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I. INTRODUCTION

In recent decades, the world economy has experienced extended periods of cyclical expansion and
tranquility, occasionally disrupted by bouts of cyclical contraction and turbulence. Indeed, the
Global Financial Crisis abruptly ended the extended period of cyclical expansion and tranquility
known as the Great Moderation, generating cyclical output contractions and financial market
turbulence across major advanced and emerging market economies. The Euro Area Sovereign
Debt Crisis generated further cyclical output contractions and financial market turbulence in some
major advanced economies, while the Taper Tantrum precipitated cyclical contractions and
turbulence in some major emerging market economies.

These occasional bouts of cyclical output contraction and financial market turbulence may have a
common cause. In a recent paper, Adrian, Boyarchenko and Giannone (2017) find that a tightening
of financial conditions is associated with a reduction in the conditional mean and an increase in
the conditional variance of output growth in the United States. They argue that these adverse
effects on the conditional distribution of output growth are generated by financial amplification
mechanisms.

To investigate the sources of macrofinancial fluctuations and turbulence, this paper augments an
approximate linear dynamic stochastic general equilibrium (DSGE) model of the world economy
with structural shocks exhibiting potentially asymmetric generalized autoregressive conditional
heteroskedasticity (GARCH) effects. A refinement of the DSGE model documented in
Vitek (2018), this model features a range of nominal and real rigidities, extensive macrofinancial
linkages with both bank and capital market based financial intermediation, and diverse spillover
transmission channels. Very strong evidence of asymmetric autoregressive conditional
heteroskedasticity (ARCH) effects is found, providing a basis for jointly decomposing the levels
and volatilities of output and financial conditions into time varying contributions from sets of
shocks. Consistent with the finding of Adrian, Boyarchenko and Giannone (2017), risk premia
shocks are estimated to contribute disproportionately to cyclical output fluctuations and turbulence
during occasional abrupt swings in financial conditions, across the fifteen largest national
economies in the world. This phenomenon struck all of the economies most affected by the Global
Financial Crisis, the Euro Area Sovereign Debt Crisis, and the Taper Tantrum.

Accounting for the sources of macrofinancial fluctuations or turbulence within a DSGE framework
is common. For example, Smets and Wouters (2007) decompose output growth fluctuations in the
United States into contributions from various structural shocks using an approximate linear DSGE
model. In another influential paper, Justiniano and Primiceri (2008) decompose output growth
volatility in the United States into contributions from various structural shocks exhibiting
symmetric stochastic volatility (SV) effects using an approximate linear DSGE model. Unlike
these and related papers, this paper jointly analyzes the sources of macrofinancial fluctuations and
turbulence in the world economy within a DSGE framework. To our knowledge, it is the first to
add ARCH effects to a DSGE model. These are simpler to interpret than SV effects, as the
conditional variances of the structural shocks are driven by the same innovations as their
conditional means.



The organization of this paper is as follows. The next section develops the theoretical framework,
while the following section describes the corresponding empirical framework. Estimation of this
empirical framework is the subject of section four. Inference on the sources of macrofinancial
fluctuations and turbulence is conducted in section five. Finally, section six offers conclusions and
recommendations for further research.

II. THE THEORETICAL FRAMEWORK

Consider a finite set of structurally isomorphic national economies indexed by i € {l,..., 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 /4 e[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,

J,8 0

housing H,, , labor supply {L, . }, . real property balances 4", /P, and real portfolio
balances 4, / P represented by intertemporal utility function
0 AB’.H AAj.H
5— 1 h,is+1 h,i,s+1
Uh,i,t = Etzﬂ [u[Ch,i,s’Hh,i,s’{Lh,f,i,s }f:OB PC H] PC+ s (1)
s=t i,s i,8

where E, denotes the expectations operator conditional on information available in period ¢, and
0 < B <1. The intratemporal utility function is additively separable and represents external habit
formation preferences in consumption and labor supply,
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where 0<a“ <1 and 0<a” <1. Endogenous preference shifters /7", v/, v’ and 0"

depend on aggregate consumption or employment according to intratemporal subutility functions
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where > 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 vl.ff satisfies vﬁf >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 v*" equates the marginal rate of substitution between real portfolio balances and
consumption to one.

The representative household enters period s 1n possession of prevrously accumulated property
balances A, which yield return z,m , and portfolio balances A4, which yield return i, .
Property balances are distributed across the values of bank depos1ts B i’ which bear interest at
dep051t rate i, and a real estate portfolio S, which yields return zhH‘ It follows that
(l-l-lh” )45 =(1+i_ B, +(1+1h” )S,". The value of this real estate portfolio is in turn

h,i,s

distributed across the values of developer specific shares {V; S, }..0» Where V" denotes the

ie,s""h,ie,s

price per share. It follows that (1 +z,u.’s )SH A —I (117 + y )SH H de , where 17" denotes the

h,i,s i,e,s i,e,s h,ie,s ie,s

dividend payment per share. Portfolio balances are distributed across the values of internationally
diversified short term bond B} long term bond B, and stock S, portfolios Which yield

hi,s > hi,s
S.H LBLH

returns g, i and ) 5 respectively. It follows that (1+i;, )4 =
(l-l-lh” )B,ffﬁ +(1+1,”S VB, +(1+1h15 )S,:". The values of these internationally diversified

h,i,s

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 {E, B I"; E }j ,» long term bond

{€,.B" Y, and stock {£ S, V7 portfolios, where nominal bilateral exchange rate &
measures the price of foreign currency in terms of domestic currency. It follows that
(1+if B = Z &, (+i7 I)BS " where i}, denotes the economy speciﬁc yield to

=1 " i,],8 ,8 Jrs—1

maturity on short ferm bonds, (1+z,m BLH z _18 (1+l,““)BLH where i; .+ denotes the

h,i,s s
econormy specific return on long term bonds, and (1+1,H SEE = 2 , l”(1+zh” S5 where
i, .+ denotes the economy specific return on stocks. The local currency denominated values of
economy specific long term bond portfolios {B; IH] 9}7 , are in turn distributed across the values of
economy and vintage specific long term bonds {{VJ x SB,,LZ e b = ., where V ., denotes the local
currency denominated price per long term bond, w1th Vj, «=1. It follows that
A+, OB = Zk LS AV OB, where TT], =1+, —a)B)(a) )™V / denotes
the local currency denominated coupon payment per long term bond, and i* i« 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 {SF AV are distributed across the

hi,j,sJ j=1
F.H 1 M N
values of economy, industry and firm specific shares {{{V’ ks Shikds Si=0 Yot § jo1 » Where VJ ks

=
denotes the local currency denominated price per share. It follows that
1+ i,fl’J A)ShFl]jA = z J‘ (11 ST VJS,{“)ShFIIjk,édI where H s denotes the local currency
denominated dividend payment per share. During period s, the representative household receives
profit income from banks /7, and supplies differentiated intermediate labor services {Lh,f,i,s}f:o
, earning labor income at trade spec1ﬁc nominal wages (W, ; B3 =0 - The government levies a tax on
household labor income at rate T,.’S , and remits household type specific lump sum transfer
payments T,f” . These sources of wealth are summed in household dynamic budget constraint:
Ali;tl-s[H + Alfllzﬂ = ( + l:,ij,s )Afzz + (1 + lliq,;,s )A:llj + HC + (1 Tl S)J. fiis h,f,i,sdf + ThZI s PCCh i, - liI,j_,th,i,s' (7)
According to this dynamic budget constraint, at the end of period s , the representative household
holds property balances 4,:", and portfolio balances A;", . Property balances are allocated

across the values of bank deposits B”” ~and the real estate portfolio S/7 | that is

hyi,s+1 hi,s+1 2

i,s+1°



Ay = ByiL, + 8,7, - The value of this real estate portfolio is in turn allocated across the values
of developer specific shares {V/7 S/% 4 subject to S,7, = I visit de. Portfoho
hii,s+1° long

ie,s~h,ies+l)e=0
balances are allocated across the values of internationally diversified short term bond B
term bond B, and stock portfolios S;.", , thatis A" =B +B:" +8/ 1 . 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

U B ”}v}f |, long term b?gd (€ . BhLl’i HI}JL}J and StOCkp{H” YS,,F” o1 F i go;tfohos subject to
h15+1 271 1]5 h1]s+1’ths+l: Jlgzlthz/Hl and Shzs+1_z lcc’.z/sShl/s+l7reSpeCtlvely
The local currency denominated values of economy specific long term bond portfolios {B,:" .}V,

are in turn allocated across the local currency denominated values of economy and vintage specific

long term bonds {{V'/, By, Vi)Y, subject to Byt =" Vi hzjks+1 In parallel, the

local currency denominated values of economy specific stock portfolios {S,f i m} are allocated

across the local currency denominated values of economy, 1ndustry and firm spec1ﬁc shares
F.H F.H N F.H

{{{ Jok,l, sSh i,j.k,l s+l}l O}k l}j 1 SubJeCt to Sh i,j,s+1 = Zkzl J-O V/,k,l,.sSh i)k l,s+ldl . Flnally, the

representative household purchases final private consumption good C,, at price P, and rents

. . . 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,",, / PS and the real estate portfolio S, / P are represented by

constant elasticity of substitution 1ntratempora1 subutility function

!

y-1 wh -1

'//T 1 T
Alltg,;'{:Jrl _ (1 ¢ )y/ Bth[;‘IJrl 4 + (¢H)|//H 1 S:'l Isirl (8)
P P vl P ’

1,5

a4

1,8

Where serially correlated housing risk premium shock VZH satisfies VH >0, while 0<¢” <1 and
w" >0 . Preferences over the real values of developer specific shares s Rcs}e , are in

ie,s h,es+l

turn represented by constant elasticity of substitution intratemporal subutility function:

H_y ]

y -
S}{JI?+1 KIZSS}{JIIEJHI vt
it s N )

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,, },, housing {H,, },, labor force participation {{N, h’f’i,s}}zo}it , property

s=t 9 s=t 2

balances {4,",,}7,, bank deposit holdings {B,:",}7,, and real estate holdings {{S,"" }. ;}*,
to maximize intertemporal utility function (1) subject to dynamic budget constraint (7), the
applicable restrictions on financial asset holdings, and terminal nonnegativity constraints
B, =0 and S | >0 for T — oo. In equilibrium, abstracting from the capitalist spirit motive
for holding real property balances, the solutions to this utility maximization problem satisfy

intertemporal optimality condition

. C

ﬂu (]’l,l,t'i'l) R’ L B.H

E——> A+ ) =1, (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

u, (h,it) 1,

uc(hyi,ty B’

(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

uy, (h, f,i,1) W,
B Ty (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

5%
(- gy |14, Bectuit 4D (i) [a+ili)-a+iD)]
t u.(h,i,t) U, (h,i,t) B,CHI hit+1 iy

H

(13)

I—V/H
1 j 1) PS¢ B ot +vh
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0 u.(h,i,t) Uy (h,i,t) P . V.

it+1 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

: pPe e+ u ,(h,it
g Buctiin)) By |y oy Thoi Vi | PG - (14)
Uc(h,l,t) P V. uC(halat) v

it+1 it 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
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optimality conditions are sufficient for the unique utility maximizing state contingent sequence of
bank intermediated household allocations.

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
o® where 0<” <1, following Woodford (2001). Preferences over the real values of
internationally diversified short term bond B, /P, long term bond B, /P and stock

h,is+1 i85 h,is+1

S : ;fH / RCS portfolios are represented by constant elasticity of substitution intratemporal subutility

function
4
P | s vl | vl . N s
JH 1 H p] 1 L.H 1 s F.H Y]
Ah,i,SJrl _ ( A )V/A Bh,i,SJrl v + ( A )y/A 1 Bh,[,s+l v + ( A )y/A 1 Sh,i,SJrl v (1 5)
PC - ¢M PC ¢B B PC ¢S S PC )
i,s i,s Ui,s i,s Ui,s i,s

where internationally and serially correlated duration risk premium shock l)i . satisfies Uf >0,
and internationally and serially correlated equity risk premium shock Ufs satisfies Ufs >0, while
0<g! <1,0<¢) <1,0<g! <1, ¢ +¢; +¢{ =1 and w* > 0. Preferences over the real values
of economy specific short term bond {&, ; By .,/ PS}Y,, long term bond (&, ; B . /P,
and stock {&

GsSii o/ PSYY, portfolios are in turn represented by constant elasticity of
substitution intratemporal subutility functions

_ _v
4 w1
S.H N 1 S.H 4
Bh,i,s+1 _ Z(¢B )y/A 1 (S‘i,j,SBh,i,j,SJrl 4 (16)
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yi-1 wia
L.H N 1 L.H A
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C - Z(¢:, ) £ C H ( )
P / v P
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Tt = | )| e , (18)

i, Jj=1 s i,s
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Wh?vre serially correlated currency risk premium shocks vf,s satisfy vf,s >0, while 0< ¢lBj <I,
Z . ¢f/. =1,0< ¢ISJ <1 and Z 4:1 ¢1S] =1. Finally, preferences over the real values of economy

=l : J .
and vintage specific long term bonds HE, Y Bl v ! PSYi Y, and economy, industry and

firm specific shares {{{€. V., Syiiion ! Pibiotin fi are represented by constant elasticity of

substitution intratemporal subutility functions

A

v
. vl |y
L.H ! 1 B L,H y
gi,j,th,i,j,sH _ - B w ((:i,j,st,k,th,i,j,k,sH v 19
PC - Z(¢i,j,k,s) PC ’ ( )
i,s k=1 i,s
A I//A
-1 WA_I
F,H M 1 N F.H y
(C:i,j,sSh,i,j,s-ﬁ—l _ S w gi,j,st,k,l,sSh,i,j,k,l,s+l v dl 20
C - Z(¢i,j,k) C ’ ( )
Pi,s k=1 0 Pi,s

B s B s Mo . AH
Where 0 S ¢i:j,k’s S %, Zk.:l¢ixf»kas =1 . 0<¢g’, <1 a1_1d ZH D= 1 . Ip the thj[ as v, ) — 0 there
is no capitalist spirit motive for holding real portfolio balances, while in the limit as y* — 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 z, the representative capital market intermediated household chooses state contingent
sequences for consumption {C,, };,, housing {H,, }7 , labor force participation
{{N, f,i’s}}zo}f:,, portfolio Pglances {;IZ;ZI}ZO:,, short term bond holding; {{B,i;’ji,m%;:l %Vf:,, long
. N t 0 . 0
term bond holdings {{{Bh,i,j,k,sﬂ}k=1}j=1}s=t’ and stock holdings {{{{Sh,i,j,k,l,sﬂ}l=0}k=l}j=l}s=t to
maximize intertemporal utility function (1) subject to dynamic budget constraint (7), the applicable
restrictions on financial asset holdings, and terminal nonnegativity constraints B,i }Z-,m >0,
Byl 20 and S . >0 for T — co. In equilibrium, abstracting from the capitalist spirit
motive for holding real portfolio balances, the solutions to this utility maximization problem

satisfy intertemporal optimality condition

E PBu(h,it+1) PS
" u.(hit) PS

it+1

(+it =1, 21)

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

w, (h,it) 1)

uc(hyi,ty  BS’

(22)
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,
—¥=(1—Tﬂ) L2, (23)
u.(h,i,t) P,




12

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

1—14/”
& hzt+1)u(htt)P w
4 514 E Puc( c A 1+ Jt+1
%;%{ " u(hyint) u(hit) P 2 (i) =€ lﬂ) E e

(24)

4

Iy

TR hyi,t+1) u.(h,it) P i AT AVE L&

e 5 2 1+E ﬂuc( c 14if _ Mjkan Jktl S j el
% ,Z_;qj”f;"”“”{ uc(h,it)y  u, (hit) PM U+ hir) vE £

Jokt it

= uc(h,i,t)  u,(h,i,r) P,+1 Vs &

Jokdt i,j.t

1oy
Yoo o P i AT AV €
+¢;Z¢SJZ¢1/I{1+E Puc(h,it +1) u.(h,i,t) {(1 }A e ket TV ke Cij dl=1,

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 Buchii+1) P {(1“) (14t )SI-,A,,M}:_M(LE_%} 25)

£ u.(h,i,t) PC & u.(h,i,t)

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

Ve J(hyist
tﬂuc(h’lat+1) C ( +l”)_ zktHj; ik, t+1 — A( l ) 1 I_LB R (26)
u.(h,i,t) P Viki uc(h i,t) v v

it+1 it

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

N N i
ﬂuc(h,l,t +1) P, {(1 i t) _ LI o ¥V j| __ U ) L(] _L], (27)

E u.(h,i,t) PC Vi, uc(h,i,t) Ve, v

it+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,, }*,, housing {H,  }” , and labor force participation {{N, . }, (}7, to

s=t
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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

P.C, df + T, (28)

St h.fiit

1
+ li{jt'Hi,t = IYi,t + (1 - Tiljt)J.Wf,i,tL
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 /77, satisfies
IT, =11} + IT" + IT . The evaluation of this result abstracts from international bank lending.
Furthermore, these solutions satisfy intratemporal optimality condition

u[—[ (h,lat) _ li]j

_ b 29
uo(hi,ty PC 29)

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
uL/»(hafaiat) _ Wf,i,t

(I_TiLt)

LLis 30
up(hi,t) " BS G0

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

U,,=N,, —L,,. The labor force satisfies N,, = IO 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
O
i B U

1
L=, )" dr| (31)
0

L

. . o .

where serially uncorrelated wage markup shock ', satisfies 9’ = o with g' >1and 6" =0"
. 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:
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_‘gil,‘z
Ly, = h L,. (32)
J ook W )

it

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

{j(Wf,,f % } (33)

As the wage elasticity of demand for intermediate labor services QL, 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

~ yL _ —_ l—}/L
W f 1A‘,t—1 Bf—l'Ai,t—l W (34)
faid = Pc .Zl FC “21 flit-1°
i i—2Y N -2 i—2Y Y -2

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:*, given by necessary first order condition:

L

E i(wL)x—t ﬁjituc(haias) 9.L uLf (h’f’l’s) Rcr lAt 1 : rr IAI 1 i,x VV;,: L
uc(hist)y " u(his) [\ PCA L C A W, /4 b (35)

zs 1Y %51 it it

=

L

L L r.\_l L
y . © N se =\ NG
E z( st ﬂ Uc (h,i,s) (HL ~1)(1- - )WH Pi,ct—l"it‘,t—l 65714,171 WH VVi,t L
= e (hii,1) PRI PLAL ) \BLAL) W W, "

=

it it

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):
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1-65 | 1-9-

i | 1-67,

~ L _ — ]_;/L
- PCA LY (BSLA,
W, =41-o" W) “’umL( = ] (_’1 o ow,, - (36)

Pif—zA,r—z Pif—?Ai,t—Z

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 ¢ —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

ie,t
service H,, according to constant elasticity of substitution production function

o’
| /-1 o1

H,=|[(H,)" de| 37)

0

. . . . e .
where endogenous rental price of housing markup shifter ]95 satisfies 195 = 9,;7"_1 with (917 >1 and
0" = 0" . The representative final developer maximizes profits derived froth production of the
final housing service with respect to inputs of intermediate housing services, implying demand
functions:

lH _‘gzh;
Hi,e,t :( [’;tJ Hi,t' (38)

A

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:

1

1 ; g
/= [ fan ) de} . (39)
0

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

There exist continuums of monopolistically competitive intermediate developers indexed by
e €[0,1]. Intermediate developers supply differentiated intermediate housing services, but are
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
atprice 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

© ﬂs—t lli

0, +Vil, =B ) —5= 1T, (40)
s=t 7t

where ﬂfs 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 /7" , defined as the sum of
earnings and net borrowing less residential investment expenditures:

" =" H,,  +(B2, —(1-8")1+i" )BS)-P 1 (41)

ie,s ie,s” i, ie,s+1 -1 ie,s ie,s”

Earnings are defined as revenues from sales of differentiated intermediate housing service H, ,
at rental price 7"

ie,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,

BS?

1H1,e,s+l — ¢Z’DS’ (42)
P H

i,s ie,s+1

given by regulatory mortgage loan to value ratio limit ¢,Dg . 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

S and interest payments at mortgage loan rate ilff_l .

i,s

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

i,e,s

Hi,e,s+1 = (1 - 5H )Hi,e,s + HH (]i[,i,s b Ii[;,s—l )’ (43)

where 0 < 6" <1. Effective residential investment function X" (% ,1" ) incorporates convex

i,e,8?%

adjustment costs in the gross growth rate of the ratio of nominal residential investment to aggregate
nominal output,
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y wi plpt opy
HH (]h; 9,14]_1 _1) — V-[ 1_ Z l: ie,s i,s—17 1,51 _1 ]H , (44)
1,e,s 1,e,s 1,8 2 PI IH Y i,e,s

i,s—1"ie,s-1 1,870,

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

In period ¢, the representative intermediate developer chooses state contingent sequences for
residential investment {/;", }7, and the housing stock {H,, }”, to maximize pre-dividend stock

i,e,s ) s=t i

market value (40) subject to housing accumulation function (43) and terminal nonnegativity

constraint H,,,,, 20 for T — oo. In equilibrium, demand for the final residential investment good
satisfies necessary first order condition
H H/1H H ﬂﬂ’il,gtHH H/1H H N _ pl”
Qi,e,t7—£| (Ii,e,t’li,e,t—l) + Et /13 Qi,e,t+17—(2 (Ii,e,t+171i,e,t) - Pi,t ’ (45)

it

which equates the expected present value of an additional unit of residential investment to its price,
where O  denotes the Lagrange multiplier associated with the period s housing accumulation

ie,s

function. In equilibrium, this shadow price of housing satisfies necessary first order condition

B H 14 B
H ﬂi, 1 1 l', Jt+1 D P, M M l‘, HN\AH
Qi,e,t = Et EIBH it+1 : eltlj - ¢i,t IIIH (1 - 5;‘,;+1 )(1 + Ly ) - th + (1 -0 )Qi,e,t+l > (46)
it Pi,l+1 it+1 i1+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 sz’* given by
necessary first order condition:
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H* H 1 H
0

i 91'1 . E,— ie,t
Pf,H w 7 g (1=, )A+i) ) PjH' —(1—5”)[7 : (47)

it i,t

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*

Lo = by

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 & € {l,...,M}, of which the
first M * produce nonrenewable commodities. In particular, the energy commodity industry
labeled £ =1 and the nonenergy commodity industry labeled k=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 {Yi,k,z}kM: ; to produce final output good Y, according to fixed proportions production
function

Y M
Y =min{ &L , (43)
it ¢y

ok ) k=1

where 0 < ¢fk <1 and ZZ} (ﬁlYk =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:
Yz‘,k,t = ¢:Ykth (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 =2 8P, (50)
k=1

where Ei,t = Ejit 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
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good firms to produce industry specific final output good Y,
substitution production function

. according to constant elasticity of

Y
Okt
Y
‘9i.k,1’1

1
Vo= () Brat| (51)
0

Y
Hi.k,l -1

. . Y . Y gl)j ot . Y
where serially uncorrelated output price markup shock 3, , satisfies 4, , = o with 6, >1

and 0/, =0", while 6, =6, for 1<k<M* and 6,,=6" 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 _‘gi},,k,r
Yi,k,l,t :[ lk’ljt] Yi,k,t' (52)

By
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

p Y -0, ,
P, - {I (B, ) dl} . (53
0

As the price elasticity of demand for industry specific intermediate output goods 6?5,(” 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 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 portfolio balances equals the expected present value of
current and future dividend payments

w 25—t 1A
Ijijc,l,t + Vi,sk,l,z = Etzﬂ /li’s

s=t

HS

A ik,l,s?
/11‘,[

(54)
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where /ll.i 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 /7° .5 » defined as the sum of
after tax corporate earnings and net borrowing less business investment expenditures,

tkls _(1 Tts)( ik,l,s ikls_W L _d)i,k,l,s)+(BtCk1;s+l (l_é:i)(1+ltf;E)BtCk€s) Ptjs Ithls’ (55)

i, 7ik,l,s

where Y, = F(u',, K, A L,,) . Corporate earnings are defined as revenues from sales of
industry specific differentiated intermediate output good Y, , ,  atprice P, less expenditures on
final labor service L, , and other variable costs @, . The government levies a tax on corporate
earnings at rate 7,

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

P 5

i, ik,l,s+1

given by regulatory corporate loan to value ratio limit ;/5ng . Net borrowing is defined as the increase
in corporate loans BS", ., from domestic and foreign banks net of writedowns at corporate loan
default rate é‘le 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 u',, and rents final labor service L , ,  to produce industry specific differentiated
intermediate output good Y, , = according to production function:

f(uzkls lle"A\ zkls) (ul/flf l/(lf)¢ (As zkls . (57)

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

k)"
= e 58
A,s ( l,s) N ( )

i,s

where internationally and serially correlated productivity shock v} satisfies v > 0, whlle
0 < ¢* <1. Trend productivity A exhibits partial adjustment dynamlcs A = (A . 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,
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Q,,,s_ljz€g(utklv’ lkl?)—l_ tks’ (59)

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

g(uil,(k,l,s’Ki,k,l,s) =4 [enK(uﬁ’l’H) - 1j|Ki,k,l,s’ (60)
where 1% >0, while #* =% 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,l,sH (1 5K)Ktkls+H( lkls’ kls 1) (61)

where 0<% <1. Building on Christiano, Eichenbaum and Evans (2005), effective business
investment function H([,, .1, ,, ) incorporates convex adjustment costs in the gross growth
rate of the ratio of nominal business investment to aggregate nominal output,

2
K % 7K Y
K Z PléIl 55 Plé YIS—
A s Tiins) = Vi | 1= | Sy = = (Ll (62)

is=1"ik,l,s—1 [

where serially correlated business investment demand shock Vl{f satisfies Vl{f >0, while 7 >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 {/;, }*,, and the private physical capital stock {K,,, .}~ to maximize pre-dividend
stock market value (54) subject to production function (57), private physical capital accumulation
function (61), and terminal nonnegativity constraint K, ., >0 for 7 — c. In equilibrium,
demand for the final labor service satisfies necessary first order condition

w,
]iu(uéiJJK;kJJ9f%Jl%klt)yjklt__(1 qt) Y s (63)
B A,
where BYk AS", kis denotes the Lagrange multiplier associated with the period s production
technology constraint. This necessary first order condition equates real marginal cost Y{k .. 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
IR K T )

K kot Lk, dober ik,
T g Kipgin A Ligs.)— 1;,; -=(1-r;) K ) (64)

it ikt
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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

ﬁ/llAH—l

[,t

QlkltH(lkl[’ lklll)+E tlel?_[Q(tlel’ zklt) zt’ (65)

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

Y
K _ ﬂ i+l I K K l)lkHllle,k,l,H]
O =E—1F. “i,k,/,m};KK(“i,k,/,mKi,k,l,m’Af,mLf,k,/,m) I
A B (66)

P’K y
_(1 - Tz'l,{m )gK (uil,(k,l,tﬂ ’Ki,k,z,m) - ¢,Ff P (1 5Cz+l )(1 + l; t+]) - /1 :|} + (1 5K)Q; ke, t+1 }:

it+1 i,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— e, of industry
specific intermediate output good firms adjust their price optimally, where 0< @, <1 with
o, =" 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

Y _ ]_Y
Y Yk Y Yk
PY _ Ijl,k,lfl Pl',k,[*l PY 67
ikl — PY ]—)y ik, lt—1° ( )
ik, -2 ik, t=2

where 0<y <1 with y, =0 for I<k<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
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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,ij given by necessary first order condition:
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(68)

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):
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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.
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Credit Demand

There exist a large number of perfectly competitive banks which combine economy specific local
currency denominated final corporate loans {Blcjf } -, to produce domestic currency denominated
final corporate loan Bft’p according to fixed proportions portfolio aggregator

N
g BYF
BSF = min{ Lt ert Lo (70)
it ¢F

i,j Jj=1

where 0 < ¢ <1 and Z ¢ =1. The representative global final bank maximizes profits derived
from 1ntermed1ation of the domestic currency denominated final corporate loan with respect to
inputs of economy specific local currency denominated final corporate loans, implying demand
functions:

BC?F=¢§if, L (71)

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:

Zsé,(lﬂ,,l)g (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 BS 2 supplied by intermediate banks to produce final

i,m,t+1

mortgage or corporate loan BCMB according to constant elasticity of substitution portfolio
aggregator
o
H(/‘il 1 6(',7” 1
1t+1 I(Blcm il M dm > (73)

where Z € {D F} 2 while serially uncorrelated mortgage or corporate loan rate markup shock 19ICH1
satisfies 95, = o with 05,>1 and 6 =6°. The representative domestic final bank
maximizes profits-derived from intermediation of the final mortgage or corporate loan with respect

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

z 1 + f(Z) l r+] Z
B [—” m_ | et (74)
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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:

1

J(Z) |:J.(1+lljr22t))1 O dm:|l_ei,}+1 . 75)

As the rate elasticity of demand for intermediate mortgage or corporate loans ¢9l .., 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,(in; . 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:

© s—t/fLB
7€ +ve :Etzﬂ LT (76)

i,m,t i,m,t B i,m,s
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 IZ s » defined as profits derived from providing
financial intermediation services less retained earnings 1, |

Ijlcr;t s (BtDmBs+1 (1 + 11[2' I)BllinBs) + (BleBsH (1 + iiBs I)BiBr;lBs) (77)
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im,s+1 im,s im,s+1 i,m,s i,m,s im,s”®

Profits are defined as the sum of the increase in deposits B,.” | from domestic bank intermediated
households net of interest payments at the deposit rate and the increase in net loans B, el LTOM
the domestic interbank market net of interest payments at the interbank loans rate i’ _,, less the
increase in differentiated intermediate mortgage loans Blcm ", to domestic developers net of
writedowns at mortgage credit loss rate 6,7 and interest recelpts at mortgage loan rate i, _, less
the increase in differentiated intermediate corporate loans Blcm | to domestic and foreign firms

net of writedowns at corporate credit loss rate 5ZCSE and interest receipts at corporate loan rate
i€ less a cost of satisfying the regulatory capital requirement @”

i,m,s—1° 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:
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The bank credit stock BS*

(78)

7, measures aggregate bank assets, that is B/}, = Bfi’lB + Bfff , while
the money stock M} ., measures aggregate bank funding, that is M, =B/’ +B’? where
B”” =0. The bank capital ratio K, ., €quals the ratio of aggregate bank capital to assets, that is

i,s+1 c
k. .. =K’ /B*®

i,s+1 i,s+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,
djifn,s = gB (Bl(,/;j,’.sB > Bfn:,,\B 4 Kfm,s) + F:f > (79)

where fixed cost F ensures that @’ =-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,

1 im.s
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given regulatory capital requirement Kfs , 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 K” | which subsequently evolves according to accumulation function

Kfm,sﬂ = (1 - é‘zi )Kil,;m,s + HB (Iil,;m,s > ]fm,s—l )’ (8 1)

where bank capital destruction rate & satisfies &7 = y“(w/S" +(1-w)5*) with x>0,
while mortgage loan weight w’ satisfies 0<w’ <1. Effective retained earnings function
HP(U7, .17, ) incorporates convex adjustment costs,

i,m,s?

s ’
HB(Ifm,s’Ifm,sfl) = _Z_(ﬂ_ll IB (82)
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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..” ,,}7,, net interbank market funding {B/>” ,}7, retained earnings {/” }7,,and the

im,s+1J3s=t? S s=t 2
bank capital stock {Kfm ++1) s, to maximize pre-dividend stock market value (76) subject to balance
sheet identity (78), bank capital accumulation function (81), and terminal nonnegativity constraints
B> >0, B*. >0 and K ,, >0 for T — . In equilibrium, the solutions to this value

maximization problem satisfy necessary first order condition

1+i0 =1+i" (83)

it
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which equates the deposit rate to the interbank loans rate. In equilibrium, retained earnings satisfies
necessary first order condition

B
/11,; l Ql'l,gm,t+l7—£ZB (Iil,gm,t-*—l’lfm,t) = 1’ (84)
it
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which equates the expected present value of an additional unit of retained earnings to its marginal
cost, where fm’s 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

o :E% (1-0% )0" _{gB(BCD’B BS® KP ){ u¥ —(1+i3)}} (85)
im,t t AB i,t+1 im,t+1 3 im,t+1° i mt+1°2 " im t+1 AB it >
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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/% =14/ (86)

im,t im,t—12

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 7, 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

A ..
all choose common loan rates i/“”" given by necessary first order conditions
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where g(D)=M and g(F)=C,E, while h(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
1+i/? —[(1 oY1+ O 1 (141 D) gm}‘ 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,

r - W
H( ) Qe=11@, 0™ (89)
j=1
where the real bilateral exchange rate O, satisfies Q, ,, =&, ,Pj ,/ P!, and bilateral trade weight
N
w; satisfies w;, =0, 0<w, <1 and i le =1. Furthermore the terms of trade 7, equals
the ratio of the 1nterna1 terms of trade to the external terms of trade,
TX PX RM
T, =v TM’ v =5 P,-t’ (90)
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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 *,

P, ZwYS, Bl (91)

where B/, denotes the quotatlon currency denomlnated prrce 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’,}kM: , to produce final export good X, according to fixed proportions
production function

M
X.
X, =min{ —2L L (92)
it ¢X

i,k k=1

where X,, =Y, for 1<k<M*, while 0<¢’ <1 and Zkle ¢, =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:
X = ¢z)§cXtt (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 =Y #\PL,, (94)
k=1

where Pf,ﬁt = 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

o
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for 1 <k <M *, where serially uncorrelated export price markup shock 191f satisfies 191’5 =7

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

1-6~

1
P =[I (P ™ dn} o (97)
0

As the price elasticity of demand for industry specific intermediate export goods Hlf 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:

© S—t/fLA
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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 Hi’),f,n’s,
industry specific fixed cost F

Iy, =P, X, .  —&.P X, F¥

. . w _ .
ik.n,s ikn,s“>ik,n,s i,i*s ik.n,s ik,s

defined as earnings less

(99)

Earnings are defined as revenues from sales of industry specific differentiated intermediate export
good X, atprice P, less expenditures on energy or nonenergy commodity good X, .
The representative industry specific intermediate export good firm purchases the energy or
nonenergy commodity good and differentiates it. Fixed cost F; = ensures that /7; =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 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<y* <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 ¢ —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 zZ'e{ch I’ Ik G Gi{;h} with  the  final  import  good

it it it 270t 2Tt 0
zZl e{c/ 1 18 G .G} to produce final private consumption, residential investment,

it 20 2,
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business investment, public consumption or public investment good Z,, €{C,,.1},1,,G’,.G/ }
according to constant elasticity of substitution production function
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' =y 1-——=*| with " > 0. The representative final absorption good firm maximizes
profits derived from préduction 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:
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where ser'clly ggnda ed import demand shock v;7 satisfies v,f >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:
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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:
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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 j,t}?’:l to produce final import good M;, according to fixed proportions
production function
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]
where serlally correlated export demand shock v satisfies V >0, while ¢ =0, 0< ¢ <1
and z/ ¢l/ =1. The representative final 1mport 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:
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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

r =28 ”’ (109)

j=l j
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 A, ; , . supplied by economy specific intermediate import
good firms to produce economy specific final import good M, ;, according to constant elasticity
of substitution production function
o
M 01

1
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0

M
where serially uncorrelated import price markup shock Q"f satisfies 19% = 07;’*‘_1 with Hlﬂf >1 and
0" = 0" . The representative economy specific final import good firm maxitnizes 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 _‘9%
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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:
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As the price elasticity of demand for economy specific intermediate import goods QAf 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 /"), . 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:
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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" , defined as earnings less

i,j.n,s?
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Earnings are defined as revenues from sales of economy specific differentiated intermediate import
good M, = at price B, less expenditures on foreign final export good M, . The

representative economy specific intermediate import good firm purchases the foreign final export
good and differentiates it. Fixed cost Flﬂf ensures that /7" =0.

S i,],8

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

M M

A A 4 M M
1-uM ' — 1-44! — e
M i M* Y ik M d M* Y ik
PM _ B,_/‘,t—l gz‘,i*,th,t B,_/‘,t—l gz‘,i*,th,t PM (1 15)
i jnst M I l Y DM l I o DY i jnst=12
b P i\ & Vi P P Y e

i,j,0-2 1% =17 k,t—1 k,t—1

where 0<y" <1, while u" = ZQZ o with gy = p AZ/\%’*” and 4" >0. Under this
specification, the probability that an intermediate import good firmi'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
P""" given by necessary first order condition:

v o
o N A I I A 0
Ez(mw) ,ﬂ 4 gu €l || (Bl ) Bl P ) " [ Bt p (e, (116)
" Pw Pw i\ & P R,‘ZH LA R‘,’J P“,{J P

M M -1 ’
y 1y o
- AN = 1t F OB VA K
M TS Y O\Hik M TS Y O\Hk M M\l
Pu,/,tfl | I 5:,1*.[3._1 PIA'I.I*I I I 5:,:*,/PAJ R./’.c PIA'I.I PM M
PM 5 PY FM g FY PM PM LV injss
ijs—1 k=1 ii* st ks ijs—1 k=1 it st ks it it

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):

M *
B _

7
E Z ( w M ﬂ k

" " 1611 | 1-0

) 4 M i L : "/
7 ' —y O\ =y M
o M M* - pY i pM M* g. P i
Pw _ (l—a)M)(PM )10,+a)M i,j,0-1 i kot i, -1 Ti* T kot Pw
[NE it M Y DM - DY [NES
Pi.,/‘,/—z k=1 gx,i*,z—lpk,/—l P:,/,z—z k=1 ‘C":,x*,t—lpk,t—l

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.

(117)

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

P TP igsP =P
Ly by =P (li,t—] - li,t—l)

(1= p")[ & (x5, — 7S+ € (InY,, —InY, )+ & (AInE, —AInE ) |+ v/,

i,t?2

(118)

where 0< p' <1, &7 >1, £ >0 and fjg > 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 ff = £° > 0. Deviations from this rrplonetary 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

i" =il =@, i)+ E5(AE,,, —~AInE, ), (119)

it i,

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
G’ G”_
lné—; =p;In G; L+(1-p,)In

it it=1

|J’<z

ERE (120)

it

<
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where Z e {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
v
The tax rates applicable to corporate earnings and household labor income satisfy acyclical fiscal
revenue rules of the form

Tft_z-i :pr(z—éq_ri)‘kv‘rz (121)

it

where Z e {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 vZ,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 v A _‘
it _ _l,l‘_ — é/T ( 1,1 —— 1471 ]’ (122)
t—1

P'Y P'Y Py

it it it it—1"1i,t—1 it-1"1,

where ¢ ™'50. 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

D 7C,D -
T:f T:f TP AiGt AiGt T
o B =S | Ay e

— (123)
Y

it=1"1,t-1 R,t—lYi,t—l
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

T
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+i]). (124)

Deviations from this money market relationship are captured by internationally and serially
correlated credit risk premium shock v g. 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:

1+ =), (1+5)). (125)

Deviations from this interbank market relationship are captured by internationally and serially
correlated liquidity risk premium shock U[[J .

The fiscal authority enters period ¢ in possession of previously accumulated financial wealth Aft
which yields return z'A This financial wealth is distributed across the values of domestic short

term bond B’° and long term bond B° portfohos which yield returns i’ and lBLO,
respectlvely It follows that  (14+i%)4% = (1+i5 )BSC +(1+i")BLS,  where
(1+i%") zk (15, +V5 )BLS with H[,‘,’;,t—(1+ifk—a)3)(a) )" kak and V", =1. At

the end of perlod t, the fiscal authority levies taxes on corporate earnings at rate Ti,t and household
labor income at rate 7;,, generating tax revenues 7, ,. These sources of public wealth are summed
in government dynamic budget constraint:

1t+1 (1+lzt ) +Zj‘rzr ikt lklt i,tLi,k,[,t)d1+

k=1 ¢

it

Sp S——

1
ot (W, L, df dh - j 7. dh-P% G5 -PoG!. (126)
0

According to this dynamic budget constraint, at the end of period ¢, the fiscal authority holds
financial wealth 4 , which it allocates across the values of domestic short term bond B¢ and

l H—l s i,t+1
long term bond B¢ portfolios, that is 4%, = B> + B"¢ where B-¢ = Z V2 B-G . Ttalso

41 it+1 it+1 it+1 k=1 Lkt ikt+l "
remits household type specific lump sum transfer payments {7, } 10 » Which it allocates across

nondiscretionary  transfers {T:¥},., and discretionary transfers {T,:0},., that is

T/ =TV +T77 where '[ T/Ydh=0 and T,7 =T ’f T,” =0. Finally, the fiscal authority
purchases final public consumption good GC atprice P¢ , and final public investment good G,.'J

it

at prlce Ef, accumulating the pubhc physical capital stock Kfm according to

=(1- 5G)Kf, +Glf, where 0< 59 <1,

it+1

l t+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

Kk =K"= p (k. —KR)+(1—pK)[Q’K"B(AlnBICtﬁ AlnBSE)+ £ (AlnV! — A7)
: (127)
+ (AP - AT [+ v,

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

i+l i+l

=0 =, (@ =)= (= p, ) £ (MBS~ A B+ ¢ (AP [ = A7) |+ vt (128)

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, ¢ ¥ 50 and
¢ ¥ 5 0. These desired deviations are decreasing in the contemporaneous dev1at10n of mortgage
or nonfinancial corporate debt growth from its steady state equilibrium value, as well as the
contemporaneous deviation of the change in the price of housing or equity from its steady state
equilibrium value, respectively. Deviations from these loan to value limit rules are captured by
mean zero and serially uncorrelated mortgage or corporate loan to value limit shock vi"f

The loan default rates applicable to borrowing by domestic developers and firms from domestic
and foreign banks satisfy default rate relationships exhibiting partial adjustment dynamics of the
form

5= 8=y =8 =(1=py)| £ (nY,, ~InT, )+ £V (AP — AT D) [+ vl (129)

where Z € {M,C},while f(M)=H and f(C)=S. As specified, the deviations of the mortgage
or corporate loan default rates from their steady state equilibrium value depend on a weighted
average of their past deviations and their attractor deviations, where 0<d <1, 0<p; <1,
¢ 750 and ¢ %7 5 0. These attractor deviations are decreasing in the contemporaneous
deviations of output from its potential value and the change in the price of housing or equity from
its steady state equilibrium value, which affect the probability of default and loss given default,
respectively. Deviations from these default rate relationships are captured by mean zero and
serially uncorrelated mortgage or corporate loan default shock vftz .
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G. Market Clearing Conditions

A rational expectations equilibrium in this DSGE model of the world economy consists of state
contingent sequences of allocations for the households, developers, firms and banks of all
economies that solve their constrained optimization problems given prices and policies, together
with state contingent sequences of allocations for the governments of all economies 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 exports X, equal production of the domestic
final output good less the total demand of domestic households, developers, firms and the
government,

_ h H.,h K.,h C.h I.h
Xi,t - Yi,t - Ci,t - I[,t - Ii,t - Gi,t -G,

it o

(130)

where X, = Z],il X, and X, . =M, . Clearing of the final import good market requires that
imports M, equal the total demand of domestic households, developers, firms and the

government:
S/ A C.f Lf
M, =C +1)"+1,)"+G) +G . (131)

In equilibrium, combination of these final output and import good market clearing conditions
yields output expenditure decomposition,

P, =PC, +P,+PSG,+P/X —P'M,, (132)

ittt , , it

where the price of investment satisfies P, = Pl.f = PiiK while investment satisfies 7, =1} + I},
and the price of public domestic demand satisfies P; =P =P while public domestic demand
satisfies G,, =G/, +G/,. The price of domestic demand satisfies B, =FS =P} =P while

domestic demand satisfies D,, =C,, +1,,+G,,.

Clearing of the final bank loan markets requires that mortgage loan supply equals the total demand
of domestic developers, that is B;,,;* = B,/}, while corporate loan supply equals the total demand
of domestic and foreign firms

N
B =Y B, (133)
j=1
where B ® = B* .In equilibrium, clearing of the final corporate loan payments system implies

i,j,t+1 Joist+1

that the corporate credit loss rate satisfies:

1-o0r =3 B s, (134)
it = BSF’B Jst

The derivation of this result equates the principal and interest receipts of the banking sector to the
total domestic currency denominated principal and interest payments of domestic and foreign
firms.
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Let 4, ,,, denote the net foreign asset position, which equals the sum of the financial wealth of
H D F B G
households 4., , developers 4,,,,, firms 4., banks A4, and the government 4;_,,
_ 4H D F B G
Ai,H—l - Ai,t+l + Ai,t+1 + Ai,t+1 + Ai,t+l + Ai,t+] s (135)
H _ 4BH AH c D C.D H F o _ C,F N B _ 1B c
where Ai,t+l - Ai,t+1 + Ai,t+l + V;,t > Ai,t+1 - _Bi,t+l _Vi,t > Ai,t+l - _Bi,t+1 _Vi,t and Ai,t+1 - Ki,t+1 _Vi,t :

Imposing equilibrium conditions on government dynamic budget constraint (126) reveals that the
increase in public financial wealth equals public saving, or equivalently that the fiscal balance

FB,, = Afm _A,-(,;, equals the sum of net interest income and the primary fiscal balance

_ c.D G
PBi,t - Tz",t _];,t _Pi,t Gi,t >

S.G L.G
{B" s B iL’E}Ai%PB,,t, (136)

FB,, = AiG Lot AiG -1

It

where T, =7, (P\Y,, —W, L )+1 WL, while nominal effective long term market interest rate
it satisfies i;" = @’i’ )t +(1-0")| @"((1+i))+(1-0")) - 1] . The derivation of this result
abstracts from valuation gains on long term bond holdings, and imposes restrictions B/, = B/,
, BS° /A5 =B/ A7 and B°/ A%, = B /| A° . Imposing equilibrium conditions on household
dynamic budget constraint (7), and combining it with government dynamic budget constraint
(136), developer dividend payment definition (41), firm dividend payment definition (55), bank
dividend payment definition (77), bank balance sheet identity (78), output expenditure
decomposition (132), and final corporate loan payments system clearing condition (134) reveals
that the increase in net foreign assets equals national saving less investment expenditures, or
equivalently that the current account balance C4,, =¢&., 4, ,,, —&.,, 4, equals the sum of net

international investment income and the trade balance 7. B, = E. PYX b E. P"M i

i i ittt
i*, )t

N
CA, =12 w) | (1+7,)
j=l &

i*, /-1

—1} Erpir A+ TB,,. (137)

The derivation of this result abstracts from international financial intermediation except via the
money markets and imposes restriction & j,t—lej,t/Ai =w;.1, where world capital market
capitalization weight w' satisfies 0<w’ <1 and w? =1. Multilateral consistency in

. ' N =1t
nominal trade flows requires that ZH TB;,,=0.

III. THE EMPIRICAL FRAMEWORK

Estimation and inference are based on a 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 its stationary deterministic steady state equilibrium, and
consolidating them by substituting out intermediate variables assuming small capital utilization
costs and abstracting from the global terms of trade shifter. The response coefficients of these
consolidated approximate linear equilibrium conditions are functions of behavioral parameters that
have been restricted to coincide across economies—occasionally within groups sharing a structural



42

characteristic—and economy specific structural characteristics implied by steady state equilibrium
relationships. Except where stated otherwise, this steady state equilibrium features zero inflation,
productivity and labor force growth, as well as public and national financial wealth.?

In what follows, x,, denotes the deviation of variable x,, from its steady state equilibrium value
x;, while E, x, . denotes the rational expectation of variable x, .,  conditional on information
avallable in period ¢. Bilateral weights wfj for evaluating the trade weighted average of variable
x; , across the trading partners of economy i are based on exports for Z = X, imports for Z = M
, and their average for Z =T . In addition, bilateral weights wfl. for evaluating the weighted
average of variable x,, across the lending destinations and borrowing sources of economy i are
based on bank lending for Z = C' and nonfinancial corporate borrowing for Z = F'. Furthermore,
bilateral weights wf ; for evaluating the portfolio weighted average of variable x;, across the
investment destinations of economy i are based on debt for Z = B and equity for Z = §. Finally,
world weights w” for evaluating the weighted average of variable x;, across all economies are
based on output for Z =Y and capital market capitalization for Z = 4. Auxiliary parameters 1”

are theoretically predicted to equal one, and satisfy 4 =0 and 1° >0.

A. Endogenous Variables

Core inflation depends on a linear combination of its past and expected future values driven by
contemporaneous real unit labor cost according to Phillips curve

Y W,
A=t R+ ﬁy E,;%l.,+l+(1 o )= p) WL, +Ind’ |, (138)
Sy gy g " o' (1+7"p) P,Y,

which determines the core price level lnP Core inflation 7,, satisfies 7, , lnP ~InP 1+ The
output price level lnP depends on the contemporaneous core price level and mternal terms of
trade according to output price relationship:

tN>

lnl’%,yt =ln}3i’t+§ln’]if. (139)

Output price inflation 7, satisfies 7/, =ln131.§ —lnf’l.ifl. The consumption price level lnf’l.f
depends on the contemporaneous core price level and external terms of trade according to
consumption price relationship:

A ~ M S
InPS=InP,+—LIn7". (140)
El £l Y k]
Consumption price inflation 7/, satisfies 7, = lnéf - lnlsl.i1 . The response coefficients of these
relationships vary across economies with their trade openness.

~ H K B S M sC . C
2 In steady state equlllbrlum V = Vl_(’ = 1/[_1 = Vi[ = ‘{,X = U,_' = V,-H = [)I_l = UI_B = UI.S = Vl.‘g =1 . Vf = V;’ = Vl.l = i(J =
F M " A N C 1 X M Y L X
G _ Vr _ V _ V _ V - V¢ = V,.¢ =0 , VvV, = @’" o and hl_v = hl_v = hl_v = h,_v = h,_v = hl_v = hiﬂ = hig = hig =
M B S £ C — ) i.P G.C G.I T T K ]
h.g hg —hv —hv —hv =h" =h’ =h" =h" =h" =h" =h" =h" =h" =h" =h" =h" =0

i i i i i (A A - i o N T
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Output In );l.’t depends on contemporaneous domestic demand, exports and imports according to
output demand relationship:
. - XX,
InY,, =InD,, + —Lln—"". (141)
’ Y M,
Domestic demand lnlA)l.J depends on a weighted average of contemporaneous consumption,
investment and public domestic demand according to domestic demand relationship:

b, =Sme, +mi, + S, (142)
Y Y Y ’

Investment In IAM depends on a weighted average of contemporaneous residential and business
investment according to investment demand relationship:

I~ I ., If .

?’lnlm ={’—ln15 +{/—ln1ft. (143)
Public domestic demand ln(A?l.’, depends on a weighted average of contemporaneous public
consumption and investment according to public domestic demand relationship:

G, ~ G A~ G 4

?’lnGi,t = T’Intt +7’ln G/, (144)
The response coefficients of these relationships vary across economies with the composition of
their domestic demand or their trade openness.

Consumption In éi,t depends on a weighted average of its past and expected future values driven
by a weighted average of the contemporaneous real property and portfolio returns according to
consumption demand relationship:

A ac
lncit = 1 Clt 1 E 1nClH—l
T l+aC 1+a
o 1-af | 4" # Vo Vi | e L
_(1_¢ )Gl_l_ac E 1 ¢C 1t+l 1_ _¢ lt+1 —1n Aftﬂ +¢ 7DI(L)lnCzt

Reflecting the existence of credit constraints, consumption also depends on contemporaneous, past
and expected future credlt constrained consumption, where polynomial in the lag operator
PL)y=1-—"—+L- e — B, L', Credit constrained consumption lnCC depends on
contemporaneous output and the terms of trade according to credit constrained consumption

demand relationship

_ ~C
¢S =2 S| Ja—ep{m?, + X7, -1 B e PLp L G L S
7 A e A A ALl | 3

.S MS ~ MS —_ ~ . A . ~
+ﬂ,% In—c2 L (G - L2 antJr&ln’Z:t —ﬁ,ilnlit ,
Y| B, AU ’ P, B R Y,

(146)

i
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where economy specific auxiliary parameters A° 2% and A" =1-7,. Credit constrained
consumption also depends on a weighted average of the contemporaneous corporate and labor
income tax rates, as well as the contemporaneous transfer payment ratio. The response coefficients
of this relationship vary across economies with the size of their government, their trade openness,
and their labor income share.

Residential investment In / ft depends on a weighted average of its past and expected future values
driven by the contemporaneous relative shadow price of housing according to residential
investment demand relationship:

H
1nif,=1 lﬂlnl” +L B mi” +;1n(0!”%'}+79@)[1ny +—’1nTJ (147)
’ +

it—1 1+ﬂ t i,t+1 ZH(1+ﬂ) it

Residential investment also depends on contemporaneous, past and expected future output and the

terms of trade, where polynomial in the lag operator B (L) =1- - S e Reflecting the
1+ a0

existence of a financial accelerator mechanism, the relative shadow price of housing depends on

its expected future value, as well as the contemporaneous real property return and mortgage loan

rate, according to residential investment Euler equation

i,t 12

o " QM_ AT A S () | PRI
hIF_Et{ﬂ(l 5 )11’1 {(1 ¢ )(1!“ +_D]+¢ /BHL [}" /15‘M+/1¢ ]:| (148)
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i+l

it 1 t+l

[(l B(1-5"))+ " ﬁ[ o

which determines the shadow price of housing In QAlht’ . The relative shadow price of housing also
depends on the expected future real rental price of housing and the contemporaneous regulatory
mortgage loan to value ratio limit. The real rental price of housing depends on the deviation of
contemporaneous consumption from the past housing stock according to rental price of housing
relationship

~H
o

In—5 = ~In—"-, (149)
Bt S Hi,t

which determines the rental price of housing lnl . The housing stock In A, 1 1s accumulated
according to In 7, = (1-8")InH,, + 5" In(¥/, 1").

i,t+1

Business investment In IAi’Kt depends on a weighted average of its past and expected future values
driven by the contemporaneous relative shadow price of private physical capital according to
business investment demand relationship:

+ﬁ it-1 i,t+1 ZK(1+ﬂ) it I")C

it
Business investment also depends on contemporaneous, past and expected future output and the
terms of trade. Reflecting the existence of a financial accelerator mechanism, the relative shadow
price of private physical capital depends on its expected future value, as well as the

AK
i =i P gt e L o L ip [+ Xim 7, | (150)
! 1+4 DA
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contemporaneous real portfolio return and effective corporate loan rate, according to business
investment Euler equation

of < QZK,H_ s 0" 1+x"(1=pU=2N|scr _,5c b
I —E{ﬂ(l 5" )= {(l ¢>(,,ﬂ ]+¢ ﬁec_l [ Ao+ A ﬂ (151)

it i+l ¢ ﬂ
(RS E I SR PR X1

which determines the shadow price of private physical capital In QAZKt . The relative shadow price of
private physical capital also depends on the expected future capital utilization and corporate tax
rates, as well as the contemporaneous regulatory corporate loan to value ratio limit. The capital
utilization rate In ﬁft depends on the contemporaneous real wage, as well as the deviation of the
past private physical capital stock from contemporaneous employment, according to capital
utilization relationship:

Ina* = IK(ln “—In l’t]. (152)

The private physical capital stock lnI%l.jt+1
Ink, (1—5K)ani’,+§K In(v/ IK)

i1+l it Tt

is accumulated according to

Exports In X .. depend on contemporaneous export weighted foreign imports according to export
demand relationship:

InX,, Zw ln . (153)
lt

Imports 1n M ;. depend on contemporaneous domestic demand, as well as the external terms of
trade, according to import demand relationship:

A

~ D
InM,, =In

i,t

-y lnTM. (154)

The response coefficients of the former relationship vary across economies with their trade pattern.

The nominal property return E t+l depends on the contemporaneous nominal interbank loans
rate according to property return function:

Eify =i +¢" v/, (155)
Reflecting the existence of a portfolio balance mechanism, the nominal property return also
depends on the contemporaneous housing risk premium. The real property return E 7 T satisfies
Eti/\;il _Etlz/ti+1 _Etﬁi,cwl'

The nominal interbank loans rate z depends on the contemporaneous nominal short term bond
yield adjusted by the liquidity risk premrum according to interbank market relationship:

if=i% +Ino),. (156)

it
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The real interbank loans rate 17 satisﬁes ;; —E 7r, e The liquidity risk premium lnzﬁi’j
satisfies dynamic factor process Inoy, /'LMZ W’ lnv L+ (=AW Inv!, . The intensity of
international interbank market contagion varies across economies, with k = 0 for low interbank
market contagion economies, k =1 for medium interbank market contagion economies, and £k =2
for high interbank market contagion economies, where 4" < 4" < 4.

The price of housing ln " depends on its expected future value driven by expected future
developer profits, and the contemporaneous nominal interbank loans rate adjusted by the housing
risk premium, according to housing market relationship:

V" = BE,nV", +(1- BE,In 11" — (" +nv/). (157)

i1+l i, t+1

Developer profits In 17,',’ depends on contemporaneous housing rental revenues according to
developer profit function

at" Y [ H,
S H H R ~H
In/l; =4 (PYYi {PY v In(z H”)

(158)

i,t+1 it

BCD . R R ]H
Ao [mBCD (1=8)A+i)G", -8 +1an;1’)}—11’71 (PCIH)}

i i

1
o’ (" H,
where economy specific aux111ary parameter A = b7 (;’)Y Y’) .

The nominal portfolio return E ; i depends on the contemporaneous nominal short term bond
yield according to portfolio return function:

AAAH

N 1_ A
AV A B ~B
Etli,t+l =1, + ¢B zwi,j anj,t + ﬂ’—A
Jj=1

B Vll it

AN AR

Reflecting the existence of a portfolio balance mechanism, the nominal portfolio return also
depends on contemporaneous domestic and foreign duration and equity risk premia. The response
coefficients of this relationship vary across economies with their domestic and foreign bond and
stock market exposures. The real portfolio return E 7 "' satisfies E,#'" =Ei*" —E#

t lt+1 thit+1 t7it+1 t tt+1

The nominal short term bond yield z:St depends on the contemporaneous nominal policy interest
rate adjusted by the credit risk premium according to money market relationship:

N
li,t

=37 ¢ Iy, (160)

” #¢.,, - The credit risk premium In Oii
satisfies dynamic factor process lnu =1’ Z w np +(1-AwHIn ‘th . The intensity of
international money market contagion varies across economies, with £ =0 for low capital market
contagion economies, k£ =1 for medium capital market contagion economies, and k =2 for high
capital market contagion economies, where 4] < A° < A/,

The real short term bond yield r satisﬁes 7 E
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The nominal long term bond yield z depends on its expected future value, driven by the
contemporaneous nominal short term bond yield adjusted by the duration risk premium, according
to bond market relationship:

_ B 1—o® -1 . A
iy = @ PR+ wfﬂﬁ (w“%ﬂﬂ} (i +In0;,). (161)

The real long term bond yield l’”;Lt depends on its expected future value, driven by the
contemporaneous real short term bond yield adjusted by the duration risk premium, according to:

7l = o BE, i “’ﬁﬂ( + ww/;ﬂ] (7 +1no?). (162)

tzt+l B
w

The term premium In ,[15 depends on its expected future value driven by the contemporaneous
duration risk premium according to:

5 o\
AP = " BE,npf, + =2 F -/ o 12PN npe (163)
" f o"p ’
The duration  risk  premium Ino’, satisfies ~ dynamic  factor  process

Ino” =47 Zf:l winv? +(1- 2 w")Inv/, . The intensity of international bond market contagion
varies across economies, with k=0 for low capital market contagion economies, k=1 for
medium capital market contagion economies, and k=2 for high capital market contagion
economies, where 4 <A’ <A} .

The price of equity In Vlf depends on its expected future value driven by expected future
nonfinancial corporate profits, and the contemporaneous nominal short term bond yield adjusted
by the equity risk premium, according to stock market relationship:

InVS = BE V], +(1- B)E,InIT3, (i’ +Ind)). (164)

1 t+] z t+1

Nonfinancial corporate profits ln]Yif depends on contemporaneous nominal output and the
corporate tax rate according to nonfinancial corporate profit function

In /7’ = ,1{1;7;] {(1 z'){ln( Y )= l’y’ln( L)- ( Z/f;]r }
(165)

C,F

+AB
Py

i i

t+1 it

K

[mB” (1-8)(1+iO)(ESF -85 +1né§f)]—,11§—‘1 (PCIK)}
where economy specific auxiliary parameter A° = 11 /1" The response coefficients of this
relationship vary across economies with the size of their government and their labor income share.
The eqmt% I'lSk premium In Oist satisfies dynamic factor process
o, = 4> 21‘ wiInv? +(1- A w)Inv;, . The intensity of international stock market contagion
varies across economles, with k=0 for low capital market contagion economies, k=1 for
medium capital market contagion economies, and k=2 for high capital market contagion
economies, where 4, <A’ < 4, .
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Under a flexible inflation targeting or managed exchange rate regime, the nominal policy interest
rate z " depends on a weighted average of its past and desired values according to monetary policy
rule:

i =il + (1= p'WEE A, +E InY,, + EAINE )+, (166)

Under a flexible inflation targeting regime ;j=0, and the desired nominal policy interest rate
responds to expected future consumption price inflation and the contemporaneous output gap. 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 nominal policy interest rate also responds to the contemporaneous
change in the nominal effective exchange rate. Under a fixed exchange rate regime, the nominal
policy interest rate instead tracks the contemporaneous nominal policy interest rate of the economy
that issues the anchor currency one for one, while responding to the contemporaneous change in
the corresponding nominal bilateral exchange rate, according to monetary policy rule:

"=il +E5AIE, . (167)

it

It follows that under a fixed exchange rate regime, In é'l.’k,t =0 in equilibrium, in the absence of
asymmetric credit and currency risk premium shocks. The real policy interest rate 7 satisfies
~P T AC s

’/;',t E 7[1 t+1 °

Bank credit depends on a weighted average of the contemporaneous money and bank capital stocks
according to bank balance sheet identity

InBCE = (1- K)lnM

i,t+1

+xfInK?

g+ it+1°

(168)

which determines the money stock InM? i1 - Bank credit lnBlCt > depends on a weighted average
of contemporaneous mortgage debt, and the bank lending weighted average of contemporaneous
domestic currency denominated domestic and foreign nonfinancial corporate debt, according to

bank credit demand function:

C F
InBSE =wS InBS5 +(1-w )Zw In =24 B, (169)
Jolst
Mortgage debt In B satisfies lnBC, P =P +InH,,  + ¢’ , while nonfinancial corporate debt
lnBICt o satlsﬁes lnBCt N= lnPC +1nKl . ¢—; The bank capital ratio «,,, satisfies
Kz,H—l =K (ln 1t+1 ln Blc;fl

The nominal effective corporate loan rate ifE depends on the nonfinancial corporate borrowing
weighted average of past domestic and foreign nominal corporate loan rates, adjusted for
contemporaneous changes in nominal bilateral exchange rates, according to effective corporate
loan rate function:

N
=YWl 1+lnéi’j’t : (170)

J=1 (R
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The corporate credit loss rate &CtE depends on the bank lending weighted average of
contemporaneous domestic and foreign corporate loan default rates according to corporate credit
loss rate function:

i,j .t

&?:Zwéc (171)

—E CE_E 7’2‘_C

: C,E
The real effective corporate loan rate E 7} satisfies E 2} =E )] el -

The nominal mortgage and corporate loan rates fl:;(z) depend on a weighted average of their past
and expected future values, driven by the deviation of the past nominal interbank loans rate from
the contemporaneous nominal mortgage or corporate loan rate net of the contemporaneous
mortgage or corporate credit loss rate, according to lending rate Phillips curves

P ! ey P s E; f(Z)+(1 o )1-o ﬂ){[ —(i1 - Sg(l))]
it 1+ﬂ it—1 1 ﬂ ttt+1 W (1+ﬂ) lt 1 it
__ 1-p1-x%5)

I+x*(1=B(-£0)

(172)

[Uc(l&,z Y= (RE -k i, ]+lnl§lﬁz},

where Z € {D,F}, while f(D)=M and f(F)=C. The nominal mortgage and corporate loan
rates also depend on the past deviation of the bank capital ratio from its required value, as well as
the past deviation of the regulatory bank capital ratio requirement from its funding cost, where

g(D)=M and g(F )=C,E. The real mortgage and corporate loan rates rf ) satisfy
A/’(Z)_ /(Z)
i, —E 7

l t+l

Bank retained earnings In I i’i depends on a weighted average of its past and expected future values
driven by the contemporaneous shadow price of bank capital according to retained earnings
relationship:

lnIIBt 1 iEtlnl’\ﬁH—i_B;anAﬁ' (173)
1+ 1+ ’ x 1+ p) ’

The shadow price of bank capital In sz depends on its expected future value net of the expected
future bank capital destruction rate, as well as the contemporaneous nominal interbank loans rate,
according to retained earnings Euler equation:

o
In/;, =

1an,=E,{ﬂ(l—ﬂ>(lnézﬂ—5,-{’;+1>—[2§+<1—ﬁ(1 C5>)—( )}} (174)

The shadow price of bank capital also depends on the contemporaneous deviation of the bank
capital ratio from its requlred value. The bank capital stock In K” , 1s accumulated according to

ln Kf’t+1 =(1- y°6)(InK” - 53 ")+ 2SI’ , where the bank capital destruction rate dB satisfies
=y (WC5M+(1 )5CE).

The regulatory bank capital ratio requirement & .1 depends on a weighted average of its past and
desired values according to countercyclical capital buffer rule:
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Rf = Pkl + (1= p )" AI B

it+1 it+1

+§KV Aln +§’“VAanS)+v (175)

The desired regulatory bank capital ratio requirement responds to contemporaneous bank credit
growth, as well as to contemporaneous changes in the prices of housing and equity. The regulatory
mortgage and corporate loan to value ratio limits &Zt depend on a weighted average of their past
and desired values according to loan to value limit rules

b= p b (= p, N AN B+ ALY+, (176)

where Z € {D,F},while f(D)=H and f(F)=.S.The desired regulatory mortgage or corporate
loan to value ratio limit responds to contemporaneous mortgage or nonfinancial corporate debt
growth, as well as to the contemporaneous change in the price of housing or equity, respectively.
The mortgage and corporate loan default rates cizt depend on a weighted average of their past and
attractor values according to default rate relationships

82 = psdly—(=p ) Y, + ¢ AT 47 (177)

lt’

where Z € {M,C}, while f(M)=H and f(C)=S. The attractor loan default rate depends on
the contemporaneous output gap, as well as the contemporaneous change in the price of housing
or equity, respectively.

The real effective wage depends on a weighted average of its past and expected future values
driven by the contemporaneous and past unemployment rates according to wage Phillips curve

W, W, W,
In—4—= 1 ! In—=42t +1ﬂ E, In—-%
D c C
Pl '/4! +'B P 1'/4lt1 +ﬂ Rt+l j,t+1 (178)
_ I _ n L R 2
Mmoo AL L gyt |- S B p e A,
o (1+ /) nl-a ’ 1+p o

which determines the nominal wage In Vf/” The real effective wage also depends on
contemporaneous, past and expected future consumption Price inflation and trend productivity
growth, where polynomlal in the lag operator B (L) =1-
satisfies 7, —an —InW,,_,, while the unemployment ra{e u;, satls tes i, —lnN —lnL’

Jg=12

The unemployment rate depends on its past value driven by contemporaneous employment and
the real effective wage according to labor supply relationship

A~ A

L, /4
af, =aif,  —(1-a")|in—=-—n| In—5—-1 1 £t (179)

lt 2 it >

N pe 1-7.
it ,IAf,l !

which determines the labor force In N/ ..~ The response coefficients of this relationship vary across
economies with the size of their government.

Output depends on the contemporaneous utilized private physical capital stock and effective
employment according to production function
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5 0" WL, 0" WL,
InY, =|1-—— In +———iin(A, L 180
[ Pl J R )+ g iy AL, (180)
which determines employment In i,»,t . The output gap In );l.j, satisfies In fi,t = lnf ~InY ,, where

it?

potential output In )71.7, depends on the contemporaneous private physical capital stock and effective
labor force according to
A Y Y
lnfi :[1 o WL Jan” 0 W’L

- + Lin(A N, ), 181
HY _1 Pl Yl 9 IRYK ('ALI l,t) ( )

given that full utilization of private physical capital and effective labor is defined by In ﬁth =0 and
ﬁft =0, respectively. Productivity ln.,ZL’t depends on the deviation of the past public physical
capital stock from the contemporaneous labor force according to:
5 K°

InA, =g¢" 1n0,f}+(1—¢A)1nN—”. (182)
Trend productivjty lnA7t depends on its past value driven by contemporaneous productivity
according to ln.,47t P lnA +(1 )lnA The productivity shifter Ind;" satisfies dynamic
factor process lnu —/tAz w; "Inv +(1 /IAWZ.Y )lnvl.,,. The response coefﬁc1ents of these
relationships vary across economles wrth their labor income share.

The nominal bilateral exchange rate lnS -+, depends on its expected future value driven by the
contemporaneous nominal short term bond yield differential adjusted by the currency risk
premium differential according to foreign exchange market relationship:

&, =E,In&, . —| @ -nv))-G,-vs)]. (183)

Under a fixed exchange rate regime the currency risk premium is endogenous and satisfies
(i —nv: )= (zk —-Invy;,) —z —1.,, which ensures that lné' =0 in equilibrium, in the presence
of asymmetrlc credit or currency risk premium shocks. The real bilateral exchange rate an

satisfies an .y = =Iné, v *InPl, —nP, while the terms of trade lnT satisfics

lnT lnu +lnT Y _In TM where the internal terms of trade lnT satisfies
lnT x lnPX —lnP ,and the external terms of trade lnT satisfies In TM —lnPM —lnP 3

Export price inflation depends on a linear combination of its past and expected future values,
driven by the contemporaneous deviations of the core price level and domestic currency
denominated prices of energy and nonenergy commodities from the price of exports, according to
export price Phillips curve

* The nominal effective exchange rate lné’ satlsﬁes 1n8 —lnc‘: e —Zjv w! In€. .., , while the real effective

16J Joi*t 2
exchange rate ant satisfies an,t an“ . Zj[ w an I

1 hJ
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/z\_X _ yX(l_ﬂX) /z\_X + ﬂ 7fz\_X
it X X it—1 X X t’Yit+l
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which determines the price of exports lnéf . Export price inflation also depends on
contemporaneous, past and expected future core inflation and the domestic currency denominated
prices of energy and nonenergy commodities, where polynomial in the lag operator
P(L)=1- 1:; X;l»(_lli )X L- o ﬂ[(f o E,L". The response coefficients of this relationship vary
across economies vs/?lltl?l their comrr{loéity export intensities. Export price inflation 7%1.)5 satisfies

AX DX DX
Ty _lnpi,t _lnR,t—l'

Import price inflation 7%[’? depends on a linear combination of its past and expected future values,
driven by the contemporancous deviation of the import weighted average domestic currency
denominated price of foreign exports from the price of imports, according to import price Phillips
curve

Mo _ M
e o' 8 NP R Y )
L+y7 g =) L+y" g =) (185)
o MN M N £ px R M, M MM .
(o 0O D)) S i gy |+ LT CED) p S Hutiogé B,
" (I+y"pA-y' N = PY R Ry [(E7a) = M, e

which determines the price of imports ln[fjf. Import price inflation also depends on the
contemporaneous, past and expected future domestic currency denominated prices of energy and
nonenergy commodities. The response coefficients of this relationship vary across economies with
their trade pattern and commodity import intensities. Import price inflation z%fff satisfies
A4 =P -InBY .

Public consumption and investment In éft depend on a weighted average of their past and desired
values according to fiscal expenditure rules

A

InG/, = p,InG/,, +(1- p,)InY,, + pd’

it 2

(186)

where Z € {C,I}. Desired public consumption or investment tracks contemporaneous potential
output one for one. The corporate and labor income tax rates fft depend on their past values
according to fiscal revenue rules

A7 _ o AZ ~7?

T =P TtV (187)
~C,N

'

. : . T
where Z € {K,L}. The nondiscretionary transfer payment ratio i responds to the past net
foreign asset ratio according to nondiscretionary transfer payment riilé:
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Y;t’ v it
R VI . R (188)

~C,D

. . . T .
The discretionary transfer payment ratio Sy responds to the past net government asset ratio
according to discretionary transfer payment tule:

j‘;C,D ) IQLG i
ﬁ:f P )j +v£. (189)
ittt

it—171i,t-1

The public physical capital stock In KlGHl
InKS, =(1-6)InK’ +5°InG/,.

it+1

is  accumulated according to

The fiscal balance ratio % depends on the contemporaneous primary fiscal balance ratio, as
well as a weighted average of the past nominal short term bond yield and nominal effective long
term market interest rate, and the past net government asset ratio adjusted by contemporaneous
nominal output growth, according to government dynamic budget constraint:

FB; o (BS° LG, A ¢ P
FB t _i 1 [ Al LB l +Bl l’L,EJ_}_(l_ﬂ)( i, _ Al hlﬁyl
i,t—

J‘<> J‘<>

Py, PBl+g| Py 4 ™ pY, . P

j} f/’?w ~(190)

In addition, the nominal effective long term market interest rate z:LtE depends on its past value
driven by the contemporaneous nominal long term bond yield according to:

B
it =0 it L o Bl -w )(a) @ ﬂjfft (191)

it tt 1 Q)Bﬂ

/\

Furthermore, the primary fiscal balance ratio — -~ 7Y Y ~ depends on the contemporaneous deviation of
real tax revenues from public domestic demand, ‘as well as the contemporaneous terms of trade
and discretionary transfer payment ratio, according to:

PB., T . 7eP
PBu _Gi| w2 [ ne - lnT (192)
PY it

PY, ¥, Ry,

it i it

In addition, the deviation of tax revenues from nominal output depends on a weighted average of
the contemporaneous corporate and labor income tax rates according to

T I I
In-st ZLKI_IVJV;QTA"K’{% ff,} (193)
it 70 Ti i i ) i [ ’

1

fc
which determines tax revenues lnT Furthermore, the transfer payment ratio STy depends on
the contemporaneous nondlscretlonary and discretionary transfer payment ratios according to:

fc ij,N wa,D
PYY PYY PYY‘

it it7 it it7 it

(194)

G
A‘ t+1

Finally, the net government asset ratio Py depends on its past value adjusted by
contemporaneous nominal output growth, as well as the contemporaneous fiscal balance ratio,
according to:
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A, 1 [ 4, 4 BV, ) FB.

P'Y _1+g(PY Y . P N7 ]Jr ' (193)
ittt it=1"i-1 [ -1t

The linearization of these relationships assumes nominal output growth at rate g in steady state

equilibrium. Their response coefficients vary across economies with the size of their government,

their trade openness, their labor income share, and the size and composition of their public

financial wealth.

The current account balance ratio ——.— depends on the contemporaneous trade balance ratio
and past net foreign asset ratio according to national dynamic budget constraint:

Cd, 1-p 1 A, N B
E.PY. B 1+gP Y . E. PY

ltztlt it—171i,t—1 lltztlt

(196)

Furthermore, the trade balance ratio % depends on the contemporaneous deviation of
exports from imports, as well as the contethporaneous terms of trade, according to:

TB.. e .
TB t :ﬁ( ]‘21,[ i’[]. (197)

Y
E"lttljzt it )]1 it

Finally, the net foreign asset ratio A}’*‘

account balance ratio according to:" "

depends on its past value and the contemporaneous current

4 | CArs
}z[H—l — 1 Y‘/47,t + CAY ) (198)
PY,, 1+gPB' Y., &. PY

it—1"1i,t—1 (RN N el WA W4

Multilateral consistency in nominal trade flows requires that the world output weighted average
trade balance ratio equals zero,

N
W TB’J =0, (199)
Jj=1 5 jtP/t Jit

which determines the global terms of trade shifter Ino, . It follows that the world output weighted
average current account balance and net foreign asset ratios also equal zero. The linearization of
these relationships assumes nominal output growth at rate g in steady state equilibrium. Their
response coefficients vary across economies with their trade openness.

The prices of energy and nonenergy commodities In IA’,(Yt depend on a weighted average of their
past and expected future values driven by contemporaneous world output weighted average real
unit labor cost according to commodity price Phillips curves:

ln}A)kY[ = ! lnP;(Yt 1+LE lnPkYHI
T+ p 1+ 4
y WL b, 200
+(1_a)];)(l_a)kﬂ)z ,\”,\”‘i‘ﬂyln it +1nl§]§’ P(L)ZW 1n ”*t
a)k (1+1B) i=1 Btht 51,: ,th,t !
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The prices of energy and nonenergy commodities also depend on their deviation from the
contemporaneous world output weighted average quotation currency denominated core price level.
Finally, the prices of energy and nonenergy commodities depend on the contemporaneous, past
and expected future world output weighted average nominal bilateral exchange rate. The response
coefficients of these relationships vary across commodity markets 1<k <M *, with k=1 for
energy commodities and k£ =2 for nonenergy commodities.

B. Exogenous Variables

All structural shocks follow stationary first order autoregressive or white noise processes,
generally with conditionally normally distributed heteroskedastic innovations. The conditional
variances of these processes in turn follow a possibly asymmetric extension of the GARCH model
due to Bollerslev (1986), building on the ARCH model introduced by Engle (1982). The
asymmetric extension under consideration is the threshold GARCH model associated with
Glosten, Jaganathan and Runkle (1993).

Conditional Means

The productivity Inv;* and labor supply lnv shocks follow stationary first order autoregressive
processes with condltlonally normally dlstrlbuted heteroskedastic innovations:

vt =p  Inv + &, & | T, ~N©OR), (201)

mvY =p Y ve, & |, ~NOR,). (202)

it—1 it o 1

In addition, the consumptlon demand Inv{,, residential investment demand In 195, business
investment demand lnv , export demand lnv , and import demand In 191.”‘{ shocks follow
stationary first order autoregresswe processes with conditionally normally distributed
heteroskedastic innovations:

InvS, =p 05 +e,, &) 1T, ~N(©OA,), (203)
1nvj.{ =p, v/ +e", g,.f,”” 1Z,, ~N(O,h,), (204)
v/, =p, v/ +e,", & |T_ ~NOh,), (205)
nvS=p . v} +e, &, | T ~NOK,) (206)
v =p v+, &, 1T ~N©OK,). (207)

The output price markup ln,9l .» wage markup ln9 , export price markup lnSI ., Import price
markup In 9 , and energy or nonenergy commodity prlce markup In 19k shocks are conditionally

normally dlstrlbuted heteroskedastic innovations:

g’ =&, & | T, ~N©Oh), (208)
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. =&, & |, ~NOR), (209)
3 =52, & | T, ~ N, (210)
g =&, &2 | T, ~N(O,h2), (211)
nd, =g,fj, & 1T, ~N©Oh). (212)

Furtherrnore the liquidity risk premlum lnv , housing risk premlum Inv V, . » credit risk premium
Inv v , duration risk premium Inv VI.J , equity rlsk premium Inv Vl.’t , and currency risk premium In ﬁft
shocks follow stationary first order autoregressive processes with conditionally normally

distributed homoskedastic or heteroskedastic innovations:

v, =p v, +e, & | T ~NOR"), (213)
v =p, v+, &, | T ~NOHK,), (214)
nv, =p,, 1n0fj_1+g”, &) 1T, ~N©OK), (215)
Inv? =p, v’ +e,, & | I ~NOh,), (216)
v =p v+, &) | T ~NO), (217)
v =p . v+, &) | T, ~NOR). (218)

The mortgage loan rate markup In SISD and corporate loan rate markup In ISA‘,C’F shocks follow
stationary first order autoregressive processes with conditionally normally distributed
homoskedastic innovations, while the mortgage loan default ﬁf;w and corporate loan default ﬁi‘ic
shocks are conditionally normally distributed homoskedastic innovations:

n3S =p, S +&, ", & | T ~NOK"), (219)
ndS =p, g +el", & | T, ~NOK"), (220)
0= el T, ~ N O, (221)
v =gl e T, ~ N(O,R). (222)

Finally, the monetary policy v , mortgage loan to value limit 19“’0 and corporate loan to value
limit v"’ shocks are condltlonally normally distributed homoskedastlc or heteroskedastlc
1nn0vat10ns while the pubhc consumption ¥’ s pubhc investment v” , corporate tax rate v/,
labor income tax rate Vlt , transfer payment v/, and capital requirement v, shocks follow
stationary first order autoregressive processes with conditionally normally distributed
homoskedastic or heteroskedastic innovations:

vi=g, el 1T, ~NOR), (223)

l
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00 =P el e 1T, ~ N, (224)
0 =p eV rel L e T~ N O, (225)
Viff =p, VZQ vl EXZ SN I~ N(O.R), (226)
vLo=p Vi el el 1T, ~ N(OR), (227)
oft =pv,,0f,71+ Ve | T, ~ N, (228)

=p Vi +el, &l | T ~N©Oh), (229)
Vlf’f =g, f T~ N0, (230)
v =gl e 1T, ~ NOR). 231)

As an identifying restriction, all innovations are assumed to be independent, which combined with
our distributional assumptions implies conditional multivariate normality.

Conditional Variances

The productivity h” , labor supply h” , consumption demand h” , investment demand hlvt[ ,
export demand h” , and import demand A, conditional variances follow symmetric GARCH
processes:

hl.f, =0, +05h(5; DE +,Bh MR (232)
B =, tae )+ B (233)
hl.f, =, +ah(8” bE +ﬂh it (234)
hif, =0, +ah(5” )+ Bh it (235)
h:, =0, +ah(£” )+ Bh 1 (236)
h, =@, +a,( ) + B (237)

In addition, the output price markup hf,y , wage markup hftL , export price markup hl.‘ix , import
price markup h, ., and energy or nonenergy commodity price markup h,i . conditional variances
follow symmetric GARCH processes:

W = o, +a,(s) + B, (238)
W =, +a,(e) + B (239)

W =, +a,(e7) + B, (240)
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W =w, +a,(e5) + B, (241)

h/iz = Wy i +ah(gkz 1) +:Bh i1 (242)

Furthermore, the housing risk premlum h” , credit risk premium hlvts , duration risk premium h:f
and equity risk premium £/, condltlonal variances follow asymmetric GARCH processes,
whereas the currency risk premlum h conditional variance follows a symmetric GARCH
process:

hlf, =0, +05h(5u DE +}/h(77” D +BR 1 (243)
h =0, +a, (s + 7,0 + B (244)
h;t =, +ah(g” DE +7/h(77” )+ B et (245)
h;, =0 +ah(g” DE +7/h(77” D+ Bh 1 (246)
h;, = +ah(g” D +BR - (247)

Finally, the monetary policy v cond1t10nal variance follows an asymmetric GARCH process,
whereas the public consumptlon v , public investment v and tax rate v/, conditional
variances follow symmetric GARCH processes.

W, =0, +a,(e )+, + B (248)
h = +ay (e ) + Bl (249)
W =@, va (e + B, (250)
hlf, =0 +0{h(gl[ 1) + B0 (251)

Given asymmetric innovation 7/, = max(0,&,), if y, >0 then a positive innovation raises its
conditional variance more than a negative innovation of equal magnitude, and vice versa. The
conditional covariance matrix is positive definite if @, >0, a, 20, a,+y, =0 and B, >0 for
all Z.

IV. ESTIMATION

The traditional econometric interpretation of structural macroeconometric models regards them as
representations of the joint probability distribution of the data. Adopting this traditional
econometric interpretation, we jointly estimate subsets of the parameters and variables of our
DSGE model of the world economy by full information maximum likelihood, conditional on
calibrated values of its other parameters and observed values of its other variables.

In what follows, we employ a restricted version of the model that consolidates or eliminates those
structural shocks that are weakly identified by our multivariate panel data set. In particular, the
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residential and business investment demand shocks are consolidated into an investment demand
shock, while the corporate and labor income tax rate shocks are consolidated into a tax rate shock.
These structural shocks are driven by heteroskedastic innovations with common conditional
variances. Furthermore, the liquidity risk premium, mortgage and corporate loan rate markup,
mortgage and corporate loan default, transfer payment, capital requirement, and mortgage and
corporate loan to value limit shocks are eliminated. These structural shocks are driven by
homoskedastic innovations. Given this stochastic structure, impulse response analysis could be
based on the unrestricted version of the model.

A. Data Transformations

Estimation of our DSGE model of the world economy is conditional on the cyclical components
of a total of 280 endogenous variables observed for fifteen economies over sample period 1999Q1
through 2017Q4. To ensure stochastic nonsingularity, the model is driven by a total of 281
structural shocks. The advanced and emerging market economies under consideration are
Australia, Brazil, Canada, China, France, Germany, India, Italy, Japan, Korea, Mexico, Russia,
Spain, the United Kingdom, and the United States. These are the fifteen largest national economies
in the world. The observed macroeconomic and financial market variables under consideration are
the core price level, the output price level, the consumption price level, the quantity of output, the
quantity of private consumption, the quantity of exports, the quantity of imports, the nominal
policy interest rate, the nominal short term bond yield, the nominal long term bond yield, the price
of housing, the price of equity, the nominal bilateral exchange rate, the nominal wage, the
unemployment rate, employment, the quantity of public consumption, the quantity of public
investment, the fiscal balance ratio, and the prices of nonrenewable energy and nonenergy
commodities. For the systemic advanced economies, the shadow nominal policy interest rate
estimated by Krippner (2015) substitutes for the observed nominal policy interest rate during the
effective lower bound period. For a detailed description of this multivariate panel data set, see
Appendix A.

We estimate the cyclical components of all of the observed endogenous variables under
consideration with the generalization of the filter described in Hodrick and Prescott (1997) due to
Vitek (2014), which parameterizes the difference order associated with the penalty term
determining the smoothness of the trend component. For those variables that exhibit long run
trends, namely the core price level, the output price level, the consumption price level, the quantity
of output, the quantity of private consumption, the quantity of exports, the quantity of imports, the
price of housing, the price of equity, the nominal bilateral exchange rate, the nominal wage,
employment, the quantity of public consumption, the quantity of public investment, and the prices
of nonrenewable energy and nonenergy commodities, we set the difference order to two and the
smoothing parameter to 16,000. In contrast, for those variables that do not exhibit long run trends,
namely the nominal policy interest rate, the nominal short term bond yield, the nominal long term
bond yield, the unemployment rate, and the fiscal balance ratio, we set the difference order to one
and the smoothing parameter to 400.
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B. Estimation Procedure

Let {x,}, denote a vector stochastic process consisting of N nonpredetermined endogenous
variables, of which M are observed. This vector stochastic process satisfies second order
stochastic linear difference equation

Ax, =Ax,_ +AEx,  +Apy, (252)

t7vt+1

where vector stochastic process {v,}’_, consists of K exogenous variables. This vector stochastic
process satisfies stationary first order stochastic linear difference equation

v,=Byv_ +¢, (253)
where H; "¢, |Z, , ~iid N(0,1,) with Z, ={y}'_, which implies that ¢ |Z,, ~ N(0,H,). If

s=12

there exists a unique stationary solution to this multivariate linear rational expectations model,
then it may be expressed as:

x,=Cx,_, +Cy, (254)
This unique stationary solution is calculated with the procedure due to Klein (2000).

The conditional covariance matrix H, depends on its past value, driven by the outer product of
past innovation vectors, as well as the outer product of past asymmetric innovation vectors,
according to asymmetric multivariate GARCH process

H =D,+D O (8t—18tT—1) +D,0 (”t—l”tT—l )+D,OH, |, (255)

where #, = max(0,¢,), while D,, D,, D, and D, are diagonal matrices of dimension K . This is
the asymmetric extension due to Kroner and Ng (1998) of the constant conditional correlations
model of Bollerslev (1990), under the special case in which all conditional correlations are zero.
The conditional covariance matrix is positive definite if all diagonal elements of D, are positive,
while all elements of D,, D, + D, and D, are nonnegative.

Let {y,}., denote a vector stochastic process consisting of M observed nonpredetermined
endogenous variables, where M < K to ensure stochastic nonsingularity. Also, let {z,}", denote
a vector stochastic process consisting of N nonpredetermined endogenous variables and K
exogenous variables. Given unique stationary solution (254), these vector stochastic processes

have linear state space representation
V. =Fz, (256)
7, =Gz +Ge, (257)

where 7, ~ N (249, Py,) . The initial state vector is assumed to be independent from the state
innovation vector, which combined with our distributional assumptions implies conditional
multivariate normality.

Conditional on the parameters associated with this linear state space model, estimates of

unobserved state vector z, and its mean squared error matrix P may be calculated with the filter
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due to Kalman (1960) or the smoother associated with de Jong (1989), extended to account for the
asymmetric multivariate GARCH process under consideration. In doing so, we approximate the
expectation conditional on information available at time 7—1 of this nested nonlinear function
with the nested nonlinear function of expectations conditional on information available at time
t—1 or t—2. Given initial conditions z,,, P, &, =0 and H, , = H, estimates conditional on
information available at time ¢ —1 satisfy prediction equations

2y = Gz (258)
H, =D,+D O, &, )+D,O0@W, ., )+DOH,_,,, (259)
P, =GP, G +GH, G, (260)
Vi = Fzy i, (261)
0,,=FP, F, (262)

where #,, = max(0,¢,). Given these predictions and our distributional assumptions, estimates
conditional on information available at time ¢ satisfy updating equations

2y =2y YK (¥, = 2,00 (263)
P,=P,  -KFP, (264)
&, =G (F'y,-GF'y,,), (265)

where K, = P,lt_lFlTQ,‘*tl_1 . Given terminal conditions z;,,, =0 and PT+”T =0, estimates conditional

on information available at time 7 satisfy computationally efficient smoothing equations

t\T J zt+1|T +F Qz|z (- Y- s (266)
L = Ly +P\t lzt\T’ (267)
13z JT[,HI\TJ FTQz\z Fs (268)
P I)l|l 1 +Pt|t II)t\TPt\t—li' (269)
8t\T = Gz+ (zt|T - G]zt—]|T)7 (270)

t t

(265), followed by recursive backward evaluation of equations (266) through (269), yields
conditional estimates of the unobserved state vector and its mean squared error matrix.

where J, =G,(1,,, P‘HFITQ”;{ F)) . Recursive forward evaluation of equations (258) through

Let # €@ c R’ denote a J dimensional vector containing the parameters associated with this
linear state space model. Under our distributional assumptions, the full information maximum
likelihood estimator @, of this parameter vector maximizes conditional loglikelihood function

L£(0) = if,(ﬂ), (271)
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M 1 1 - . ..
where 7,(0) = =5 In@7z) =2 |Q, |- (¥ =y ) 0, (¥, —y,.). Under regularity conditions
stated in Watson (1989), full information maximum likelihood estimator @, is consistent and
asymptotically normal,

JT(6,-0,) > N(0,A'BAM, 272)

where 0, € @ denotes the true parameter vector. Following Engle and Watson (1981), consistent
estimators of A, and 13, are given by

Ay ==Y a6,), (273)
BT = %ibt(éT )bt(éT)T’ (274)

A _ 1 B B A A
where a,(6,) =V} ,0,"\V, ¥, +1V,0] (0}, ®Q;' )V,0Q,, and b(0,)=V,(0,). If our
distributional assumptions are satisfied, then the conditional information matrix equality holds,
and A, =18,.

C. Estimation Results

The set of parameters associated with our DSGE model of the world economy is partitioned into
two subsets. Those parameters that determine conditional means are calibrated, whereas those that
determine conditional variances are estimated.

Calibrated Parameters

The calibrated values of behavioral parameters lie within the range of estimates reported in the
existing empirical literature where available, as reported in Table 2 of Appendix B. For example,
the subjective discount factor parameter £ is set to imply an annualized discount rate of 4 percent,
while the habit persistence in consumption ¢ and labor supply a” parameters are both set to
0.80, and the intertemporal consumption o and intratemporal labor supply 7 elasticity parameters
are both set to 1.00. In addition, the adjustment cost parameters for residential ¥ and business
7~ investment are both set to 1.50, while the housing 6" and physical capital 5* stock
depreciation parameters are both set to imply annualized depreciation rates of 10 percent.
Furthermore, the partial indexation parameters for output price y", wage y", export price »* and
import price ¥" determination are all set to 0.80, while the nominal rigidity parameters for output
price @', wage ", export price @* and import price @" determination are all set to imply
average reoptimization intervals of 6 quarters. Finally, the credit constrained household share
parameter ¢ is set to 0.50, while the financial friction parameter for nominal mortgage and
corporate loan rate determination @ is set to imply an average adjustment interval of 4 quarters,
and the intratemporal import demand elasticity parameter " is set to 1.00.

The conduct of monetary policy is represented by a flexible inflation targeting regime in Australia,
Canada, the Euro Area, Japan, Mexico, Russia, the United Kingdom and the United States, and by
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a managed exchange rate regime in Brazil, China, India and Korea, consistent with the de facto
classification in IMF (2016). Within the Euro Area, the leader economy is Germany. The high
interbank market contagion economies are the advanced economies, while the low interbank
market contagion economy is China. The high capital market contagion economies are the
emerging market economies with open capital accounts, while the low capital market contagion
economy is China. The quotation currency for transactions in the foreign exchange market is issued
by the United States.

All macroeconomic and financial great ratios are calibrated to match either their observed values,
or the average of their observed values and their medians across economies, in 2016. Furthermore,
all bilateral trade, bank lending, nonfinancial corporate borrowing, portfolio debt investment, and
portfolio equity investment weights are calibrated to match their observed values in 2016,
normalized to sum to one across economies. Finally, all world weights are calibrated to match their
observed values in 2016, normalized to sum to one across economies.

Estimated Parameters

The estimated values of conditional variance parameters are reported in Table 3 of Appendix B.
The conditional loglikelihood function is numerically maximized using a modified steepest ascent
algorithm over effective sample period 1999Q3 through 2017Q4, with calculations performed to
quadruple precision where necessary to ensure tolerable accuracy, and to double precision
otherwise. The point estimates satisfy the sufficient conditions for positive definiteness of the
conditional covariance matrix.

Allowing the structural shocks driving our DSGE model of the world economy to exhibit
asymmetric ARCH effects yields an enormous improvement in its goodness of fit. Indeed, on the
basis of a general to specific sequence of nested likelihood ratio tests, we find very strong evidence
that these structural shocks exhibit ARCH effects. In particular, we reject the null hypothesis of
no ARCH effects at all conventional levels of statistical significance, obtaining a point estimate
for «, of 0.15. This result corroborates the substantial symmetric SV effects in structural shocks
documented in Justiniano and Primiceri (2008). Moreover, we find very strong evidence that these
ARCH effects are asymmetric for some conditional variances, namely those of financial and
monetary policy shocks. In particular, we reject the null hypothesis of symmetric ARCH effects at
all conventional levels of statistical significance, obtaining a point estimate for y, of —0.11. It
follows that positive financial and monetary policy shocks—which are associated with a tightening
of financial conditions—are estimated to raise their conditional variances less than negative shocks
of equal magnitude. Finally, we find little or no evidence of more persistent asymmetric GARCH
effects, given these asymmetric ARCH effects.
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Table 1. Model Specification Test Results

Restriction LR-Statistic P-Value
£,=0 6.77x10°° 0.93441
7,=0|8,=0 1.10x10* 0.00000
a,=0]y,=4,=0 1.07x10" 0.00000

The estimated conditional variances of structural shocks exhibit substantial time variation. Indeed,
volatility clustering is widespread across economies and types of structural shocks. Volatility
generally peaked during the Global Financial Crisis, which was an episode of acute
macroeconomic and financial market instability worldwide, accompanied by major disruptions to
international trade and financial flows.

Figure 1. Conditional Variances of Structural Shocks
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Note: Depicts the average standardized conditional variances of the domestic macroeconomic m, foreign
macroeconomic 1, domestic financial m, foreign financial m, domestic policy m, foreign policy m, and world terms of
trade m shocks.

V. INFERENCE

We account for macrofinancial fluctuations and turbulence with historical decompositions of
output and financial conditions, which measure the time varying contributions of structural shocks
to the levels and conditional variances of these variables. Our historical decomposition of levels is
based on

K t-1

Sir = (G1)tz0|0 + ZZ(GI)S 851 Cki—sir> (275)
k=1 s=0
where g, , denotes column k£ of matrix G, . This result decomposes the smoothed state vector into
the sum of deterministic and stochastic components, where the stochastic component equals the
sum of contributions from contemporaneous and past smoothed innovations. In parallel, our
historical decomposition of volatilities is based on:
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K
})t\t—l ~ (Gl)tl)()|0 ((Gl)t)T + zgz,kg;r,khk,t\t—l' (276)
=1

This result decomposes the predicted covariance matrix of the state vector into the sum of
deterministic and stochastic components, where the stochastic component equals the sum of
contributions from contemporaneous conditional variances. Its derivation employs approximation
&, €L, forall k=1,...,K and s=1,...,t 1.

Our estimated historical decompositions of output attribute cyclical fluctuations primarily to
economy specific combinations of domestic and foreign macroeconomic and financial shocks,
generally mitigated by policy shocks. Indeed, during the buildup to the Global Financial Crisis,
supportive macroeconomic and financial shocks caused a gradual synchronized global cyclical
expansion. During the Global Financial Crisis, adverse macroeconomic and financial shocks
concentrated in the United States caused an abrupt synchronized global cyclical contraction,
mitigated by supportive policy shocks. In the aftermath of the Global Financial Crisis, supportive
macroeconomic and financial shocks contributed to a synchronized global cyclical recovery. This
recovery was derailed by adverse financial shocks in Italy and Spain during the Euro Area
Sovereign Debt Crisis, and in Brazil and Russia in the wake of the Taper Tantrum with the collapse
in commodity prices. The gradual global cyclical expansion underway in most advanced and
emerging market economies has been driven by economy specific combinations of supportive
macroeconomic, financial and policy shocks. On average over time, the relative contribution from
domestic versus foreign shocks is decreasing across economies with their trade openness.

Figure 2. Historical Decompositions of Output
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Note: Decomposes the cyclical component of output m into contributions from domestic macroeconomic m, foreign
macroeconomic =, domestic financial m, foreign financial m, domestic policy m, foreign policy m, and world terms of
trade m shocks.

The approximate multivariate linear rational expectations representation of our DSGE model does
not imply a financial conditions index, conventionally defined as that linear combination of
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financial variables that drives output. Instead, the different components of private domestic
demand are driven by different linear combinations of financial variables. We therefore infer a
financial conditions index from our historical decomposition of output, as the contribution from
financial and monetary policy shocks to it.

Figure 3. Historical Decompositions of Financial Conditions
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Note: Decomposes the financial conditions index m into contributions from domestic housing risk premium m, foreign
housing risk premium m, domestic monetary policy and credit risk premium =, foreign monetary policy and credit risk
premium , domestic duration risk premium m, foreign duration risk premium =, domestic equity risk premium m, and
foreign equity risk premium m shocks.

Across economies and over time, our estimated financial conditions indexes occasionally exhibit
abrupt swings that tend to amplify cyclical output fluctuations. In particular, abrupt tightenings of
financial conditions are associated with cyclical output contractions. Our estimated historical
decompositions of financial conditions reveal the economy specific contributions of domestic and
foreign financial and monetary policy shocks to these cyclical output fluctuations. They indicate
that the compression, decompression and normalization of domestic housing risk premium shocks
contributed substantially to the cyclical output expansions, contractions and recoveries
experienced by Spain, the United Kingdom and the United States before, during and after the
Global Financial Crisis, respectively. In parallel, these foreign housing risk premium shocks
contributed substantially to the cyclical output expansions, contractions and recoveries
experienced by Canada, Germany and Mexico before, during and after the Global Financial Crisis
respectively, primarily transmitted via trade linkages. At the same time, the compression,
decompression and normalization of domestic equity risk premium shocks in the United States
generally contributed substantially to the cyclical output expansions, contractions and recoveries
experienced worldwide before, during and after the Global Financial Crisis respectively, primarily
transmitted via financial linkages to the rest of the world. These cyclical output dynamics induced
by the loosening, tightening and normalization of financial conditions worldwide before, during
and after the Global Financial Crisis respectively were usually mitigated by economy specific
contributions from domestic monetary policy and credit risk premium shocks. During the Euro
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Area Sovereign Debt Crisis, domestic duration risk premium decompression in Italy and Spain
contributed substantially to the further severe cyclical output contractions experienced there, while
mitigating the mild cyclical output contractions experienced by France and Germany via safe
haven capital inflows. Finally, in the wake of the Taper Tantrum, domestic duration and equity
risk premium decompression contributed substantially to the further severe cyclical output
contractions experienced by Brazil and Russia.

Figure 4. Historical Decompositions of Output Volatility
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Note: Decomposes the conditional variance of the cyclical component of output m into contributions from the
conditional variances of domestic macroeconomic m, foreign macroeconomic =, domestic financial m, foreign
financial m, domestic policy m, foreign policy m, and world terms of trade m shocks.

Our estimated historical decompositions of output volatility explain its substantial variation across
economies and over time. Across economies, output volatility is primarily generated by the
conditional variances of macroeconomic shocks, where the relative contribution from the
conditional variances of domestic versus foreign macroeconomic shocks is decreasing with trade
openness. For major net commodity exporters like Australia, Canada and Russia, the conditional
variances of world terms of trade shocks also contribute substantially to output volatility. Over
time, the contribution from the conditional variances of domestic macroeconomic shocks to output
volatility is essentially constant, whereas that from the conditional variances of foreign
macroeconomic shocks exhibits considerable variation, peaking during episodes of trade
disruption, which tend to coincide with bouts of financial market turbulence. Indeed, output
volatility generally peaked worldwide during the Global Financial Crisis. Reflecting the strong
identification of the structural shocks under consideration by our multivariate panel data set, the
approximation errors realized in evaluating our historical decompositions of output volatility are
negligible, amounting to only 0.03 percent of the conditional variance of output in absolute value,
on average across economies and over time.
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Figure 5. Historical Decompositions of Financial Conditions Volatility
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Note: Decomposes the conditional variance of the financial conditions index m into contributions from the conditional
variances of domestic housing risk premium m, foreign housing risk premium m, domestic monetary policy and credit
risk premium =, foreign monetary policy and credit risk premium , domestic duration risk premium m, foreign
duration risk premium m, domestic equity risk premium m, and foreign equity risk premium m shocks.

Although financial conditions volatility generally does not contribute substantially to output
volatility across economies, this contribution does exhibit considerable variation over time. Our
estimated historical decompositions of financial conditions volatility reveal the economy specific
contributions from the conditional variances of domestic and foreign financial and monetary policy
shocks to this time variation. They indicate that financial conditions volatility is primarily
generated by the conditional variances of domestic monetary policy and credit risk premium
shocks, and secondarily by the conditional variances of duration risk premium shocks, which
contribute disproportionally during bouts of financial market turbulence. Indeed, financial
conditions volatility spiked worldwide during the Global Financial Crisis. Across economies, the
relative contribution from the conditional variances of domestic versus foreign duration risk
premium shocks is increasing with financial depth and decreasing with financial openness, with
the conditional variance of duration risk premium shocks in the United States making a dominant
global contribution. In comparison, the conditional variances of housing and equity risk premia
shocks contribute little to financial conditions volatility, and by implication output volatility,
across economies and over time.

V1. CONCLUSION

This paper investigates the sources of macrofinancial fluctuations and turbulence within the
framework of an approximate linecar DSGE model of the world economy, augmented with
structural shocks exhibiting potentially asymmetric GARCH effects. This DSGE model features a
range of nominal and real rigidities, extensive macrofinancial linkages, and diverse spillover
transmission channels. Very strong evidence of asymmetric ARCH effects is found, providing a
basis for jointly decomposing the levels and volatilities of output and financial conditions into time
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varying contributions from sets of shocks. Risk premia shocks are estimated to contribute
disproportionately to cyclical output fluctuations and turbulence during swings in financial
conditions, across the fifteen largest national economies in the world.

Given that asymmetric ARCH effects can signal the omission of nonlinearities from the
conditional mean function, it would be interesting to test whether they still exist after solving our
DSGE model to second order, or generalizing it with time varying parameters. It would also be
interesting to assess the relative empirical adequacy of asymmetric ARCH versus asymmetric SV
effects as representations of volatility clustering in the structural shocks. These computationally
demanding investigations remain objectives for future research.

Appendix A. Data Description

Estimation is based on quarterly data on a variety of macroeconomic and financial market variables
observed for fifteen economies over sample period 1999Q1 through 2017Q4. The economies under
consideration are Australia, Brazil, Canada, China, France, Germany, India, Italy, Japan, Korea,
Mexico, Russia, Spain, the United Kingdom, and the United States. Where available, this data was
obtained from the GDS and WEO databases compiled by the IMF, or from databases produced by
Bloomberg and the Bank for International Settlements. Otherwise, it was extracted from the IFS
database compiled by the IMF, or the ILO database produced by the International Labour
Organization.

The macroeconomic variables under consideration are the core price level, the output price level,
the consumption price level, the quantity of output, the quantity of private consumption, the
quantity of exports, the quantity of imports, the price of housing, the nominal wage, the
unemployment rate, employment, the quantity of public consumption, the quantity of public
investment, the fiscal balance ratio, and the prices of nonrenewable energy and nonenergy
commodities. The core price level is proxied by the seasonally adjusted core consumer price index,
while the output price level is measured by the seasonally adjusted gross domestic product price
deflator, and the consumption price level is proxied by the seasonally adjusted consumer price
index. The quantity of output is measured by seasonally adjusted real gross domestic product,
while the quantity of private consumption is measured by seasonally adjusted real private
consumption expenditures. The quantity of exports is measured by seasonally adjusted real export
revenues, while the quantity of imports is measured by seasonally adjusted real import
expenditures. The price of housing is proxied by a broad residential property price index. The
nominal wage is derived from the quadratically interpolated annual labor income share, while the
unemployment rate is measured by the seasonally adjusted share of total unemployment in the
total labor force, and employment is measured by seasonally adjusted total employment. The
quantity of public consumption is measured by the quadratically interpolated annual real
consumption expenditures of the general government, while the quantity of public investment is
measured by the quadratically interpolated annual real investment expenditures of the general
government, and the fiscal balance is measured by the quadratically interpolated annual overall
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fiscal balance of the general government. The prices of energy and nonenergy commodities are
proxied by broad commodity price indexes denominated in United States dollars.

The financial market variables under consideration are the nominal policy interest rate, the nominal
short term bond yield, the nominal long term bond yield, the price of equity, and the nominal
bilateral exchange rate. The nominal policy interest rate is measured by the central bank policy
rate, while the nominal short term bond yield is measured by the three month Treasury bill yield,
and the nominal long term bond yield is measured by the ten year government bond yield. The
price of equity is proxied by a broad stock price index denominated in domestic currency units,
while the nominal bilateral exchange rate is measured by the domestic currency price of one United
States dollar. All of these financial market variables are expressed as period average values.

Calibration is based on annual data obtained from databases compiled by the IMF where available,
and from the Bank for International Settlements, the World Bank Group or the World Federation
of Exchanges otherwise. Macroeconomic great ratios are derived from the WEO and WDI
databases, while financial great ratios are also derived from the BIS, CPIS and WFE databases.
Bilateral trade weights are derived for goods on a cost, insurance and freight basis from the DOTS
database. Bilateral bank lending and nonfinancial corporate borrowing weights are derived on a
consolidated ultimate risk basis from the BIS database. Bilateral portfolio debt and equity
investment weights are derived from the CPIS and WFE databases.
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Appendix B. Estimation Results

Table 2. Calibrated Parameter Values

a 0.80000 ¢! 0.95000 S 0.02500
a* 0.80000 4" 0.30000 £ 0.20000/ S
B 1/(1+0.04000/ S) ¢ 0.50000 002500
g 0.03999/ S #° 0.70000 e 0.00001/ S
7" 1.50000 ¢" 0.70000 c™ 0 0.10000/ S
P 1.50000 ¢" 0.75000 A 0.25000 / w2
7" 1.50000 ! 0.67500 A 0.50000 / w2
¢ 1/0.10000 ! 0.12500 A 0.75000 / w;’
) 0.01000/ S w 1.00000 AL 0.20000 / w
" 0.10000/ S pt 0.95000 A 0.40000 / w
o 0.10000/ S el 0.80000 A2 0.60000 / w,
5°¢ 0.10000/ S o, 0.80000 A 0.25000/ w,
n 1.00000 Pw 0.80000 A 0.50000 / w,
n* 1.00000 oy 0.40000 s 0.75000 / w?
n° 1.25000 Ds 0.60000 P 0.40000
7" 0.80000 P 0.80000 o 0.40000
7" 0.80000 0. 0.80000 Do 0.40000
7 0.80000 o 1.00000 ey 0.60000
7V 0.80000 ¢ 0.15000 DO 0.80000
‘ 1.00000 0" (1+0.15000) / 0.15000 Do 0.80000
K" 0.10000 0° (1+0.01000/S)/(0.01000/$p,,  0.80000
e 0.50000 £ 2.00000 ey 0.80000
A 0.01000 g 0.50000/ S p.s  0.80000
u* 0.25000 £ 0.10000 P.s 0.80000
u 0.15000 £5 2.00000 D.s 0.80000
o 0.95000 <P 0.050008 oy 0.40000
o (6.00000 1) / 6.00000 = 0.025008 P 0.60000
" (6.00000 —1) / 6.00000 < 0.012508 Poc  0.60000
" (6.00000 —1) / 6.00000 5 0.050008 Por  0.60000
" (6.00000 — 1) / 6.00000 P 0.025008 D 0.40000
o (4.00000 — 1) / 4.00000 Y 0.050008 O 0.80000
o (1.25000—1) /1.25000 Y7 0.012508 o 0.60000
o' (1.50000 — 1) / 1.50000 Z7 0 0.10000/ S
Note: The calibration is a function of the seasonal frequency S, evaluated at S=4.

Table 3. Estimated Parameter Values
o, 1.71x10% *%* o, 1.95x 10" *** @ 1.95x107 ***
o 5.11x10% *** o, 4.69x 107 *** @ 9.41x10% ***
o, 1.22 x 107 *** @, 1.94x 107" #** o, 2.89x 107" **x*
2y 447 x107 **x @, 1.02x1072*** ©,,  3.39x10" ***
o 7.27x10% *** o, 4.54 %107 a, 1.46x107" *#*
@, 9.53x 107" *** o, 2.25x10% *** 7, —1.10x107" ***
o, 2.80x10% *** o, 6.98 x 107" ***
@, 1.74 x 107 *** W ., 7.37x 1072 ***
Note: Statistical significance at the 1, 5 and 10 percent levels is indicated by ***, ** and *, respectively.
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