






Figure 23: The fire-sales loss (in EUR) of the UK banking system to the Spanish residential
and commercial mortgage market as a function of the stress level and liquidation horizon
(market depth). Even with optimistic market depth estimates, when the initial shock is
above 3.5%, indirect losses are non-negligible.

Figure 24: The indirect exposure (in EUR) of the UK banking system to the Spanish res-
idential and commercial mortgage market as a function of the stress level and liquidation
horizon (market depth).

Figure 25 plots, as a function of the shock size, the number of banks (out of 90 banks)
in the sample which have enough capital to sustain the initial losses but become insolvent
after a single round of fire-sales (for the standard horizon τ = 20). For moderate stress
levels (5-10%) we identify up to 10 banks (in scenario 1), reported in Table 9, which pass
the bank-level stress test but fail the systemic stress test.

Figure 26 shows the number of banks that pass the bank-level stress test but fail the
systemic stress test as a function of the initial stress level and the liquidation horizon.
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We see that the discrepancy between the outcomes of the systemic and single-bank stress
test is precisely in the regions corresponding to moderate to high stress levels typically
used in supervisory stress tests.

These results illustrate that the contagious losses from fire sales can be of a sufficiently
large magnitude to change the outcome of bank stress tests.

Figure 25: Number of banks with capital sufficient to withstand the initial stress, but fail-
ing to withstand the losses due to indirect contagion after a single round of deleveraging.

Figure 26: Number of banks with capital sufficient to withstand the initial stress, but
which fail to withstand losses due to indirect contagion as a function of the initial shock.
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Scenario Banks failing systemic stress test
after 2 rounds of fire sales

1 BFA-BANKIA
Caja de ahorros y pensiones de Barcelona
Banco popular Español
Banco de Sabadell
Caixa d’Estivalis de Catalunya, Tarragona i Manresa
Caixa de Aforros de Galicia, Vigo, Ourense e Pontevedra
Groupe BMN
Bankinter
Caja de Ahorros y M.P. de Zaragoza, Aragon y Rioja
Banco Pastor

2 DnB NOR
SEB
Svenska Handelsbanken
Swedbank

Table 9: EU banks that pass the single-bank stress test for a stress level of 10% but fail
the systemic stress test after a single round of fire sales is accounted for.

4.4 Why indirect exposures cannot be reproduced in single-
bank stress tests

An argument sometimes advanced to avoid moving to a systemic stress testing framework
is that while fire-sales effects are important and contribute to amplifying losses, their
effect can be mimicked in bank-level stress tests by applying more severe shocks, without
simulating fire sales in a detailed manner. Let us now examine the validity of this claim
using the above results.

First, we note that the total loss across all banks in the systemic stress test can
be obviously reproduced in a macro stress test without fire sales by simply scaling the
initial shock size by an adequate factor. However, in absence of fire sales, bank losses are
proportional to the banks notional exposure to the asset class subject to stress, whereas
the loss in the systemic stress test is proportional to the effective exposure, so bank-level
losses will not be reproduced correctly under this adjustment.

Figure 27 compares bank-level losses in the systemic stress test with fire sales (vertical
axis) to losses of the same banks in a stress test without fire sales, but with the severity
of the shock chosen so that the total system-wide loss is equal in the two stress tests
(horizontal axis). As is clearly visible from this figure, the distribution of losses across
banks is fundamentally different in these two cases. No amount of scaling at the level of
macro-shocks defining the stress scenario can adjust for the cross-sectional heterogeneity
of indirect exposures. Thus, even if the stress level is adjusted to make the total loss
in the banking system equal in both stress tests, the allocation of losses across banks
is essentially different once fire sales are accounted for. This is a strong argument for
including a proper model of fire sales into any macroprudential stress testing framework.
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Figure 27: Scatter plot of the loss in a stress scenario against the exposure to the illiquid
assets of the stress scenario: It is not possible to account for fire sales in a stress scenario
by using a larger initial macro shock. As the graph shows, even when the shock is scaled
such that the same total loss is generated, the distribution of losses across banks will be
fundamentally different.
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5 Implications for macroprudential stress testing and

regulation

We have presented a stress testing framework for quantifying the endogenous risk exposure
of the banking system to fire sales and feedback effects which may arise from macro-shocks
to the financial system. Our findings provide quantitative evidence for the importance of
endogenous risk Danielsson et al. (2004); Shin (2010); Cont and Wagalath (2016) in the
financial system and have implications for systemic stress testing, macroprudential policy
and risk management in financial institutions:

1. Need for a systemic stress testing framework for capital adequacy

Theoretical studies Danielsson et al. (2004); Shin (2010); Pedersen (2009); Cont and
Wagalath (2013) have repeatedly pointed out the importance of endogenous risk for
financial stability. Fire sales are arguably an extreme example of endogenous risk
and pro-cyclical behavior, yet they are not systematically integrated into bank stress
testing methodologies.

Our quantitative findings join a list of previous studies in pointing out the impor-
tance and magnitude of fire sales and price-mediated contagion as a risk ampli-
fication mechanism for systemic risk. Even under benign assumptions on market
liquidity, the magnitude of exposures arising from this channel is too large to ignore;
losses arising from this channel can dominate other types of risk exposures in cer-
tain risk scenarios. More importantly, we have shown that risk exposures of financial
institutions arising from fire sales cannot be replicated in single-institution stress
tests, even after scaling to extreme stress levels. This pleads against a widespread
approach which consists in simply applying a (constant) discount to asset values
in stress tests to account for liquidation costs: we have argued that this discount
is endogenous and strongly depends on the degree of leverage and concentration of
asset holdings across financial institutions.

These observations, which are based on public data and may be readily replicated
by regulators, plead for a systemic approach to bank stress testing which properly
accounts for price-mediated contagion. We have presented the building blocks of
an operational framework for estimating such endogenous effects and incorporating
them into a macroprudential stress testing framework.

Role of the liquidation horizon: Our analysis shows that the magnitude of fire sales
losses is sensitive to the liquidation horizon. Allowing financial institutions in diffi-
culty a longer horizon to liquidate attenuates the impact of fire sales.

2.3. Indirect exposures as tools for risk management:

As pointed out by Ellul et al. (2014) “forward-looking institutions that rationally
internalize the probability of fire sales are incentivized to adopt a more prudent
investment strategy during normal times, which leads to a safer portfolio entering
the crisis”. One of the obstacles to internalizing the risk of fire sales is that its
proper assessment requires some knowledge of the concentration of asset holdings
across financial institutions, which is typically only available to regulators.

One of the by-products of our stress testing approach is the ability to compute the
indirect exposures of an institution to various asset classes (Section 4). Commu-
nicating to an institution the magnitude of its indirect exposures to various asset
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classes, as evaluated in the systemic stress test, allows the institution to have a
better assessment of its risk and provides incentives to reduce such exposures.

4. The role of mark-to-market accounting rules:

Previous studies Allen and Carletti (2008); Ellul et al. (2014) have focused on mark-
to-market accounting as the channel of transmission of losses in fire-sales contagion.
Allen and Carletti (2008) present arguments against the use of mark-to-market
accounting for determining solvency during crisis periods; indeed, such temporary
suspensions were used in 2009 by US banks. Jotikasthira et al. (2015) use the
example of the insurance sector to caution against this recommendation.

Our model offers a perspective on this debate: having distinguished between mar-
ketable (‘Level I’) assets and illiquid assets, we note that a suspension of mark-to-
market accounting rules is only likely to affect the latter. Suspension of mark-to-
market accounting for illiquid assets may indeed affect the first step in our iteration,
in which losses to illiquid assets trigger the initial deleveraging. But once delever-
aging by a set of institutions takes place, the subsequent losses are not accounting
losses, but market losses in ‘Level I’ securities whose magnitude is not affected by
accounting conventions. Thus, temporary suspension of market accounting rules
may reduce the perimeter of institutions affected by an initial stress to some illiquid
asset class, but once fire sales affect liquid ‘Level I’ securities, all institutions holding
them will be affected by market losses.

5. Implications for the interaction between banks and non-banks:

Price-mediated contagion is not limited to banks; any institution exposed to fire-
sales risk or redemption risk and having common asset holdings with banks may play
a role in channeling losses to the banking sector. Indeed, there is ample empirical
evidence of fire sales by asset managers Coval and Stafford (2007); Jotikasthira et al.
(2012) and insurance companies Ellul et al. (2011).

Current attempts to monitor the interaction between the banking sector and non-
bank financial institutions mainly focus on direct exposures and liabilities between
banks and non-banks Grillet-Aubert et al. (2016). Given that a large fraction of
financial assets are held by non-banks – large asset managers, pension funds, and
insurance companies – the scope for indirect contagion from ‘non-banks’ to the
banking sector through the fire-sales channel exists and its proper assessment calls
for a system-wide stress test iextended to major non-banks. Extending the present
model to include non-banks would require a careful analysis of the mechanisms which
would lead such institutions to shed assets: redemption risk for asset managers
and asset-liability mismatch for pension funds are plausible avenues to consider
Getmansky et al. (2016); Calimani et al. (2016).

6. Need for transnational coordination on stress testing and macroprudential policy:
Price-mediated contagion defies institutional ring-fencing and national borders. Our
estimated magnitudes for indirect cross-country exposures in Europe, as shown
in Table 7, illustrates this point. Unlike direct exposures, which may be limited
through various capital restrictions, portfolio overlaps and indirect exposures are
difficult to put limits on: any such restrictions would amount to limiting interna-
tional diversification of bank portfolios. Any meaningful systemic stress test should
account for the magnitude of these cross-country indirect exposures, and thus cannot
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be conducted at the level of a single country and calls for transnational coordination
of macroprudential policies.
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A Appendix

A.1 Sources for market data

US treasuries: http://www.sifma.org/uploadedFiles/Research/Statistics/StatisticsFiles/
SF-US-SF-Trading-Volume-SIFMA.xls

US corporate bonds: http://www.sifma.org/uploadedFiles/Research/Statistics/

StatisticsFiles/Corporate-US-Corporate-Trading-Volume-SIFMA.xls

DE treasuries: http://www.deutsche-finanzagentur.de/en/institutional-investors/
secondary-market/

UK treasuries: http://www.dmo.gov.uk/index.aspx?page=Gilts/Turnover
ES treasuries: http://www.tesoro.es/sites/default/files/estadisticas/18.pdf
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FR treasuries: http://www.aft.gouv.fr/rubriques/trading-volume_109.html
IT treasuries: http://www.dt.tesoro.it/export/sites/sitodt/modules/documenti_
en/debito_pubblico/presentazioni_studi_relazioni/3_3_2000_13_43_The-Italian-Treasury-.

pdf BE treasuries: http://www.debtagency.be/fr_products_olo_volume.htm
SE treasuries: http://www.riksbank.se/Documents/Rapporter/Finansmarknaden/2014/
rap_finansm_140829_eng.pdf

PT treasuries: http://www.igcp.pt/fotos/editor2/2015/Estatisticas/12_Transacies_
medias_diarias_OT_e_BT_Dez15_1.pdf

GR treasuries: http://www.bankofgreece.gr/Pages/en/Markets/HDAT/statistics.

aspx

A.2 EBA: data identifiers and residual exposures

Model variable EBA dataset identifier

Assets
Illiquid assets Θ

Residential mortgage exposures (εκ ≥ 0) 33013
Commercial real estate exposures (εκ ≥ 0) 33018

Retail: Revolving exposures (εκ ≡ 0) 33015
Retail: SME exposures (εκ ≡ 0) 33016
Retail: other exposures (εκ ≡ 0) 33017

Indirect sovereign exp. in the trading book (εκ ≡ 0) 34017
Defaulted exposures (εκ ≡ 0) 33020

Remaining exposures* (εκ ≡ 0) -
Securities Π

Institutional client exposures 33010
Corporate exposures 33011
Sovereign exposures 34013 , 34014 , 34015

Direct sovereign exposures in derivatives 34016

Liabilities
Tier 1 capital 30014

Debt -

Table 10: Mapping of EBA data to model variables.

At the time the data was collected, banks were following Basel II guidelines, which
corresponds to 8% ratio of capital to risk-weighted assets (RWA), and the Basel 3 leverage
constraint was not yet in place. Some banks in the sample have leverage higher than the
Basel III limit of 33. In order to avoid fire sales in absence of a shock, we scale these banks’
capital levels to bring their leverage within the interval of [29.7, 31.35] = 33× [90%, 95%]
as shown in Figure 28.13

Correcting for data inconsistencies. The EBA data provides information on no-
tional exposures of each bank to 148 asset classes.14 Bank BE005 records a zero value

13 Similarly, Greenwood et al. (2015) cap the leverage at 30 in their analysis.
14For more details on the regulatory definition of “exposure” cf. the EBA methodological note:

https://www.eba.europa.eu/documents/10180/15932/EBA-ST-2011-004-Detailed-Methodological-Note_1.pdf as well
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Figure 28: Leverage of banks in the EBA dataset and adjusted leverage used as model
input: By adding capital to the banks with leverage above 33, the leverage of these banks
is brought slightly below 33.

for total exposures despite positive exposures in the individual asset classes. As a proxy
for this bank, we use information from the “Total assets after the effects of mandatory
restructuring plans”15, which is usually quite close to the values of “total exposures”across
the dataset.

Another consistency issue is that the individual exposures in the dataset do not always
sum up to the total exposure figure. Indeed, EBA explains in a footnote to the “total
exposure” data that: “Total exposures is the total EAD according to the CRD definition
based on which the bank computes RWA for credit risk. Total exposures, in addition to
the exposures broken down by regulatory portfolios in this table [corresponding to the
four asset classes in the portfolio Π above] include EAD for securitisation transactions,
counterparty credit risk, sovereigns, guaranteed by sovereigns, public sector entities and
central banks”. Due to this, the sum of balance sheet items deviates from the “total
exposures” information recorded in the dataset. In order to correct for this deviation
we add a “remaining exposures” item to the illiquid assets category. The average size of
the negative correction terms is 5.9% of the corresponding balance sheet sizes. Double
counting is thus a minor issue. The average size of the positive correction terms is 13.4%.
This average is inflated by five small banks that are outliers and have correction terms
above 50%. Excluding these outliers, the average of the correction terms reduces to 9%.
The average size of the correction term over the entire data set is 8.9%. On average, we
thus underestimate the size of the banks’ balance sheets. This may only bias results in
the sense of underestimating the impact of fire sales. We adjust for this with the “other
illiquid assets” category, as they play no role in the fire sale cascade.

as the identifier 33021 in the dataset.
15This information is recorded under identifier 30029 in the EBA dataset.

50


