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I. INTRODUCTION

The dominant empirical framework for the conduct of quantitative monetary and fiscal policy
analysis is the estimated approximate linear dynamic stochastic general equilibrium model. This
class of structural macroeconometric models has many variants, encompassing a wide variety of
markets and transmission mechanisms. Its unifying feature is the derivation of approximate
linear equilibrium conditions from constrained optimization problems facing households and
firms, which interact with governments in an uncertain environment to determine equilibrium
prices and quantities under rational expectations.

This mathematically rigorous approach to structural macroeconometric model development is a
blessing, imposing theoretical coherence on dynamic interrelationships among endogenous
variables while identifying exogenous variables explaining their variation. However, as
discussed in Pesaran and Smith (2011), deriving approximate linear equilibrium conditions from
microeconomic foundations can also be a curse, restricting their empirical adequacy or suitability
for particular applications by complicating or preventing the resolution of systematic prediction
errors. Accordingly, estimated approximate linear dynamic stochastic general equilibrium
models are less widely used for spillover analysis, where they generally fail to fully account for
international business cycle comovement, probably reflecting insufficient conduits for spillover
transmission. They are also less widely used for forecasting, where they often fail to fully adjust
to intermittent structural breaks, likely reflecting overly restrictive cointegrating restrictions.

This paper develops a structural macroeconometric model of the world economy, disaggregated
into thirty five national economies. This panel unobserved components model encompasses an
approximate linear panel dynamic stochastic general equilibrium model, imposing theoretical
coherence at cyclical frequencies, while preserving robustness to intermittent structural breaks at
trend frequencies. This panel dynamic stochastic general equilibrium model features a variety of
nominal and real rigidities, to generate endogenous persistence, as well as extensive
macrofinancial linkages, to further amplify and propagate the effects of shocks. It also features a
variety of international trade, financial and commaodity price linkages, to serve as conduits for
spillover transmission. To circumvent tracking bilateral trade and financial flows, its derivation
imposes functional form restrictions on selected aggregators, and parameter restrictions on
selected equilibrium conditions. A variety of monetary policy analysis, fiscal policy analysis,
spillover analysis, and forecasting applications of the estimated panel unobserved components
model are demonstrated. These include accounting for business cycle fluctuations, quantifying
the monetary and fiscal transmission mechanisms, and generating conditional forecasts of
inflation and output growth. They are based on a Bayesian framework for conditioning on
judgment in estimation and forecasting.

This paper is the sequel to Vitek (2012), which also develops a structural macroeconometric
model of the world economy to facilitate multilaterally consistent monetary policy analysis,
fiscal policy analysis, spillover analysis, and forecasting. These closely related panel unobserved
components models are complements, covering the same economies and markets, while striking



a different balance between theoretical coherence and empirical adequacy. Deriving the
equations governing the evolution of its cyclical components from microeconomic foundations
enhances the theoretical coherence of this panel unobserved components model relative to its
predecessor, while retaining flexible trend component specifications preserves much of its
empirical adequacy. This renders it more suitable for most policy and spillover analysis
applications, but less suitable for forecasting applications.

The organization of this paper is as follows. The next section develops a panel dynamic
stochastic general equilibrium model of the world economy, while the following section
describes an approximate linear panel unobserved components representation of it. Estimation of
this panel unobserved components model of the world economy is the subject of section four.
Monetary and fiscal policy analysis within the framework of the estimated model is conducted in
section five, while spillover analysis is undertaken in section six, and forecasting in section
seven. Finally, section eight offers conclusions and recommendations for further research.

Il. THE PANEL DYNAMIC STOCHASTIC GENERAL EQUILIBRIUM MODEL

Consider a finite set of structurally isomorphic national economies indexed by i e{l,...,N}
which constitutes the world economy. Each of these economies consists of households, firms and
a government, which in turn consists of a monetary authority and a fiscal authority. Households
and firms optimize intertemporally, interacting with governments in an uncertain environment to
determine equilibrium prices and quantities under rational expectations in internationally
integrated output, money, bond, and stock 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 h €[0,1]. Households are differentiated
according to whether they are credit constrained, but are otherwise identical. Credit
unconstrained households of type Z =U and measure ¢ have access to financial markets
where they trade financial assets, whereas credit constrained households of type Z =C and
measure ¢© do not, where 0 <¢” <1, 0<¢° <1 and ¢" +¢° =1. Credit constrained households
are endowed only with one share of each domestic firm.

The representative infinitely lived household has preferences defined over consumption C, ; .,
labor supply L, ;, and real financial wealth A, . /RS represented by intertemporal utility
function

0 A1H_
Uh,i,'[ = EIZIBS4U [Ch,i,s’ Lh,i,s’ o J’ (1)
s=t
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where E, denotes the expectations operator conditional on information available in period t, and
0 < f <1. The intratemporal utility function is additively separable and represents external habit
formation preferences in consumption,

H 7 1-lo H 1-lo
u (Ch,i,sn Lh’iVS, Ah,i,sﬂJ — st I: 1 {Ch,i,s —a Ci,s—lj ViL (Lh,i,s )1+1/l] + ‘/(I\(A"'SHJ :I, (2)

pC 1-1/c ¢ C1+1/7p 1-1/o| RS

where 0 <« <1. This intratemporal utility function is strictly increasing with respect to
consumption if and only if serially correlated intertemporal substitution shock v, satisfies

v, >0, and given this parameter restriction is strictly decreasing with respect to labor supply if
and only if v >0, and is strictly increasing with respect to real financial wealth if and only if
v > 0. Given these parameter restrictions, this intratemporal utility function is strictly concave
if >0 and 7 >0. In steady state equilibrium, v* equates the marginal rate of substitution
between real financial wealth and consumption to one.

The representative household has a precautionary savings motive for holding real financial
wealth, and a portfolio diversification motive over its allocation across alternative financial
assets which are imperfect substitutes. 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.
Preferences over the real values of internationally diversified short term bond B?:,, / RS, long

term bond B, /RS and stock S /PS portfolios are represented by constant elasticity of

substitution intratemporal subutility function

A

A
wh-1 wh-1 wh-1 wh-1

H 1/ pSH \ A& 1 LH A ! H )
| (B, - v [ s S
isHl (¢|VAM )U/ ( h'I'HlJ v +(¢IlfB)W (Ui? h,|,s+1J v +(¢|§)W [Uis,s h,l,s+1J v , (3)
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where internationally and serially correlated duration risk premium shock »® satisfies v, >0,
and internationally and serially correlated equity risk premium shock o»° satisfies v° >0, while
0<g¢h, <1, 0<¢} <1, 0<% <1, ¢, +¢% +¢* =1 and " > 0. Preferences over the real
values of economy specific short term bond {& ; .B;:" ..,/ RS}, long term bond

{& ;B 1/ R and stock {& ;S ... / RS, portfolios are in turn represented by

h.i, j,s+1 hi, j,s+1
constant elasticity of substitution intratemporal subutility functions

A
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where serially correlated curren cy risk premium shocks v, satisfy v{ >0, while 0<¢° <1,
Z gzilj =1, 0<¢’ <land Z qﬁ, ; =1. Finally, preferences over the real values of economy

and vintage specrfrc long term bonds &, . Jkthij s ! PSE 4L and economy, industry and

firm specific shares {{{& ; V., Shi ixisn ! PR otetis are represented by constant elasticity

of substitution intratemporal subutility functions

v
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where 0<¢f, <1, Zk e=1,0<4, <1and Y. 4, =1. Inthe limitas v — 0 there
is no precautionary savings motive for holding real financial wealth, while in the limit as

w" — oo there is no portfolio diversification motive over its allocation across alternative
financial assets which in this case are perfect substitutes.

The representative household enters period s in possession of previously accumulated financial
wealth A . which yields return ih“lHS This financial wealth is distributed across the values of
internationally dlverS|f|ed short term bond B;"!, long term bond By:"l and stock S portfolios
which yield returns |th§ : |hB|L: and Ihls’ respectlvely It follows that

A+HIA )AL = @IS )BT+ @+i5 B+ (L+iS)S! .. The values of these internationally
diversified short term bond, long term bond and stock portfolios are in turn distributed across the
domestic currency denominated values of economy specific short term bond {& . .B>" }" ., long

i,j,s —hijsdj=1"
term bond {& , B, .}, and stock {& ; Sy, .}, portfolios, where nominal blleteraljexchange
rate & . measures the price of foreign currency in terms of domestic currency. It follows that
@+it,) B,f,”S Z L&A l)Bh“js where i°._, denotes the economy specmc yield to
maturity on short term bonds, (1+|hIS )Byit = z _15 J?4(1+|h, JS)BhI 3 S where i’ denotes the
economy specific return on long term bonds, and (1+|h ()Shis = Z (1+|h, i S)Sh, ;s Where
|hI ;s denotes the economy specific return on stocks. The local currency denomrnated values of
economy specific long term bond portfolios {B;" .}, are in turn dlstrlbuted across the values
of economy and vintage specific long term bonds {{V|, ;B ks 21}, where V| denotes the
local currency denomlnated price per long term bond, with V . =1. It follows that
(1+|hI . S)BhI i _Z T}, V5B » Where HJBKS _| VJE‘kk denotes the local currency
denominated coupon payment per long term bond, and 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 {S;" ; .}, are distributed across the

values of economy, industry and firm specific shares {{{V",, ;S\ 1.} ot} ), Where V5 | ¢
denotes the local currency denominated price per share. It follows that

@+iS,)SH . = ZILIO (IT5 16 +Vs)Sniiasdl » where 777, | denotes the local currency

denominated dividend payment per share. During period s, the representative household
supplies labor service L, , earning labor income at nominal wage W, ;. The government levies a
tax on labor income at rate 7, .. These sources of wealth are summed in household dynamic
budget constraint:

A1|-,|i,s+1 = (1+ IP;AIHS)AlHIS + (1_ z-i,s)vvi,s I‘h,i,s - Pi,(gch,i,s' (9)

According to this dynamic budget constraint, at the end of period s, the representative household
holds financial wealth A ., which it allocates between the values of internationally diversified
short term bond B>, long term bond B:;" | and stock portfolios S/ ., that is

h,i,s+1? h,i,s+1 h,i,s+1?

Al =B +Br L +Si .. The values of these internationally diversified short term bond,

h,i,s+1 h,i,s+1 h,i,s+1"

long term bond and stock portfolios are in turn allocated across the domestic currency
denominated values of economy specific short term bond {&, ; .B::" ..}, Igng term bond

i,j,s —h,i,js+
{gl sBlﬂln_lH sﬂ\};\‘:l and StOCk {&,j,ssr:-,{i,j,sﬂ}"\l:l porthIiOS SUbjeCt to Bh,},s+l = Z -:lgi,j,s Bhsl|-;s+l !
BLH =SV B and SHLL =Y £ .S ively. The focal

st = 2 s ANd Spicy =2 0 & respectively. The local currency

10,8 hi,j,s+1
denominated values of economy specific long term bond portfolios {B;;" . ,}}, are in turn

hi, j,s+1
allocated across the local currency denominated values of economy and vintage specific long
B LH N ; LH _ s B LH

term bonds {{lek,sBh,i,j,k,s+l}i:l}j:1 subject to BW;J"S” = Zkzlvj’kzs B ik - IN parallel, the local
currency denominated values of economy specific stock portfolios {S;; . .,,}}, are allocated
across the local currency denominated values of economy, industry and firm specific shares

s H 1 M N ; H _\M s H ;
{{{-\/j,k,l,ssh_,i,j,k,l,s+1}|=0}k=1}j=1 SUbJECt FO Sh,i,j,s+l - Zkzl_[ovj_,k,l,ssh,i,j,k,l,s+1d| ' Fln_a”y’ the
representative household purchases final private consumption good C, ; , at price P .

Credit Unconstrained Households

In period t, the representative credit unconstrained household chooses state contingent
sequences for consumption {C, ; .}, , labor supply {L,; .}, , financial wealth {A ..}~ short

s=t ! s=t !
term bond holdings {{B;:" .,.}} .37, long term bond holdings {{{B";" , ...} .}|.}7, and stock
holdings {{{{Sy 1. o tka )1 )o, to maximize intertemporal utility function (1) subject to
dynamic budget constraint (9) and terminal nonnegativity constraints Br?,’i'j-,m >0, B;;'j.vkym >0
and S; ;. 7,. =0 for T —co. In equilibrium, abstracting from the precautionary savings motive

the solutions to this utility maximization problem satisfy intertemporal optimality condition

Buc(h,i,t+1) PS
" oug(hit) PS

it+1

L+it ) =1, (10)

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



Cu it W
—uc(h,i,t)_(l Z) pe (11)

it

which equates the marginal rate of substitution between leisure and consumption to the after tax
real wage. Abstracting from risk premium shocks, the expected present value of the gross real
risk adjusted portfolio return satisfies intratemporal optimality condition

c it u i R e el
qﬁ'“”;qﬁ”{“E' uc(hit) U (hit) P .11{(1““'””) i Ei }

(12)

1-y*
N hi,t+1) u. (h,i,t) PS i Vi €
py B B ﬂuc( 14 1k Vi G
¢Z¢Z¢{ i ubio R o)~ Vie &

i,jit

1*1//“
N M C
A s 3 ﬂU (h,i,t+1) u, (hi,t) R e ijll+1+vjklt+1g|j‘l+l
1+i%, ) — dl =1,
+¢Z¢Z¢I{ RO BTN CRE L A P §

Jk Lt i,jt
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which relates it to the expected present values of the gross real risk adjusted returns on domestic
and foreign short term bonds, long term bonds, and stocks. Furthermore, abstracting from the
portfolio diversification motive these solutions satisfy intratemporal optimality condition

,Bu (h,i,t+1) P
= u (h,i,t) PC

i,t+1

E
{(1+i§t)—(1+iit) ;*”1} UAEE’:’E;( —Vi) (13)

i,j.t

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

Puc(hit+1) RS _L V.Bm _u (i) .

i,t+1

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 these
solutions satisfy intratemporal optimality condition

)Bu (h!|1t+1) (1+i'S)_Hi?k,|,t+l+\/i,sk,|,t+l A(halat) S
= (h,it) 3 E VS (it "

i,t+1

1-03), (15)

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 credit unconstrained household allocations.
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Credit Constrained Households

In period t, the representative credit constrained household chooses state contingent sequences
for consumption {C, ; .}7, and labor supply {L, ; .}, to maximize intertemporal utility function
(1) subject to dynamic budget constraint (9). In equilibrium, the solutions to this utility
maximization problem satisfy household static budget constraint

Pi,?Ch,i,t = 17|st +@=7 )W, L (16)

which equates consumption expenditures to the sum of profit and disposable labor income. These
solutions also satisfy intratemporal optimality condition

u, (h,it W,

AL L S b ar)

e (h,i,t) P
which equates the marginal rate of substitution between leisure and consumption to the 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.

B. The Production Sector

The production sector consists of a finite set of industries indexed by k e{L,...,M}, of which the
first M * produce commodities. In particular, the energy commaodity industry labeled k =1 and
the nonenergy commaodity industry labeled k =2 produce internationally homogeneous goods
for foreign consumption under decreasing returns to scale, while all other industries produce
internationally differentiated goods for domestic and foreign consumption under constant returns
to scale. Labor is perfectly mobile across industries.

Output Demand

There exist a large number of perfectly competitive firms which combine industry specific final
output goods {Y; , .}, to produce final output good Y;, according to Leontief production
function

Y, - min{“y} , (18)

bk J k=

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

Yi,k,t = ¢lTkYi,t' (19)

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:
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M
P:Yt = Z¢|Yk PiTk,t' (20)
k=1
This aggregate output price index equals the minimum cost of producing one unit of the final
output good, given the prices of industry specific final output goods.

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

oy
ikt
T T O

Vit = j.(Yi,k,I,t) At dl , (21)

where serially uncorrelated output price markup shock @, , satisfies 8!, , >1 with 8/, =6",
while 9, =6, for I<k<M* and @), , =, 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:

p 6y
Yi,k,l,t :( Fl,:jlt} Yi,k,t' (22)
ikt

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 1
Y 10
Pl { [IGH dl} : (23)
0

As the price elasticity of demand for industry specific intermediate output goods 8, , increases,
they become closer substitutes, and individual industry specific intermediate output good firms
have less market power.

Output Supply

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.

The representative industry specific intermediate output good firm sells shares to domestic and
foreign households at price V,5 | , . Acting in the interests of its shareholders, it maximizes its
pre-dividend stock market value, which abstracting from the precautionary savings motive equals
the expected present value of current and future dividend payments
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2 A
Hi?k,l,t +Vi,Sk,I,t = EtZTE?k,l,s’ (24)
s=t it

where A4, . denotes the Lagrange multiplier associated with the period s household dynamic
budget constralnt. The derivation of this result imposes a transversality condition which rules out
self-fulfilling speculative asset price bubbles.

Shares entitle households to dividend payments equal to profits /7’ , ., where earnings are
defined as revenues derived from sales of industry specific differentiated intermediate output
good Y, atprice P} . less expenditures on labor service L, :

|k|s (1 TIS)( ikls |k|s Vvi,sLi,k,I,s)' (25)

The government levies a tax on earnings at rate 7, .. The representative industry specific
intermediate output good firm rents labor service L, ; to produce differentiated intermediate
output good Y, , | according to production function

|kIs A| (lels) ’ (26)

where serially correlated productivity shock .4, ; satisfies A4 ; >0, while 0 < ¢, <1 with ¢ <1
for 1<k <M * and ¢- =1 otherwise.

In period t, the representative industry specific intermediate output good firm chooses a state
contingent sequence for employment {L, ,, .}-", to maximize pre-dividend stock market value
(24) subject to production function (26). In equilibrium, labor demand satisfies necessary first
order condition

W, L
iL(l_Z_iy) YIt i kIt
¢k I:)i,k,tYi,k,I,t
where P\ @, denotes the Lagrange multiplier associated with the period s production

technology constraint. This necessary first order condition equates real marginal cost @, |, to
the ratio of the after tax industry specific real wage to the marginal product of labor.

cDi,k,u = , (27)

In an extension of the model of nominal output price rigidity proposed by Calvo (1983) along the
lines of Smets and Wouters (2003), each period a randomly selected fraction 1- @, of industry
specific intermediate output good firms adjust their price optimally, where 0< @, <1 with

o, =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
i 15
Pl | [ Ps
e T 2
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where 0<y, <1 with =0 for 1<k <M™*and y, =" otherwise. Under this specification,
although intermediate output good firms adjust their price every period, they infrequently do so
optimally, 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 t, then it does so to maximize pre-dividend stock market value (24) subject to
production function (26), industry specific intermediate output good demand function (22), and
the assumed form of nominal output price rigidity. Since all intermediate output 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:

Y

s 7: 5Y 1_7: Y s Y * _Ulv,ks
< B A Pl Pt Pls P
. EtZ(a)lj )S ' /’L elYk s ik,ls P\’(k't : ngk’t : P\f P\(kt PlYk SYI k,s
Pij(k‘t s=t it ik,s—1 ik,s-1 ikt ikt (29)

Pl = 1 Okst N
Ky ﬂs t PY PY B PY P‘(, Tks
E st /7 “Hs —l 1 T ik,t-1 J,k,t 1 ik,s ikt PY Y
D T k| e B ooy I A o B S

it Kt

This necessary first order condition equates the expected present value of the after tax revenue
benefit generated by an additional unit of output supply to the expected present value of its
production cost. Aggregate output price index (23) equals an average of the price set by the
fraction 1- @, of intermediate output good firms that adjust their price optimally in period t,
and the average of the prices set by the remaining fraction @, of intermediate output good firms
that adjust their price according to partial indexation rule (28):

10t | 1-67y

w o= -7
(l @ )( Y *\1- 0.“ a)Y [ PuyktlJ ( Plthl} PY (30)
k ikt k 5 ik,t-1 '

Y Y
Piia) P

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

C. 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,

& _H( Jt)ln Q= H(th)'“ (31)
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&

where the real bilateral o h% e % MQ satisfies Q ;= , and bilateral trade weight
w , , satisfies w, 1; S+ ggm'l J Furthermore the térms of trade 7;, equals the ratio
of the internal terms of trade {6 the extethal terms of trade,
T: P P
T o=t Xt gMm__t (32)
Tt RSB,

where the internal terms of trade 7,7 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 8,*, Pl =R forl<k<M*,
which implies that

Fﬁt:ZW gl*ltplit’ (33)
where R, denotes the quotation currency denominated price of energy or nonener%/
E.. P,
commodities, and world output weight w, satisfies w/, = = 'F; \'(t ' with PYY, = 16|*|tP|tY|t

The Export Sector

There exist a large number of perfectly competitive firms which combine industry specific final
output goods {X; ., to produce final export good X;, according to Leontief production
function

X M
X = L 34
mln{ ¢x } (34)

k' Jk=1

where X; =Y, for 1<k <M*, while 0<¢’, <1 and Z ¢5, « =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 output goods, implying demand functions:

= ¢|ﬁ<xi,t' (35)

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
RY =2 #iPlc (36)
k=1
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 output goods.

The Import Sector

There exist a large number of perfectly competitive firms which combine the final
noncommodity output good Z e{C,, G} with the final import good Z e{C/,G/"} to
produce final private or public consumptron good Z;, €{C,,,G, } according to constant
elasticity of substitution production function
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N

Z.t—[(é'?v)w(zi'})'”MJr(é )" (v .t)w ] N (37)

where serially correlated import demand shock v satisfies v/t >0, while 0<¢? <1,

0<¢2 <1, ¢° +¢5, =1 and " >0. The representative final consumption good firm
maximizes profits derived from production of the final private or public consumption good, with
respect to inputs of the final noncommodity output and import goods, implying demand
functions:

A AN
Zirjt = ¢|DY i_t] Zi,t’ ZiTt :¢ L j _Mt (38)

z M pZ
R Vie By

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

M

y pr
P | g Py g, (—] . )

it

Combination of this aggregate consumption price index with final noncommodity output and
import good demand functions (38) yields:

M M

ZM 1_V/M 1-y
e ¢.,DY+¢.,DM[ ; J

it

M

Y g
Zi Z =80 | 8 + 85 | = —=. (40)
Vit

it

These demand functions for the final noncommodity output and import goods are directly
proportional to final private or public consumption good demand, with a proportionality
coefficient that varies with the external terms of trade.

Import Demand

There exist a large number of perfectly competitive firms which combine economy specific final
import goods {M, ; }\; to produce final import good M, according to Leontief production
function

N
M.
M, = min{vft —'M”} , (41)

1] j=1

where serlally correlated export demand shock v/, satisfies v, >0, while ¢ =0, 0<¢" <
and Z 71¢, ; =1. The representative final import good firm maX|m|zes proflts derived from
production of the final import good with respect to inputs of economy specific final import

goods, implying demand functions:
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M;
L= vXYt . (42)
it

M

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:
pM :i¢m Pll\jlt (43)
it (]} X "

j=1 Vit

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.

There exist a large number of perfectly competitive firms which combine economy specific
differentiated intermediate import goods M, ;,, supplied by economy specific intermediate
import good firms to produce economy specific final import good M. .. according to constant
elasticity of substitution production function
o
S T

M, = j(Mi,,—,.,l) “odl|, (44)

it

where serially uncorrelated import price markup shock ' satisfies 4y >1 with oM =0 . The
representative economy specific final import good firm maximizes profits derived from
production of the economy specific final import good with respect to inputs of economy specific
intermediate import goods, implying demand functions:

P -6
it
Mi,j,l,t :( P.:\{' ] Mi,j,t- (45)

it

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

1

M i M 16 -6y
Ry =Ry, ) di | . (46)
0

As the price elasticity of demand for economy specific intermediate import goods 67 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 | €[0,1]. Intermediate import good firms supply economy specific
differentiated intermediate import goods, but are otherwise identical.
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The representative economy specific intermediate import good firm sells shares to domestic and
foreign households at price V", . Acting in the interests of its shareholders, it maximizes its pre-
dividend stock market value, which abstracting from the precautionary savings motive equals the
expected present value of current and future dividend payments:
© —t/*t
HI]|I+VI’\;I|'[_EZ ISHM

i,j,ls"
The derivation of this result imposes a transversality condition which rules out self-fulfilling
speculative asset price bubbles.

(47)

Shares entitle households to dividend payments equal to profits /7, ., defined as earnings less
fixed costs F ;-

HM _ PM

i,j,l,s = i, jls

M £ PXM F .. (48)

ijls ™ “ijstjs Vijls T Vijs

Earnings are defined as revenues derived from sales of economy specific differentiated
intermediate import good M, ;, . atprice R", . 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, generating zero profit on average.

In an extension of the model of nominal import price rigidity proposed by Monacelli (2005)
along the lines of Smets and Wouters (2003), each period a randomly selected fraction 1— " of
economy specific intermediate import good firms adjust their price optimally, where 0< o™ <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

pM 14 M P pY Hix 7" |3M L M= g PY Hik =
Pi’l\J{IYIYt — i;vjl,t—l H i*it kY,t _i,’\jl,t—l H _I it kYI IJIt_l’ (49)
Pi,j,t-z k=1 gi*,i,t—l Pk,t—l Pi,j,t_z k=1 5.* i, t—lPk t-1
where 0< ™ <1, while g =" 4, with g, = u ;k‘ and x> 0. Under this specification,

the probability that an intermediate import good firm has adjusted its price optimally is time
dependent but state independent.

If the representative economy specific intermediate import good firm can adjust its price
optimally in period t, then it does so to maximize pre-dividend stock market value (47) subject
to economy specific intermediate import good demand function (45), 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 R"." given by necessary first order condition:
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This necessary first order condition equates the expected present value of the revenue benefit
generated by an additional unit of import supply to the expected present value of its production
cost. Aggregate import price index (46) equals an average of the price set by the fraction 1— "
of intermediate import good firms that adjust their price optimally in period t, and the average of

the prices set by the remaining fraction " of intermediate import good firms that adjust their
price according to partial indexation rule (49):

1
" M -6 | -6}
144 w7 = 144 5 = e 7 " (51)
pY &P, pM w (£ pY
(1 ® )(P|M )1(} +60M i jt-1 l_l i*it 7I.J.F1 l I _ i ,|‘(7k‘( P|M § )
" Pi,h?,t—z k=1 SI ,|,:—1Pkn—1 Pi,’\J{I,t—z k=1 gi*.i,:—1PL<Tt—1 S

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

o

M
Rlis

D. Monetary and Fiscal Policy

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

The Monetary Authority

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

if =10 =P T )+ =P & (25 —F) + &) (Y, —InY, ) +£2(INQ, ~InQ, )
(52)
+E (5 TN +E NG, —In&, ) ]+v],

where 0< p! <1, £7 20, & 20, &7 20, & >0 and & >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 contemporaneous deviation of consumption
price inflation from its target value with & >1, as well as the contemporaneous deviation of
output from its steady state equilibrium value with §jY > 0. Under a managed exchange rate
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regime j=1, and it is also increasing in the contemporaneous deviation of the real effective
exchange rate from its steady state equilibrium value with §jQ > 0. Under a fixed exchange rate
regime j =2, and the deviation of the nominal policy interest rate from its steady state
equilibrium value is instead increasing in the contemporaneous deviation of the nominal policy
interest rate for the economy that issues the anchor currency from its steady state equilibrium
value with 5} =1, as well as the contemporaneous deviation of the corresponding nominal
bilateral exchange rate from its steady state equilibrium value with gf =1. For economies
belonging to a currency union, the target variables entering into their common monetary policy
rule are expressed as output weighted averages across union members. Deviations from this
monetary policy rule are captured by mean zero and serially uncorrelated monetary policy shock
vi'z .

The Fiscal Authority

The fiscal authority implements fiscal policy through control of public consumption and the tax
rate applicable to the labor income of households and the earnings of intermediate good firms. It
can transfer its budgetary resources intertemporally through transactions in the domestic money
and bond markets. Considered jointly, the rules prescribing the conduct of this distortionary
fiscal policy are countercyclical, representing automatic fiscal stabilizers, and are consistent with
achieving a public financial wealth stabilization objective.

Public consumption satisfies an acyclical fiscal expenditure rule exhibiting partial adjustment
dynamics of the form

Gi, CEi t Gy éi t-1 o A 'E\ t41 G
_ = — S +(1- : = +Vi 53
v Y., Ps ( v A-ps)¢ P.IY.t Pi,YtYi,t Vit (53)

it it-1 it-1

where 0< p, <1 and ¢© >0. As specified, the deviation of the ratio of public consumption to
steady state equilibrium output from its steady state equilibrium value depends on a weighted
average of its past deviation and its desired deviation, which in turn is increasing in the
contemporaneous deviation of the ratio of national financial wealth to nominal output from its
target value. Deviations from this fiscal expenditure rule are captured by mean zero and serially
uncorrelated fiscal expenditure shock v, .

The tax rate applicable to the labor income of households and the earnings of intermediate good
firms satisfies a procyclical fiscal revenue rule exhibiting partial adjustment dynamics of the
form

T _Z_—i't :pf(Ti,t—l_Z_—i,t_l)"'(l—pr)é/r( A‘:Hl _ A,t+1 ] T

—— |tV 54
R, B, ) 4
where 0< p <1 and {* <0. As specified, the deviation of the tax rate from its steady state
equilibrium value depends on a weighted average of its past deviation and its desired deviation,
which in turn is decreasing in the contemporaneous deviation of the ratio of public financial
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wealth to nominal output from its target value. Deviations from this fiscal revenue rule are
captured by mean zero and serially uncorrelated fiscal revenue shock v/, .

The yield to maturity on short term bonds depends on the contemporaneous nominal policy
interest rate according to money market relationship:

iis,t = iiF,)t +Uii,st' (55)
Deviations from this money market relationship are captured by mean zero and internationally
and serially correlated credit risk premium shock ui‘i :

The fiscal authority enters period t in possession of previously accumulated financial wealth A
which yields return |It This financial wealth is distributed across the values of domestic short
term bond B¢ and long term bond B¢ portfolios which yield returns i " and iﬁL'G ,
respectlvely it follows that (1+|It )At (L+iS, )BSC +(L+if, )B-S, where

(1+if, )BSC =Zk 1(IYIBkt +Vi3 )BLG, with 775, =iV, and V5, =1. At the end of period
t, the fiscal authority levies taxes on the labor income of households and the earnings of industry
specific intermediate output good firms at rate ;. In equilibrium, this distortionary tax
collection framework corresponds to proportional output taxation, and tax revenues satisfy

T, =7, PYY,,. These sources of public wealth are summed in government dynamic budget

ittt

constralnt

R 1 M 1

Ao = W+HEDAS + 7, W L dh+ > [ (RY Y =W Ly Jd = PSG (56)
0 k=1 o

According to this dynamic budget constraint, at the end of period t, the fiscal authority holds

financial wealth AS,,, which it allocates between the values of domestlc short term bond B¢

||t+1

and long term bond B.¢, portfolios, that is AS,, = B3¢, +B.¢, where B'S, = zkl 5 BLC

i,it+1 ||t+l i,it+1

Finally, the fiscal authority purchases final public consumption good G, at price BS.

E. Market Clearing Conditions

A rational expectations equilibrium in this panel dynamic stochastic general equilibrium model
of the world economy consists of state contingent sequences of allocations for the households
and firms of all economies which solve their constrained optimization problems given prices and
policies, together with state contingent sequences of allocations for the governments of all
economies which 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 and the government,

Xi,t = Yi,t - Cir,]t - Gir,]t , (57)
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where X;, = ZLX”’t and X;,, =M,;,. Clearing of the final import good market requires that
imports M, equal the total demand of domestic households and the government for the foreign

final export good:
M it = Ci,ft + Gi,ft' (58)

In equilibrium, combination of these final output and import good market clearing conditions
yields aggregate resource constraint,

PuIYut = Pi,[t)Di,t + Pl)t( Xi,t - P.“tﬂ Mi,t’ (59)

where the price of domestic demand satisfies P? = RS = RS, which implies that domestic
demand satisfies D,, =C,, +G,.

Let A,,, denote the net foreign asset position, which equals the sum of private financial wealth
A", and public financial wealth A%,

Apa= A',Dnl + A(,Buli (60)

where private financial wealth equals the sum of household financial wealth A’ ; and firm
financial wealth A7, thatis A", = A", + A’ With A", =-V;3. Abstracting from all financial
asset holdings but domestic short term bond and stock holdings, the imposition of equilibrium
conditions on household dynamic budget constraint (9) reveals that the increase in private
financial wealth equals private saving:

A’?Hl - Apt = iiS,t—lBiS,iv,tP +17|St +(1- Tit Vvi,t Li,t -PRSC (61)

ittt

Abstracting from domestic long term bond holdings, the imposition of equilibrium conditions on
government dynamic budget constraint (56) reveals that the increase in public financial wealth
equals public saving, or equivalently that the fiscal balance FB,, = A5, — A5 equals the sum of
net interest income and the primary fiscal balance PB,, =z, P}Y,, —P$G,,:

ittt it it it

A(,sm - AGt = iiS,t—lBiS,i',? 7T, Pi,YtYi,t - Pi,ct;Gi,t' (62)

Combination of these household and government dynamic budget constraints with aggregate
resource constraint (59) reveals that the increase in net foreign assets equals national saving, or
equivalently that the current account balance CA , = A ,, — A, equals the sum of net
international investment income and the trade balance TB,, =P} X;, —PY M, :

A,t+l - A,t = iis,t—lBiéi,t + Pl)t< Xi,t - P.htﬂ Mi,t' (63)

The trade balance equals export revenues less import expenditures, or equivalently nominal
output less nominal domestic demand.

I1l. THE PANEL UNOBSERVED COMPONENTS MODEL

Estimation, inference and forecasting are based on an approximate linear panel unobserved
components representation of this panel dynamic stochastic general equilibrium model of the
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world economy. Cyclical components are modeled by linearizing equilibrium conditions around
a stationary deterministic steady state equilibrium which unless stated otherwise abstracts from
long run balanced growth, featuring zero inflation and net financial asset holdings.? In contrast,
trend components are modeled as independent random walks, conferring robustness to
intermittent structural breaks. As an identifying restriction, all innovations are assumed to be
independent, which combined with our distributional assumptions implies multivariate
normality.

In what follows, X;, denotes the cyclical component of variable x; ,, while X; , denotes the trend
component of varlable x; . - Cyclical and trend components are additively separable, that is

Xig =% +X . Furthermore E, x;,, denotes the rational expectation of variable X, associated
with economy i, conditional on information available at time t. In addition, bilateral weights

w/; 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
parallel, bilateral weights w, for evaluating the portfolio weighted average of domestic currency
denominated variable x;, across the investment destinations of economy i are based on debt for
Z =B and equity for Z =S. Finally, world weights w’” for evaluating the weighted average of
variable x;, across all economies are based on output for Z =Y, money market capitalization
for Z =M, bond market capitalization for Z =B, and stock market capitalization for Z =S .

A. Cyclical Components

The cyclical component of output price inflation 7, depends on a linear combination of its past
and expected future cyclical components driven by the contemporaneous cyclical components of
the labor income share, output and the internal terms of trade according to output price Phillips
curve,

Y R HS
ﬁrt:y—yﬁthfl*'LyEtﬁ'iYm (1 0))(1 a)ﬂ) Yl InYit_L —In \I(t_lneY
UL e g Ay ) 001 ey R (64)
Y ) ~
+iyln L +Lln7’it +—'7?(L)Aln i
0 "4i,t Yi ‘ Y'

where output price markup shock In 49Y =g’ o with 5.t ~1id N(O ) The cyclical
component of output price inflation also depends on contemporaneous past and expected future
changes in the cycllcal .component of the internal terms of trade, where polynomial in the lag
operator RB(L)=1- L— ﬁ E.L™. The response coefficients of this relationship vary
across economies wrth tﬁelr trade openness.

The cyclical component of consumption price inflation 7, depends on a linear combination of
its past and expected future cyclical components driven by the contemporaneous cyclical

ags - S
2 In steady state equilibrium A =vE =v* =vE =v® =7 =1, v =" =y =T =0, VM HM /(6™ -1), and
2 _ 2 2 _ 2 _ 2 _ 2 _ 2 _ 2 _ 2 _ 2 2 _ 2 _ 2 _ _
O i =0 =Oni =0, i=O0x;=O0m;=0,ir;=0,is;=0;=05;=0:;=0s; =0, _Geﬁk =0.
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components of the labor income share, output and the internal terms of trade according to
consumption price Phillips curve,

v =S
oo P e B e (o) wﬂ){ 1 {my _ L nfh g,
-7 Rt (65)

T, =——um,,+———E
it 1+7Yﬂ it-1 1+7Yﬂ t |,t+l W (1+7/ ﬁ)
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where import demand shock Invi; = =P Inv 1+<9,t with 5” ~iid V(0,67%, ). The cyclical
component of consumption price inflation also depends on contemporaneous past and expected
future changes in the cyclical component of the external terms of trade. The response coefficients
of this relationship vary across economies with their trade openness.

The cyclical component of output In\fiyt depends on a weighted average of its past and expected
future cyclical components driven by the contemporaneous cyclical component of the real ex
ante portfolio return according to output demand relationship,

1 X, . v
Y, =—%_InY, ,+——E In¥, ,—|1-2t 1-¢°)o —E (jﬂ +In "*1]
lva " lta e [ Y, ]{ { TS
, (. T _ .
_¢c732(L){InYm—l_lrfm+)\:'(ln T:“I" +Inv ]H—(SPZ(L)MGM}
i i it i

M) T M, M) T
+7>(|_){ i[Zw In— o L _Inv, J { JZ; (1-J|n o —Yi(l— Di]ln o }

where export demand shock Inv/y = p , Inv;; 1+g,t with g,t ~iid AV(0,0% ). Reflecting the
existence of credit constraints, the cycllcal component of output also depends on the
contemporaneous, past and expected future cyclical components of output the output tax rate
and the terms of trade, where polynomial in the lag operator 7 (L) = 1— L— E.L*. In
addition, the cyclical component of output depends on the contemporaneous past and expected
future cyclical components of public domestic demand. Finally, reflecting the existence of
international trade linkages, the cyclical component of output depends on the contemporaneous,
past and expected future cyclical components of export weighted foreign demand, as well as the
export weighted average foreign external terms of trade and the domestic external terms of trade.
The response coefficients of this relationship vary across economies with the size of their
government and their trade patterns.

(66)

The cyclical component of domestic demand In [A)i,t depends on a weighted average of its past
and expected future cyclical components driven by the contemporaneous cyclical component of
the real ex ante portfolio return according to domestic demand relationship,
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where intertemporal substitution shock Inv; = p ¢ Inv;, 1+5.t with 5.t ~iid V(0,07% ).
Reflecting the existence of credit constraints, the cycllcal component of domestic demand also
depends on the contemporaneous, past and expected future cyclical components of output, the
output tax rate, and the terms of trade. Finally, the cyclical component of domestic demand
depends on the contemporaneous, past, and expected future cyclical components of public
domestic demand. The response coefficients of this relationship vary across economies with the
size of their government and their trade openness.

The cyclical component of the nominal ex ante portfolio return Etﬂﬁjl depends on the
contemporaneous cyclical component of the short term nominal market interest rate according to

return function:
B" Vi, gH N Ve
Ino?, + In25 1— 2 =MW | InoS, +In—2= | (68)
ot it ghne | S e

Reflecting the existence of internal and external macrofinancial linkages, the cyclical component
of the nominal ex ante portfolio return also depends on contemporaneous domestic and foreign
duration risk premium, equity risk premium, and currency risk premium shocks. Auxiliary
parameters y° and y° are theoretically predicted to equal one, and satisfy »°® >0 and y°* >0.
The response coefficients of this relationship vary across economies with their domestic and
foreign flnanmal exposures The cyclical component of the real ex ante portfolio return E,f
satisfies E,f}, =E 5, —E 25,

apH
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The cyclical component of the nominal policy interest rate 1% depends on a weighted average of
its past and desired cyclical components according to monetary policy rule,

=l + (- pj)(gwwa InY, +§.Q|th+§!fki+§ InSkt)+g,t , (69)

where monetary policy shock g,t ~iid V(0,02 i ) Under a flexible inflation targeting regime
j =0, and the desired cyclical component of the nomlnal policy interest rate responds to the
contemporaneous cyclical components of consumption price inflation and output. Under a
managed exchange rate regime j =1, and it also responds to the contemporaneous cyclical
component of the real effective exchange rate. Under a fixed exchange rate regime j=2, and
the cyclical component of the nominal policy interest rate instead responds to the
contemporaneous cyclical component of the nominal policy interest rate for the economy that
issues the anchor currency, as well as the contemporaneous cyclical component of the
corresponding nominal bilateral exchange rate. For economies belonging to a currency union, the
target variables entering into their common monetary policy rule are expressed as output
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weighted averages across union members. The cyclical component of the real policy interest rate
N : f AP -A AC
., satisfies £\ =1 —E 7.,
The cyclical component of the short term nominal market interest rate |,St depends on the
contemporaneous cyclical component of the nominal policy interest rate according to money
market relationship,

IS =0" 40, (70)
where credit risk premlum shock !, = A" ZLW- Q=AM with V= P, ,SvIt . +g,t
and S.t ~iid V(0,07 is ) The |nten3|ty of mternatlonal money market contagion varies across

economies, with k = 0 for advanced economies, k =1 for emerging economies with capital
controls, and k =2 for emerging economies without capltal controls. The cyclical component of
the short term real market interest rate £ satisfies 3 =15 —E, 25,
The cyclical component of the long term nominal market interest rate I, depends on its expected
future cyclical component driven by the contemporaneous cyclical component of the short term
nominal market interest rate according to bond market relationship,

ﬂEt |t+1 ﬂﬂ (i:i —In 0il,3t ) (71)

where duratlon rlsk premium shock Ing] = Ak Z w? % +(1 AWE) InvE, with

InvS =p, Inv5, 1+<9,t and g,t ~iid NV (0,07, ) The |nten3|ty of international bond market
contaglon varies across economies, with k = 0 for advanced economies, k =1 for emerging
economies with capital controls, and k =2 for emerging economies without capital controls.
The cyclical component of the long term real market interest rate f,'; satisfies the same bond
market relationship, driven by the contemporaneous cyclical component of the short term real
market interest rate.

The cyclical component of the price of equity In\?ii depends on its expected future cyclical
component driven by the expected future cyclical component of profits and the contemporaneous
cyclical component of the short term nominal market interest rate according to stock market
relationship,

InV; = BE, InV;3,, + 1~ B)E, In I, — (i3 —In DY), (72)
where eqmty risk premslum shock InoS = A2 " W Inv +(1 22w ) InvS, with
Inv’ =p NV +&, and g,t ~ iid N(O o' ) The |ntenS|ty of international stock market

contaglon varies across economies, with k = 0 for advanced economies, k =1 for emerging
economies with capital controls, and k =2 for emerging economies without capital controls.

The cyclical component of profits In ﬁf‘t depends on the contemporaneous cyclical components
of nominal output, the output tax rate, and the labor income share according to profit function,
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11}, Y NY'M(D -« A
n‘2s =g [y, -7z, |-(0" ~n| 1Y Ylln w1 LG D Sng
PLt 1—ri n 0 .,4Lt ocl-al, Y, Y, ' (73)

X a H 2 i IZATX
_a[D'In D“_l—gln Gi,t—l]:|_)<l[ AI',:,, +|n‘;i’fJ ’
Y, Y, Y, Ti,t

where productivity shock In ,21“ =p,In A,t L +&y with g7 ~iid M(0,07%,). Auxiliary
parameter 7 is theoretically predicted to equal one, and satisfies 7 = ai The response
coefficients of this relationship vary across economies with the size of their government and their
trade openness.

The cyclical component of the nominal bilateral exchange rate In éi,i*,t depends on its expected
future cyclical component driven by the contemporaneous cyclical component of the short term
nominal market interest rate differential according to foreign exchange market relationship,

~E
I Sll* E Ingll *t+1 {(i:st _i;f,t)+ Ylgt :|' (74)

i*t

where currency risk premium shock Inv, = p . Inv;, 1+g ~ with S.t ~iid N'(0,5% ). For
economies belonging to a currency union, the varlables entering into their common forelgn
exchange market relationship are expressed as output weighted averages across union members.
The cyclical component of the real bilateral exchange rate Ing i, satisfies

ING,.., =In& . +INP., ~InpPY 3

The cyclical component of the internal terms of trade InZ; ¥ depends on the contemporaneous
cyclical components of the relative domestic currency denomlnated prices of energy and
nonenergy commodities according to internal terms of trade function:

-1
WX )X P
In7% 1_in Sk p Lk (75)
Y. k=1 Xi k=1 xi P,Yt

The response coefficients of this relationship vary across economies with their trade openness
and commaodity export intensities.

The change in the cyclical component of the external terms of trade In ﬂ” depends on a linear
combination of its past and expected future cyclical components driven by the contemporaneous
cyclical component of the deviation of the import weighted average real bilateral exchange rate
from the external terms of trade according to import price Phillips curve,

® The cyclical component of the nominal effective exchange rate In& , satisfies InS = Iné‘“* Nl w, y " In 5“ .t
while the cyclical component of the real effective exchange rate InQIt satisfies Ith NQ =2, W fInQ . .
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where In O = Zilvvi“fj Inv,, while import price markup shock Ing% = g’ with

gft ~iid NM(O, opt ’i). The change in the cyclical component of the external terms of trade also
depends on the contemporaneous cyclical components of the domestic and import weighted
average foreign internal terms of trade. In addition, the change in the cyclical component of the
external terms of trade depends on the contemporaneous, past and expected future cyclical
components of output price inflation and the change in the internal terms of trade, where
polynomial in the lag operator (L) =1— 1+7M(1_1“_i 5 L— Mﬂﬂ(l_ < E, L. Finally, the change in
the cyclical component of the external termsyorﬂ ﬂaﬁe depenyds on'the contemporaneous, past and
expected future cyclical components of the domestic currency denominated Prices of energy and
nonenergy commaodities, where polynomial in the lag operator 7, (L) :1—? L—% E.L*". The
response coefficients of this relationship vary across economies with their trade patterns and
commodity import intensities.

The cyclical component of public domestic demand In éi]t depends on a weighted average of its
past and desired cyclical components according to fiscal expenditure rule,

1 A -1
A A G A t+1 G ¢
InG,, =ps ING,, , +(1— )¢ ° (—] : +(—'J &l s (77)
t G t-1 G Y. PiXYi,t Y t

where fiscal expenditure shock g{f ~iid N (0, aVZG ). The desired cyclical component of public
domestic demand responds to the contemporaneous cyclical component of the ratio of net
foreign assets to nominal output.

The cyclical component of the output tax rate 7;, depends on a weighted average of its past and
desired cyclical components according to fiscal revenue rule,

al a T AGJr VT
Tit =P Tigat a- pr)é/ y—tl T&¢ (78)
Pi,tYi,t
where fiscal revenue shock g{: ~iid MV(0, afT ). The desired cyclical component of the output
tax rate responds to the contemporaneous cyclical component of the ratio of net government
assets to nominal output.

The cyclical component of the ratio of the fiscal balance to nominal output i depends on the
past cyclical component of the short term nominal market interest rate and thé contemporaneous
cyclical component of the ratio of the primary fiscal balance to nominal output according to

government dynamic budget constraint:
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The cyclical component of the ratio of the primary fiscal balance to nominal output ——~ PB"

depends on the contemporaneous cyclical components of the output tax rate and the rét‘tlé of
public domestic demand to output, as well as the terms of trade, according to:

: 1 G, X[ TX

ittt i it
G
The cyclical component of the ratio of net government assets to nominal output A‘ 2 follows a
stationary first order autoregressive process driven by the contemporaneous cyclléal components
of the growth rate of nominal output and the ratio of the fiscal balance to nominal output

according to:
AG AG G |3 )

A 1 Al A ) +FYBM, (81)
t- Pi,tYi,t

PYYlt 1+g |t1|t1_PiYYi F3| YA

-<>

The linearization of these relationships accounts for long run balanced growth at nominal rate g .
Their response coefficients vary across economies with their public financial wealth, the size of
their government, and their trade openness.

The cyclical component of the ratio of the current account balance to nominal output =~ CA"
depends on the past cyclical component of the short term nominal market interest rate anb‘ the
contemporaneous cyclical component of the ratio of the trade balance to nominal output
according to national dynamic budget constraint:

; BY s | 1- A B, P, i
Cﬁ’t - = |,5t1+1 p YA‘t ——In— ||+ T? =4 (82)
P 1+g|R'Y, B (R RY PLYi R

itlhit Lt

The cyclical component of the ratio of the trade balance to nominal output —~~ TB“ depends on the

tlt

contemporaneous cyclical components of the ratio of output to domestic demiahid and the terms
of trade according to:

: 1Y, x| T
B _ D Sy Xohp 2y || (83)
Pi,tYi,t Yi Di,t Yi T.IIA '
The cyclical component of the ratio of net foreign assets to nominal output AL"“ follows a

stationary first order autoregressive process driven by the contemporaneous ¢y¢lical components
of the growth rate of nominal output and the ratio of the current account balance to nominal
output according to:

A,Hl _ 1 At A I
I:)itiit 1+g |t l it-1 I:)iYYi F)IYI

By i
Lttt ]+ CAvt (84)

RiYie
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The linearization of these relationships accounts for long run balanced growth at nominal rate g .
Their response coefficients vary across economies with their national financial wealth and their
trade openness.

The cyclical component of the price of commodities In Iskft depends on a weighted average of its
past and expected future cyclical components driven by the contemporaneous cyclical
components of the world output weighted average labor income share, output and the relative
local currency denominated price of commaodities according to commaodity price Phillips curve,

. . R PR AY. I A TS
InPkYt=ilnPkYt71+iEtInPkYHl+(1 w';)(l wk’g)z —|InY,, - ! oINS —Ing),
Y1+ 14+ ' o 1+p8) = 0 -1 ’ 1—1i F>i’t (85)
o1, Y, &P
+[iL—'9—Y1JInJ—‘—I n Ukt ZW B(L)InE,.,
¢k 0 Ai,t Pi,t i=1

where commodity price markup shock Iné), = gf: with gfyt ~iid N(O, a;y’k). The cyclical
component of the price of commodities also depends on the contemporaneous, past and expected
future cyclical components of the world output weighted avera%e nominal bilateral exchange
rate, where polynomial in the lag operator 7,(L) = 1—? L— E.L™. The response
coefficients of this relationship vary across commodity markets 1< k<M *, with k =1 for
energy commodities and k =2 for nonenergy commodities.

B. Trend Components

The changes in the trend components of the price of output In P, ,t , the price of consumption

InRS, output InY,,, domestic demand In D;,, public domestic demand InG; , and the price of

commodities In PkYt follow random walks:
AINPY =AINRY +&f,, & ~iid N(0,62, ), (86)
AInRS =Aln P,fl+g,t &, ~iid N'(0,0% ), (87)
AInY,, =AlnY, , +&, & ~iid V(0,07 ), (88)
AInD,, =AIND,, +&5, &> ~iid N'(0,52)), (89)
AInG,, =AInG,, +&5, &5 ~iid N(0,02,), (90)
AINRY, =AINRY ,+&%, &¥ ~iid N(@,0%). (91)

The changes in the trend components of the nominal policy interest rate i , short term nominal
market interest rate i, , and long term nominal market interest rate i, also follow random
walks:

ARP :Aif—l—i_giitp’ 5: ~iid (0, GTZP,i)’ (92)
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ALY =AT3 +4),, &), ~iid N(0,6% ), (93)

it it it

ALf =ATL +el,, &) ~iid N(0,02 ). (94)
In addition, the changes in the trend components of the price of equity InV;; V.3 and the nominal

bilateral exchange rate In&,,., follow random walks:
ANV =AINVS, +2%, &) ~iid N(0,02 ), (95)

AInE

i,i*t

=AINE ., +&5, & ~iid N(0,02)). (96)

Furthermgre the changes in the trend components of the ratlos of the fiscal balance to nominal
output oy Y ~ and the trade balance to nominal output Y follow random walks:

it ithit

FBI,I FBI t-1 FB

=A— 18R &P ~iid N(0,62 ), (97)
Pl P s "
TB; TBi.-
P = At gle, &P ~iid N(0,05)). (98)
I:)i,tYi,t Plt lYI t-1
Finally, the trend component of the real policy interest rate T, satisfies ; =i —E 7r, .1, the
trend component of the short term real market interest rate F satisfies T; =i, —E 7z, -1, the
trend component of the long term real market interest rate T, satisfies ¥, =i, —E, 7,,,, and the

trend component of the real bilateral exchange rate InQ, ., satlsfles
INQ ., =In& ., +InP), —InPR}.

1VV. ESTIMATION

The traditional econometric interpretation of this panel unobserved components model of the
world economy regards it as a representation of the joint probability distribution of the data. We
employ a Bayesian estimation procedure which respects this traditional econometric
interpretation while conditioning on prior information concerning the common values of
structural parameters across economies, and judgment regarding the paths of trend components.
In addition to mitigating potential model misspecification and identification problems, exploiting
this additional information may be expected to yield efficiency gains in estimation.

A. Estimation Procedure

Let X, denote a vector stochastic process consisting of the levels of N, nonpredetermined
endogenous variables, of which N are observed. The cyclical components of this vector
stochastic process satisfy second order stochastic linear difference equation

Ab)A(t = AJ.)zt—l+A2Et)?t+l+A3‘;t’ (99)
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where vector stochastic process v, consists of the cyclical components of N, exogenous
variables. This vector stochastic process satisfies stationary first order stochastic linear difference
equation

V=B +ey, (100)

where g, ~iid A(0,2)). If there exists a unique stationary solution to this multivariate linear
rational expectations model, then it may be expressed as:

% =C,%_,+Cp.. (101)

This unique stationary solution is calculated with the procedure due to Klein (2000).

The trend components of vector stochastic process X, satisfy first order stochastic linear
difference equation

DyX, =D, +D,X,_, +¢&,,, (102)

where g,, ~iid N(0,2,). Vector stochastic process U, consists of the levels of N, common
stochastic trends, and satisfies nonstationary first order stochastic linear difference equation

U =U_, +&,, (103)

where &, ~iid A/(0,Z;). Cyclical and trend components are additively separable, that is
X, =X +X,.

Let y, denote a vector stochastic process consisting of the levels of N observed
nonpredetermined endogenous variables. Also, let z, denote a vector stochastic process
consisting of the levels of N, — N unobserved nonpredetermined endogenous variables, the
cyclical components of N, nonpredetermined endogenous variables, the trend components of
N, nonpredetermined endogenous variables, the cyclical components of N, exogenous
variables, and the levels of N, common stochastic trends. Given unique stationary solution
(101), these vector stochastic processes have linear state space representation

Y. =Rz, (104)
2, =Gz, +G,ey, (105)

where ¢, ~iid N'(0,2,) and z, ~ N (z, Pyo) - Let W, denote a vector stochastic process
consisting of alternative estimates or forecasts of N, linearly independent linear combinations of
unobserved state variables. In an extension of Vitek (2012) to allow for a deterministically time
varying coefficient matrix, suppose that this vector stochastic process satisfies

w, =H, .z +&,, (106)

where &, ~iid A/(0,%;,). Conditional on known parameter values, this signal equation imposes
judgment on linear combinations of unobserved state variables in the form of a time dependent
set of stochastic restrictions of time dependent tightness. The signal and state innovation vectors
are assumed to be independent, while the initial state vector is assumed to be independent from
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the signal and state innovation vectors, which combined with our distributional assumptions
implies multivariate normality.

Conditional on the parameters associated with these signal and state equations, estimates of
unobserved state vector z, and its mean squared error matrix P, may be calculated with the filter
due to Kalman (1960) or the smoother associated with de Jong (1989). Given initial conditions
Zyo @nd Py, , estimates conditional on information available at time t—1 satisfy prediction
equations

Zy, =Gz, gy 4, (207)
P =GlPt_m_lGlT +G,2,G,, (108)
Vier = = Zy s (109)
Quu =F PPt + 25, (110)
where ¥, _L } Iflt :LH J and ESt ig EOJ Given these predictions, under the assumption
of multivariaté-normally distributed signal aritt'state innovation vectors, estimates conditional on

information available at time t, and judgment concerning the paths of linear combinations of
state variables through time t, satisfy Bayesian updating equations

Ly =Zyy t Ke (% — )~/t|t,1), (111)

5 (112)

[

-P

tit—1

~KF,P,

tit—17

where K, =P, 1F .1~ Given terminal conditions 2, =0 and Pr.ir =0, estimates
conditional on information available at time T , and judgment concerning the paths of linear
combinations of state variables through time T , satisfy computationally efficient Bayesian
smoothing equations

2 =3 2oy + FEQua (% = Yin)s (113)
Zyr =Zy o+ PeaZirs (114)
Pr =3P J —FlQuLF.. (115)
Per = Pos + PuaPrr Py (116)
where J, =G, (I, — P, ,tQJt_lFl,t)- Under our distributional assumptions, recursive forward

evaluatlon of equations (107) through (112), followed by recursive backward evaluation of
equations (113) through (116), yields mean squared error optimal conditional estimates of the
unobserved state vector.

Let # <@ cR" denote a vector containing the K parameters associated with the signal and
state equations of this linear state space model. The Bayesian estimator of this parameter vector
has posterior density function:

FO{I}L) >« T{7X.10)1(0). (117)
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Under the assumption of multivariate normally distributed signal and state innovation vectors,
conditional density function f ({y.}_,|0) satisfies:
T Ny+Nw

f ({)75};1 | 0) = H(Zﬂ')_ 2 | Qt|t—1 |_E exp{_% (j)t - j;t|t—1)TQtF[1—l(j}t - j’t|t1)}' (118)

t=1

Prior information concerning parameter vector € is summarized by a multivariate normal prior
distribution having mean vector @, and covariance matrix € :

K

f(0)=2rx) 2|2 |’% exp{—%(ﬂ —01)T.Q-1(0—01)}. (119)

Independent priors are represented by a diagonal covariance matrix, under which diffuse priors
are represented by infinite variances.

Inference on the parameters is based on an asymptotic normal approximation to the posterior
distribution around its mode. Under regularity conditions stated in Geweke (2005), posterior
mode @, satisfies

T (6, -0,) SN 0,~H,"), (120)

where 6, € @ denotes the pseudotrue parameter vector. Following Engle and Watson (1981),
Hessian H, is estimated by:

7:17 :__Z{V ytlt thlt 1Yy ytlt a7t antlt l(Qtlt -1 tlt l)VHQtlt l}

t=1

Lot (121)

This estimator of the Hessian depends only on first derivatives and is negative semidefinite.

B. Estimation Results

Joint estimation of the parameters and unobserved components of our panel unobserved
components model of the world economy is based on the levels of a total of four hundred one
endogenous variables observed for thirty five economies over the sample period 1999Q1 through
2012Q4. The advanced and emerging economies under consideration are Argentina, Australia,
Austria, Belgium, Brazil, Canada, China, the Czech Republic, Denmark, Finland, France,
Germany, Greece, India, Indonesia, Ireland, Italy, Japan, Korea, Mexico, the Netherlands, New
Zealand, Norway, Poland, Portugal, Russia, Saudi Arabia, South Africa, Spain, Sweden,
Switzerland, Thailand, Turkey, the United Kingdom, and the United States. The observed
macroeconomic and financial market variables under consideration are the price of output, the
price of consumption, the quantity of output, the quantity of domestic demand, the nominal
policy interest rate, the short term nominal market interest rate, the long term nominal market
interest rate, the price of equity, the nominal bilateral exchange rate, the quantity of public
domestic demand, the ratio of the fiscal balance to nominal output, the ratio of the trade balance
to nominal output, and the prices of energy and nonenergy commodities. For a detailed
description of this multivariate panel data set, please refer to Appendix A.
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Parameters

The set of parameters associated with our panel unobserved components model is partitioned
into two subsets. Structural parameters are either estimated conditional on informative
independent priors or calibrated, while innovation variances are estimated conditional on diffuse
priors.

Priors

The marginal prior distributions of structural parameters are centered within the range of
estimates reported in the existing empirical literature, where available. The conduct of monetary
policy is represented by a flexible inflation targeting regime in Australia, Canada, the Czech
Republic, the Euro Area, Japan, New Zealand, Norway, Poland, Sweden, Switzerland, the United
Kingdom and the United States, by a managed exchange rate regime in Argentina, Brazil, China,
India, Indonesia, Korea, Mexico, Russia, South Africa, Thailand and Turkey, and by a fixed
exchange rate regime in Denmark and Saudi Arabia, consistent with IMF (2011). Capital
controls apply in China, India, and Saudi Arabia. The quotation currency for transactions in the
foreign exchange market is issued by the United States. Great ratios and bilateral trade and
portfolio weights are calibrated to match their observed values in 2010. All weights are
normalized to sum to one across economies, where applicable.

Posteriors

The posterior mode is calculated by numerically maximizing the logarithm of the posterior
density kernel with a modified steepest ascent algorithm. To avoid finding a local as opposed to
global maximum, starting values for structural parameters are generated with a customized
implementation of the differential evolution algorithm proposed by Storn and Price (1997).
Parameter estimation results pertaining to the sample period 1999Q3 through 2012Q4 are
reported in Table 1 of Appendix B. The sufficient condition for the existence of a unique
stationary rational expectations equilibrium stated in Klein (2000) is satisfied in a neighborhood
around the posterior mode, while our estimator of the Hessian is not nearly singular at the
posterior mode, suggesting that the linear state space representation of our panel unobserved
components model is locally identified.

The posterior modes of most structural parameters are close to their prior means, reflecting the
imposition of tight priors to preserve empirically plausible impulse response functions.
Nevertheless, the data are quite informative regarding some of these structural parameters, as
evidenced by substantial updates from prior to posterior, which collectively result in substantial
updates to impulse responses. The estimated variances of innovations driving variation in
cyclical components are all well within the range of estimates reported in the existing empirical
literature, after accounting for data rescaling. The estimated variances of innovations driving
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variation in trend components vary considerably across economies and observed endogenous
variables.

Unobserved Components

Intermittent structural breaks are prevalent in observed macroeconomic and financial market
variables. They may manifest through slope or intercept shifts, and may trace their origins to a
variety of sources, including but not limited to regime shifts and structural change, not all of
which may be well understood. To control for structural breaks in forming judgment concerning
the paths of trend components, we extend the filter described in Hodrick and Prescott (1997) to
allow for a time varying smoothing parameter, and quantify the uncertainty surrounding the
resultant prior estimates.

We generate conditional unobserved component estimates with Bayesian updating, imposing
judgment on the trend components of all observed endogenous variables in the form of stochastic
restrictions derived from our prior estimates, with a time varying innovation covariance matrix
proportional to their estimated mean squared error matrix. To minimize the influence of this
judgment on the posterior trend component estimates while ensuring stationarity of the implied
posterior cyclical component estimates, including for those nominal variables which our panel
unobserved components model predicts have nonstationary cyclical components, the factor of
proportionality is set to 108, We allow each observed endogenous variable to have at most one
structural break, and estimate its timing by minimizing the objective function from which our
prior trend component estimator is derived with respect to its time varying smoothing parameter.
This smoothing parameter is allowed to switch from 6400 to 1600 for one period, if the
minimized value of the objective function, normalized by its minimized value in the absence of a
switch, does not exceed that for output in the United States. This observed endogenous variable
is chosen as a benchmark because it is widely believed to exhibit a structural break during the
sample period under consideration associated with the global financial crisis. Initial conditions
for the cyclical components of exogenous variables are given by their unconditional means and
variances, while the initial values of all other state variables are treated as parameters, and are
calibrated to match functions of initial realizations of the levels of observed endogenous
variables, or their prior trend component estimates.

Priors

Suppose that observed univariate stochastic process {y,};, is additively separable into cyclical
and trend components, that is y, = ¥, + Y, . Define its trend component estimator {VHT}L1 as that
argument which minimizes objective function

SN =2 (0~ 1) + L AN, (122)

where time varying smoothing parameter A > 0. This minimization problem strikes a balance
between minimizing the sum of squares of the cyclical component and the weighted sum of
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squares of the second difference of the trend component. Using matrix notation, this objective
function may be expressed as

S(Y) =(y-9"(y-9)+(A*y)" A(A%), (123)

where diagonal smoothindq parameter matrix A satisfies A, = 4, while ordinary difference

operator matrix A° =Hi:l([0 l;]-[1;2 0]). The necessary first order condition associated

with this minimization problem yields:

Vo =[ 1+ (A" AM)] . (124)

This necessary first order condition is sufficient for unique global minimum y, A This linear
filter reduces to that described in Hodrick and Prescott (1997) for A=Al ,.

Consider the application of trend component estimator (124) to an observed N dimensional
vector stochastic process,

[Vm leT]:HIT+(A2)TA1(A2)]_l [IT+(A2)TAN(A2)]_1]@[y1 -y, ] (@25)

where y, = §, +y, . Under the assumption that §, ~iid A(0,2;) and A’Y, ~iid N(0,X,) are
independent, which could be relaxed to allow for autocorrelation, it can be shown that this trend
component estimator is also multivariate normally distributed with mean squared error matrix

Var(VuT )t,t o COV(VJ_]T 1 VN\T )t,t
Var, (Vec[ Vyr -+ Yy )= : - : , (126)

COV(7N|T’ Yar de Var(yN\T D

— — -1 -1
where CoV(Vir, ¥ir) = Iy +(A*) A;(A) | [ o0, 1y + 07, (AAD) (AN | 1 +(A) A (A%) ]
We therefore propose mean squared error matrix estimator

Var(ym )t,t o COV(Y]JT 1 VN T )t,t
Var (Ve[ Vyr - Yr |)= : - : , (127)
COV(yNW 1 V:UT )t,t e Var(err )t,t

-1 A

where Cov(yﬂT, 714.|T)A=A[IT +(A2)TA, (Azz G |2T +OA'T'i,j(AiA2)T(AjA2)]|:|T +(A2)TAJ-(A2)}-1

with &¢; ; :?thl)/i,tyj,t and & ; =15 L (A yi,t+l)(A2yj,t+l)'
Posteriors

Within the framework of our estimated panel unobserved components model, the output gap is
an indicator of inflationary or disinflationary pressure. Smoothed estimates of the output gap are
plotted in Figure 1 of Appendix B. These model consistent estimates are conditional on prior

* The Hessian matrix of the objective function 0 S(VT) = 2[ I + (AZ)TA(AZ)] is positive definite throughout its

domain, because a' Wﬁ(%) a= Z[aTaJr (A“ZAzo%@(A“A a)} >0 forany a#0.
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information concerning the values of structural parameters, and judgment regarding the paths of
trend components.

A decomposition of our output gap estimates into contributions from domestic demand and net
exports indicates that the gradual global synchronized accumulation of excess demand pressure
which occurred during the build up to the global financial crisis was primarily driven by the
excessive expansion of private domestic demand in most economies. During this period of
widening global current account imbalances, the excessive expansion of net exports was also a
major contributor to the accumulation of excess demand pressure in major surplus economies
such as China and Germany. The global financial crisis triggered the rapid global synchronized
unwinding of this excess demand pressure, and resulted in the accumulation of substantial excess
supply pressure in many economies. During this episode of narrowing global current account
imbalances, collapses in private domestic demand in major deficit economies such as the United
Kingdom and the United States coincided with collapses in net exports in major surplus
economies.

V. MONETARY AND FISCAL PoLICY ANALYSIS

We analyze the interaction between business cycle dynamics in the world economy, and the
systematic and unsystematic components of monetary and fiscal policy, within the framework of
our estimated panel unobserved components model. In particular, we quantify dynamic
interrelationships among key instrument, indicator and target variables with estimated impulse
response functions. We also identify the structural determinants of these instrument, indicator
and target variables with estimated forecast error variance decompositions and historical
decompositions.

A. Impulse Response Functions

Impulse response functions measure the dynamic effects of selected structural shocks on
endogenous variables. The estimated impulse responses of consumption price inflation, output,
domestic demand, the nominal policy interest rate, the real effective exchange rate, the ratio of
the fiscal balance to nominal output, and the ratio of the current account balance to nominal
output to a variety of structural shocks are plotted in Figure 2 through Figure 11. The structural
shocks under consideration are domestic productivity shocks, domestic intertemporal substitution
shocks, domestic monetary policy shocks, domestic credit risk premium shocks, domestic
duration risk premium shocks, domestic equity risk premium shocks, domestic fiscal expenditure
shocks, domestic fiscal revenue shocks, world energy commaodity price markup shocks, and
world nonenergy commaodity price markup shocks.

In response to a domestic productivity shock which generates a persistent hump shaped increase
in inflation, there arises a persistent hump shaped contraction of output. Facing a monetary
policy tradeoff, the central bank generally raises the nominal policy interest rate to control
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inflation, and the currency appreciates in real effective terms. The fiscal balance tends to
deteriorate due to the fall in output, while the current account balance generally improves
reflecting the improvement in the terms of trade. In response to a domestic intertemporal
substitution shock which generates a persistent hump shaped expansion of output, there arises a
persistent hump shaped increase in inflation. Not facing a monetary policy tradeoff, the central
bank tends to raise the nominal policy interest rate to stabilize inflation and output, and the
currency appreciates in real effective terms. The fiscal balance improves due to the rise in output,
while the current account balance deteriorates commensurate with the larger rise in domestic
demand.

In response to a domestic monetary policy shock which generates a persistent increase in the
nominal policy interest rate except under a fixed exchange rate regime, the currency appreciates
in real effective terms. Reflecting the interest rate and exchange rate channels of monetary
transmission, there arises a persistent hump shaped contraction of output, accompanied by a
persistent decrease in inflation. In particular, in response to a one percentage point increase in the
nominal policy interest rate, the median peak contraction of output is 0.3 percent across
economies within a range of 0.1 to 0.4 percent, while the median peak decrease in inflation is
0.2 percentage points within a range of 0.2 to 0.3 percentage points. The fiscal balance
deteriorates due to the fall in output, while the current account balance improves commensurate
with the larger fall in domestic demand. Under a fixed exchange rate regime, a domestic
monetary policy shock which generates a transient increase in the nominal policy interest rate
only induces a transient appreciation of the currency in real effective terms.

In response to a domestic credit risk premium shock which generates a persistent increase in the
short term nominal market interest rate, the currency appreciates in real effective terms except
under a currency union, and there arises a persistent hump shaped contraction of output,
accompanied by a persistent decrease in inflation. In particular, in response to a one percentage
point increase in the short term nominal market interest rate, the median peak contraction of
output is 0.2 percent across economies, within a range of 0.0 to 0.3 percent. The central bank
generally cuts the nominal policy interest rate to stabilize inflation and output, but the fiscal
balance deteriorates due to the fall in output, while the current account balance improves
reflecting the larger fall in domestic demand. In response to a domestic duration risk premium
shock which generates a persistent increase in the long term nominal market interest rate, there
arises a persistent hump shaped contraction of output, accompanied by a persistent hump shaped
decrease in inflation. In particular, in response to a one percentage point increase in the long term
nominal market interest rate, the median peak contraction of output is 0.4 percent across
economies, within a range of 0.1 to 0.8 percent. The central bank tends to cut the nominal policy
interest rate to stabilize inflation and output, and the currency depreciates in real effective terms.
The fiscal balance deteriorates due to the fall in output, while the current account balance
improves commensurate with the larger fall in domestic demand. In response to a domestic
equity risk premium shock which generates a persistent increase in the price of equity, there
arises a persistent hump shaped expansion of output, accompanied by a persistent hump shaped
increase in inflation. In particular, in response to a ten percent increase in the price of equity, the
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median peak expansion of output is 0.2 percent across economies, within a range of 0.0 to

0.5 percent. The central bank usually raises the nominal policy interest rate to stabilize inflation
and output, and the currency appreciates in real effective terms. The fiscal balance improves due
to the rise in output, while the current account balance deteriorates reflecting the larger rise in
domestic demand.

In response to a domestic fiscal expenditure shock which generates a persistent improvement in
the fiscal balance, there arises a persistent contraction of output, generally accompanied by a
decrease in inflation. In particular, in response to a one percentage point increase in the ratio of
the primary fiscal balance to nominal output, the median peak expansion of output is 1.1 percent
within a range of 0.2 to 1.8 percent, and tends to decrease across economies with their trade
openness. The central bank usually cuts the nominal policy interest rate to stabilize inflation and
output, and the currency depreciates in real effective terms. The current account balance
improves, reflecting the larger fall in domestic demand than in output. In response to a domestic
fiscal revenue shock which generates a persistent improvement in the fiscal balance, there arises
a persistent contraction of output, generally accompanied by a decrease in inflation. In particular,
in response to a one percentage point increase in the ratio of the primary fiscal balance to
nominal output, the median peak contraction of output is 0.5 percent within a range of 0.1 to

0.7 percent, and tends to decrease across economies with their trade openness. The central bank
usually cuts the nominal policy interest rate to stabilize inflation and output, and the currency
depreciates in real effective terms. The current account balance improves, commensurate with
the larger fall in domestic demand than in output.

In response to a world energy or nonenergy commodity price markup shock which generates an
increase in the price of energy or nonenergy commodities, inflation increases and the central
bank raises the nominal policy interest rate. For net exporters of energy or nonenergy
commodities, the currency generally appreciates in real effective terms, inducing a terms of trade
driven expansion of domestic demand mitigated by monetary policy tightening, which translates
into an expansion of output in spite of terms of trade driven expenditure switching. The fiscal
and current account balances tend to improve. In contrast, for net importers of energy or
nonenergy commaodities, the currency generally depreciates in real effective terms, inducing a
terms of trade driven contraction of domestic demand amplified by monetary policy tightening,
which translates into a contraction of output in spite of terms of trade driven expenditure
switching. The fiscal and current account balances tend to deteriorate.

B. Forecast Error Variance Decompositions

Forecast error variance decompositions measure the contributions of mutually exclusive sets of
structural shocks to unpredictable variation in endogenous variables at different horizons, on
average over the business cycle. The estimated forecast error variance decompositions of
consumption price inflation, output, domestic demand, the nominal policy interest rate, the real
effective exchange rate, the ratio of the fiscal balance to nominal output, and the ratio of the
current account balance to nominal output are plotted in Figure 12 through Figure 18. The sets of
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structural shocks under consideration are domestic supply shocks, foreign supply shocks,
domestic demand shocks, foreign demand shocks, world monetary policy shocks, world fiscal
policy shocks, world risk premium shocks, and world terms of trade shocks.

Our estimated forecast error variance decompositions indicate that unpredictable variation in
inflation is primarily driven by supply shocks, and to a lesser extent demand and monetary policy
shocks, at all horizons. The contributions of domestic supply and demand shocks relative to
foreign supply and demand shocks are generally decreasing across economies with their trade
openness and increasing with their monetary policy autonomy. In contrast, unpredictable
variation in output tends to be primarily attributable to demand shocks, together with monetary
policy shocks, at high frequencies. The contribution of domestic demand shocks relative to
foreign demand shocks is generally decreasing across economies with their trade openness.
Nevertheless, supply shocks are major contributors to unpredictable output fluctuations at low
frequencies. Estimated forecast error variance decompositions of domestic demand reveal a
similar pattern, with the exception that domestic demand shocks are larger contributors to
unpredictable variation at all frequencies, while foreign demand shocks are smaller contributors.
In addition, fiscal policy shocks tend to be significant contributors to unpredictable domestic
demand fluctuations at high frequencies.

Estimated forecast error variance decompositions indicate that unpredictable variation in the
nominal policy interest rate is primarily driven by monetary policy shocks at all horizons.
However, supply shocks are also major contributors to unpredictable variation at long horizons,
where the relative contribution of domestic as opposed to foreign supply shocks is generally
increasing across economies with their monetary policy autonomy. Estimated forecast error
variance decompositions of the real effective exchange rate attribute most unpredictable
variation to risk premium shocks, and to a lesser extent monetary policy shocks, at all
frequencies. Nevertheless, supply and demand shocks are also major contributors to
unpredictable real effective exchange rate fluctuations at low frequencies.

Our estimated forecast error variance decompositions reveal that unpredictable variation in the
fiscal balance is primarily driven by fiscal policy shocks, and to a lesser extent demand and
monetary policy shocks, at short horizons. The contribution of monetary policy shocks is
generally increasing across economies with their net government debt positions. However,
supply shocks are also major contributors to unpredictable variation at long horizons. Estimated
forecast error variance decompositions of the current account balance attribute most
unpredictable variation to demand and risk premium shocks at all horizons, together with
monetary policy shocks for economies with high net foreign asset or debt positions. The
contribution of domestic demand shocks relative to foreign demand shocks tends to be
decreasing across economies with their trade openness.
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C. Historical Decompositions

Historical decompositions measure the time varying contributions of mutually exclusive sets of
structural shocks to the realizations of endogenous variables. The estimated historical
decompositions of consumption price inflation and output growth are plotted in Figure 19 and
Figure 20. The sets of structural shocks under consideration are domestic supply shocks, foreign
supply shocks, domestic demand shocks, foreign demand shocks, world monetary policy shocks,
world fiscal policy shocks, world risk premium shocks, and world terms of trade shocks.

Our estimated historical decompositions of inflation attribute deviations from implicit targets
primarily to economy specific combinations of domestic and foreign supply and demand shocks,
together with world risk premium and terms of trade shocks. Implicit inflation targets have
generally stabilized at relatively low levels in advanced economies, particularly those with well
established flexible inflation targeting regimes such as Australia, Canada, New Zealand,

Norway, Sweden and the United Kingdom. Estimated historical decompositions of output
growth attribute business cycle dynamics around relatively stable potential output growth rates
primarily to economy specific combinations of domestic and foreign demand shocks, together
with world fiscal policy and risk premium shocks. Business cycle fluctuations in major deficit
economies such as the United Kingdom and the United States have been primarily driven by
domestic demand shocks, whereas those in major surplus economies such as China and Germany
have been primarily driven by foreign demand shocks. In both groups of economies, these
business cycle fluctuations have usually been amplified by world risk premium shocks and
mitigated by world fiscal policy shocks. Potential output growth rates have generally stabilized at
relatively low levels in advanced economies, and at relatively high levels in emerging
economies.

During the build up to the global financial crisis, positive domestic and foreign demand shocks
generally contributed to the gradual accumulation of excess demand pressure throughout the
world economy, amplified by world risk premium shocks. This synchronized global expansion
was reflected in a synchronized global rise in inflation, usually amplified by world terms of trade
shocks. During the global financial crisis, economy specific combinations of negative domestic
and foreign demand shocks, amplified and accelerated by world risk premium shocks, rapidly
eliminated this excess demand pressure, generally supplanting it with excess supply pressure to
varying degrees. This synchronized global recession was mitigated by unsystematic monetary
and fiscal policy interventions. It was reflected in a synchronized global fall in inflation, usually
amplified by world terms of trade shocks. Since the global financial crisis, economy specific
combinations of positive domestic and foreign demand shocks, generally amplified by world risk
premium shocks, have gradually reduced this excess supply pressure. This synchronized global
recovery has been decelerated by world fiscal policy shocks, particularly in the Euro Area
periphery.
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V1. SPILLOVER ANALYSIS

Within the framework of our estimated panel unobserved components model, the dynamic
effects of macroeconomic and financial shocks are transmitted throughout the world economy
via trade, financial and commodity price linkages, necessitating monetary and fiscal policy
responses to spillovers. Macroeconomic shocks are transmitted via direct financial linkages,
while financial shocks are also transmitted via indirect financial linkages representing contagion
effects.

We analyze spillovers from macroeconomic and financial shocks in systemic economies to the
rest of the world with simulated conditional betas and estimated impulse response functions. The
systemic economies under consideration are China, the Euro Area, Japan, the United Kingdom
and the United States, consistent with IMF (2013a). The macroeconomic shocks under
consideration are productivity shocks, intertemporal substitution shocks, monetary policy shocks,
fiscal expenditure shocks, and fiscal revenue shocks. The financial shocks under consideration
are credit risk premium shocks, duration risk premium shocks, and equity risk premium shocks.

A. Simulated Conditional Betas

Simulated conditional betas measure contemporaneous comovement between endogenous
variables driven by selected structural shocks, on average over the business cycle. They are
ordinary least squares estimates of slope coefficients in bivariate regressions of endogenous
variables on contemporaneous endogenous variables, averaged across a large number of
simulated paths for the world economy. The simulated betas of the output gap with respect to the
contemporaneous output gap in systemic economies, conditional on macroeconomic or financial
shocks in each of these systemic economies, are plotted in Figure 21. They measure causality as
opposed to correlation, because they abstract from structural shocks associated with other
economies.

On average over the business cycle, output spillovers from systemic economies to the rest of the
world in our estimated panel unobserved components model are primarily generated by
macroeconomic shocks, which contribute more to business cycle fluctuations than financial
shocks. This implies weak international business cycle comovement beyond close trading
partners. However, during episodes of financial stress in systemic economies, such as during the
global financial crisis, international business cycle comovement is more uniformly strong due to
the prevalence of financial shocks, which propagate via elevated contagion effects.

Output spillovers generated by macroeconomic shocks are generally small but concentrated in
our estimated panel unobserved components model. The pattern of international business cycle
comovement driven by macroeconomic shocks primarily reflects bilateral trade relationships,
and therefore exhibits gravity. That is, output spillovers generated by macroeconomic shocks
tend to be concentrated among geographically close trading partners, which typically have strong
bilateral trade relationships due in part to transportation costs. However, this pattern is diluted by
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supply shocks, which are primarily transmitted internationally via terms of trade shifts, unlike
other macroeconomic shocks which are primarily transmitted internationally via domestic
demand shifts.

Output spillovers generated by financial shocks are generally large and diffuse in our estimated
panel unobserved components model. The pattern of international business cycle comovement
driven by financial shocks transcends bilateral portfolio investment relationships, which tend to
be weak reflecting home bias. Output spillovers generated by financial shocks are primarily
transmitted via international comovement in financial asset prices. Given that bilateral trade
relationships are typically weak beyond close trading partners, accounting for strong
international comovement in financial asset prices requires strong international comovement in
risk premia. The intensity of these contagion effects varies across source and recipient
economies. They are uniquely strong from the United States, commensurate with the depth of its
money, bond and stock markets. They are strong to emerging economies with open capital
accounts, moderate to advanced economies, and weak to emerging economies with closed capital
accounts.

B. Impulse Response Functions

Peak impulse response functions measure the maximum effects of selected structural shocks on
endogenous variables. The estimated peak impulse responses of consumption price inflation,
output, the real effective exchange rate, the ratio of the fiscal balance to nominal output, and the
ratio of the current account balance to nominal output to a variety of structural shocks are plotted
in Figure 22 through Figure 29. The structural shocks under consideration are foreign
productivity shocks, foreign intertemporal substitution shocks, foreign monetary policy shocks,
foreign credit risk premium shocks, foreign duration risk premium shocks, foreign equity risk
premium shocks, foreign fiscal expenditure shocks, and foreign fiscal revenue shocks.

In response to a productivity shock which generates an increase in inflation and contraction of
output in a systemic economy, the currencies of recipient economies generally depreciate in real
effective terms. There tend to arise terms of trade driven increases in inflation and expansions of
output in recipient economies, in spite of lower foreign demand. As a result, their fiscal and
current account balances usually improve. In response to an intertemporal substitution shock
which generates an increase in inflation and expansion of output in a systemic economy, there
generally arise foreign demand driven increases in inflation and expansions of output in recipient
economies, amplified by depreciations of their currencies in real effective terms. As a result,
their fiscal and current account balances tend to improve.

In response to a monetary policy shock which generates an increase in the nominal policy
interest rate in a systemic economy, the currencies of recipient economies generally depreciate in
real effective terms. There tend to arise foreign demand driven decreases in inflation and
contractions of output in recipient economies, mitigated by terms of trade deteriorations. As a
result, their fiscal and current account balances usually deteriorate.
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In response to a credit risk premium shock which generates an increase in the short term nominal
market interest rate in a systemic economy, the short term nominal market interest rates of
recipient economies also generally increase, reflecting international money market contagion
effects. As a result, there tend to arise decreases in inflation and contractions of output in
recipient economies, accompanied by deteriorations of their fiscal and current account balances.
In response to a duration risk premium shock which generates an increase in the long term
nominal market interest rate in a systemic economy, the long term nominal market interest rates
of recipient economies also usually increase, reflecting international bond market contagion
effects. As a result, there tend to arise decreases in inflation and contractions of output in
recipient economies, accompanied by deteriorations of their fiscal and current account balances.
In response to an equity risk premium shock which generates an increase in the price of equity in
a systemic economy, the prices of equity in recipient economies also generally increase,
reflecting international stock market contagion effects. As a result, there tend to arise increases in
inflation and expansions of output in recipient economies, accompanied by improvements in
their fiscal and current account balances.

In response to a fiscal expenditure shock which generates an improvement in the fiscal balance
in a systemic economy, there generally arise foreign demand driven decreases in inflation and
contractions of output in recipient economies, amplified by appreciations of their currencies in
real effective terms. As a result, their fiscal and current account balances tend to deteriorate. In
response to a fiscal revenue shock which generates an improvement in the fiscal balance in a
systemic economy, there usually arise foreign demand driven decreases in inflation and
contractions of output in recipient economies, amplified by appreciations of their currencies in
real effective terms. As a result, their fiscal and current account balances tend to deteriorate.

VIl. FORECASTING

The world economy is complex, and any structural macroeconometric model of it is necessarily
misspecified to some extent, while any forecasts generated by such a model are necessarily based
on an incomplete information set. To mitigate these problems while respecting monetary and
fiscal policy relevant constraints, we employ a Bayesian forecasting procedure which combines
restricted forecasts generated with our estimated panel unobserved components model with
judgment.

A. Forecasting Procedure

Consider the linear state space model consisting of signal equations (104) and (106), and state
equation (105). Given initial conditions z,; and P, , dynamic out of sample forecasts at horizon
h conditional on information available at time T , and judgment concerning the paths of linear
combinations of state variables through time T +h —1, satisfy prediction equations:

Zr priha = GlZT+h—JJT+h—1’ (128)
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Provrons =GiPron aran 1O +G, 2, Gl (129)
Yronrena = FiZr nranas (130)
Qrunrna = FPrirnaF (131)
Wr ihraha = Hl,T+hZT+h\T+h—l’ (132)
Rririna = Hirn PT+h|T+h—1H1-I,—T+h + 251 h- (133)

Given these predictions, under the assumption of multivariate normally distributed signal and
state innovation vectors, dynamic out of sample forecasts at horizon h conditional on
information available at time T , and judgment concerning the paths of linear combinations of
state variables through time T +h, satisfy Bayesian updating equations

Zr yron = Zraprena T Koo (W _WT+h|T+h—1)7 (134)
PT+h|T+h = PT+h|T+h—1 - KT+h Hl,T+h PT+h|T+h—l’ (135)
Yrinmen = FlZT+h|T+h’ (136)
Qranran = FPrr P (137)

where K., =P rnaHit o Rsyr s - Given terminal forecasts Z;,,, ..., =0 and
Pronaren =0, dynamic out of sample forecasts at horizon h conditional on information

available at time T, and judgment concerning the paths of linear combinations of state variables
through time T +H , satisfy computationally efficient Bayesian smoothing equations

Zr hron = JTT+h2T+h+uT+H + H1TT+h 'F+h|'|’+h A (Wrih =Wo i no ) (138)
ZrnreH = Lrsnreha T PT+h|T+h 15T +h[T+H 1 (139)
I5T+h|T+H JTT+h |3T+h+]JT+H Jrin— H1T+h RT+h|T+h T 4hs (140)
PT+h|T+H = PT+h|T+h 1t PT+h|T+h 1|5T+h|T+H PT+h|T+h—1’ (141)
Yronren = FiZr ran s (142)
QT+h|T+H =F PT+h|T+H I:1T1 (143)

where J; ., =G, (1, —PryronaHiron ReranaHir.n) - Under our distributional assumptions,
recursive forward evaluatlon of equations (128) through (137), followed by recursive backward
evaluation of equations (138) through (143), yields mean squared error optimal conditional
forecasts.

B. Forecasting Results

We analyze the predictive accuracy of our panel unobserved components model for consumption
price inflation and output growth with sequential unconditional forecasts in sample. We then
generate conditional forecasts of these variables out of sample with Bayesian updating, and
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analyze the revisions to unconditional forecasts resulting from imposing judgment on them with
conditional forecast decompositions. The results of this forecasting exercise are plotted in
Figure 30 through Figure 35.

Sequential Unconditional Forecasts

Sequential unconditional forecasts of inflation and output growth indicate that our panel
unobserved components model is capable of predicting business cycle turning points. Indeed, our
sequential unconditional forecasts of output growth suggest that a synchronized global
moderation was overdue by the time of the global financial crisis. However, the model generally
underpredicted the severity of this synchronized global recession, while overpredicting its
disinflationary impact. While the model forecast the subsequent synchronized global recovery, it
systematically underpredicted its weakness in most advanced economies.

Conditional Forecasts

We generate forecasts of inflation and output growth conditional on monetary and fiscal policy
relevant constraints, and judgment concerning the paths of these variables. These combined
forecasts are recursive weighted averages of restricted forecasts generated with our panel
unobserved components model, and judgmental forecasts produced by the International
Monetary Fund. To facilitate comparability with IMF (2013b), the restricted forecasts are
generated subject to constant real effective exchange rates, and common assumptions concerning
the paths of energy and nonenergy commodity prices. The weight assigned to these restricted
forecasts is decreasing in the objective uncertainty surrounding them, measured by their time
varying forecast error covariance matrix, and is increasing in the subjective uncertainty
associated with the judgmental forecasts, represented by the same forecast error covariance
matrix.

The combined forecasts of inflation and output growth generally lie between the restricted
forecasts and the judgmental forecasts, while the restricted forecasts tend to lie near the
unrestricted forecasts. These alternative forecasts generally have similar profiles, and point
towards a gradual cyclical expansion in most advanced economies, accompanied by subdued
output growth in many emerging economies.

Conditional Forecast Decompositions

Our conditional forecast decompositions measure the contributions of different structural shocks
to revisions to the unrestricted forecasts of inflation and output growth given the deterministic
restrictions imposed in generating the restricted forecasts, and to these restricted forecasts given
the stochastic restrictions imposed in representing the judgmental forecasts. These conditional
forecast decompositions are estimated by the difference between unconditional forecast
decompositions of the combined and unrestricted forecasts, which in turn are estimated by out of
sample extensions of unconditional historical decompositions.
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The effects on the unrestricted forecasts of inflation and output growth of conditioning on
constant real effective exchange rates and given paths for energy and nonenergy commodity
prices are primarily measured by contributions from world risk premium and terms of trade
shocks, respectively. The effects on the restricted forecasts of conditioning on judgment
concerning the paths of inflation and output growth are primarily measured by contributions
from domestic supply and demand shocks. While domestic supply shocks of variable sign tend to
account for most of the persistent discrepancies between the restricted and judgmental forecasts,
negative domestic demand shocks account for much in economies undergoing balance sheet
deleveraging, with substantial spillovers to close trading partners.

VIIl. CONCLUSION

This paper develops a structural macroeconometric model of the world economy, disaggregated
into thirty five national economies. This panel unobserved components model encompasses an
approximate linear panel dynamic stochastic general equilibrium model featuring a monetary
transmission mechanism, a fiscal transmission mechanism, and extensive macrofinancial
linkages, both within and across economies. A variety of monetary policy analysis, fiscal policy
analysis, spillover analysis, and forecasting applications of the estimated model are
demonstrated. These include accounting for business cycle fluctuations, quantifying the
monetary and fiscal transmission mechanisms, and generating conditional forecasts of inflation
and output growth. They are based on a Bayesian framework for conditioning on judgment in
estimation and forecasting.

This panel unobserved components model consolidates much existing theoretical and empirical
knowledge concerning business cycle dynamics in the world economy, provides a framework for
a progressive research strategy, and suggests explanations for its own deficiencies. Many of
these deficiencies trace their origins to the specifications of the markets for capital and labor
inputs in the underlying panel dynamic stochastic general equilibrium model. Extending these
specifications remains an objective for future research.
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Appendix A. Description of the Multivariate Panel Data Set

Estimation is based on quarterly data on several macroeconomic and financial market variables
observed for thirty five economies over the sample period 1999Q1 through 2012Q4. The
economies under consideration are Argentina, Australia, Austria, Belgium, Brazil, Canada,
China, the Czech Republic, Denmark, Finland, France, Germany, Greece, India, Indonesia,
Ireland, Italy, Japan, Korea, Mexico, the Netherlands, New Zealand, Norway, Poland, Portugal,
Russia, Saudi Arabia, South Africa, Spain, Sweden, Switzerland, Thailand, Turkey, the United
Kingdom, and the United States. Where available, this data was obtained from the GDS and
WEDO databases compiled by the International Monetary Fund. Otherwise, it was extracted from
the IFS database produced by the International Monetary Fund.

The macroeconomic variables under consideration are the price of output, the price of
consumption, the quantity of output, the quantity of domestic demand, the quantity of public
domestic demand, the ratio of the fiscal balance to nominal output, the ratio of the trade balance
to nominal output, and the prices of energy and nonenergy commodities. The price of output is
measured by the seasonally adjusted gross domestic product price deflator, while the price of
consumption 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 domestic
demand is measured by the sum of seasonally adjusted real consumption and investment
expenditures, and the quantity of public domestic demand is measured by the sum of
quadratically interpolated annual real consumption and investment expenditures of the general
government. The fiscal balance is measured by the quadratically interpolated annual overall
fiscal balance of the general government, while the trade balance is measured by the
quadratically interpolated annual trade balance for goods and services. 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 short
term nominal market interest rate, the long term nominal market interest rate, the price of equity,
and the nominal bilateral exchange rate. The nominal policy interest rate is measured by the
central bank discount rate, while the short term nominal market interest rate is measured by a
three month money market rate, and the long term nominal market interest rate 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 a period average.

Calibration is based on annual data obtained from databases compiled by the International
Monetary Fund where available, and from the Bank for International Settlements or the World
Bank Group otherwise. Macroeconomic great ratios are derived from the WEO and WDI
databases, while financial great ratios are also derived from the EWN, BIS and IFS databases.
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Bilateral trade weights are derived from the DOTS database. Portfolio weights are derived from
the CPIS, BIS, and WDI databases.



Table 1. Parameter Estimation Results
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Appendix B. Tables and Figures

Prior Posterior Mode
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& 0.1250 0.0125 0.1170 0.1170 0.1170 0.1170 0.1170 0.1170 0.1170 0.1170 0.1170 0.1170 0.1170

&7 0.0625 0.0063 0.0646 0.0646 0.0646 0.0646 0.0646 0.0646 0.0646 0.0646 0.0646 0.0646 0.0646

il 2.5e-6 0.0000

¢°  -2.5e-2 0.0000
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Note: All priors are normally distributed, while all posteriors are asymptotically normally distributed. All observed endogenous variables are
rescaled by a factor of 100.



Figure 1. Output Gap Estimates
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Figure 2. Impulse Responses to a Domestic Productivity Shock
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, the

nominal policy interest rate m, the real effective exchange rate m, the ratio of the fiscal balance to nominal
output m, and the ratio of the current account balance to nominal output m to domestic productivity shocks
which raise output price inflation by one percentage point. Consumption price inflation and the nominal

policy interest rate are expressed as annual percentage rates.
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Figure 3. Impulse Responses to a Domestic Intertemporal Substitution Shock
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Note: Depicts the impulse responses of consumption price inflation m, output
nominal policy interest rate m, the real effective exchange rate m, the ratio of the fiscal balance to nominal
output m, and the ratio of the current account balance to nominal output m to domestic intertemporal
substitution shocks which raise domestic demand by one percent. Consumption price inflation and the
nominal policy interest rate are expressed as annual percentage rates.

, domestic

demand =, the
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Figure 4. Impulse Responses to a Domestic Monetary Policy Shock

Argentina Australia Austria Belgium Brazil
125 125 125 125 125
1.00 1.00 1.00 1.00 1.00
0.75 0.75 0.75 0.75 0.75
0.50 0.50 0.50 0.50 0.50
£025 £025 £025 £025 £025
£ 000 | £ 000 | £ 000 | £ 0.00 £ 000 |
&-025 &-025 &-025 &-025 — &-025
-0.50 -0.50 -0.50 -0.50 -0.50
0.75 0.75 0.75 075 075
-1.00 -1.00 -1.00 -1.00 -1.00
125 125 125 125 125
0 ) 8 12 16 20 0 ) 8 12 16 20 0 ) 8 12 16 20 0 ) 8 12 16 20 0 ) 8 12 16 20
Canada China Czech Republic Denmark Finland
125 125 125 125 125
1.00 1.00 1.00 1.00 1.00
0.75 075 075 0.75 0.75
0.50 0.50 0.50 0.50 0.50
z 025 z 025 z 025 z 025 z 025
$0.00 $0.00 S 0.00 S 0.00 S 0.00
&-025 &-025 &-025 &.025 &.025 V
-0.50 -0.50 -0.50 -0.50 -0.50
075 075 075 075 075
-1.00 -1.00 -1.00 -1.00 -1.00
125 125 125 125 125
0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
France Germany Greece India Indonesia
1.25 1.25 1.25 1.25 1.25
1.00 1.00 1.00 1.00 1.00
0.75 0.75 0.75 0.75 0.75
050 050 050 050 0.50
£025 £025 £025 £025 £025
S 0.00 $ 0.00 $ 0.00 +h $ 0.00 $ 0.00
&-025 &-025 {\S &-025 &-025 &-025
050 050 050 050 050
0.75 075 0.75 075 075
-1.00 -1.00 -1.00 -1.00 -1.00
125 125 125 125 125
0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
Ireland Italy Japan Korea Mexico
125 125 125 125 125
1.00 1.00 1.00 1.00 1.00
0.75 0.75 0.75 0.75 0.75
0.50 0.50 0.50 050 050
£025 £025 £025 £025 £025
£ 000 4= £ 000 | £ 000 1< £ 000 £ 000
&-025 &-025 &-025 &-025 &-025 7
-0.50 -0.50 -0.50 -0.50 -0.50
075 075 075 075 075
-1.00 -1.00 -1.00 -1.00 -1.00
125 125 125 125 125
0 ) 8 12 16 20 0 ) 8 12 16 20 0 ) 8 12 16 20 0 ) 8 12 16 20 0 ) 8 12 16 20
Netherlands New Zealand Norway Poland Portugal
125 125 125 125 125
1.00 1.00 1.00 1.00 1.00
0.75 0.75 0.75 0.75 0.75
0.50 0.50 0.50 0.50 0.50
z 025 z 025 z 025 z 025 z 025
S 0.00 $0.00 $0.00 £ 0.00 1t S 0.00
R —— €025 €025 €025 || = €025
-0.50 -0.50 -0.50 -0.50 -0.50
075 075 075 075 075
-1.00 -1.00 -1.00 -1.00 -1.00
125 125 125 125 125
0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
Russia Saudi Arabia South Africa Spain Sweden
1.25 1.25 1.25 1.25 1.25
1.00 1.00 1.00 1.00 1.00
0.75 0.75 0.75 0.75 0.75
0.50 0.50 0.50 0.50 0.50
£025 £025 £025 £025 £025
$ 0.00 $ 0.00 $ 0.00 $ 0.00 $ 0.00
&-025 &-025 &-025 &-025 &-025
050 050 050 050 050
0.75 0.75 075 0.75 0.75
-1.00 -1.00 -1.00 -1.00 -1.00
125 125 125 125 125
0 4 8 12 16 20 0 4 8 12 16 20 0 a 8 12 16 20 0 a 8 12 16 20 0 a 8 12 16 20
Switzerland Thailand Turkey United Kingdom United States
125 125 125 125 125
1.00 1.00 1.00 1.00 1.00
0.75 0.75 0.75 0.75 0.75
0.50 0.50 0.50 0.50 0.50
£025 £025 £025 £025 £025
£ 000 1 £ 000 £ 000 £ 000 £ 000
&-025 - &-025 &-025 &-025 || &-025 7
-0.50 -0.50 W -0.50 \% -0.50 -0.50
075 075 075 075 075
-1.00 -1.00 -1.00 -1.00 -1.00
125 125 125 125 125

o
N
®

12 16 20

o
N
®

12 16 20

o
N
®
"
~
o
&

20

o
IS
©
I

16 20

o
IS
©
I

16 20

Note: Depicts the impulse responses of consumption price inflation m, output =, domestic demand =, the
nominal policy interest rate m, the real effective exchange rate m, the ratio of the fiscal balance to nominal
output m, and the ratio of the current account balance to nominal output m to domestic monetary policy
shocks which raise the nominal policy interest rate by one percentage point. Consumption price inflation
and the nominal policy interest rate are expressed as annual percentage rates.
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Figure 5. Impulse Responses to a Domestic Credit Risk Premium Shock
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Note: Depicts the impulse responses of consumption price inflation m, output =, domestic demand =, the
nominal policy interest rate m, the real effective exchange rate m, the ratio of the fiscal balance to nominal
output m, and the ratio of the current account balance to nominal output m to domestic credit risk premium
shocks which raise the short term nominal market interest rate by one percentage point. Consumption
price inflation and the nominal policy interest rate are expressed as annual percentage rates.
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Figure 6. Impulse Responses to a Domestic Duration Risk Premium Shock
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Note: Depicts the impulse responses of consumption price inflation m, output
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, domestic demand

, the

nominal policy interest rate m, the real effective exchange rate m, the ratio of the fiscal balance to nominal
output m, and the ratio of the current account balance to nominal output m to domestic duration risk
premium shocks which raise the long term nominal market interest rate by one percentage point.
Consumption price inflation and the nominal policy interest rate are expressed as annual percentage
rates.
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Figure 7. Impulse Responses to a Domestic Equity Risk Premium Shock
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shocks which raise the price of equity by ten percent. Consumption price inflation and the nominal policy

interest rate are expressed as annual percentage rates.
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Figure 8. Impulse Responses to a Domestic Fiscal Expenditure Shock
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, domestic demand

, the

nominal policy interest rate m, the real effective exchange rate m, the ratio of the fiscal balance to nominal
output m, and the ratio of the current account balance to nominal output m to domestic fiscal expenditure
shocks which raise the ratio of the primary fiscal balance to nominal output by one percentage point.
Consumption price inflation and the nominal policy interest rate are expressed as annual percentage
rates.
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Figure 9. Impulse Responses to a Domestic Fiscal Revenue Shock
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nominal policy interest rate m, the real effective exchange rate m, the ratio of the fiscal balance to nominal

output m, and the ratio of the current account balance to nominal output m to domestic fiscal revenue
shocks which raise the ratio of the primary fiscal balance to nominal output by one percentage point.
Consumption price inflation and the nominal policy interest rate are expressed as annual percentage

rates.
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Figure 10. Impulse Responses to a World Energy Commodity Price Markup Shock
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Note: Depicts the impulse responses of consumption price inflation m, output =, domestic demand =, the

nominal policy interest rate m, the real effective exchange rate m, the ratio of the fiscal balance to nominal
output m, and the ratio of the current account balance to nominal output m to a world energy commodity
price markup shock which raises the price of energy commodities by ten percent. Consumption price
inflation and the nominal policy interest rate are expressed as annual percentage rates.
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Figure 11. Impulse Responses to a World Nonenergy Commodity Price Markup Shock
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Note: Depicts the impulse responses of consumption price inflation m, output
nominal policy interest rate m, the real effective exchange rate m, the ratio of the fiscal balance to nominal
output m, and the ratio of the current account balance to nominal output m to a world nonenergy
commodity price markup shock which raises the price of nonenergy commodities by ten percent.
Consumption price inflation and the nominal policy interest rate are expressed as annual percentage
rates.

, domestic demand

, the




63

Figure 12. Forecast Error Variance Decompaositions of Consumption Price Inflation
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Note: Decomposes the horizon dependent forecast error variance of consumption price inflation into
contributions from domestic supply =, foreign supply =, domestic demand , foreign demand =, world
monetary policy m, world fiscal policy =, world risk premium m, and world terms of trade m shocks.
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Figure 13. Forecast Error Variance Decompositions of Output
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Figure 14. Forecast Error Variance Decompositions of Domestic Demand
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Note: Decomposes the horizon dependent forecast error variance of domestic demand into contributions
from domestic supply m, foreign supply =, domestic demand , foreign demand =, world monetary policy
m, world fiscal policy =, world risk premium =, and world terms of trade m shocks.
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Figure 15. Forecast Error Variance Decompositions of the Nominal Policy Interest Rate

Argentina Australia Austria Belgium Brazil
100
75
5
S 50
5
o
I *
_ 0 _
0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
Canada China Czech Republic Denmark Finland

S

4 8 12 16 20 0 4 8 12 16 2 0 4 8 12 16 20

France Germany Greece India

Indonesia

L

o
IS

8 12 6 20 0 4 8 12 6 20
Ireland

o
IS
®
o
5
"
>
N
3
o
IS
®
o
5
"
>
N
3
o
IS

8 12 16 20

Japan Mexico

4 8 12 6 20
Netherlands New Zealand Norway

o
IS
®
o
5
"
>
N
3

Portugal

o

4 8 12
Russia Saudi Arabia South Africa
100

,ﬂ
>
~
3

0 4 8 12 6 20
Sweden

75

50

Percent
Percent
Percent
o
“
Percent
Percent

25

4 8 12 6 20 0 4 8 12 6 20
United Kingdom United States

o
IS

8 12 6 20
Switzerland Thailand Turkey
100

o
IS
®
-
Iy
-
>
N
3
o

75

50

Percent
Percent
Percent
Percent

25

Percent

o

o
IS
®
-
Iy
-
>
N
3
o
IS
®

12

._.
>
N
3
o
IS
®

12 16 20

Note: Decomposes the horizon dependent forecast error variance of the nominal policy interest rate into
contributions from domestic supply =, foreign supply =, domestic demand , foreign demand =, world
monetary policy m, world fiscal policy =, world risk premium m, and world terms of trade m shocks.
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Figure 16. Forecast Error Variance Decompositions of the Real Effective Exchange Rate
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Note: Decomposes the horizon dependent forecast error variance of the real effective exchange rate into
contributions from domestic supply =, foreign supply =, domestic demand , foreign demand =, world
monetary policy m, world fiscal policy =, world risk premium m, and world terms of trade m shocks.
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Figure 17. Forecast Error Variance Decompositions of the Fiscal Balance Ratio
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Note: Decomposes the horizon dependent forecast error variance of the ratio of the fiscal balance to
nominal output into contributions from domestic supply =, foreign supply =, domestic demand , foreign

demand =, world monetary policy =, world fiscal policy m, world risk premium =, and world terms of trade
m shocks.
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Figure 18. Forecast Error Variance Decompositions of the Current Account Balance Ratio
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Note: Decomposes the horizon dependent forecast error variance of the ratio of the current account

balance to nominal output into contributions from domestic supply =, foreign supply

, foreign demand

, domestic demand

, world monetary policy =, world fiscal policy =, world risk premium =, and world
terms of trade m shocks.
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Figure 19. Historical Decompositions of Consumption Price Inflation
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world fiscal policy =, world risk premium m, and world terms of trade m shocks.
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Figure 20. Historical Decompositions of Output Growth
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Note: Decomposes observed output growth m as measured by the seasonal logarithmic difference of the
level of output into the sum of a trend component = and contributions from domestic supply m, foreign
supply =, domestic demand , foreign demand =, world monetary policy m, world fiscal policy m, world risk
premium m, and world terms of trade m shocks.
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Figure 21. Simulated Conditional Betas of the Output Gap
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Note: Depicts the betas of the output gap with respect to the contemporaneous output gap in systemic
economies conditional on all shocks m, macroeconomic shocks m, and financial shocks m in each of these
systemic economies. These betas are calculated with a Monte Carlo simulation with 999 replications for
2T periods, discarding the first T simulated observations to eliminate dependence on initial conditions,
where T denotes the observed sample size.



73

Figure 22. Peak Impulse Responses to Foreign Productivity Shocks
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Note: Depicts the peak impulse responses of consumption price inflation m, output , the real effective
exchange rate m, the ratio of the fiscal balance to nominal output m, and the ratio of the current account
balance to nominal output m to productivity shocks in systemic economies which raise their output price
inflation by one percentage point. Consumption price inflation and the nominal policy interest rate are
expressed as annual percentage rates.
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Figure 23. Peak Impulse Responses to Foreign Intertemporal Substitution Shocks
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Note: Depicts the peak impulse responses of consumption price inflation m, output , the real effective
exchange rate m, the ratio of the fiscal balance to nominal output m, and the ratio of the current account
balance to nominal output = to intertemporal substitution shocks in systemic economies which raise their
domestic demand by one percent. Consumption price inflation and the nominal policy interest rate are
expressed as annual percentage rates.
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Figure 24. Peak Impulse Responses to Foreign Monetary Policy Shocks
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Note: Depicts the peak impulse responses of consumption price inflation m, output , the real effective
exchange rate m, the ratio of the fiscal balance to nominal output m, and the ratio of the current account
balance to nominal output m to monetary policy shocks in systemic economies which raise their nominal
policy interest rate by one percentage point. Consumption price inflation and the nominal policy interest
rate are expressed as annual percentage rates.
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Figure 25. Peak Impulse Responses to Foreign Credit Risk Premium Shocks
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, the real effective

exchange rate m, the ratio of the fiscal balance to nominal output m, and the ratio of the current account

balance to nominal output m to credit risk premium shocks in systemic economies which raise their short
term nominal market interest rate by one percentage point. Consumption price inflation and the nominal
policy interest rate are expressed as annual percentage rates.
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Figure 26. Peak Impulse Responses to Foreign Duration Risk Premium Shocks
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Note: Depicts the peak impulse responses of consumption price inflation m, output
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, the real effective

exchange rate m, the ratio of the fiscal balance to nominal output m, and the ratio of the current account
balance to nominal output m to duration risk premium shocks in systemic economies which raise their long
term nominal market interest rate by one percentage point. Consumption price inflation and the nominal
policy interest rate are expressed as annual percentage rates.
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Figure 27. Peak Impulse Responses to Foreign Equity Risk Premium Shocks
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, the real effective

exchange rate m, the ratio of the fiscal balance to nominal output m, and the ratio of the current account
balance to nominal output m to equity risk premium shocks in systemic economies which raise their price
of equity by ten percent. Consumption price inflation and the nominal policy interest rate are expressed as
annual percentage rates.
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Figure 28. Peak Impulse Responses to Foreign Fiscal Expenditure Shocks
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Note: Depicts the peak impulse responses of consumption price inflation m, output , the real effective
exchange rate m, the ratio of the fiscal balance to nominal output m, and the ratio of the current account
balance to nominal output = to fiscal expenditure shocks in systemic economies which raise their ratio of
the primary fiscal balance to nominal output by one percentage point. Consumption price inflation and the
nominal policy interest rate are expressed as annual percentage rates.
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Figure 29. Peak Impulse Responses to Foreign Fiscal Revenue Shocks
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Note: Depicts the peak impulse responses of consumption price inflation m, output

0.25 4

Argentina Australia Austria Belgium Brazil
125 125 125 125
1.00 1.00 1.00 1.00
0.75 0.75 0.75 0.75
0.50 0.50 0.50 0.50
£025 £025 £025 £025
- - £ 0.00 +—r—wr —— - . £ 0.00 £ 0.00 fwf o Fwr| £ 000 - ——
™ 8o - 8o !‘} L &-025 "} r &-025
-0.50 -0.50 1 -0.50 i -0.50
0.75 0.75 075 075
-1.00 -1.00 -1.00 -1.00
125 125 125 125
CHN EUR JPN GBR USA CHN EUR JPN GBR USA CHN EUR JPN GBR USA CHN EUR JPN GBR USA CHN EUR JPN GBR USA
Canada China Czech Republic Denmark Finland
125 125 125 125
1.00 | 1.00 1.00 1.00
075 1 075 0.75 0.75
0.50 0.50 0.50 0.50
- z 025 z 025 - z 025 - z 025
wf S 0.00 S 0.00 S 0.00 w—w| $ 0.00 =
- U 2oz €025 ‘un u €025 ik €025 l‘ }
-0.50 -0.50 -0.50 -0.50 i
075 075 075 075
-1.00 -1.00 -1.00 -1.00
125 125 125 125
CHN EUR JPN GBR USA CHN EUR JPN GBR USA CHN EUR JPN GBR USA CHN EUR JPN GBR USA CHN EUR JPN GBR USA
France Germany Greece India Indonesia
1.25 1.25 1.25 1.25
1.00 1.00 1.00 1.00
0.75 0.75 0.75 0.75
050 050 050 0.50
£025 £025 £025 £025
0 wer=| £ 000 uf g £ 000 [ = £ 000 ] g £ 000 e e wy
Il &-0.25 Il &-0.25 ‘ &-0.25 &-0.25
Il 050 L 050 ‘ 050 050
075 0.75 { 075 075
-1.00 -1.00 -1.00 -1.00
125 125 125 125
CHN EUR JPN GBR USA CHN EUR JPN GBR USA CHN EUR JPN GBR USA CHN EUR JPN GBR USA CHN EUR JPN GBR USA
Ireland Italy Japan Korea Mexico
125 125 125 125
| 1.00 1.00 | 1.00 1.00
1 0.75 0.75 1 0.75 0.75
0.50 0.50 050 050
L £025 £025 ﬂ £025 £025
1 S 0.00 | £ 0.00 £ 0.00 |y - S 0.00 -
1} &.025 " } &.025 I &.025 r | &.025 T
-0.50 il -0.50 i -0.50 -0.50
0.75 0.75 0.75 0.75
-1.00 -1.00 -1.00 -1.00
125 125 125 125
CHN EUR JPN GBR USA CHN EUR JPN GBR USA CHN EUR JPN GBR USA CHN EUR JPN GBR USA CHN EUR JPN GBR USA
Netherlands New Zealand Norway Poland Portugal
125 125 125 125
1.00 1.00 1.00 1.00
i 075 075 075 075
1 0.50 0.50 0.50 0.50
z 025 5025 ] - 159 z 025
ﬁ#ff-—-r-:—-vrn" $ 0.00 e w S 0.00 - L o] S 0.00 = $ 0.00 —
Il €025 B W 2o BiL | ™ T s 1™ €025 .‘
i -0.50 -0.50 -0.50 -0.50 |
075 075 075 075 U
-1.00 -1.00 -1.00 -1.00
125 125 125 125
CHN EUR JPN GBR USA CHN EUR JPN GBR USA CHN EUR JPN GBR USA CHN EUR JPN GBR USA CHN EUR JPN GBR USA
Russia Saudi Arabia South Africa Spain Sweden
1.25 1.25 1.25 1.25
1.00 1.00 1.00 1.00
0.75 0.75 0.75 0.75
050 i 050 050 050
B Ry oo -quv..:l!v.mlq_nq.rl o — & oo & oo —
e Pl £ 0.00 1 o 0. - T o 0. == £ 0
Bk | T 82 ‘ &-025 M Eo2s l‘ &-025 ko
050 050 050 ‘ 050
0.75 075 0.75 0.75
-1.00 -1.00 -1.00 -1.00
125 125 125 125
CHN EUR JPN GBR USA CHN EUR JPN GBR USA CHN EUR JPN GBR USA CHN EUR JPN GBR USA CHN EUR JPN GBR USA
Switzerland Thailand Turkey United Kingdom United States
125 125 125 125
1.00 1.00 1.00 | 1.00 |
0.75 0.75 0.75 [ 0.75 1
0.50 0.50 0.50 0.50 1
£025 £025 £025 L £025
e £ 0.00 e g S 0.00 e em— £ 0.00 £ 0.00
bl &-025 r ™ 202 &.025 l &.025 ‘
-0.50 -0.50 -0.50 -0.50 ‘
0.75 0.75 0.75 0.75
-1.00 -1.00 -1.00 -1.00
125 125 125 125
CHN EUR JPN GBR USA CHN EUR JPN GBR USA CHN EUR JPN GBR USA CHN EUR JPN GBR USA CHN EUR JPN GBR USA

, the real effective

exchange rate m, the ratio of the fiscal balance to nominal output m, and the ratio of the current account

balance to nominal output = to fiscal revenue shocks in systemic economies which raise their ratio of the
primary fiscal balance to nominal output by one percentage point. Consumption price inflation and the
nominal policy interest rate are expressed as annual percentage rates.
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Figure 30. Sequential Unconditional Forecasts of Consumption Price Inflation
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Note: Depicts observed consumption price inflation m as measured by the seasonal logarithmic difference
of the consumption price level versus sequential unrestricted forecasts m.
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Figure 31. Sequential Unconditional Forecasts of Output Growth
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Note: Depicts observed output growth m as measured by the seasonal logarithmic difference of the level
of output versus sequential unrestricted forecasts m.
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Figure 32. Conditional Forecasts of Consumption Price Inflation
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Note: Depicts observed consumption price inflation m as measured by the seasonal logarithmic difference
of the consumption price level together with unrestricted forecasts m, restricted forecasts =, judgmental
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dashed lines assume normally distributed innovations and known parameters.
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Figure 33. Conditional Forecasts of Output Growth
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Note: Depicts observed output growth m as measured by the seasonal logarithmic difference of the level
of output together with unrestricted forecasts m, restricted forecasts m, judgmental forecasts m, and
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normally distributed innovations and known parameters.
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Figure 34. Conditional Forecast Decompositions for Consumption Price Inflation
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Note: Decomposes the difference between combined forecasts m and unrestricted forecasts m of
consumption price inflation into the sum of a trend component

m, foreign supply

, domestic demand

, foreign demand

world risk premium m, and world terms of trade = shocks.

and contributions from domestic supply

, world monetary policy m, world fiscal policy m,
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Figure 35. Conditional Forecast Decompositions for Output Growth
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Note: Decomposes the difference between combined forecasts m and unrestricted forecasts m of output

growth into the sum of a trend component

domestic demand

, foreign demand

m, and world terms of trade m shocks.

and contributions from domestic supply m, foreign supply =,

, world monetary policy =, world fiscal policy m, world risk premium
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