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Introduction

Monetary policy decisions have global effects

I Financial globalization has created even more interconnection
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How do other countries respond to US monetary policy shocks?

I Do emerging markets responses make sense?

I Is some form of international monetary policy coordination desirable?
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Introduction

Monetary policy decisions have global effects

I Financial globalization has created even more interconnection

Example 1: QE ⇒ USD depreciates ⇒ Emerging markets response

I In 2009, Brazil adopts tax on portfolio flows

I In late 2010, Turkey increases reserve requirements

I In 2010, Indonesia introduces one-month minimum holding period for debt

How do other countries respond to US monetary policy shocks?

I Do emerging markets responses make sense?

I Is some form of international monetary policy coordination desirable?
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Introduction

Monetary policy decisions have global effects

I Financial globalization has created even more interconnection

Example 2: “Taper tantrum” ⇒ USD appreciates

How do other countries respond to US monetary policy shocks?

I Do emerging markets responses make sense?

I Is some form of international monetary policy coordination desirable?
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Introduction

Monetary policy decisions have global effects

I Financial globalization has created even more interconnection

Example 2: “Taper tantrum” ⇒ USD appreciates ⇒ Emerging markets response

I In spring of 2013, Brazil and Indonesia start raising rates

I In June 2013, Brazil removes tax on portfolio flows

I In early 2014, India, South Africa and Turkey also increase interest rate

How do other countries respond to US monetary policy shocks?

I Do emerging markets responses make sense?

I Is some form of international monetary policy coordination desirable?
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Basic UIP Theory

Textbook reference framework: Uncovered Interest-Rate Parity (UIP)

it = i∗t + Etet+1 − et

How does monetary policy in other countries respond to US shocks?

I Flexible exchange rate ⇒ Do nothing, exchange rate adjusts

I Fixed exchange rate ⇒ Domestic interest rate tracks US rate (FFR)

Problem: UIP does not work well empirically (Fama, 1984)

I If so, how does consensus view based on UIP change?
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A Reignited Debate

UIP puzzle around for a long time

I Yet consensus on monetary policy response to foreign shocks largely unscathed

I Flexible exchange rate provides insulation from foreign shocks (⇒ desirable)

Rey (2013) reignited policy debate

I Showed existence of a “global financial cycle” (GFC)

I Argued flexible exchange rate not enough to insulate countries from foreign shocks

I Concluded policymakers need to actively manage capital flows

Obstfeld (2014): Flexible exchange rate still desirable

I Although financial globalization may worsen tradeoffs

I Financial stability concerns may hamper monetary policy effectiveness
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Outline

Empirical evidence on GFC

I International transmission of monetary policy shocks (Rey, 2013; Miranda-Agrippino and Rey, 2020)

I International transmission of credit shocks (Cesa-Bianchi, Ferrero and Rebucci, 2018)

I Relevance of exchange rate regime (Obstfeld, Ostry and Qureshi, 2019)

* Tools: Regression analysis and vector autoregressions (VARs)
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Trilemma

Proposition: A country can contemporaneously achieve only two of the following three objectives:

1. Independent monetary policy;

2. Fixed exchange rate;

3. Free international movement of financial capital.

China

US, UK

EMU

The Trilemma
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Back to UIP

Recall UIP
it = i∗t + Etet+1 − et

where

I it = Nominal interest rate on domestic government bond

I i∗t = Nominal interest rate on foreign government bond

I et = Nominal exchange rate (units of domestic currency per unit of foreign currency)

UIP is a no-arbitrage condition

Example: Suppose a US citizen has 100 USD to invest:

I Can buy US government bond that pays it

I Alternatively can buy UK government bond that pays i∗t

I But in this case need to convert domestic USD into GBP today at exchange rate et

I And need to convert payoff back in USD tomorrow at exchange rate Etet+1
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Trilemma and UIP

Trilemma logic relies on UIP

I Assume free international movement of financial capital

I Fixed exchange rate implies et = 0 ∀t (⇒ Etet+1 = 0)⇒ it = i∗t

I Home country looses domestic monetary policy independence

But if UIP does not hold, is Trilemma logic still sound?

I Failure of UIP well documented empirically

I Policy implications much less explored

Enter Rey (2013): Policy implication challenge existing consensus

“Independent monetary policies are possible if and only if the capital account is
managed.”
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Global Financial Cycle (GFC)

Strong common component among risky asset prices globally

Same common component also drives capital flows

I Credit flows are particularly pro-cyclical and volatile

Excessive credit growth in booms and retrenchment in busts

I Credit growth one of best predictor of financial crisis

F Gourinchas and Obstfeld (2012)

F Schularick and Taylor (2012)

Rey (2013): Dilemma

I GFC makes exchange rate regime irrelevant

I Actual tradeoff: Free capital mobility vs. monetary policy autonomy (dilemma and not a trilemma)
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Gross Capital Flows Co-Movement
Correlations of capital inflows by asset classes into geographical regions

Liability Equity Equity Equity Equity Equity Equity Equity FDI FDI FDI FDI FDI FDI FDI Debt Debt Debt Debt Debt Debt Debt Credit Credit Credit CreditCredit Credit Credi

Flows N. Am. LatAm CE. EU W. EU Em.As Asia Africa N. Am LatAm CE. EU W. EU Em.As Asia Africa N. Am LatAm CE. EU W. EU Em.As Asia Africa N. Am LatAm CE. EUW. EU Em.As Asia Africa

Equity N. Am 1.00

Equity LatAm 0.39 1.00

Equity CE. EU 0.52 0.49 1.00

Equity W. EU 0.63 0.35 0.50 1.00

Equity Em. As 0.37 0.24 0.28 0.47 1.00

Equity Asia 0.24 0.31 0.28 0.40 0.31 1.00

Equity Africa 0.41 0.22 0.26 0.55 0.34 0.26 1.00

FDI N. Am 0.54 0.06 0.07 0.45 0.52 ‐0.07 0.22 1.00

FDI LatAm 0.41 0.10 0.08 0.29 0.32 ‐0.07 0.04 0.68 1.00

FDI CE. EU 0.46 0.11 0.08 0.18 0.23 ‐0.12 0.09 0.61 0.65 1.00

FDI W. EU 0.57 0.21 0.19 0.38 0.35 0.01 0.16 0.61 0.59 0.75 1.00

FDI Em. As 0.47 0.24 0.16 0.34 0.36 ‐0.04 0.04 0.65 0.77 0.69 0.64 1.00

FDI Asia 0.36 0.16 0.03 0.29 0.30 ‐0.17 0.05 0.60 0.70 0.57 0.51 0.69 1.00

FDI Africa 0.33 0.01 0.10 0.18 0.03 ‐0.16 ‐0.19 0.31 0.36 0.35 0.35 0.34 0.27 1.00

Debt N. Am 0.42 0.17 0.32 0.51 0.29 0.21 0.31 0.40 0.39 0.55 0.51 0.48 0.37 0.08 1.00

Debt LatAm 0.20 0.40 0.33 0.16 0.13 0.00 ‐0.05 0.16 0.35 0.13 0.05 0.31 0.26 0.06 0.10 1.00

Debt CE. EU 0.37 0.42 0.50 0.43 0.13 0.17 0.19 0.14 0.35 0.14 0.12 0.47 0.21 0.04 0.37 0.52 1.00

Debt W. EU 0.49 0.05 0.33 0.50 0.23 0.27 0.47 0.29 0.10 0.44 0.27 0.25 0.02 0.10 0.58 ‐0.13 0.28 1.00

Debt Em. As 0.40 0.58 0.65 0.35 0.20 0.23 0.20 0.13 0.24 0.25 0.37 0.35 0.15 0.02 0.32 0.38 0.53 0.14 1.00

Debt Asia 0.16 0.18 0.24 0.22 0.16 ‐0.04 0.16 0.35 0.31 0.30 0.30 0.45 0.26 0.14 0.45 0.27 0.42 0.19 0.39 1.00

Debt Africa 0.26 0.27 0.39 0.18 0.07 0.14 0.09 0.12 0.21 0.10 0.01 0.41 0.21 0.07 0.21 0.46 0.61 0.15 0.44 0.32 1.00

Credit N. Am. 0.29 ‐0.02 0.21 0.38 0.15 ‐0.01 0.32 0.20 0.02 0.19 0.20 0.12 0.09 0.04 0.37 0.14 0.23 0.25 0.23 0.25 0.03 1.00

Credit LatAm 0.41 0.34 0.21 0.26 0.12 0.04 0.22 0.38 0.35 0.42 0.27 0.48 0.35 0.24 0.35 0.25 0.41 0.30 0.29 0.46 0.28 0.22 1.00

Credit CE. EU 0.42 0.25 0.27 0.28 0.32 0.15 0.21 0.54 0.38 0.72 0.55 0.47 0.36 0.28 0.54 0.14 0.13 0.56 0.25 0.48 0.12 0.17 0.55 1.00

Credit W. EU 0.19 ‐0.03 0.24 0.31 0.19 ‐0.16 0.26 0.27 0.08 0.20 0.30 0.19 0.13 0.15 0.45 0.20 0.25 0.33 0.26 0.45 0.16 0.63 0.30 0.34 1.00

Credit Em. As 0.25 0.54 0.39 0.21 0.10 0.16 0.05 0.22 0.16 0.30 0.29 0.38 0.24 0.00 0.40 0.31 0.33 0.15 0.56 0.51 0.27 0.24 0.45 0.48 0.28 1.00

Credit Asia 0.08 ‐0.03 0.02 ‐0.01 0.00 ‐0.40 ‐0.12 0.23 0.23 0.32 0.24 0.31 0.23 0.25 0.32 0.18 0.17 ‐0.01 0.13 0.37 0.08 0.43 0.35 0.23 0.52 0.37 1.00

Credit Africa 0.11 0.06 0.01 0.15 0.01 ‐0.20 0.12 0.40 0.30 0.35 0.33 0.24 0.37 0.18 0.32 0.11 0.00 0.13 0.03 0.34 ‐0.02 0.24 0.30 0.40 0.36 0.30 0.31 1.00
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Gross Capital Flows Co-Movement
Correlations of capital outflows by asset classes into geographical regions

Asset Equity Equity Equity Equity Equity Equity Equity FDI FDI FDI FDI FDI FDI FDI Debt Debt Debt Debt Debt Debt Debt Credit Credit Credit CreditCredit Credit Credi

Flows N. Am. LatAm CE. EU W. EU Em.As Asia Africa N. Am LatAm CE. EU W. EU Em.As Asia Africa N. Am LatAm CE. EU W. EU Em.As Asia Africa N. Am LatAm CE. EUW. EU Em.As Asia Africa

Equity N. Am 1.00

Equity LatAm 0.25 1.00

Equity CE. EU 0.53 0.63 1.00

Equity W. EU 0.58 0.61 0.72 1.00

Equity Em. As 0.05 0.34 0.28 0.15 1.00

Equity Asia 0.26 0.23 0.38 0.20 0.63 1.00

Equity Africa 0.02 ‐0.09 ‐0.04 0.06 0.23 0.20 1.00

FDI N. Am 0.19 0.34 0.45 0.20 0.40 0.47 0.20 1.00

FDI LatAm ‐0.04 0.07 0.12 ‐0.07 0.27 0.30 0.16 0.55 1.00

FDI CE. EU 0.03 0.21 0.18 ‐0.04 0.42 0.44 0.11 0.65 0.63 1.00

FDI W. EU 0.26 0.26 0.40 0.23 0.53 0.66 0.26 0.66 0.62 0.77 1.00

FDI Em. As 0.09 0.09 0.18 ‐0.02 0.44 0.35 0.18 0.66 0.54 0.68 0.64 1.00

FDI Asia ‐0.12 ‐0.09 ‐0.02 ‐0.18 0.45 0.37 0.30 0.49 0.60 0.57 0.58 0.68 1.00

FDI Africa 0.06 0.29 0.16 0.20 ‐0.04 ‐0.06 ‐0.48 0.17 ‐0.02 0.15 0.04 0.10 ‐0.16 1.00

Debt N. Am 0.37 0.50 0.51 0.52 0.21 0.25 ‐0.20 0.21 ‐0.18 0.06 0.04 0.02 ‐0.14 0.44 1.00

Debt LatAm 0.17 0.21 0.43 0.41 0.08 0.09 ‐0.12 0.25 0.15 0.04 0.19 0.08 0.12 0.07 0.30 1.00

Debt CE. EU ‐0.11 0.20 0.11 0.04 0.32 0.24 ‐0.08 0.22 0.40 0.36 0.38 0.14 0.23 ‐0.11 0.02 0.30 1.00

Debt W. EU 0.46 0.56 0.61 0.56 0.02 0.23 ‐0.14 0.35 ‐0.01 0.25 0.29 0.05 ‐0.20 0.28 0.59 0.37 0.25 1.00

Debt Em. As 0.30 0.52 0.46 0.45 0.39 0.20 ‐0.07 0.38 0.12 0.36 0.33 0.37 0.10 0.34 0.30 0.31 0.06 0.36 1.00

Debt Asia 0.25 0.27 0.20 0.19 0.06 0.20 ‐0.02 0.35 0.12 0.14 0.23 0.38 0.13 0.22 0.20 0.01 0.03 0.27 0.10 1.00

Debt Africa 0.18 ‐0.10 0.12 0.04 0.27 0.33 0.40 0.51 0.27 0.33 0.46 0.59 0.31 0.07 ‐0.04 0.03 ‐0.12 ‐0.03 0.29 0.19 1.00

Credit N. Am. 0.25 0.15 0.27 0.32 ‐0.24 0.14 ‐0.17 0.14 ‐0.05 0.10 0.20 ‐0.03 ‐0.18 0.18 0.35 0.02 ‐0.12 0.40 ‐0.07 0.14 ‐0.01 1.00

Credit LatAm 0.17 ‐0.25 0.09 ‐0.20 0.09 0.27 0.05 0.42 0.30 0.22 0.35 0.51 0.49 ‐0.05 ‐0.08 0.14 0.00 ‐0.19 0.04 0.21 0.53 0.03 1.00

Credit CE. EU ‐0.01 0.02 0.10 ‐0.11 0.35 0.33 0.25 0.47 0.52 0.61 0.59 0.45 0.49 ‐0.05 ‐0.16 ‐0.15 0.20 0.20 0.13 0.13 0.17 0.05 0.10 1.00

Credit W. EU 0.42 0.16 0.43 0.25 ‐0.19 0.20 ‐0.25 0.39 0.11 0.19 0.33 0.12 ‐0.09 0.34 0.28 0.21 ‐0.17 0.53 0.20 0.25 0.21 0.61 0.27 0.22 1.00

Credit Em. As 0.36 0.41 0.55 0.44 0.41 0.38 0.01 0.43 0.16 0.35 0.47 0.35 0.26 0.16 0.43 0.34 0.26 0.45 0.47 0.24 0.18 0.15 0.15 0.24 0.33 1.00

Credit Asia 0.32 0.07 0.22 0.03 ‐0.07 0.18 ‐0.16 0.24 0.17 0.16 0.18 0.28 ‐0.05 0.25 0.17 ‐0.10 ‐0.19 0.17 0.28 0.08 0.29 0.33 0.28 0.11 0.49 0.09 1.00

Credit Africa 0.22 0.06 0.21 0.28 ‐0.22 ‐0.16 ‐0.16 ‐0.07 ‐0.10 ‐0.17 ‐0.18 ‐0.14 ‐0.13 ‐0.07 0.18 0.29 ‐0.14 0.12 ‐0.15 ‐0.12 ‐0.17 0.17 0.03 ‐0.23 0.20 0.07 ‐0.08 1.00
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Capital Inflows and the VIX
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Credit Growth, Leverage and the VIX

Conditional correlation of credit growth and leverage with the VIX

Correlations 

credit / VIX 
North 
America 

Latin 
America 

Central 
Eastern 
Europe 

Western 
Europe 

Emerging 
Asia  Asia  Africa 

               

Domestic credit 

growth 
‐0.26  ‐0.14 ‐0.14 ‐0.11 ‐0.01 ‐0.30  0.01

Leverage   ‐0.17  0.05 0.30 ‐0.09 ‐0.12 ‐0.25  0.03

Leverage 

growth 
‐0.32  0.06 0.07 ‐0.21 ‐0.06 ‐0.31  0.01

 

 
To sum up, the data show (i) commonality in capital inflows – and outflows – across regions 

and types of assets (except for FDI flows and a subset of Asian and African flows). The 

commonality is particularly strong for credit and portfolio debt inflows (see Figures 1a,b) but 

is absent for net capital flows (Figure 1c); (ii) surges in gross capital flows in period of low 

volatility and decline in flows when the VIX goes up (with the exception of FDI flows); a large 

volatility and pro‐cyclicality of credit flows (see Figure 2 and Tables 1a,b); (iii) increases in 

credit growth around the world in parallel with falls of the VIX (see Table 1c); (iv) increases in 

leverage and leverage growth in all the main financial centres when the VIX is low (see Table 

1c). 

 

As noted in Brunnermeier et al. (2012) and Shin (2012), credit flows grew at a very fast rate in 

the 2003–2007 pre‐crisis period and collapsed during the financial crisis. The pattern of capital 

inflows and outflows follows a global financial cycle which is synchronized with fluctuations in 

world market risk aversion and uncertainty as proxied by the VIX. Furthermore, it appears that 

credit creation in the banking sector and leverage are dancing to the same tune.  

 

II)	The	global	financial	cycle:	The	common	component	in	risky	asset	
prices.	
 

Having established the existence of a global financial cycle for capital inflows and outflows, credit 

growth and leverage, it is natural to study fluctuations in asset prices and to see whether they also 

follow the global financial cycle.  One might think that prices of equities around the world, prices of 

corporate bonds and of commodities reflect to a large extent continent specific, sector specific, 

Conditioning variables: World real short rate and world growth rate
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Estimating a Common Factor

Capital flows, credit and leverage follow global financial cycle

I What about asset prices (equity, corporate bonds, commodities)?

Miranda-Agrippino and Rey (2020) estimate common factor driving asset prices globally

pit = λig fgt + λimfmt + ξit

pit = Asset price i
fgt = Global factor (with loading λig )
fmt = Market (country)-specific factor (with loading λim)
ξit = Idiosyncratic shock

Number of asset prices by region

Sample North Latin Europe Asia Australia Commodity Corporate Total
America America Pacific

1975:2010 114 – 82 68 – 39 – 303
1990:2012 364 16 200 143 21 57 57 858
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The Common FactorFigure 1: global factor in risky asset prices
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Note: The Figure plots the estimates of the global factor for the 1975:2010 sample (dotted line) together
with the estimates on the wider, shorter sample 1990:2012 (solid line). Shaded areas denote NBER
recession dates.

identified by the NBER (shaded areas), and with major worldwide events. The index

declines with all the recession episodes but remains relatively stable until the beginning

of the nineties, when a sharp and sustained increase is recorded. The increase lasts until

1997-1998 when major global events like the Russian default, the LTCM bailout and the

East Asian Crisis reverse the increasing path associated with the build up of the dot-com

bubble. The downward trend is inverted starting from the beginning of 2003 when the

index increases again until the beginning of the third quarter of 2007. At that point,

with the collapse of the subprime market, the first signals of increased vulnerability of

the financial markets become visible. This led to an unprecedented plunge.

In a large class of asset pricing models, the global factor in risky asset prices reflects

aggregate volatility scaled by the aggregate degree of effective risk aversion in the market

(see e.g. the simple model we sketch in Section 4). In Figure 2 we highlight the co-

movement of our factor with the “risk indices” associated to the markets included in our

panel. Specifically, the VIX for the US, VSTOXX and VFTSE for Europe and the UK

respectively, and VNKY for Japan. Volatility indices measure markets’ implied volatil-

7
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The Role of Monetary Policy

What drives co-movement of capital flows, asset prices, leverage, credit and VIX?

Global banks crucially rely on USD funding (Shin, 2012; Bruno and Shin, 2015)

I Explore role of monetary policy as key driver of GFC

Vector autoregression (VAR) analysis on quarterly data between 1990 and 2012

I Seven macro-financial variables

F US real GDP

F US GDP deflator

F Log of global credit

F Global credit inflows

F Median leverage of European banks

F Federal funds target rate

F Log of VIX
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Identification

Structural VAR (for simplicity one lag, no constant) describes “true” underlying economic structure

Yt = A1Yt−1 + Bεt

I Structural shocks εt have well-defined economic interpretation

I Elements of εt independent of each other ⇒ Can study their effects one at a time

But we can only estimate reduced-form VAR

Yt = A1Yt−1 + ut

I Elements of ut are linear combinations of structural shocks (ut = Bεt)

I Response to ut confounds effects of different structural shocks

Identification boils down to obtaining B
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Example

Assume Yt contains two variables: GDP growth (xt) and monetary policy rate (it)

Structural VAR in matrix form[
xt
it

]
=

[
a11 a12

a21 a22

] [
xt−1

it−1

]
+

[
b11 b12

b21 b22

] [
εdemt
εmon
t

]

System representation 

xt = a11xt−1 + a12it−1 + b11εdemt + b12εmon
t︸ ︷︷ ︸

=ux
t

it = a21xt−1 + a22it−1 + b21εdemt + b22εmon
t︸ ︷︷ ︸

=ui
t

I Elements of εt cannot be identified without further assumptions (only ux
t and ui

t can be estimated)
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VAR Estimation

Can estimate
Yt = A1Yt−1 + ut

Estimation delivers

I Matrix A1

I Reduced-form residuals ut
I Covariance matrix Σu

Reduced-form residuals are related to structural shocks εt according to

[
ux
t

ui
t

]
=

[
b11 b12

b21 b22

] [
εdemt
εmon
t

]
⇒


ux
t = b11εdemt + b12εmon

t

ui
t = b21εdemt + b22εmon

t

If we knew bij ’s, we could recover elements of εt given estimates of elements of ut
I Identification ≡ Figuring out bij ’s
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The Identification Problem

Consists of finding matrix B that solves
ut = Bεt

Estimation allows to recover variance-covariance matrix of reduced-form residuals

Σu = E(utu′t) = E[Bεt(Bεt)
′] = BE(εt ε′t)B

′ = BΣεB
′ = BB ′︸ ︷︷ ︸

Σε≡I2 by assumption

Find B that satisfies Σu = BB ′

Sounds easy but is actually impossible without further assumptions

I Infinite combinations of B that give same Σu
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One Σu, Many B’s

Why is it impossible to find one B that satisfies Σu = BB ′?[
σ2
x σxi

σxi σ2
i

]
=

[
b11 b12

b21 b22

] [
b11 b21

b12 b22

]

Rewrite in system form 
σ2
x = b2

11 + b2
12

σxi = b11b21 + b12b22

σxi = b11b21 + b12b22

σ2
i = b2

21 + b2
22

Because variance-covariance matrix is symmetric, second and third equations are perfectly collinear

I Only 3 equations to determine 4 unknowns (elements of B)
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How to Solve the Identification Problem?

Need additional relations between elements of B and element of Σu

Can economic theory help?

I Map assumptions about economy into relations among VAR parameters

Additional relations are called restrictions

In bi-variate example, need one extra restriction for identification

I More generally, need k(k − 1)/2 additional restrictions (where k = number of endogenous variables)

I Number of restrictions increases with size of VAR
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Zero Contemporaneous Restrictions (Choleski)

Many identification schemes available

I Here we focus on zero contemporaneous restrictions (Choleski identification)

I Some alternatives: Long-run restrictions, sign restrictions, IV, and more.

Key idea: Assume some shocks have no contemporaneous effect on some variables

(We saw it before: Linkages between shocks in B dictate contemporaneous effects in variables)

Rey (2013) assumes

I GDP and prices respond with a lag (slow moving)

I FFR responds to any variable but VIX

Partial identification: Only focuses on effects of monetary policy shocks

I Other shocks are left unidentified (hence the “partial”)
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How to Impose Zero Contemporaneous Restrictions

Back to our example: Monetary policy has no contemporaneous effect on output

I How do we impose such a restriction?

Recall matrix representation[
xt
it

]
=

[
a11 a12

a21 a22

] [
xt−1

it−1

]
+

[
b11 b12

b21 b22

] [
εdemt
εmon
t

]
I No contemporaneous effect of monetary policy shocks on output ⇒ b12 = 0

Impose restriction in Σu = BB ′ ⇒ System now has unique solution

[
σ2
x σxi

σxi σ2
i

]
=

[
b11 0
b21 b22

] [
b11 b21

0 b22

]
⇒


σ2
x = b2

11

σxi = b11b21

σ2
i = b2

21 + b2
22

⇒ Three equations in three unknowns, can easily solve
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Impulse Response Functions

We can now analyze impact of monetary policy shock on output and interest rates[
xt
it

]
=

[
a11 a12

a21 a22

] [
xt−1

it−1

]
+

[
b11 0
b21 b22

] [
εdemt
εmon
t

]

Set εmon
t = 1 (or any other meaningful normalization)

I OLS gives us consistent estimates of elements of A

I Identification gives us consistent estimates of elements of B (because of consistent estimate of Σu)

Impulse response function (IRF) of xt+j to εmon
t (for j ≥ 0)

IRF x
t+j ≡

∂xt+j

∂εmon
t
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How to Compute IRFs to a Monetary Policy Shock

For monetary policy shock (second element of εt), define shock vector as

s =

[
0
1

]

We can compute IRFs to a monetary policy shock from

Yt = A1Yt−1 + Bs

In particular, IRFs follow recursion

IRFt =


Bs for t = 0

A1IRFt−1 for t ≥ 1
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Narrative

How does presence of GFC affects transmission of monetary policy shocks?

I Consider interest rate tightening in US

Textbook mechanism:

I With flexible exchange rates (e.g. UK, Euro Area), USD appreciates

I Trade channel: Foreign goods more competitive ⇒ Foreign boom

I Demand channel: Economic activity may contract if US demand slows down

Financial channel (GFC)

I Cost of finance increases and asset prices fall worldwide

I Global credit declines and so does leverage

Financial channel amplifies demand channel
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Response of VIX to Monetary Policy Shock
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Response of Financial Variables to VIX Shock
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Criticism

GFC seems really conditional on VIX (not monetary policy) shock

Negative correlation between VIX and global factorFigure 2: global factor and volatility indices
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Note: Clockwise from top-left panel, the global factor (solid line) together with major volatility indices
(dotted lines): VIX (US), VSTOXX (EU), VNKY (JP) and VFTSE (UK). Shaded grey areas highlight
NBER recession times.

ity, and thus reflect both the expectation of future market variance, and risk aversion.10

Therefore we expect all of them to be inversely related to our factor.11 We note that

the factor and the volatility indices display a remarkable common behaviour and peaks

consistently coincide within the overlapping samples. While the comparison with the

VIX is somehow facilitated by the length of the CBOE index, the same considerations

easily extend to all other indices analyzed. Comparison with the GZ-spread of Gilchrist

and Zakraǰsek (2012) and the Baa-Aaa corporate bond spread (not reported) show that

these indices also display some commonalities, even if the synchronicity is slightly less

obvious than the one we find with respect to the implied volatilities.

Lastly, we separate the aggregate risk aversion and volatility components in our factor.

The construction of our proxy for aggregate risk aversion is modelled along the lines of

e.g. Bekaert et al. (2013) that estimate variance risk premia as the difference between a

measure of the implied variance (the squared VIX) and an estimated physical expected

10These indices are typically regarded as an instrument to assess the degree of strains and risk in
financial markets

11The estimated global factors are rotated such that they positively comove with prices; i.e. an increase
in the index is interpreted as an increase in asset prices.

8
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e.g. Bekaert et al. (2013) that estimate variance risk premia as the difference between a

measure of the implied variance (the squared VIX) and an estimated physical expected

10These indices are typically regarded as an instrument to assess the degree of strains and risk in
financial markets

11The estimated global factors are rotated such that they positively comove with prices; i.e. an increase
in the index is interpreted as an increase in asset prices.
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Addressing the Criticism

Miranda-Agrippino and Rey (2020) address criticism using large Bayesian VAR

Response of US variablesFigure 5: responses of domestic business cycle
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Note: Responses to a US contractionary monetary policy shock that induces a 1% increase in the fed
funds rate. [red lines and grey areas] Recursive identification with 68% and 90% posterior coverage
bands. [blue lines] Identification with narrative series as external instrument and 68% intervals.

activity and prices. Furthermore, consumption and income decrease as do investment

and consumers sentiment. This gives us confidence in the reliability of our identifica-

tion scheme. We now turn to the main added value of our analysis which is the joint

dynamics of global financial variables following a tightening in the centre country of the

international monetary system (the US) and zoom on four subsets of those.

First, we look at credit provision both domestically and internationally (Figures 6 and

7). We compute global variables as the cross-sectional sum of country-specific equivalents

which are in turn constructed following the instructions detailed in Appendix A. Global

inflows are direct cross-border credit flows provided by foreign banks to both banks and

non-banks in the recipient country (Avdjiev et al., 2012). Second, we look at banks’

leverage (Figure 8). We separate global banks from the aggregate banking sector, due
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Addressing the Criticism

Miranda-Agrippino and Rey (2020) address criticism using large Bayesian VAR

Response of credit
Figure 6: responses of global credit
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Note: Responses to a US contractionary monetary policy shock that induces a 1% increase in the fed
funds rate. [red lines and grey areas] Recursive identification with 68% and 90% posterior coverage
bands. [blue lines] Identification with narrative series as external instrument and 68% intervals.

to the fact that global banks that are active in international capital markets manage

their leverage in a way that is consistent with the existence of a Value-at-Risk type

of constraint. This behaviour distinguishes them from smaller commercial banks. The

phenomenon was first highlighted in Adrian and Shin (2010) in the domestic US context.

In Section 4.2 we use bank-level data to extend it to an international level. We use data

on the leverage of US Security Brokers and Dealers (USBD) and Globally Systemically

Important Banks (GSIBs) operating in the Euro Area and the UK. Data on total financial

assets and liabilities for USBD are from the Flow of Funds of the Federal Reserve Board,

while the aggregate leverage ratios for global banks in the EA and the UK are constructed

following the instructions detailed in Appendix A. All those institutions have important

capital markets operations. We also provide results using the entire banking sector in

the US and the EU, including retail banks, in the Appendix (Figure E.4).21 Third, we

analyze the role played by monetary policy on risk and term premia, and on risk appetite

(Figure 9). Here we look at the responses of global asset prices (summarized by the global

factor), global risk aversion (calculated as the difference in the responses of the global

factor and global market variance along the lines of the decomposition in Section 2), the

term spread (calculated as the spread between the 10-year and 1-year constant maturity

21Details on the construction of the aggregate banking sector leverage are in Appendix A.
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Figure 7: responses of global credit
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Treasury rates) and the excess bond premium of Gilchrist and Zakraǰsek (2012). Lastly,

we look at the responses of the US dollar vis-à-vis the Euro and sterling, and at the

reaction of the policy rates in both the Euro area and the UK (Figure 10).

The responses of both global domestic and cross-border credit data in Figure 6 high-

light how monetary actions in the US influence global financial conditions. Following a

monetary tightening, credit provision at the global level contracts significantly. Global

inflows, whether directed towards banks or non-banks, contract sharply, and on impact

by about 5%. The contraction in cross-border banking flows is stronger and more persis-

tent relative to those directed to non-banks. Domestic credit contracts at a global level.

Results on global domestic credit are not driven merely by US data, as is visible in Figure

7, where global domestic credit is split into US and rest of the world components. The

decline in credit, both domestic and cross-border, whether we look at flows to banks or to

non-banks, is in the order of several percentage points and thus economically significant.

The leverage of global banks also declines significantly (Figure 8). The response is

short-lived but substantial. Leverage variables are expressed as the ratio of total financial

assets over equities, and enter the VAR in levels, with no transformations. The shock

therefore induces a contraction in USBD leverage of 1.5% percentage points within the
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Addressing the Criticism

Miranda-Agrippino and Rey (2020) address criticism using large Bayesian VAR

Response of leverageFigure 8: responses of leverage of global banks
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first year. The leverage of European (EA and UK) global banks also contracts, and with

similar dynamics. The banking sector as a whole reacts more sluggishly, and in fact

registers an initial increase in the median leverage ratio (see Figure E.4 of the Appendix)

before contracting. Domestically oriented retail banks take longer to adjust, so that

broader banking aggregates only react with a delay to monetary policy shocks, which

instead affects more immediately the large banks with important capital market opera-

tions. Overall, global banks seem to respond more quickly to changes in the monetary

policy stance. This is consistent with these institutions being more reactive to financing

conditions when adjusting leverage.

Following a contractionary US monetary policy shock global financial markets also

suffer a contraction (Figure 9). The global factor in world risky asset prices declines

significantly. Using the decomposition in Section 2 we recover the response of global

risk aversion as the difference between the responses of the global factor (inverted) and

of global market volatility.22 Our results point towards a significant impact rise in the

aggregate degree of risk aversion in global financial markets following a monetary policy

contraction in the centre country. Risk premia also increase on impact, confirming the

existence of a financial channel for monetary policy which directly influences borrowing

22Posterior coverage bands are obtained by computing the implied response of risk aversion at each
draw of the parameters under the recursive identification scheme.
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Addressing the Criticism

Miranda-Agrippino and Rey (2020) address criticism using large Bayesian VAR

Response of asset prices
Figure 9: responses of global asset prices
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Note: Responses to a US contractionary monetary policy shock that induces a 1% increase in the fed
funds rate. [red lines and grey areas] Recursive identification with 68% and 90% posterior coverage
bands. [blue lines] Identification with narrative series as external instrument and 68% intervals.

costs. The term spread decreases significantly on impact to rebound in the medium/long

horizon. Very interestingly, our analysis therefore shows that the monetary policy of the

hegemon influences aggregate risk appetite in international financial markets.

Lastly, Figure 10 reports responses of the exchange rate vis-à-vis the Euro and sterling,

and of the UK and Euro Area policy rates. The exchange rate is in both cases measured as

US dollars per one unit of the foreign currency, such that a negative reading corresponds

to an appreciation of the dollar.23 The charts in the left panel of Figure 10 collect

responses referring to the Euro Area, while the UK equivalents are on the right hand side

23For periods preceding the introduction of the Euro, we use the German Mark as the relevant Euro-
pean benchmark currency and convert it using the fixed exchange rate with the Euro chosen at the time
of introduction of the common currency. The bilateral exchange rates are about the only two variables
for which we are not able to recover impact responses which are robust across identification schemes.
Interestingly, however, responses obtained using financial market surprises as external instruments fol-
lowing the instructions in Footnote 19 tend to confirm the initial appreciation of the dollar following a
monetary policy contraction.
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Addressing the Criticism

Miranda-Agrippino and Rey (2020) address criticism using large Bayesian VAR

Response of exchange rates and policy rates
Figure 10: responses of currency and policy rates
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of the figure. The overall qualitative shape of the responses is quite similar in the two

countries. There are, however, interesting differences. Following the shock, the dollar

appreciates significantly, and on impact, vis-à-vis the Euro. The response is relatively

short-lived, and the exchange rate goes back to trend within a year. With respect to

sterling, there seems to be no appreciable effect for the first few quarters, following which

the dollar depreciates. Notwithstanding the flexibility of the two exchange rates, our

results suggest that a contractionary move in the US is likely to be followed by tighter

monetary policies both in the UK and the Euro Area. Increases in the policy rates

are both positive and significant, and peak to about 50 and 20bp respectively, within

the first year after the shock. Interestingly, while the response of the European rate is

muted on impact, the UK policy rate jumps on impact by about 20bp. These results are

consistent with both a “fear of floating” argument (see Calvo and Reinhart, 2002), and
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Introduction The Trilemma The GFC Identification Dilemma Credit Shocks FX Regimes

An Alternative Driver of the GFC

Could alternative factors drive GFC?

I Cesa-Bianchi, Ferrero and Rebucci (2018) consider credit supply shocks

Idea: Study response to shocks to leverage of US broker-dealers

I Capture financial innovation or changes in risk appetite

Approach: Panel VAR with global variable (leverage of US broker-dealers)

I 57 countries (24 advanced and 33 emerging economies)

I Sample: 1985:Q1-2012:Q4

I Country-specific variables:

F International credit
F Private consumption
F Current account ratio to GDP
F Real house prices
F Real exchange rate vis-a-vis USD
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International Credit and Leverage of US Broker-Dealers

International credit = Cross-border total claims of BIS reporting banks on country i

Leverage of US broker-dealers = Assets/Equity (source: Federal Reserve’s Flow of Funds)

I Empirical proxy for leverage of global banks (Bruno and Shin, 2015)

1977 1982 1987 1992 1997 2002 2007
0

5

10

15

20

25

30

35

T
ri
lli

o
n

s
 (

C
o

n
s
ta

n
t 

2
0

0
8

:Q
2

 U
S

D
)

Cross-Border Credit (left axis) Leverage (right axis)

0

5

10

15

20

25

30

35

A
s
s
e

ts
/E

q
u

it
y

Camilo Granados (UTD) International Finance and Macro Fall 2024 31 / 42



Introduction The Trilemma The GFC Identification Dilemma Credit Shocks FX Regimes

International Credit and Leverage of US Broker-Dealers

International credit = Cross-border total claims of BIS reporting banks on country i

Leverage of US broker-dealers = Assets/Equity (source: Federal Reserve’s Flow of Funds)

I Empirical proxy for leverage of global banks (Bruno and Shin, 2015)

1977 1982 1987 1992 1997 2002 2007
0

5

10

15

20

25

30

35

T
ri
lli

o
n

s
 (

C
o

n
s
ta

n
t 

2
0

0
8

:Q
2

 U
S

D
)

Cross-Border Credit (left axis) Leverage (right axis)

0

5

10

15

20

25

30

35

A
s
s
e

ts
/E

q
u

it
y

Camilo Granados (UTD) International Finance and Macro Fall 2024 31 / 42



Introduction The Trilemma The GFC Identification Dilemma Credit Shocks FX Regimes

PVAR

Add leverage of US broker-dealers to vector of country−i variables

Yit =
[

LEVt KFit Cit HPit RERit CAit/Yit

]

Mean group estimator (Pesaran and Smith, 1995; Pesaran, 2006)

I Estimate VAR country by country, confidence bands reflect cross-country heterogeneity

Identification: Shocks to LEVt shift global supply of cross-border bank credit

I A “push” shock (Calvo, Leiderman and Reinhart, 1996)

I Arguably exogenous to conditions in individual country i (small open economy assumption)

I Drop US from sample

I Implementation: Country-by-country Choleski decomposition
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The Transmission of Global Credit Supply Shocks
Leverage
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Further Results

Leverage shock explains non-trivial fraction of long-run variance of endogenous variables (15-20%)

I Larger than a US monetary policy shock

Robustness: Small open economy assumption rules out local factors can drive LEVt

I But LEVt could be affected by globally synchronized factors

I If so, same synchronized shocks should affect world GDP

I Control by augmenting vector of endogenous variables with world GDP (ordered first)

I Results largely unchanged (slightly noisier)

Results also robust to further checks

I Exclude other large economies (Germany, Japan, Switzerland, UK) that could affect credit supply

I Control for world equity prices

I Exclude lagged country variables from leverage equation
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The Determinants of Broker-Dealers’ Leverage

xt (1) (2) (3) (4) (5)

∆FFRt -2.477** -2.613**
[-2.364] [-2.536]

εMP -0.0497
[-0.650]

RL
t − Rt -0.900

[-1.642]
VIXt -0.00182** -0.00195**

[-2.057] [-2.252]

Obs. 111 91 111 111 111
Adj. R2 0.049 0.005 0.024 0.037 0.091

Leverage of US broker-dealers weakly related to monetary policy and VIX

I But small R2 ⇒ Most of variance unexplained

I Our interpretation: Other factors (financial innovation and changes in risk appetite) drive credit supply
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Still Matter?
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FX Regime and Emerging Markets

Obstfeld, Ostry and Qureshi (2019) focus on role of exchange rate in insulating EMEs

Question: Does response to VXO shocks differ across FX regimes?

I Quarterly data over 1986-2013

I VXO = Volatility index precursor of VIX

Answer: Yes!

I Domestic financial conditions respond in all FX regimes but more under fixed exchange rates

I With fixed exchange rates, one standard deviation increase in VXO implies

F One percentage point larger reduction in domestic credit growth

F About two percentage points larger reduction in real house price growth

F Banking system leverage and capital flows also more sensitive

F But no systematic difference in the response of stock returns
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Methodology

Panel regression

fit = β0 + µi + β1 fixit + β2 intit + β3 VXOt + β4 fixit ×VXOt + β5 intit ×VXOt +∑
k

λkzitk + εit

where
I fit = Financial variable

I fixit , intit = Dummy variables for fixed/intermediate FX regime

I VXOt = Log of VXO index (financial shocks)

I zitk = Global and domestic control variables

If global financial conditions relevant for domestic financial conditions ⇒ β3 statistically significant

I But iff FX regime matters, β4 and/or β5 statistically significant too

I Also estimate version with time fixed effects (β3 not separately identified)
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FX Regimes
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Example: Credit Growth
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Macroeconomic Effects
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Transmission of Global Credit Supply Shocks by FX Regime
Leverage
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Conclusions

Financial integration ⇒ Global financial cycle

I Financial shocks (monetary policy, credit, etc.) originate in hegemon countries, propagate globally

Flexible exchange rate does not fully insulate countries from financial shocks

I Yet transmission not completely independent of exchange rate regime

Next: Frameworks to think about cross-border macroeconomic interdependence

I Policy spillovers, expenditure switching, coordination.
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