and Debt Securities
Statistics databases compiled by the BIS. The mortgage external debt exposures capture cross-border bank credit to households,
while the corporate external debt exposures capture cross-border bank credit to and international debt securities issued by
nonfinancial firms. We assume that these observed nonfinancial private sector external debt exposures are entirely foreign currency
denominated, and that they are 75 percent currency hedged for Switzerland versus 25 percent for the other small open economies
under consideration, motivated by Du and Schreger (2021).
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A. Policy Transmission Mechanisms

Our estimated DSGE model features extensive interactions among its monetary policy, foreign exchange
intervention, fiscal policy, macroprudential policy, and capital flow management transmission mechanisms. We
quantify these policy transmission mechanisms and interactions with impulse responses.

Monetary Policy

A monetary easing through an interbank rate cut lowers bank lending rates and raises asset prices, as shown
in Figure 6 of Appendix B. The resultant loosening of financial conditions stimulates private domestic demand, in
particular residential and business investment. The currency depreciates in nominal and real terms, slightly
increasing exports and moderately offsetting the rise in imports. Output expands more than potential, and the
output gap rises while the unemployment rate falls, associated with higher price and wage inflation. The currency
depreciation also increases import price inflation, amplifying and accelerating the rise in consumption price
inflation. Quantitatively, lowering the interbank rate by one percentage point boosts consumption price inflation
by 0.2 to 0.3 percentage points peak after 2 to 4 quarters, and output by 0.3 to 0.4 percent peak after 3 to
4 quarters, across the economies under consideration. Bank credit rises with mortgage and corporate debt. The
fiscal deficit ratio of the consolidated public sector initially falls, reflecting a valuation gain on foreign exchange
reserves held by the central bank, contributing to the reduction in the public debt ratio. The current account
balance ratio also falls, reflecting higher import expenditures, reducing the net foreign asset ratio.

Foreign Exchange Intervention

A foreign exchange intervention through reserve sales appreciates the currency, slightly decreasing exports
and moderately raising imports, as shown in Figure 7 of Appendix B. Quantitatively, lowering the foreign
exchange reserve ratio by one percentage point appreciates the currency by 1.5 percent on impact in nominal
and real terms, consistent with the empirical estimates of Adler, Lisack and Mano (2019).8 Output contracts more
than potential, and the output gap falls while the unemployment rate rises, associated with lower price and wage
inflation. The currency appreciation also reduces import price inflation, amplifying and accelerating the fall in
consumption price inflation. The central bank cuts the interbank rate to mitigate the falls in consumption price
inflation and the output gap, stimulating private domestic demand, in particular residential and business
investment. Bank credit eventually rises with mortgage and corporate debt, while external debt falls due to a
valuation effect. The fiscal deficit ratio of the consolidated public sector initially increases, reflecting a valuation
loss on foreign exchange reserves held by the central bank, contributing to the rise in the public debt ratio. The
current account balance ratio eventually falls, reflecting lower export receipts and higher import expenditures,
reducing the net foreign asset ratio.

8 The panel regression on which these empirical estimates are based covers a wide sample of advanced and emerging market
economies, including all of the small open economies under consideration in this paper.
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Fiscal Policy

A public consumption or investment based fiscal stimulus boosts public demand, while raising the fiscal
deficit and public debt ratios, as shown in Figure 8 or Figure 9 of Appendix B. Output expands more than potential,
and the output gap rises while the unemployment rate falls, associated with higher price and wage inflation.
Quantitatively, the peak output multiplier for a public consumption based fiscal stimulus ranges from 0.7 to 1.0,
while that for a public investment based fiscal stimulus ranges from 0.7 to 1.1, across the economies under
consideration. But the expansionary effects of the public investment based fiscal stimulus are far more persistent,
reflecting the productivity gains from building up the public capital stock. To stabilize consumption price inflation
and output, the central bank hikes the interbank rate, and the currency appreciates in real terms. Private domestic
demand initially rises as output expands, then falls as financial conditions tighten. Substitution from domestic to
external mortgage and corporate debt occurs. The current account balance ratio falls, reflecting higher import
expenditures, reducing the net foreign asset ratio.

A corporate, labor income or consumption tax based fiscal stimulus boosts private domestic demand, while
raising the fiscal deficit and public debt ratios, as shown in Figure 10 to Figure 12 of Appendix B. A corporate tax
rate cut expands output more than potential by incentivizing labor demand more than labor supply, and the output
gap rises while the unemployment rate falls, associated with higher price and wage inflation. In contrast, a labor
income or consumption tax rate cut expands output less than potential by incentivizing labor supply more than
labor demand, and the output gap falls while the unemployment rate rises, associated with lower price and wage
inflation. Quantitatively, the peak output multiplier for a corporate tax rate cut ranges from 0.1 to 0.2, while that
for a labor income tax rate cut ranges from 0.4 to 0.6, and that for a consumption tax rate cut ranges from 0.5 to
0.8, across the economies under consideration. Given their opposite effects on consumption price inflation and
the output gap, the central bank hikes the interbank rate in response to a corporate tax rate cut, but cuts it in
response to a labor income or consumption tax rate cut. The increase in private domestic demand induced by a
corporate tax rate cut is concentrated in business investment, whereas that induced by a labor income or
consumption tax rate cut is broad-based. In all cases, bank credit rises with mortgage or corporate debt. The
current account balance ratio falls, reflecting higher import expenditures, reducing the net foreign asset ratio.

A targeted transfer payment based fiscal stimulus boosts private consumption, while raising the fiscal deficit
and public debt ratios, as shown in Figure 13 of Appendix B. Output expands more than potential, and the output
gap rises while the unemployment rate falls, associated with higher price and wage inflation. Quantitatively, the
peak output multiplier for a targeted transfer payment based fiscal stimulus ranges from 0.7 to 1.2 across the
economies under consideration, reflecting differences in their share of credit constrained households and trade
openness. To stabilize consumption price inflation and output, the central bank hikes the interbank rate, and the
currency appreciates in real terms. Residential and business investment initially rise as output expands, then fall
as financial conditions tighten. Bank credit rises then falls with mortgage and corporate debt, while substitution
from domestic to external debt occurs. The current account balance ratio falls, reflecting higher import
expenditures, reducing the net foreign asset ratio.

Macroprudential Policy

A macroprudential tightening through a countercyclical capital buffer increase widens bank lending spreads,
enabling banks to accumulate capital through retained earnings, as shown in Figure 14 of Appendix B. The
increases in real mortgage and corporate loan rates reduce residential and business investment. Output
contracts more than potential, and the output gap falls while the unemployment rate rises, associated with lower
price and wage inflation. The central bank cuts the interbank rate to mitigate the falls in consumption price inflation
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and the output gap. Bank credit falls with mortgage and corporate debt, while substitution from domestic to
external debt occurs. The fiscal deficit ratio increases, reflecting lower nominal output, raising the public debt
ratio. The current account balance ratio also increases, reflecting lower import expenditures, raising the net
foreign asset ratio.

In response to a macroprudential tightening through a mortgage or corporate loan to value limit reduction,
residential or business investment falls, as shown in Figure 15 or Figure 16 of Appendix B. The associated
reduction in mortgage or corporate debt lowers bank credit. Output contracts more than potential, and the output
gap falls while the unemployment rate rises, associated with lower price and wage inflation. The central bank
cuts the interbank rate to mitigate the falls in consumption price inflation and the output gap. The fiscal deficit
ratio increases, reflecting lower nominal output, raising the public debt ratio. The current account balance ratio
also increases, reflecting lower import expenditures, raising the net foreign asset ratio.

Capital Flow Management

Capital flow management through a mortgage or corporate capital control tightening raises the cost of cross-
border mortgage or corporate borrowing, as shown in Figure 17 or Figure 18 of Appendix B. Bank credit rises as
households or firms substitute from external to domestic mortgage or corporate debt, whereas residential or
business investment falls. Output contracts more than potential, and the output gap falls while the unemployment
rate rises, associated with lower price and wage inflation. The central bank cuts the interbank rate to mitigate the
falls in consumption price inflation and the output gap. The currency depreciates only slightly in real terms,
because raising the tax rate applicable to cross-border mortgage or corporate borrowing alters the composition
of capital inflows without reducing the total much, consistent with the empirical findings of Magud, Reinhart and
Rogoff (2018). The fiscal deficit ratio falls, reflecting higher capital control revenues, reducing the public debt
ratio. The current account balance ratio increases, reflecting lower import expenditures, raising the net foreign
asset ratio.

B. Optimized Policy Rules

Suppose that the government has preferences defined over inflation and output stabilization objectives, as
well as instrument smoothing objectives, represented by intertemporal loss function

L= (1= BE Y B €78 IV, 3,), (175)

where 2, = (i,7,,InGC,InG.,&% 4", 47, ,#7) . The N policy instruments under consideration are the interbank
rate, the foreign exchange reserve ratio, public consumption and investment, the bank capital ratio requirement,
the mortgage and corporate loan to value ratio limits, and the mortgage and corporate capital control tax rates.
For fiscal policy, we abstract from the tax rates and transfer payments, because in practice these policy
instruments are linked to automatic fiscal stabilizers, and are rarely used to provide fiscal stimulus.

The intratemporal loss function quadratically penalizes the deviations of consumption price inflation from
target and output from potential, as well as the deviations of the policy instruments from their steady state
equilibrium values,

HFCINYE 5,) = (5 + 4 (nVER + 3 4,2, . (176)

i=1
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where 4 >0 forall i =0,...,N. As specified, this intratemporal loss function does not represent an independent
financial stability objective, which is instead internalized in the inflation and output stabilization objectives. Note
that its conditional mean depends on the conditional means and variances of its arguments:

E /(#°,InY2,2,) = [ (€20 ) + Var,(#°) ]+ 4, [(E, INY®)? + Var,(InY® )} + ﬁ:z, [(E2,)?+Var(2,)] (177)

By making the conditional variances of all endogenous variables state dependent, our endogenous risk
mechanism has the potential to alter the optimal conduct of policy under quadratic loss, by capturing intertemporal
risk-return policy tradeoffs. For example, stimulating the economy with monetary easing builds up financial
vulnerabilities in our framework, which makes drawing large shocks more likely under our state dependent
conditional heteroskedasticity mechanism, which further puts growth at risk if such shocks tighten financial
conditions. As shown in Adrian and Vitek (2020), accounting for this macrofinancial feedback loop calls for
accompanying monetary easing with more aggressive macroprudential tightening, to enhance the resilience of
the banking sector to financial vulnerabilities while leaning against their buildup.

Suppose 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 structure of the world economy as
represented by the rest of our estimated DSGE model. Note that this constrained minimization problem takes as
given our postulated functional dependence of policy instruments on intermediate targets. We consider a flexible
inflation targeting regime with a dual mandate, and set the weight on output fluctuations 4, to 0.50. To account
for instrument smoothing, we set the weights on the policy instruments under consideration 4, to 1.00 for all
i=1,...,N.We evaluate the intertemporal loss function by forecasting the means and variances of its annualized
arguments out 25 years, conditional on the estimated state of the world economy. Under long run commitment,
we then average this intertemporal loss function across all historical states, to eliminate its dependence on initial
conditions. Finally, we numerically minimize this average intertemporal loss function, jointly with respect to the
response coefficients of the relevant policy rules, subject to inequality constraints on them.

The optimized policy rule response coefficients are all positive, as shown in Table 1. This absence of corner
solutions implies that all of the policies under consideration should be systematically used to help stabilize
inflation and output in our framework, on average across states of the world economy. Across the economies
under consideration, monetary policy should respond aggressively to expected future consumption price inflation
and moderately to the output gap. Indeed, our optimized monetary policy rules are similar to that advocated by
Taylor (1993). In the pursuit of inflation and output stabilization objectives, foreign exchange intervention should
respond mildly to the change in the real exchange rate, by adjusting the foreign exchange reserve ratio in
response to its level. This finding is consistent with Lama and Medina (2020), who also rationalize leaning against
real exchange rate changes through foreign exchange intervention under a flexible inflation targeting regime.
Fiscal policy should respond moderately to the output gap, by adjusting public consumption and investment over
the business cycle. Macroprudential policy should respond mildly to real bank credit, by adjusting the
countercyclical capital buffer over the credit cycle. It should also respond mildly to real mortgage and corporate
debt, by adjusting the mortgage and corporate loan to value ratio limits. Finally, capital flow management should
respond mildly to real external mortgage and corporate debt, by adjusting the mortgage and corporate capital
control tax rates.
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Table 1. Optimized Policy Rule Response Coefficients

Korea South Africa Switzerland Thailand

Monetary policy

§”c 1.6663 1.5050 1.4337 1.7387

§VG 0.8447/S 0.1787/S 0.6652/S 0.3137/S
Foreign exchange intervention

& 0.0258S 0.0036S 0.0481S 0.0032S
Fiscal policy

§GC 1.6330 0.9694 1.6255 1.3297

§G/ 1.5909 0.9079 1.6179 1.2938
Macroprudential policy

§“’R 0.0166 0.0094 0.0161 0.0100

§“’H 0.0854 0.0438 0.0481 0.0439

§“’F 0.0723 0.0560 0.0889 0.0503
Capital flow management

§'H 0.0182f(a",i") 0.0124f(a",i") 0.0171f(a",i") 0.0109f(a",i")

§'F 0.0205f(a",i") 0.0189f(a",i") 0.0178f(a",i") 0.0111f(a",iF)
Note: The parameterization is a function of the seasonal frequency S, evaluated at S=4 . Also, f(a?,i*)= ;;LZ% for Ze{H,F}.

While the absence of corner solutions implies in principle that all of the policies under consideration should
systematically respond to all shocks in our continuous framework, in practice the prescribed adjustments to policy
instrument settings will often fall short of conventional discrete response thresholds. For example, monetary
policy responses through interbank rate adjustments are conventionally measured in 25 basis point increments.
If comparable thresholds are applied to the other policy instruments under consideration, then the magnitudes of
our optimized policy rule response coefficients imply that foreign exchange intervention, macroprudential policy
and capital flow management responses will rarely be warranted in practice. Indeed, they will only be warranted
in response to large changes in the relevant intermediate targets, which tend to arise from sequences of large
mutually reinforcing shocks.

The substantial variation in the optimized policy rule response coefficients across economies reflects
differences in their calibrated structural characteristics and estimated shock exposures. A general principle that
emerges from examining these patterns is that economies with larger international trade and financial exposures
should more actively use foreign exchange intervention and capital flow management. Intuitively, foreign
exchange intervention tends to be more effective at stabilizing inflation and output in economies with higher trade
openness due to stronger exchange rate pass-through and expenditure switching. In parallel, capital flow
management tends to be more effective at stabilizing economies with larger unhedged external foreign currency
denominated debt exposures due to more sensitive financial conditions and vulnerabilities, which influence
growth at risk. Indeed, this calibrated structural characteristic is strongly associated with the optimized intensity
of capital flow management in our framework.

This general principle is conditional on foreign exchange intervention and capital flow management being
effective. Its application in practice is also conditional on their response thresholds being crossed. In our model,
foreign exchange intervention affects the real exchange rate under our assumption that »® > 0, which ensures
that the foreign currency liquidity regulation cost drives a wedge into the uncovered interest parity condition,
indicative of a shallow foreign exchange market. Capital flow management affects capital inflows if nonfinancial
private sector external debt exposures exist, which in our model are foreign currency denominated and
unhedged. If foreign exchange intervention or capital flow management do not affect these intermediate targets,
then the intertemporal loss function does not tradeoff inflation and output stabilization benefits from using them
against instrument smoothing costs, driving the corresponding optimized policy rule response coefficients to zero.
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C. Optimized Policy Responses

We now examine how the policy mix should be adjusted in response to domestic and global financial cycle
upturns and downturns, with and without policy space constraints. This scenario analysis is conditional on our
jointly optimized monetary policy, foreign exchange intervention, fiscal policy, macroprudential policy, and capital
flow management rules. To focus on differences in the optimized policy responses across the small open
economies under consideration, we consider stylized scenarios based on harmonized assumptions. In reality,
greater differentiation across the advanced versus emerging market economies may be expected, reflecting
phenomena that we abstract from such as safe haven capital inflows to government bond markets in the former
group at times of stress.

Financial Cycle Upturn Scenarios

Our domestic and global financial cycle upturn scenarios assume a gradual loosening of financial conditions
and rise in confidence, in either the small open economy or rest of the world, as detailed in Table 2. In particular,
the compression of duration, housing and equity risk premia reduces the government bond yield and raises the
prices of housing and equity. In addition, higher foreign currency liquidity appreciates the currency of the small
open economy. Furthermore, the compression of mortgage and corporate loan markups narrows the mortgage
and corporate loan spreads. Finally, higher confidence among households and firms further raises private
domestic demand.

Table 2. Financial Cycle Upturn Scenario Assumptions

Layer 1: Asset prices

Term premium, duration risk premium shocks -50 basis points

Relative price of housing, housing risk premium shocks +5 percent

Relative price of equity, equity risk premium shocks +10 percent

Real exchange rate, foreign currency liquidity shocks +/-5 percent
Layer 2: Bank credit

Mortgage loan spread, mortgage loan markup shocks -50 basis points

Corporate loan spread, corporate loan markup shocks -100 basis points
Layer 3: Confidence

Private consumption, private consumption demand shocks +0.5 percent

Residential investment, residential investment demand shocks +2.0 percent

Business investment, business investment demand shocks +2.0 percent

Note: All scenario assumptions are expressed as deviations from baseline at the annual frequency, with effects phased in over two
years. They apply to the small open economy under the domestic financial cycle upturn scenario, and to the rest of the world under
the global financial cycle upturn scenario. Under both scenarios, the small open economy experiences currency appreciation.

Under our domestic and global financial cycle upturn scenarios, looser financial conditions and higher
confidence stimulate private domestic demand, in particular residential and business investment, as shown in
Figure 19 or Figure 20 of Appendix C. Under our domestic financial cycle upturn scenario, this gradual loosening
of financial conditions reflects both higher asset prices and narrower bank lending spreads. In contrast, under
our global financial cycle upturn scenario, it mainly reflects a lower government bond yield and higher price of
equity. These asset price adjustments are transmitted from the rest of the world to the small open economy under
consideration via international bond and stock market contagion effects, which are stronger for the emerging
market economies. Under both scenarios, output initially expands more than potential, and the output gap rises
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while the unemployment rate falls, associated with higher output price and wage inflation. But consumption price
inflation falls due to appreciation of the currency, which reduces import price inflation. It also induces expenditure
switching from exports to imports, mitigating the output expansion. As a result, exports fall moderately under our
domestic financial cycle upturn scenario, but rise substantially under our global financial cycle upturn scenario,
driven by higher private domestic demand in the rest of the world. Finally, financial vulnerabilities build up under
both scenarios, reflected in higher bank credit, as well as higher mortgage and corporate debt, in particular
external corporate debt.

Under these domestic and global financial cycle upturn scenarios, if the economy under consideration has
well anchored inflation expectations and relatively low trade openness, then the central bank can look through
the temporary fall in consumption price inflation, and hikes the interbank rate to stabilize output. In contrast, if the
economy has less well anchored inflation expectations and relatively high trade openness, then the central bank
initially cuts the interbank rate to raise consumption price inflation to target, amplifying the output expansion.
Nevertheless, foreign exchange intervention limits the need for a procyclical interbank rate cut, with the central
bank leaning against the currency appreciation through reserve purchases, mitigating the fall in consumption
price inflation. In addition, countercyclical fiscal consolidation by the government helps stabilize output, through
lower public consumption and investment expenditures. Furthermore, macroprudential tightening leans against
the buildup of financial vulnerabilities, through a higher countercyclical capital buffer, as well as lower mortgage
and corporate loan to value limits. Finally, capital flow management leans against the buildup of external
corporate debt, through a corporate capital control tightening.

Quantitatively, monetary policy plays the primary role in stabilizing consumption price inflation and output
under these domestic and global financial cycle upturn scenarios, as shown in Figure 23 to Figure 30 of Appendix
D. Foreign exchange intervention plays a supporting role in raising consumption price inflation to target, through
reserve purchases to depreciate the currency. The destabilizing effect of foreign exchange intervention on output
is offset by fiscal policy, through expenditure based fiscal consolidation which reinforces expenditure switching
from imports to exports. In addition, automatic fiscal stabilizers are allowed to operate fully, further mitigating the
output expansion. While macroprudential policy and capital flow management have much smaller effects on the
conditional means of consumption price inflation and the output gap, they help maintain macroeconomic stability
by safeguarding financial stability, by leaning against the buildup of financial vulnerabilities that put growth at risk.
In economies with relatively large financial exposures, this significantly mitigates the buildup of bank credit, as
well as mortgage and corporate debt, in particular external corporate debt.

Financial Cycle Downturn Scenarios

Our domestic and global financial cycle downturn scenarios are qualitatively symmetric to our domestic and
global financial cycle upturn scenarios, but are quantitatively more severe. They assume an abrupt tightening of
financial conditions and fall in confidence, in either the small open economy or rest of the world, as detailed in
Table 3. In particular, the decompression of duration, housing and equity risk premia raises the government bond
yield and reduces the prices of housing and equity. In addition, lower foreign currency liquidity depreciates the
currency of the small open economy. Furthermore, the decompression of mortgage and corporate loan markups
widens the mortgage and corporate loan spreads. Finally, lower confidence among households and firms further
reduces private domestic demand.
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Table 3. Financial Cycle Downturn Scenario Assumptions

Layer 1: Asset prices

Term premium, duration risk premium shocks +100 basis points

Relative price of housing, housing risk premium shocks -10 percent

Relative price of equity, equity risk premium shocks -20 percent

Real exchange rate, foreign currency liquidity shocks +/-10 percent
Layer 2: Bank credit

Mortgage loan spread, mortgage loan markup shocks +100 basis points

Corporate loan spread, corporate loan markup shocks +200 basis points
Layer 3: Confidence

Private consumption, private consumption demand shocks -1.0 percent

Residential investment, residential investment demand shocks -4.0 percent

Business investment, business investment demand shocks -4.0 percent

Note: All scenario assumptions are expressed as deviations from baseline at the annual frequency, with effects phased in over one
year. They apply to the small open economy under the domestic financial cycle downturn scenario, and to the rest of the world under
the global financial cycle downturn scenario. Under both scenarios, the small open economy experiences currency depreciation.

Under our domestic and global financial cycle downturn scenarios, tighter financial conditions and lower
confidence depress private domestic demand, in particular residential and business investment, as shown in
Figure 21 or Figure 22 of Appendix C. Under our domestic financial cycle downturn scenario, this abrupt
tightening of financial conditions reflects both lower asset prices and wider bank lending spreads. In contrast,
under our global financial cycle downturn scenario, it mainly reflects a higher government bond yield and lower
price of equity, transmitted via international bond and stock market contagion effects. Under both scenarios,
output initially contracts more than potential, and the output gap falls while the unemployment rate rises,
associated with lower output price and wage inflation. But consumption price inflation rises due to depreciation
of the currency, while expenditure switching from imports to exports mitigates the output contraction. As a result,
exports rise moderately under our domestic financial cycle downturn scenario, but fall substantially under our
global financial cycle downturn scenario, driven by lower private domestic demand in the rest of the world. Finally,
financial vulnerabilities unwind under both scenarios, reflected in lower bank credit, as well as lower mortgage
and corporate debt, in particular external corporate debt.

Under these domestic and global financial cycle downturn scenarios, if the economy under consideration
has well anchored inflation expectations and relatively low trade openness, then the central bank can look through
the temporary rise in consumption price inflation, and cuts the interbank rate to stabilize output. In contrast, if the
economy has less well anchored inflation expectations and relatively high trade openness, then the central bank
initially hikes the interbank rate to reduce consumption price inflation to target, amplifying the output contraction.
This prediction is consistent with the empirical finding of Vegh and Vuletin (2013), that many emerging market
economies tend to respond to capital outflow surges with procyclical monetary policy tightening. Nevertheless,
foreign exchange intervention limits the need for a procyclical interbank rate hike, with the central bank leaning
against the currency depreciation through reserve sales, mitigating the rise in consumption price inflation. This
use of foreign exchange intervention during a financial cycle downturn parallels Adrian, Erceg, Kolasa, Lindé and
Zabczyk (2021), who emphasize the resultant monetary autonomy gain. In addition, countercyclical fiscal
stimulus by the government helps stabilize output, through higher public consumption and investment
expenditures. Furthermore, macroprudential easing helps support bank credit supply through a lower
countercyclical capital buffer, as well as bank credit demand through higher mortgage and corporate loan to
value limits. Finally, capital flow management limits the retrenchment of cross-border corporate borrowing,
through a corporate capital control easing.

Quantitatively, monetary policy plays the primary role in stabilizing consumption price inflation and output
under these domestic and global financial cycle downturn scenarios, as shown in Figure 31 to Figure 38 of

©lnternational Monetary Fund. Not for Redistribution



IMF WORKING PAPERS A Medium-Scale DSGE Model for the Integrated Policy Framework

Appendix D. Foreign exchange intervention plays a supporting role in reducing consumption price inflation to
target, through reserve sales to appreciate the currency. The destabilizing effect of foreign exchange intervention
on output is offset by fiscal policy, through expenditure based fiscal stimulus. In addition, automatic fiscal
stabilizers are allowed to operate fully, further mitigating the output contraction. While macroprudential policy and
capital flow management have much smaller effects on the conditional means of consumption price inflation and
the output gap, they help maintain macroeconomic stability by safeguarding financial stability, by supporting
domestic bank credit supply, as well as domestic and cross-border bank credit demand.

VI. CONCLUSION

Recurrent capital inflow and outflow surges—often associated with domestic or global financial cycle upturns
and downturns—confront policymakers in small open advanced and emerging market economies with complex
policy tradeoffs. To maintain macroeconomic and financial stability amid volatile capital flows, these policymakers
have developed toolkits spanning some combination of monetary policy, foreign exchange intervention, fiscal
policy, macroprudential policy, or capital flow management. Optimally adjusting such a high dimensional policy
mix in response to shocks while internalizing tradeoffs requires an IPF.

This paper develops and estimates a medium-scale heteroskedastic linearized DSGE model of the world
economy, disaggregated into a pair of asymmetric economies, to help support the IPF. Our model integrates the
full range of policies used to cope with recurrent capital inflow and outflow surges. Applying it to four small open
advanced and emerging market economies, our optimal policy analysis broadly supports their observed tendency
to respond to domestic or global financial cycle upturns and downturns with eclectic policy mix adjustments. We
find that economies with larger international trade and financial exposures should more actively use foreign
exchange intervention and capital flow management, under some conditions. We illustrate this general principle
by simulating domestic and global financial cycle upturn and downturn scenarios using our model, conditional on
our optimized policy rules. When unconstrained, monetary policy plays the primary role in stabilizing consumption
price inflation and output. Foreign exchange intervention enhances monetary autonomy through a supporting
role in stabilizing consumption price inflation, while its destabilizing effect on output under these scenarios is
offset by fiscal policy. Finally, macroprudential policy and capital flow management lean against financial
developments that put growth at risk.

Our policy analysis framework is subject to important caveats. Notably, the specification of our endogenous
risk mechanism is not derived from microeconomic foundations, so its slope coefficients may not be invariant to
policy rule changes, exposing our policy analysis to the critique due to Lucas (1976). In addition, the frequent
use of foreign exchange intervention and capital flow management can change structural characteristics of the
financial markets on which these policies operate, altering their transmission mechanisms. While adopted from
the inflation targeting literature, the loss function that we use is inconsistent with our model, as choosing the
response coefficients of our policy rules to minimize it does not maximize the welfare of the representative
household. Furthermore, these policy rules restrict the functional dependence of policy instruments on
intermediate targets to postulated simple linear relationships, so their policy prescriptions may depart from the
unconstrained optimum. Finally, jointly optimizing these policy rules disregards institutional realities that may
preclude such a high degree of policy coordination in practice. Despite these caveats, we view our model as a
useful approximation to reality—and our policy analysis framework as a powerful tool—to help guide
policymakers in adjusting their policy mix to cope with capital flow surges in an integrated way.
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Appendix A. Parameter Values

Table 4. Calibrated Steady State Equilibrium Parameters

Korea South Africa Switzerland Thailand United States
cly 0.5122 0.6050 0.5463 0.5292 0.6761
1y 0.2523 0.1588 0.2096 0.1820 0.1699
"1y 0.0362 0.0362 0.0314 0.0362 0.0410
“1y 0.2161 0.1226 0.1782 0.1458 0.1289
GlY 0.2356 0.2362 0.2441 0.2888 0.1540
G°lY 0.1717 0.1997 0.2154 0.2126 0.1134
Gy 0.0639 0.0365 0.0287 0.0762 0.0406
MY 0.1831 0.1678 0.2988 0.2909
WLIP'Y 0.6667 0.6667 0.6667 0.6667 0.6667
w” 0.0689 0.0186 0.0340 0.0194
EDM 1 PYY 0.0001S 0.0024S 0.0061S 0.0011S
EDFT I PYY 0.0401S 0.0585S 0.0365S 0.0266S
D°/PYY 0.3126S 0.4072S 0.4721S 0.4220S 0.8572S
Sy, 0.0500/S 0.0500/S 0.0500/S 0.0500/S 0.0500/S
S 0.1000/S 0.1000/S 0.1000/S 0.1000/S 0.1000/S
S5 0.0750/S 0.0750/S 0.0750/S 0.0750/S 0.0750/S
i 0.0400/S 0.0400/S 0.0400/S 0.0400/S 0.0400/S
i 0.0600/S 0.0600/S 0.0600/S 0.0600/S 0.0600/S
a" 0.0250 0.0250 0.0250 0.0250 0.0250
af 0.0500 0.0500 0.0500 0.0500 0.0500
st 0.0100f (" ,i*") 0.0100f (" ,i*") 0.0100f (" ,i*") 0.0100f (" ,i*") 0.0100f (" ,i*")
S5 0.0200f(a",iF) 0.0200f(a",iF) 0.0200f (a",iF) 0.0200f(a",iF) 0.0200f(a",iF)
9" 1.2500 1.2500 1.2500 1.2500 1.2500
9% 1.2500 1.2500 1.2500 1.2500 1.2500
9 1.2500 1.2500 1.2500 1.2500 1.2500
Note: The calibration is a function of the seasonal frequency S, evaluated at S=4 . Also, f(a%,i?)= ;;jz % for Ze{H,F}.
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Table 5. Calibrated Behavioral Parameters

Korea South Africa Switzerland Thailand United States
a® 0.8000 0.8000 0.8000 0.8000 0.8000
at 0.8000 0.8000 0.8000 0.8000 0.8000
B 1/(1+0.0200/ S) 1/(1+0.0200/ S) 1/(1+0.0200/ S) 1/(1+0.0200/ S) 1/(1+0.0200/ S)
7" 3.0000 3.0000 3.0000 3.0000 3.0000
7~ 3.0000 3.0000 3.0000 3.0000 3.0000
78 0.5000 0.5000 0.5000 0.5000 0.5000
n 0.5000 0.5000 0.5000 0.5000 0.5000
7« 1.0000 1.0000 1.0000 1.0000 1.0000
7° 25.0000 25.0000 25.0000 25.0000 25.0000
2l 0.8000 0.8000 0.8000 0.8000 0.8000
7t 0.8000 0.8000 0.8000 0.8000 0.8000
7 0.8000 0.8000 0.8000 0.8000 0.8000
M 0.8000 0.8000 0.8000 0.8000 0.8000
7° 0.9000/S 0.9000/S 0.9000/S 0.9000/S
A* 0.5000 0.5000 0.5000 0.5000 0.0000
A8 0.4000 0.6000 0.4000 0.6000 0.0000
28 0.5000 0.7500 0.5000 0.7500 0.0000
H 0.5000 0.5000 0.5000 0.5000 0.5000
ut 0.0500 0.0500 0.0500 0.0500 0.0500
u 0.0500 0.0500 0.0500 0.0500 0.0500
u 0.0500 0.0500 0.0500 0.0500 0.0500
o (8.0000-1)/8.0000 (6.0000-1)/6.0000 (8.0000-1)/8.0000 (6.0000-1)/6.0000 (8.0000-1)/8.0000
o (8.0000-1)/8.0000 (6.0000-1)/6.0000 (8.0000-1)/8.0000 (6.0000-1)/6.0000 (8.0000-1)/8.0000
o (6.0000-1)/6.0000 (6.0000-1)/6.0000 (6.0000-1)/6.0000 (6.0000-1)/6.0000 (6.0000-1)/6.0000
" (6.0000-1)/6.0000 (6.0000-1)/6.0000 (6.0000-1)/6.0000 (6.0000-1)/6.0000 (6.0000-1)/6.0000
o® (4.0000-1)/4.0000 (4.0000-1)/4.0000 (4.0000-1)/4.0000 (4.0000-1)/4.0000 (4.0000-1)/4.0000
° 0.9500 0.9500 0.9500 0.9500 0.9500
" 0.9500 0.9500 0.9500 0.9500 0.9500
#° 0.2000 0.2500 0.2000 0.2500 0.2000
9 0.3000 0.3000 0.3000 0.3000 0.3000
i 0.3000 0.3000 0.3000 0.3000 0.3000
¢ 0.0500 0.0500 0.0500 0.0500 0.0500
- 0.7500 0.7500 0.7500 0.7500 0.7500
i 0.2000 0.2000 0.2000 0.2000 0.2000
v 0.0500 0.0500 0.0500 0.0500 0.0500
w 0.5000 0.5000 0.5000 0.5000 0.5000
v 0.5000 0.5000 0.5000 0.5000 0.5000
e 0.9500 0.9500 0.9500 0.9500 0.9500
e 0.8000 0.8000 0.8000 0.8000 0.8000
o 1.0000 1.0000 1.0000 1.0000 1.0000
Iy 1.0000 1.0000 1.0000 1.0000 1.0000
" 0.0667f(a",i*") 0.0667f(a",i*") 0.0667f(a",i*") 0.0667f(a",i*") 0.0667f(a",i*")
< 0.1333f(a",i") 0.1333f(a",i") 0.1333f(a",iF) 0.1333f(a",i") 0.1333f(a",i")
¢k 0.2500 0.2500 0.2500 0.2500 0.2500
I 0.0500/ S? 0.0500/ S? 0.0500/ S? 0.0500/ S?
Note: The calibration is a function of the seasonal frequency S, evaluated at S=4 . Also, f(a?,i*)= A for Ze {H,F} .

o’ +i* S
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Table 6. Calibrated Policy Rule Parameters

Korea South Africa Switzerland Thailand United States
ra 0.8000 0.8000 0.8000 0.8000 0.8000
& 2.0000 2.0000 2.0000 2.0000 2.0000
& 0.5000/S 0.5000/S 0.5000/S 0.5000/S 0.5000/S
r 0.2317S 0.1026S 0.4730S 0.3633S 0.0029S
& 0.1000S 0.1000S 0.1000S 0.1000S 0.0000S
o 0.8000 0.8000 0.8000 0.8000 0.8000
& 1.0000 1.0000 1.0000 1.0000 1.0000
& 1.0000 1.0000 1.0000 1.0000 1.0000
4 0.0868 0.1700 0.1119 0.1336 0.0572
ot 0.0506 0.1260 0.0874 0.0278 0.1450
° 0.1058 0.1411 0.1139 0.1662 0.0619
p° 0.8000 0.8000 0.8000 0.8000 0.8000
e 0.1000/S 0.1000/S 0.1000/S 0.1000/S 0.1000/S
£ 0.1000/S 0.1000/S 0.1000/S 0.1000/S 0.1000/S
K" 0.0500 0.0500 0.0500 0.0500 0.0500
o~ 0.8000 0.8000 0.8000 0.8000 0.8000
& 0.1000 0.1000 0.1000 0.1000 0.1000
4" 0.8000 0.8000 0.8000 0.8000 0.8000
¢ 0.8000 0.8000 0.8000 0.8000 0.8000
ol 0.8000 0.8000 0.8000 0.8000 0.8000
& 0.5000 0.5000 0.5000 0.5000 0.5000
&’ 0.5000 0.5000 0.5000 0.5000 0.5000
P 0.8000 0.8000 0.8000 0.8000 0.8000
& 0.1000f (" ,i*") 0.1000f (" ,i*") 0.1000f (" ,i*") 0.1000f (" ,i*") 0.1000f (" ,i*")
& 0.10007(a",iF) 0.10007(a",iF) 0.10007(a",i") 0.10007(a",iF) 0.00007(a",iF)
Note: The calibration is a function of the seasonal frequency S, evaluated at S=4 . Also, f(a?,i*)= ;;L_z % for Ze{H,F}.
Table 7. Calibrated Trend Component Parameters
Korea South Africa Switzerland Thailand United States
P exp(-In2/(10S)) exp(-In2/(10S)) exp(-In2/(10S)) exp(-In2/(10S)) exp(-In2/(10S))
z 1.8769/S 6.2544/S 0.3977/S 2.6296/S 1.8909/S
g 24014/S 0.9396/S 0.6663/S 2.9058/S 1.1898/S
n 1.2544 /S 1.6237/S 1.3279/S 0.8301/S 0.7503/S

Note: The calibration is a function of the seasonal frequency S, evaluatedat S=4.
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Table 8. Calibrated Exogenous Variable Parameters

Korea South Africa Switzerland Thailand United States

Pa 0.8000 0.8000 0.8000 0.8000 0.8000
Py 0.8000 0.8000 0.8000 0.8000 0.8000
Pe 0.4000 0.4000 0.4000 0.4000 0.4000
o 0.6000 0.6000 0.6000 0.6000 0.6000
Py 0.8000 0.8000 0.8000 0.8000 0.8000
P 0.8000 0.8000 0.8000 0.8000 0.8000
Pe 0.8000 0.8000 0.8000 0.8000 0.8000
Py 0.8000 0.8000 0.8000 0.8000 0.8000
Ps 0.8000 0.8000 0.8000 0.8000 0.8000
P 0.6000 0.6000 0.6000 0.6000 0.6000
Ps 0.4000 0.4000 0.4000 0.4000 0.4000
Pe 0.4000 0.4000 0.4000 0.4000 0.4000
Pp 0.8000 0.8000 0.8000 0.8000 0.8000
P, 0.4000 0.4000 0.4000 0.4000 0.4000
P 0.4000 0.4000 0.4000 0.4000 0.4000
P, 0.4000 0.4000 0.4000 0.4000 0.4000
Pr 0.8000 0.8000 0.8000 0.8000 0.8000
Py 0.4000 0.4000 0.4000 0.4000 0.4000
Ps 0.4000 0.4000 0.4000 0.4000 0.4000
P 0.4000 0.4000 0.4000 0.4000 0.4000
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Table 9. Estimated Conditional Variance Function Parameters

Prior Posterior
Korea South Africa Switzerland Thailand
Mean SD Mode SE Mode SE Mode SE Mode SE
6, 1.0000 0.1000 1.1144 0.0550 1.4748 0.0654 1.0573 0.0524 1.8838 0.0739
Sy 1.0000 0.1000 1.6746 0.0704 2.8410 0.0858 1.5044 0.0664 1.6016 0.0687
6¢ 1.0000 0.1000 2.1211 0.0776 1.8379 0.0724 1.6246 0.0692 2.9187 0.0859
8, 1.0000 0.1000 1.9646 0.0762 1.9723 0.0763 1.8053 0.0733 2.6449 0.0843
Gy 1.0000 0.1000 1.9010 0.0744 1.9831 0.0759 2.4499 0.0822 2.2082 0.0791
Sy 1.0000 0.1000 1.6164 0.0689 1.6421 0.0695 1.9000 0.0746 1.7255 0.0713
6y 0.2500 0.0250 0.4508 0.0182 0.5639 0.0197 0.3774 0.0166 0.5121 0.0192
I 0.5000 0.0500 0.5479 0.0266 0.6126 0.0287 0.5265 0.0257 0.5867 0.0280
G 1.0000 0.1000 2.3880 0.0797 2.2356 0.0779 1.7589 0.0704 2.5416 0.0812
6, 1.0000 0.1000 1.8231 0.0799 2.3456 0.0823 1.5644 0.0778 1.4175 0.0748
G 10.0000 1.0000 25.2219 0.8290 15.9204 0.7565 15.3141 0.6715 21.5679 0.7857
G 10.0000 1.0000 18.0707 0.8038 29.6099 0.8676 241758 0.8177 24.8969 0.8262
65 0.5000 0.0500 0.5383 0.0268 0.4643 0.0250 0.4410 0.0231 0.5379 0.0267
G 0.2500 0.0250 0.2101 0.0110 0.1728 0.0097 0.1450 0.0081 0.1884 0.0101
65 1.0000 0.1000 2.2103 0.0797 2.1405 0.0810 3.1335 0.0879 2.8321 0.0859
S, 1.0000 0.1000 1.7241 0.0822 1.6114 0.0818 1.6523 0.0825 1.6679 0.0840
M 0.5000 0.0500 0.6042 0.0478 0.8695 0.0459 0.5506 0.0491 0.4291 0.0485
AF 0.5000 0.0500 0.5540 0.0463 0.5522 0.0493 0.4644 0.0484 0.5239 0.0470
Wy 1.0000 0.1000 1.3821 0.0892 0.8927 0.0860 0.8553 0.0887 1.1128 0.0900
v, 0.1000 0.0100 0.0836 0.0097 0.0932 0.0097 0.0796 0.0098 0.0536 0.0098
Ve 0.2500 0.0250 0.2580 0.0238 0.2541 0.0235 0.2656 0.0239 0.2305 0.0236
Ve 0.1000 0.0100 0.1022 0.0089 0.0454 0.0081 0.0793 0.0090 0.0822 0.0088
Gy o 0.0348 0.0057 0.7850 0.0492 0.0260 0.0045 0.0366 0.0058
Gy o 0.0484 0.0073 0.0434 0.0078 0.0223 0.0046 0.0412 0.0073
[ o 0.0360 0.0055 0.0494 0.0067 0.0223 0.0038 0.0380 0.0063
G¢ o 0.0351 0.0064 0.0516 0.0082 0.0225 0.0039 0.0441 0.0080
G, o 0.0541 0.0134 0.1070 0.0208 0.0492 0.0121 0.0833 0.0204
Gy o 0.1024 0.0184 0.0514 0.0119 0.0497 0.0113 0.0742 0.0152
Gy o 0.0817 0.0154 0.0886 0.0187 0.0507 0.0115 0.1014 0.0209
G o 0.0024 0.0006 0.0031 0.0008 0.0027 0.0007 0.0023 0.0006
Go o 0.0014 0.0003 0.0016 0.0004 0.0012 0.0003 0.0010 0.0003
G n o 0.1138 0.0222 0.1772 0.0385 0.1045 0.0196 0.1002 0.0199
o, o 0.1953 0.0412 0.1721 0.0395 0.1582 0.0322 0.2030 0.0396
G o 0.6489 0.0387 2.2395 0.1312 0.9272 0.0547 1.4781 0.0868
o, o 0.0994 0.0326 0.2570 0.0617 0.1032 0.0264 0.0695 0.0217
Gy o 0.5478 0.0373 0.0942 0.0141 0.0284 0.0048 0.0587 0.0092
G, o 0.0054 0.0012 0.0103 0.0028 0.0068 0.0016 0.0066 0.0016
G, o 0.0173 0.0038 0.0208 0.0052 0.0177 0.0040 0.0300 0.0062

I~

Note: All priors are normally distributed, while all posteriors are asymptotically normally distributed.
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Appendix B. Transmission Mechanisms

Figure 6. Monetary Easing: Interbank Rate Cut
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Note: Depicts impulse responses for Korea m, South Africa =, Switzerland m and Thailand = to a monetary policy shock that reduces
the interbank rate by one percentage point. All variables are annualized, where applicable.
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A Medium-Scale DSGE Model for the Integrated Policy Framework

Figure 7. Foreign Exchange Intervention: Reserve Sales
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, Switzerland m and Thailand m to a foreign exchange intervention shock

that reduces the foreign exchange reserve ratio by one percentage point. All variables are annualized, where applicable.
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Figure 8. Fiscal Stimulus: Public Consumption Increase
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Note: Depicts impulse responses for Korea m, South Africa =, Switzerland m and Thailand = to a public consumption demand shock
that raises the primary fiscal deficit ratio by one percentage point. All variables are annualized, where applicable.
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Figure 9. Fiscal Stimulus: Public Investment Increase
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Note: Depicts impulse responses for Korea m, South Africa
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Figure 10. Fiscal Stimulus: Corporate Tax Rate Cut
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Note: Depicts impulse responses for Korea m, South Africa =, Switzerland m and Thailand = to a corporate tax rate shock that raises
the primary fiscal deficit ratio by one percentage point. All variables are annualized, where applicable.
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Figure 11. Fiscal Stimulus: Labor Income Tax Rate Cut
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Note: Depicts impulse responses for Korea m, South Africa =, Switzerland m and Thailand = to a labor income tax rate shock that
raises the primary fiscal deficit ratio by one percentage point. All variables are annualized, where applicable.
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Note: Depicts impulse responses for Korea m, South Africa

Figure 12. Fiscal Stimulus: Consumption Tax Rate Cut

A Medium-Scale DSGE Model for the Integrated Policy Framework
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raises the primary fiscal deficit ratio by one percentage point. All variables are annualized, where applicable.
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Figure 13. Fiscal Stimulus: Targeted Transfer Payments
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Note: Depicts impulse responses for Korea m, South Africa =, Switzerland m and Thailand = to a transfer payment shock that raises
the primary fiscal deficit ratio by one percentage point. All variables are annualized, where applicable.
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Figure 14. Macroprudential Tightening: Countercyclical Capital Buffer Increase
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Note: Depicts impulse responses for Korea m, South Africa =, Switzerland m and Thailand = to a bank capital requirement shock that
raises the bank capital ratio requirement by one percentage point. All variables are annualized, where applicable.
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Note: Depicts impulse responses for Korea m, South Africa

A Medium-Scale DSGE Model for the Integrated Policy Framework

Figure 15. Macroprudential Tightening: Mortgage Loan to Value Limit Reduction
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, Switzerland = and Thailand = to a mortgage loan to value limit shock

that reduces the mortgage loan to value ratio limit by ten percentage points. All variables are annualized, where applicable.
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Figure 16. Macroprudential Tightening: Corporate Loan to Value Limit Reduction
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Note: Depicts impulse responses for Korea m, South Africa =, Switzerland = and Thailand = to a corporate loan to value limit shock
that reduces the corporate loan to value ratio limit by ten percentage points. All variables are annualized, where applicable.
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A Medium-Scale DSGE Model for the Integrated Policy Framework

Figure 17. Capital Flow Management: Mortgage Capital Control Tightening
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raises the mortgage capital control tax rate by one percentage point. All variables are annualized, where applicable.
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A Medium-Scale DSGE Model for the Integrated Policy Framework

Figure 18. Capital Flow Management: Corporate Capital Control Tightening
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raises the corporate capital control tax rate by one percentage point. All variables are annualized, where applicable.
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Appendix C. Unconstrained Scenarios

Figure 19. Domestic Financial Cycle Upturn Scenario
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scenario. All variables are annualized, where applicable.
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A Medium-Scale DSGE Model for the Integrated Policy Framework

Figure 20. Global Financial Cycle Upturn Scenario
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scenario. All variables are annualized, where applicable.
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Figure 21. Domestic Financial Cycle Downturn Scenario
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Note: Depicts simulation results for Korea m, South Africa =, Switzerland m and Thailand m under our domestic financial cycle downturn
scenario. All variables are annualized, where applicable.
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Figure 22. Global Financial Cycle Downturn Scenario
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Note: Depicts simulation results for Korea m, South Africa =, Switzerland m and Thailand m under our global financial cycle downturn
scenario. All variables are annualized, where applicable.
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A Medium-Scale DSGE Model for the Integrated Policy Framework

Appendix D. Constrained Scenarios

Figure 23. Domestic Financial Cycle Upturn Scenario for Korea
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Note: Depicts simulation results with unconstrained policies m versus constrained monetary policy m, foreign exchange intervention =,
fiscal policy m, macroprudential policy m, and capital flow management m. All variables are annualized, where applicable.
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Note: Depicts simulation results with unconstrained policies m versus constrained monetary policy m, foreign exchange intervention

A Medium-Scale DSGE Model for the Integrated Policy Framework

Figure 24. Domestic Financial Cycle Upturn Scenario for South Africa
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fiscal policy m, macroprudential policy m, and capital flow management m. All variables are annualized, where applicable.
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Note: Depicts simulation results with unconstrained policies m versus constrained monetary policy m, foreign exchange intervention

A Medium-Scale DSGE Model for the Integrated Policy Framework

Figure 25. Domestic Financial Cycle Upturn Scenario for Switzerland
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fiscal policy m, macroprudential policy m, and capital flow management m. All variables are annualized, where applicable.
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Note: Depicts simulation results with unconstrained policies m versus constrained monetary policy m, foreign exchange intervention

A Medium-Scale DSGE Model for the Integrated Policy Framework

Figure 26. Domestic Financial Cycle Upturn Scenario for Thailand
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fiscal policy m, macroprudential policy m, and capital flow management m. All variables are annualized, where applicable.
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Note: Depicts simulation results with unconstrained policies m versus constrained monetary policy m, foreign exchange intervention

Figure 27. Global Financial Cycle Upturn Scenario for Korea

A Medium-Scale DSGE Model for the Integrated Policy Framework
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fiscal policy m, macroprudential policy m, and capital flow management m. All variables are annualized, where applicable.
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Figure 28. Global Financial Cycle Upturn Scenario for South Africa
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Note: Depicts simulation results with unconstrained policies m versus constrained monetary policy m, foreign exchange intervention =,
fiscal policy m, macroprudential policy m, and capital flow management m. All variables are annualized, where applicable.
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Note: Depicts simulation results with unconstrained policies m versus constrained monetary policy m, foreign exchange intervention

A Medium-Scale DSGE Model for the Integrated Policy Framework

Figure 29. Global Financial Cycle Upturn Scenario for Switzerland
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fiscal policy m, macroprudential policy m, and capital flow management m. All variables are annualized, where applicable.
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A Medium-Scale DSGE Model for the Integrated Policy Framework

Figure 30. Global Financial Cycle Upturn Scenario for Thailand
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Note: Depicts simulation results with unconstrained policies m versus constrained monetary policy m, foreign exchange intervention =,
fiscal policy m, macroprudential policy m, and capital flow management m. All variables are annualized, where applicable.
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Figure 31. Domestic Financial Cycle Downturn Scenario for Korea
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Note: Depicts simulation results with unconstrained policies m versus constrained monetary policy m, foreign exchange intervention =,
fiscal policy m, macroprudential policy m, and capital flow management m. All variables are annualized, where applicable.
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Figure 32. Domestic Financial Cycle Downturn Scenario for South Africa
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Note: Depicts simulation results with unconstrained policies m versus constrained monetary policy m, foreign exchange intervention =,
fiscal policy m, macroprudential policy m, and capital flow management m. All variables are annualized, where applicable.
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Note: Depicts simulation results with unconstrained policies m versus constrained monetary policy m, foreign exchange intervention
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A Medium-Scale DSGE Model for the Integrated Policy Framework

Figure 33. Domestic Financial Cycle Downturn Scenario for Switzerland
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fiscal policy m, macroprudential policy m, and capital flow management m. All variables are annualized, where applicable.
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Note: Depicts simulation results with unconstrained policies m versus constrained monetary policy m, foreign exchange intervention
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A Medium-Scale DSGE Model for the Integrated Policy Framework

Figure 34. Domestic Financial Cycle Downturn Scenario for Thailand
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fiscal policy m, macroprudential policy m, and capital flow management m. All variables are annualized, where applicable.
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A Medium-Scale DSGE Model for the Integrated Policy Framework

Figure 35. Global Financial Cycle Downturn Scenario for Korea
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Note: Depicts simulation results with unconstrained policies m versus constrained monetary policy m, foreign exchange intervention =,
fiscal policy m, macroprudential policy m, and capital flow management m. All variables are annualized, where applicable.
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A Medium-Scale DSGE Model for the Integrated Policy Framework

Figure 36. Global Financial Cycle Downturn Scenario for South Africa

Consumption Price Inflation Output Price Inflation Output Output Gap Potential Output
1.00 250 060 200
080 200 1.50
., 0.60 150 L, o4 100
£ 0a0 100 £ 520
€ 020 = 050 < = 050
 0.00 & 0.00 & 0.00 8 0.00
£.0.20 & 050 [ € 550
§ -0.40 -1.00 § -0.20 100
-0.60 150 040 !
-0.80 -2.00 -1.50
-1.00 250 -0.60 2.00
o a 8 12 6 20 o a 8 12 6 20 o a 8 12 6 20 o 4 8 12 6 20 0 4 8 12 6 20
Private Consumption Residential Investment Business Investment Exports Imports
5.00 15.00 5.00 5.00
4.00 4.00
3.00 10.00 3.00
200 5.00 200
= 100 = = 100 =
2 000 2 o000 2 0.00 g
&.1.00 & £ .1.00 &
2,00 -5.00 2,00
-3.00 2000 -3.00
-4.00 -4.00
-5.00 -15.00 -5.00 -5.00
o 4 8 12 6 20 o 4 8 12 6 20 o 4 8 12 16 20 o 4 8 12 6 20 o 4 8 12 6 20
Interbank Rate Government Bond Yield Price of Housing Price of Equity Financial Gap
050 4.00 20.00 5.00
0.40 3.00 15.00
030
E 020 2.00 10.00
& 010 4« 100 = 500 2
% o000 g 000 g o000 g
§-0.10 £ 100 & 500 =
5-0.20
2% -2.00 -10.00
-0.40 .00 -15.00
-0.50 -4.00 2000
o 4 8 12 6 20 o 4 8 12 6 20 4 8 12 6 20 o 4 8 12 16 20 0 4 8 12 6 20
Bank Credit Mortgage Debt External Mortgage Debt Corporate Debt External Corporate Debt
3.00 6.00 15.00 10.00
8.00
200 4.00 10.00 6.00
1.00 200 5.00 400
£ £ £ £ 200
& 0.00 & 0.00 g o000 g o000
& & & & 2.00
-1.00 -2.00 -5.00 400
-2.00 -4.00 -10.00 -6.00
-8.00
.00 6.00 -15.00 -10.00
o 4 8 12 16 20 o 4 8 12 6 20 4 8 12 6 20 4 8 12 16 20 o 4 8 2 16 20
Mortgage Loan Rate Corporate Loan Rate Mortgage Loan Default Rate Corporate Loan Default Rate Bank Capital Ratio
080 010 020 010
0.60 0.08 0.15 0.08
. ,, 006 . ., 0.06
g os0 E 004 gow E 004
& 020 & 002 & 005 & 0.02
% o000 % o000 % o000 % 0.00
5020 §-002 5005 §-002
5 5004 5 5004
£ 040 &7 06 2010 € o
-0.60 -0.08 015 -0.08
-0.80 -0.10 020 -0.10
o 4 8 12 6 20 o 4 8 12 6 20 o 4 8 12 6 20 o 4 8 12 6 20 0 4 8 12 6 20
Bank Capital Ratio Requirement Mortgage Loan to Value Ratio Limit Corporate Loan to Value Ratio Limit Mortgage Capital Control Tax Rate Corporate Capital Control Tax Rate
003 050 008 015
002 040 0.06
., 0.02 ., 0.30 2 004 , o1
£ o001 £ 020 £ £ 005
€ 001 <€ 010 € 002 e
£ 000 £ 000 £ 000 o000
£ 001 V/ § 010 5002 H
£.0.01 £.020 4 004 §-005
%002 %030 < < 010
-0.02 -0.40 0.06
003 -0.50 -0.08 015
o 4 8 12 6 20 o 4 8 12 6 20 o 4 8 12 6 20 o 4 8 12 6 20 0 4 8 12 6 20
Nominal Exchange Rate Real Exchange Rate Foreign Exchange Reserve Ratio Wage Inflation Unemployment Rate
15.00 004 150
10.00 003 1.00
£ 002 :
L s S 001 5 050
2 o000 % 0.00 % 0.00
-5.00 g-oo £.050
£-002 &
-10.00 003 -1.00
-15.00 004 -1.50
o 4 8 12 16 20 o 4 8 12 16 20 o 4 8 12 16 2 o 4 8 12 16 2 0 4 8 2 1 2
Fiscal Deficit Ratio Primary Fiscal Deficit Ratio Public Debt Ratio Public Demand Tax Revenue Ratio
060 5.00 040 015
4.00
0.40 300 030 0.10
£ 2 020 2
£ £ 200 £
& 5 020 S oo . 010 5 005
% o000 % 000 2 000 % 0.00 ~—
s §-1.00 & H
£.0.20 £ 00 0.10 £ .00
& & -0.20 &
-3.00
-0.40 s 030 -0.10
-0.60 -5.00 -0.40 015
o 4 8 12 6 20 o 4 8 12 6 20 o 4 8 12 6 20 o 4 8 12 6 20 0 4 8 12 6 20
Current Account Balance Ratio Trade Balance Ratio Net Foreign Asset Ratio Export Price Inflation Import Price Inflation
1.00 250 150 3.00
080 200
. 060 . 150 L 100 | 200
£ 040 £ 100 £ 050 § 100
£ 020 £ 050 £ e
£ 000 £ 000 £ 000 o000
5 -0.20 5 -0.50 g §
8 0 8 100 8050 §-1.00
©-0s0 © 150 100 “ 200
-0.80 -2.00
-1.00 -2.50 -1.50 -3.00
o 4 8 12 6 20 o 4 8 12 6 20 o 4 8 12 6 20 o 4 8 12 6 20 0 4 8 12 6 20

Note: Depicts simulation results with unconstrained policies m versus constrained monetary policy m, foreign exchange intervention =,
fiscal policy m, macroprudential policy m, and capital flow management m. All variables are annualized, where applicable.
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Note: Depicts simulation results with unconstrained policies m versus constrained monetary policy m, foreign exchange intervention

A Medium-Scale DSGE Model for the Integrated Policy Framework

Figure 37. Global Financial Cycle Downturn Scenario for Switzerland
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fiscal policy m, macroprudential policy m, and capital flow management m. All variables are annualized, where applicable.

©lnternational Monetary Fund. Not for Redistribution



IMF WORKING PAPERS A Medium-Scale DSGE Model for the Integrated Policy Framework

Figure 38. Global Financial Cycle Downturn Scenario for Thailand
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Note: Depicts simulation results with unconstrained policies m versus constrained monetary policy m, foreign exchange intervention =,
fiscal policy m, macroprudential policy m, and capital flow management m. All variables are annualized, where applicable.
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