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I. INTRODUCTION

The Global Financial Crisis (GFC) highlighted the potency of macrofinancial linkages, both within
and across economies. Much progress has since been made in incorporating macrofinancial
linkages into structural macroeconometric models within economies, but less has been made across
economies. The development of highly disaggregated structural macroeconometric models of the
world economy featuring extensive macrofinancial linkages along both dimensions is prerequisite
to the effective integration of multilateral and bilateral surveillance at the International Monetary
Fund (IMF).

This paper documents the theoretical structure and empirical properties of the latest version of the
Global Macrofinancial Model (GFM). This dynamic stochastic general equilibrium (DSGE) model
of the world economy, disaggregated into forty national economies, was developed to support
multilaterally consistent macrofinancial policy, risk and spillover analysis at the IMF. It features a
range of nominal and real rigidities, extensive macrofinancial linkages, and diverse spillover
transmission channels. These macrofinancial linkages encompass bank and capital market based
financial intermediation, with financial accelerator mechanisms linked to the values of the housing
and physical capital stocks. A variety of monetary policy analysis, fiscal policy analysis,
macroprudential policy analysis, spillover analysis, and forecasting applications of the GFM are
demonstrated. These include quantifying the monetary, fiscal and macroprudential policy
transmission mechanisms, accounting for business cycle fluctuations, and generating relatively
accurate forecasts of inflation and output growth.

The theoretical structure of the GFM builds on the canonical New Keynesian model of an open
economy due to Gali and Monacelli (2005). In particular, following Smets and Wouters (2003) the
GFM features short run nominal price and wage rigidities generated by monopolistic competition,
staggered reoptimization, and partial indexation in the output and labor markets. Building on
Christiano, Eichenbaum and Evans (2005), the resultant inertia in inflation and persistence in
output is enhanced with other features such as habit persistence in consumption, adjustment costs
in residential and business investment, and variable capital utilization. Following Gali (2011), the
model incorporates involuntary unemployment though a reinterpretation of the labor market.
Households are differentiated according to whether they are bank intermediated, capital market
intermediated, or credit constrained. Bank intermediated households have access to domestic
banks where they accumulate deposits, as well as to domestic property markets where they trade
real estate, whereas capital market intermediated households have access to domestic and foreign
capital markets where they trade money, bond and stock market securities. Motivated by
Tobin (1969), these households solve portfolio balance problems, allocating their financial wealth
across alternative assets which are imperfect substitutes. Firms are grouped into differentiated
industries. The energy and nonenergy commodity industries produce internationally homogeneous
goods for foreign absorption, while all other industries produce internationally heterogeneous
goods for domestic and foreign absorption. Banks perform global financial intermediation subject
to financial frictions and regulatory constraints. Building on Hiilsewig, Mayer and
Wollmershéuser (2009), they issue risky mortgage loans to domestic developers at infrequently



adjusted predetermined mortgage loan rates, as well as risky domestic currency denominated
corporate loans to domestic and foreign firms at infrequently adjusted predetermined corporate
loan rates, given regulatory loan to value ratio limits. Also building on Gerali, Neri, Sessa and
Signoretti (2010), they obtain funding from domestic bank intermediated households via deposits
and from the domestic money market via loans, accumulating bank capital out of retained earnings
given credit losses to satisfy a regulatory capital requirement. Motivated by Kiyotaki and
Moore (1997), the GFM incorporates financial accelerator mechanisms linked to borrowing by
developers and firms collateralized against the values of the housing and physical capital stocks,
respectively. Finally, building on Monacelli (2005) the model accounts for short run incomplete
exchange rate pass through with short run nominal price rigidities generated by monopolistic
competition, staggered reoptimization, and partial indexation in the export and import markets.

The parameterization of the GFM is based on a mix of calibration and estimation. In particular,
subsets of the parameters and variables of the GFM are jointly estimated by full information
maximum likelihood, conditional on calibrated values of its other parameters and observed values
of its other variables. To cope with the curse of dimensionality—which manifests through an
explosion in the number of parameters as the numbers of economies and variables increase—
behavioral and innovation standard deviation parameters are restricted to coincide across
economies, occasionally within groups sharing a structural characteristic. In contrast, structural
characteristics represented by great ratios and bilateral exposures implied by steady state
equilibrium relationships are economy specific.

This paper is the latest in a series documenting the progressive development of the GFM. In
response to the increasing multilateral and bilateral surveillance demands placed on the model at
the IMF, it has been periodically extended and refined to enhance its macrofinancial policy, risk
and spillover analysis capabilities. Previous versions of the GFM were used to simulate many
global macrofinancial risk scenarios for the Global Financial Stability Report, as well as many
banking sector solvency stress test scenarios for the Financial Sector Assessment Program.
Relative to the previous version of the GFM documented in Vitek (2017), the version of the model
documented in this paper primarily extends or refines its terms of trade dynamics, fiscal instrument
set, and interbank market. This previous version of the GFM primarily added a housing sector to
the version of the model documented in Vitek (2015), which in turn primarily added a banking
sector to the version documented in Vitek (2014).

The organization of this paper is as follows. The next section develops the nonlinear theoretical
structure of the GFM, while the following section describes its corresponding approximate linear
structure. The parameterization of the model is the subject of section four. Policy and spillover
analysis within the framework of the GFM is conducted in section five, while forecasting is
undertaken in section six. Finally, section seven offers conclusions and outlines future model
development plans.



II. THE THEORETICAL FRAMEWORK

Consider a finite set of structurally isomorphic national economies indexed by i € {1,..., N} which
constitutes the world economy. Each of these economies consists of households, developers, firms,
banks, and a government. The government in turn consists of a monetary authority, a fiscal
authority, and a macroprudential authority. Households, developers, firms and banks optimize
intertemporally, interacting with governments in an uncertain environment to determine
equilibrium prices and quantities under rational expectations in globally integrated output and
financial markets. Economy i* issues the quotation currency for transactions in the foreign
exchange market.

A. The Household Sector

There exists a continuum of households indexed by % €[0,1]. Households are differentiated
according to whether they are credit constrained, and according to how they save if they are credit
unconstrained, but are otherwise identical. Credit unconstrained households of type Z =B and
measure ¢” have access to domestic banks where they accumulate deposits, and to domestic
property markets where they trade real estate, where 0 < ¢” < 1. In contrast, credit unconstrained
households of type Z = 4 and measure ¢* have access to domestic and foreign capital markets
where they trade financial assets, where 0 < ¢ < 1. Finally, credit constrained households of type
Z =C and measure ¢ do not have access to banks or capital markets, where 0< ¢ <1 and
¢° +¢" +¢° =1. All households are originally endowed with one share of each domestic
developer, firm and bank.

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 (f,g)€[0,1]x[0,1]. There is full risk sharing among household members, who
supply indivisible differentiated intermediate labor services indexed by f €[0,1], incurring
disutility from work determined by g €[0,1] if they are employed and zero otherwise. Trade
specific intermediate labor services supplied by bank intermediated, capital market intermediated,
and credit constrained households are perfect substitutes.

Consumption and Saving

The representative infinitely lived household has preferences defined over consumption C,; ,
housing H,,, labor supply {L, ,, },,, real property balances 4 /P, and real portfolio
balances 4,/ PS represented by intertemporal utility function

h,i,s+1
B,H AH
ABH 4t ]
5

o0
_ s—t 1 h,i,s+1 h,i,s+1
Uh,i,t - EZZﬁ u Ch,i,s’Hh,i,s’ {Lh,f,i,s}fzo’ c C
s=t B,s B,s

(1)



where E, denotes the expectations operator conditional on information available in period 7, and
0 < g <1. The intratemporal utility function is additively separable and represents external habit
formation preferences in consumption and labor supply,

1-1/o
AB H AA JH 1 CZ UH,H
1 h,is+1 his+l | _ . C C “is—1 i, 1-1/¢
(Chts’Hhts’{Lh,f,i,s}f0’ b - Vi,s Ch,i,s —a + (Hh,i,s)

P T PC 1-1/o Pz I-1/¢
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where 0<a <1 and 0<a" <1. Endogenous preference shifters v, v:", v’ and v%"

depend on aggregate consumption or employment according to intratemporal subutility functions
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where 7> 0. The intratemporal utility function is strictly increasing with respect to consumption
if and only if serially correlated consumption demand shock st satisfies st > 0. Given this
parameter restriction, this intratemporal utility function is strictly increasing with respect to
housing if and only if v/ >0, is strictly decreasing with respect to labor supply if and only if
serially correlated labor supply shock VI/X satisfies vl.ﬁ,f >0, is strictly increasing with respect to
real property balances if and only if v > 0, and is strictly increasing with respect to real portfolio
balances if and only if v*” >0. Given these parameter restrictions, this intratemporal utility
function is strictly concave if >0, ¢>0, 7>0 and x>0. In steady state equilibrium, v
equates the marginal rate of substitution between real property balances and consumption to one,
while ViA’H equates the marginal rate of substitution between real portfolio balances and
consumption to one.

The representative household enters perlod s in possession of previously accumulated property
balances A/ which yield return ;' ", and portfolio balances A;” which yield return i;'

Property balances are distributed across the values of bank deposits B, which bear interest at
deposrt rate i/, and a real estate portfoho S, which yields return zhH It follows that
(1+i )Afllj = (142 )BP™ + (1445, )SI . The value of this real estate portfoho is in turn

i,5—-1

distributed across the values of developer specific shares {7 ST Al where V.7 denotes the

ie,s~ hie,s ie,s



price per share. It follows that (1+ i,i ::H )S,if :J- (1177 +V" S de | where 17. denotes the

ie,s ie,s /7 hiie,s

dividend payment per share. Portfolio balances are distributed across the values of 1nternat1onally
diversified short term bond B;", long term bond B;;" and stock S, ;" portfolios which yield

BSH BLH SFH

returns byis » Iy and Iyis s respect1vely It follows that
A+ )A,f‘l’f = (1+zhl ; )B,,Sl’f +(l+zh ; )B,fl’f +(1+ip,, )ShFl’f. The values of these
internationally diversified short term bond, long term bond and stock portfolios are in turn
distributed across the domestic currency denominated values of economy specific short term bond

{€.,.Bo )7 » long term bond { [”BhLl’jx}j’l and stock { ,JsShF,]js} portfolios, where nominal

bilateral exchange rate &, ;, measures the prrce of foreign currency in terms of domestic currency.

It follows that (1+i7," B,f = Z &+ )BT where @7 | denotes the economy spec1ﬁc

yield to maturity on short term bonds (l+l,m B,fll’; Z . ”S(l+1hl“)Bthjs where z,”/Y

denotes the economy spec1ﬁc return on long term bonds, and
(1+if 0 )S5 = Z L Us(l+z,““)ShFl7s where z'hSlF'/HY denotes the economy specific return on
stocks. The local currency denominated values of economy specific long term bond portfolios
(B i 3}]]" | are in turn drstnbuted across the values of economy and vintage specific long term
bonds {{V] B, ViV, where V7 = denotes the local currency denommated price per long
teran bond, Wrth VBkk =1. klt follows that (l+zhm Bl = Zk (TS V] OB, Where
17, . =( +it o )(a) ) VBk , denotes the local currency denominated coupon payment per
long term bond, and zj’k denotes the economy and vintage specific yield to maturity on long term
bonds at issuance. In parallel, the local currency denominated values of economy specific stock
portfolios {S;." }" are distributed across the values of economy, industry and firm specific
shares {{{V, . Si: i b 0},{_,#} 1, Where VA} . denotes the local currency denominated price per
share. It follows that (1+i;,, )Sp" = > f (U1 +V )8 cadl, where IT°, - denotes
the local currency denominated dividend payment per share. During period s, the representative
household receives profit income from banks 77¢ , and supplies drfferentrated intermediate labor
services {L, ..}, ,, earning labor income at trade spec1ﬁc nominal wages {W,, },,.
government levies a tax on household labor income at rate 7, and remits household type speciﬁc
lump sum transfer payments 7,/ . These sources of wealth are summed in household dynamic
budget constraint:

A A = AT (i A+ TS+ (1] Y)J risknindf + 17, = PSC,, —1H,, (D)
According to this dynamic budget constraint, at the end of period s, the representative household
holds property balances 4,7, and portfolio balances A", . Property balances are allocated
across the values of bank deposits B:” and the real estate portfolio S.”” . that is

hi,s+1 hi,s+12

Ay = Byt + 8,7 - The value of this real estate portfolio is in turn allocated across the values
of developer specific shares {7 S"" |1\ subject to Sfl fﬂl = JO Vf: YSfl f ..,de . Portfolio balances
are allocated across the values of internationally diversified short term bond B, , long term
bond B, andstock portfolios S, ,thatis 4" =B +B/ " +S1 . The values of these
internationally diversified short term bond, long term bond and stock portfolios are in turn
allocated across the domestic currency denominated values of economy specific short term bond

B long term bond {£, | B,fl i ¥+l}1 , and stock {£ S, " l\r‘“}/ , portfolios subject to

1 /s hii, s+5\;/ 19
L.H F.H
B, 2 s By s Byl = g and S; " = Z E .S respectively.

h,i,s+1 j=1"1J>8 hz]9+l his+l T j=1 s hii,j,s+1
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The local currency denominated values of economy specific long term bond portfolios {B,f’;f"jﬂm }?’Zl
are in turn allocated across the local currency denominated values of economy and vintage specific
long term bonds {{/', By, .}i.}L, subject to B/ =>" V) By, . In parallel, the
local currency denominated values of economy specific stock portfolios {S; " }ﬁil are allocated

hii,j,s+1
across the local currency denominated values of economy, industry and firm specific shares
S F.H 1 M N . F.H S F.H .
{{{Vj,k,l,sSh,i,j,k,l,sH}l=0}k=1}j=1 subject  to Sh,i,_/,s+1 _Zk:1 .[0 Vj,k,l,sSh,i,_j,k,l,s+ldl' Finally, the
representative household purchases final private consumption good C,,, at price P, and rents

h,i,s
. . . H
final housing service H,;  at price ¢ .

Bank Intermediated Households

The representative bank intermediated household has a capitalist spirit motive for holding real
property balances, independent of financing deferred consumption, motivated by Weber (1905). It
also has a diversification motive over the allocation of real property balances across alternative
assets which are imperfect substitutes, motivated by Tobin (1969). The set of assets under
consideration consists of bank deposits and domestically traded real estate. Preferences over the
real values of bank deposits B, / P and the real estate portfolio S,"” /P are represented by

constant elasticity of substitution intratemporal subutility function

H
H_y S

v
B.H n D.H 7 1 H,H i
Ah,i,s+l — (1 _ ¢H)1//H Bh,i,s+l v + (¢H)I/IH 1 Sh,i,s+l v (8)
P PS L ’

where serially correlated housing risk premium shock V,.’j, satisfies v,.’i >0, while 0< ¢"” <1 and
w'" > 0. Preferences over the real values of developer specific shares (V7 S;°" /PC} | arein

ie,s™~h,ies+1 e=0
turn represented by constant elasticity of substitution intratemporal subutility function:

!

y-1 w1

H,H 1 H oH,H 7
Sh,i,s+1 _ V:’,e,sSh,i,e,.Hl v
T— T de . (9)
i,s 0 i

i,

In the limit as v* — 0 there is no capitalist spirit motive for holding real property balances,
while in the limit as " — oo there is no diversification motive over the allocation of real property
balances across alternative assets which in this case are perfect substitutes.

In period ¢, the representative bank intermediated household chooses state contingent sequences
for consumption {C,, }7 , housing {H,, }7,, labor force participation {{N, hﬂ_f.,,.’s}_lf‘:o}f:t, property

s=t? s=t

balances {4,;",,}7,, bank deposit holdings {B,’"”.}”, and real estate holdings {{S,"” 1. 17,

s=t 2 h,is+1J3s=t?> h,ie,s+1
to maximize intertemporal utility function (1) subject to dynamic budget constraint (7), the
applicable restrictions on financial asset holdings, and terminal nonnegativity constraints

B, >0and S;" >0 for T — 0. In equilibrium, abstracting from the capitalist spirit motive
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for holding real property balances, the solutions to this utility maximization problem satisfy
intertemporal optimality condition
' P
B LB D T gy, (10
u.(h,i,t) P "

it+1

which equates the expected present value of the gross real property return to one. In addition, these
solutions satisfy intratemporal optimality condition

w, (hyit) 1,

. 11
uc(hyi,t)  PS (11

which equates the marginal rate of substitution between housing and consumption to the real rental
price of housing. Furthermore, these solutions satisfy intratemporal optimality condition

u, (h, f,it W,
—L/(—f‘):(l—TiLt) Jé,l, (12)
u-(h,i,t) TP,

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. Abstracting from
risk premium shocks, the expected present value of the gross real property return satisfies
intratemporal optimality condition

1-y
. . PC BYH
(1-¢") {14 B bl D MeWLD 2 gy 1440)]
uc(h,it)  u ,(h,it) B ” ’

it+1

H

., (13)

Iy
1 ] ] PC B.H HH +V.H
+¢HJ' 1+Ez ﬁuc(h,l,.t-l-l) Uc(h,l.,t) lét (1+i;ii,,+1)_w d€=1,
0 uc(hit)  u,(hit) B, v

ie,t

which relates it to the expected present values of the gross real returns on bank deposits and real
estate. Finally, abstracting from the portfolio diversification motive over the allocation of real
property balances these solutions satisfy intratemporal optimality condition

j PS¢ o’ o+ u ,(h,it
Et ﬂuc(h’l"t + 1) IC:I (1 +ll[,;) _ ie,t+1 — i,et+1 - _ A ( : ) I_LH , (14)
u-(h,i,t) P V. u.(h,i,t) 1%

i+l iet it

which equates the expected present values of the gross real risk adjusted returns on bank deposits
and real estate. Provided that the intertemporal utility function is bounded and strictly concave,
together with other optimality conditions, and transversality conditions derived from necessary
complementary slackness conditions associated with the terminal nonnegativity constraints, these
optimality conditions are sufficient for the unique utility maximizing state contingent sequence of
bank intermediated household allocations.
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Capital Market Intermediated Households

The representative capital market intermediated household has a capitalist spirit motive for holding
real portfolio balances, independent of financing deferred consumption, motivated by
Weber (1905). It also has a diversification motive over the allocation of real portfolio balances
across alternative financial assets which are imperfect substitutes, motivated by Tobin (1969). The
set of financial assets under consideration consists of internationally traded and local currency
denominated short term bonds, long term bonds, and stocks. Short term bonds are discount bonds,
while long term bonds are perpetual bonds with coupon payments that decay exponentially at rate
®® where 0< o’ <1, following Woodford (2001). Preferences over the real values of
internationally diversified short term bond B;:"  /PS, long term bond B, /P and stock

hyi,s+l1 i,8° h,is+1

SE Pl.i portfolios are represented by constant elasticity of substitution intratemporal subutility

h,is+1

function
e
| yi- | p'-1 . !
AH 1 S.H 7] 1 LH 7 Ry F.H 7]
Ah,i,s-*—l _ (¢A )y/A Bh,i,s+l v + (¢A)WA 1 Bh,i,s-*—l v + (¢A)1//A 1 Sh,i,s+] v (15)
Pc - M Pc B B Pc S S PC >
i,s i, Ui,s i,s Ui,s i,s

where internationally and serially correlated duration risk premium shock v/ satisfies v/ >0,
and internationally and serially correlated equity risk premium shock Ufs satisfies Ufs >0, while
0<g)<1,0<¢)<1,0<g! <1, ¢+ +¢!=1and y" > 0. Preferences over the real values
of economy specific short term bond {£, ; B;:" ., /PS}Y,, long term bond {€ , By . /PS}Y,

i,j,s hii,j,s+] i,sdj=12 i,j,s 7 hii,js+]

and stock {& 8,7 . /PS}Y, portfolios are in turn represented by constant elasticity of

substitution intratemporal subutility functions

- _v
44 y/’tl
S,H N e S.H A
Bh,i,s+1 _ By 1 (C:i,j,th,i,j,sH 4
—==1 2 | = : (16)
P - 5] Vg PC
is J=1 J.s i,s
A
i '//A—l_y/l/‘{‘—l
L.H N e L,H A
Bh,i,s+l B r//A 1 (S‘t’,j,th,i,j,sH v
— | N (P | (17)
PC L] £ PC s
i,s J=1 Vj,s is
A
[ vyt
F.H N 1 F,H A
Sh,i,sH _ S y/A 1 é’i,j,sSh,i,j,s-%—l v
——= 24 | = , (18)
PC L] & PC
i,s Jj=1 Vj,s i,s

where serially correlated currency risk premium shocks st satisfy vfs >0, while 0< ¢,.Bj <1,
N N . g ? 7
ijl ¢,Bj =1,0< ¢f} <1 and ijl ¢,S , =1. Finally, preferences over the real values of economy

and vintage specific long term bonds {{&,, V/ By, .. /P )i }7, and economy, industry and



13

firm specific shares {{{&,_ V>, Sy 1! PS}otin} o are represented by constant elasticity of

substitution intratemporal subutility functions

A

A
i W |
L,H ) 1 B LH y
gi,j,th,i,j,m _ 2 B w 5i,j,sVj,k,th,i,j,k,sH v 19
PC - (¢iaj»kas) PC 4 ( )
i,s k=1 i,s
vt
1 [ W V2
F.H M 11 N F.H 7
gi,j,sSh,i,j,sH _ Z S w gz‘,j,st,k,l,sSh,i,j,k,l,s+1 v dl 20
—Pc = (¢i,j,k) pe ’ 20)
i,s k=1 0 i,s

s M K .. AH
where 0 < ¢fj,k,s <1, zk‘zl ¢ =1 , 0< ¢ <1 and D= I In the limitas v; Pl 0 there
is no capitalist spirit motive for holding real portfolio balances, while in the limit as v — oo there
is no diversification motive over the allocation of real portfolio balances across alternative
financial assets which in this case are perfect substitutes.

In period ¢, the representative capital market intermediated household chooses state contingent
sequences for consumption {C,, }" , housing {H,; }" ,labor force participation {{N, f,l.’s};zo}j’:t

s=t 9 s=t 2

, portfolio balances {4-" 1*  short term bond holdings {{B;:" ' 1* . long term bond

his+15s=t?> hii,j,s+1J j=1

holdings {{{B;:", ...}i.}).}r,» and stock holdings {{{{S’ Yootem Vi be, to maximize

h.i,jk,s+1 hi,jk,l,s+1

intertemporal utility function (1) subject to dynamic budget constraint (7), the applicable

restrictions on financial asset holdings, and terminal nonnegativity constraints B;" .. >0,

B ra20and S . ., >0 for T — oo. In equilibrium, abstracting from the capitalist spirit

motive for holding real portfolio balances, the solutions to this utility maximization problem
satisfy intertemporal optimality condition
- P
E; ﬂuc(h,l,.t-i-l) zc:t (1+i;,4it+1):1a (21)
u.(h,i,t) P .

it+1

which equates the expected present value of the gross real portfolio return to one. In addition, these
solutions satisfy intratemporal optimality condition

H

LD _ Ay (22)
uc(h,i,t) P,

which equates the marginal rate of substitution between housing and consumption to the real rental
price of housing. Furthermore, these solutions satisfy intratemporal optimality condition

u, (h, f,it W, .
Ty P (23)
uc(h,i,1) R

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. Abstracting from
risk premium shocks, the expected present value of the gross real portfolio return satisfies
intratemporal optimality condition
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. 1-y*
¢A i#{ 1+E Puc(hit+1) u.(h,it) F C (1+l-A:"H )—(1+i$ )gi,j,H-l
YETL e (i B g,

-yt (24)
+¢BZ¢ Z¢/M{l+ ﬂuc(hlt+1) Mc(hll) |:(1+ :A’fil)_IY/kHI‘l’V/kHlgI/HIj|}

uc(hi,t) u  (hi,t) B - Ve ¢

Jk.t ij.t

1y
N M 1 . . c s
(hi,t+1) u(h,it) F, o AT AV &
+o s 1+E, Pu( c 14i _ 4 J. 1.7, di=1,
“ ;¢/;¢/k_([{ uc(h,i,t) u, L(hyi, I)PHl (i) S <

Gkl it

which relates it to the expected present values of the gross real returns on domestic and foreign
short term bonds, long term bonds, and stocks. In addition, abstracting from the portfolio
diversification motive over the allocation of real portfolio balances these solutions satisfy
intratemporal optimality condition

g, Bucthiirh) F {(IH V(i )&,j,m}:_uAA(h,i,t)[LE_LE}’ 25)

u (it PO g u.(h,i0)

it+1 i,],t

which equates the expected present values of the gross real risk adjusted returns on domestic and
foreign short term bonds. Furthermore, abstracting from the portfolio diversification motive over
the allocation of real portfolio balances these solutions satisfy intratemporal optimality condition

- P 75 . +V5 L (h,it
E,ﬁ”C(h’l’.HD | (i) ——H = __tphiD) 1 1—%, (26)
u-(h,i,t) P 4 uc(h,i,t) vy, v,

it+1 ikt

which equates the expected present values of the gross real risk adjusted returns on domestic short
and long term bonds. Finally, abstracting from the portfolio diversification motive over the
allocation of real portfolio balances these solutions satisfy intratemporal optimality condition

,Buc(h i,t+1) P (1+i,S)— ijjc,l,m +V;,Sk,1,t+1 U (h,i,1) 1 1_L (27)
E uc(h,i,t) PC V Vi “c(h i0) v, )

i,1+1 it

which equates the expected present values of the gross real risk adjusted returns on domestic short
term bonds and stocks. Provided that the intertemporal utility function is bounded and strictly
concave, together with other optimality conditions, and transversality conditions derived from
necessary complementary slackness conditions associated with the terminal nonnegativity
constraints, these optimality conditions are sufficient for the unique utility maximizing state
contingent sequence of capital market intermediated household allocations.

Credit Constrained Households

In period ¢, the representative credit constrained household chooses state contingent sequences for
consumption {C,, }7,, housing {H,, }” , and labor force participation {{N, . }, ,}7, to
maximize intertemporal utility function (1) subject to dynamic budget constraint (7), and the
applicable restrictions on financial asset holdings. In equilibrium, the solutions to this utility

maximization problem satisfy household static budget constraint
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]
Pigch,i,t + lilei,t =17,+(1- sz)J‘ Wf,i,tLh,f,i,tdf + T/fi,w (28)
0

which equates the sum of consumption and housing expenditures to the sum of profit and
disposable labor income net of transfer payments, where profit income /7, satisfies
11, = 177} + IYIf + ]Zf The evaluation of this result abstracts from international bank lending.
Furthermore, these solutions satisfy intratemporal optimality condition

H

MH(h’lat) :li_,tc’ (29)
uc(h,i,t) B,

which equates the marginal rate of substitution between housing and consumption to the real rental
price of housing. Finally, these solutions satisfy intratemporal optimality condition

u, (h,f,it w,.
_L/(—U — (1 _TiLt) f,Cl,t , (30)
u.(h,i,t) 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. Provided that the
intertemporal utility function is bounded and strictly concave, these optimality conditions are
sufficient for the unique utility maximizing state contingent sequence of credit constrained
household allocations.

Labor Supply

The unemployment rate u;, measures the share of the labor force N,, in unemployment U, , that
is u;, =U,,/N,,, where unemployment equals the labor force less employment L;,, that is

it
U,,=N,, —L,,. The labor force satisfies N,, = jo N, df .

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

‘gzI,Jr -1

1
L=, dr |, (31)

0

L
6’:‘,1_1

L

: : 6, .
where serially uncorrelated wage markup shock 9", satisfies &' = 7~ with 6" >1 and 6" = 6"
. The representative final labor service firm maximizes profits derived from production of the final
labor service with respect to inputs of intermediate labor services, implying demand functions:

_9[%1
. :(W.f,,-,t} L (32)
flit W i,t°

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

1

1 1-6* 1-6%
W, =| [, )| (33)
0

As the wage elasticity of demand for intermediate labor services 6, increases, they become closer
substitutes, and individual trade unions have less market power.

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 consumption price inflation and
trend productivity growth according to partial indexation rule

~ [ _ -y

W, = Pif—lA,t—l B,f—rAf,t—l W 34

fit c 7 5C 1 flig-12 ( )
Pi,t—zA',t—z B,t—ZA,t—Z

where 0< y" <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 the representative trade union can adjust its wage optimally in period #, then it does so to
maximize intertemporal utility function (1) subject to dynamic budget constraint (7), intermediate
labor service demand function (32), and the assumed form of nominal wage rigidity. Since all trade
unions that adjust their wage optimally in period ¢ solve an identical utility maximization problem,
in equilibrium they all choose a common wage W:t given by necessary first order condition:

L

PEAL (BLAL | (m ",
PLA L) \BLAL ) W, W, " (35)

L

L L s~ L
ks s—t . c 7 4 5C 71 1=y : * \ "0
- - B W, P . P , W W,
EIZ((UL)A# ﬁ l/lc(l’.l,l, S) (gfs _ 1)(1 _ z_fs) ;g 12—1"‘}7,1—1 Jé—l“ﬂr,t—l is it Lh,i,_q
s=t uC(hﬂlﬂt) R,s Pi,s—]A,s—l R,.F]A,s—] W W

it it

S—t ﬂ“uc(h,i,s) &L uL/ (hsfsiss)
uc(histy " ue(h,is)

EX (o)

=

!

N

This necessary first order condition equates the expected present value of the marginal utility of
consumption gained from labor supply to the expected present value of the marginal utility cost
incurred from leisure foregone. Aggregate wage index (33) equals an average of the wage set by
the fraction 1 — " of trade unions that adjust their wage optimally in period ¢, and the average of
the wages set by the remaining fraction @" of trade unions that adjust their wage according to
partial indexation rule (34):

1

1-0/ | 1-0%,

i,

L PC ~. 7L pc — 1—}/L
W, == o) s ot || L | | Dadan |y . (36)
])i,t—z“éli,t—Z R,zsz‘,zfz
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Since those trade unions able to adjust their wage optimally in period ¢ 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 7 —1, rescaled to account for past consumption
price inflation and trend productivity growth.

B. The Construction Sector

The construction sector supplies housing services to domestic households. In doing so, developers
obtain mortgage loans from domestic banks and accumulate the housing stock through residential
investment.

Housing Demand

There exist a large number of perfectly competitive developers which combine differentiated
intermediate housing services H,,, supplied by intermediate developers to produce final housing
service H,, according to constant elasticity of substitution production function
o
H” -1 01

j (H,,)" : (37)

. 9.” :
where endogenous rental price of housing markup shifter 3] satisfies 9H with HH >1 and
0" = 0" . The representative final developer maximizes proﬁts derived from productlon of the
final housing service with respect to inputs of intermediate housing services, implying demand
functions:

lH 7H:[i
Hi,e,t = (l_;t} Hi,t' (38)

1A

it

Since the production function exhibits constant returns to scale, in equilibrium the representative
final developer generates zero profit, implying aggregate rental price of housing index:

D @) d} (39)

As the price elasticity of demand for intermediate housing services /] increases, they become
closer substitutes, and individual intermediate developers have less market power.

Residential Investment

There exist continuums of monopolistically competitive intermediate developers indexed by
e €[0,1]. Intermediate developers supply differentiated intermediate housing services, but are
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otherwise identical. We rule out entry into and exit out of the monopolistically competitive
intermediate construction sector.

The representative intermediate developer sells shares to domestic bank intermediated households
at price V. Acting in the interests of its shareholders, it maximizes its pre-dividend stock market
value, which abstracting from the capitalist spirit motive for holding real property balances equals
the expected present value of current and future dividend payments
© s—t 7 B
H H ﬂ ﬂ“i .8 H
IYi,e,t + I/i,e,t = Etz Z«-B IYi,e,s > (40)

s=t

St

where /”tl.’i denotes the Lagrange multiplier associated with the period s bank intermediated
household dynamic budget constraint. 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 IZ];' ., defined as the sum of
earnings and net borrowing less residential investment expenditures:

" =" H, +(BSP, ~(1-8")1+i" )BS) - Pl 1! (41)

ie,s ie,s” Tie,s i,e,s+1 ie,s ie,s*®

Earnings are defined as revenues derived from sales of differentiated intermediate housing service
H. . atrental price 7/

ie, i,e,s °

Motivated by the collateralized borrowing variant of the financial accelerator mechanism due to
Kiyotaki and Moore (1997), the financial policy of the representative intermediate developer is to
maintain debt equal to a fraction of the value of the housing stock,

B

i,e,s+1 D
—r =0 (42)
P H "

i,s ie,s+1

given by regulatory mortgage loan to value ratio limit ¢le . Net borrowing is defined as the increase
in mortgage loans B " from domestic banks net of writedowns at mortgage loan default rate

ie,s+1
M . - M
o,, and interest payments at mortgage loan rate i, .

The representative intermediate developer enters period s in possession of previously
accumulated housing stock /. , , which subsequently evolves according to accumulation function

H, . =0-6"H,  +H"U" I (43)

ie,s+1 ie,s® ies—1/2

where 0< 6" <1. Effective residential investment function H" (1 ,1” ) incorporates convex
adjustment costs,

(44)

ie,s? i,s H i,e,s?

ie,s—

2
" LA &
HH(]H 11'1:2,5—1) = V[ - %(—1)6)5 - l] IH
1

where serially correlated residential investment demand shock V,-I,: satisfies V,-I,: >0, while
7" >0. In steady state equilibrium, these adjustment costs equal zero, and effective residential
investment equals actual residential investment.
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In period ¢, the representative intermediate developer chooses state contingent sequences for
residential investment {/,” }* and the housing stock {H,,,,}7, to maximize pre-dividend stock
market value (40) subject to housing accumulation function (43) and terminal nonnegativity
constraint H,, ., 20 for T — co. In equilibrium, demand for the final residential investment good

satisfies necessary first order condition

ﬂ/llBHl

tet7_t1 ( ie,t? tet 1) E ﬂ,B let+17_(2 (Il€t+l’ let) lt s (45)

which equates the expected present value of an additional unit of residential investment to its price,

where Q, ., denotes the Lagrange multiplier associated with the period s housing accumulation
function. In equilibrium, this shadow price of housing satisfies necessary first order condition
iz T e PIH A
Q:Z,t = Et leH RIHI Pltljl - (1 z t+1 (1 + lz t ) - B + (1 - §H )Qil,i,wl H (46)

it+1 i, t+1 it+1

which equates it to the expected present value of the sum of the future marginal revenue product
of housing, and the future shadow price of housing net of depreciation, less the product of the loan
to value ratio with the spread of the effective cost of bank over capital market funding. Provided
that the pre-dividend stock market value is bounded and strictly concave, together with other
necessary first order conditions, and a transversality condition derived from the necessary
complementary slackness condition associated with the terminal nonnegativity constraint, these
necessary first order conditions are sufficient for the unique value maximizing state contingent
sequence of intermediate developer allocations.

Housing Supply

In period ¢, the representative intermediate developer adjusts its rental price of housing to
maximize pre-dividend stock market value (40) subject to housing accumulation function (43) and
intermediate housing service demand function (38). We consider a symmetric equilibrium under
which all developer specific endogenous state variables are restricted to equal their aggregate
counterparts. It follows that all intermediate developers solve an identical value maximization
problem, which implies that they all choose a common rental price of housing zft’* given by
necessary first order condition:

Hx* H 1” QH

lit 01 lt i,e,t
= i a(1= 8+ )2 = (1 6”>P . @7)

By 01

This necessary first order condition equates the marginal revenue gained from housing supply to

the marginal cost incurred from construction. Aggregate rental price of housing index (39) satisfies
H H ¥
by =4, -
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C. The Production Sector

The production sector supplies output goods for domestic and foreign absorption. In doing so,
firms demand labor services from domestic households, obtain corporate loans from domestic and
foreign banks, and accumulate the private physical capital stock through business investment.

The production sector consists of a finite set of industries indexed by k € {l,...,M}, of which the
first M * produce nonrenewable commodities. In particular, the energy commodity industry
labeled k=1 and the nonenergy commodity industry labeled £ =2 produce internationally
homogeneous output goods for foreign absorption, while all other industries produce
internationally heterogeneous output goods for domestic and foreign absorption.

Output Demand

There exist a large number of perfectly competitive firms which combine industry specific final
output goods {Yl.’k,t},i”= , to produce final output good Y, , according to fixed proportions production
function

Y M
Y =mind &L (48)
it ¢Y

ik J =1

where 0< ¢’ <1 and ZZI ¢1Yk =1. The representative final output good firm maximizes profits
derived from production of the final output good with respect to inputs of industry specific final
output goods, implying demand functions:

Yi,k,t = ¢1YkY:t (49)

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

M
Py => 4P, (50)
k=1

where Pi,yk,t = P;ZJ for 1<k < M *. This aggregate output price index equals the minimum cost of
producing one unit of the final output good, given the prices of industry specific final output goods.

There exist a large number of perfectly competitive firms which combine industry specific
differentiated intermediate output goods Y, ,, supplied by industry specific intermediate output
good firms to produce industry specific final output good Y;, , according to constant elasticity of
substitution production function

224

ikt
Y Y
9,-,;{,,*1 ‘9,',/(.:‘1

1
Yi,k,t = J'(Yi,k,l,t) i dl ) (51)
0
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. . . o’ .
where serially uncorrelated output price markup shock &', , satisfies 195,(,[ = Hy"k" with 8",

>1
Y _ pv : Y _ pv * lY”“_ Y . The e
and 6, =60, while 6 ,=6,, for 1<k<M* and 6, 6 =0 otherwise. The representative

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

PY 7'9:'},,k,r
Yi,k,l,t =£ li-’l;”J Y;,k,z’ (52)

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

1

! R =7
P, =| [BL, ) | (53)
0

As the price elasticity of demand for industry specific intermediate output goods 6’; (. increases,
they become closer substitutes, and individual industry specific intermediate output good firms
have less market power.

Labor Demand and Business Investment

There exist continuums of monopolistically competitive industry specific intermediate output good
firms indexed by / €[0,1]. Intermediate output good firms supply industry specific differentiated
intermediate output goods, but are otherwise identical. We rule out entry into and exit out of the
monopolistically competitive industry specific intermediate output good sectors.

The representative industry specific intermediate output good firm sells shares to domestic and
foreign capital market intermediated households at price ¥} . Acting in the interests of its
shareholders, it maximizes its pre-dividend stock market value, which abstracting from the
capitalist spirit motive for holding real portfolio balances equals the expected present value of

current and future dividend payments

75,4, =532 A 17} 54

i,k,l,t+ ikt [z ﬂ,A ik,l,s> ( )
s=t it

where 4% denotes the Lagrange multiplier associated with the period s capital market

intermediated household dynamic budget constraint. 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 net profits Hifﬂ,’s , defined as the sum of

after tax corporate earnings and net borrowing less business investment expenditures,

Ijii,l,s = (1 - Tl'l,i')(B,Y/;,/,SYI',/(J,S - W Li,k,l,s - @i,k,l,s) + (BCF - (1 - é:,cv )(1 + IIC;E)BS{SY) - PIK IK (55)

i, ik, s+1 i,s Tik,l,s>
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where Y, , =F(u,, K, A L, ). Corporate earnings are defined as revenues derived from
sales of industry specific differentiated intermediate output good Y, —at price P}, less
expenditures on final labor service L, , and other variable costs @, , . The government levies
a tax on corporate earnings at rate z,",.

Motivated by the collateralized borrowing variant of the financial accelerator mechanism due to
Kiyotaki and Moore (1997), the financial policy of the representative industry specific
intermediate output good firm is to maintain debt equal to a fraction of the value of the private
physical capital stock,

BC JF

% = ¢i (56)

i, ik,l,s+1

given by regulatory corporate loan to value ratio limit ¢, . Net borrowing is defined as the increase
in corporate loans B;” ., from domestic and foreign banks net of writedowns at corporate loan
default rate 5le and interest payments at effective corporate loan rate if;E . This corporate loan
default rate applies uniformly to all corporate loans received from domestic and foreign banks.

The representative industry specific intermediate output good firm utilizes private physical capital
K.,,, atrate ', and rents final labor service L, to produce industry specific differentiated

l’

intermediate output good Y, ; according to production function:

K a4 -4
f(”zkls zkls’As zkls) (ui,k,l,sKi,k,l,s) (A',sLi,k,l,s) . (57)

This production function exhibits constant returns to scale, with 0<¢" <1. Productivity A
depends on the ratio of the public physical capital stock to the aggregate labor force,

1-¢*
— (A K_G
A, =@ [N] , (58)

i,s

where internationally and serially correlated productivity shock v\ satisfies v > 0, Whlle
0 < ¢* <1. Trend productivity A exhibits partial adjustment dynamlcs A = (Ab 1)” (A, - o
, where 0< p* <1,

In utilizing private physical capital to produce output, the representative industry specific
intermediate output good firm incurs a cost G(u,, ,K,,, ) denominated in terms of business
investment,

@i,k,ls_Pl g(ulkls’ lkl¥)+ zks’ (59)

ik,l,s°

where industry specific fixed cost F, =~ ensures that @,  =0. Following Christiano, Eichenbaum
and Evans (2005), this capital utilization cost is increasing in the capital utilization rate at an
increasing rate,

K k| n*af, -
g(ui,k,l,s’Ki,k,l,x):1ui [e” e _1:|Ki,k,l,s’ (60)
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where n* >0, while = é with #* > 0. In steady state equilibrium, the capital utilization
rate equals one, and the cost of utilizing private physical capital equals zero.

The representative industry specific intermediate output good firm enters period s in possession
of previously accumulated private physical capital stock K, , which subsequently evolves
according to accumulation function

Ki,k,z,s+1 (1 - §K )Kz ks + H( ikl,s? ,k,l,s—l)’ (61)

where 0<% <1. Following Christiano, Eichenbaum and Evans (2005), effective business

K . .
investment function H(Z/,, I, ) incorporates convex adjustment costs,

2
x I*
H(Ilkls’ll,k,l,s—l): Vz{s 1_%(%_1J IlKkls’ (62)

ik,l,s—1

where serially correlated business investment demand shock vf: satisfies vlf: >0, while y* >0
. In steady state equilibrium, these adjustment costs equal zero, and effective business investment
equals actual business investment.

In period ¢, the representative industry specific intermediate output good firm chooses state
contingent sequences for employment {L, }~ , the capital utilization rate {u,, }7, business
investment {7/, , }* , and the private physical capital stock {K, tiss1 )y to maximize pre-dividend
stock market value (54) subject to production function (57), private physical capital accumulation
function (61), and terminal nonnegativity constraint K,,,,,, 20 for 7 — c. In equilibrium,
demand for the final labor service satisfies necessary first order condition

Fu (”i[jc,z,tKi,k,z,zaA,tLi,k,l,t)Ti,k,l,x =(1- 7, t) (63)

W,
thA,

where EYk ¥, .., denotes the Lagrange multiplier associated with the period s production
technology constraint. This necessary first order condition equates real marginal cost ¥, ,, to the
ratio of the after tax industry specific real wage to the marginal product of labor. In equilibrium,
the capital utilization rate satisfies necessary first order condition

P, G (oK)

K et ik, K K koL, kol
f;:KK (ui,k,l,tKi,k,l,t’ "4z',tLi,k,l,t) - 1’l< = (1 - Ti,t) - K H (64)
P ikt

it
which equates the marginal revenue product of utilized private physical capital to its marginal cost.
In equilibrium, demand for the final business investment good satisfies necessary first order
condition

ﬂ/le+ K
lkll7—‘l(lkll7 kltl) E /1Atl 1klt+17_Ll(1/cll+1’ 1klt) ])tlt s (65)

it

which equates the expected present value of an additional unit of business investment to its price,
where O/, 1. denotes the Lagrange multiplier associated with the period s private physical capital
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accumulation function. In equilibrium, this shadow price of private physical capital satisfies
necessary first order condition

Y
K ﬂ 1 K F k, IYj,k,l,t 1
Qi,k,l,t = t ﬂlAH Ptt+1 {uz k,lt+1 14KK (ui,k,l,t+1Ki,k,l,t+1’Ai,t+1Li,k,/,t+1) et 11<l -
B,Hl (66)
P’K y
K K F C K K
_(1 - Ti,t+1)gK (ui,k,l,z+1’ K A, — it (1 5 t+1)(1 + lz t+1) - /1 + (1 -0 )Qi,k,l,t+1 >

R 1+1 ﬂ 7,t+1

which equates it to the expected present value of the sum of the future marginal revenue product
of private physical capital net of its marginal utilization cost, and the future shadow price of private
physical capital net of depreciation, less the product of the loan to value ratio with the spread of
the effective cost of bank over capital market funding. Provided that the pre-dividend stock market
value is bounded and strictly concave, together with other necessary first order conditions, and a
transversality condition derived from the necessary complementary slackness condition associated
with the terminal nonnegativity constraint, these necessary first order conditions are sufficient for
the unique value maximizing state contingent sequence of industry specific intermediate output
good firm allocations.

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 industry
specific intermediate output good firms adjust their price optimally, where 0< @ <1 with
@ =@" for k> M *. The remaining fraction @ of intermediate output good firms adjust their
price to account for past industry specific output price inflation according to partial indexation rule

PY 7/13 py 1’7//3
PY _ ik,t—1 ik,t—1 PY (67)
ikt PY ﬁY ik, lt—1°
ik,t-2 ik,t-2

where 0<y, <1 with y, =0 for ISk<M* and y, =y" otherwise. Under this specification,
optimal price adjustment opportunities arrive randomly, and the interval between optimal price
adjustments is a random variable.

If the representative industry specific intermediate output good firm can adjust its price optimally
in period ¢, then it does so to maximize pre-dividend stock market value (54) subject to production
function (57), industry specific intermediate output good demand function (52), and the assumed
form of nominal output price rigidity. We consider a symmetric equilibrium under which all
industry and firm specific endogenous state variables are restricted to equal their industry specific
aggregate counterparts. It follows that all intermediate output good firms that adjust their price
optimally in period ¢ solve an identical value maximization problem, which implies that they all
choose a common price P} given by necessary first order condition:



25

=7 * N
s— t A Y DY Y Y, LS
EZ( )xtﬂ l\‘ey })lkfl })Iktl B,k,s })i,k,f PY Y
. k i,k,s l Jels PY PY PY PY ik,stik,s
P.);{’ z,r i ,s—1 i kos—1 it it (68)
1L,K,t

-1

ikt = , A 7 =Y -y % * y ¥ "91&
S—i ﬂ l\ 1,k,1— })l S I)l S })l ’t
E z( k) ' /IA ( tks_l)(l z-ts) P}f 1 F))f'C 1 P}I/{ Plf Ptl;chlks

ik,s—1 ik,s—1 ikt ikt

This necessary first order condition equates the expected present value of the after tax marginal
revenue gained from output supply to the expected present value of the marginal cost incurred
from production. Aggregate output price index (53) equals an average of the price set by the
fraction 1— ¢, of intermediate output good firms that adjust their price optimally in period ¢, and
the average of the prices set by the remaining fraction @, of intermediate output good firms that
adjust their price according to partial indexation rule (67):

l_ely.k,t 1-

PY 71{ ]—)y 177}3’ Hi’k’f
-0), Y i k-1 i il Y
(1 Oy )( tkt) T pY pr I)i,k,t—l . (69)
i t=2 ik, t=2

Since those intermediate output good firms able to adjust their price optimally in period ¢ 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 industry specific aggregate output
price index that prevailed during period ¢ —1, rescaled to account for past industry specific output
price inflation.

D. The Banking Sector

The banking sector supplies global financial intermediation services subject to financial frictions
and regulatory constraints. In particular, banks issue risky mortgage loans to domestic developers
at infrequently adjusted predetermined mortgage loan rates, as well as risky domestic currency
denominated corporate loans to domestic and foreign firms at infrequently adjusted predetermined
corporate loan rates, given regulatory loan to value ratio limits. They obtain funding from domestic
bank intermediated households via deposits and from the domestic interbank market via loans,
accumulating bank capital out of retained earnings given credit losses to satisfy a regulatory capital
requirement.

Credit Demand

There exist a large number of perfectly competitive banks which combine economy specific local

currency denominated final corporate loans {Blcj'tE } to produce domestic currency denominated

final corporate loan Bf;F according to fixed proportlons portfolio aggregator
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where 0 < ¢ <1 and Z ¢, _, = 1. The representative global final bank maximizes profits derived
from 1ntermed1at10n of the domestic currency denominated final corporate loan with respect to
inputs of economy specific local currency denominated final corporate loans, implying demand
functions:

C,F

B,
C, it
Bji=d, e (71)

i,j,t—1

Since the portfolio aggregator exhibits constant returns to scale, in equilibrium the representative
global final bank generates zero profit, implying aggregate effective gross corporate loan rate
index:

Z¢,,<1+z,,1)5 (72)

i,j,t—1

This aggregate effective gross corporate loan rate index equals the minimum cost of producing
one unit of the domestic currency denominated final corporate loan, given the rates on economy
specific local currency denominated final corporate loans.

There exist a large number of perfectly competitive banks which combine differentiated
intermediate mortgage or corporate loans BC ﬁl supplied by intermediate banks to produce final
mortgage or corporate loan B z+1 accordmg to constant elasticity of substitution portfolio

aggregator

A
C
61 1+1

Z
C’ cZ
9 t+l -1 9 ST

BC B _ J'(BC B N O dm , (73)

it+1 i,m,t+1

where Z € {D F} écyvhlle serially uncorrelated mortgage or corporate loan rate markup shock 195“
satisfies 9., = T" with 65.,>1 and 6 =6°. The representative domestic final bank
maximizes proﬁt@ detived from intermediation of the final mortgage or corporate loan with respect

to inputs of intermediate mortgage or corporate loans, implying demand functions

cZ

f(Z) r+l

c* B 1+lzmt B

Bz’,m,t+1 (l_l_lf(z) Bz A+ (74)
it

where f(D)=M and f(F)=C. Since the portfolio aggregator exhibits constant returns to scale,
in equilibrium the representative domestic final bank generates zero profit, implying aggregate
gross mortgage or corporate loan rate index:
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As the rate elasticity of demand for intermediate mortgage or corporate loans 195: increases, they
become closer substitutes, and individual intermediate banks have less market power.

Funding Demand and Bank Capital Accumulation

There exists a continuum of monopolistically competitive intermediate banks indexed by m €[0,1]
. Intermediate banks supply differentiated intermediate mortgage and corporate loans, but are
otherwise identical. We rule out entry into and exit out of the monopolistically competitive
intermediate banking sector.

The representative intermediate bank sells shares to domestic bank intermediated households at
price V< . Acting in the interests of its shareholders, it maximizes its pre-dividend stock market

im,t*

value, which equals the expected present value of current and future dividend payments:

7 +ve

im,t im,t

o s—t 1B
:EIZﬂ ﬂ’i,s HC

/13 im,s"*
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(76)

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, , defined as profits derived from providing
financial intermediation services less retained earnings /”

im,s *

171’57,3 = (Bi,Dn’ziH - (1 + iz'l,)s—l )Ban;B;) + (Bil,?rfsﬂ - (1 + ifx—l )BzBrfs) (77)
_(Bfrj,frl - (1 - é:j,lf )(1 + iijf/:n,sfl)Bfrs,’sB) - (Bfr:t-,’frl - (1 - 51?8,‘9 )(1 + ifm,sfl)Bfr:,’f) - Qifn,s - Iil,;m,s'

Profits are defined as the sum of the increase in deposits B”® . from domestic bank intermediated

i,m,s+1

households net of interest payments at the deposit rate and the increase in net loans B/." | from
the domestic interbank market net of interest payments at the interbank loans rate i’ _, less the
increase in differentiated intermediate mortgage loans B,S:,ﬁl to domestic developers net of
writedowns at mortgage credit loss rate &% and interest receipts at mortgage loan rate i, less
the increase in differentiated intermediate corporate loans Bf,:,ﬁl to domestic and foreign firms

net of writedowns at corporate credit loss rate @CTE and interest receipts at corporate loan rate
i less a cost of satisfying the regulatory capital requirement &>

im,s—172 im,s *

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

D F
B¢ B 4+ RBEB —pgPBE L BEE | KB

i,m,s+1 ims+l — Tim,s+l i,m,s+1 i,m,s+1°

The bank credit stock B“*

(78)

measures aggregate bank assets, that is B<* = B # + B¢ -F  while

i,5+1 i,5+1 i,5+1 i,s+1 2
the money stock M, measures aggregate bank funding, that is M’ =B’ + B”? where

i,s+1 i,s+1 i,5+1
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B/:7 =0. The bank capital ratio «; ,, equals the ratio of aggregate bank capital to assets, that is

i,s+1
k. ..=K> /B

i,s+1 i,5+1 i,s+1°

In transforming deposit and money market funding into risky mortgage and corporate loans, the
representative intermediate bank incurs a cost of satisfying the regulatory capital requirement,

@o° =G"(BS "B P K] )+ F”

i,m,s im,s 2" im,s 27 i,m,s i,8%

(79)

where fixed cost F’ ensures that &7 =-I". Motivated by Gerali, Neri, Sessa and

Signoretti (2010), this regulation cost is decreasing in the ratio of bank capital to assets at a
decreasing rate,

KL ]
F
Bic,lzz,lg _ 1 KB
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(80)

given regulatory capital requirement " , where n° >0 and x> 0. In steady state equilibrium,
the bank capital ratio equals its required value, and the cost of regulation is constant.

The financial policy of the representative intermediate bank is to smooth retained earnings
intertemporally, given credit losses. It enters period s in possession of previously accumulated
bank capital stock Kfm,s , which subsequently evolves according to accumulation function

K’ =(1—5ii)K.B +HB(Ifm’S,IfmJ_1), (81)

im,s+1 i,m,s

where bank capital destruction rate &”. satisfies 5 = y“(w 5" +(1-w)5.") with x>0,
while mortgage loan weight wl.c satisfies O<wl.c <1. Effective retained earnings function
HP(17,,.1], ) incorporates convex adjustment costs,

im,s?>

2 B im,s?>
im,s—1

B 2
HB(]fm,s’]fm,s—l): T - _1 ]B (82)
where y” >0. In steady state equilibrium, these adjustment costs equal zero, and effective
retained earnings equals actual retained earnings.

In period ¢, the representative intermediate bank chooses state contingent sequences for deposit
funding {B":® 1” . netinterbank market funding {B’” 17, retained earnings {I” }* , and the

im,s+1 im,s+13s=t> im,sJSs=t >

bank capital stock {K” -, to maximize pre-dividend stock market value (76) subject to balance

im,s+13s
sheet identity (78), bank capital accumulation function (81), and terminal nonnegativity constraints
B>, >0, B> >0 and K , >0 for T — oo. In equilibrium, the solutions to this value
maximization problem satisfy necessary first order condition

1+i) =1+i (83)

it

which equates the deposit rate to the interbank loans rate. In equilibrium, retained earnings satisfies
necessary first order condition
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which equates the expected present value of an additional unit of retained earnings to its marginal
cost, where Q, ., denotes the Lagrange multiplier associated with the period s bank capital

accumulation function. In equilibrium, this shadow price of bank capital satisfies necessary first
order condition

B _E ﬂ/ll g+ 1 5 B BC B C ,B KB ﬂ“ll,gt 1 .B
Qi,m,t_ ﬂ, ( +1)szt+l g ( im,t+1° 1m,t+l’ i,m,t+1)+ 7_( +li,t) > (85)

1.t

7,t+1

which equates it to the expected present value of the future shadow price of bank capital net of
destruction, less the sum of the marginal utilization cost of bank capital and the spread of the cost
of deposit over interbank market funding. The evaluation of this result abstracts from risk premium
shocks. Provided that the pre-dividend stock market value is bounded and strictly concave,
together with other necessary first order conditions, and transversality conditions derived from the
necessary complementary slackness conditions associated with the terminal nonnegativity
constraints, these necessary first order conditions are sufficient for the unique value maximizing
state contingent sequence of intermediate bank allocations.

Credit Supply

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

1+i/ % =1+i/% (86)

i,m,t i,m,t—1%

where Z € {D,F}, while f(D)=M and f(F)=C. 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 representative intermediate bank can adjust its gross mortgage and corporate loan rates in
period ¢z, then it does so to maximize pre-dividend stock market value (76) subject to balance sheet
identity (78), intermediate loan demand function (74), and the assumed financial friction. We
consider a symmetric equilibrium under which all 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 ¢ solve an identical value maximization problem, which implies that they
all choose common loan rates z’ ) given by necessary first order conditions
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where g(D)=M and g(F)=C,E, while /(D)=1 and h(F)=2. These necessary first order
conditions equate the expected present value of the marginal revenue gained from mortgage or
corporate loan supply to the expected present value of the marginal cost incurred from
intermediation. Aggregate gross mortgage or corporate loan rate index (75) 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 ¢, 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

* r+l 1- 9 S+l 1+
1+i/? = [(1 @)1 +i/ D)+ o (147 J‘ %ot (88)
Since those intermediate banks able to adjust their loan rates in period ¢ 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 7 —1.

E. The Trade Sector

The nominal effective exchange rate &, measures the trade weighted average price of foreign
currency in terms of domestic currency, while the real effective exchange rate Q,, measures the
trade weighted average price of foreign output in terms of domestic output,
T N T
ITKIJJWG Q. =1Tw@,n™. (89)
j=1
where the real bilateral exchange rate Q, satlsﬁes Q... =&.,,P /P, and bilateral trade weight
w,, satisfies w), =0, 0<w/ <1 and i w =1. Furthermore the terms of trade 7;, equals
the ratio of the internal terms of trade to the external terms of trade,
r Ty By u_FBY
7:,:_ ,]-M’ zt_P T _P’ (90)

it it

where the internal terms of trade 7, f measures the relative price of exports, and the external terms
of trade 7;)' measures the relative price of imports, while P, denotes the price of the final
noncommodity output good. Finally, under the law of one price for 1 <k < M *,

N
P =>wE., P, (91)
i=1

where PY denotes the quotation currency denominated price of energy or nonenergy commodities,
and world output weight w' satisfies 0<w’ <1 and Z w’ =1. Endogenous global terms of
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trade shifter v adjusts to ensure multilateral consistency in nominal trade flows, and in steady
state equilibrium satisfies 07 =1.

The Export Sector

There exist a large number of perfectly competitive firms which combine industry specific final
export goods {X i,k’t},ﬂ”: , to produce final export good X, according to fixed proportions production
function

M

X,

X, = min{ ’;f’t} , (92)
¢’3k k=1

where X, , =Y, for 1<k<M*, while 0<g¢’ <1 and ZZ; ¢, =1. The representative final

export good firm maximizes profits derived from production of the final export good with respect

to inputs of industry specific final export goods, implying demand functions:

Xi,k,t = ¢1)§cXH (93)

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

M

Py =2 #\P. (94)

k=1

where Ef,f,, =P, for k> M *. This aggregate export price index equals the minimum cost of

producing one unit of the final export good, given the prices of industry specific final export goods.

Export Demand

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

t

9X
it
A

1
X = [(Xp,0) %dn| (95)
0

X
it

for 1<k <M *, where serially uncorrelated export price markup shock 9’ satisfies 19,)f =T

with 8" >1 and 6" = 0" . The representative industry specific final export good firm maximizes
profits derived from production of the industry specific final export good with respect to inputs of
industry specific intermediate export goods, implying demand functions:

X _H:X"
X _ {E,k,n,t ] X (96)
iknt ikt
- P ’
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Since the production function exhibits constant returns to scale, in equilibrium the representative
industry specific final export good firm generates zero profit, implying industry specific aggregate
export price index:

1

1 1-0% -0
Pt = j (Py,) Mdn| . (97)
0

As the price elasticity of demand for industry specific intermediate export goods Hl.f increases,
they become closer substitutes, and individual industry specific intermediate export good firms
have less market power.

Export Supply

There exist continuums of monopolistically competitive industry specific intermediate export good
firms indexed by n €[0,1]. Intermediate export good firms supply industry specific differentiated
intermediate export goods, but are otherwise identical. We rule out entry into and exit out of the
monopolistically competitive industry specific intermediate export good sectors.

The representative industry specific intermediate export good firm sells shares to domestic capital
market intermediated households at price ¥} . Acting in the interests of its shareholders, it
maximizes its pre-dividend stock market value, which equals the expected present value of current

and future dividend payments:

0 ﬁs—t/lA
X X is X
IYi,k,n,t + Vi,k,n,t - Etz ﬂ,A IYi,k,n,s' (98)
s=t it

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 17,—,)/5,,1,s , defined as earnings less
industry specific fixed cost F

mf, =Pf X, . —-E.P.X, —F

ik,n,s ik,n,s 1,i*,s ik,n,s ik,s

(99)

Earnings are defined as revenues derived from sales of industry specific differentiated intermediate
export good X, , & at price Pi,);,nws less expenditures on energy or nonenergy commodity good
X, ;s The representative industry specific intermediate export good firm purchases the energy

or nonenergy commodity good and differentiates it. Fixed cost F)  ensures that /77 =0.

L,

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 industry specific 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 industry specific export price
inflation, as well as the contemporaneous change in the domestic currency denominated price of
energy or nonenergy commodities, according to partial indexation rule
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where 0 < * <1 and #* > 0. 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 industry specific intermediate export good firm can adjust its price optimally
in period ¢, then it does so to maximize pre-dividend stock market value (113) subject to industry
specific intermediate export good demand function (111), and the assumed form of nominal export
price rigidity. Since all intermediate export good firms that adjust their price optimally in period ¢
solve an identical value maximization problem, in equilibrium they all choose a common price
P*”" given by necessary first order condition:
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This necessary first order condition equates the expected present value of the marginal revenue
gained from export supply to the expected present value of the marginal cost incurred from
production. Aggregate export price index (112) equals an average of the price set by the fraction
1- " of intermediate export good firms that adjust their price optimally in period ¢, 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 (115):
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Since those intermediate export good firms able to adjust their price optimally in period ¢ 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 industry specific aggregate export
price index that prevailed during period 7 —1, rescaled to account for past industry specific export
price inflation, as well as the contemporaneous change in the domestic currency denominated price
of energy or nonenergy commodities.

The Import Sector

There exist a large number of perfectly competitive firms which combine the final noncommodity
output  good  Z! e{C!,I".I'",G",G/"t  with  the final  import  good

it 270t 2Tt 0

e{C/, 11,1/ GCf G[ g ' to produce final private consumption, residential investment,

i,t2 it 2
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business investment, public consumption or public investment good Z,, € {C,,.I/7,1},G,, G/ }
according to constant elasticity of substitution production function
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w =y 1- sy | with w" > 0. The representative final absorption good firm maximizes

profits derived from production of the final private consumption, residential investment, business
investment, public consumption or public investment good, with respect to inputs of the final
noncommodity output and import goods, implying demand functions:

*l//,M 7.//;1/1
, (R z,
Zi},lt = (1 - ¢1M)(P_,Z} Zi,t’ Zz/z = ¢iM (V_MP_’Z} _M (104)

1

where ser'tzvlly ggrr%a d import demand shock vi]ff satisfies vl.]ff >0, while 0<¢" <1 and

Since the production function exhibits constant returns to scale, in equilibrium the representative
final absorption good firm generates zero profit, implying aggregate private consumption,
residential investment, business investment, public consumption or public investment price index:

M

1-y; 1-y,
i P
B = A= (B 44 [V—MJ . (105)

1

Combination of this aggregate private consumption, residential investment, business investment,
public consumption or public investment price index with final noncommodity output and import
good demand functions (104) yields:

M M

T\ | " g,
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These demand functions for the final noncommodity output and import goods are directly
proportional to final private consumption, residential investment, business investment, public
consumption or public investment good demand, with a proportionality coefficient that varies with
the external terms of trade. The derivation of these results selectively abstracts from import
demand shocks.

Import Demand

There exist a large number of perfectly competitive firms which combine economy specific final
import goods {M i’jwt}j’:l to produce final import good M,, according to fixed proportions
production function
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N
. X M ijit
M, =min v, —=+ (107)
%)
J
where serlally correlated export demand shock v/, satisfies v;; >0, while ¢/ =0, 0< ¢ <1
and ZJ ¢z/ =1. The representative final 1mp0rt good firm ‘maximizes proﬁts derived from
produc‘uon of the final import good with respect to inputs of economy specific final import goods,
implying demand functions:

M,
M, =g =it (108)
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Since the production function exhibits constant returns to scale, in equilibrium the representative
final import good firm generates zero profit, implying aggregate import price index:

N

Y= ‘f’ (109)
J=1 i

This aggregate import price index equals the minimum cost of producing one unit of the final
import good, given the prices of economy specific final import goods. The derivation of these
results selectively abstracts from export demand shocks.

There exist a large number of perfectly competitive firms which combine economy specific
differentiated intermediate import goods M, ; , , supplied by economy specific intermediate import
good firms to produce economy specific final import good M, ;, according to constant elasticity
of substitution production function
lf/f[il W’_l

1
M, = I(M[,,»,,1,,) “dn| (110)
0
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where serially uncorrelated import price markup shock ‘%4 satisfies 9% = 9‘“”—1 with 6% >1 and
0" = 6" . The representative economy specific final import good firm maxiinizes profits derived
from production of the economy specific final import good with respect to inputs of economy

specific intermediate import goods, implying demand functions:

PM ’91",1
M. :£ H'”J M. . (111)
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i,j,t

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

1

-D( V- (12)
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As the price elasticity of demand for economy specific intermediate import goods 6 increases,
they become closer substitutes, and individual economy specific intermediate import good firms
have less market power.

Import Supply

There exist continuums of monopolistically competitive economy specific intermediate import
good firms indexed by ne€[0,1]. Intermediate import good firms supply economy specific
differentiated intermediate import goods, but are otherwise identical. We rule out entry into and
exit out of the monopolistically competitive economy specific intermediate import good sectors.

The representative economy specific intermediate import good firm sells shares to domestic capital
market intermediated households at price Vl"f ..~ Acting in the interests of its shareholders, it
maximizes its pre-dividend stock market value, which equals the expected present value of current
and future dividend payments:

0 ﬂs—t A
M M i M
IYi,j,n,t + Vi,j,n,t - Etz /1,4 IYi,j,n,s' (1 13)
s=t it

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 /7", ,
economy specific fixed cost F¥ :

i,j,8 "

Y =p" M. . —-& P'M . —F". (114)

i,j.n,s i,j.n,s™ i, jns i,],s7 8T, )n,s i,j.s

defined as earnings less

Earnings are defined as revenues derived from sales of economy specific differentiated
intermediate import good M. at price P/‘f ., less expenditures on foreign final export good

i,j,n,s

M. . . The representative economy specific intermediate import good firm purchases the foreign

final export good and differentiates it. Fixed cost F" ensures that /7 =0.

In an extension of the model of nominal import price rigidity proposed by Monacelli (2005), each
period a randomly selected fraction 1—@" of economy specific 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 economy specific import price inflation, as well
as contemporaneous changes in the domestic currency denominated prices of energy and
nonenergy commodities, according to partial indexation rule
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wher.e O.S yM<l, wh.ﬂ.e w' = : kM:l 7 | wit.h =" % anq u” ;0. .Under this
specification, the probability that an intermediate import good firm has adjusted its price optimally
is time dependent but state independent.
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If the representative economy specific intermediate import good firm can adjust its price optimally
in period ¢, then it does so to maximize pre-dividend stock market value (113) subject to economy
specific intermediate import good demand function (111), 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
Plﬁf * given by necessary first order condition:
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This necessary first order condition equates the expected present value of the marginal revenue
gained from import supply to the expected present value of the marginal cost incurred from
production. Aggregate import price index (112) equals an average of the price set by the fraction
1— " of intermediate import good firms that adjust their price optimally in period ¢, 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 (115):
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Since those intermediate import good firms able to adjust their price optimally in period ¢ 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 economy specific aggregate
import price index that prevailed during period ¢ —1, rescaled to account for past economy specific
import price inflation, as well as contemporaneous changes in the domestic currency denominated
prices of energy and nonenergy commodities.

F. Monetary, Fiscal, and Macroprudential Policy

The government consists of a monetary authority, a fiscal authority, and a macroprudential
authority. The monetary authority conducts monetary policy, while the fiscal authority conducts
fiscal policy, and the macroprudential authority conducts macroprudential policy.

The Monetary Authority

The monetary authority implements monetary policy through control of the nominal policy interest
rate. We differentiate between flexible inflation targeting, managed exchange rate, and fixed
exchange rate regimes. Under a monetary union, the leader economy follows a modified flexible
inflation targeting regime, while all other union members follow fixed exchange rate regimes.
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Under a flexible inflation targeting or managed exchange rate regime, the nominal policy interest
rate satisfies a monetary policy rule exhibiting partial adjustment dynamics of the form

lI,J_l _p(lztl ”71)
» o (118)
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where 0< p' <1, £ >1, &' >0 and é"f > 0. This rule prescribing the conduct of monetary policy
is consistent with achieving some combination of inflation control, output stabilization, and
exchange rate stabilization objectives. As specified, the deviation of the nominal policy interest
rate from its steady state equilibrium value depends on a weighted average of its past deviation
and its desired deviation. Under a flexible inflation targeting regime j =0, and this desired
deviation is 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. For the leader economy of a monetary union, the target variables entering
into its monetary policy rule are expressed as output weighted averages across union members.
Under a managed exchange rate regime j =1, and the desired deviation of the nominal policy
interest rate from its steady state equilibrium value is also increasing in the contemporaneous
deviation of the change in the nominal effective exchange rate from its steady state equilibrium
value with (f = &9 > 0. Deviations from this monetary policy rule are captured by mean zero and
serially uncorrelated monetary policy shock v;,

Under a fixed exchange rate regime, the nominal policy interest rate instead satisfies a monetary
policy rule exhibiting feedback of the form

lP t _(lkt lk[)+§£k(Alngkt Alngzkt) (119)

it l

where &% >1. As specified, the deviation of the nominal policy interest rate from its steady state
equilibrium value tracks the contemporaneous deviation of the nominal policy interest rate of the
leader economy from its steady state equilibrium value one for one, and is increasing in the
contemporaneous deviation of the change in the corresponding nominal bilateral exchange rate
from its target value.

The Fiscal Authority

The fiscal authority implements fiscal policy through control of public consumption and
investment, as well as the tax rates applicable to corporate earnings and household labor income.
It also operates a budget neutral nondiscretionary lump sum transfer program that redistributes
national financial wealth from capital market intermediated households to credit constrained
households while equalizing steady state equilibrium consumption across households, as well as a
discretionary lump sum transfer program that provides income support to credit constrained
households. The fiscal authority can transfer its budgetary resources intertemporally through
transactions in the domestic money and bond markets. Considered jointly, the rules prescribing
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the conduct of this distortionary fiscal policy are countercyclical, representing automatic fiscal
stabilizers, and are consistent with achieving public and national financial wealth stabilization
objectives.

Public consumption and investment satisfy countercyclical fiscal expenditure rules exhibiting
partial adjustment dynamics of the form
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where Ze{C,I}, while 0< p. <1. As specified, the deviation of public consumption or

investment from its steady state equilibrium value depends on a weighted average of its past

deviation and its desired deviation, which in turn tracks the contemporaneous deviation of potential

output from its steady state equilibrium value one for one. Deviations from these fiscal expenditure

rules are captured by mean zero and serially correlated public consumption or investment shock
GZ

Vie -

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

zZ zZ z
o~ =p (T )V, (121)

where Z € {K,L}, while 0<7, <1 and 0< p_<1. As specified, the deviations of these tax rates
from their steady state equilibrium value depend on their past deviations. Deviations from these
fiscal revenue rules are captured by mean zero and serially correlated corporate or labor income
tax rate shock V;Z

The ratio of nondiscretionary lump sum transfer payments to nominal output satisfies a
nondiscretionary transfer payment rule that stabilizes national financial wealth of the form

TC,N TC,N N _‘
i =T ( 4y A J (122)
t—1

PlfY,z P,fY,, PY PLY,
where ¢’ ">0. As specified, the deviation of the ratio of nondiscretionary lump sum transfer
payments to nominal output from its steady state equilibrium value is increasing in the past
deviation of the ratio of national financial wealth to nominal output from its target value. The ratio
of discretionary lump sum transfer payments to nominal output satisfies a discretionary transfer
payment rule that stabilizes public financial wealth of the form

L TCD o AT 45 r
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where ¢ ™'50. As specified, the deviation of the ratio of discretionary lump sum transfer
payments to nominal output from its steady state equilibrium value is increasing in the past
deviation of the ratio of public financial wealth to nominal output from its target value. Deviations
from this discretionary transfer payment rule are captured by mean zero and serially correlated
transfer payment shock v/, .
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The gross yield to maturity on short term bonds depends on the contemporaneous gross nominal
policy interest rate according to money market relationship:

L+ iy, = o), (1+6]). (124)

Deviations from this money market relationship are captured by internationally and serially
correlated credit risk premium shock U;S[ In parallel, the gross nominal interbank loans rate
depends on the contemporaneous gross yield to maturity on short term bonds according to
interbank market relationship:

4% =0), (1+5)). (125)

Deviations from this interbank market relationship are captured by internationally and serially
correlated liquidity risk premium shock Uii’t .

The fiscal authority enters period ¢ in possession of previously accumulated financial wealth Aft

which yields return iif’: . This financial wealth is distributed across the values of domestic short

term bond B¢ and long term bond B-® portfolios which yield returns i, and i’ ",

respectively. It follows  that  (1+i’)4% = (1+i’ B +(1+i" )B:®,  where
(I+i5 VB = (T5, + V)5 )BLS with 115, = (1+i, - "))V}, and V}, =1. Atthe
end of period ¢, the fiscal authority levies taxes on corporate earnings at rate z'f, and household
labor income at rate 7;,, generating tax revenues 7;,. These sources of public wealth are summed
in government dynamic budget constraint:
M 1 1 1
A= i AT+ D (B Yo, =W L )l + [ W,
0 0
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According to this dynamic budget constraint, at the end of period ¢, the fiscal authority holds
financial wealth A4°_ , which it allocates across the values of domestic short term bond B*“ and

i,t+1 2 i,t+1

long term bond B portfolios, that is A, = B> + B/, where BLS ="' V) BLS,  Ttalso
remits household type specific lump sum transfer payments {T;f,-,,};:o , which it allocates across
nondiscretionary transfers  {7,;)'},,, and discretionary transfers {77}, ,, that is
T, =T.V +T77 where I T/Ydh=0 and T%? =T"” =T,;” =0. Finally, the fiscal authority

h,it h,it h,it 0 h,it

purchases final public consumption good ng at price Bf , and final public investment good G,{,
at price P° , accumulating the public physical capital stock K¢, according to

it it+1

K&, =(1-69K+G! where 0<6°<1.

The Macroprudential Authority

The macroprudential authority implements macroprudential policy through control of a regulatory
capital requirement and loan to value ratio limits. It imposes the regulatory capital requirement on
lending by domestic banks, and the regulatory loan to value ratio limits on borrowing by domestic
developers and firms.
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The regulatory capital ratio requirement applicable to lending by domestic banks to domestic and
foreign developers and firms satisfies a countercyclical capital buffer rule exhibiting partial
adjustment dynamics of the form

i,t+1 it+1
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where 0<x®<1,0<p <1, ¢ >0, ¢ >0 and ¢ >0. As specified, the deviation of the
regulatory capital ratio requirement from its steady state equilibrium value depends on a weighted
average of its past deviation and its desired deviation. This desired deviation is increasing in the
contemporaneous deviation of bank credit growth from its steady state equilibrium value, as well
as the contemporaneous deviations of the changes in the prices of housing and equity from their
steady state equilibrium values. Deviations from this countercyclical capital buffer rule are
captured by mean zero and serially correlated capital requirement shock v, .

The regulatory loan to value ratio limits applicable to borrowing by domestic developers and firms
from domestic and foreign banks satisfy loan to value limit rules exhibiting partial adjustment
dynamics of the form

=" =Py (=8 ) (= p, ) P (MBS~ A B+ ¢ (A9 = A7 [ [+, (128)
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where Z € {D,F},while f(D)=H and f(F)=S. As specified, the deviations of the regulatory
loan to value ratio limits from their steady state equilibrium values depend on a weighted average
of their past deviations and their desired deviations, where 0 < ¢” <1, 0< Py < 1, 