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Abstract

In a highly interlinked global economy a key question for policy makers is how foreign
shocks and policies transmit to the domestic economy. We develop a semi-structural
multi-country model with rich real and financial channels of international shock prop-
agation for the euro area, the US, Japan, the UK, China, oil-exporting economies
and the rest of the world: ECB-Global. We illustrate the usefulness of ECB-Global
for policy analysis by presenting its predictions regarding the global spillovers from a
US monetary policy tightening, a drop in oil prices and a growth slowdown in China.
The impulse responses implied by ECB-Global are well in line with those generated
by other global models, with international spillovers in ECB-Global generally on the
high side given its rich real and financial spillover structure.
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1 Non-Technical Summary

The rise of financial and real globalisation over the past decades has increased the importance
of understanding the global transmission of shocks and policy actions. Consequently, there has
been a growing interest in the use of global macroeconomic models for the assessment of the sign,
the size and the transmission channels of cross-border spillovers. Therefore, we develop ECB-
Global, a rich multi-country model for the euro area, the US, Japan, the UK, China, oil-producing
economies and the rest-of-the-world featuring diverse cross-border spillover channels through real
and financial interlinkages. The development of ECB-Global follows a semi-structural approach
in order to combine the advantages of fully structural models and those composed of reduced-
form equations. Specifically, the design of ECB-Global is based on two considerations. First, the
evolution of the economies in the model is determined by a set of core structural relationships
(e.g. Phillips and IS curves). The advantage of the structural elements of ECB-Global is that
shocks have a clean economic interpretation, and that it facilitates tracking the domestic and
international transmission of shocks. Second, reduced-form equations are added to enrich the
core of the model. The advantage of the reduced-form aspect of ECB-Global is that it facilitates
modifying the model in a flexible manner so that it can be adapted relatively straightforwardly,
which allows us to address quickly-changing issues in the policy discussion. Moreover, the
additional reduced-form elements improve the empirical fit of ECB-Global.

ECB-Global is similar in spirit to other semi-structural models, such as the IMF’s Global
Projection Model (GPMT7; Blagrave et al., 2013), the IMF’s Flexible System of Global Models
(FSGM; Andrle et al., 2015) and the global DSGE model developed by Cova et al. (2015). ECB-
Global has several features that set it apart. First, in order to be able to analyse a wider set of
policy scenarios, ECB-Global features a more detailed financial and oil block. Second, in order
to strengthen theoretical consistency, the equations in ECB-Global are more in line with those
from fully micro-founded structural models such as the ECB’s New Area Wide Model (NAWM,;
Christoffel et al., 2008) and the Euro Area and Global Economy model (EAGLE; Gomes et al.,
2012). Compared to the FSGM, ECB-Global puts stronger emphasis on financial spillovers, and
it is more useful for scenario analysis at the business cycle frequency given that it is a quarterly
rather than an annual model.

We now discuss intuitively the structure of the model. Domestic output consists of con-
sumption and investment, government spending and net exports, while domestic inflation is a
combination of producer price inflation (determined by marginal costs) and imported oil price
inflation. The central bank of each economy acts to stabilise inflation and output by setting its
policy rate, which in turn affects the financial sector. The domestic financial sector determines
equity prices, the short-term interbank credit spread, bank-lending tightness and sovereign risk

premia. The interbank credit spread drives a wedge between the central bank‘s policy rate
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and short-term interbank rate, and the private-sector risk premium is defined as the sum of
bank-lending tightness and the sovereign risk premium. These financial variables are important
determinants of domestic output as they act as financial accelerators and the sovereign risk
premium interacts with government spending and government debt dynamics. Finally, net ex-
ports will respond to changes in the exchange rate, which is modelled via the uncovered interest
rate parity condition. Real spillovers are based on countries being interlinked via global trade,
which consists of oil and non-oil trade as two separate channels. All economies import and ex-
port non-oil goods, whereas only the oil-exporting country block produces and exports oil. The
price of oil is determined by oil trade which equates oil demand (endogenous to global output)
and oil supply (exogenously set by the oil-exporting countries). A key feature of the model is
that we ensure consistency of global trade such that exports equal imports. Financial spillovers
in ECB-Global occur through four channels: equity prices, the interbank rate spread, bank-
lending tightness and sovereign risk premia. International financial spillovers arise endogenously
in ECB-Global in the sense that changes in foreign financial variables transmit to domestic fi-
nancial variables through contagion, with the relative magnitude of financial spillovers largely
dependent on financial shares.

The dynamic properties of ECB-Global are illustrated by considering the domestic and in-
ternational responses following a set of policy scenarios. First, a US monetary policy tightening
not only causes domestic output and inflation to decline via a combination of trade, oil and
financial channels, but also leads to a decline in output in other countries as tighter global
financial conditions dominate favorable spillovers via trade. Second, a slowdown in Chinese
demand only triggers limited international spillovers as negative domestic demand effects only
transmit through lower oil prices and trade, given China‘s limited integration into the global
financial system. Finally, a decline in oil prices driven by increased oil supply causes output in
oil-importing countries to increase, whereas output in oil-exporting countries declines as govern-
ment expenditures based on oil export revenues fall together with net exports. As ECB-Global
is a calibrated model, a sensitivity analysis is added which demonstrates how spillovers depend
on the values of key parameters. Comparing ECB-Global impacts on global output with other
global models (Nigem and the FSGM) to a set of shocks, shows that the responses of ECB-Global
are generally well in line with those generated by the other models, with international spillovers

in ECB-Global generally on the high side given its rich real and financial spillover structure.
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2 Introduction

The rise of financial and real globalisation over the past decades has increased the importance of
understanding the global transmission of local shocks and policy actions. Recent events including
the normalisation of monetary policy in the US, swings in commodity prices as well as concerns
about China’s growth prospects demonstrate the importance of understanding how shocks in one
economy transmit to the rest of the world. Consequently, there has been a growing interest in the
use of global macroeconomic models for the assessment of the sign, the size and the transmission
channels of cross-border spillovers. In order to simulate the international transmission of local
shocks and to examine the implications of alternative policy responses we develop FCB-Global,
a rich multi-country model for the euro area, the US, Japan, the UK, China, oil-producing
economies and the rest-of-the-world featuring diverse cross-border spillover channels through
real and financial interlinkages.

The development of ECB-Global follows a semi-structural approach in order to combine the
advantages of fully structural models and those composed of reduced-form equations. Specif-
ically, the design of ECB-Global is based on two considerations. First, the evolution of the
economies in the model is determined by a set of core structural relationships (e.g. Phillips
and IS curves). The advantage of the structural elements of ECB-Global is that shocks have a
clean economic interpretation, and that they facilitate tracking the domestic and international
transmission of shocks. Second, reduced-form equations are added to enrich the core of the
model. The advantage of the reduced-form aspect of ECB-Global is that it facilitates modifying
the model in a flexible manner so that it can be adapted relatively straightforwardly, which
allows us to address quickly-changing issues in the policy discussion. Moreover, the additional
reduced-form elements improve the empirical fit of ECB-Global.

ECB-Global is similar in spirit to other semi-structural models, such as the IMF’s Global
Projection Model (GPMT7; Blagrave et al., 2013), the IMF’s Flexible System of Global Models
(FSGM; Andrle et al., 2015) and the global DSGE model developed by Cova et al. (2015).!
Compared to the GPM, ECB-Global has several features that set it apart. First, in order to be
able to analyse a wider set of policy scenarios, ECB-Global features a more detailed financial and
oil block. Second, in order to strengthen theoretical consistency, the equations in ECB-Global
are more in line with those from fully micro-founded structural models such as the ECB’s New
Area Wide Model (NAWM; Christoffel et al., 2008) and the Euro Area and Global Economy
model (EAGLE; Gomes et al., 2012). Compared to the FSGM, ECB-Global puts stronger

1Other global models include the IMF’s Global Economy Model (GEM; Laxton and Pesenti, 2003), the Global
Integrated Monetary and Fiscal Model (GIMF; Laxton and Kumhof, 2007), NIGEM developed by the National
Institute of Economic and Social Research as well as the global model of Oxford Economics. However, these
models are more structural and therefore less flexible (GEM and GIMF), or mostly reduced form and therefore
do not allow a meaningful economic interpretation of scenarios (NIGEM and the Oxford model).
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emphasis on financial spillovers, and it is more useful for scenario analysis at the business cycle
frequency given that it is a quarterly rather than an annual model. Compared to the model
developed by Cova et al. (2015), ECB-Global is less structural but, in turn, more flexible.

The dynamic properties of ECB-Global are illustrated by considering the domestic and in-
ternational responses following a set of policy scenarios: a US monetary policy shock, a China
demand shock and an oil price shock. First, a US monetary policy tightening not only causes
domestic output and inflation to decline through trade, oil and financial channels, but also
leads to a decline in output in other countries as tighter global financial conditions dominate
favorable spillovers through expenditure switching. In contrast, a slowdown in Chinese demand
only triggers limited international spillovers as negative domestic demand effects only transmit
through lower oil prices and trade, given China‘s limited integration into the global financial sys-
tem. Finally, a decline in oil prices driven by increased oil supply raises output in oil-importing
countries, while output in oil-exporting countries declines as government expenditures based on
oil export revenues fall together with net exports. As ECB-Global is a calibrated model, we
carry out a sensitivity analysis which demonstrates how the dynamics implied by ECB-Global
depend on the values of key parameters. Finally, it is shown that the effects of several shocks
on global output implied by ECB-Global are generally well in line with those implied by other
global models (Nigem and the FSGM), with international spillovers in ECB-Global generally on
the high side given its rich real and financial spillover structure.

The remainder of the paper is organised as follows. Section 3 provides an intuitive graph-
ical description of the structure of ECB-Global before Section 4 presents the model equations
in detail. Section 5 discusses the parametrisation of the model. Section 6 presents the pre-
dictions of ECB-Global regarding three scenarios: (i) a tightening of monetary policy in the
US, (ii) a slowdown of economic growth in China and (iii) a negative oil price shock. Finally,
Section 7 discusses current limitations of the model and possible future extensions and Section

8 concludes.

3 Intuitive Overview

Figure 1 highlights the main building blocks of ECB-Global and indicates the channels through
which spillovers arise. Although the chart is set up from a US perspective, most other country
blocks (the euro area, Japan, the UK and the rest-of-the-world) are modelled symmetrically.
China and the oil-exporting countries feature some country-specific structures, which are ex-
plained in more detail in Section 4.13 and 4.14.

Concentrating first on the domestic economy, there are rich interactions between domestic
output and inflation as well as the domestic financial sector. Domestic output consists of con-

sumption and investment, government spending and net exports, while domestic inflation is a
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combination of producer price inflation (determined by marginal costs) and imported oil price
inflation. The central bank in each economy acts to stabilise inflation and output by setting its
policy rate, which in turn affects the financial sector. The domestic financial sector determines
equity prices, the short-term interbank credit spread, bank-lending tightness and sovereign risk
premia. The interbank credit spread drives a wedge between the central bank’s policy rate and
short-term interbank rate, and the private-sector risk premium defined as the sum of bank-
lending tightness and the sovereign risk premium drives a wedge between the interbank rate and
the rate at which firms and households can borrow. The latter variables are important deter-
minants of the dynamics of domestic output due to their role in financial accelerator feedback
loops. Finally, net exports respond to changes in the exchange rate, which is determined in the
uncovered interest rate parity condition.

Second, concentrating on the international dimension of ECB-Global, spillovers between
countries occur via a multitude of real and financial channels. Real spillovers are based on
countries being interlinked via global trade. Specifically, all economies import and export non-oil
goods, whereas only the oil-exporting country block produces and exports oil. The price of oil is
determined by oil demand (endogenous to global output) and oil supply (exogenously set by the
oil-exporting countries), and affects the domestic economy through imported inflation. Finally,
financial spillovers in ECB-Global occur through four channels: equity prices, the interbank rate

spread, bank-lending tightness and sovereign risk premia.

4 The Model

This section describes the model equations of ECB-Global in detail. We only report the equations
for the euro area as most other countries represented in ECB-Global are modelled symmetrically
(i.e. the US, Japan, the UK and the rest-of-the-world). However, China and the oil-producing
(OP) country-block differ in structure. The Chinese economy features a different monetary
policy rule and UIP condition (as detailed in Section 4.13), and the OP differ in the sense that
they receive oil export revenues which in turn determine government expenditures (as detailed
in Section 4.14). For brevity, we only display the US and the OP as foreign economies in
the equations with more countries. Moreover, we only show the log-linearised equations in this
section and refer to the Model Appendix C.1 for more details on the derivations of the equations.
The trend specifications, which are also part of the mod-files, are discussed in the Section C.3

of the appendix.

4.1 Notation

Uppercase (lowercase) letters represent aggregate (per capita) values; for example, while Y; is

aggregate GDP, y; is per capita GDP. Variables with superscript ss represent steady state values
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and variables with bars represent trends. Percentage deviations from steady state or trend are
denoted by hats, for example

% = log(xy) — log(z®) = L — 2

)
:'USS

and absolute deviations from steady state or trend are denoted by tildes, for example
?U} =Tt — xss.

Variables that are expressed relative to GDP are denoted by calligraphic letters; for example,
with Y; denoting GDP, N; population and B; government debt, the government debt-to-GDP

ratio is given by
Bi/Ny b

6; = = —.
! Yi/N:

Coefficients are denoted by af’m, where ¢ refers to the equation in which the parameter
appears, m to the variable it multiplies and i to the economy in question. Autoregressive
parameters in the process for shocks §ft are denoted by pf . Finally, bilateral weights and shares
are denoted by wj;, where ¢ is the domestic and j the partner country and x identifies the type
of the weight/share. As mentioned above, when more countries are involved in an equation we
only display the US and the OP as foreign economies (e.g. for the aggregation of an economy’s
total exports as the sum of other economies’ bilateral imports). Finally, equations labeled in

bold (M.) enter the log-linearised system of equations in the mod-files.

4.2 Definition of exchange rates and relative prices

The real exchange rate of the euro relative to the US dollar is defined as the ratio between the
foreign consumer-price level Psgft and the domestic price level adjusted by the bilateral nominal
exchange rate Seq ¢

SeatP, ji’ft

Pcpi

ea,t

ea,t —

An increase in Qeq, therefore reflects a depreciation of the euro vis-a-vis the US dollar in real
terms.
The price of output relative to consumption and investment, p;” is given by the ratio of the

producer-price level and the consumer-price level, implying

~y o~y ~ppi ~cpt
pea,t - pea,tfl + 71-ea,t - 7TeoL,t’ (Ml)
Acpi Appi . . . . .
where 7, ;, and T, ; are consumer-price and producer-price inflation, respectively.
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4.3 IS Curve

We assume that private consumption and investment, cAiea,t, follow Euler equations. In particu-

lar, we specify a combined IS-curve for private consumption and investment

-~ ~ 3 .
. c ci,ci ci,r° (3 ~ cl,q ~
Cleat = Etczea 441+ (1 — Qg ) Cleat—1 — Olgg (rea’t + wea’t) + ey Qeay

+ agz,ci <EtAyea t+1 Aycm 88) - (1 Cl CZ) (Aygzlt A?JC]ZZ ss> + gea Al (MZ)

where @eq ¢ represents the real private-sector credit spread over the real interbank rate ?;”a’t, Qeart
equity prices, Agjzgft trend GDP growth and §§Z’t a demand shock.? For the coefficients on the
expected and lagged output gap as well as trend output growth we follow the cross-parameter
restrictions in the NAWM.

4.4 Phillips Curve

We specify a Phillips curve for domestic producer-price inflation

1—a®m ]
Appz ~ T Appz ~T ea ~ppt ~T
Teat = Tea,t + Bea Qg (Et Meat+1 — Etﬂ-ea,t+1> + <7Tea,t71 - Trea,t)

Bea
T, ~T T T T
+ (1 - ae[z ) (Etﬂ-ea,t+1 Teq t) + O‘eamC mceat gea,t (M?’)

where mceq¢ denotes real marginal costs defined in (M4) below, 71' at the central bank’s CPI
inflation target and &7, , is a productivity or cost shock.? We again adopt cross-parameter
restrictions from the NAWM.

Marginal costs are defined to be a function of domestic real output, the real price of oil in

domestic currency and the real price of imported intermediates in domestic currency

mce,mPP? mc,oil ~oil Y
mcea £ — Oé yea t + Oéea { (Qea t + bt — pea,t)

| { ) (Ma)
+ (1 - OZZZQOZZ) |:wé\(/1[,u8 (Qea,tﬁzit - ﬁTeZ,t) + wé\gﬂp (Qea,t o Qop,t * ﬁgg’t B ﬁ:g,t)} }

with wM the bilateral import weights and py the real price of oil (relative to US CPI prices) in
US dollars.

2The inclusion of lags of consumption and investment can be motivated by the presence of habit formation in
consumption and adjustment costs in investment.

3The central bank’s inflation target %eTa,t refers to CPI inflation. In turn, CPI inflation is determined by domestic
and foreign PPI inflation given import weights and home-bias parameters, as well as changes in real exchange
rates and oil-price inflation. In a future version of ECB-Global the implied PPI rather than the CPI inflation
target will enter the Phillips curve.
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4.5 Consumer price index

Consumer prices result from a combination of domestic and foreign producer prices as well as
oil prices, all expressed in domestic currency. Specifically, consumer prices are defined by the

following equation

0= 2t (Quag + 57 + (1~ &)all - B2, (Ms)

A{nonoﬂ A{nonoﬂ

+ (1 - {Dgcill)(l - agb) [wea,us (Qea,t + ﬁ;z,t) + Wea,op (Qea,t - QOP,t +Z/)\Z;Z,t):| :

H

-e @ measure of home bias in

with @2 denoting the share of oil in the consumption basket, a

consumption, (1 — ag) the share of imported consumption goods in total consumption and

M rvonoil

caus  the share of non-oil imports of the euro area that originates in the US.

4.6 Monetary Policy

The central bank sets the nominal policy rate, /i\f, according to the following rule
Ea,t =0422’i5 }Za,t—l + (1 - aé;’is) |:%z:1t + aéSa’WT <%E§Zt - %z;t> + Oééz’ygea,t
+ az;’Ay (Yeat = Yeat—1) + O‘ZZW (7?253 - %ggft—l):| + fé;,t (M6)
where féz,t is a monetary policy shock. We assume that the central bank’s inflation target

evolves according to
~T _ gT'~T T
7Tea,t = Pea 71-ea,tfl + fea,ﬂ (M7)

and that the real policy rate is implied by the Fisher-equation

~

Poat = ooy — BiRE: (MS8)

a,t ea, 7Tea,tJrl .

4.7 Fiscal Policy
4.7.1 Government debt

Real government debt, F(vvea,t, (relative to GDP in per capita terms) evolves according to

Bea,t :(‘Ajea,t - tea,t (Mg)
fy —~ -
~ i A
9,85 ss ss eat—1 Tea,t . Yeart ~y o1y
+ (1 + Tea Ayea) lﬁea,t—l + 6ea (1 n ig&ss 1t ﬂggi’ss 1+ Ayﬁg +pea7t_1 peai .

where g+ and ftveayt denote real per capita government expenditures and taxes respectively, and

i¥,; is the nominal interest rate on government debt, and government expenditures are given by
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Jeat = Jeat — Jea = 9ea " Jeart = Jea - (Geat — Yoor)- (M10)

4.7.2 Fiscal rules for spending and revenues

We specify symmetric fiscal rules for government expenditures geq ¢+ and revenues 7, (see Leeper

et al., 2010; Ratto et al., 2009; Ploedt and Reicher, 2014; Coenen et al., 2013)

Geat = 0%9Geai—1 — (1 — 298P Beay—1 — (1 — a97) 0% Jear + 2,y (M11)
and
Teat = 0y Teag—1 + (1 — ol )alPBeas—1 + (1 — afy )al Teat + Elas- (M12)

where @ea’t is the absolute deviation of the debt-to-GDP ratio from its steady-state level.

4.8 Trade

All economies export and import non-oil goods. Also, all economies use oil in their production,
and all except for the OP need to import oil to do so. Oil is produced and exported only by
the OP. We model the determination of both oil and non-oil imports in behavioural equations.
In turn, an economy’s exports are given by the sum of all other economies’ bilateral imports
from the former. As a consequence, our setup for trade ensures that global exports equal
global imports. In order to facilitate the exposition, we lay out the structure of the trade block
focusing on the euro area as domestic economy and considering only the US and the OP as
trading partners. More details on the derivations of all the trade equations below can be found
in the Model Appendix C.1.

4.8.1 Oil and non-oil imports

We model the euro area’s bilateral non-oil imports from the US as a function of the PPI price
of US goods—assuming producer-currency pricing—in euro relative to euro area CPI prices

and as a function of euro area domestic demand (given by the sum of private consumption,

investment and government expenditures) M7l = —gnonoi . (Q., , + pr¥ ) + daeay, in which
9 K b
92(10”‘”’ represents the price elasticity of euro area import demand and daeq; domestic absorption.

Oil imports, mgg{t, are modelled analogously, except that we assume that governments do not
consume oil. Specifically, similarly to Medina and Soto (2005), we model the euro area’s real oil

import demand as

o, = =00 (Qear + P) + Cica- (M13)
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~oil

where P9 is the real price of oil (relative to US CPI prices) in US dollars, 6% is the price

elasticity of oil demand.

4.8.2 Import aggregation

For the aggregation of non-oil and oil imports and of bilateral imports, denomination becomes
important. Specifically, due to differences in the denomination of real import variables across
economies we need to aggregate mominal quantities. To do so, we assume that real bilateral
non-oil imports are denominated in source-economy output goods and real oil imports are de-

nominated in barrels of oil.

Total non-oil imports Based on these assumptions, the euro area’s per capita total real

non-oil imports is the sum of non-oil imports from the trading partner countries

M rvonoil

~ry ~nonoil __ 7. A ~ry nonoil ([ A ~ry
Peat + Megt = daea,t + Wea,us |:Q6a7t + Pyst — 96a (Qea,t + pus,t>:|
Mnonoil | 25 Y A nonoil [ A A ~y
+ weapp |:Qea,t + Pop,t - Qop,t - Qea (Qea,t - Qop,t + pop,t (M14)

nonoil

with mgg"%; non-oil imports discussed above.

Total imports For the euro area and all other non-OP economies, total per capita real imports

are given by the sum of real non-oil and oil imports
~ Moil ~ . Moil -~ . ~ i
Pl + ieas = (1= Q™) (B + s ) + QU™ (Qua + 57" +ck,) . (M15)

where Cé‘g " is the share of oil imports in euro area total imports. Since the OP is importing

only non-oil goods, its total imports equal non-oil imports

Piop,s = Muenol, (M16)

4.8.3 Exports

In order to ensure global consistency of trade we specify the euro area’s total nominal exports to
the rest of the world as the sum of all other economies nominal bilateral imports from the euro

area. For non-OP economies such as the euro area total real exports equal total real non-oil
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exports, Teq = 272! with non-oil exports defined as
Beat =wums ey + Woarop - Migrecs
:wgf:?j:ml [@USJ - ezgnoil(_@ea’t + ﬁrez,t)}
+ ngj;;o“ [@op,t - 9?;n0il(—@ea,t + @op,t + ﬁzz’t)} . (M17)
. Xnonoil . - .
with wg, 5 the share of euro area exports that is sent to economy j in total euro area exports.

For the OP which export oil and non-oil goods we have (recall that oil imports are denomi-

nated in barrels of oil)
~ oil ~ . oil ~ . .
P+ Bone = (1= ™) - (B + i) 4G (Qone + 57 +305) . (M18)

where gj;"“ is the share of oil exports in the OP’s total exports, and the OP’s total real oil

exports are given by the weighted sum of country-specific oil imports.

4.8.4 Global imports and exports

Global imports Due to differences in the denomination of economies’ imports, we consider
nominal imports in US dollars for the aggregation of global imports and denominate real global

imports in US output goods. Global real per capita imports m; are then defined as

ﬁzg,t + My :cha\g ’ (T/T\Lea,ﬁ‘ ﬁéz,t - Qea,tIMlg)

M (= A M (=
+ Xop * (mOPvt + Z/)\Zg,t - Q0p7t) + Xus (mUS,t + ﬁuz,t)v
where XZM denotes the share of country i’s imports in global imports.

Global exports Similar to global imports, we denominate global total (oil and non-oil) ex-

ports in US output goods, so that global exports in per capita terms Z; read as

ﬁzz,t + aj\t = Xgil : (/‘T\ea,t + ﬁzg,t - Qea,t) (M20)

+ Xg; (Zops + ﬁgg,t — Qopt) + Xffs (Bus,t + ﬁ:ﬁ;t)

As we assume balanced trade for each economy in the steady state, each economies’ share in

global exports equals the corresponding share in global imports, i.e. XZX = Xf‘\/[ .
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4.8.5 Real effective exchange rates

We define the euro area’s real effective exchange rate as

Aeff . Xnonoil -~ Xnonoil -~ -~
Qea,t = Weaq,us Qea,t + Wea,op Qea,t - Qop,t ) (M21)
xnonoil . ..
where wg,, is the share of euro area exports that is sent to economy j in total euro area
exports.

4.9 Oil market

ECB-Global features two types of oil shocks: (i) oil demand shocks endogenous to global growth
and (ii) exogenous oil supply shocks.* More specifically, we assume oil is used in all economies
so that global oil demand (;i\lj is given by the sum of oil imports of oil-importing countries and
OP oil demand

—~d il . il . oil —~d
B Co% ~ o1l cor ~ 0il C .
Oth = Wys Mys,t + Weq - Meq t + Wop - Ollop,b (MZZ)

Coi

where w;” represents economy 4’s share in global oil consumption, and OP oil demand is given

by
0l = 03 Qupt + 7) + Gl (M23)
In equilibrium, oil demand equals oil supply so that
gi\lf — oil, = gols et 4 goil, (M24)

where 695 reflects the price elasticity of oil supply and 55“ is an oil supply shock.
We assume there is a positive trend in oil prices reflecting that demand is growing faster
than supply, specifying

/ﬂ\_gil _ ﬂ_tOil o ﬂ_oil,ss _ 7_{_gil _ AW, (M25)

oil,ss

where w represents steady-state oil-price inflation that is given by the difference between

4In the current version of ECB-Global we abstain from modelling “oil-specific’ demand shocks. Such oil-specific
demand shocks change the demand for oil for a given level of economic activity. Examples for oil-specific demand
shocks are precautionary shocks to the demand for oil inventories in the face of geopolitical tensions. These
oil-specific demand shocks have the same qualitative effects on output and inflation as oil supply shocks, namely
dampening economic activity and increasing inflation, albeit being more short-lived. This taxonomy of oil supply,
activity-driven oil demand, and oil-specific demand shocks is consistent with a large literature (see Kilian, 2009;
Peersman and Van Robays, 2009, 2012; Kilian and Murphy, 2012).
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the growth rate of trend oil consumption and production, Aoil. Furthermore, we have that

moil — poil _ poil, 4 zovi (M26)

us,t*

Noting that oil supply necessarily equals oil demand in equilibrium, we also have
Aoil, — Aoil® = oil, — oil, 4 = oil, — oil,_,. (M27)

4.10 Financial sector

Macro-financial linkages in ECB-Global arise through changes in (i) the interbank interest rate
spread, (ii) credit supply constraints reflected in bank-lending tightness, (iii) the sovereign credit
risk premium, and (iv) equity prices. Each of these variables is subject to cross-country spillovers

in the sense that domestic financial variables directly depend on their foreign analogues.

4.10.1 Interbank interest rate spread

The real interbank interest rate spread Gft is a wedge between the real policy rate 77, and the

real short-term interbank rate ?‘\it

-3 = ~b

Tea,t = T:a,t + gea,t' (M28)
The interbank rate spread evolves according to

b b o[ F F
gea,t = Qeq ’ [@ea wea,usg us,t +wea,op§op,t (Mzg)

b b b b~
— oSS s7lagcd — A YT b
+ (1 Ceq ) : (aea Seat—1 — Xeq” Yea,t + gea,ﬂ

where wf; reflects the weight of country j in country #’s overall financial integration with the
b b
rest of the world. The parameter a; *

can be interpreted as the degree of economy ¢’s financial
market integration and its overall susceptibility to financial spillovers from the rest of the world.
In the polar case of agb’gb = 1, economy i’s financial markets are perfectly integrated with those
in the rest of the world, and the domestic spread equals the global spread. The dependence
of the interbank interest rate spread on the output gap is in line with the recent literature on
financial frictions (see, for example, Gertler and Karadi, 2011). The mechanism underlying this
feedback loop is motivated by the procyclical variation in banks’ balance sheets which follow

fluctuations in output.
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4.10.2 Bank-lending tightness

In order to incorporate the effects of variations in private-sector credit risk on the macroeconomy,

we consider bank-lending tightness, l;l?ea,t, as a measure of credit supply constraints. Specifically,

777 blt,blt 777 blt,blt blt,y4 -~ -~ blt,y [~ ~
bltea,t = Q¢q : bltea,t—l + (1 — Qg ) : [aea Y (Etyea,t+4 - yea,t) — Oy Y (yea,t - yea,t—4)

bl bl F 133 F 133 bl
- O‘ecf’rs (irsea,t - ?za,t—l) + Qpezf (wea,usbltu&t + wea,opbltont) :| + geat,t' (M30)

Consistent with the findings in Bassett et al. (2014), bank-lending tightness is specified to be
determined by its own one-quarter lag, the expected one-year ahead year-on-year growth rate

of real GDP, the change in the real policy rate and a cross-country spillover term.

4.10.3 Sovereign credit risk

We also consider a sovereign credit-risk premium f‘ga’t that depends on the debt-to-GDP ratio

and foreign sovereign credit-risk premia
~ 969 =g 969\ 9B p 9 (F ~g F =g 9
Seat — Yea " Sea,t—1 (1 — Qg ) Qeq @ea,t + ©eq (wea,usgus,t + weappgop,t) + ‘Sea,tQMgl)

where @@t denotes the absolute deviation of the debt-to-GDP ratio from its steady-state level.

The sovereign credit risk premium is a wedge between the real policy rate ?"f’t and the real

short-term sovereign bond yield 77,
Toat = Teat + Soat- (M32)
Term premia in long-term sovereign bond yields are specified as
ﬂea,t =ao" ?ga,t + Eegzz,t + ar'r Et?lea,t—&-l + frl (M33)

ea,t*

4.10.4 Private-sector credit risk premium

The private-sector credit risk premium is the sum of bank-lending tightness and the sovereign

credit-risk premium
~ _ wblt 174 w,sd ~g w F ~ F ~
Wea,t = Ceq * bltea,t + g Sea,t + Pea (wea,uswu&t + wea,opwol’:t) (M34)

and is also subject to cross-country spillovers.
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4.10.5 Equity prices

We assume equity prices are determined according to a Tobin’s Q relationship (see Christiano
et al., 2005; Gilchrist and Zakrajsek, 2012)

3
~ , ~ o -3 ~ , ~
Gea,t = agathQea,t—i-l - aga : (Tea,t + wea,t) + OlgayEtyea,t-l—l (M35)

_ . F ~ F -~
+ @g&q : (EtAqea,t—i-l - Aqss) + Soga : (wea,usqus,t + wea,opqopi) + gga,t'

The arbitrage condition for the value of installed capital states that the value of capital today
depends positively on the expected future marginal product of capital and the expected future
value of capital, and negatively on the rate of return required by households—that is, the real
interest rate relative to the inter-temporal shock to preferences. We consider the output gap
as a proxy for the future marginal product of capital. Similar to the other financial variables,

equity prices are subject to spillovers from foreign equity prices.

4.11 Net foreign asset position

An economy’s aggregate net foreign asset position nfa.,; (in per capita terms and relative to

GDP) evolves according to
nfacay = (1476 = DY) - 0fagar 1 + Teat = ea (M36)
where Zeq ¢ and meq; are per capita exports and imports relative to GDP respectively.

4.12 Uncovered interest rate parity

The uncovered interest rate parity condition is given by

7i)a,t + 7%ea,t - (ﬁs,t + %us,t - O‘Zafa : nfa'e(ht) = Etha,t—l—l - Qea,t- (M37)
The home economy’s net foreign asset position relative to GDP enters as a premium on holdings
of foreign debt. The premium on foreign debt captures the costs for domestic agents of engaging

in transactions in the international asset market and ensures the stationarity of the net foreign

asset position (Benigno, 2009; Schmitt-Grohe and Uribe, 2003).

4.13 China

As outlined below, China features a different monetary policy rule and UIP condition. The rest

of China’s economy is modelled symmetrically to that of the other countries in ECB-Global.
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4.13.1 Monetary policy

China’s monetary policy includes a response to changes in the nominal exchange rate in order

to ensure limited variations in the external value of its currency. Specifically,

~ TR N

> ;S ;5 T ~eDE PR iS 4y~
Toht = ag i leht—1 (1 — oy ) { Teht T Oéz " (ﬂﬁﬁft - Fﬁ,t) + Oélch’yych,t}
N = s
+ag (ASent = ASen) + & 4 + Sonps (M38)
where AS,j, + is the change in the nominal exchange rate vis-a-vis a basket of advanced economies*
currencies (consisting of the US dollar, the euro, the Japanese yen and the pound sterling) and
€§ht is a shock to the reserve requirement ratio.

Borrowing from the GPM, the reserve requirement ratio g, is set according to a Taylor-rule

type relationship

0e” it

~ ~ T
Och,t = Pfh Och,t—1 + (1 - Pgh) [ ych t+ Oéch (EtTrea 3 ch,t)] + scht + Qg Eeng
The trend reserve requirement evolves as
Aty = 08, A1 + 35 (1-0F,) +252 (M39)
In order to impact aggregate demand, we enter the reserve requirement in China’s IS-curve

-~ ici ~ 3 ~ i 3
Cleht = oy Clehgt1 + Cleht—1 (1 - aﬁﬁl”) - (r?’ch,t + wch,t) al" + aS  Gony (M40)
G (A0 — AT ) = (1-af) (AT - A73) — alione + €
4.13.2 Exchange rate regime, net foreign assets and UIP
For the evolution of China’s exchange rate we assume a friction in the uncovered interest rate
parity
01" [ﬁh,t + @ent + BTy 11 — (7“ Busi + Busit + By — nfag, ol a)} (M41)
! -~ —SS iy oy ~ 3 ~
+ (1 — Gzﬁp) (AQen: — AQey) = ErQchir1 — Qent + EtTr?th-i-l Zgthrl + 5:;?,1’
where 0 < Gfép < 1. In particular, if 93}? = 1 the dynamics of China’s nominal exchange rate
are pinned down by the usual uncovered interest rate parity logic. In contrast, if Hg’;;p = 0 the

change in China’s nominal exchange rate is given by the deviation of the trend real exchange

rate from its steady state value.
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4.14 Qil producers

Besides the fact that they export oil, the OP differ from the other economies in ECB-Global as
oil export revenues affect consumption and investment through the IS curve and also determine

government spending.

4.14.1 IS Curve

We introduce oil export revenues (in OP PPI) in the IS curve of the OP in order to reflect that

private investment and consumption in oil-producing economies typically depend on oil export

~oil

op,t through transfers, tax rates and subsidies

revenues r
ci,cl ci,rd

C b /\. 17 73 ~ b
Clopt = gy Etczozz 41+ (1= agy™) clopg—1 — agy <7"30p,t + woz:,t) + ag qqcvpt (M42)

+ ag;l),ci (EtAyop,tJrl - A?SS) (1 - acz CZ) (Ayopt Ay ) + am o ’\Oth + gop t
where oil export revenues are given by
Agzzult QOp,t + ﬁ?zl + fﬁﬁt ﬁ;g,r (M43)

4.14.2 Fiscal rule for government expenditure

A reduction in export revenues also typically impinges on public finances of oil-producing
economies, as the oil sector generates a large part of fiscal revenues.” We therefore assume
that a decline in oil export revenues imposes a fiscal retrenchment and introduce them in the

fiscal rule for government expenditure
—~ - oS B ,xoil AOZl,PZn
Gop,t = O‘gpggontfl - (1= agpg) : agp Bop,t—1 — (1 — agpg) g y?JOpt + ag Lop,t + &5 QM44)

4.15 Resource constraint

Finally, for all economies the market clearing condition for real aggregate demand in per capita

terms is given by
Dewt + eat = X5 Cleat + X] (Geat + Plag) + X7 (Tear — Mear). (M45)
We assume that the price of government expenditures relative to CPI follows

Bl = B+ (M46)

)

5 According to Villafuerte and Lopez-Murphy (2010), for at least 31 of the oil producing countries examined in the
study, oil revenues account for more than 25% of total fiscal revenue in the time period from 2005 to 2008.
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4.16 List of shocks included in the model

The model features several exogenous shocks {ft, which are listed in Table 1. Shocks are all
modelled as first-order autoregressive processes with autoregressive coefficient pf and i.i.d. in-
novations eft with mean zero and standard deviation Uf. In the table below we also list the i.i.d.

innovations which enter some of the equations in ECB-Global.

Table 1
List of the exogenous shocks in ECB-Global

Shock Equation

I IS curve
tAg GDP growth rate
& Phillips curve
& Monetary policy rule
34 Government expenditure
& Government revenues
oil Oil supply and demand
¢b Interbank rate spread
bit Bank lending tightness
,fg Sovereign credit risk premium
& : Long-term premium
¢l Equity prices
ef‘f’t Innovation to equity prices trend
fh’ ' China’s reserve requirement ratio
sﬁft Innovation to China’s reserve requirement ratio trend
fg,ﬁ%)t China’s uncovered interest parity
& " Price of government expenditure relative to CPI

5 Parameterisations

5.1 Calibration

Parameters in ECB-Global can be divided in three groups: (i) those that affect the determin-
istic steady state of the model, (ii) (bilateral) weights and (iii) those that have a structural
interpretation. The first two groups of parameters include the contribution of each country
block to global GDP, its share in global trade and financial exposure to other countries, which
we calibrate using actual data. Sections 5.2 to 5.5 provide more details. The parameters that
have a structural interpretation are parameterised through an informal “limited information”
impulse response matching approach which ensures that ECB-Global exhibits dynamics that are

consistent with the findings in the literature. Section 5.8 provides more details on this.
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5.2 Steady-state values

These parameters pertain to the trend of the nominal exchange rate and of equity prices, the
steady-state level of the inflation target, government bond yields, nominal rates, the measure
of bank-lending tightness, the debt-to-GDP ratio and government spending (Table 3). The
parameters are set equal to the averages of the corresponding data over 1990 to 2013. Given
that in ECB-Global the rest of the world is defined as a residual, the steady-state values for its
variables are defined as averages across the values of the economies which are included explicitly
in ECB-Global. For the growth rate of GDP we assume instead that there is a common global
trend, which is defined as the average of the growth rate of the other country blocks (excluding
the rest of the world). Finally, the discount factor  is calibrated on the basis of real long-term
interest rates for all countries. For example, for the US its value is consistent with a real interest
rate of 2.5%.

5.3 Parameterising shares and weights in the trade block

For the trade block we need to parameterise the share of oil imports in total imports for non-OP

economies CZ-M “in Equation (M15), the share of oil exports in the OP’s total exports Copo” in

Equation (M18), bilateral shares of non-oil imports wi]‘f " in Equation (M14), and bilateral
X in (M19).

The values for the share of oil imports in total imports for non-OP economies CZ-M " and the

shares of non-oil exports w

share of oil exports in the OP’s total exports CO)I(JDH can be determined easily based on IMF data

according to

Moil . Moil M .
i = s [s;', i+ op,
xoil . xoil X
Cop - sop Sop?
where sX and sM are the GDP shares of economies’ total (non-oil and oil) exports and imports

and SZ]-W " and S;X *" are the shares of oil imports and exports in GDP.6

We determine bilateral non-oil import shares according to

M M
. w8k
Mnonozl o iJ 1 . .
Wij = 0 e J#op, i#op
S TS
M M Moil
Mmonoil wi,op . Si — S’i .
wi,op - M Moil ) t 7& op.-
S TS
5We assume sM = sX, consistent with the assumption of balanced steady state trade for individual economies.
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The bilateral non-oil export shares of the OP are obtained from

nonoil  __ M M Mot -
Xop,i - (wi,op "8 T8 ) Y,
nonoil
anonoil o op,i
op,i - Z X nonoil’
i “top,t

where X;‘];’?Oil is nominal total non-oil exports of the OP. For the non-OP economies we have

Xnonoil o X .
Wiy = Wij, i # op,

as these do not export oil.

5.4 Adjusting the data underlying the parameterisations in order to ensure

consistency of global trade

While it appears straightforward to ensure consistency of trade based on Section 5.3, three
features in the data complicate the derivation of the implied values of the bilateral shares of

MTLOnO il

non-oil imports w;; " and the bilateral shares of non-oil exports wi)]{ """ First, combining

the bilateral total (oil and non-oil) export and import shares wi)]{ and wf‘;[ from the IMF Direction
of Trade Statistics with data for nominal GDP and export and import shares in GDP s and
sf‘/f does not imply consistent bilateral export and import flows. That is, in the data it is
generally not the case that the exports of economy i to economy j, X;;, are equal to the imports
of economy j from economy 7, Mj;, inconsistent with the corresponding assumption in ECB-
Global. Second, summing up economies’ trade balances in the data does not produce balanced
global trade, inconsistent with the assumption in ECB-Global. Third, in the data economies
do not have balanced trade, which is inconsistent with the steady state in ECB-Global. These
three features of the data are important, as we can only expect the global trade balance in ECB-
Global to close both in the steady state and in response to shocks as well as that the individual
economies’ trade balances close in the steady state when the data we use for the parametrisation
of the trade shares in combination with GDP shares imply balanced global and country-specific
trade. Therefore, prior to carrying out the calculations laid out in Section 5.3 we have to adjust
the data in a way such that they are consistent with balanced global and country-specific trade.

We explain in detail in Section C.5 how we do this.
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5.5 Shares in global oil consumption

In order to determine the shares in global o0il consumption we first obtain non-OP economies’

oil imports and the associated shares in global oil imports according to

oil _ _Moei :
M’i —_ Si * }/;
Aol Mt
w; = Z } M()il :
3

Then, we obtain the shares in global oil consumption as (given the share of global oil consumption
of the OP)
oil oil oil .
o =1, )@, i op.

5.6 Share of oil and intermediate inputs in production

We calibrate a7 in Equation (M4) for marginal costs using data from the World Input-

Output Tables (WIOD; Dietzenbacher et al., 2013) based on the share of imported intermediates
from other economies’ “Coke, Refined Petroleum and Nuclear Fuel” sectors in the euro area’s
total imported intermediates. Similarly, we calibrate wé\ii based on WIOD data pertaining to

the share of intermediate inputs that stem from economy 4 in the euro area’s total imported

intermediates.

5.7 Share of imported consumption goods in total consumption

We calibrate the share of imported consumption goods in total consumption (1 —ag) in Equation
(M6) based on the WIOD database.

5.8 “Limited information” impulse response function matching

The calibration of the parameters in the model that have a structural interpretation are carried
out balancing, on the one hand, having parameter values that are consistent with estimates in
the literature and, on the other hand, implying dynamics which are in line with the empirical
evidence. To this end, we carry out a systematic grid search for the main parameters, and
thereby the implied impulse response functions. This approach—which could be dubbed a
“limited information” impulse response function matching approach—draws extensively from
the empirical and theoretical literature in order to find a configuration of parameter values that
implies empirically plausible impulse response functions for standard shocks.

We implement this approach in two steps. In the first step, we set an initial value for the
structural parameters by drawing on the literature, both on other semi-structural models such

as the Andrle et al. (2015) and Carabenciov et al. (2013) as well as fully-structural models such
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as Christiano et al. (2005), Altig et al. (2011), Smets and Wouters (2007), Christoffel et al.
(2008), Gomes et al. (2012) and De Graeve (2008). The first step allows us to specify the value
of the structural parameters in a way similar to that of other estimated models, but it does
not necessarily imply empirically plausible dynamics in ECB-Global. We therefore fine tune the
parameter values in a second step. In particular, we systematically vary the values of the key
parameters and assess the plausibility of the implied impulse response functions. The parameter
values are eventually chosen so as to minimise—informally—the distance between the impulse

response functions implied by ECB-Global and those found in the literature.

6 Model properties

This section presents the dynamic properties of ECB-Global by considering the effects of three
shocks: (i) a US monetary policy shock, (ii) a demand shock in China and (iii) an oil price
(supply) shock. This set of shocks allows us to illustrate the main channels of propagation in
ECB-Global and its possible policy applications. Specifically, the US monetary policy shock
informs about the domestic and international transmission of financial shocks. The demand
shock in China illustrates how shocks originating in the real economy transmit to the rest of the
world. Finally, the oil price shock shows how developments in commodity markets impinge on

the global economy.

6.1 US monetary policy shock

Domestic effects The predictions regarding the domestic effects of a monetary policy shock
in ECB-Global are in line with existing studies (see, for example, Christiano et al., 2005; Smets
and Wouters, 2007; Coibion, 2012). Specifically, in ECB-Global a 100 basis points annualised
contractionary monetary policy shock lowers the output gap by about 0.6 percent after 2 quar-
ters and annualised CPI (PPI) inflation by about 0.2% (0.15%) after four quarters (see Figure
2). The monetary policy shock transmits to output and inflation through financial, trade and
oil channels. First, the monetary policy tightening dampens consumption and investment due
to a rise of real interest rates. The slowdown of economic activity is amplified through financial
accelerator mechanisms, which are reflected in the rise of the interbank interest rate spread as
well as the private sector risk premium (composed of bank lending tightness and the sovereign
risk premium). Equity prices also drop in response to the monetary policy tightening, further
amplifying the deceleration of real activity through financial feedback loops. Second, the tight-
ening of monetary policy also transmits through trade. On the one hand, the fall in domestic
private demand lowers US imports and thereby supports GDP through an increase in net ex-
ports (income absorption effect). On the other hand, the appreciation of the US dollar resulting

from the tightening of monetary policy stimulates imports and reduces exports, thereby low-
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ering net exports and eventually GDP (expenditure switching effect). Finally, the decline in
the US output gap as well as the negative spillovers to the rest of the world (see below) reduce
oil prices, which supports the US economy through two channels. First, the fall in oil prices
puts further downward pressure on US inflation, allowing US monetary policy to loosen which
supports output and inflation. Second, the fall in oil prices dampens the fall in GDP through
a rise in net exports, as the value of oil imports for a given amount of imported barrels of oil

falls. Overall, the contractionary effects of a US monetary policy tightening dominate.

Spillovers The tightening of US monetary policy depresses output and inflation in the rest
of the world (see Figure 3). The spillovers materialise through financial markets, trade and oil
channels. First, the tightening of US financial conditions spills over to foreign financial markets
and causes a global tightening of financial conditions, reflected in significant co-movements in
interbank rate spreads, private-sector risk premia and equity prices. Second, as is the case for
the US, several effects operate through trade. On the one hand, the fall in US import demand
negatively weighs on the rest of the world’s exports. On the other hand, the depreciations vis-
a-~vis the US dollar support the rest of the world’s net exports through expenditure switching.
Finally, as in the US, the decline in oil prices represents a positive spillover as it dampens inflation
and thereby allows central banks to loosen monetary policy. At the same time, the fall in oil
prices supports net exports as the value of a given amount of imported oil barrels falls. Overall,
however, the contractionary spillovers dominate. As regards cross-country heterogeneities, China
experiences larger GDP spillovers than other oil-importing countries because its central bank
stabilises the exchange rate so that it does not benefit as much from a depreciation vis-a-vis the
US dollar. Spillovers to oil-producing countries are also larger as they additionally experience
a fall in oil export revenues as oil prices decline, which impacts negatively on their domestic
demand by dampening consumption, investment and government expenditures. Overall, the
magnitude of the spillovers implied by ECB-Global are consistent with those estimated in the
literature (see Kim, 2001; Dedola et al., 2015; Feldkircher and Huber, 2015; Georgiadis, 2016).
Also consistent with the findings in this empirical literature, financial markets seem to be the

dominant transmission channel of US monetary policy spillovers in ECB-Global.

Sensitivity analysis In order to illustrate the relative importance of the spillover channels,
we perform a sensitivity analysis by varying the value of two important spillover channels in
ECB-Global; the interbank rate spillover parameter and the price elasticity of oil supply. First,
changing the values for the parameters governing the magnitude of spillovers in interbank in-
terest rate spreads gogb in Equation (M29) illustrates that financial markets are an important
transmission channel for US monetary policy shocks. Specifically, increasing the value of this

parameter magnifies the spillovers from US monetary policy to euro area output predicted by
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ECB-Global (see Figure 4). Second, making oil prices less sensitive to a US monetary policy
shock by increasing the price elasticity of oil supply 6 in Equation (M24) illustrates that
the oil price decline usually triggered by a hike in US interest rates is an important offsetting
spillover channel. Specifically, Figure 5 shows that in the absence of an oil price response, the
output spillovers from a US monetary policy shock are considerably larger for oil-importing and

smaller for oil-exporting countries.

6.2 Demand shock in China

Domestic effects In ECB-Global a shock that lowers domestic private demand in China by
0.4% on impact is followed by a fall in the output gap by about 0.4% after two quarters, see
Figure 6. Beyond the direct effect on output (due to domestic private demand being a component
of GDP), the shock transmits through financial accelerator mechanisms reflected in a rise in the
interbank interest rate spread and the private sector risk premium, as well as a fall in equity
prices which all amplify the direct effects. Several channels dampen the contractionary impact
of the negative demand shock. First, due to the decline in private domestic demand, China’s
import demand falls which supports GDP through a rise in net exports. Second, the drop in
output loosens price pressures so that CPI inflation falls. In the face of lower inflation the central
bank eases monetary policy by lowering the policy rate as well as the reserve requirement ratio,
which stimulates domestic private demand. Moreover, the easing of monetary policy leads to a
depreciation of the Chinese renminbi in real effective terms, which discourages imports, raises
net exports and thereby supports GDP. Finally, the reduction in China’s oil imports driven by
the deceleration of real activity and the depreciation of the renminbi causes a fall in oil prices,
which also supports net exports. The fall in oil prices also contributes to a further decline in
inflation, which allows the central bank to ease monetary policy further. Moreover, it supports

net exports as the value of a given amount of imported barrels of oil falls.

Spillovers The spillovers of a demand slowdown in China to real activity in the rest of the
world implied by ECB-Global are relatively moderate (see Figure 7). The transmission of the
demand shock in China to the rest of the world occurs in particular through trade and oil prices.
Specifically, first, the weakening in China’s domestic demand reduces its imports, implying a
decline in the rest of the world’s exports. As financial exposures of the rest of the world to
China are limited, financial spillovers from China to the rest of the world are rather small; this
is reflected in muted responses of the financial market variables such as the interbank interest
rate spread in the rest of the world (except for the OP countries, see below). Finally, the drop
in oil prices dampens the negative spillovers from the demand slowdown in China to the other
oil-importing countries. First, it eases price pressures, allowing central banks to loosen monetary

policy. Second, it supports net exports as the value of a given amount of imported barrels of oil
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falls. The spillovers to oil-exporting countries are markedly larger than those to oil-importing
countries, due to the decline in oil export revenues, which dampens private and public demand.
The magnitude of the spillovers implied by ECB-Global is well in line with the findings in the
literature (see, for example, Cesa-Bianchi et al., 2011; Ahuja and Myrvoda, 2012; Duval et al.,
2014; Feldkircher and Korhonen, 2014; IMF, 2014a,b; Andrle et al., 2015; Dizioli et al., 2016a).

6.3 Oil price shock

As a third example, we consider an exogenous oil supply shock and its effects on the global
economy. We discuss how oil-exporting countries, oil-importing countries and the global economy
are affected. The effects of a drop in oil prices in ECB-Global are quantitatively consistent with
estimates in the literature (see Peersman and Van Robays, 2009, 2012; Kilian, 2009; Cashin
et al., 2014)

Oil-producing countries A relatively persistent drop in oil prices of around 4% caused by
an exogenous increase in oil supply has a rather large contractionary effect on the OP, lowering
their output gap by about 0.5% on impact (see Figure 8). The slowdown in real activity in
the OP occurs through three channels. First, GDP is lower due to the decline in oil export
revenues and government expenditures as well as consumption and investment. Second, private
consumption and investment are further dampened due to financial accelerator mechanisms
materialising in rising interbank interest rate spreads and risk premia. Third, the decline in
the value of oil exports in terms of OP output goods for a given value of oil exports in barrels
worsens net exports. Nevertheless, several effects alleviate the contractionary effects of the oil
price fall. First, the depreciation of the OP’s exchange rate stimulates non-oil exports. Second,
the slowdown in real activity and lower inflation allows the central bank to ease monetary policy,

which in turn stimulates domestic private demand.

Oil-importing countries We illustrate the effects of the supply-driven oil price decline on
oil-importing countries by focussing on the euro area. After the drop of oil prices, euro area
output gap rises by about 0.08% after four quarters and CPI (annualised) inflation falls by 0.4%
on impact (see Figure 9). The expansionary effects from a decline in oil prices arise through
domestic demand and trade. First, the decline in CPI inflation allows central banks to ease
monetary policy, which stimulates domestic private demand and is accelerated through looser
financial conditions as illustrated by a decline in the interbank rate spread. Second, the fall in
oil prices improves net exports as the value of the same amount of imported barrels of oil falls.
Cross-country differences in the spillovers are mainly due to differences in economies’ shares

of oil imports in GDP (see Figure 10). For example, in the US the share of oil imports in
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GDP is lower than in the euro area, which experiences larger spillovers.” Finally, world output
increases following an exogenously supply-driven decline in oil prices, reaching a peak response
of about 0.05% after three quarters (see Figure 11). The initial negative response is due to
the immediate drop in output in oil-exporting countries that offsets the positive response in

oil-importing countries which takes more time to unfold.

6.4 Global GDP elasticities comparison

In this section ECB-Global is compared with two other global models. This comparison provides
a benchmark and a measure of uncertainty around the estimates, as well as enables a reflection
on possible implications of different model specifications and philosophies. The two other models
used are also semi-structural: (1) the IMF’s annual Flexible System of Global models (FSGM
Andrle et al., 2015)% and (2) a traditional large-scale semi-structural model with very limited
forward-looking aspects from the National Institute for Social and Economic Research (NiGEM).
Of these 3 global models, only ECB-Global has direct cross-country financial inter-linkages. We
compare the impacts following four shocks; (i) a US monetary policy tightening, (ii) an oil supply
shock increasing oil prices, (iii) a Chinese demand slowdown, and (iv) a US demand slowdown.
In order to directly compare the impacts across models, we impose in each model the same
magnitude of the shock in the first year.” Figure 12 shows the comparison of the global GDP
responses for all four shocks while Figure 13 displays the cross-country effects of each shock
scenario in detail. Following all the shocks considered, the impact on global GDP simulated by
ECB-Global is close to those of the other models (see Figure 12).

First, a 25 basis point monetary policy shock leads to negative effects across all models.
Spillovers from a rise in US interest rates tend to be larger for countries with stronger trade
linkages with the US (see Figure 13). In ECB-Global, various macro-financial linkages, such as
frictions in the banking sector as well as in equity markets and bond markets lead to stronger
adverse effects on economic activity (via the financial accelerator mechanism). In addition,

financial integration with the US leads to higher interest rate spreads and tighter bank lending

"China does not benefit as strongly from the oil price decline as the other oil-importing countries as an increase in
the reserve requirement ratio (due to the rise in the output gap) offsets somewhat the positive response of GDP.
The parameterisations of the reserve requirement ratio and monetary policy rule for China are taken directly from
the GPM.

8Some key elements of the model, like private consumption and investment, are fully micro-founded, while others,
such as trade, labour supply, and inflation have reduced-form representations. This flexibility allows it to model
a larger number of regions. In addition to trade linkages the model has TFP spillovers and also incorporates an
international commodity market.

9For the US monetary policy shock we deviate from this approach, by considering a one-off unanticipated shock,
with interest rates endogenously reacting to the initial shock. The reason for taking the ex-ante shock size is
that we do not want to make the results too much dependent on the specification of the policy rule as well as
being able to compare it with other DSGE and VAR models in the literature. The size of other shocks has
been set to approximate ex-post a 1% of GDP for the demand shocks and 10% of oil prices for the oil supply
shock. Afterwards the models endogenously determine the impulse response path, without any additional shocks.
Therefore, only the first year real GDP responses are reported.
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standards in trading partner countries which further depress global growth (beyond the trade
channel), which in turn spillback to the US. For these reasons, ECB-Global has larger global
output effects than NiGEM or the FSGM which do not have these channels to this extent.
Moreover, the result of ECB-Global is consistent with Wieland et al. (2016) who find that
models with financial linkages have larger GDP effects.

Second, a 1% domestic private demand driven decrease in US GDP lowers real global GDP
by between 0.3-0.4%. This reflects the direct impact of lower real GDP in the US as well as
spillover and spillback effects. In ECB-Global, weakening US private demand lowers exports in
non-US economies, which leads to a decrease in equity prices and an increase in interest rate
spreads. Weak demand leads to lower policy rates which together with lower oil prices provide
an automatic stabilizer to growth. In ECB-Global, limited financial market integration imply
spillovers from a US demand shock to China to be weaker compared to advanced economies.

Third, a temporary 10% increase in oil prices driven by a decline in oil supply reduces world
real GDP in a range between 0.05% in the first year in ECB-Global and NiGEM and the -0.15%
in the FSGM. For all countries the FSGM shows stronger effects than NiGEM and ECB-Global.
However, the relative effects on the countries are broadly comparable (Japan is mostly affected,
while the effects on the United States and China are smaller than for the euro area).

Fourth, a 1% demand driven slowdown in China’s GDP leads to a 0.1-0.3% slowdown in
world GDP, see Figure 12. '9.In this scenario all models imply relatively modest spillovers with
the economies most affected are those with strong trade linkages to China. As is the case for
the US demand shock, the range around the global output responses for the different models
is relatively tight, with the US demand shock however causing larger global spillovers. The
spillovers of a China demand shock are mitigated by a loosening of monetary policy and a fall
in oil prices which is a particularly strong channel in ECB-Global. However, it should be noted
that the size of the spillovers from a China slowdown is very sensitive to the source of the shock,
in particular a productivity or credit-driven slowdown scenario could have larger spillovers, see
Dizioli et al. (2016b).

7 Future Extensions

ECB-Global is an on-going modelling project and this paper is intended to lay out the struc-
ture of the first version of the model. Although the current version of ECB-Global is already
useful for cross-country spillover analysis, it is subject to several limitations that should be kept
in mind. First, the current version of ECB-Global is calibrated. The calibration is based on

institutional knowledge about the sign and magnitude of impulse responses, as well as on an

10A combined steeper slowdown in investment along with weaker consumption growth was implemented in the other
models
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informal matching of the impulse responses with those from a wide range of existing studies in
the literature. Second, the current parametrisation features only limited cross-country hetero-
geneity. Specifically, heterogeneities are introduced essentially only in the parameters reflecting
bilateral trade and financial exposures to spillovers from abroad, as well as a few key structural
parameters. Third, albeit the country coverage is relatively large compared to most structural
macro-models used in the profession, there remain limitations in terms of cross-sectional granu-
larity. For example, all emerging market economies (except for the oil-producing economies) as
well as small advanced economies are lumped together in the rest-of-the-world block. Finally,
the structural detail and complexity in ECB-Global is limited in several dimensions, for exam-
ple by the pooling of private consumption and investment, by the rather stylised fiscal block,
and the lack of incomplete exchange-rate pass-through or local-currency pricing. Additionally,
several important determinants of macroeconomic dynamics in emerging market economies are
not accounted for such as currency mismatches and their heightened susceptibility to abrupt
changes in investors risk appetite. The possibility that monetary policy is constrained by a zero
lower bound on nominal interest rates is also not yet addressed. These limitations will be dealt

with in future versions of ECB-Global.

8 Conclusion

As globalisation deepens, the importance of developing global macroeconomic models to ratio-
nalise the nature and transmission of shocks is growing. In this paper we introduced ECB-Global;
a semi-structural, multi-country model with rich cross-country interactions that arise through
trade, oil and financial linkages. We illustrated the potential use of ECB-Global by discussing
its domestic and global responses to a US monetary policy shock, a demand shock in China and
an oil price shock. Obviously, numerous other cross-country spillover scenarios can be analysed
within the model. This paper documents the first version of ECB-Global. Future versions of
ECB-Global will sequentially address its limitations, among which the limited country coverage,

granularity and degree of cross-country heterogeneity.
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A Tables

A.1 Bilateral weights

The shares are defined as follows:

Table 2
Bilateral weights

Variable US EA CH UK | JA opP RoW
Total Bilateral Import Weights: %Z - 0.147 | 0.130 | 0.030 | 0.094 | 0.247 | 0.353
Sni 10122 - 0.048 | 0.146 | 0.024 | 0.162 | 0.500
wé‘}/{,i 0.214 | 0.152 | - 0.030 | 0.099 | 0.107 | 0.398
wﬁﬂ 0.088 | 0.486 | 0.057 | - 0.030 | 0.111 | 0.228
Wjgq | 0.141 1 0.087 | 0.157 | 0.013 | - 0.226 | 0.375
Wop; | 0.216 | 0.257 | 0.071 | 0.037 | 0.083 | - 0.335

Wy | 0221 1 0.304 | 0.184 | 0.042 | 0.072 | 0.176 | -
GDP Ex-/Import share: % 0.161 | 0.238 | 0.276 | 0.307 | 0.162 | 0.365 | 0.148
Total Bilateral Export Weights: wffm - 0.134 | 0.097 | 0.036 | 0.044 | 0.250 | 0.438
gfm- 0.124 | - 0.077 | 0.130 | 0.023 | 0.139 | 0.507
Wep; | 0.207 1 0.147 | - 0.030 | 0.083 | 0.103 | 0.431
wi‘,vcvi 0.129 | 0.436 | 0.058 | - 0.015 | 0.092 | 0.271
Wigq | 0.176 | 0.081 | 0.240 | 0.018 | - 0.063 | 0.422
wopi | 0.226 | 0.211 | 0.104 | 0.040 | 0.076 | - 0.343

wfi}i 0.193 | 0.325 | 0.186 | 0.039 | 0.070 | 0.188 | -
Bilateral Financial Weights: ""59,1‘ - 0.210 | 0.033 | 0.152 | 0.071 | 0.124 | 0.409
wgm 0.346 | - 0.023 | 0.232 | 0.046 | 0.053 | 0.301
wfkvi 0.284 | 0.384 | 0.023 | - 0.055 | 0.031 | 0.222
wﬁ” 0.355 | 0.243 | 0.009 | 0.067 | - 0.035 | 0.290
wfﬂ- 0.407 | 0.227 | 0.015 | 0.105 | 0.045 | - 0.200

wPP 0.368 | 0.347 | 0.090 | 0.125 | 0.026 | 0.044 | -

W, %

Sources: IMF Direction of Trade Staitstics (Dots) for the trade weights; IMF Coordinated Portfolio Investment

Survey (CPIS) for the financial weights. Weights are averaged over the 2009 — 2014/15 period.

M

Notes: wj’;

exports of country j from country i. China weights includes Hong Kong.
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A.2 Parameter Values

Table 3

Parameter values
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0.10
0.09
0.09
0.09
0.75
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0.03
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0.55
0.55
0.18
0.18
0.18
0.09
0.09
0.01
0.75
0.75
0.80
0.80
0.00
0.00
0.00
0.80
0.80
0.05
0.03
2.50
2.50
0.10
0.10
0.10
0.12
0.11
0.01
0.10
0.03
0.15
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ja
ci,q

ct
Pea
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0.55
0.55
0.18
0.18
0.11
0.09
0.09
0.75
0.75
0.75
0.80
0.80
0.00
0.00
0.80
0.80
0.05
0.05
0.06
2.50
2.50
0.10
0.10
0.02
0.53
0.04
0.62
0.13
0.54
0.37
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Table 3

Parameter values (continued)
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0.80
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2.50
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0.00
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0.30
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0.50
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0.14
0.06
0.16
0.34
0.09
0.07
0.09
0.04
0.02
0.02
1.00
1.00
1.00
1.00
1.00
0.87
0.93
0.80
0.80
2.50
2.50
2.50
0.00
0.00
0.30
0.30
0.00
0.00
0.00
0.00
0.00
0.50
0.50

0.35
0.26
0.04
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0.05
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1.00
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2.50
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0.30
0.00
0.00
0.00
0.00
0.50
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Table 3

Parameter values (continued)
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0.10
0.50
8.00
0.75
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0.01
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0.70
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0.50
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0.01
0.01
0.01
0.75
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Table 3

Parameter values (continued)
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0.08
0.34
0.12
0.10
0.16
0.22
0.07
0.17
0.02
0.07
0.09
0.20
0.12
0.53
0.02
0.40

X
Xua
M
Xea
M
Xus

X,oil
Xop
M
Xop
X
ea,uk
X
ea,op
X
ja,uk
X
Ja,op
X
us,uk
X
us,op
X
uk,us

X
wuk,op

S

&

S

(S

(S

(S

w

X
wrw,us

X

Wrw,op

X
wch,us

X
Wen ,op

X
Wop,us
X

wop,ch

M ,nonoil

ea,uk

M nonoil

ea,op

M nonoil

ja,uk

M nonoil

ja,op

M, nonoil

us,uk

M nonoil

us,op

M nonoil

uk,us

M nonoil

uk,op

M, nonoil
Wrw,us

M nonoil
Wrw,op

M nonoil

ch,us

M, nonoil

ch,op

M nonoil

op,us

M nonoil

op,ch

0.16
0.25
0.16
0.22
0.33
0.13
0.14
0.02
0.06
0.04
0.25
0.13
0.09
0.19
0.19
0.21
0.10
0.23
0.10
0.13
0.07
0.02
0.02
0.05
0.14
0.11
0.09
0.26
0.01
0.14
0.04
0.27
0.08
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Table 3

Parameter values (continued)

X,nonoil
op,ea

X, nonotl
op,uk
X, tot.share
ea

X,tot.share
ja
X, tot.share
rw
nonoil
nonoil
ech

oil
Was
oil
Wk
oil
wop

oil
oil
Hrw
poil
<blag
ja
bl
Oéf;p’ ag

b
Puk
b
Prw
b b
aga,c
b b
(SENS
Qs
b b
agp’g
S
ja
b/\
agp,y

b
Prw

b
Pus
blt,rs

ea

blt,rs
Qys

blt,rs
Qlop
blt,y
ja
blt,y
Xep

blt
Pru

blt
Puk

bl bit
Qeq

a

«

bit,bit
Qys

0.25
0.10
0.19
0.05
0.30
1.50
1.50
0.11
0.01
0.10
0.15
0.15
0.95
0.40
0.40
1.00
1.00
0.50
0.50
0.50
0.07
0.07
0.80
0.80
1.50
1.50
1.50
1.25
1.25
0.85
0.85
0.75
0.75

X,nonoil
op,ja
X,nonoil
op,rw

X tot.share
us

X,tot.share
ch

enonoil
ea
enonoil
us
nonoil
Oop
oil
Wea
oil
Wep

0il
eus
Qoil
uk
oil
0oy

bla
agaj g

blt,rs
rw
blt,rs
Ak
blt,y
Qeq
blt,y
Qys

blt,
blt
pja
blt
Pch

blt,blt
Qo

bit,blt
Qi
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0.02
0.08
0.15
0.11
1.50
1.50
1.50
0.17
0.10
0.15
0.15
0.03
0.40
0.40
0.40
1.00
1.00
0.50
0.50
0.07
0.07
0.07
0.80
0.80
1.50
1.50
1.25
1.25
1.25
0.85
0.85
0.75
0.75

X,nonoil
op,us

X, nonoil
op,ch
X, tot.share
uk

X,tot.share
Xop

nonoil
arw
nonoil
Quk
X, o1l
Wop
oil
ja

oil
W

oil
96(1
oil
90h

Hoil,s

w

w,

b1
o
s lag
uk

b
Puk
b
Pop

blt,rs
ja
blt,rs
Qep,
blt,
Ay Y
blt,y
Xk

bt
Pea

bt
Pus

o

bit, bt
Oy

bit bt
ach

0.46
0.08
0.05
0.14
1.50
1.50
0.68
0.09
0.42
0.15
0.15
0.05
0.40
0.40
1.00
1.00
1.00
0.50
0.00
0.07
0.07
0.80
0.80
0.80
1.50
1.50
1.25
1.25
0.85
0.85
0.85
0.75
0.75
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Table 3

Parameter values (continued)

bit,bit

blt,y4
aja
bit,y4
Xep
blt,
Qys @

bit,
A @

bit
Pea

blt
Pus

bl
9,8
Ja
<9,B
ch

(0}

9 9
arw® *

59,69
uk
P
Py
Pop
oL
Peh
V5
Py

rlrt
Qeq

Pl

ja
rlort
Qo

rlors

Qi
rlors
Xep
g
ol
©s57
ok
blt
o

bl
Olifs
bl
©
ja
©
op
q,Y
Qry

9,y

0.75
3.34
3.34
0.00
0.00
0.50
0.50
0.50
0.00
0.00
0.80
0.80
0.75
0.75
0.75
0.75
0.75
0.00
0.00
0.97
0.97
0.97
0.63
0.63
1.00
1.00
0.05
0.05
0.05
0.00
0.00
0.25
0.25

blt,y4
Qeq

Oéblt,y4

uk
blt,y4

e

Ja

HQ

ch

blt
Puk
blt
Prw
<9,B
ea

as?

us
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3.34
3.34
3.34
0.00
0.00
0.50
0.50
0.00
0.00
0.00
0.80
0.80
0.75
0.75
0.75
0.75
0.75
0.00
0.00
0.97
0.97
0.63
0.63
0.63
1.00
1.00
0.05
0.05
0.00
0.00
0.00
0.25
0.25

3.34
3.34
0.00
0.00
0.00
0.50
0.00
0.00
0.00
0.80
0.80
0.80
0.75
0.75
0.75
0.75
0.00
0.00
0.00
0.97
0.97
0.63
0.63
1.00
1.00
1.00
0.05
0.05
0.00
0.00
0.25
0.25
0.25



Table 3

Parameter values (continued)

a,9

apd

a?,}?
pja

Pch

T
o

q?r
Xk
q
Pea
q
Pus
q
Pop
nfa
ja
nfa
Qop

€

ea,us

(S

ea,rw

€

ja,us

S

ja,ch

(S

us,ja

€

us,ch
wuk,ja
w5k7ch
rw,ja
wrw,ch
wch,ja
wch,rw
op,ja
op,rw
X
Xk
Xga
X%s
Xop
Nl

A
Nus

0.30
0.30
0.30
0.75
0.75
1.00
1.00
0.15
0.15
0.15
0.00
0.00
0.37
0.26
0.43
0.01
0.08
0.04
0.06
0.02
0.03
0.10
0.02
0.90
0.05
0.17
0.80
0.80
0.25
0.15
0.20
0.15
0.15

q,q9
A

q9,9
Qi

q
Pea

q
Pus

ci
X?g"w

g9
Xuk
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0.30
0.30
0.75
0.75
0.75
1.00
1.00
0.15
0.15
0.00
0.00
1.00
0.24
0.05
0.08
0.04
0.18
0.14
0.29
0.03
0.32
0.04
0.02
0.02
0.43
0.02
0.75
0.96
0.20
0.20
0.75
0.15
0.15

q,9
ja
q,9
Qeh

q
Prw
Puk

3
ody

.
ol

ady
(70]'0/

Peh
nfa

nfa

A
ea,ja

ea,ch

ISERS

ja.ea

(S

ja,rw

(S

us,eq

(S

us,rw
uk,ea
uk,rw
rw,ea
rw,uk
wch,ea
wgz,uk
op,ea
wop,uk
Xea
Xis
XSp
Xja
Xen
Nea’
i

A
Top

0.30
0.30
0.75
0.75
1.00
1.00
1.00
0.15
0.00
0.00
0.00
0.05
0.03
0.30
0.13
0.25
0.32
0.41
0.19
0.37
0.13
0.02
0.02
0.23
0.11
0.75
0.85
0.80
0.25
0.04
0.15
0.15
0.15
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Table 3

Parameter values (continued)

pet
pad

A
eaf
ap
ol
abd
A
e
U
oy
5T

AT
Neh
oil’

(67

Aqss
AS.,
AS

T,ss

)
Trw
T,ss

—ppi
Tea

— PPt
Tus

— ppi
:$SS
ja
-585
Ych
g SS
¥ rw
L]
Yk
.188
ea
.18S
us
.188
op
.388
ja
.388
’LS
Ss
gja

CDSS

Lrw

SS
Tea

0.75
0.75
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.16
1.14
-0.13
0.02
0.42
0.64
0.55
0.64
0.64
0.27
1.22
0.95
1.27
1.42
1.26
1.44
0.05
0.90
26.89
32.83
45.29

Ay
pja
Ay
Pch
Aci
ja
Aci
us
OéAq
Ag
aja
Ag
Aep

N
Ui
New"
s
nar
Ayppi ,88

a

(07

Aqidio,ss

Agrw
AS,,
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0.75
0.75
0.15
0.15
0.75
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.67
0.47
—0.21
0.02
0.08
—0.02
0.42
0.64
0.59
0.85
1.29
0.33
0.67
1.18
1.44
0.81
0.92
1.35
32.19
17.51
25.77

Ay
Puk
Ay
Pop
Aci
rw
Aci
Xcp
Ag
aeaq
AG
Oéusq
A
Qlop!
Am
77 ] a
Am
Nen
AT
Mrw
AT
Mk
Aoil
Aycpi ,SS
AS.,
AS,,
T,ss
Tea

T,ss
Tus
T,ss
7T0p
—Ppi
7rja
—ppi
Teh
:$5S
Yrw

(07

*SSS
Vuk

e
s
953
i
o

SS

ea

ss
uk

COSS

op

SS
Tuis

0.75
0.75
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
1.53
0.67
—0.57
—0.42
0.55
0.64
0.64
0.08
—0.02
0.92
1.29
1.19
0.96
1.27
0.60
0.91
0.90
1.35
48.14
36.12
36.12
28.20
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Table 3

Parameter values (continued)

T
Bja
Ben
bl
bl
B
By
B3
AB s
AB,,
AT s
AT,
AG .,
AG,,
AQS,
AQ,,

36.12
36.12
0.99
0.99
0.00
4.00
84.77
60.49
50.19
1.43
2.51
0.00
0.08
0.01
0.08
—0.42
0.02

Bea
Bus
Bop
blt o
bltp,
B
B
ABeq
AB
AT cq
ATy
AG,,
AG
AQ.,
AQ;,

31.69
0.99
0.99
0.99

—18.17

34.46

75.14

50.19
1.86
2.51
0.01
0.08
0.01
0.08

-0.13
0.02

Ter
ﬁ Tw

Buk

blteq
bltys
.
B33

B

AB;,
AR,
AT,
AT,
AG .
AG .,
AQ,
AQ:

18.66
0.99
0.99
11.45
8.34
4.00

170.06

35.13
8.41
4.81

—0.07
0.38
0.09
0.15

—0.21

—0.57

Notes: In another version of the model we introduced incomplete pass-through in import prices and oil prices.

The parameters that measure the extent of the pass-through are ¢;+ and d)fftl respectively. In this version of

ECB-G, both parameters are set to one so that the pass-through is complete.
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A.3 List of variables

Table 4

List of variables and parameters

Symbol

Name

Financial Weights

Export Weights

Oil Import Weights
Coefficients

Elasticities

AR coefficients for shocks
Innovation

Output

Producer-price inflation
Marginal costs

Real exchange rate
Inflation target

Real government debt
Real government taxes
Non-oil imports

Total imports

Oil exports

Global oil demand

Real Interbank rate
Bank lending tightness
Real Short term government yield
Private sector credit-risk premium

Reserve requirement ratio

ECB Working Paper 2045, April 2017

Name

Import Weights

Oil Demand Weights

Shares

Trend coefficients

Discount factor

Exogenous shocks

IS curve (c+i)

Relative price of y and ¢
Consumer-price inflation
Nominal exchange rate
Nominal policy rate
Risk-free real rate

Real government expenditure
Equity prices

Oil imports

Non-oil exports

Total exports

Oil inflation

Interbank rate spread
Sovereign credit-risk premium
Real Long term government yield
Net foreign asset position

Price of gov. exp. relative to cpi
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Figure 2

US MONETARY POLICY SHOCK: IMPULSE RESPONSES OF DOMESTIC VARIABLES

Nominal policy rate
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Notes: All variables are expressed in percentage point changes from the steady state and are in quarterly terms
except for the nominal policy rate, CPI and PPI inflation which are annualised. The exchange rate refers to the
US dollar real effective exchange rate with an increase being a depreciation of US dollar.

ECB Working Paper 2045, April 2017

45



Figure 3
US MONETARY POLICY SHOCK: IMPULSE RESPONSES OF FOREIGN VARIABLES

Output gap CPI inflation Interbank rate spread
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Notes: All variables are expressed in percentage point changes from the steady state and are in quarterly terms
except for the nominal policy rate and CPI inflation which are annualised. The exchange rate refers to the
bilateral exchange rate vis-a-vis the US dollar real with an increase being a depreciation of the foreign economy
exchange rate vis-a-vis the US dollar.
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Figure 4

US MONETARY POLICY SHOCK: DIFFERENT MAGNITUDES OF FINANCIAL SPILLOVERS

Output gap US

Output gap EA
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-0.2 -0.05
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-0.6 -0.15 Baseline 1.0
Large 1.2
-0.8 -0.2
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Notes: This figure shows the sensitivity of the output gap when varying the value of the interbank interest rate
spillover parameter; a higher value denotes higher financial spillovers through interbank rates. The baseline
value for the parameter is 1, in the low sensitivity calibration the parameter is 0.8 and in the high sensitivity its
value is set to 1.2. All variables are expressed in percentage point changes from the steady state and are in

quarterly terms.

Figure 5
US MONETARY POLICY SHOCK:

Real oil price

DIFFERENT MAGNITUDES OF OIL SPILLOVERS

Output gap EA
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Notes: This figure shows the sensitivity of the output gap when varying the price elasticity of oil supply; a
higher value denotes a higher response of oil supply to an oil price change (and therefore a smaller reaction of oil
prices to a monetary policy shock). The baseline value for the parameter is 0.05, in the low sensitivity
calibration the parameter is 0 and in the high sensitivity its hypothetical value is set to 100. All variables are
expressed in percentage point changes from the steady state and are in quarterly terms.
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Figure 6
DEMAND SHOCK IN CHINA: IMPULSE RESPONSES OF DOMESTIC VARIABLES

Consumption/Investment Output gap Interbank rate spread
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Notes: All variables are expressed in percentage point changes from the steady state and are in quarterly terms
except for the nominal policy rate and CPI inflation which are annualised. The exchange rate refers to the real
effective exchange rate of the Chinese renminbi with an increase being a depreciation of renminbi.
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Figure 7
DEMAND SHOCK IN CHINA: IMPULSE RESPONSES OF FOREIGN VARIABLES

Output gap CPI inflation Total exports
” o %‘“ )
. m 0
-0.01
-0.05
d -0.024
01 -0.03
-0.15 -0.04
5 10 15 20 5 10 15 20
. -3 .
Total imports x 10Interbank rate spread Nom. policy rate
0.05 15 0.05
0 0
-0.05 -0.05
-0.1 -0.1
-0.15 -5 -0.15
5 10 15 20 5 10 15 20 5 10 15 20
EA — — — UK + — — JA = oP us

Notes: All variables are expressed in percentage point changes from the steady state and are in quarterly terms
except for the nominal policy rate and CPI inflation which are annualised.
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Figure 8
OIL SUPPLY SHOCK: IMPULSE RESPONSES OF OIL-EXPORTING COUNTRY VARIABLES

Real oil price Output gap CPI inflation
0 0 0.1
- /’_—__
-0.5 0
-4 \_’/
-6 -1 -0.1
5 10 15 20 5 10 15 20 5 10 15 20
Oil exp. revenues Gov. spending Interbank rate spread
0 0 0.02
-0.5
-2 V 0.01
-1
-4 -1.5 0
5 10 15 20 5 10 15 20 5 10 15 20
Risk premium Oil exports Non-oil exports
0.05 0 3
/\ 2
0 -2 /_\
1
-0.05 -4 0
5 10 15 20 5 10 15 20 5 10 15 20
REER Nominal policy rate Consumption/ Investment
15 0 0.5
1
-0.2 0
0.5 /
0 -0.4 -0.5
5 10 15 20 5 10 15 20 5 10 15 20

Notes: All variables are expressed in percentage point changes from the steady state and are in quarterly terms
except for the nominal policy rate and CPI inflation which are annualised. The exchange rate refers to the real
effective exchange rate of the oil-exporting country with an increase being a depreciation of the oil-exporting
country‘s currency.
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Figure 9

OIL SUPPLY SHOCK: IMPULSE RESPONSES OF EURO AREA VARIABLES (AS EXAMPLE OIL-IMPORTING

COUNTRY)
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Notes: All variables are expressed in percentage point changes from the steady state and are in quarterly terms
except for the nominal policy rate and CPI inflation which are annualised.

Figure 10

OIL PRICE SHOCK: HETEROGENEITIES IN OUTPUT GAP SPILLOVERS
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in percentage point changes from the steady state and are in quarterly terms.
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Figure 11
OIL PRICE SHOCK: IMPULSE RESPONSES OF GLOBAL OUTPUT GAP
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Notes: All variables are expressed in percentage point changes from the steady state and are in quarterly terms.

Figure 12
GLOBAL GDP ELASTICITIES COMPARISON
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Notes: All variables are expressed in average percentage deviations over the first year after the shock. Shocks
are: 1) 25 bps monetary policy shock, ii) a 1% domestic demand driven decrease in US GDP, iii) a 10% supply
driven increase in oil prices, iv) a 1% domestic demand driven decrease in China GDP.
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Figure 13

GDP ELASTICITIES: COUNTRY COMPARISON
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$

JP

US demand shock

Range BMFSGM A NiGEM # ECB_Global

0.0 L 2
] A
0.2 - -
A L 2 *
0.4 ]
0.6
0.8
-1.0 L
1.2
World  US EA CN P

Oil supply shock

Range MFSGM A NiGEM  ECB_Global

0.05
0.00 A
-0.05 x A
*
0.10 : X
0.15 m A
0.20 ¢
m - m
0.25
m
-0.30
World  US EA CN P

are: 1) 25 bps monetary policy shock, ii) a 1% domestic demand driven decrease in US GDP, iii) a 10% supply
driven increase in oil prices, iv) a 1% domestic demand driven decrease in China GDP.
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C Model appendix

This appendix provides details on the derivation of the log-linearised equations of ECB-Global.
Equations labeled with (M.) correspond to the equations described in the main text that enter

the log-linearised system of equations in the mod-files.
C.1 Model equations

C.1.1 Definition of relative prices

The relative price of output and consumption is given by the ratio of the producer-price level

and the consumer-price level

ppri
ry __ " eapt
pea,t - Pcpi . (Cl)
ea,t
Log-linearised this is
~Yy pi ~cpi
pea,t - Pea,t pea,t? (02)
which implies
STy Y SPPi_ ~Cpi
Peat = pea,tfl + Teat — Teat (Ml)
~cpt ~ppt . . . . .
where 72", and 7L, are consumer-price and producer-price inflation, respectively.
b 9

C.1.2 Marginal Costs

Denoting by Y; nominal GDP, by P the oil price in US dollars, and p¢* the oil price relative

to US consumer prices, we specify real marginal costs to be a function of domestic real output,

the real price of oil, and the real price of imported intermediates as'!
me,y
Qeq
A Yvea,t
mcea,t —<lea ” Pppi
ea,t
me,otl M M me,otl 'mc,7rppi
; Qeq PPl Wea,us PPl Wea,op (17&60‘ ) Qea
{ (Sea,tptml> (Sea,tpus,t> (Sea,t Pop,t) ] }
ppi ppi ppi
Pea,t Pea,t SOp’t Pea,t

me,y

aea
:Aea *\ Yea,t
M me,wPPt

a'mc,ail w w]\j (liamc,oil) o
oil ea 7Y ea,us 7Y ea,op ea ea
Qea,tpt Q pus,t Qea,t pop,t
: Y ea,t " ry 7Y
Peat Pea,t Qopvt Pea,t

"¥or a derivation of the oil price entering the Phillips curve see Pickering and Valle (2008).

(C.3)
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Log-linearising yields

mceat _ a ,yyeat + amc PPt { me,oil <Qea +P /\ozl _ ﬁzz,t)
il M A M A A
+ (1 - Oégflc’m ) [wea,us (Qeaiﬁ:fé’t - ﬁéZ,t) + Wea,op (Qeaﬂf - Qop,t + ﬁgg,t - ﬁzz,t)} } (M4)
C.1.3 Consumer Prices

Consumer prices result from a combination of domestic and foreign producer prices as well as

oil prices. Specifically, we define the CPI as

) woil (1 wozl) H
cpt oil ea PP ea
Peat - <S€aatpt ) (Pea t)
M'nonoil M'nonoil (1 wOZl)(l_ag)
pp’L ea,us ppl ea,op
(Sea tPe ) : ( ea t/So ,t opt) ) (04)

where wg‘gﬂ‘” is the share of non-oil imports of the euro area that originates in the US'2, %!

ea
the share of oil in the consumption basket and (1 — 1) is the share of imported consumption
goods in total consumption, which we calibrate based on the WIOD database; ag can be read

as a measure of home bias. Then,

. w"“ . (1 wozl)aH
oil ea ppr ea
1 Sea tPt . Pea t )
cpt cpi
Pea t Pea t
ppi wé‘g ws ppi w% op (1*77231)(1*0451)
Seatbusy ) 7 [ Seatlops )
cpi cpi
Pea ,t Sop tPe

oil

. Wea 1— o1l gl
= (Qea,tpgll) '(pzzjt)( wea ) :

M M (1w (1-alh)
[(p:;?t@ea,t)wea’us (pgg,tha,t/Qop,t)weaﬁp} . (C5)
Log-linearising Equation (C.5) results in
0 =i+ (Qeas + 57" + (1~ wEih)all - Y, (Ms5)

+(1- Wml)(l - aH) [wé‘a{us (Qea,t +ﬁffé,t) + wé\g,op (Qea,t — Qopyt +13§§i,t>} .
C.1.4 Government debt

Denote real government debt by B, ; and real government expenditures and taxes denominated

in euro area output goods by Geqs and Teqy, respectively. Denoting by IY ca,t the gross nominal

12Tn fact, it should be the share of imported goods in the consumption basket of the euro area that is imported
from the US. These data are not available.
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interest rate on government debt, the latter evolves according to

_ P
Pea tBezz,t - ea tGeU«t - Pea tTat +Ieat 1 Pea,t—lBeaﬁt—h
B _ G T I pea t—1 B C.6
ea,t — ea,t — Lea,t + ea,t— 1W * Dea,t—1, ( . )
ea,t~"ea,t

where Heat is the gross CPI inflation rate. In per capita terms we have

7Y g
Bt o Gea,t Tea,t Peq t—lIea,t—l Nea,t—l Bea7t—1
= — - s
Nea,t Nea,t Nea,t pea tﬂzzlt Nea,t Nea,tfl
7Y g9
pea t—lIea t—1
bea,t = Jeait — tea,t + ﬁ : bea,t—la (C7)
Peq tHea,t ea,t
where G¢, ; is the gross population growth rate. Then, relative to GDP per capita we have
Ty g
bea,t o Gea,t _ tea,t Pea tfllea,tfl Yea,t—1 bea,tfl
Yea,t Yea,t Yea,t e gn Yea,t Yea,t—1
peat ea,t~ea,t
g
o peat—lIeat—l o
bea,t = Geat —leat t cpi : bea,t—lv (CS)
Pea tHea,t ea, tGea t

where Gé’m is the gross growth rate of real GDP per capita. In log-linear deviations from steady

state we have

ss 58
6 6eat =  YeqYea,t — t teat

I!] Ssbss Y N
» g cpt Y
+ < cpz san ssGy,ss> (bea,t—l + Iea7t—1 Hea it ea it Gea ,t + pea t—1 pea,t) ’

6ea,t = Jeat — Leajt

Rg ,88 » ) N N
S5 cpt n Y Yy Y
<Gn ssGy .88 [66a,t—1 + Gea (Iea t—1 Hea,t - Yea,t T Gea,t + pea,t—l - pea,t>:|

o (1+ 85 .
= —t Bea t—
+gea,t ea,t + |:(1 + né;)( + Ayg;) ea,t—1
5SS igeat 1— Zg&ss ngft — P Nea,t — nii Ayea,t - Aygz ~y ~ry
+ ea 1+ Zg ,55 B 14 TTCPi,SS B 14+ ngg - 1+ Ayg; + pea,t—l - pea,t

(1418 ] [~

= Goat — leat + -
Jealt = feat {<1+nzz><1+Ay33> o

~y R N —~
§5s Leat—1 Tea,t Nea,t Ayea,t
+’ea 1+1953_ cpzss 1+nss_1+As
1+7 ea Yea

oy
+peat 1 pea,t
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We can approximate to simplify further

6ea,t = gea,t - ?ea,t + (1 + ngfs — nzz — Ay:é) Bea,t—l
—1—685 /Z:ga,,t—l _ %\ea,t . ﬁea,t . &/ea,t + ﬁy _ Z/)\ry (C 10)
S W ig&ss 1+ ngi,ss 1+ ngz 1+ AySZ ea,t—1 ea,t : :

If we assume population to be constant we obtain

Bea,t :gea,t - tea,t (Mg)
fy —~ —_
~ i A
g,88 ss ss eat—1 Tea,t . Yeart ~y =~y
+ (1 + Tea Ayea) [[;ea,t—l + 65@ (1 + 7I-g&ss 1t ngi,ss 1+ Ayﬁg + pea,t_l pea’t .

As we use variables in per capita terms in the GDP aggregation in (IM46) below, we need
to map absolute deviations of government expenditures relative to GDP from the steady state,

Jea,t, to percentage deviations of per capita government expenditures from steady state, Geq.t,

Gea,t Gea,t/Nea,t _ Geayt

Qea,t = - = - — = Jea,t; (Cll)
Yeor  Year/Neat  Veay
which implies
~ Jea,t — ggcsz ~ ~ppi
Jeat = — o5 T Yeat T Yea,ts (C.12)
gea
and finally
Jeat = Jeat — Jea = 9ea " Jeart = Jea * (Geat — Yoar)- (M10)
C.1.5 Trade

Non-oil imports We model the euro area’s bilateral (non-oil) imports from the US as a
function of the PPI price of US goods—assuming producer-currency pricing—in euro relative to
euro area CPI prices and as a function of euro area domestic demand. In particular, we specify

real (non-oil) bilateral imports of the euro area from the US as

mnonoil
406&

Mmmoil _ Seavtpffﬁe DA o
ea,us,t — PCpi ea,t» ( 13)
ea,t
where 92;’"0” represents the price elasticity of euro area import demand, and DA, ; domestic

absorption given by the sum of private consumption, investment and government expenditures

DAea,t = CIea,t + Gea,t- (014)
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Re-writing Equation (C.13) yields

nonoil
_eea

cpi DL
Mnonoil _ Seﬂ,tpus,t Pus,t DA
ea,us,;t Pcm 'Pcpi ea,t
ea,t us,t
r 79nonoil
= (Qeat - pily) ™ DAcag. (C.15)

Euro area per capita demand for imports from the US is then given by

. _ggé)noil
mg;z(:lt = (Qeaﬂf 'Pzzﬂg) daea,t- (016)
In log-linear deviations from steady state we have
Mgy = =02 - (Qea,t + Puiy) + dacag- (C.17)

Oil imports We specify oil imports analogously to non-oil imports, except that we assume
that governments do not consume oil. Specifically, similarly to Medina and Soto (2005), we

model the euro area’s real oil import demand as

) _eoil
) S Pozl ea
! 1t
MchL,t = ( e;)cpi > CIea,t» (018)
ea,t
where PP is the nominal price of oil in US dollars and 6% is the price elasticity of oil demand.

Given the real price of oil relative to US CPI prices p¥, the real price of oil relative to euro area

CPI prices in Equation (C.18) can be written as

) i .
Sea,tptml Sea,tpugt Ptml
cpi - cpi T Sepi
Pea,t Pea,t Pus,t
il
= Quua (19

and hence real oil import demand is given by
; .1 __poil
Mglet = (Qea,tpfd) bea Cleay. (C.20)

In per capita terms the log-linearised real oil import demand equation reads as

Mo, = =00 (Qear + P) + Cica- (M13)
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Import aggregation In the previous subsections we have specified behavioural equations that
determine the volume of imports. For this purpose, the denomination of imports is not relevant.
However, denomination is relevant for the aggregation of non-oil and oil imports and that of
bilateral imports from economy 7 across economies in the rest of the world that make up economy
1’s total exports. Specifically, due to differences in the denomination of real import variables
across economies for the purpose of aggregation of imports and exports in a multi-country

context we need to aggregate nominal quantities. To do so, we assume that real bilateral non-

nonoil

oil imports m;j are denominated in source-economy output goods. Moreover, we assume

that real oil imports m;?til are denominated in barrels of oil. As a result, for example, nominal

1 : .. : PP, nonoil .
non-oil imports of the euro area from economy j in euro are given by Sea,tPjt Mg it /Sj¢, and
oil
e

nominal oil imports in euro are given by Seq ¢ PP#m2%,.
’ )

Total non-oil imports Based on these assumptions, the euro area’s per capita total

nominal non-oil imports are given by

; ; Sea thpit
ppL nonoil __ ppL nonoil v~ op, nonoil
Pea,t "Megr = Sea,tPus,t *Megus,t + S . *Meg,op,t- (Czl)
Op7

Dividing by euro area CPI prices, Equation (C.21) can be re-written as

Y
7Y nonoil __ Y nonoil Qea,tpopi nonoil
Pea,t " Meqt = Qea,tpus,t *Mequs,t + Q *Megop,ts (022)
op,t
implying the log-linearised equation
~ry ~nonoil __ Mronoil A ~ry ~ nonoil
Pea,t + Meat = Wea,us ’ Qea,t + Puyst + Meq,us,t
Mmonoil A ~ry A ~ nonoil

—l—wea,op : (Qea,t + popﬂf - Qop,t + mea’opi) . (CQS)

Avoiding the use of bilateral import variables we have

A{nonoﬂ

~ry ~nonoil __ 7. A ~ry nonoil [ A ~ry
pea,t + Meq,t = daea,t + Wea,us |:Qea,t + Pyst — Hea (Qe(lvt + pus,t>:|

Mnonoil

+ Wea,op [Qea,t + ﬁzgi B Qop,t - anonoil (Qea,t - Qop,t + ﬁzz,t)] . (M14)

Total imports Recall that we assume that the euro area’s total real non-oil imports mgg’?o“

are denominated in euro area output goods in Equation (C.21), and that we assume that oil

oil

ov . are denominated in oil barrels. For the euro area and all other non-OP economies,
I’

imports m
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total per capita nominal imports are then given by the sum of nominal non-oil and oil imports

PPt Meat = pPP mnonoil + Sea,,tPtOil . moil (C.24)

ea,t ea,t ea,t ea,t*

Dividing by euro area CPI prices, Equation (C.24) can be re-written as
pZZ,t *Mea,t = ng,t ) mZé’,’Z"“ + Qea,tpfe)il : mgle,tv (C.25)
implying the log-linearised equation
Pety + ncas = (1= ) (ke + i) + U™ (Quaa + 7" + 0%, ) . (M15)

where ¢M " is the share of oil imports in euro area total imports. Since the OP is importing
only non-oil goods, its total imports equal non-oil imports

Mop,t = Mgy . (M16)
Exports In order to ensure global consistency of trade we specify the euro area’s total nominal
exports to the rest of the world as the sum of all other economies nominal bilateral imports from
the euro area. In this aggregation it is important to recall that we assume that real bilateral non-
oil imports are denominated in source-economy output goods. Moreover, we cannot aggregate
per capita quantities as these have different denominators. The euro area’s total aggregate
nominal exports are given by

Xnonoil — Mnonoil_{_Mnonoil. (026)

ea,t us,ea,t op,ea,t

In per capita terms this reads as

nonoil nonoil nonoil
Xea,t o Mus,ea,t Nus,t + Mop,ea,t Nop,t
2 = . . ,
Nea,t Nus,t Nea,t Nop,t Nea,t
nonoitl  __ nonoil nonotl
ea,t = Tus,ea " Muygeat + Yop,ea * Mop.ea,ts (C27)
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where 7;; denotes the ratio of economy ¢’s population relative to that of economy j. Log-

linearising yields

mnonoil,ss mnonoil,ss
~nonoil __ Yus,eaus,ea mnonoil + “Yop,eaop,ea ~ nonoil
ea,t nonoil,ss us,ea,t nonoil,ss op,ea,t
ea ea
nonoil,ss nonoil,ss
_ ea,us ~ nonoil + €a,op ~ nonoil
nonoil,ss us,ea,t nonoil,ss op,ea,t
ea ea
wX"D”‘”l ~ nonoil + wX"O""” mnonoil (C 28)
ea,us us,ea,t ea,op op,ea,t? .

nonotl . ..
where ng; j is the share of euro area exports that is sent to economy j in total euro area
9
. . X nonoil M ronoil X nonoil M ronoil
exports. Notice that in general wg, ;" # weq ; and wg, i F Wieq

While for non-OP economies total real exports equal total real non-oil exports

~nonoil

Eit = Ty . 7é op, (M17)
for the OP we have (recall that oil imports are denominated in barrels of oil)
_~ oil ~ . oil -~ . P

P+ Fope = (1= ) - (g + 55 ) + G (Quoe +871 +35,) . (M18)

where gg;”“ is the share of oil exports in the OP’s total exports. The OP’s total real oil exports

~oil :
Tg, are given by
~oil __ _oil ~oil oil  ~oil
Lopt = Tea " Mea,t + Tus Mays it (029)

where TJ‘?“ denotes economy j’s share in global oil imports.
In order to reduce the number of equations, we avoid the use of bilateral non-oil imports
~nonoil

m;3"*". Specifically, using the equations for real per capita bilateral non-oil imports of the OP

and the US from the euro area

Mgty = =008 (—Qeap + Peay) + daus.s, (C.30)
~ il il ~ ~ —
m?{i’éﬁ’t = *93;‘3"01 (—Qeat + Qopt + ﬁeAZt) + dagp,t (C.31)

in Equation (C.28), we obtain for the euro area’s total real per capita (non-oil) exports

~ xmonoil [~ nonoil (A ~y
Tea,t =Weq,us |:daus,t - Hus (_Qea,t + Pea,t)}
xnonoil (7= nonoil 2 A ~ry
+ Wea,op |:da0p7t - 90;0 (_Qea,t + QOPJ + pea,t)} . (Mlg)

Global imports and exports
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Global imports Recall that we denominated economies’ total (oil and non-oil) imports

in source-economy output goods. Due to differences in the real denomination of economies’

imports, we consider nominal imports in US dollars for the aggregation of global imports M.
In doing so, we denominate real global imports in US output goods

Pppi

PP
us,t M; = Mea’t .

ppi

ea,t op,t Pl

—S + M, R g + Mus,t . Pus’t.
ea,t op,t

We can then re-write Equation (C.32) as

(C.32)
Pea Pop
Y o ea,t op,t
pus,t . Mt = Mea,t = + Mo it —|— Mus,t pus,t (033)
Qea,t Qop,t
In per capita terms we have
7Y Ty
Y Mt _ Mea,t Nea,t pea,t + Mop,t Nop,t pop,t + Mus,t Nusﬂf pry
et N = . . . . . “Dust
Nt Nea,t Nt Qea,t Nop,t Nt Qop,t Nus,t Nt
Pea Pop
Y o N ea,t N op,t N Y
Pust Mt = Yeq  Meayt + Yop * Mop,t * + Yus  Mus,t Dus,t> (0'34)
Qea,t Qop,t
where *yiN is economy 4’s share in world population. After log-linearising, we obtain
N, sspea’®
Yeaea Qss -~
Sy s ~ =y
Pusg tme = TY,5S s(;a ) <mea,t + Peat — Qea,t> (C.35)
us 1T
N pry,ss
ss Pop
’Yopmop Qg;
71,55
Pl mss

N, s5,TY,88
~ ~rY YusMysPus
: (mop,t + Popﬂf - Qop,t) +

7Y,58
us
which gives

P (st + D)

=Y S M5 =Y 2
Pus,t T M = Xeq (mea,t+pea,t - Qea,t)

(M20)
+ Xé\;{ (Mop,t + Popt — Qopt) + Xat + (Mas e + Pust)s

where Xﬁ\/l defines the share of country ¢’s imports in global imports.
Global exports We denominate global total (oil and non-oil) exports in US output goods,
so that

A ppi
pprri

pprri A
t t
ot X = Xea’t . Seat + Xop,t X SOpt + Xus,t . pgﬁ_ (C.36)
€a, op,
As for imports, we can re-write Equation (C.36) as
p"'y p'/‘y
t it
Pus Ko = Xeas 00+ Xope o g 04 Kusit - Py (C.37)
€a, op,
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Log-linearised, global exports in per capita terms then read as

ﬁ;z,t + 7= ng ’ (Eea,t +ﬁ23,t - Qea,t) + nga ’ (§0p,t +13Z§i,t - QOP,t) + X%ﬁ ’ (fus,t +Z/)\:ZJ9,t)v
(M21)

As we assume balanced trade for each economy in the steady state, each economies’ share in

global exports equals the corresponding share in global imports, i.e. X@X = )QM .

Real effective exchange rates We define the euro area’s real effective exchange rate as

xnonotl

il L"’ea,op
eff anonoz Qea,t
Qea,t = (Qea,t) e ) (038)
Qop,t
which yields in log-linearised form
A@ff Xnonoil -~ Xnonoil -~ -~
Qea,t = Weaq,us Qea,t + Wea,op ° Qea,t - Qop,t . (M22)
xnonoil . ..
where wg,, is the share of euro area exports that is sent to economy j in total euro area
exports.

C.1.6 Oil market

—~d
We assume oil is used in all economies so that global oil demand oil, is given by the sum of oil

imports of oil-importing countries and OP oil demand

—~d il . il . oil  —~d
R Co% ~ o1l cor ~ 0il C .
Ollt = Wys Myst + Weq - Meq t + Wop - OZlop,t? (M23)
oil . . . . . . .
where wic represents economy ¢’s share in global oil consumption, and OP oil demand is given

by
0l = 03 Qupt + 7) + Gl (M24)
In equilibrium, oil demand equals oil supply so that
g\ilf — oil, = goilspit 4 got, (M25)

oil

where 695 reflects the price elasticity of oil supply and &7 is an oil supply shock.
We assume there is a positive trend in oil prices reflecting that demand is growing faster
than supply, specifying
%gil _ 7rtoil _ ﬂ_oil,ss _ 7Ttoil _ AW, (M26)
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where 7955 represents steady-state oil-price inflation that is given by the difference between

the growth rate of trend oil consumption and production, Aoil. Notice that

il oil pcpt pepl oil pcpt
1+ 7Toil o Ptm o Pt Pus,tpus,t—l o by Pus,t
t - oil 0il PP pCpi il pepi
Py PPyt Pusi—1 PP Pusi—1
oil
_ by cpt
- o1l 1 + ﬂ-usat )
Di—y
so that
~oil __ ~oil ~oil ~cpt
Ty =Py —DPi— + 71-us,t'

Noting that oil supply necessarily equals oil demand in equilibrium, we also have
Aoil: — Noil” = oz'l: — oil:_l = oil, — oil,_;.
C.1.7 Net foreign asset position

Denote by NFA;; an economy’s aggregate net foreign asset position. Then,

P NFAeqy = ILyy PP, | NFAep 1+ Py Xeay — PPy Meay

ea,t ea,t—1 ea,t
Pppi
NFAe; = I —eatml  NFA X, M,
ea,t — teait—1" ool eat—1 T Xeat — Mea,t
Pea,t

O

ea,t”ea,t—

ry cpi : NFAea,tfl + Xea,t - Mea,t-
pea,tfl ea,t

In per capita terms we have

7Y 7l
NFAea,t o pea,tlea,t—l NFAea,t—l Xea,t . Mea,t
Ty cpi o,
Nea,t pea’tilnea’t ea,t Nea,tfl Nea,t Nea,t

7Y 7l
pea,tIea,t—l
Y cpi n
pea,tfl ea,t " ea,t

nfaea,t ) nfaea,t—l + Zea,t — Mea,t-

Relative to GDP per capita we have
Ty 7l
nfaea,t pea,tlea,t—l nfaea,t—l
Y IR e e I "y Y
ea,t pea,tfl ea,tUeatTeat ea,t—1 ea,t ea,t

7Y 71l
pea,tlea,t—l

eat T Ty i o Y
pea,tflﬂea,t ea,tGea,t

Lea,t Mea,t

nfa “Nf@eqi1 + Teat — Meart-
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In log-linear deviations from steady state we have

l ss
ss _ leq 7l Hsz
nfaea ' ”faea,t - ( cpz SSGn SSG%SS) ’ (nfaea,t—l + Iea,tfl ea,t

Ty 58 o 58~
- Gea t Geat + peat pea,tl) + Teg - Teat — Meg - Meat

l,ss
N Rb - 5 .
”fa'ea,t = (Gn sjéy,ss) |:”faea,t1 + ”fa'gz ’ <Iea,t—1 - HZﬁft
eat Gy a,t + pea St ng,t—l):| + :i:ea7t B [ﬁ@avt' (043)

Assuming a balanced net foreign asset position in the steady state and constant population we

obtain
l,ss
o o Rea s ~ ~
nfaea,t - Gn ssGy 55 | ”faea,t—l + Teat — Meat

l,ss
o 1 + rea e ~ ~
- (1 + Ayss 1f@cqp—1 + Teat — Meast

= (1l = D) - nfa a1 + Teas — fea (M37)

C.2 Resource constraint

The market clearing condition for aggregate demand in per capita terms is
Pf{f,ltyea,t = Pea tczt + Pea tJea,t T Pea txea t— Peptf;meai’ (044)

which implies that ye.: is real per capita output in domestic output goods. Consumption
and investment are denominated in CPI terms, total exports and imports are denominated in
domestic output goods; egat is the price deflator for government expenditure. By dividing

equation (C.44) by CPI prices we get
pgzjtyea,t = Ciea,t + ngtgea,t + ng,txea,t - pgg,tmm,t- (0-45)
In log-linear deviations from steady state we have

Peat + Yeart = X5 Cicat + X (Geart + Plast) + Xi* (Zeat + Deat) — Xi" (Mea + Peat)
= chicjea,t + Xi] (geaﬂf + ﬁga,t"i_) + X;X (%\ea,t - 7/ﬁea,t), (M46)
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where the second equality follows from the assumption of balanced trade in the steady state,

XZX = XzM . We assume the price of government expenditure relative to CPI follows
org »rg
ﬁZZ,t = Pea ﬁgg,tfl + §f . (MA4T)

C.3 Specification of trends

The trend specifications are also part of the log-linearised system of equations in the mod-files.

Global trend output follows
Ay, =Y Ay, + (1- UA?) Ay*, (M47)

to which economies’ trend GDP growth rates adjust sluggishly according to an error-correction

mechanism given by
- - A7 _ _ Ay
Ayea,t = Ayea,t—l -0 Yrea (Ayea,t—l - Ayt) + gea?t' (M48)

The global trend in equity prices Ag, is composed of the global trend in output Ay, and an

idiosyncratic equity price component Agi4°. In particular,
Ag, = A, + Ag,°. (M49)

The idiosyncratic equity price trend component evolves according to
Agie = AT AGEY + (1 - aAT) Agiies. (M50)
The country-specific equity price trend may deviate temporarily from the global trend in equity

prices
Afons = Nour 1 — 02T (AGy, 1 — AF,) + 50 M51
qea,t qea,tfl ea ( C]ea,tfl Qt) 5ea,t' ( )

C.4 Oil-producing economies

We include in the group of OP economies for which the net oil trade balance represents a
significant contribution to their GDP and which have contributed quantitatively to the global
oil supply. Specifically, we label as OP economies: Saudi Arabia, Venezuela, Oman, Qatar,
United Arab Emirates, Norway, Ecuador, Nigeria, Angola, Russia, Iran, Kuwait, Libya, Gabon,
Equatorial Guinea, Bahrain, Kazakhstan, Turkmenistan, Brunei, Azerbaijan and Algeria. To

form the aggregate we take a GDP-weighted average.
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C.5 Algorithm to adjust the data underlying the parameterisations in order

to ensure consistency of global trade

Ensuring consistency of bilateral export and import flows. In order to ensure consis-
tency of bilateral export and import flows we start our parameterisations with export data, and
then determine the bilateral import flow figures as mirror images of the corresponding trade
partners’ bilateral exports. More specifically, we first determine for all economies except for the

RW their total (oil and non-oil) nominal bilateral exports in current US dollars according to

X;i =Y sX wX 1 % rw. C.46
J

X

“ow> We determine

For the RW, given that we do not have data on the share of exports in GDP, s
RW exports as the mirror image of the other economies’ bilateral imports, that is

Xpwi =Y sM. oM (C.47)

, % i, rw”

Given the data on nominal GDP, this implies the RW’s share of exports in GDP

Si{u = (Z er,i) /}/mu (048)

Finally, for all economies we set bilateral imports equal to the mirror image of their trading
partners’ bilateral exports
M;; = Xj;. (C.49)

These steps ensure consistency of bilateral export and import flows. However, they do not ensure

balanced trade for each economy or the world as a whole.

Ensuring balanced trade for individual economies and the world as a whole. We
adopt an iterative algorithm in which the value of an economy’s total (non-oil and oil) exports
is modified in each iteration r until balanced trade for individual economies and the world as

(0)

a whole are achieved. Denoting by XZ-]Q the value of bilateral total (non-oil and oil) exports

determined in equations (C.46) and (C.47), we consider

x5 = (1+60) - x7), (C.50)
MY = X, (C.51)
with
o =S Mm-S x) /b, (C.52)
j=1 j=1
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and where we set D = 10*. If an economy runs a trade deficit, 55” is larger than zero and we
increase that economy’s exports. We iterate over Equations (C.50) to (C.52) until the sum of

individual economies’ squared trade balances

2

AP =SS (MG - xG | (C.53)

i |j=1

is smaller than 107%. Based on the resulting export and import flows XZ.(]R 1 and Mi(f‘ﬂ) we
determine new bilateral total (non-oil and oil) import shares wf‘f 13 The left-hand side panel in
Figure 14 shows scatterplots of the original and the new bilateral total import shares, suggesting
that the adjustments we carry out in order to ensure individual economies’ and global trade is
balanced is quantitatively small.

As the magnitudes of exports (and imports) have been modified during this algorithm, we

need to update the shares of total (non-oil and oil) exports and imports in GDP according to

o= [ x| v (C.54)
j=1

s = 55 (C.55)
The middle panel in Figure 14 displays scatterplots of the original and the new shares of to-
tal (non-oil and oil) exports and imports in GDP, suggesting that the adjustments are again
quantitatively small.

Finally, in order to preserve the shares of oil imports (exports) in total imports (exports)
for non-OP (OP) economies from the original data we also update the shares of oil imports

(exports) in GDP for non-OP (OP) economies according to

Xoil X Xoil
Sop = Sop “Sop (C56)
wa()il = Szj'w : Z'JWOH, 17& op,rw, (057)
oil oil oil
Stw = [sf,; Yop — (Z 5! Y) /Yy, (C.58)
i
where ¢M o (Co)f,ml) is the share of oil imports (exports) in total imports (exports) in non-OP

(OP) economies in the original IMF data. Again, Figure The right-hand side panel in Figure 14

suggests that the necessary adjustments are once again quantitatively small.

13The bilateral export shares wf](- are not affected by the algorithm as we adjust all of an economy’s bilateral exports
by the same factor in Equation (C.50) in every iteration of the algorithm.
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Figure 14
Comparing initial and adjusted shares
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