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Abstract

The paper presents a global model for analysis and projections. The model features a handful of elements
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particular the price of oil, are shown to be demand driven; hence, demand related factors may play a
nontrivial role in explaining noncore inflation. The model performed well at one- and four-quarter
horizons compared to a survey of analysts' forecasts. In addition, systemic risk shocks were important at
explaining the forecast variance of the world output gap, country output gaps, the price of oil, and country
risk premiums. The breath of reach of systemic risk shocks back the efforts for financial surveillance with
a systemic focus.
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I. Introduction

There is something strikingly Keynesian in the way the economy works. As Akerlof and Schiller
(2009) have pointed out: “You pick the time. Your pick the country. And you can be fairly well
guaranteed that you will see at play in the macroeconomy the animal spirits.” Animal spirits are the
root cause of bouts of euphoria followed by pessimism; rounds of impulsiveness followed by restraint;
and periods of confidence followed by recession.

Animal spirits gave rise to macroeconomics, although they have not been consistently at the core of
dynamic macroeconomic models.! After the global financial crisis, animal spirits became the subject
matter of study, measurement, and control under the rubric of systemic risk (see Bisias et al, 2012).

Systemic risk is a threat to confidence in the financial system and a substantive threat to growth and
living standards. Systemic risk typically involves various financial markets, institutions, and
countries. It also usually involves considerable leverage and interconnectedness. Systemic risk also
involves cycles in credit and asset prices, including the price of real estate.? Examples of surges in
systemic risk are the global financial crises and the countless crises episodes described in Reinhart
and Rogoff (2009). For some definitions or descriptions of systemic risk see Blancher et al (p 6), IMF
(2009), (p 3), and Bisias et al (2012), (p 1).

Among the various measures of systemic risk currently being developed in the literature, the measure
in IMF (2011) is based on principal components analysis. In this paper, we measure systemic risk
with factor analysis, a similar methodology. Particularly, we embed a common factor model of
market measures into a global macroeconomic model. Country risk premiums are assumed to follow
the unobserved, common, systemic-risk factor. The strategy we follow is to assume that systemic
risk is exogenous and to analyze its implications on a variety of variables such as country risk
premiums, commodity prices, and aggregate demand-related variables such as output gaps, current
accounts, and unemployment.?

The paper is mostly related with Carabenciov et al (2013) as it is a global projection model with six
regions based on a typical inflation targeting model. It is also related with Carabenciov (2008¢) in
that it includes commodity prices and its effect on inflation. However, commodity prices are dealt
with here in real terms so that a relationship between the price of oil and the global output gap
arises. The paper contributes to this literature in proposing a measure of systemic risk, a
transmission from systemic risk to country risk premiums, and in underscoring the relevance of
systemic risk shocks for world economic activity as well as for country output gaps. In addition, for
analysis purposes, the paper proposes a treatment of the trade balance and a simple approximation
to the current account.

The paper is also related with Neumeyer and Perri (2005) and the references therein. Neumeyer and
Perri conclude that in emerging countries output fluctuations are connected with country risk

'See some of the financial frictions in the survey by Brunnermeier, Eisenbach and Sennikov (2012).

*Borio (2012) characterizes the financial cycle as the cycle in credit and asset prices.

3 Apparently, a similar methodology might have been followed by the RBC literature. The technology factor was assumed
exogenous. Knowledge was developed on growth and fluctuations; the technolgy factor still remains shomewhat of a
mystery.



premiums.* Owing to the inclusion of the global financial crisis in the sample, we obtain that in all
economies output fluctuations are connected with country risk premiums, and particularly with
systemic risk.

The paper has the following six sections: introduction, model, data, results, conclusions, and
appendix. The model section first presents the global transmission channels. It then describes the
equations where the model has some original twist, namely, the equations for the output gap, trade
balance, current account, the price of oil, food commodity prices, country energy and food prices,
and the uncovered interest rate parity. The model section continues, for the sake of completeness,
with a description of the equations that are standard. The data section covers the data sources and
also includes other data aspects of the model, namely, the model calibration and estimation. The
results section presents the responses to the main shocks, the smoothing results, the error
decomposition results, and the model forecasting properties. The conclusions can be manifold, given
the number of features incorporated into the model, but deal mainly with the role of systemic risk
and country risk premium shocks, as well as other demand-related shocks, in explaining output gaps,
the trade balance, unemployment, and country energy and food prices. An appendix presents the
derivation of equations for the output gap, trade balance, and the current account.

II. The Model

The model incorporates three main topics into a global projection model. The first topic is systemic
risk and its transmission to country risk premiums. The second topic, the transmission from country
risk premiums to demand-related variables such as the output gap, the trade balance and
unemployment. The third topic, the transmission from commodity prices to country inflation. With
these features, the model can be operated to analyze financial booms and busts (the cycle in
systemic risk), the effect of booms and boosts on output, the trade balance, and unemployment, as
well as commodity-price shocks and their effect on inflation.”

The model is in the spirit a simple gap model of the type central banks use in their inflation
targeting procedures. A central bank gap model is normally based on two transmission channels, the
aggregate demand channel and exchange rate channel. The former is the effect of interest rates on
aggregate demand, inflation, and the interest feedback rule. The later is the effect of interest rates on
the exchange rate, aggregate demand, inflation, and the interest rate feedback rule.

Besides these traditional transmission channels in the small open economy, we define three global
transmission channels. The global channels are, first, the systemic risk channel, second, the foreign
aggregate demand channel, and third, the foreign exchange rate channel. The systemic risk channel
is the effect of systemic risk on country risk premiums. The foreign aggregate demand channel
consists of the chain: foreign risk premium, foreign output gap, imports from abroad, and domestic
output gap. The foreign exchange rate channel is the effect of foreign risk premium shocks on
domestic output and trade balance gaps. A rise in a foreign risk premium appreciates the exchange

4While Neumeyer and Perri call EMBI spreads “interest rates,” we call EMBI spreads “country risk premiums.”
®The aim of the model is as a tool for policy analysis, in this light it is not a parsimonious explanation of a single topic.
A general equilibrium model would not be vulnerable to the Lucas critique but is outside the scope of the paper.



rate. The appreciation causes a rise in imports and a drop in exports. The output gap drops and the
trade balance gap deteriorates.

In addition to these global channels, the standard transmission channels in the open economy may
be extended to incorporate country risk premiums as follows: the domestic aggregate demand
channel is the effect of a shock to the country risk premium on the country output gap and inflation;
and the domestic exchange rate channel consists of the effect of the country risk premium on output
and trade balance gaps via the exchange rate.

The model covers 41 countries that account for about 85 percent of world GDP. The countries are
arranged into six regions or countries, those of the IMF Global Projection Model of Douglas Laxton
and colleagues (see Carabenciov et al (2013)). The countries are the United States, Europe, Japan,
East Asia, Latin America, and the remaining countries.

The model has 29 core equations (7 behavioral equations and identities at the global level and 22
behavioral equations at the country level).® The number of equations in the model rises to 622 owing
to the number of countries, the type of variables involved (in deviation and latent form), the several
definitions used for growth and inflation, a set of equations for auto correlated residuals, and another
set of equations for exogenous interventions on the output gaps.7

Systemic risk and transmission to country risk premiums Systemic risk is estimated in a
common factor model embedded into the global model. As a common factor, systemic risk is not
foreign or domestic but a common factor of both. Systemic risk and country risk premiums, ¢, and
pi, are given by the following two equations that, accounting for each of the countries, stand for a set
of seven equations:

Gr = 1@ g +gf, (1)
and
Py = 1py_ 1 + ap, + €7, (2)

with one equation of the form (2) for each of the six countries. (Notation omits country subscripts
for simplicity.)

In equations (1) and (2), country risk premiums are observed while systemic risk is unobserved.

In addition, systemic risk and country risk premiums are the sum of their deviation and latent

SThe 7 core equations at the global level are behavioral equations for the following variables: global risk, the price of
oil, commodity food prices; as well as identities for the following variables: global output gap, world inflation, world
real interest rates, and world unemployment. The 22 core equations at the country level are on one hand behavioral
equations for the following variables: risk premium, output gap, trade balance gap, capital flows, core inflation, energy
prices, food prices, interest rates, unemployment, export prices, import prices, real exchange rate; and on the other hand
identities for the variables foreign risk premiums, foreign real interest rates, real multilateral exchange rate, terms of
trade, absorption CPI inflation, nominal exchange rate, real interest rate, and a breakdown of the UIP residual.

"The stochastic processes and identities for latent variables amount to 193 equations. Different measures of inflation
and growth (annual, quarterly, CPI, food, energy, and core) amount to 60 equations. Auto correlated errors in each of
the behavioral equations account for another set of 74 equations. Finally, the exogenous interventions on output gaps
account for another set of 6 equations.



components
O =Py T Py 3)
and
Pt = Py + Py- (4)
In turn, latent systemic risk is given by
o1 = Tiai(piy — p"%°) + % +ef. (5)

The difference between systemic risk shocks and country risk premium shocks stand out. While
systemic risk shocks affect all country risk premiums via the systemic risk channel, country risk
shocks do not affect systemic risk. The reason is that, by equation (1), systemic risk is explained
solely by systemic risk shocks. In like fashion, systemic risk is different from the foreign risk
premium. In effect, while systemic risk is the common factor of all country risk premiums, the
foreign risk premium is a weighted average of the trade partners’ country risk premiums.

The current account All flow variables in the model are measured in real terms, except for the
current account which is measured in percent of GDP. In order to take into account this change in
units, the current account 3; is obtained as

=S+t +el, (6)

which is the sum of the trade balance 2; and the terms of trade £;. The intuition behind equation (6)
is that the current account is approximated by the trade balance in real terms; in addition, the terms
of trade help transform the trade balance from real units into percent of GDP (see the Appendix for
the derivation).

In equation (6), the terms of trade are defined as®

bt = Zaxe — Mg, (7)
where Z is the share of exports in GDP, m is the share of imports in GDP, ¢x; = px, — p; is the real
price of exports, and qar; = px,;+ — pt is the real price of imports.

Note that the terms of trade are commonly measured as the index fg = §x, — qm - In comparison
with this index, the measure of the terms of trade stated in equation (7) weights real export and
import prices by the export and import shares in GDP. In this form, the terms of trade are measured
in units of GDP.?

$Throughout the paper, a bar with time subscript, as in the case of §:, denotes a latent variable, while a bar without the
time subscript, as in the case of m, denotes share of GDP. In these examples, §; denotes potential output and m denotes
the share of imports in nominal GDP.

9For example, if the price of exports is ten percent above the long term and the share of exports in GDP is 0.3, the terms
of trade are #; = (0.3)(0.1) = 0.03. Or the additional income due to a high export price is 3 percent of GDP. Note that
this additional income is due purely to a price effect and hence does not enter real GDP or the real trade balance because
real quantities in the national accounts do not take into account changes in real prices.



The overall current account is obtained as

5t = 3¢ + 3¢ (8)
where latent current account is
5t =2+t +C, 9)
where
b = Tqx, — M e, (10)
& = C—1 + 7§ + €5, (11)
and i
Vi =1 +ef (12)

In equation (9), the term ¢ helps reconcile the differences between the trade balance and the current
account due to net transfers, net factor income, and errors and omissions.

The trade balance The trade balance z; depends on scale and substitution effects (see the

Appendix for the derivation)!?, !

ZZ = 0122t+1\t 4+ 09221 + ma’l(ﬂ + ﬁt) — .’Z‘Uﬁl(’lgtF + f){gp) (13)

—s(e —f — pr+pf) + i,

One of the scale effects is the response of imports to domestic demand, the third term at the right
hand side of equation (13), the reason is that domestic demand responds to the domestic interest
rate 7y and the country risk premium p;. Another scale effect is the response of exports to foreign
demand. This is the fourth term at the right hand side of equation (13), since foreign demand
responds to the foreign interest rate 7/ and the foreign risk premium f)f . The fifth term at the right
hand side of equation (13) stands for the substitution effects; if this term rises the real exchange rate
appreciates and thus the trade balance deteriorates.

Further intuition about equation (13) can be obtained by making m ~ Z. Under this condition
equation (13) becomes

-1 A F

2 = 01251 + 02251 + (Mot =) (F — ) + (Mo~ +6) (o, — pf ) + &5 - (14)

In this form, the trade balance equation shows that the scale and substitution effects depend on the
real interest rate and risk premium differentials. Given that ¢ > 0, a rise in the spread differential

10The expectations operator is denoted as ki1t = Egkiya for any variable k¢, as in the case of 2,44}, in equation (13).
Al coefficients are nonnegative.
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py — pt” improves the trade balance.'?, 13

Other equations related to the trade balance are

1 . .
a::2p44—17§+e§ (17)
Vi =via el (18)
and
2= Zp + 2% (19)

As to the definition of the real interest rate in equation (13), it is given by
T =0t — Ty (20)

and
7215 =Tt — 'Ft, (21)

In turn, the foreign interest rate 7/ is defined as
ff‘ = kakff, (22)

which is an export-share weighted sum of country interest rates, where k denotes the export
partners, rf the interest rate of the export partners, and the wy the exports shares.

The foreign risk premium ﬁf is defined similarly.

Global imbalances Given that global imbalances involve several dimensions, we use as working
definition that they are the part of the trade balance explained by mispriced risk and mispriced
exchange rates. Mispriced risk is the norm at times of euphoria or pessimism in financial markets.
Mispriced exchange rates are those that are distorted by massive central bank intervention combined
with controls on capital flows. With this definition, the shifts in the trade balance that correspond to
reasonable repricing of risk and exchange rates are not imbalances. While events of mispriced risk
due to euphoria tend to be transitory, cases of mispriced exchange rates due to policies tend to be

more permanent.

2Tn equation (19), the first term at the right hand side, Z, is latent trade balance in percent of GDP. The second term,
ZZt, is the deviation of the trade balance from latent trade balance also in percent of GDP. Note that Z; is in percent
deviation from the steady state and that multiplying a deviation from the steady state by the share in GDP z gives
approximately a percent of GDP.

13We have proposed behavioral equations for output and the trade balance. A behavioral equation for absorption would
simply be a risk augmented Euler equation

¢t =crpap — 0 (re+py) (15)

As this equation would be redundant, we instead obtain absorption as

&= — . (16)
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In equation (19) the trade balance is defined as the sum of the latent and deviation components.
While imbalances due to mispriced risk would more likely enter the deviation part of the trade
balance, those due to policies and mispriced exchange rates may better enter the latent component.

Consider the deviation component and define the current account in percent of world output as
3t =A%t (23)
where \° is the share of a given country’s output in world output evaluated at market prices.

The question is what part of the current account 3; is an imbalance and which part is not. With an
eye on equation (13), adjustments in the trade balance due to real interest rate adjustments should
not be viewed as imbalances because they are due to the international allocation of expenditure and
savings. Movements in the trade balance due to movements in country risk premiums may be
considered imbalances to the extent that movements in country risk premiums are
excessive—euphoria or pessimism in financial markets. All in all, an imbalance could be seen as a
mispriced-risk-driven current account (23).

Output gap The output gap 4; also depends on scale and substitution effects

e = 01§ + 02bi—1 — (L= m)o (Fe + py) — 2o (#F + b)) — (i — 7 — b+ pF) + el (24)

Note that the fourth and fifth terms at the right hand side of equation (24) correspond to the terms
at the right hand side of the trade balance equation and stand for the scale and substitution effects
on the trade balance. The third term at the right hand side of equation (24) is the scale effect on
absorption, since absorption follows Euler equation (15).

Latent output is given by the equations

1 . -
Yy = Yg—1 + 17? + ¢, (25)
and
5 . 7
V=1 + L=y el (26)
while output itself follows
Yt = Yt + Yt (27)

To enhance the analytical properties of the model, we added exogenous interventions to the country
output gaps. The output gap is restricted to fulfil the equation

f’;t — gtPoint + 8tPoimf’ (28)
where gjf oint is a vector of point interventions imposed on the output gap and o™ is the slack in
the attainment of the interventions. Equation (28) enables us to fulfill exogenous restrictions on the

output gap, for instance, the estimated output gap may be made equal to a given number at a
certain date.
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Commodity prices and transmission to country inflation The model incorporates two
transmission mechanisms, one from the price of oil to domestic energy prices, the other one from
food commodity prices (or global food prices) to country food prices.
The price of oil §°% follows supply and demand factors

Oil

AOzl quOzl + ,82 ~World + 5t ’ (29)

401l
Supply is given by the error term e/ | a standard supply shock. Demand is given by the world

output gap yworld In (29), the price of oil is in real terms, and defined as qO” = ptOil — pgf s,
The latent price of oil follows
=l el (30)
and .
A = el (31)

~Food
Food commodity prices also follow supply &} and demand QXV orld factors,

F d
AFood B4qFood /35 AWorld Et o0 ) (32)

A look at equations (29) and (32) shows that a rise in income increases the real price of oil and
decreases real commodity food prices.

The transmission from the price of oil to domestic energy prices ¢ follows

a§ = vrdi_y +vs(@P" + vi2g) + 5t ) (33)

while the transmission from food commodity prices to country food prices (jf is given by

6 = vs(gF + vagy) + 7 (34)

It bears emphasis that ¢§ and (j{ in equations (33) and (34) are real prices at the country level while

O'Ll ~Food

and ¢; are real prices at the global level. !4, 1

Latent country energy and food prices follow processes similar to those of equations (30) and (31) for
the price of oil.

As for the effect of these relative prices on inflation, inflation in the energy, food, and overall CPI
indexes are obtained with the identities

my =+ 405 — qf 1), (35)

wf =m+ Al —aly), (36)

“n equation (33) the price of oil is observed. In contrast, in equation (34) the commodity price of food is unobserved.
We preferred to obtain the commodity price of food as unobservable because available food commodity price indexes
appeared to be poorly correlated with country and regional food prices.

15N0te that qUS\US =0.
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and
e ;7r§+yf(q{—qtf_1)+1/e(qf—qf_1), (37)
where 7 is CPI inflation, 7§ is core CPI or inflation excluding food and energy, ¢ = p{ — p; is the

country real price of energy, q{ = p{ — p¢ is the country real price of food, and v and v, are the
weights of food and energy in the CPI.!6

A measure of non core relative prices will be used in the analysis. This measure is an aggregate of
domestic energy and food prices relative to the CPI. In deviation form, the aggregate is

~NC — Ve ~e l/f ~f 38

q I (38)
where v, =1 — vy — v.. The first difference of this aggregate is approximately equal to the deviation
of CPI inflation from core inflation.

In turn, core CPI inflation follows a Phillips curve of the form

T = (1 —v)m g +vamig +vede + 3Gl 4 eT°, (39)

Latent prices Country risk premiums, real interest rates, and inflation in East Asia and the
remaining countries exhibit important transitions throughout the period of study. The trends in
these variables pose a problem for error decomposition exercises in a model where exchange rates
depend on foreign country risk premiums and interest rates. We then broke down latent country risk
premiums, interest rates, and implicit inflation targets into trend and detrended components. The
breakdown of latent country risk premiums is as follows

by = ptDet + pfrend’ (40)
_ _ _ D —Det
PP = aapld + (1 — az)py + asp, ™ +ef (41)
and 1
sTrend =Trend
= e (42)
-Trend =Trend QOil
Ve =1 tel - (43)
The transition trend pf "*"? is deemed as observed. We estimated these transition trends with a local
linear trend model.
The country risk premium is given by
Pt = Py + Pe (44)
in levels and by
pP = pp— pi (45)

in detrended level form or the country risk premium that would have obtained had no transition

L Following Caravenciov et al (2013), an error term ef is added to equation (37) 7¢ = nf+v (¢! —q! ) +ve(gf —qf_1)+eT to
account for changes in vy and v, over time. This error term is not economically meaningful; it merely ensures consistency
of equation (37).
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taken place.!”

Latent real interest rates and implicit inflation targets follow processes similar to those of equations
(40) to (42).

Transition trends are present in country risk premiums in Europe and Latin America, real interest

rates of Latin America and the remaining countries, and implicit inflation targets of Latin America

and the remaining countries.!®

Uncovered interest rate parity The risk-adjusted UIP condition is

Us jlus 1, jipet  US Det Det | US,Det |US
a7 = gl = P = P phPet g pIS Dty IO, (16)

for j = EU, JA, EA, LA, and RC, where ¢} I1US is the log of the real bilateral exchange rate of

country j against the US, rt’DEt nd r/%P° are the real interest rates, p"” and p/ ¢ are the
country risk premiums and X | is a UIP shock.
The latent bilateral real exchange rate of country j against the US ¢ 105 follows

_j|US gIs | US g1vs

g =0+ g+ (47)
and |US j|\USs

gilus *7 =i| US 7’
W= Q=0T T e (48)

Note that if p/ "¢ = 0, then pP* = p, and r{7"¢ = 0, then rP°* = r; and hence equation (46) is a
standard, risk-augmented UIP equation.

Note that unlike other equations in the model, equation (46) does not refer to a variable in deviation
form. In this light, the UIP residual x] I1US involves deviation and latent components. To ease the
understanding (and calibration) of the UIP residual broke it down into a deviation and latent

components

jlUSs AJ|US

US
A = g1 4 31,

(49)

The latent component is defined as the residual of the UIP equation in latent form

_j|US _ q]|US ]|US

1, .:p
_j,Det 7US Det —j,Det —US,Det
Xt-1 Dit1)e - )- (50)

+ - 1 —(7 Ty =Py Py

Using the breakdown in equation (49) it is possible to obtain deviation and latent components for
the exchange rate in a way that is standard or comparable to other variables in the model.

1"While the measure P, is zero mean and used in the trade balance and output gap equations; the measure pDet is nonzero
mean and used in the UIP condition.
18 Transition trends can make error decomposition analysis problematic. Trends in some countries may split into the error
decomposition exercises of other countries because interest rates and risk spreads are connected by the UIP conditions.
As transition trends are not present in all variables and regions, they may be set equal to zero where needed. However,
we maintained transition trends in risk spreads, real interest rates, and implicit inflation targets in all regions because
this improved the evolution of latent global risk.
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Remaining model equations The remaining model equations are standard and are explained
here for completeness.

The first equations are those for the nominal and real multilateral exchange rates. While real
exchange rates are obtained using the real UIP condition, nominal exchange rates are obtained from

identities. The nominal exchange rate of country j vis a vis the US sz U5 is obtained as

j|US jlus | jlus  jlus | 1,
Si‘ = Si|—1 + qi‘ - qi‘—l + Z(”i — %), (51)
where 7V and 77{ are the US and country inflation rates for countries j = EU, JA, EA, LA, and

RC.

Real effective exchange rates qf” ER: are a basket of real bilateral exchange rates!”
RER,EU _ EU|US EU|JA EU|EA EU|LA EU|RC
9y = WEUUSY: +WEU|IAG: +WEU|EAG: +WEUILAY +WEU|RCY: , (53)

Note that real exchange rates in expression (53) are a weighted sum of real bilateral exchange rates
against US and non US countries. While exchange rates against the US are called simply exchange
rates, exchange rates against non US countries are the cross exchange rates.

Cross real exchange rates are obtained from exchange rates against the US. For example, the cross
real exchange rate of Europe against Japan is given by

EU|JA EU|US JA|US
4y | =q | — 4 | ; (54)
Latent cross real exchange rates are given by
_jlk#£US _j|US _k|US
AR A (55)
j=FEU, JA, FA, LA, and RC.
As to the policy rule, The nominal interest rates follows
iy = 0vip—1 + (1= 61) [P + 7 4 S2(Tyy5e — Fyas)e) + 03dt] + &, (56)
where 7# is annual inflation and 7; the inflation target.
As for cyclical unemployment ¢, it is given by
= V181 + D2fs + €f, (57)
In turn, the NAIRU @} follows
iy = V3tiy—1 + 7§ +€f (58)
"In the special case of the US the real effective exchange rate is obtained as
RER,US _ EU|US JA|US EA|US LA|US RC|US
Qs = —wus|EUd: —Wus|sad; —WUs|EAG: —Wus|LAG: — WuUs|RCYy . (52)
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and i
Vi =avig el (59)

Finally, unemployment is the sum of its cyclical and NAIRU components

Uty = T:Lt + ’at. (60)

Finally, the global output gap is a weighted sum of country output gaps
gir o = 5t (61)

where the GDP weighs are adjusted by PPP, i = US, Eur, Jap, EA, LA, and RC, and ¢} are the
country output gaps.20

ITI. The Data

Country risk and systemic risk As suggested by Biasis (2012), any measure of systemic risk
must necessarily be incomplete. For our purposes we would ideally use a measure of systemic risk
derived from data from each of the 41 countries, covering a handful of financial markets, and for the
entire period of study (starting in 1996Q1). In reality there are no markets for the same financial
instruments in all countries so that there are no comparable data for homogenous financial
instruments.?! Hence, the working definition of systemic risk we use is a common factor of data for
different financial markets, the data that was available for each of the countries or regions. The
advantage is that an heterogeneous incomplete list could suffice because systemic risk is pervasive.
All in all, we measure the country risk premium with the implied stock volatility (the vix) in the US,
corporate bonds in Europe and Japan, and an index of mostly government bonds in East Asia and
Latin America (the EMBI).

Data Sources The source of the vix index is Bloomberg Financial Services. The source of
corporate bond spreads for Germany?? and Japan is Haver Analytics. The source of EMBI spreads
for East Asia and Latin America is Bloomberg Financial Services. The sources for the balance in
current account are the OECD statistics database and the WEO database. The source for implicit
trade deflators is the OECD statistics database. Data from the later source was put into quarterly
terms with the Kalman filter. The data sources appear in Table 1.

20The global output level may be obtained as
y o = log [Ei)\i exp(yf)] . (62)

This equation may be calculated outside the model so as to maintain the solution method linear. An equation similar
to (62) applies not only to world output but also to world potential output. Note that no variable in the model depends
on these output levels.

21Tn the case of CDS spreads, for instance, there are not sufficiently long comparable time series.

22We use German corporate bond spreads for Europe owing to the weight of Germany in Europe, and given that the time
series for other European (crisis) countries are not sufficiently long.
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Model calibration The calibration covered 499 parameters and 255 standard deviations; 66 of the
calibrated parameters served as priors for the Bayesian estimation. The calibration was fine tuned by
analyzing impulse response functions, the evolution of latent variables, equation fit, error
decompositions, and model forecast performance.

The calibrated parameters appear in Table 2. The forward-looking component of the output gap and
trade balance equations o1 was set at 0.04 so as to make the equations mostly backward looking.
The backward-looking component of these equations oo was set at a smaller value in Japan and the
emerging countries: The persistence in the risk premium equations vy was set at 0.550, interest rate
smoothing d3 at 0.600, the backward looking component of Phillips curves v was set at lower levels
in emerging countries, persistence in Okun equations ¥; was set at lower levels in Japan and the
emerging countries, persistence in country energy equations vy, export and import prices og and o711,
the price of oil 81, and commodity food prices 3, was set at diverse levels.?3

The response of the output gap to the country risk premium and the real interest rate, given by the
subset of 12 parameters o0, and o,, was calibrated with the aide of a VAR. Arkeloff and Shiller
(2009) document the absence of confidence variables in VAR studies (page 17). Here we run a VAR
that includes a confidence variable, the country risk premium. Other variables in the VAR are
output gaps and interest rates. The VAR is specified as follows:

Piv = Sigjcibieate)’ (63)
e = Carlpg_1 + Conlly +eft

Ukt = C31Ukt—1 1 320k -1 + C33Tkt—1 + 634?315,75—1 + 5?6

?Qlf,t = Ei;ﬁkwku@i,t

for j =US, EU, JA, FA, LA, and k =US, EU, JA, EA, LA, RC. Data for country risk
premiums, nominal interest rates and output in the VAR are in deviation form.?? Data in deviation
form was obtained from a preliminary run of the model.

Note that foreign output is constructed as an identity. In addition, the interest rate enters the VAR
in nominal terms because—in deviation form—it has smaller short term variation that the real interest
rate but is highly correlated with the real interest rate.

The VAR was also restricted. In effect, the relative effect the country risk premium and the interest
rate on the output gap in the VAR was made equal to the ratio of the same relative effect in the
calibration of the model. This restriction turned out to be useful to find a negative sign in the effect
of the interest rate on the output gap in the VAR.

The calibration of parameters o, and o, in the model pursued an approximation between the
response to country risk premium and interest rate shocks in the model and that of the VAR. The
peak response of the output gap to country risk premium shocks in the model and in the VAR
appears in Panel A of Figures 1 and 2. The shocks are a unit, autocorrelated shock to the country
risk premium and to the interest rate.

23The calibration of the remaining 345 parameters and 255 standard deviations is not reported.
?"Nominal interest rates in deviation form as defined as % = iy — ¢ — 7.
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Model estimation The estimation covered a subset of 77 parameters that were more relevant for
the three main topics included in the model. The model was estimated by with full Bayesian method.

Priors means where those selected in the calibration of the model. The interval for estimation was
selected as £0.3 times the prior mean. This interval was judged to strike a balance between two
criteria; first, to allow sufficient room for the data to “speak;” second, to preserve the economic
properties of the calibrated model; properties such as reasonable impulse responses, equation fit,
historic error decompositions, and model convergence. Prior standard deviations were repeatedly
reduced in a series of estimations so as to ensure that the estimation of each parameter converged to
a maximum. Final standard deviations were in the range of 0.03 to 0.14 times the prior mode.

The estimated parameters appear in Table 3. Overall, the estimation confirms the quality of the
calibrated parameters. Indeed, the difference between the prior and posterior means is above a tenth
of the prior mode in but a few parameters. In the full Bayesian estimation the posterior distributions
(not reported) move in comparison to the prior distributions. When estimating the entire subset of
77 parameters the posterior distributions show more density around the posterior mean compared to
the prior distributions. The higher concentration of the posterior distributions shows that the data
and the estimation bring information to the model.

IV. Results

The results section discusses the three topics dealt with in the paper. First, the transmission from
systemic risk to country risk premiums. Second, the transmission from country risk premiums to
aggregated demand-related variables such as the output gap, the trade balance gap, and
unemployment. Third, the transmission from commodity prices to country energy and food prices.

In addition, impulse response analysis include a shock to the policy interest rate, given that this
shock provides an illustration of the transmission mechanisms of monetary policy.

A shock to systemic risk A shock to systemic risk involves three steps and channels. First, the
systemic risk channel transmits systemic risk to country risk premiums. Second, the domestic
aggregate demand channel transmits the effect of country risk premiums to output gaps. Third, the
foreign aggregate demand channel transmits the effect of foreign risk premiums to domestic output
gaps. The systemic risk channel has effects that are large and widespread. As explained below, both
the systemic risk and aggregate demand channels account for the global-risk-related synchronization
of output gaps across the board.

Figure 2 shows the behavior of world variables. In Panel A, a shock to systemic risk causes a drop in
the world output gap by cause of the systemic risk channel, as well as the domestic and foreign
aggregate demand channels. World unemployment rises through the effect of country output gaps on
country unemployment. In Panel B, the shock is shown to cause a drop in the price of oil and a rise
in the commodity price of food.

Figure 3 shows the behavior of country variables. The systemic risk shock affects country risk
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premiums, output gaps, and trade balance gaps across the board. Country risk premiums and
output gaps respond to a extent that depends on the strength of the systemic risk channel (on
loading factors ay) as well as on the aggregate demand channel. The effect of the shock on country
output gaps is large, particularly when compared with the effect of shocks to country risk premiums,
explained below.

Trade balance gaps may improve or deteriorate depending on various factors, primarily on the
strength of the systemic risk channel. In countries where loading factors ao are large, such as the
United States and the remaining countries, and to a lesser extent in Japan, country risk premium
rise further, the country risk premium differential rises, and the trade balance improves as well. In
countries where loading factors ais are small, such as East Asia and Latin America, the country risk
premium rises less, the country risk premium differential drops, and the trade balance gap
deteriorates.

A shock to the country risk premium Shocks to country risk premiums have effects on output
gaps that are smaller compared to the effect of systemic risk shocks. The response of global variables
to country risk premium shocks appears in Figure 4. In Panel A, the world output gap drops in
response to upward country risk premium shocks. The largest response of the world output gap
obtains for those countries with the largest share in world output. Panels B to D show the response
of world unemployment and commodity prices. The response is larger the higher the weight of the
country in world output gap.

The response of country variables to country risk premium shocks is also smaller than the response
to a shock to systemic risk. Nonetheless, shocks to country risk premiums enable us to consider the
role of domestic versus foreign country risk premium shocks. Figure 5, Panel A, shows the response
of country output gaps. Output gaps drop in response to an upward shock to the domestic risk
premium.?® Two channels are at work, the domestic aggregate demand and domestic exchange rate
channels. Output gaps also drop in response to upward shocks to foreign risk premiums. Both the
foreign aggregate demand and foreign exchange rate channels tend to cause a drop in output gaps.

Output gaps react to domestic risk premium shocks far more than to foreign risk premiums shocks.?°
By exemption, output gaps may react strongly to a foreign risk premium shock in very open
economy because the aggregate demand channel is relatively strong while the exchange rate channel
is relatively weak (see the cases of East Asia and the remaining countries).

Concerning the response of the trade balance gap to country risk premium shocks, in Figure 5, Panel
B, trade balance gaps improve with domestic risk premium shocks and drop with foreign risk
premium shocks. This is a consequence of equation (14). The strength of the response of trade

25The effect of a domestic risk shock on the domestic output gap is unambiguous for reasonable combinations of parameter
values. Nonetheless, the effect is ambiguous in theory. The domestic aggregate demand and exchange rate channels exert
forces on the output gap that act in opposite directions. The aggregate demand channel tends to cause a drop in the
output gap while the exchange rate channel tends to cause a rise.

26 A different rationale for the relevance of foreign risk premium shocks is at play in the case of Europe. Foreign risk premium
shocks are relatively important in Europe because the standard deviation of shocks to the European risk premium is
smaller. Among foreign risk premium shocks, those from the remaining countries are important because the remaining
countries are the main export partner of Europe.
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balance gaps to foreign risk premium shocks depends, mostly, on the export share of the country
where the shock takes place.

All in all, a shock to the country risk premium impacts output and trade balance gaps via four
channels, the domestic and foreign aggregate demand channels and domestic and foreign exchange
rate channels. By the domestic exchange rate channel, a rise in the country risk premium causes a
drop in the output gap and a rise in the trade balance gap.

By virtue of the foreign exchange rate channel, a rise in a foreign risk premium causes a drop in the
domestic output gap and a drop in the trade balance gap as well.

Shocks to commodity prices A shock to the price of oil is presented in Figures 6 and 7. The
response of global variables to a shock in the price of oil appears in Figure 6, Panels A and B. A
one-standard-deviation shock is of about ten percent to the price of oil in real terms. The shock
generates a rise of half a percentage point in world inflation on impact and a drop of half of one
tenth of one percent on the world output gap in one year.

The response of country variables to a shock to the price of oil appears in Figure 7, Panel A. The
response involves higher inflation in those countries with higher weight of energy in the CPI basket,
particularly in the United States. Monetary policy rules in these countries prescribe larger interest
rate increases, hence, in these countries currencies appreciate causing output gaps to drop further.

Altogether, a shock to the price of oil has effects on world and country variables that are widespread,
although not as large as the effects of a systemic risk shock.

A shock to the commodity price of food appears in Figures 6 and 7. The response of global and
country output gaps and inflation rates is similar in kind and extent to that of a shock to the price of
oil. Some differences do arise as to the extent of the response of the nominal interest rate and in the
persistence of CPI inflation. These differences are explained by the higher persistence of country
energy and food prices under shocks to the price of oil and commodity food prices respectively.

An interest rate shock As in the case of shocks to country risk premiums, the focus here is on
the effect of interest rate shocks on the world output gap, country output gaps, and country trade
balance gaps. At the world level, the relevant shocks are those that take place in large countries; at
the country level, the relevant shocks are those to the own interest rates while shocks to foreign
interest rates are relatively unimportant.

Consider first the response of the world output gap to country interest rate shocks in Figure 8. As
before, the response is stronger when the shock takes place in countries that are large in the world
economy. Variables such as unemployment and commodity prices respond to these shocks depending
on the response of world output gap.

Consider next, under country interest rate shocks, the response of country output gaps in Figure 9.
Panel A shows a standard response with the domestic aggregate demand and exchange rate channels
being involved.
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Next, consider the effect of interest rate shocks on foreign-country output gaps also in Figure 9,
Panel A. Although the output gap response to a foreign interest rate shock is quantitatively small, it
helps explain the transmission mechanisms in the model. The response is the result of transmission
channels that work in opposite directions. In response to an increase in a foreign interest rate, the
foreign aggregate demand channel causes a drop in the output gap, the foreign exchange rate channel
causes a rise in the gap. Both effects offset each other to the extent that the response of the output
gap to a foreign interest rate shock is unimportant.

Next, consider the effect of an interest rate shock on the own trade balance gap in Figure 9, Panel A.
The response may have a positive or negative sign depending on the strength of the domestic
aggregate demand and exchange rate channels. By the aggregate demand channel, a rise in the
domestic interest rate decreases aggregate demand and hence imports. Consequently, the trade
balance improves. Through the exchange rate channel, a rise in the domestic interest rate
appreciates the exchange rate thus the trade balance deteriorates.

Finally, consider the effect of a foreign interest rate shock on the trade balance gap also in Figure 9,
Panel B. By equation (13), the sign of the response of the trade balance gap to a foreign interest rate
shock is opposite to that of a shock to the domestic interest rate. Thus, the response of the trade
balance gap to a foreign interest rate shock is positive where the response of the trade balance to the

own interest rate is negative and vice versa.

Smoothing results Reported smoothing results also deal with the three topics dealt with in the
paper. First, the transmission from systemic risk to country risk premiums. Second, the transmission
from country risk premiums to aggregated demand-related variables such as the output gap, the
trade balance gap, and unemployment. Third, the transmission from commodity prices to country
energy and food prices.

The first of these topics is presented in Figure 10, Panel A, and in Figure 11, Panels A to F. The
estimated, unobserved systemic risk in Figure 10, Panel A, marks four episodes of global
retrenchment: the end-of-the-century crisis, the stock market downturn of 2002, the global financial
crisis, and the Euro zone crisis. Latent systemic risk rises towards the global financial crisis.

Figure 11, shows country risk premiums. In deviation form, country risk premiums move with global
and idiosyncratic events. In latent form, country risk premiums rise towards the global financial
crisis in the United States, Japan, and the remaining countries; depict a strong downward transition
trend in Latin America; and show a milder transition trend in East Asia.

The second of the topics appears in Figures 11 and 12. Peaks in country risk premiums correspond
with busts in output and increases in unemployment. The largest peak in risk and bust in output
during the global financial crisis matched improvements in the trade balance in some countries
(United States, Latin America, and the remaining countries) and drops in other countries (Europe,
Japan and to a lesser extent East Asia). In the former group the trade balance improved at the time
that the output gap dropped, absorption dropped more than output. The improvement of the trade
balance required absorption to drop more than output; in this light the trade balance is understood
to be pro cyclical. Conversely, in the later group the trade balance is counter cyclical or stabilizing.
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Figure 12 presents the trade balance. Latent trade balance is given by the stochastic process in
equations (17) and (18). Alternatively, and intuitively, latent trade balance in Figure 12 is equal to
latent output minus latent absorption. On the one hand, latent trade balance improves when latent
output rises relative to latent absorption (Europe and Japan). On the other hand, latent trade
balance deteriorates when latent output drops relative to latent absorption (Latin America and the
remaining countries). Latent trade balance drops and then improves in the United States. An
opposite behavior takes place in East Asia.

The second topic also includes global imbalances, which takes us back to Figure 10, Panels D to F.
While the topic of global imbalances normally refers to the relationship between the US and China,
the Panels present a relationship between the current account of the blocks or regions used in the
model in this paper. The current account of the United States, East Asia, and Japan appear in these
panels in percent of world output. Clearly, East Asia and Japan help finance the current account of
the US, with a large contribution of East Asia. The relationship appears to be clear for the current
account as a whole as well as for its deviation from latent values. In deviation form current accounts
are explained by the effect of systemic risk and country risk premiums on trade balances. This will
be explained below in the error decomposition of the trade balance gaps.

The third of the topics appears in Figure 13 and in Figure 10, Panels G and H. The price of oil rises
with the world output gap while food commodity prices decline (Figure 10, Panels G and H).
Country energy prices are related with the price of oil (Figure 13, Panels A to F), in particular in the
United States, Europe, Japan, and the remaining countries. In East Asia and Latin America country
energy prices have lower correlation with the price of oil, probably due to price controls. Finally,
country food prices depict some correlation with commodity food prices (Figure 13, Panels G to L).

Historical decomposition results Reported historical decompositions refer to global and
country variables under global, domestic, and foreign shocks. The global variables under study are
systemic risk, the price of oil, food commodity prices, the world output gap, world unemployment,
and world energy and food prices. The country variables that we dealt with are the country risk
premium, the output gap, the trade balance gap, unemployment, and country energy and food
prices. The global shocks are those to the global behavioral equations, namely, systemic risk and
global inflation shocks. The later are shocks to the price of oil and food commodity prices. The
domestic shocks are to country risk premiums, output gaps and real interest rates. The later are a
combination of shocks to nominal interest rates and domestic inflation. Shocks to domestic inflation
are those to core inflation, country energy prices, and country food prices.

The results point at a heavy effect of systemic risk on aggregate demand-related variables, to a
trivial effect of country risk premium shocks (except on trade balance gaps), and to an important,
more standard effect of domestic variables such as real interest rate and output gap shocks.

Regarding the global variables, the historical decomposition of systemic risk appears in Figure 14,
Panel A. Systemic risk shocks are global in scope and financial in nature. The estimated systemic
risk marks periods of global financial retrenchment that, as shown below, coincide with busts in the
world output gap. Peaks in systemic risk and busts in the world output gap took place during four
major financial events throughout the sample, namely, the end of the century crisis, the stock market
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downturn of 2002, the Lehman bankruptcy, and the Euro zone crises.

The estimated, unobserved systemic risk is explained by systemic risk shocks alone. This is a natural
consequence of the specification of the systemic risk equation (1) where systemic risk is assumed
exogenous. An important emerging literature makes risk spreads endogenous. The research strategy
here, however, is to assume that systemic risk is exogenous, build a measure of it, and investigate its
consequences on the global economy as well as on the different countries.

The historical decomposition of the price of oil (in real terms and deviation form) shows the relevant
role of demand-related shocks compared to that of supply shocks (Figure 14, Panel B).
Demand-related shocks are those that affect demand, or output gaps. Among them are systemic risk
shocks as well as real interest rate and output gap shocks. Supply shocks account for developments
such as decisions by OPEC and the kind of geopolitical tensions that may involve important oil
producers.

In contrast to the decomposition of the price of oil where demand-related shocks play a predominant
role, the decomposition of the commodity price of food points at the relevance of supply shocks
(Figure 14, Panel C). Supply shocks in food commodity prices may be explained by weather factors
such as the Enzo phenomenon and its effects on grain prices. Demand-related shocks appear to have
a negative effect on the relative price of food, although the evidence is weak. The sign of the effect of
the world output gap on food commodity prices is negative merely as a calibration—note that during
the global food crisis of 2007—2008 the commodity price of food also rose with the world output gap.
At the time, the price of oil was reportedly causing increases in food commodity prices because the
price of some grains is used to produce biofuels which are substitutes with oil derivatives.

The historical decomposition of world output gap shows one of the main conclusions of the paper
(Figure 14, Panel D). The effect of systemic risk on world economic activity is large, in addition, the
busts of the world output gap coincide with the major financial events identified by the estimated
systemic risk.

The historical decomposition of world output gap in Figure 14, D also shows that country risk
premium shocks have a trivial effect on the world output gap. The reason is that the bulk of country
risk premiums is explained, as shown below, by systemic risk shocks.

The historical decomposition of the world output gap also shows that interest rate related shocks
gained increasing importance of late, particularly in developed economies. This is due to the zero
floor on the nominal interest rate. A case in point is Europe.

The historical decomposition of world unemployment also points at the relevance of systemic risk,
the trivial role of country risk premium shocks, and the increasing importance of interest rate shocks
due to the zero lower bound. Clearly, systemic risk shocks played a role in explaining the increase in
unemployment during the global financial crisis (Figure 14, Panel E).

The historical decomposition of noncore relative prices, defined in equation (38), appears in Figure
14, Panel F. Recall that non core relative prices are a measure the deviation of CPI inflation from
core inflation. Although non core relative prices are commonly believed to be driven by supply
shocks, the graph shows that the bulk of the deviation of CPI inflation from core inflation is
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explained by demand-related shocks. The reason is that the real price of oil depends heavily on the
world output gap. The result holds despite the fact that commodity food prices depend less on the
world output gap and is explained mostly, as shown below, by supply shocks.

Concerning the country variables, the historical decomposition of country risk premium gaps appears
in Figure 15. Systemic risk shocks explain most of the country risk premiums. Country risk
premiums are massively driven by systemic risk shocks and much less by country risk premium
shocks.?” Country risk premiums show some episodes of idiosyncratic exuberance and retrenchment.

The historical decomposition of country output gaps, in Figure 16, shows the preeminence of
systemic risk shocks and the irrelevance of foreign shocks. Of course, domestic shocks are important,
particularly when compared to foreign shocks. These are the cases of output and real interest rate
shocks.

The historical decomposition of country trade balance gaps appears in Figure 17. As explained
above, the trade balance reacts to the country risk premium differential. Because systemic risk
shocks affect country risk premiums to different extent, an upward shock to systemic risk may
improve the trade balance in some countries and deteriorate it in others. An upward shock to
systemic risk improves the trade balance gap in the United States, Japan, and the remaining
countries and deteriorates it in Europe, East Asia, and to a lesser extent in Latin America. The
error decompositions show that systemic risk shocks move the trade balance gap in opposite
directions in these two groups of countries.

The decomposition of country unemployment gaps also highlights the relevant role of systemic risk
shocks and the trivial role of country risk premium shocks (Figure 18). Other demand-related shocks
are important as well. Foreign shocks are trivial but play some minor role in Europe and East Asia.

Non core relative prices at the country level are broken down into the contributions from shocks in
Figure 19. Demand-related shocks have an important role in explaining non core relative prices in
the United States, Europe, Japan, and the remaining countries. The effect of demand related shocks
is rather trivial in East Asia and Latin America because while country energy prices are largely
influenced by demand-related shocks, their share in the CPI is small. Conversely, country food prices
are not largely influenced by demand-related shocks but their share in the CPI large.

The relation between oil and food in non core prices is different in advanced and emerging
economies. In advanced economies non core relative prices are explained more heavily by oil price
and country energy price shocks. In emerging economies non core relative prices are explained
mainly by commodity and country food price shocks.

Forecasting properties After the analysis of impulse responses and historical decompositions, it
is convenient to turn to another use of the model, its role in forecasting. Forecasting performance is
often assessed in terms of comparisons between models’ forecasting accuracy. Instead, our aim here
is to compare the model forecasts with the forecasts of analysts.?®

2T An exception, again, is Japan, possibly because it has played a role as a source of carry trade.
28 The survey of analysts’ forecasts is taken from Consensus Economics.



25

Table 4 shows the comparison. Model growth forecasts are better at one and four quarter horizons.?”

Model inflation forecasts are better at one quarter horizon (Table 4). The relatively good
performance of the model may in part be explained by the fact that analysts did not know the model
and the coefficients that we know after we set up and calibrate the model throughout the given
sample. This is particularly relevant during the global financial crisis. The parameters do
incorporate the effect of higher systemic risk on growth and inflation.

Figures 20 and 21 show the forecast variance of the world output gap, country output gaps, and
country risk premiums. Systemic risk shocks are important in explaining the forecast variance of each

of these variables, the relevance of systemic risk for growth forecasts could not be overemphasized.

As to our construct to help forecast the current account, equation (6), the bulk of uncertainty
related to the current account forecasts is in the shocks & and 6% in equations (6) and (11). In other
words, most movement in the current account is still unpredictable. Hence, in our model better
current account forecasts may not depend on better trade balance forecasts.

V. Conclusions

The main episodes of surges in systemic risk were translated into surges in country risk premiums
which affected aggregate demand-related variables such as output gaps, unemployment, the trade
balance and the current account. The effect of systemic risk on world economic activity is large and
the busts in the world output gap correspond with the major financial events identified by the

estimated systemic risk.

In the model, both the systemic risk and aggregate demand channels formed a mechanism for a
financial transmission of the international business cycle.

Systemic risk shocks are important drivers of output gaps while country risk premiums shocks are
trivial. Systemic risk shocks have large and widespread effects on aggregate demand-related
variables at the world and country levels. Country risk premium shocks have smaller effects on
aggregate demand-related variables and even smaller effects on foreign output gaps. Nonetheless,
shocks to country risk premiums can have effects on the trade balance because the trade balance
reacts not to the risk spread alone but to the risk spread differential.

As to commodity prices and their effect on country energy and food prices, we showed that despite
the common emphasis on supply, the bulk of commodity prices may be demand driven, particularly
in the case of the price of oil. A similar conclusion applies to country non core inflation. Non core
inflation is commonly believed to be driven by supply shocks, nonetheless, demand related factors
play an important role in explaining it.

As for the model forecasting features, the model performed well at one- and four-quarter horizons
compared to a survey of analysts’ forecasts. In addition, we showed that systemic risk is important
in explaining the forecast variance of the world output gap, country output gaps, the price of oil, and
country risk premiums.

2 Except for the four quater horizon for the United States.
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Finally, we proposed a model that encompasses three main features that are relevant for analysis and
forecasting. First, the model incorporates an estimated, unobserved systemic risk indicator as well as
a systemic risk channel. Second, the model incorporates a transmission channel from country risk
premiums to a series of demand-driven variables, output gaps, trade balance gaps, current accounts,
commodity prices and country non-core prices. Third, the model incorporates a transmission channel
from commodity prices to inflation.
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Table 1. Data Sources

VIX Bloomberg Financial Services

German corporate bond spreads Haver Analytics

Japanese corporate bond spreads Haver Analytics

East Asian EMBI spread Bloomberg Financial Services

Latin American EMBI spread Bloomberg Financial Services

Balance in current account OECD database and WEOQO database

Export and import NIPA deflators OECD database

Unemployment IMF global data system and own estimations
Export and imports shares OECD statistics, IFS, and country central banks
GDP shares in world output World Economic Outlook database

Analysts’ forecasts Consensus Economics

Output, inflation, interest rates, IMF global data system

exchange rates, the price of oil

Table 2. Some Calibrated Parameters

o1us 0.040 o2us 0.800 ayys 0.630 (517(]5 0.200
oy,eu  0.040 oz, pu  0.800 ay gy 0.630 51,EU 0.200
01,74 0.040 02,54 0.700 ayga  0.630 617JA 0.200
o1,EA 0.040 o254 0.700 appa  0.630 51,EA 0.200
01,4 0.040 02,4 0.700 ayra  0.630 01,4 0.200
o1,rc 0.040 og,rc 0.750 ai.rc  0.630 d1,rc 0.200
vius  0.900 Y1rs  0.800 vrus  0.500 oeus 0.600
vi,eu  0.900 Y1 pr 0.800 vr.pu  0.500 oe¢,gu  0.600
v1,54  0.950 Y174  0.700 vr.ga  0.500 06,74 0.600
v1,eA 0.887 791,EA 0.700 v7.gA  0.600 oe6,gA 0.600
vi.rA  0.825 791,LA 0.700 vrrA  0.600 oe,LA 0.600

vi,rc  0.875 ﬁl,RC 0.750 v7.rc  0.500 oe,rc 0.600
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O11,UA
O11,EU
011,JA
O11,EA
O11,LA
011,RC

mus
MEU
MJA
MEA
mrA
MRC

0.600
0.600
0.600
0.600
0.600
0.600

0.160
0.380
0.150
0.360
0.220
0.290

Aus
AEU
AsA
AEA
Ara
ARC

0.224
0.162
0.064
0.284
0.071
0.193

TUs
TEU
ZTjA
TEA
TLA
TRC

0.120
0.400
0.150
0.390
0.210
0.300

B1
Ba

0.500
0.700
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Table 3. Estimated Parameters

Parameter Prior mean Posterior mean Parameter Prior mean Posterior mean
1/UP,US 0.286 0.285 1/UT7US 0.083 0.084
1/Up,EU 0.526 0.515 1/0r,EU 0.222 0.218
l/UpJA 0.400 0.405 1/O'T7JA 0.143 0.148
1/Up,EA 0.435 0.436 1/Ur,EA 0.143 0.144
l/ap,LA 0.196 0.195 1/0’7~,LA 0.200 0.205
1/UP7RC 0.333 0.319 1/UT,RC 0.067 0.066

QUs 1.100 1.075 Yaus 0.266 0.267
Q2 EU 0.500 0.479 1927]3[] 0.120 0.119
a2 JA 1.160 1.129 V2,74 0.075 0.074
Q2 EA 0.720 0.706 Vo EA 0.050 0.048
Q2 LA 0.840 0.859 V2,14 0.120 0.118
Q2 RC 1.100 1.066 Y2 RC 0.120 0.122
vaUs 0.100 0.109 V3 uUs 0.023 0.026
V2. EU 0.100 0.103 V3 EU 0.050 0.056
V2, JA 0.100 0.110 V3 JA 0.020 0.023
V2 EA 0.100 0.107 V3 EA 0.060 0.068
V2 LA 0.100 0.100 V3 LA 0.030 0.035

V2. RC 0.100 0.102 V3,RC 0.050 0.057
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Table 3 (Continued). Estimated Parameters

Parameter Prior mean Posterior mean Parameter Prior mean Posterior mean
VsUS 0.100 0.097 Vs Us 0.350 0.399
Vs EU 0.100 0.096 V8 EU 0.170 0.158
Vs JA 0.075 0.076 Vg JA 0.200 0.205
V5 EA 0.110 0.105 V8 EA 0.050 0.050
Vs LA 0.140 0.142 V8 LA 0.120 0.106
V5 RC 0.100 0.095 V8 RC 0.250 0.238
V4, EU 0.040 0.039 V12, EU 0.040 0.037
V4 jA 0.040 0.039 V12,7 A 0.040 0.039
V4 EA 0.040 0.038 V12,EA 0.040 0.041
V4 LA 0.040 0.038 V12, LA 0.040 0.040
V4, RC 0.040 0.039 V12,RC 0.040 0.040

vys 0.250 0.260 Ba 6.959 7.336
VEU 0.100 0.101 Bs 0.250 0.246
VJjA 0.250 0.246
VEA 0.130 0.137
VLA 0.130 0.137

VRO 0.250 0.248
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Table 4. Goodness of Fit

Root mean squared errors in percentage points

One quarter ahead

Four quarters ahead

Eight quarters ahead

Consensus  Systemic risk Consensus  Systemic risk Consensus  Systemic risk
Forecast model Forecast model Forecast model
Growth
United States 0.78 0.21 1.56 2.10 2.07 3.09
Europe 0.43 0.14 1.85 1.52 2.51 2.53
Japan 1.00 0.27 2.12 1.83 2.55 2.07
Fast Asia 1.60 0.16 4.10 1.69 4.16 2.43
Latin America 0.84 0.17 2.28 1.56 2.76 2.21
Remaining countries 2.59 0.21 2.88 2.31 3.11 3.42
Inflation
United States 1.41 0.59 1.03 1.75 1.05 2.13
Furope 0.78 0.28 0.88 1.23 0.83 2.20
Japan 0.61 0.48 0.90 1.89 0.95 2.93
East Asia 2.17 0.79 3.30 3.90 3.26 4.09
Latin America 1.12 0.52 3.04 2.66 6.62 3.42
Remaining countries 3.51 1.03 7.82 4.33 3.03 4.70

To make Consensus Forecast (CF) and systemic risk model forecasts broadly comparable we approximated the CF and systemic risk forecasts as follows:

the one quarter ahead forecast is the October forecast for the end of the year; the four quarters ahead forecast is the October forecast for the

end of the following year; and the eight quarters ahead forecasts is the October forecast two years ahead. The sample is 1996 —2013 except as

noted. The sample starts in 2005 in Europe, 2010 in the Phillipines, 1998 in Colombia, 1999 in Peru, 1999 in Russia, 1999 in Switzerland, 1999 in

Norway, 1999 in the Czech Republic, and 2008 in Bulgaria. CF for inflation in the remaining countries excludes Argentina and Venezuela.
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Figure 1. Model Calibration
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Figure 4. A Shock to the Country Risk Premium (Response of Global Variables)
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Figure 5. A Shock to the Country Risk Premium (Response of Country Variables)
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Figure 6. Shocks to Commodity Prices (Response of Global Variables)
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Figure 8. An Interest Rate Shock (Response of Global Variables)

Panel A. World: Response of the World Output Gap to Country Interest Rate Shocks
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Figure 9. An Interest Rate Shock (Response of Country Variables)
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Figure 10. Smoothing Results: Global Variables
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Figure 11. Smoothing Results: Country Variables
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Figure 12. Smoothing Results: Country Variables
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Figure 13. Smoothing Results: Country Variables
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Figure 14. World: Historical Decomposition of Global Variables

Panel A. World: Systemic Risk Gap
Historical decomposition into percent contributions from shocks
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Figure 15. Countries and Regions: Historical Decomposition of Country Risk Premiums

Panel A. The United States: Country Risk Premium Gap

Historical decomposition into percent contributions from shocks
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Figure 16. Countries and Regions: Historical Decomposition of Country Output Gaps

| A. The United States: Output Gap
Historical decomposition into percent contributons from shocks
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Figure 17. Historical Decomposition of Trade Balance Gaps
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Figure 18. Countries and Regions: Historical Decomposition of Country Unemployment Gaps

Panel A. The United States: Unemployment Gap
Historical decompositon into percent contributions fom shocks
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Figure 19. Countries and Regions: Historical Decomposition of Country Energy- and Food-Price Gaps

Panel A. The United States: Energy and Food Price Gap
Historical decomposition into percent contributions from shocks
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Figure 20. World: Forecast Error Variance Decomposition
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Figure 21. Countries and Regions: Forecast Error Variance Decomposition

Panel A. All Countries: Country Risk Premium
Four-quarter forecast error variance decomposition
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Appendix 1. Trade Balance Equation

For simplicity, let assume there are two economies in the world, Europe and the United States. There
is a household in each economy that consumes a composite of the goods produced in Europe and in
the US. The good consumed in Europe Cgy,; is defined as a composite of both the good produced in
Europe Cgy gy and the good produced in the US Cgyjys according to the following aggregator:

v—1 1 v—1 [ v—-1

(Cruipuy) © +mpy (Cruwsy) © : (1)
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where mpy is the share of imports in total consumption in Europe and v is the elasticity of
substitution between European- and US-produced goods.

Let Pgy|gpu, be the price in Europe of the good produced in Europe and Pgyys, be the price in
Furope of the good produced in the US. Using these prices, household expenditure is

PruipvsCruipus + Pruws:Cruus,:- (2)

Define Spy|ys as the exchange rate of Europe against the US. Arbitrage ensures that the following
conditions hold

SevwsPusivs = Peujuss (3)
and

SevwsPusiev = Peviev- (4)

In words, price arbitrage holds in both goods. Thus, condition (3) states that the good produced in
the US can either be consumed in the US at the price Pygg or in Europe at the price
SeuvsPusiys- Condition (4) states that the good produced in Europe can either be consumed in
Europe at the price Pgy gy or in the US at the price Py gy /Sevus-

The household problem is to minimize (2) subject to (1). The solution to the problem gives the
demand functions

Cruipus = (1 —mev) (Qpuivs:) ™" Cru, (5)
Cruus: = mEU(QEU|US,t)_(1_mEU)UCEU,t7 (6)
Cusiust = (L —=mus)(Qpujvss) "V "Cusy, (7)
and
Cusipvs = mus(Qeus:) ") Cusy. (8)

The European trade balance is equal to European exports to the US minus European imports from
the US

Zput = Cusipuy — CeUws,t- 9)

Then, plug demand functions (6) and (8), approximate the ratio of latent variables as the
Crulus,t
CEru,t

steady-state share as follows: gg[]]tt ~ ZEU,

- Cus|Eu,t
~ T and ———=*
EU, Crst

~ mpgy. Also, let
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z = ==t ¢ = —/—=t ¢ = —=>t and = ———12== With these definitions, the
EUt Zpue US,t Cuse Ut Crus dEU|USt Qrvivse )
trade balance equation becomes

ZEUZEUG = XTEUCUS: — MEUCEUL (10)

+[(1 —mys) Zpv + (1 — mey)mev] vipuus:

Note that the lead of equation (10) is

ZEUZEU 11t = ZTBEUCUSt+11t — MEUCEUt+1)t (11)

+ (1 = mus) Zeu + (1 — mpy)mev] Vieu|Us41)t-

Now subtract equation (11) from equation (10) to obtain

ZEUZRUtr = ZEUZEUL + TEU(CUst — Cussip) — MEU(CEUL — CEUL41)t) (12)

+[(1 = mus) Zev + (1 — mev)mev]v(@euivs: — deUUS+11t)-

Write the Euler equation as

¢t = Cpugirp — lormu) Prus — [0p80) " PRUss (13)

where 7y, is the risk free rate, or central bank instrument. In addition, argument the UIP
condition by risk as follows

qEUUSt = QEUUSt+1t — TEUL T TUSE + PEUL — PUSt: (14)

Next, plugging equations (13) and (14) into equation (12) gives
Zvipuy = Zpuipugn +meu((oneu] o + [0 e0] PR (15)
~Zgu([orus] Fuss + [O-prS]ilpUS,t) — o (PeUs — Puss — PEUL T PUst)
where §%5 = [(1 — mUs)i‘EU + (1 — mEU)ﬁ”LEU]U.

Then, consider the case of a world economy broken down into six countries. Equation (15) becomes

Zvipuy = Zpuipveap + meu(oneu] Peug + (0080 PEUL) (16)
—Zpy (Silor] twitiz + Silopi] twipiy)
—Zpuv{[Sizpuwi(1 — mi)|(FEUt — PEUL) — Bizpuwi(1 — M) (Fir — Pig) b

—mpu (1 —mpu)v{(PEut — PEuy) — Sigpuwi(Fit — Pig)}-

The model runs with equation (16) plus added persistence.

Moreover, for ease of exposition, define ng,t = XizEUWwiTit, pgw = YizpUwip; 4, and let
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Ori =0rj =0p; =0,; =0,and m; =mj fori,j =US, EU, JA, EA, LA, RC. Equation (15)
becomes equation (13).

Appendix 2. Output Gap Equation
Output is equal to absorption plus the trade balance. In deviation form, output may be written as
YeUt = CEUCEUL + ZEUZEUt- (17)
Subtracting the lead of equation (17) gives
UEUt = YU+t + CEU(CEUL — CEU+1)t) + ZEUZEUL — ZBUZEUt41]t- (18)
Note that the Euler equation is
erus = Cpuaiiy — lonpu) FEUL — [0p,80]  PEUL- (19)

Next, plug the Euler equation (19) and the trade balance equation (16) into equation (18) to obtain

Jpuy = Gpvep — (Csv — mpv)(ornev]) PEus + [0p80] PrUy) (20)
~Zpu (Silor) twitis + Silop] twipiy)
—Zpuv{[Bizpuwi(l — m)|(FEut — Pruy) — Bizpvwi(l —mi) (Fie — Pig)}

—mpy(l —mpy)v{(teu: — i)EU,t) — Yizpuwi(fit — pi,t)}'

The model runs with equation (20) plus added persistence. Equation (20) plus the simplifying
assumptions made above in the derivation of the trade balance equation gives Equation (24).

Appendix 3. Equation for the Current Account

Let approximate the current account 3; by the inverse of the trade balance in nominal terms

_ Px 1 Xt — Py My

21
315 Pt}/t ) ( )
Also let Qx+ = Px /P, and Q= Pt/ P be the real export and import prices and take the
differential
X 9, - X
A3 = MAQs+ LAX, -~ Qu,iAY; (22)
Y t Yy
M, Qe - M,
——A — =AM, —AY,
1/1/ QM,t }/t t+QM,t }/;2 [2)
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With the appropriate definitions, equation (22) may be written in deviation form as

33 = 4+ Zdx e — mdme — ZG- (23)
Defining the terms of trade as
bt = Tax — Mg, (24)
the current account is given by
350 =2+t (25)

Next, allow for coverage and measurement errors as well as for a constant so as to incorporate mean
transfers plus errors and omissions. After these adjustments equation (6) obtains.



