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Global Banking, Trade, and the International
Transmission of the Great Recession

Abstract

The global financial crisis of 2007-2009 spread through different channels from its origin in the
United States to large parts of the world. In this paper we explore the financial and the trade
channel in a unified framework and quantify their relative importance for this transmission.
Specifically, we employ a DSGE model of an open economy with an internationally operating
banking sector. We investigate the transmission of the crisis via the collapse of export demand
and through losses in the value of cross-border asset holdings. Calibrated to German data, the
model predicts the trade channel to be twice as important for the transmission of the crisis than
the financial channel. In the UK, the latter dominates due to higher foreign-asset holdings,
which, at the same time, serve as an automatic stabilizer in case of plummeting foreign demand.
The transmission via the financial channel triggers a much longer-lasting recession relative to
the trade channel, resulting in larger cumulated output losses and a prolonged crisis particularly
in the UK. Stricter enforcement of bank capital requirements would have deepened the initial
slump while simultaneously speeding up the recovery. The effects of higher capital requirements
depend on the way banks’ balance sheets adjust to this intervention.
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1. Introduction

The financial crisis of 2007-2009 started in a small segmétieUS financial market and spread
rapidly around the world, infecting in particular the la@ygd globalized banking systems of advanced
economies. It soon spilled over to the real economy, leattirg global recession. Alternative nar-
ratives attribute important roles for its internationartsmission to the observed collapse in interna-
tional trade (trade channel), or to losses in cross-borsglegtaholdings (financial channel, as defined
in this paper). It is, however, neither empirically nor thetecally clear which of the two dominated
the global transmission of the crisis. As the nature andrtiortance of the financial channel have
changed during the financial globalization of the recentdes, this question is particularly relevant
for forming an understanding of international linkages adays and in the future.

In this paper, we therefore investigate the effects of taderand the financial channel in a unified
framework and assess which of the two was more importantdrtramsmission of the crisis. For
this purpose, we put forward a model that features both aiarin order to assess their isolated rele-
vance. Their correlation and mutual interdependence doatplpurely empirical analyses. A deeper
investigation of the transmission channels by means otatstral model seems hence necessary and
worthwhile.

Our international business cycle model features a smalh @@®nomy integrated with the rest of
the world through trade in goods and holdings of internatidimancial assets in the banking sector.
The assumption of a small open economy allows us to treatgheific origin of the last crisis as
exogenous to the economy in question. Put differently, wérdgerested in foreign developments only
to the extent as they arrive at the border of the domestictopithout the need to take a stand on
how the financial crisis originated, caused massive lossas|ed to the collapse of global trade, the
applicability of the theoretical results is broadened toagie financial and trade crises. In the model,
the transmission through the financial channel works viads®n foreign assets that destroy a part
of banks’ capital The bank uses some of its own funds to finance loans and caersigueacts by
restricting lending, leading to long-lasting declines mmdstment and output. The transmission via
the trade channel entails that foreign demand for home giadtéss, leading to a reduction in exports
and output. Calibrating the magnitudes of the two chanmels,losses on foreign bank assets and a
reduction in external demand, to the recent financial ¢rigescan analyze how the economy reacts
to each shock and assess which of them has the greater shleeontput decline. Furthermore, the
model allows us to investigate how policy measures affecstiock transmission.

We proceed by calibrating the model to German and UK data. akie Germany and the UK as
insightful cases on the receiving side of the crisis tragsion as they are well integrated with the
rest of the world. In particular, tradend financial links between Germany and the UK on one side
and the US on the other side are strong, where Germany isitddnadly strong exporter, while the

While there is no unique definition of the financial channeg focus on the transmission via losses on cross-border
holdings on banks’ balance sheets. These played a majdnriie recent financial crisis, as shown below. In Sec#on
we define our concept of the financial (and trade) channelteilde



UK has established London as a global financial center. Tegdlend themselves to investigate
the relative importance of both channels. Furthermore ariicdé with the model, the financial crisis
was arguably exogenous to Germany and the UK, which bothreétobust growth before the crisis.
Germany did not experience a housing or financial asset bubiblile falling house prices in the UK
only had a minor autonomous impact on real activity.

In order to obtain empirical counterparts to the model mtgolis, we estimate a Structural Vector
Autoregression (VAR) featuring international trade andhficial data as well as domestic variables
from either Germany or the UK. We identify two shocks thatédve highest contribution to the
forecast error variance of external demand and financiesstirespectively. We find that shocks to
external demand have a significant impact on financial saadsvice versa, which underlines the
mentioned difficulties in disentangling the two channelsgpgitally. We hence look at the crisis
impact of both simultaneous shocks, obtaining an appraximdor the joint effect of the financial
and trade channel. We find that they played a major role forgbessions in Germany and the UK
during the financial crisis episode. Comparing the modetiiptions to our empirical VAR results,
we estimate that the model can explain half of the empisicalitimated maximum GDP decline
for Germany, and four fifths for the UK over a 4-quarter honiZollowing the onset of the crisi.
Regarding the relative contributions, it turns out that titaele channel is twice as important as the
financial channel for the GDP decline in Germany. For the UK tblative contributions almost
reverse, with the financial channel explaining 1.7 times ashas the trade channel. This difference
can be explained to a large degree by the higher presenceegricassets in the UK banking sector,
making the British economy more vulnerable to the transionissia the financial channel. At the
same time, however, the depreciation of the terms of traatfoliows a reduction in external demand
increases the value of foreign assets in domestic currémgyoving banks’ balance sheets. Banks
are hence relatively more able to create loans, such theigfoiasset holdings serve as an automatic
stabilizer as regards the trade channel.

The transmission via the trade channel triggered a relgtslgort recession in both countries. The
financial channel, in contrast, had longer-lasting eftettis channel is thus crucial in accounting for
the fact that German output in the last quarter of 2010 wédslow its level two years before, and
even more so in the UK. This finding is in line with general tessestablished biReinhart and Rogoff
(2009 and others, showing that financial crises generally legudtracted recessiorisWe addition-
ally explore the effects of a stricter banking regulatiothie forms of either higher costs for violating
the capital requirement or a higher capital requiremeng fbinmer policy turns out to have procycli-
cal effects by frontloading the recession, i.e., the GDBP d&gsimultaneously deeper and shorter. The

2In particular, Germany's house prices were flat for an extdnueriod before the crisis. The UK experienced a larger
increase in housing prices, but the construction of newswaritl employment in the construction sector remained modest
due to strict planning laws. The following reduction in heysices, which turned into an upswing in 2009, is hence
likely to have had relatively minor effects on aggregatdvéagt compared to, e.g., the US, Spain or Ireland. See
International Monetary Fun(0108.

3We attribute the remaining part to additional transmissibannels and/or shocks that are captured in our empirical
estimates but not in the model.

“TheBank for International Settlementg014 also finds that balance-sheet recessions are followecblyeskecoveries.



same is true for higher capital requirements, if they leaeesize of banks’ balance sheets unaffected.
Frontloading the recession, however, has a negative ingrathe welfare of workers, the largest
group of agents in the model. If banks react to higher cap#alirements by shrinking the balance
sheet, the recession is shorter and flatter with a lower gistade level of GDP.

Within the theoretical literature, our analysis is paricly related to studies analyzing the interna-
tional transmission of financial shocks via a global bankgegtor. Using a one-good two-country
model, Kollmann et al.(2011) show how a banking sector subject to a bank capital reqe@nérmcan
transmit a loan default shock originating in one countiplimann (2013 estimates this model on
US and euro-area data and finds that a version with a bankatapitstraint outperforms a version
without it. Attributing a prominent role to the banking serctits well to the UK and Germany, as firms
there rely more heavily on bank lending as in, e.g., the USomparison td&ollmann et al.(2011),
we study a two-good model, which enables us to analyze tisrigsion via the trade channel in
more detail, in addition to the transmission via the banldagtor. We furthermore abstract from the
foreign economy and instead model a small open economghfievoiding a detailed specification
of the origins of the crisis. Lastly, whilkollmann et al.(2011) focus on the effects of loan losses in
one of the two countries in the model, we consider losses i@igio assets held by domestic banks.
These are much more volatile than loan losses, giving theangai role in shaping business cycles.
Other contributions with global banking sectors includieda(2012, who shows how financial con-
straints and the net worth of creditors contribute to bussngycle synchronization in a two-country
model similar toKollmann et al(2011), but with a two-good setup as in the present paper. Anaiyzin
a model with financial constraintd)endoza and Quadrifk010 show how financial contagion can
spread across countries through shocks to bank equity. ddvept consider business cycles, though.
Related to our research question, several papers in theieahfiterature investigate the transmission
of the 2007-2009 financial crisis, including the trade andriial channel. Abate et al(2016) study
the transmission of US financial shocks to a set of advancedoeaies, using a factor-augmented
VAR. They find that the recent negative shock was large coethan previous financial shocks.
While they are not able to cleanly disentangle how the fireratiock was transmitted via the dif-
ferent channels, they can show that both trade and finartwgainels contributed to the transmission.
Other studies analyze whether the cross-country variatianmisis incidence - measured by severity
and duration of the output decline as well as business cyaelations - can be attributed to pre-
crisis indicators. Several empirical papers find that adedreconomies were hit harder by the cri-
sis (Lane and Milesi-Ferrett2011; Rose and Spiege?011; Claessens et aR010 and that financial
variables, such as credit growth, are linked to the crigenisity. The results dlafsson and Pétursson
(2011 show that relatively large banking sectors and strongajlibancial linkages—together with
macro variables like inflation reactions, current accousficits, and a leveraged private sector—
played an important role for the propagation of the US shedkereas there is little evidence for
the transmission via trade.

Other transmission channels involve, e.g., a global iremem risk aversion and reliance on foreign finance
(Lane and Milesi-Ferrett2011) as well as a macro channel represented by macroecononmierabilities and imbal-
ances, and an institutional chann@llfsson and Péturssa2011).



On the other handRose and Spieg€011) identify few consistent results linking pre-crisis indiors
and crisis intensity. Furthermore, considering the trdasion to financial variables like credit default
swap premia, bank stock prices or equity portfolios, therkttie direct evidence that US exposure
or external exposure via trade or financial openness leddioehicontagion Bekaert et al.2014).
Given the relatively inconclusive results of the empirilitdrature, and the need for counterfactual
simulations to clearly disentangle the two channels, waktkhat our analysis through the lens of an
appropriate international dynamic stochastic generalliegum model is worthwhile.

The remainder of the paper is organized as follows. The nestian defines the channels under
investigation. SectioB.1presents unconditional time-series on how the German anéddikomies
fared through the financial crisis, while Secti8i2 identifies external trade- and financial-channel
shocks and their joint effects. Sectidndescribes the model setup and its calibration. Sediion
discusses the predictions of the model, while Sediorspects the underlying mechanism. In Section
7 we discuss the tradeoffs faced by stricter financial regaiaaind Sectio® concludes. AppendiA
presents data sources and Apperilishows further figures and tables for additional intuition.

2. The trade and the financial channel

Before investigating the transmission of the financialisriis more detail, we first define the specific
channels that we seek to quantify. Taking the financial cblaas an example, unforeseen develop-
ments may emerge in the foreign financial sector, transraitnternational financial linkages, and/or
spread via the domestic financial sector. Each of these alsroan by itself be called ‘financial chan-
nel’. Depending where the relevant origin (from the pertipef the receiving country) of these
developments is located, the distinction between shocischannels is blurred as well. When in-
vestigating the domestic economy, it may suffice to treatiadixpected developments arriving at the
border as shocks, although they have their origin in stratghocks hitting foreign economies.
Figure 1 illustrates alternative definitions of the trade and therfai@ channel. Our understanding
of the transmission in a setting where two countries arestimkia trade in goods and financial assets
is the following. In the foreign country, structural shocaféect the trade and/or the financial sector
(arrow A), where a single shock can affect both sectors sanabusly. These shocks may change
export demand and the valuation of foreign assets of Homksb@nrow B), which, in turn, affect the
home country via the domestic financial and export sectooal). Both sectors also interact with
each other and influence the real economy.

In this paper, we want to measure the effect of foreign dgraénts via a specific financial channel
(the valuation of foreign assets of Home banks) and foreigroe demand (the trade channel), i.e.,
arrow B. That is, we do not aim to measure the effects of indiai foreign shocks, but the effects of
changes in these two variables. They summarize the effétissign developments as they arrive at
the border of the receiving country via the two transmissioannels. We capture these developments
by introducing the corresponding ‘channel shocks’ in oudaio a financial-channel shock reduces
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Figure 1: Schematic representation of specific transmission presess

the valuation of foreign assets of Home banks, while a tddeinel shock lowers export demand.
Both are exogenous to the economy of the domestic countrywediscuss in more detail in Sec-
tion 3.2 the channels are not independent in the data, which makespinical investigation of their
isolated effects very difficult. We therefore use a struaitamodel to disentangle the two.

While arrows A and C deliver valid, alternative definitiorfatee transmission channels, we think that
our approach has the following advantages. 1) It answergesearch question: to what extent was the
financial crisis transmitted to Germany and the UK via thesertarrowly and well-defined channels?
Analyzing, for example, the transmission via domestic ascfarrow C) answers the question to
what extent the financial and the export sector were resplentgr transmitting the crisis within the
domestic economy. As both variables in B, valuation of fgmeassets and export demand, affect
both sectors, this is a different questnin our definition, the trade channel is associated with a
reduction of foreign export demand, instead of all factbed affect the domestic export sector (such as
availability of credit etc.). 2) Changes in the valuatiorfaieign assets and export demand are easier
to measure in the data and hence to calibrate. If we were t@htloel shocks (arrow A) in the foreign
country, which would require additional and potentiallyntroversial assumptions, we would have to
make sure that they affect the variables at arrow B as emafiiriobserved. As we aim to isolate the
effects of the transmission channels instead of the impladifferent foreign structural shocks, we
can skip this step and move directly to arrow B. 3) Our apghides a broad application. Without the
need to model foreign structural shocks, the model is agpliicto many different situations in which
the value of foreign assets and/or export demand changafimus reasons.

SWe have also investigated the transmission via the domfistincial and trade sector, i.e., arrow C. Conclusions are
similar to those of our analysis of arrow B. Results are atdd upon request.



3. The German and UK economies during the financial crisis

In the following we present empirical observations reldtethe two channels as defined in the previ-
ous section. We first discuss unconditional developmentsiglthe crisis and then turn to reactions
conditional on adverse developments transmitted via tloectvannels.

3.1. Unconditional developments during the crisis

Some important aspects of the crisis for the UK and Germaaycaptured in figureg - 4. For
Germany, Figur@ shows the unprecedented nature of the recent recessiosidedng the post re-
unification period in Germany.In 2009, German GDP fell annualized by 4.7%, with a year-eary
(yoy) growth rate of-6.9% in the first quarter. The growth decline in UK was only slightmaller
than in Germany. While German GDP had almost returned taé@spsis level by the end of 2010,
the growth rebound in the UK was much smaller, reaching oalf/df its pre-crisis GDP growth.
Related to the trade channel, German exports experiendedlarky unprecedented downturn. Total
exports fell yoy by almost 20% (Figui right panel) in the first quarter of 2009. The UK, starting
from mostly smaller export growth rates before the crisiasaffected somewhat less. Nevertheless,
exports dropped by around 12% in the beginning of 2009. Thssiva reduction in German and
UK exports goes hand in hand with the major slump in globaldrhitting the world by the end of
2008 and the beginning of 2009. The global trade collapsecsasiderably larger than the accom-
panying world output decline, which has sparked an amplekdar the underlying reasofsThe
key factor explaining the massive trade collapse is suspdct be a deterioration in global demand
(Behrens et a).2013 Bussiére et al.2013. Besides a faltering exogenous demand, the reduction
in exports is also driven by an endogenous reaction to tefiisde adjustments and various other
factors.

Next, we turn to the developments in the banking sector. Bb#UK and German banking sectors
were hit hard by the financial crisitaeven and Valenci€2014) identify a systemic banking crisis in
the UK, starting in 2007, and in Germany, starting in 2008eyrhase their identification on various
banking policy intervention measures. The banking sedsmesd massive write-downs on their loans
and securities holdings (discussed below), draining thé&algosition and leading inter alia to failure
or the need for some kind of assistance. The estimatioiisae¥ven and Valenci&2014) show that
total assets of failed and government assisted banks in &gramounted to 7% and 29% of total
banking assets, respectively, and in the United Kingdonbg 2nd 4%.

The substantial losses led to strains on banks’ balance, $heging them to deleverage. One way
to accomplish this is to restrict lending, thereby trantngtthe financial shock to the real economy.
Figure 3 shows that the growth rates of the loan volume to non-finhrocigporations over GDP

"Although not strictly comparable due to methodologicafetiinces, the growth decline was also the largest consileri
the time after the second world war (segtistisches Bundesan2009).

®Real world GDP fell by 7.9% (annualized) in the first quarteR@09, while real world trade contracted by 15% in the
same periodBems et al.2010.
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Figure 2: Growth rates of GDP and exports.
Left panel shows yoy growth of German GDP (solid line) and &f GDP (dashed line). Right panel shows
yoy growth rates of German exports (solid line) and of UK expddashed line). Shaded area indicates the
latest NBER-dated recession for the US.

also exhibited pronounced falls, albeit later in Germamntin the UK (dashed line, right axis).
Furthermore, loan growth in Germany first increased and themiined a few quarters later than
GDP and export growth. In the UK, loans had already started a downward trend befarectisis.
The strongest decline happened in 2010. However, the daegedan volume can either be an
expression of bank-sided factors that lead banks to regteédir loan supply or it can stem from the
demand side, with firms demanding lesser loans during tirhéstering exports and GDP growth.
We therefore also display in Figuhow the spread between loan and deposit rates has reacteg dur
the financial crisis. Specifically, it widened strongly, i@asing from an all-time low in early 2008
by approximately 2 percentage points in Germany and the GKd(Bne, left axis). During times of
high loan-rate spreads, loan growth was very small or negatid vice versa.

Both the UK and the German banking sectors operate on a géoh# with claims on non-residents
amounting to over 100% of GDP, making them vulnerable to es#véinancial developments in the
rest of the world. At the same time, UK and German bank paogotliffered in size and compo-
sition. The UK had the higher foreign loan and securitiegimgjs (UK: 3.19 trillion US$ vs. 1.49
trillion in Germany) due to London’s role as a financial centa particular, the UK was the second
largest holder of United States long-term corporate dsaseked securities, owning a total amount
of 142 billions US dollars right before the crisis in June 2qDepartment of the Treasurg008.
Of these, 63% constituted mortgage-backed securities.levghmaller, the German banking system
also held a considerable amount of US long-term corporatetdmcked securities, namely 42 billion
US dollars, of which 80% were mortgage-backed securitiesat s, German banks concentrated
on more vulnerable foreign asséfsFigure4 shows the development of claims on non-residents by

°Explanations involve drawing of previously contracteddirénes and their slow re-negotiations or banks’ initiatitic-
tion of other assets, such as interbank assets or equigfEselreducing lendingBlaes 2011).

1%L ane and Milesi-Ferreti{2011) observe that several industrial countries with heavifgated financial institutions held
large amounts of asset-backed securities.



4 Germany: Loan deposit rate spread and loan-to-GDP growth
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Figure 3: Change of loan-deposit rate spread and loan-to-GDP gr@ptbad between the loan and deposit
rates (solid line, left axis, percentage points) and yoyuinarates of loans to non-financial corporations over
GDP (dashed line, right axis, percentage points).

German and UK banks. German claims on all countries incdeaaél an all-time high of 134%
of GDP in the third quarter of 2007 and have since been mositjirdng (left panel). Considering
yoy growth of one segment of foreign claims, namely holdiof®S securities (right panel), shows
where large parts of the losses arose, given that theses delietubstantially during the crisis years.
Thelnternational Monetary Fung20103 estimates that German banks faced cumulative write-downs
on their total loans and securities portfolio of 314 bilkodS dollars between 2007-10. For foreign
loans and securities this amounts to an implied cumulatige fate of 10%. Developments in the UK
were somewhat distinct, as foreign claims on all countriess$ ¢ontinued to increase during the crisis.
They took a hit, however, in 2009. Similarly, yoy growth of W&curity holdings was positive longer
compared to Germany, before collapsing. UK banks faced awuatrof 455 billion US dollars of cu-
mulative write-downs on total loans and securities, withrgé part being foreign loans and securities
(loss rate of 7.25% on foreign loans and securitieternational Monetary Fund 201Da

3.2. Conditional responses via the trade and financial chann el

In this section we identify reactions of the German and UKnecoies to adverse developments trans-
mitted via the trade and financial channel (arrow B in Figlye As laid out in Sectior2, these
developments can be considered as external shocks fronetbpaative of the receiving countries.
However, an empirical identification of shocks that activatsingle channel, leaving the other inac-
tive, is inherently complicated since such shocks are ahyliko exist in reality. As we will discuss
below, shifts in one channel are indeed accompanied by esanghe other channel. This is not sur-
prising, given that the reasons that activate one chaneelshocks in foreign economies, are likely
to activate the other channel as well. For example, devetopsrin the foreign financial sector (arrow
A in Figure 1) might be transmitted not only via the financial channel laut also have a bearing on
foreign demand. As we aim to investigate each channel iatieol, the other channel should ideally
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Figure 4: Foreign claims by German and UK banksft panel shows claims on non-residents (all countries) as
a ratio to GDP. Right panel shows claims on non-residentssg¢8rities), yoy growth.

remain constant, i.e., inactive. Because of their colimiathowever, we cannot accurately disentan-
gle the transmission channels empirically, which is oneivation behind the development of our
theoretical model.

Despite these difficulties, we propose an empirical progethat allows us to gauge thaint impact

of the transmission of the crisis via the trade and finan¢iahael on the German and UK economies.
We identify ‘crisis shocks’ that are linked to these two damels and estimate their contribution to
the recession in both countries. Given the interdependehttee channels, we use a set of relatively
unrestrictive identification assumptions which captueediiferent developments that might transmit
via the two channels. Trade-channel shocks are defined as #imcks that are responsible for the
bulk of unexpected changes in external demand, that is, ltheg the largest contribution to the
respective one-period ahead forecast error of the belouvifsggeVector Autoregression (VAR).
Unfortunately, we are missing the corresponding data edgriv for the financial channel. We will
use write-downs of German and UK banks during the crisis deeatdneasure of the financial con-
tagion for the calibration of our model. This variable masltlosest our definition of the financial
transmission channel. As no sufficient time series areaaiffor this variable, we use the US excess
bond premium as provided Wyilchrist and Zakraj$ek2012. This variable has proven to be highly
correlated with financial stress, which itself is tightlpked to losses of financial assets by interna-
tionally operating banks (e.g., the excess bond premiumnaite-downs both increased significantly
during the financial crisis). We hence estimate separatesvBRGermany and the UK, including
the log of domestic GDP, the log of a global demand measureréthimports of a large country
sample, including the respective ten largest trading pastrsee Sectioh.5), and the US excess bond
premium??

"Details on the data can be found in Appendix
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Figure5: Germany: Impulse responses to identified ‘crisis shoclslid lines indicate point estimates,
shaded areas 90% confidence bounds obtained by bootstraghirgaifi000 repetitions). Horizontal axes:
years. Vertical axes: percentage points for spread andkpetts, percentage deviations from trend otherwise.

The VAR takes the form .
Y, =Y A+ Bu,

=1
whereY; is a vector containing the mentioned three variables:amdpresents i.i.d. shocks with uni-
tary variances.L denotes the number of lags. Based on the Akaike Criteriumhgese 3 lags. We
employ the sample 1991Q1-2012Q4 for Germany and 1993Qdr (dK'’s exit from the European
Exchange Rate Mechanism) until 2012Q4 for the UK. We alstudea constant and a linear time
trend. To identify the shocks, we employ the strategy that walined above. We find the rotation
of the impact matrixB that maximizes the sum of the contribution of the trade-okeéshock to the
forecast error variance of our global demand measure ptusdhtribution of the financial-channel
shock to the forecast error variance of the excess bond prefdi With this procedure, we identify

2\\/e first decompose the variance-covariance métnisa a Cholesky-decomposition info3’. Given that any matrifs =

Al

B#, where? is an orthonormal rotation matrix, fulfills the restrictiéh3’ = B##' B’ =2, we can search for the rotation
B=Br that meets the described identification assumption. Thizuais to finding the maximum @8 (4,4)2 +B(j, §)?,
where the index denotes the position of external demand and, simultangoofsthe trade-channel shock, whijes

the index for the excess bond premium and the financial-aiasiock. See, e.gAngeletos et al(2014) for a related
approach. Both shocks remain the main drivers of externaladel and the excess bond premium, as they together
account for more than 85% of the forecast error variancehiese variables at a one-year horizon for both countries.
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Figure 6: UK: Impulse responses to identified ‘crisis shocks2e Figure for description.

two shocks that are closely related to international tramefeancial developments. We need to max-
imize the sum of both contributions, as maximizing the dbaotion of each shock separately would
result in two different impact matrices. The forecast euamiance is calculated at horizon 1, i.e., we
consider the effects of the shocks on impact. Additionally,impose that the remaining, unidentified
shock to domestic GDP (or other domestic variables addem)dlas no contemporaneous impact
on the foreign variables global demand and the US excess fo@miium. Analyzing the impact of
each shock in isolation confirms our above conjecture tleathiannels are not activated individually:
external demand moves significantly after a shock to thessxoend premium and vice verSaFor
this reason, we will analyze simultaneous occurrences tf bbocks as observed in the financial
crisis, yielding a measure of the joint contribution of batiannels. In this way we do not need to
isolate ‘pure’ individual channel shocks. We will use ouedhetical model to do so.

In the following, we estimate the VAR once for Germany and @asd time for the UK and feed in
both the identified trade- and financial-channel shocks 6B2B and 2009Q1 in the initial period
(with no more shocks occurring afterwards). These periedsufed the largest shocks in absolute
value according to our VAR, such that they come closest toesgmting the ‘crisis shocks’. We

13The shocks account for between 8 and 25% of the one-year &veadst error variance of the respective other variable.
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also add other domestic variables of interest to the VAR airzetime. We display empirical impulse-
response functions to these shocks for Germany and the Ui§imds5 and6, respectively* Shaded
areas depict 90% confidence intervals, generated by sthbdatstrapping. We observe that the two
shocks had a considerable impact on all variables undelideyation. Most real variables fell in
reaction to the shocks, while the interest rate spreadasect The terms of trade depreciated on
impact. Figures shows the initial positive reaction of loans (and depositSsermany, potentially
due to pre-negotiated credit lines. Net exports fell quickhd significantly in the case of Germany,
but only with a delay in the UK.

We also note that the trade- and financial-channel shocksiweeed important for the transmission of
the global financial crisis. Performing a historical decasipon, we find that all shocks together trig-
gered declines in GDP in 2008Q4 and 2009Q1 (that is, chamgesrcentage deviations from trend)
of 2.24 and 4.96 percentage points, respectively, for GeymH we feed only the identified trade-
and financial-channel shocks into the VAR, we obtain drop4.80 and 3.04 percentage poifts.
The corresponding statistics for the UK are GDP drops of arith1.94 percentage points in 2008Q4
and 2009Q1, with 1.42 and 1.41 percentage points explaind¢deatwo shocks. This shows that our
two identified shocks were important, if not the main drivefreconomic activity during the financial
crisis episode in Germany and the UK.

4. The Model

We use a small open economy variant of the moddfatimann et al.(2011). The economy is in-
habited by a representative worker, an entrepreneur, arahk!® There are two goods, a home
intermediate good produced by the entrepreneur and a foirigrmediate good produced in the rest
of the world. Both intermediate goods are combined into d §jpad that is used for consumption by
the three agents and for investment by the entrepreneureddromy is connected to the rest of the
world through trade in intermediate goods representindrdde channel and through trade in foreign
assets representing the financial channel.

4.1. The Worker

The worker’s utility depends on consumption of the final gagd bank depositd);; and hours
worked NV;:

Cits — ¢th+s—1)1_J’” -1 L gD (Dt+1+s)1_aw -1

—UNNyys |, (D)
1—o0y 1—o0y

w:@Zﬁ(
s=0

14Net exports are measured towards the country sample thsgisfar the construction of the external demand series.

3pecifically, we subtract the counterfactual level of GD& ik obtained if no shocks are fed into the estimated VAR—
i.e., the level of GDP that is explained by the constant, ved, and initial conditions—from the levels of GDP that are
obtained if we either feed in all identified shocks or only tive mentioned shocks.

18We assume entrepreneurs and households to be separateriicotbtain a role for borrowing and lending (with equal
discount rates). Introducing bankers as separate aganthemther hand, is a modelling device to obtain a sensible
description of bank behavior regarding the interest rateagpand lending activities.

12



where 3 is the subjective discount factas,, > 0 governs the worker’s intertemporal elasticity of
substitution, andr”, ¥V > 0 are preference parameters. The consumers have habitssinaption,
wherei),, measures the degree of internal habit persistéhéelditionally to paying interest, deposits
provide liquidity services to the worker. That way the warkan have the same subjective discount
factor as the entrepreneur (and the banker) and still haditipe deposits. The budget constraint of
the representative worker in terms of the final good, whialsisd as the numéraire, is

Ct + ptaDt+1 = ptaWtNt + ptaDthl. (2)

The household earns income from supplying labor to the prereur and from interest payments
on deposits held with the bank. The wage rHtgis measured in terms of the home intermediate
good. Thus, labor income in terms of the final goo@i$V; N;, wherep is the relative price of the
home intermediate goodz?” , is the gross interest rate on deposits made last pefipdneasured in
terms of the home intermediate good as well. The worker e@besumes her income or saves in new
depositsD; . Maximizing the worker’s utility subject to her budget ctmaint yields the following
first-order conditions:

Awtpf Wy = TN (3)
(Ct = YuwCi—1)" 7" — B (Cry1 — YuC) 7" = Ayt 4)
D—Uw )\w "
g S BERC) N p?HR? s =D, (5)
)\w,t )\w,t

where),, ; is the multiplier on the budget constraint. The first equasbows the trade-off between
consumption and labor. The third first-order condition & Buler equation. It differs from a standard
Euler equation through an additional term representingjdity services provided by deposits.

4.2. The Entrepreneur and Final Good Production

The entrepreneur produces the home intermediate gpbg combining capital and labor provided
by the worker via a Cobb-Douglas production function:

Y, =z KN}, (6)
whereq is the capital share andg is total factor productivity following an AR(1) process:
log(2t) = p-log(2i-1) + €zt (7

The capital stock, owned by the entrepreneur, deprecialiésrate § and increases through gross
investment/;:
Ky =(1-96) Ky + I, (8)

"Consumption habits are often assumed in the literaturdyeystiring consumption volatility closer to the data.
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The entrepreneur uses the final good for investment. Howieeannot be transformed costlessly into
capital. Instead, to produce investméntthe amount (1) of final goods is needed:

I 2
§(I;) =1 + 0.5 (It—tl — 1) , 2>0. ()

To finance parts of her operations, the entrepreneur borfimas the bank one-period loads;, on
which she has to pay the gross loan r&fe ;. The entrepreneur’s budget constraint is

PELiRE |+ E(Iy) + piWiN, + dF = pi Ly + pi'Ys, (10)

wheredf is the entrepreneur’s dividend income. She derives utifiyn consuming this income
according to the following utility

(thJrs - ¢Edﬂs—1)1_0E -1

1—0pg

U=E Y B (11)
s=0

The entrepreneur’s risk aversion differs from the risk ai@r of the worker. Below we will fixo g to
be lower thars,,, making the entrepreneur less risk averse than the wonkgalying that less risk-
averse people are more likely to become entrepreneurs).sdlijective discount factg#, however,
is the same for all agents. Like the worker, the entreprehagrhabits in consumption, with the
prameten) . The first-order conditions of the maximization of the eptemeur’s utility (1), taking
into account the constraint8)¢(10), are:

(1—a)z (%)a =W, (12)
a—1
BE, l(%) (pta+1(l2t+1 (ﬁ:j) + fl(It—H) (1 _ 5))] _ §I(It) (13)
BE; l@ (%) RL} _1 (14)
Py or t

(af — vpdfy) " = vuB (s - vpdf) " = ey

The final goodF; used for consumption and investment is bundled from homdaeiyn intermedi-
ate goodsg; andb,, via the following CES-aggregator:

Fi= (wh (@) + (1= )8 7).

whered is the elasticity of substitution between home and foreigads and) < w < 1 is the share
of the home intermediate good used for the final good in cas®wél pricesw > 0.5 corresponds
to a home bias in consumption and investment. A cost-mirdtiia argument yields the demand
functions fora; andb; with p? denoting the relative price of foreign intermediate goauserms of
the final good:

_ 0
ar=w(pf) " F, be=(1-w)(pt) F
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4.3. The Bank

The bank collects deposits from the worker, makes loansetetitrepreneur, and trades foreign assets
with the rest of the world. Foreign assets, ; are measured in terms of foreign intermediate gd8ds.
The value of foreign assets in terms of the home intermedjatel is therefore, A1, wherep, =
p?/p} are the terms of trade defined as the ratio of import to expares. p? is set constant due to our
small open economy assumption. AsKollmann et al.(2011), the bank faces a capital requirement.
The capital in period, L;11 + ptAs1 — D¢ir1, should not be below a fraction of the bank’s
assetsL; 1 + ptArr1. When the bank does not meet the capital requirement, keese capital

xy = (1 —v)(Ley1 + peAir1) — Digq IS negative, it incurs a cost. These costs might be imposed by
the regulators or by market discipline and depend in an &sing manner on the amount of capital
falling short of the requirement. The cost functiof;) has the following convex forn¥

8(e0) = dra+ ().

If capital is below the requirement the bank faces positsts; whereas holding more capital than
required reduces the chance of falling below the constrtieteby easing market operations and re-
ducing operation costs by addiggz;) > 0.2° All bank operations - collecting deposits from workers,
handing out loans to entrepreneurs, and holding foreigeteisdead to linear operation codts The
bank’s budget constraint is:

N2
pf (Lt—H + DiRP | + T(Diyq + Liy1 + A1) + d(2) + X_2A (At+1 - A) ) (15)

+ pP Ay +dP =p? (LthL_l + Dt+1) + pP A R Q,

whered? is the banker’s dividend income. To induce stationarity wsuane that the foreign assets
are subject to quadratic portfolio adjustment costs Gaemitt-Grohé and Urih003. Specifically,
holding foreign assets that are different from their stesidye valueA is costly. The foreign asset
pays a risky return. We differentiate between two companémt determine this return. In normal
times, the return is autocorrelated and subject to a shoitkandomparable low variance. That is, the
expected gross return of foreign assets accumulated iagoeri 1, denoted byR{*, is exogenous and

18Actually, more than half of the claims by German banks on residents are denominated in Euro. However, here we
focus on financial developments originating in the US finaheiarket and the vast majority of German banks’ claims
on the US are denominated in US dollar, on average around 90%.same percentage applies to overall claims on
non-residents by UK banks.

19This form guarantees that the bank has an incentive to reuhe steady-state bank capital after shocks in the linedri
model. Note that an approximation &f, which plays an important role in the bank’s first-order dtinds below,
featuresp, times excess capital. The parametethence determines the effects of bank capital deviating ftetarget
on the bank’s costs.

2Note the difference between our setup and models that efizghasnlinearities, such askinci and Queralta2014).
These authors assume an occasionally binding leveragéraiongor banks. The bank in our model faces a similar
constraint that becomes stronger, the further it falls Wwedocertain capital-asset ratio. Given that banks were still
paying dividends in the crisis, we think that an increasjirsiticter constraint is a good description for the restrits
that banks were facing during the crisis.
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follows an AR(1) process:
log(R{") = (1 — pr)log(R™) + prlog(RiL ) + Ry

In addition, the stock of foreign asseds; with @, = 1+cr+ may be subject to an unpredictable i.i.d.
shock, which represents fundamental re-evaluations, asietrite-downs. In normal timesg; = 0,
while a large negative value represents the financial-aiasirock, as defined in Secti@ We make
this distinction due to the unprecedented nature of thditestcial crisis and the high write-downs on
loans and assets (as discussed in Se@&itn The results are identical whether we use the valuation
shock as the crisis shock or calibraie' to the size of the valuation shock and assymeo be zero
during the crisis. The missing autocorrelation corresgdiacthe singularity of the crisis and allows
us to study the impact of the realized, unexpected writerdowThe longer-lasting effects of the
financial-channel shock (see Sectl®nare hence not mechanically induced by an assumed positive
autocorrelation.

The banker consumes her dividend income and maximizes ifigr futnction

l—-op
v S | ()
s=0

1—o0p

by choosingl; 1, Ar1, Diy1, Subject to the budget constraidsf. The first-order conditions are:

pa dB ~9B i
BE, |~ <—t§1> RE| =14T+¢(z)(1 - 1), (16)
by dy
b B \ B i
Pie1 [ dida A I / XA <
128 el o R =1+— 1—7)+ 25 (A — A 17
BE pé’ (dtB ) 1@yt +pt + ¢ (z)( v) + o ( 41 ), an
pa dB ~9B i
s, |Vt < —t?> RP| =1-T+¢/(a). (18)
by dy

4.4, Market clearing and definitions

We assume that the costs incurred by the bank are paid in tefrtte home intermediate good.
The bank has to buy these resources from the entreprenews, Tiarket clearing for the home
intermediate good requires

N2
Yi=a; +a;j + ¢(z¢) + T(Dyy1 + Lig1 + A1) + X7A (At+1 - A) ) (19)

whereay is the amount of the home intermediate good exported to #tefehe world.
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It is determined by (see, e.glystiniano and PrestpR010
ai = (1—w) ()" V7" (20)

Exports depend on the relative price for the home intermtedjaod in the rest of the worlg“, which
is inversely related to the terms of trage and on foreign demany,* that follows an AR(1) process

log(Y;") = py log(Y,"1) + ey, (21)
whereer; represents our trade-channel shock. Net exports scaledify&Ee

a; — piby 22)

nry = %
t

Finally, market clearing for the final good requires thatpiteduction equals aggregate consumption,
which is the sum of worker, entrepreneur and banker consampilus goods used for investment:

F,=Cy+df +df +&(1L). (23)

4. 5. Calibration

The model is calibrated to match properties of the Germana@conomies. An overview of the
calibration exercise is shown in Talle If not specified otherwise, the sample period runs from the
first quarter of 1991 to the fourth quarter of 2042 A detailed description of all data sources and
availability can be found in AppendiA. A period in the model corresponds to one quarter. Our
aim is to make the calibration as specific to each country asiple. That is, we try to capture
the different economic structures by setting those pamrsdd country-specific values for which
sufficient data exist. In the following sections, we will thasses the role of crucial differences in
economic structures across the two countries for the tressgon of the financial crisis.

In the table, we first list the parameters which are set egdafl Germany and the UK. The elas-
ticity of substitution between home and foreign godds fixed at a standard value in the literature
(Backus et al.1994). Physical capital depreciates with a ratejct 0.025 per quarter. Similar to
Davis (2010, the parameter governing portfolio adjustment costs ssimed to take a small value,
x4 = 0.005. We follow Kollmann et al.(2011) and assume log utility for the worker and the banker
and almost risk-neutral entreprenet#sAs in Gerali et al.(2010, entrepreneurs and workers have

2our following results do not change significantly if we end gample in 2007Q4.

22Besides the positive influence of lower risk aversion on #sion to become entrepreneurs, the implied higher Vioyati
of entrepreneurial consumption is in line with the empiritading of a higher consumption volatility of wealthier
people, se€arker and Vissing-Jgrgens@®09 for evidence based on the US Consumer Expenditure Surieylagy,
Vissing-Jargensef2002 shows that the implied intertemporal elasticity of suiogiton of stock holders is much higher
than that of non-stock holder#it-Sahalia et al(2004 document that sales of high-end luxury goods are an order of
magnitude more volatile than aggregate consumption. Mopoitantly, we also obtain sensible predictions for bank
behavior. There is widespread evidence that banks weretagliito cut dividends during the financial crisis, despite
accumulating losses. See, for exampleharya et al(2011) for US and non-US bank§loyd et al.(2015 for the US,
andAcharya et al(2016) for Europe. Setting g =1 gives predictions in line with these observations.
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Table 1: Calibration

Parameter GE UK Target/Source

Trade price elast. 0 15 15 BKK (1994)

Depreciation rate ) 0.025 0.025 Annual

Portfolio adj. cost XA 0.005 0.005 Davis (2010)

IEOCS OB =0y 1 1 Log utility

Entrepreneur IEOS op 0.01 0.01 Risk neutral

Utility parameter Yy =Yg 0.85 0.85 Gerali et al. (2010)
Convexity of costs ¢"(0) 0.25/Y 0.25/Y Kollmann et al.(2017)

St. st. slope of costs ¢'(0) -0.0037 -0.0027 rp = 2.69% (GE),3.73% (UK)
Labor Supply N 2.46 3.18 L/Y=33% (GE), 25% (UK)
Preference for deposits wh 0.021 0.019 x=0

Discount factor Ié; 0.986 0.985 rr, =5.6% (GE),5.91% (UK)
St. st. A/L A/L 0.58 1.37 GE/UK data

Home bias w 0.63 0.71 GE/UK data

Capital share Q@ 0.30 0.35 "

Investment adj. costs = 0.0324 0.0221 or/oy =2.16 (GE), 3.32 (UK)
St. st. capital/asset ratio ~y 0.0435 0.065 GE/UK data

Operation costs r 0.0035 0.0026 Spread= 2.91% (GE), 2.18% (UK)
Autocorr. trade Py 0.95 0.96 SUR estimation

Std. Dev. trade 1.53% 1.51% "

Autocorr. TFP o 0.76 0.93 "

Std. Dev. TFP 1.05% 0.64% ”

Autocorr. for. return PR 0.097 0.076 !

Std. Deuv. for. return 4.37% 4.46% "

Corr. TFP & trade Core(, ey 0.39 0.46 "

Corr. TFP & for. return Cord, ,cR) 0 0.28 "

Corr. trade & for. return Corely~,eR) 0.28 0.27 K

Crisis Shocks

Financial-channel shock > -10% -7.25% For. write-downs
Trade-channel shock er -10.76% -10.35% For. demand

Autocorr. trade-ch. shock  py« 0.53 0.53 yoyAY*

the same consumption habits. As demonstrated in det&ibilmann et al.(2011) and supported by
micro evidence cited therein, the value for the curvaturthefexcess cost function is consistent with
the empirical relation between loan-to-deposit ratios iatefest rate spreads.

The following parameters are matched to data from the UK agmin@ny. We set the parametesuch
that trade openness in the model w matches the average trade openness of Germany and the UK
during the sample period. The capital shares in producticorrespond to the average capital shares
in Germany and the UK over the sample period. We use the ineggtadjustment cost parameter

to match the relative volatility of investment of the moded,, the standard deviation of investment
relative to the standard deviation of GDP (see taBlesd3). To calculate the relative investment
volatility, we simulate the model including all shocks siltaneously, see below.

The approximate capital ratio/ of German banks, i.e., the ratio of bank equity to total bas&ets
(not risk-weighted), was 4.35%, whereas for the UK thisoratas 6.5%. The steady state deposit
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and loan rates correspond to their respective averageseshking spreads in steady state are 2.91%
and 2.18%, implying specific values fbr Excess capital in steady state is zero. Together with the
bank’s costd” for handling deposits, loans, and foreign assetsdetermines the deposit and loan
rates, and hence the spread. These parameters are thestftrenatch both interest rates (see above)
for both countries. The loans to physical capital ratio,skhiogether with: = 0 determinest” and
UP is set such that the ratio of loans to annual GDP in steadly statches the mean of the empirical
counterparts for Germany and the UK. We set the A/L ratio etpullS securities to domestic loans.
The loan interest rate also determines the subjective aigcactor, which results from the Euler
equation of the entrepreneiir.

The foreign demand process is approximated using a sergegajing trade-weighted total imports
of a broad set of trading partners for Germany and the UKudtiol the respective top 10 trading
partners. Since the trade weights differ between GermahytenUK, we obtain two slightly different
series for Germany and the UK (see Apperdlifor details). Because this measure consists of overall
imports, it mainly reflects developments in the trading pans, instead of events in Germany or the
UK, respectively. The AR(1) process for TFP is estimatedmedrly detrended German log TFP and
similarly for the UK. For the return process of foreign asseé combine data on stock and corporate
debt returns, see Appendixfor details. We also match the empirical correlations betwihe three
data series via a SUR estimation. The correlation betweseretarns to foreign assets and home TFP
shocks for Germany is not significantly different from zdror the UK, on the other hand, it is 0.28.

5. Theoretical predictions

5.1. Business Cycle Statistics

Before we analyze with our model how the financial crisis wasgmitted, we first examine whether
itis able to capture features of normal German and UK busiogsles. For this purpose, we compare
second moments of HP-filtered German and UK data for the gpei$®1Q1-2012Q4 with uncondi-
tional HP-filtered moments of the model. For all simulatioms linearize the model around the steady
state?* For the three shock processes for TFP, trade and foreigi-asarns, we use the fitted AR(1)
processes as described in the previous section. The \@iusidock does not play a role under normal
circumstances. Hence, we only include the shock procesadanal’ foreign asset returns.

Tables2 and 3 present moments of the data (Column 1), of the model withhaltks (Column 2),
and of the model including TFP, trade, and foreign assetnmetbocks individually (columns 3-5).

BWe also note that the consumption share of the worker in theeirie 71.3% for Germany and 67.0% for the UK in
steady state. Subtracting their interest income (from siép)p we obtain 70.4% (Germany) and 65% (UK) as the labor
share. Although not calibration targets, these valueslase ¢o the average observed labor shares of 63% in Germany
and 66% in the UK (averages over 1991-2012 from the AMECO Hate of the EU, corresponding values without
crisis period: 64% for Germany and 66% for the UK).

2"We use a smoothing coefficient of 1600 and take logs of allatées before filtering, except for net exports and the
interest rate spread, as these variables are already sggraspercentage points. We also employed a second-order
approximation, yielding virtually identical results faf experiments in the paper.
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Table 2: Business cycle statistics of German data and the model

Data Model
All TFP Trade FAret. Nofin. fric

(1) @ 6 @ (5) (6)

Std. dev. output 1.56 1.81 171 0.04 0.61 1.66

Relative standard deviations

Consumption 0.46 0.70 058 2.79 1.35 0.56
Investment 2.16 216 196 9.76 2.82 2.16
Hours 0.43 0.63 045 149 1.41 0.42
Deposits 0.95 0.81 043 7.36 1.84 0.52
Loans 1.53 164 1.03 8.89 4.19 0.95
Interest rate spread 0.38 0.12 0.03 0.86 0.38 0.00
Terms of Trade 0.76 0.67 0.63 2242 0.68 0.66
Net Exports 0.48 0.35 0.20 7.15 0.74 0.26

Correlation with GDP

Consumption 0.42 0.74 081 0.1 0.80 0.79
Investment 0.88 0.92 096 -095 0.75 0.96
Hours 0.68 0.83 092 0.95 1.00 0.91
Deposits 0.09 0.10 0.17 -0.82 -0.02 0.21
Loans 0.00 -0.11 -0.13 0.26 -0.16 -0.08
Interest rate spread -0.39 -044 -0.96 -0.82 -0.97 -0.65
Terms of Trade 0.31 056 095 0.81 0.33 0.61
Net Exports 0.24 021 024 -0.69 -0.46 0.41

The model is able to replicate many features of German and ulfnbss cycles. GDP volatility
generated by the model including all shocks is somewhatehifgr the UK calibration than the one
in the data. However, the volatilities of the other variabielative to GDP and their correlations
with GDP are matched well. As in the data, aggregate consampg less volatile than GDP, in
particular for Germany. Investment adjustment costs walibrated such that relative investment
volatility matches the data exactly. Loans show a highextirad volatility than deposits in the model,
similar to the empirical observations. Deposits and loaasadot more volatile in the UK than in the
German data. The model successfully replicates this difiee. While it is not able to generate the
negative correlation between deposits and GDP for the UK@ardacyclicality in Germany, the signs
for all remaining variables are matched correctly for bathrdries. The terms of trade—typically
difficult to match for international business-cycle modealse, e.g.Enders and Mille2009—are
also predicted to be procyclical in both countries. The nstisking difference between Germany
and the UK in terms of correlations is the opposing sign ferdbrrelation of the net export-to-GDP
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Table 3: Business cycle statistics of UK data and the model

Data Model
All TFP Trade FAret. No fin. fric.
1) @ O 4) (5) (6)
Std. dev. output 1.15 2.17 1.27 0.18 1.53 1.22

Relative standard deviations

Consumption 0.83 0.92 062 1.25 1.11 0.56
Investment 3.32 332 273 1.80 3.57 3.32
Hours 0.58 1.13 053 1.44 1.48 0.49
Deposits 2.05 1.38 0.82 0.86 1.69 0.89
Loans 3.73 395 238 525 4.95 2.30
Interest rate spread 0.46 0.26 0.05 0.43 0.36 0.00
Terms of Trade 1.21 042 046 4.67 0.29 0.57
Net Exports 0.87 0.35 013 1.21 0.48 0.18

Correlation with GDP

Consumption 0.78 0.84 082 0.95 0.88 0.72
Investment 0.76 091 093 -0.03 0.90 0.93
Hours 0.68 094 096 1.00 0.99 0.96
Deposits -0.18 0.03 0.16 -0.72 -0.03 0.22
Loans 0.42 0.01 0.11 -0.07r -0.03 0.17
Interest rate spread -0.66 -0.84 -0.96 -0.96 -0.97 -0.25
Terms of Trade 0.16 0.02 094 095 -0.22 0.19
Net Exports -0.25 -0.72 -0.56 -0.98 -0.91 -0.07

carrelation, which is correctly generated by the model.

Considering the three shocks individually shows that theehmmcluding only the TFP shock under-
predicts the relative volatilities of the financial variebland net exports. It also generates a too large
correlation between deposits and GDP. This underlinesntipeiitance to include also the trade- and
financial-channel shocks to account for business-cycle emsn The trade-channel shock contributes
relatively little to output fluctuations. However, it is nohly the main driver of relative net exports
and the terms of trade, but has also a large impact on invesiane deposits (in Germany) and loans
(in both countries). On the other hand, its predictions ffier ¢orrelations of deposits and loans with
GDP are quite far away from the empirical values. The rettwtk brings these correlations closer
towards the data. It is furthermore responsible for a laegéqf the fluctuations in loans and deposits,
and generates volatilities of the spread that are in linh thi¢ data.

We also demonstrate the importance of the financial frictiothis model. The introduction of a
bank with a capital requirement introduces a distortionvaegige between the lending and the deposit
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rate. In the steady state, the effects of this wedge are umelérstood: the marginal product of
capital does not correspond to the marginal rate of sulistituthereby lowering consumption and
output. The effects of a time-varying spread, however, ese $traightforward. To analyze those, we
conduct simulations in which we leave the steady-staterdish as in the baseline calibration, but set
$2 = 0.0001.2% Up to a first-order approximation, the bank has no incentiveeturn to the required
bank capital. Hence, the spread does not depend on the fdvahk capital in the linearized model,
eliminating the effect of the financial friction on the modiginamics. Column (6) in tablédand3
shows the results. They are close to those obtained if on §itocks occur. We conclude that the
financial friction is important in generating realistic mess cycle fluctuations in our mod&l.We
discuss the importance of the financial frictions for th@sraission of the crisis in Sectidh

One main difference between Germany and the UK is the steictubanks’ balance sheets. While
German banks are traditionally very engaged in providiran$oto domestic entrepreneurs (with a
loan-to-GDP ratio of 33% compared to 25% in the UK), bankshie YK invested much more in
foreign financial asse. The resulting difference in the A/L ratio is responsible folarge part of
the differences between the simulated German and UK ecasoWe discuss the resulting changes
in business cycle statistics in Appendsx while Section6 analyzes the importance of the different
calibrations for the transmission of the crisis.

5.2. Crisis Transmission

In this section, we assess whether the model economy casateptharacteristics of the German
and UK downturns during the financial crisis. In particulag are interested in how the theoretical
prediction for the effects of the trade and financial chanagldefined in Sectio and formalized in
Sectiond, relates to the empirical estimate of their combined effe&ection3.2 Remember that for
the reasons explained there, it is inherently difficult teeditangle the two shocks empirically. Once
we are confident that the model is able to key aspects of this @pisode, we will investigate both
transmission channels in isolation. The magnitudes of lhoels are chosen to match the observed
declines in trade and bank asset values. The financial-ehahock for Germany is set to -10% to
match the estimated losses on foreign loans and securitesréd by German banks, for the UK it
is -7.25%28 Hence, foreign assets are hit by a one-time valuation sheglof —10% or —7.25%,
respectively. The trade-channel shock is set to -10.8% f@any and -10.4% for the UK, based

B\We thereby avoid a unit root. Investment adjustment costseaset to generate the observed investment volatilities.

%Contrary to usKollmann et al.(2011) find a more limited role for financial frictions during norhtausiness cycles in
a distinct but related model. This can be explained by thierdift types of financial shocks considered. While they
focus on loan-default shocks, which were at the center ofitlaecial crisis in the US, we consider variable returns on
foreign asset holdings, as they were an important trangmishiannel from the US to financially connected countries.
These returns are much more volatile than losses on loamthdrmore, write-downs on domestic loans are equivalent
to transfers to domestic entrepreneur&olimann et al.(2011). In our model, the lost resources have a stronger effect
as they do not appear in other agents’ budget constrainesn ¢ihat they represent transfers to the foreign country.

?"In this paper, we take these differences in economic stres@s given. Explaining those is the subject of a largedlitee,
see, among othergjlly (1989, Allen and Galg2000, andSylla and Wright(2004).

28Using write-downs instead of changes in asset values allmite disentangle actual losses from, e.g., sales. See Ap-
pendixA for all calculations and data sources.
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Figure 7: Impulse-response functions to simultaneous trade- anddialachannel shockssolid lines
represent IRFs for Germany, dashed lines for the UK, dotte for German calibration with shocks and A/L
ratio of UK. Variables are expressed in percentage deviatimom steady state, except spread (in percentage
points p.a.), capital-asset ratio, and net exports over @D in percentage points).

on our measure of external demand, see Sedibnlts autocorrelation is adjusted to 0.53 for both
countries. We hereby intend to capture the relatively slemgth of depressed demand in the crisis,
compared to normal times.

Figure 7 displays the impulse responses to a negative trade- andudtamous negative financial-
channel shock for Germany (solid line) and the UK (dashed)fi As shown in the graph, the
model predicts reductions in output, investment, expdrasks’ foreign assets, bank capital, loans,
and an increase in the loan-deposit interest rate sprelaith, lale with our empirical observations
in Section3.2 Additionally, also consumption, deposits, and hours wdrlare predicted to fall,
while the terms of trade depreciate. The main differencésden Germany and the UK occur in the
responses of foreign assets, loans, deposits, the spmddhaestment. The initial impact on GDP
following the simultaneous shocks is slightly higher forr@any, while the UK suffers from a more

2Here and in the following we simulate the model either forianeous or for isolated occurrences of the financial-
and/or the trade-channel shock. We set the correlationdsetwhocks to zero, such that the other shock (in the case of
isolated shocks) and TFP remain constant.
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Table 4: Model responses Germany

Maximum response Cumulative response
Data Both TC FC Both TC FC

Output -4.79 -242 -1.79 -0.87 -537 -1.38 -3.99
Consumption -1.10 -1.29 0.26 -135 -439 0.89 -527
Investment -557 -160 175 -257 -563 577 -11.40
Hours -2.25 -3.46 -256 -1.17 -759 -213 -5.46
Deposits -0.10 -3.70 -2.17 -159 -13.33 -9.04 -4.29
Loans -1.01 -201 149 -350 -3.19 6.23 -942
Interest rate spread 0.94 0.29 -0.08 0.37 1.40 -0.37 1.77
Terms of Trade 114 188 197 0.10 6.31 6.18 0.14
Net exports -1.49 -2.78 -3.05 058 -294 -535 241

First column displays maximum responses in the four perfotlewing the shock as estimated in Sectid8r2. Other
columns show results from simulation of the model, with eitboth shocks (second and fifth column), only the trade-
channel shock (third and sixth column) or only the financtennel shock (fourth and seventh column) operating.

sluggish recovery. We will provide intuition for these riisuwhen discussing the reactions to the
individual shocks in Sectio6.

In order to systematically compare the model predictiorth thie data, we use the estimated reactions
in both countries to the ‘crisis shocks’, as identified in YR of Section3.2 Table4 compares the
maximum responses of the empirical impulse-responseiturgcin Figureb to those predicted by the
model (Figurer) for the German calibration, while Tabgpresents results for the UK calibration and
the empirical counterparts of Figuée Column (1) shows the maximum responses of the empirical
reactions, Column (2) the model predictions after the agerwe of both shocks. The maximum
responses are calculated in the four quarters followingstioeks in both cases. The model is able
to replicate 51% of the estimated output decline following trisis shocks for Germany. This might
be an indication that our empirical estimates are correlstgh further negative shocks, such as
uncertainty shocks, and/or transmission channels thaiarsubject of this paper. Nevertheless, the
model predicts the sign and value of most other variablety faiell, as discussed below. The UK
estimates are closer to the predictions of the model, whiskerc79% of the estimated maximum
output decline after the crisis shocks.

Importantly, the tables also display the reactions triggdry each channel individually. For Germany,
the trade channel in the model (Column 3) explains around &fe estimated drop of output in the
VAR, while for the UK the number is 34%. The isolated financhannel (Column 4) triggers a re-
duction in output of 18% and 57% of the estimated output dooisiermany and the UK, respectively.
The fraction of the total output decline predicted by mothalt tcan be attributed to each channel is
hence almost opposite for both countries. While in Germhaytiade channel alone generates an out-
put drop of 74% of the decline generated by both channelghegéresulting from -1.79%/-2.42%),
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Table5: Model responses UK

Maximum response Cumulative response

Data Both TC FC Both TC FC
Output -2.84 -223 -097 -162 -7.28 030 -7.58
Consumption -1.87 -1.75 039 -200 -6.18 165 -7.83
Investment -6.07 -3.57 3.00 -5.64 -1492 9.01 -23.93
Hours -2.07 -342 -150 -2.36 -10.86 0.14 -11.00
Deposits -3.67 -3.69 -1.13 -2.72 -11.98 -460 -7.39
Loans -5.67 -5.03 3.25 -8.28 -10.80 12.24 -23.04
Interest rate spread 0.75 0.49 -0.15 0.65 227 -0.71 2.97
Terms of Trade 0.61 164 167 0.25 6.14 5.26 0.88
Net exports -0.33 -1.93 -239 080 -090 -4.44 3.54

See Tablet for description.

the financial channel triggers 36% of this respotséor the UK, the proportions are 43% for the
trade channel and 73% for the financial channel.

The trade channel is the driving force behind the developsnerthe external sector of both countries.
The depreciation of the terms of trade is predicted relbtivesll for Germany, mainly attributable
to the trade channel. German net exports are predicted|teulastantially, although more than in
the data. Because of Germany’s larger trade dependencss tvauked, and deposits, are also influ-
enced strongly by the trade channel. The financial chanagkp smaller role for the output drop
in Germany, but is essential to bring about a decline in l@asan increase in the spread. It also
has a much more detrimental effect on investment than tke-thannel shock, although the model
strongly underpredicts the investment slump. Arguabbsemiuncertainty after the crisis, which might
have been correlated with the identified empirical shockdsonot present in the model, might have
contributed to this extreme response in the data. The drdeposits is overpredicted, but note that
the empirical response reaches lower levels after thalditperiods.

For the UK, the two channels combined played a larger rolg¢hferreaction to the crisis. The drop
in output is relatively similar to the empirical counterpawhich is mostly caused by the financial
channel. The fall in investment is again underpredicted ldgs than in the German case. Deposits
drop similarly in the model and in the data. Loans, as in tha,d&re predicted to fall more than in
Germany. The trade-channel shock is again the main drivibiederms of trade and the trade balance,
whose response is, despite being too large, correctly giegtito be less strong compared to Germany.
The financial-channel shock, on the other hand, is more dambifor the UK than for Germany. It
exerts strong negative pressure on consumption, investaeposits, hours worked, and loans. It also
pushes up the spread in the crisis.

To summarize, the model does well in predicting the reasti@himportant variables in the crisis,

%The numbers add up to more than 100% for some variables, asakinum responses following shocks through each
channel can occur at different times.
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with some exceptions. In particular, the model response® shdecline in macroeconomic activity,
with output, consumption, investment, and hours decrgdsitowing the shocks. Similarly, deposits,
loans, and net exports fall, while the interest rate spresms$ The model hence predicts the correct
signs for all of these variables if compared to our estimizten Sectior3.2 To account for the impact
of the financial crisis on Germany and the UK, it turns out taheeial to consider the simultaneous
occurrence of the trade- and financial-channel shocks. intndation also highlights the role of each
channel for specific variables, particularly the dominaatée trade channel for Germany and the
financial channel for the UK.

6. Inspecting the mechanism

To gain more insights into the dynamic responses triggeyatdotwo shocks, we display the impulse-
response functions for the financial- and the trade-chasimetk separately in figurésand9 and
provide intuition. The responses in Germany are again thxpiay blue solid lines, while red dashed
lines represent UK responses. The shocks have the sametutsgnas before. Both lead to a decline
in output and hours, where the financial-channel shock ggering hump-shaped responses. The
reactions of other variables, in particular bank capital exports, differ more starkly across shocks.
As already seen in tablgsand5, we find that the developments in Germany and the UK can only be
explained by a combination of the trade- and the financiahokl shock. Both shocks would predict
the wrong sign for key variables if they occurred in isolatio

In the case of the financial-channel shock, the deteriaratédue of foreign assets leads to a decline
in bank capital. Interestingly, the relatively lower wrilewns on UK foreign asset holdings, resulting
from the better portfolio choice of UK banks relative to th&erman counterparts, translate into a
larger drop of the capital-asset ratio because of the mugedaatio of foreign assets to loans (and
to GDP) in the UK. Correspondingly, the spread increase®rsimongly and the output drop is more
pronounced in the UK. Specifically, the shock sets off andase in the loan-deposit rate spread by
about 0.4 percentage points for the German model and by @&duyiercentage points for the UK,
which translates into a fall of loans and deposits. The bssal the larger increase in the spread
reduces domestic demand, that is aggregate consumptiomarsiment, relatively more in the UK,
which lowers prices of domestically produced goods. Theltieg) depreciated terms of trade increase
exports slightly, by less than 0.5% over four years, whilpams fall. Germany, on the other hand,
experiences an even smaller depreciation of the terms @ taa its higher openness implies that a
larger part of the reduction in demand falls on foreign godde hence obtain a relatively subdued
expansion of exports.

In contrast, bank capital increases in the case of the thdenel shock, putting downward pressure
on the spread. This is driven by a positive response of loatsaeduction of deposits during the first

31Since the considered shocks are idiosyncratic to the fore@intry, they naturally have stronger effects on relative
variables than common shocks. They also generate co-maondragveen Germany and the UK as those economies are
hit by similar external shocks.
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Figure 8: Impulse-response functions to financial-channel sheek Figure for descriptions.

few quarters. Deposits are reduced by workers to smoothedutrtpact of the shock on consumption,
while loans increase due to a lower loan rate. The lattedteeBom an expected appreciation of the
terms of trade, i.e., back towards the steady state aftanitiied depreciation that follows the reduc-
tion in demand. Expected returns on foreign assets in dicn&strency hence fall and by arbitrage
also domestic loan rates. Foreign assets in domestic ayriptotted) decline despite the deprecia-
tion, as they become less attractive. Instead, the bants stafassets towards loans until expected
returns are equalized. The initial slight increase of agapee consumption following a trade-channel
shock is mainly driven by consumption of entrepreneurs lseaf intertemporal consumption shift-
ing, triggered by the reduced loan rate. Since they are alrisisneutral, entrepreneurs react strongly
to interest-rate movementé. Bankers’ consumption also increases because of risingriadoom
lending activities and the increasing domestic value ofifpr assets, but its share in aggregate con-

$2While the positive consumption response might seem coiaatel at first sight, note that we consider the effects of a
very temporary reduction in foreign demand. In the mode$ known to all agents that external demand will recover
fairly quickly, such that negative wealth effects are liedit We thereby exclude elements that could reduce consompti
and investment, such as uncertainty about the future dewedot of external demand. The exclusion of this and related
channels is in line with our analysis, as we are merely isteckin the narrowly defined trade channel. Settiag= 1
eliminates the positive consumption response withoutiségmtly changing the remaining responses.
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Figure 9: Impulse-response functions to trade-channel sheekFigure for description.

sumption is very low. On the other hand, consumption of warkerhich constitutes the largest part
of aggregate consumption, falls. Lower interest rates dgtieh net exports, which turn into a surplus
because of the continued depreciation of the terms of tfedd,to a quick and overshooting recovery
of GDP. The main difference between the German and the UKiosaio the trade-channel shock is
again due to the larger foreign-assets-to-loans ratiogrit. The depreciation of the terms of trade
increases the value of UK foreign assets in terms of domgsticls relatively more, such that bank
capital rises more than in GermatiyThe resulting larger reduction in the spread stimulate tioa-
omy more in the UK. The large exposure to foreign assets, wleiads to detrimental effects in case
of the financial-channel shock, hence serves as an autostaliitizer after a trade-channel shock.
Comparing the output responses for the two shocks showshhatitial impact of the trade-channel
shock is higher relative to the financial-channel shock ferr@any and vice versa for the UK. How-
ever, in both cases output needs much longer to recover fierfirtancial-channel shock. Given that

%*Remember that bank capital in perioi L4 1 +p: A¢1 — D¢+ 1, Where the terms of trage unexpectedly rise following
a trade-channel shock. Asset returns typically fall in sroélower external demand because of deteriorating ecanomi
situations abroad, another factor that links falling exéédemand to negative wealth effects. This effect is deditedy
not captured in the trade, but in the financial channel of oodeh
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Figure 10: Relative impact of trade- and financial-channel shock fom@ay. Dark grey areas represent
effects of the trade-channel shock, light grey areas shéeetsfof the financial-channel shock. Thick lines
depict aggregate response. Variables are expressed ienpgge deviations from steady state, except the
spread (in percentage points p.a.), capital-asset raibnet exports over GDP (both in percentage points).

German and even more so UK output in the third quarter of 2049 still below its level two years
before, the financial-channel shock plays an importantirokxplaining the prolonged recovery. To
visualize these aspects, we plot the relative contribstiohboth shocks in Figur&0 for Germany
and Figurell for the UK. The dark grey area depicts the contribution ofttade-channel shock, the
light grey area represents the contribution of the finardi@nnel shock, while the thick black line
plots the aggregate response. As the figure shows, the ¢redeiel shock explains almost all of the
movements of net exports and the terms of trade, while thediakchannel shock is responsible for
most of the reactions of consumption and the financial veglbDeposits in Germany and foreign as-
sets in both countries, however, are also driven to a nofigilglg amount by the trade-channel shock.
Concerning GDP, the trade-channel shock’s relative inflags largest on impact, especially in Ger-
many. Longer horizons, on the other hand, are dominatedebffrtancial-channel shock. This is also
reflected in the cumulative responses, presented in Col@®+(g) of tables4 and5. We accumulate
the quarterly values of individual responses over the @afghe year following the shocks. In both
countries, the financial channel has the stronger accuetljl@bntractionary impact on almost all
variables, except for net exports and the terms of tradeatfeapredominantly depressed/depreciated
by the trade-channel shock. Moreover, deposits in Germemyalao more strongly affected by the
trade-channel shock over time. This is due to the strondeinfthe spread in the UK (see above),
which dampens the reduction in deposits.
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Figure 11: Relative impact of trade- and financial-channel shock ferdliK. See Figurel0for description.

Next, we want to highlight the importance of different stures in the UK and Germany for the trans-
mission of the shocks, in particular the composition of lsafalance sheets. To do so, we conduct
the following counterfactual simulation. We take the mockgibrated to the German economy, but
change the A/L ratio to the higher value observed in the UKcAsis shocks, we also use those of
the UK. We hence obtain a hypothetical crisis path for a Gare@nomy with parts of the financial
structure of the UK and the crisis shocks as experienceckitVt Results are plotted as green dotted
lines in figures7 - 9. Any remaining differences between this scenario and theré#ponses (red
dashed lines) hence stem from other differences in theraébin.

Consider first the financial channel, shown in FigBreRemember that the UK experienced lower
write-downs than Germany during the financial crisis (inceetage terms, but larger in absolute
terms). If we equalize the A/L ratio and the size of the finahchannel shock, foreign assets fall sim-
ilarly in the hypothetical German and the actual UK econoBwgcause of the higher A/L ratio, most
hypothetical German responses are much closer to their UKtegparts, compared to the basefifie.
Using the asset-to-loan ratio of the UK value hence amplifiest responses relative to the German
calibration with German shocks, despite the lower redadtidoreign assets. Intuitively, as the shock
is applied to a larger stock of foreign assets, bank captid by more than in the original German
calibration. This triggers a larger increase in the spraatiteence stronger reductions in loans and
deposits. The largest remaining differences to the UK catiibn lie in the external sector. Because

S4FiguresB.1 andB.2 in AppendixB show the responses for the unchanged German calibratibrstitcks as estimated
for the UK (blue solid lines). Considerable differencestte UK remain.
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Germany is more engaged in international trade, the remtu@ti demand falls to a larger extent on
foreign goods. As a result of the smaller weight on domestizdg, net exports increase more, the
terms of trade depreciate less, and exports are lower cetiparthe UK. Adjusting the export share
of Germany to the UK value results in more similar respon$exjoorts, net exports, and the terms of
trade. The green dotted lines in FigBel in AppendixB depict the corresponding impulse-response
functions for the financial-channel shock. As for the UK mses (red dashed lines in the same
figure), we now also obtain a quick depreciation and a simatias increase in exports.

The green dotted lines in Figurepresent the hypothetical German responses to a tradexaha
shock, if we set the shock size and the calibrated A/L ratithtoUK value. Again, the responses
are closer to the UK responses compared to the original Gecalébration. As discussed above, the
terms-of-trade depreciation has a positive effect on thmeftic value of the foreign asset, counter-
acting to some degree the reduced demand. A larger stockeififoassets increases this effect, such
that bank capital rises more strongly and the spread fallmdne. With a higher A/L ratio, a smaller
share of foreign assets has to be transformed into loanstisfysthe increased loan demand; the
reduction in foreign assets is hence dampened further.nGhe larger steady-state export share of
Germany, the negative GDP response is nevertheless strfmmghe hypothetical German response
than for the UK. The largest remaining difference is the badraof loans. The larger steady-state
stock of loans in Germany leads to a stronger wealth effaceftrepreneurs, as their debt-service
payments decline with lower loan rates. Their expenditeeshence be financed to a larger degree
out of own funds instead of loans. Imposing equal financiaicstires, i.e., setting also the German
steady-state L/Y and capital-asset ratios to the UK valnesddition to the A/L ratio, reduces this
difference significantly. The green dotted lines in FigBt2 in AppendixB depict the corresponding
impulse-response functions for the trade-channel shokichmare very close to the UK responses (red
dashed lines in the same figure). We conclude that the firlastoigtures are important also for the
transmission of the trade-channel shock, while trade ogenplays a large role for the transmission
of the financial-channel shock as well.

Lastly, the green dotted lines in figur&2 and 13 plot important responses for the transmissions
via the financial channel, the trade channel, and a simuwta&ansmission for a model without
(dynamic) financial frictions. In this case, neither regota nor market discipline force the bank to
return to a certain capital ratio after disturbances, inmgya constant spreal.Bank capital reduces
due to the write-downs in the case of a financial-channellshmat stays relatively flat afterwards.
The constant spread causes the deposit rate to fall by legsazed to the baseline, leading to lower
worker consumption and hence higher labor supply. The tirgubwer wages depreciate the terms
of trade and increase exports. As a result, GDP increaggglglfor a couple of periods.

The responses to a trade-channel shock are changed lesiitidieeaction of loans and deposits
is very similar to the baseline. As the spread remains cohst@wever, there is a slightly smaller

%As we simulate a one-time shock, we cangét=0 despite the resulting unit root, different to the businegsle simu-
lations above. The steady-state interest-rate spreatt &t iés baseline value in order to compare scenarios wittakeq
steady states.
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positive effect of a falling spread on GDP (and consumptidijs effect is stronger for the UK since
its spread falls by more in the baseline scenario. If botltlshdappen simultaneously, the relative
positive effects of the financial channel dominate: GDP amusumption are higher relative to the
baseline. Furthermore, note the different long-run ingilans. Given that bank capital is free to
remain at any given level, we obtain a unit root in the modenBcapital is determined by loans and
deposits, besides foreign assets. Their values repredatite wealth positions of the entrepreneur,
the worker, and the banker. As usual in models with inconapiearkets, they do not return to the
initial steady-state (in absence of a special mechanisnthftr purpose). The resulting aggregate
long-run effects, however, are quantitatively very small.

Considering the simulation results for normal businessesy(table2 and3) and those for the trans-
mission of the crisis, we find that the financial friction isdantant for certain variables during normal
business cycles. Its largest effect, however, arises iafteemath of a negative shock that arrives via
the financial channel. Here, it reduce GDP (and consumption3iderably.

7. Policy intervention: stricter capital regulation

As a response to the crisis, some authors have asked faestapital regulation® In this section,
we increase the costs a bank incurs when deviating from timelatary capital requirement. This can
be interpreted as being consistent with the strengtherfisgpervision after the financial crisis (see,
e.g.,BCBS 2015 or the observation that since the financial crisis capitatk@ts pay more attention
to banks’ compliance with capital regulation. Alternalyyave also analyze higher mandatory capital
requirements, as called for in the wake of the financial £rfsee, e.g.Admati and Hellwig 2013
These can loosely be interpreted as being in line with thedigcapital requirements introduced with
Basel Il BCBS 2010. For example, the higher quality of capital required by@ais would play the
same role as a higher capital ratio in our model, since we tidistinguish different types of capital.
Our aim, however, is not to quantitatively evaluate the egngnces of specific suggestions, but to
assess the tradeoffs that regulators might face in the xtooteadverse spillovers via the trade and
financial channel. In particular, we are interested if thesasures can contribute to a lower and/or
shorter recession after the considered external shocks.

So far, the parameter for the bank capital cost function waatg, = 0.25/Y . A stricter enforcement
would lead to larger punishments for violations of the regjment. We explore the implications of
these larger punishments by doublingto = 0.5/Y". Figure12 shows how output, bank capital, the
loan-deposit spread and deposits react for the Germanwhge,Figurel3 depicts the UK scenario.
The initial response of the capital-to-asset ratio to siemdous financial- and trade-channel shocks
(Column 1) or to either one (Columns 2 and 3) is almost the sartiee case of a stricter enforcement

%Bank capital requirements that generally affect the foactf liabilities that banks can lend and the resulting dredi
spreads have been analyzed by a number of studies, see fopleX@uint and Rabang2014), Angelini et al.(2015),
and Brzoza-Brzezina and Makarsk2015. The exact specification of the bank capital requiremepedds on the
model and the question asked.
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Figure 12: Germany: Impulse-response functions to financial- andetcdhnnel shocks, different
bank capital cost®Responses fap = 0.25/Y (solid line), those for = 0.5/Y (dashed line), and for
¢2 = 0 (dotted line). Variables are expressed in percentage titaviafrom steady state, except spread (in
percentage points p.a.), capital-asset ratio, and netsxpeer GDP (both in percentage points).

compared to the baseline calibration. However, the sprea@ases by more in order to revert bank
capital faster back to its steady-state value. The neg&E response is hence shifted forward, i.e.,
a stronger initial response is followed by a quicker recpvéfainly responsible for this procyclical
effect is the altered reaction to the financial-channel khde case of the trade-channel shock, the
responses of real variables hardly change. For both shogkstier, the German responses are slightly
less affected by a stricter regulation, given the relagivelver importance of the financial-channel
shock for Germany. The reaction of the spread after simedtas shocks doubles, while the initial
output decline increases from 2.42% to 2.85%. The duratfdheorecession shortens by 2 quarters
(16 vs. 18 periods of GDP below trend). The initial outputplio the UK is 2.80% with stricter
regulation, compared to 2.23% before. Responsible for ttunger reaction is again the spread,
which more than doubles. As bank capital returns to normlalegaquicker, the recession is 3 periods
shorter (17 against 20).
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Figure 13: UK: Impulse-response functions to financial- and tradeaoké shocks, different bank
capital costsSee Figure 2 for description.

As a second approach to stricter banking regulations weidena higher capital requiremettt.In

the baseline calibration, we have targeted the long-rum-toaGDP ratio in both countries. Since it is
not clear a priori how the balance sheets of banks react keehigapital requirements, we will evaluate
two extreme cases: one where the size of bank balance shawmrunchanged and one where bank
capital is constant but the balance sheet adjusts to mebkigher required capital.

In the former case banks’ liabilities consist of more equity less deposits. To demonstrate the
effects intuitively, we require banks to hold a higher calpthare by doubling the steady-state bank
capitaly relative to its baseline value. Steady-state GDP is hailtiyeal under this calibration. We
depict the hypothetical responses for Germany and the UK il red dashed lines in Figuréd
and15. We observe similar effects as with the stricter enforcednd@&tussed above: the recession is
frontloaded compared to the baseline. Given the lower stbdkposits, the bank cuts the deposit rate
by more in order to restore its capital after an adverse fiakobannel shock. The resulting higher
spread has a negative impact on GDP. The recovery, howe\again faster compared to an economy

$"We evaluate this measure in isolation, ig:,is set back to its baseline value
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Figure 14: Germany: Impulse-response functions to financial- andetcdhnnel shocks, different
bank capital requiremenResponses for capital requiremen) of 4.35% (solid line), those fory =
8.7% with constant balance-sheet size (dashed line), and witstant absolute capital (dotted line). Variables
are expressed in percentage deviations from steady staptespread (in percentage points p.a.), capital-
asset ratio, and net exports over GDP (both in percentaggspoi

with lower bank capital in steady state. The falling constiompprofile of workers induced by the
lower deposit rate lets wages fall below the baseline respomhile hours worked rise above it. For
simultaneous trade- and financial-channel shocks, thetsftd# the new regulation on the financial
channel dominate, as the reaction of real variables to a4thdnnel shock is hardly altered after the
policy intervention. In terms of numbers, the initial GDRpramounts to 2.70% for Germany and
2.52% for the UK, while the recession lasts 16 quarters im@ey and 18 in the UK.

In the alternative experiment, we assume that banks keegizbeof their capital constant and thus
shrink their balance sheet in order to comply with the higtegital requirement. That is, we double
the steady-state bank capital but also adjust the steady-state loan-to-GDP ratio dowaisva We

%\We hence need to change" in the utility function. Considering this parameter inaari implies that a constant size of
the balance sheet after a required higher bank capital imtre likely outcome. In response to the Basel Il reforms
that introduced tighter capital requirements, banks hadeed increased their absolute levels of capital (see,they.
Basel Ill Monitoring Report of September 2017).
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Figure 15: UK: Impulse-response functions to financial- and tradeaoké shocks, different bank
capital requirementResponses for capital requiremeny 6f 6.5% (solid line), those fory = 13% with
constant balance-sheet size (dashed line), and with cdredtaolute capital (dotted line). See Figavkfor
further description.

also obtain a new steady-state level of GDP, around 1.7%edseline, demonstrating the adverse
effects of a lower supply of loans. The responses are shotintixé green dotted lines in figurég
and 15. Intuitively, the smaller balance sheet features lesgnate®nal assets and hence reduces
banks’ exposure to foreign losses. The resulting abso&daation in bank capital after a financial-
channel shock relative to the stock of deposits is comparatthe baseline case, such that the spread
rises by a similar amount. The lower absolute loss also latessinto a quicker recovery (only 7
quarters in Germany and 17 in the UK) and a smaller negatiyadatnon GDP (2.26% in Germany
and 1.95% in the UK, relative to the new steady state), evempeoed to the baseline. Due to the
higher foreign asset holdings, this positive effect is ma@nounced for the UK. We conclude that
the reaction of banks (and their customers) is importantHereffects of imposing a higher capital
ratio. While in both cases the recession is shorter, itshdeah be larger or smaller relative to the
baseline. Thus, the consequences of this policy can onlyddaaed taking further assumptions.

To summarize, all considered policy interventions induaherter recession in reaction to financial-
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channel shocks. Note, however, that workers’ relative avel—expected lifetime utility compared
to the baseline—falls by more in the case of a simultaneoaskstransmission with both, a stricter
capital regulation and a higher equity requirement with mstant balance sheet si¥eHigher finan-
cial frictions, resulting in a higher spread, induce rekatiow investment and GDP. Given that we
do not consider financial stability issues (risks of bankufa)), however, we hesitate to give policy
recommendations based on these results only.

8. Conclusion

In this paper, we have analyzed how the recent financiabasias transmitted internationally. For this
purpose, we have employed a quantitative business cyclelnfeaturing trade with the rest of the
world as well as a globally acting banking sector. CalittgteGerman and UK data, the model can
account for key features of empirical regular German and Ugiress cycles. In order to compare
the model predictions for the crisis episode to the data, stienate a VAR that identifies the effects
of external trade- and financial-channel shocks on Germadyttee UK. The theoretical predictions
replicate important aspects of the effects of the estimatisis shocks. In particular, the predicted
signs and relative strengths of a variety of variables a@basrved empirically.

Analyzing the relative importance of the two transmissibarmels shows that the trade channel was
more important for the transmission of the crisis to Germalug to its larger trade openness. The
financial channel, on the other hand, played a stronger ooldné& UK. Specifically, the German bank-
ing system had to write down a larger share of its foreigntasbeit the resulting effects were less
severe due to the relatively smaller holdings of foreigretsssT his underlines the greater vulnerability
of the UK economy to the kind of financial-channel shocks @m®red here, i.e., losses on foreign as-
sets. In case of a trade-channel shock, however, largeiniysldf foreign assets serve as an automatic
hedge because of the induced terms-of-trade depreciation.

Since the transmission via the financial channel has lolagting effects than the trade channel, it is
responsible for the prolonged recessions that followedittaacial crisis, in particular in the UK. By
the same token, the cumulated effects of the financial cthameemore contractionary than for the
trade channel, except for the reaction of internationaleéraRegarding possible policy experiments,
we consider the effects of two forms of stricter bank capiggjulation. It turns out that a stricter
implementation of existing requirements would frontlohd tecession, as banks increase the spread
by more to rebuild capital quicker. The effects of higheritzdpequirements depend on the way how
banks’ balance sheets adjust to this regulation.

39If the balance sheet shrinks in reaction to the regulaticorkers’ welfare in reaction to the crisis shocks falls bysles
relative to the respective steady states if compared todkeline. This is again due to the reduced stock of foreign
assets that is hit by the financial-channel shock. Howeteady-state GDP and welfare are lower.
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Appendix

A. Data construction and sources

e Shock processes and crisis shocks. For the calibration, we use the series for the log of TFP,
the log of global demand, and the foreign asset returns inR &dression with one lag from
1991Q1-2009Q1 to estimate the AR(1) shock processes imaldimes’. Log-variables were
detrended with a linear trend before estimation. We insattiramy in 2009Q1 and use its
impact on global demand as the crisis shock of the trade ehafhe autocorrelations for the
trade-channel shock are set to values that imply the sanogages after one year (in percent-
age terms) as the observed recoveries of our global demaasunes for Germany and the UK,
respectively. The crisis shock for the financial channetasponds to the write-downs on for-
eign loans and securities between 2007 and 2010 as estimdtgdrnational Monetary Fund
(20109. For Germany we assume that the ratio of foreign to domé&sdits and securities, both
for holdings and for write-downs, is equal to the euro aresxraye, as a breakdown in foreign
and domestic loans and securities is not available. Dataria-downs are only available for
the period of the financial crisis.

e Empirical maximum responses. To compare the model predictions with empirical data, we
use the results from the VAR in Sectiéh2 Specifically, we feed the identified trade- and
financial-channel shocks for 2008Q4 and 2009Q1 as shocke ifirst period in the estimated
VAR. We denote the minimum over the following 4 periods (theximum for the spread and
the terms of trade) as the maximum response.

e GDP, its components, and hours worked: We use quarterly German and UK data for GDP,
gross fixed capital formation, consumption of household$ on-profit institutions serving
households, exports and imports of goods and services,shtaanked per employee, and total
employment from the OECD Economic Outlook. We employ daienfd991Q1 to 2012Q4.

e Loans, deposits, interest rates, and bank capital: We use data on loans and deposits from
the Bundesbank and the Bank of England. The data on loansriegtiw non-financial corpora-
tions (private non-financial corporations for the UK) stdrt 1999Q1 for Germany (series ID:
BBKO01.OXA8A4) and 1997Q4 for the UK (series ID: LPMBC57). jumsits for Germany (de-
posits from domestic non-banks) has the series ID: BBKODZR0. Data for the UK (deposit
liabilities, series ID: BSI.M.GB.N.A.L20.A.1.U6.23000Z..E) is taken from the ECB.

For the German interest rate spread, we combine data onitlapddoan rates from the Bun-
desbank (1997-2003) and the ECB (from 2003 onwards). Defiei average rate on savings
deposits with higher rates of returns, with agreed notic8 ofonths and a duration of up to
and including 1 year (Bundesbank, series IDs: BBKO01.SU}5ai@nualized agreed rate on
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deposits with agreed maturity up to 1 year from households rem-profit institutions serv-
ing households (ECB, series ID: MIR.M.DE.B.L22.F.R.A.DZ5UR.N). Loan rate: effective
interest rate on long-term fixed-rate loans to enterprisesself-employed persons of 500000
and up to 5 million Euro (Bundesbank, series IDs: BBK0O1.S0f)5annualized agreed rate on
loans other than revolving loans and overdrafts, conveeiemd extended credit card debt to
nonfinancial corporations with a maturity of at least 1 andaup years of up to and including
1 million Euro (ECB, series ID: MIR.M.DE.B.A2A.1.R.0.2240UR.N).

The UK interest spread is calculated on the basis of datatiheri=CB, which is available from
2004 onwards. Deposit rate: annualized agreed rate on itlepoth agreed maturity up to 1
year from households and non-profit institutions servingsetolds (series ID: MIR.M.GB.B.
L22. F.R.A.2250.GBP.N). Loan rate: annualized agreedaaieans other than revolving loans
and overdrafts, convenience and extended credit card detarifinancial corporations with a
maturity of at least 1 and up to 5 years (series ID: MIR.M.GBB.I.R.A.2240.GBP.O).

The ‘Bank capital to assets ratio (%)’ for Germany and the Wikaken from the World Bank
(FB.BNK.CAPA.ZS), available 2000-2011 for Germany and 22010 for the UK.

Claimson non-residentsand Claimson non-residents (US) by German and UK banks: For
claims on non-residents (left panel of Figubeand non-residents (US) (right panel of Figure
4) by German and UK banks we use data from the BIS consolidatekiifig statistics (Foreign
Claims, Immediate Borrower Basis, Tables 9B), with quéytdata starting in 2002.

Global demand and trade data: We construct the global import series by aggregating olveral
imports obtained from the OECD Economic Outlook (MGSV: Intpaf goods and services,
volume) of Australia, Austria, Belgium, Canada, China,l&d, France, Ireland, Italy, Japan,
Netherlands, Norway, Poland, Spain, Sweden, Switzerland,the United States, as well as
Germany for the UK aggregate and vice versa. These couimdkgle the top ten trading part-
ners for the UK and Germany. In order to avoid national ba$ects, we construct the global
import series by first calculating quarterly growth rategwdrall real imports of goods and ser-
vices for each trading partner and then aggregating thehtegigseries. Weights are calculated
as the time-varying percentage shares of trade (merclairdgorts+exports, obtained from
the OECD Monthly Statistics of International Trade) witle tlespective country (lagged four
quarter rolling window). The aggregated growth rates ag@ tumulated from the normalized
base year in order to transform the series into levels. Givahimports of goods and services
are not available for China, we use imports of goods (valoeLhina and the GDP deflator for
the United States to obtain volumes, both from the OECD MaionBemic Indicator database.
Values for imports of goods for 1991, which were still quitev] are extrapolated from later
observations, starting in 1992. Net exports over GDP of Gesnand the UK are calculated as
the net exports towards the same set of countries.

Foreign asset returns. We construct the return process for foreign assets usirg aatUS
stock prices and the value of US corporate debt. For the figpwe use data of the S&P 500
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total return index (from Bloomberg), while for the latter wee the Bank of America Merrill
Lynch US Corp Master Total Return Index Value that track®#tinent grade rated corporate
debt, taken from the FRED database. The two series are deflatie the US GDP deflator
and weighted by the average share of equity and corporatard€erman and UK long-term
portfolio holdings of US securities. The data for German dikdiong-term portfolio holdings
of US securities is taken from various reports on foreigntfpbo holdings of US securities
published by the Department of the Treasury together wighRibderal Reserve Bank of New
York and the Board of Governors of the Federal Reserve System

e TFP: To construct the TFP measure, we use the following quartats from the OECD Eco-
nomic Outlook: Gross domestic product, volume, marketgsiicTotal Employment; Hours
worked per employee, total economy. The UK capital shardchlwis also used in the cal-
ibration, is calculated by employing averages of nominalRGEbmpensation of employees,
and gross self-employment income received by househadds tihe same source. Because of
missing data for self-employed workers, the German casgitafte is calculated on the basis of
corresponding data from the Federal Statistical Office.aBee of a lack of data for the capital
stocks, we set capital to a constant in both estimations.

B. Additional figures and tables

Table B.1 shows the business cycle statistics for the German cabhraivhere the A/L ratio is re-
placed by the higher UK value. We note that in this case th&rmeshock generates much larger
fluctuations, i.e., volatility of GDP due to the return shackreases substantially, while other volatil-
ities and correlations remain relatively unaffected (ngtogt's and terms of trade’s correlations with
GDP decline, see below). The intuition is straightforwaag: the fluctuations in returns now affect
a larger stock of foreign assets, their impact is amplifietioc®s to total factor productivity have
similar effects as with the original A/L ratio, while we olrge some notable differences in the reac-
tions to trade-channel shocks. As explained in more det&lections, the higher A/L ratio dampens
the effects of shocks via the trade channel. A reduction tereal demand depreciates the domes-
tic currency and hence lifts the value of foreign assets imektic currency. The increase in bank
capital counteracts the negative effects of the negatagetchannel shock to some extent. Hence,
relative volatilities of all variables decline. Outputlfaless on impact after a trade-channel shock, but
turns stronger positive after some periods, such that igility increases. Importantly, the correla-
tion between net exports and GDP counterfactually turnatineg due to the trade and return shocks.
After a negative trade-channel shock, GDP recovers morkiyuivith a higher A/L ratio, although
net exports still remain negative for some periods. Follgna return shock, net exports increase by
more during the slump, as the stronger impact through aratgek of foreign assets reduces import
demand and depreciates the terms of trade fufther.

“°The difference in the NX/GDP correlation between the UK aretr@any following TFP shocks under the baseline
calibration is driven by the different autocorrelation &FH: the larger value in the UK increases the wealth effect and
hence boosts imports.
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Table B.1: Business Cycle Statistics of German data and model
(German calibration with A/L value of UK)

Data Model
All TFP Trade FAret. No fin. fric.

(1) 2 B @ (5) (6)

Std. dev. output 1.15 240 198 0.13 1.45 1.74

Relative standard deviations

Consumption 0.46 0.95 059 1.23 1.38 0.56
Investment 2.16 253 202 204 3.09 2.22
Hours 0.43 095 060 1.37 1.39 0.48
Deposits 0.95 0.84 029 1.01 1.33 0.27
Loans 1.53 271 121 435 4.31 1.02
Interest rate spread 0.38 0.23 0.06 0.62 0.38 0.00
Terms of Trade 0.76 0.56 0.63 6.95 0.35 0.64
Net Exports 0.48 042 020 2.12 0.63 0.26

Correlation with GDP

Consumption 0.42 0.79 082 091 0.91 0.79
Investment 0.88 091 096 -0.72 0.89 0.96
Hours 0.68 0.89 095 1.00 1.00 0.92
Deposits 0.09 -0.02 -0.07 -0.89 -0.04 0.14
Loans 0.00 -0.09 -0.16 -0.02 -0.08 -0.10
Interest rate spread -0.39 -0.70 -0.97 -0.96 -0.96 -0.69
Terms of Trade 0.31 0.46 095 0.96 0.09 0.64
Net Exports 0.24 -0.27 021 -0.95 -0.84 0.41

FiguresB.1 andB.2 provide some additional intuition for the model dynamicse plbt the responses
under the German calibration, but feed in the shocks et the UK (blue solid lines). Given
that the trade-channel shock is very similar for both caastdifferences to the baseline responses for
Germany arise mainly for the financial channel. The shapegaatitative responses do not change
with the alternative shocks. The effects of the financialncled, however, become smaller, as the
German financial channel was characterized by larger lassfseign assets (measured in percentage
terms). Remember that many banks, in particular the ‘Lavatgdsen’, were quite ‘unlucky’ in their
investment decisions. As a result, the financial variatdesh as the interest-rate spread, react less
after the financial-channel shock. This causes a somewsgsteong decline in output relative to the
baseline.

The green dotted lines in FiguBe1 depict the case of the same A/L ratios and export sharessattr®s
two countries for a financial-channel shock. In particuleg, still feed the UK shock into the model
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Figure B.1: Impulse-response functions to financial-channel shoakefmal shocks and the same
assets-to-loan ratio and export shaaelines represent reactions to shock values as estimated f
the UK. Solid lines represent IRFs for the German calibrgtaashed lines for the UK, dotted lines for the
German calibration with steady-state A/L and steady-s&pert share of the UK. Variables are expressed
in percentage deviations from steady state, except spieaeéicentage points p.a.), capital-asset ratio, and
net exports over GDP (both in percentage points).

calibrated to the German economy, but set the A/L ratio arcettport share to the UK values. As
discussed in the main text, this brings about an immediatest®f-trade depreciation and a simulta-
neous rise in exports in the hypothetical German respoasén,the UK responses (red dashed lines).
In fact, both variables react stronger than under the Ukbcation. This difference stems from the
different steady-state bank capital in both countries. viegiloss of foreign assets results in a stronger
reduction of the capital-asset ratio for German banks,mgiieir lower steady-state value (remember
that we plot changes in the capital-asset ratio expresspdrizentage points. German banks hence
loose relatively more for similar decreases in the plotgtigg the steady-state capital-asset ratio to
the UK value gives very similar impact responses (resuésgailable from the authors upon request).
The green dotted lines in Figui.2 depict the case of equal financial structures in both castri
for a trade-channel shock. As above, we still feed the UK khoto the model calibrated to the
German economy, but now set the A/L ratio, the L/Y ratio, dmel $steady-state bank capital-asset
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Figure B.2: Impulse-response functions to trade-channel shock, fealeshocks and the same finan-
cial structuressSee FigureB.1 for description, except dotted lines: German calibratidgih steady-state
A/L, steady-state loan to GDP ratio and bank capital-te&sstio of the UK.

ratio to the UK values. As discussed in the main text, mogioeses are then very close to their UK
counterparts (red dashed lines). The largest remainirigrelifce lies in the stronger fall of deposits.
Since Germany is more affected by the trade-channel shazkodts higher openness, workers reduce
deposits more to smooth consumption. Setting equal expares yields a virtually identical behavior
of deposits (results are available from the authors upona®t,
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