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a b s t r a c t 

Does support to distressed banks early on during financial crises mitigate the macroeconomic conse- 

quences of financial distress, and if so does it matter what form the intervention takes? We analyze the 

effects of government and central bank interventions in 69 systemic banking crises since 1980, of which 

29 are part of the recent global financial crisis. Our estimation approach controls for the correlation be- 

tween intervention measures and the time-invariant component of unobservable crisis severity. We find 

that timely bank recapitalizations substantially reduce the duration of recessions, underscoring the dis- 

tortions caused by zombie banks and the costs of regulatory forbearance. 

© 2016 Elsevier Inc. All rights reserved. 
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1. Introduction 

As early as 2009, Reinhart and Rogoff (2009 a) pointed out that

"recessions surrounding financial crises are usually long compared

to normal recessions". Their research highlights large declines in

output, slow recoveries and large and persistent negative effects

on unemployment, public debt and fiscal deficits in the aftermath

of banking crises. The subsequent experiences in the United States

and particularly in Western Europe lend further support to their

findings. So interventions of governments and central banks dur-

ing financial crises may not only be needed to preserve the key

functions of the financial system but also to mitigate the macroe-

conomic consequences of financial distress. But how effective are
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ntervention measures in this respect, do they reduce duration of

ecessions? And does it matter how governments intervene? What

re the economic costs of regulatory forbearance (inaction by

egulators) during a crisis and the subsequent costs zombie banks

mpose on society? We attempt to answer these questions by

mpirically investigating durations of recessions after 69 systemic

anking crises from the period 1980–2014. We find that bank

ecapitalizations substantially reduce recession duration. We also

ook at other intervention mechanisms such as liquidity support

nd guarantees on bank liabilities but find little or no positive

ffect of these measures on the expected recession duration. 

We build on the empirical literature on financial crises, which

ocuments large output losses and substantial fiscal costs of

ntervention ( Reinhart and Rogoff, 2009; Hoggarth et al., 2002;

onohan and Klingebiel, 2003; Claessens et al., 2005 ). 1 Several

apers ( Kroszner et al., 2007; Dell’ et al., 2008; Laeven and Va-

encia, 2013a ) point at a transmission channel of bank distress to

ower economic growth by showing that sectors more dependent

n external finance grow disproportionally slower during and
1 Note Howard, Martin, and Wilson (2010) for a somewhat different view. They 

rgue that time to recovery after a financial crisis induced recession is longer not 

ecause the recovery process is any different but because the initial recession is 

uch deeper. 

http://dx.doi.org/10.1016/j.jfi.2016.11.004
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r  

t  
fter banking crises. Importantly, Laeven and Valencia (2013a) find

hat recapitalizations of distressed banks and discretionary fiscal

olicy significantly increase growth of such firms. Furthermore,

hodorow-Reich (2014) provides evidence that weak banks lend

ess, which results in lower employment. Bank recapitalizations

uch as the TARP program in the US can mitigate the negative

ffects of bank distress on employment and reduce bankruptcies

ccording to Berger and Roman (2015) . A number of papers find

hat bank recapitalizations increase loan supply (cf. Li, 2013;

erger et al., 2016 or Poczter, 2016 ). 

The consequences of regulatory forbearance, i.e. failing to ad-

ress the undercapitalization of banks, can be clearly seen from

he Japanese experience. Poorly capitalized banks tend to “ever-

reen” loans to insolvent firms ( Peek and Rosengren, 2005; Watan-

be, 2010 ). Because the inefficient firms then do not exit their in-

ustries, more productive firms may delay entry, which can lead to

 long stagnation ( Caballero et al., 2008 ). Injecting equity into such

anks can help but only if banks are recapitalized sufficiently: in

heir analysis of Japanese banking distress, Giannetti and Simonov

2013) show that banks that remain weakly capitalized after a re-

apitalization may use the new funds to increase lending to zom-

ie firms rather than to healthy ones. Acharya et al. (2016) make

 similar point on a sample of European banks. In this paper, we

ssess whether all this micro-evidence translates into effects of

acroeconomic significance. 

Our work is also part of a recent literature on the desired policy

esponse to long lasting recessions (see Blanchard et al., 2015 or

chularick and Taylor, 2012 ). Specifically, our paper is related to the

urgeoning literature on interactions between sovereign debt and

ndercapitalized banks, the so called ‘Diabolic Loop’ (see Gennaioli

t al., 2014 or van der Kwaak and van Wijnbergen, 2014 ). Under-

apitalized banks are a key link in the amplification cycles at the

ore of that literature. 

To set the stage for our empirical analysis, we first present a

heoretical model that analyzes the effectiveness of bank recapi-

alization. The key inefficiency in the model is that after a shock

as eroded a bank’s assets, banks have incentives to shift risk by

olling over loans to borrowers in distress. Since the banks are un-

ercapitalized, a correspondingly larger part of the risk associated

ith the rollover will then be borne by creditors of the bank or

y whoever steps in to rescue the bank when it gets into distress.

ecapitalizing such zombie banks mitigates this incentive problem.

ther interventions may prevent bank failures but generally do not

ddress the incentive problem and therefore do not improve wel-

are as much as bank recapitalization. In a simple macroeconomic

xtension, we show that recapitalizing banks leads to stronger re-

overy (higher expected future output) than one can expect in a

ombie bank environment with distorted rollover incentives. 

We test these theoretical predictions by estimating a duration

odel with crisis-specific fixed effects on a panel dataset, taking

nto account that intervention may be endogenous to crisis sever-

ty: it is plausible that governments are more likely to intervene

n severe than in mild crises. If a measure increases the proba-

ility of recovery but is more likely to be used in severe crises,

hich in turn are associated with longer recessions, regressions

ay spuriously indicate that the measure is not effective. In our

ample, crises where banks were recapitalized were on average in-

eed much more severe than crises where recapitalizations were

ot used. But our estimation results, that take this endogeneity is-

ue into account, show a highly significant and positive effect of

ank recapitalizations on the probability of recovery. As a conse-

uence, severe recessions are predicted to last two years less after

ecapitalization, down from 14 to 6 quarters. Light recessions are

till expected to be shortened by about half a year after recapital-

zation, down from 5 to 3 quarters. These findings clearly show the

osts of zombie banks and regulatory forbearance to society. 
The paper is organized as follows. Section 2 presents the theo-

etical model. The empirical methodology is explained in Section

 where we also describe the data used. Results on recapital-

zations and subsequent recovery are presented and discussed in

ection 4 . Section 5 concludes. 

. Model 

We use a simple theoretical model to show how interven-

ions to counteract the negative consequences of loans turning bad

or bank capital can favorably affect recession duration. In con-

rast to the existing literature on intervention (see for example,

iamond and Rajan, 2011; Philippon and Schnabl, 2013; Philippon

nd Skreta, 2012; Tirole, 2012 ), we do not focus on adverse selec-

ion problems; nor on the ex ante (collective) moral hazard created

y bailout expectations ( Farhi and Tirole 2012 ). Instead we analyze

he ex post moral hazard in lending that arises after a negative

hock has eroded the value of bank assets and as a consequence

ank capital. Our model is perhaps most closely related to a very

arly contribution to the literature on bank intervention, Berglof

nd Roland (1995) , who investigate why so called soft budget con-

traints emerge. They argue that banks that have sufficient capital

nforce discipline on borrowers and thereby induce effort in firms,

hile those with little capital refinance inefficient firms in order

o benefit from a government bailout (see also Landier and Ueda,

009 ). 

Core to our model is that the presence of nonperforming loans

an give banks ample opportunities for risk shifting. Nonperform-

ng loans can be very high in systemic banking crises. The average

eak value of the ratio of NPLs to total banking assets during the

5 crises from the dataset of Laeven and Valencia (2013b) is 20%.

he model is set up to demonstrate how bank recapitalization im-

roves incentives of a zombie bank and helps to motivate the sub-

equent empirical analysis. 

.1. Timeline of events 

There are two time periods. The first one lasts from t = 0 until

 = 1 and the second from t = 1 till t = 2 (See Fig. 1 ). There are three

ypes of agents: a bank, depositors and the regulator. The regulator

s only active from t = 1 on if there is a banking crisis. 

- At t = 0 the bank raises k of equity and 1 −k of debt with matu-

rity of one period. It makes 1 unit of loans to firms that invest

into two-period projects. 

- At t = 1 the bank and the regulator observe the quality of bank

loans. A proportion of loans 1 −q is good; the remaining q are

bad loans. Depositors may withdraw. If the bank cannot obtain

funding it liquidates the loans as much as necessary to repay

depositors. The liquidation value of both good and bad loans is

λ < 1 per unit of a loan. If the bank can secure funding for the

second period, it makes a decision about the bad loans. It either

rolls them over as if they were good loans or liquidates them

and lends the proceeds to new firms. 

- At t = 2 the bank collects loan repayments. Good loans repay a

cash flow R with certainty. Bad loans that were liquidated and

reinvested repay λR per unit of initial lending, with certainty.

Bad loans that were not liquidated repay R with probability p

and zero otherwise. Depositors are repaid. Bank shareholders

get the residual. 

.2. Depositors 

Depositors are risk neutral and in expectation require a gross

eturn equal to the risk free rate, which is normalized to 1. At t = 0

he bank raises D = 1 −k of deposits, which it promises to repay
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Fig. 1. At t = 0 the bank makes 1 unit of loans. At t = 1 the bank and the regulator observe the quality of loans. A proportion of loans 1 −q is good; the remaining q are bad 

loans. At t = 2 good loans repay with certainty a cash flow R per unit of lending. If the bank rolls over the bad loans, they repay R with probability p and zero otherwise. If 

the bank liquidates bad loans it gets λ per unit of liquidated bad loans. The proceeds from liquidation are lent to new firms at a rate R . 
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at t = 2 or at t = 1 if depositors withdraw early. If they withdraw

at t = 1, the bank tries to raise new debt in the amount of D to

repay the existing depositors. In case it cannot repay the promised

amount, the depositors get all cash flows the bank can collect. If

the bank is insolvent at t = 1, the depositors get λ since the bank

has to liquidate its entire loan portfolio. If the bank is insolvent at

t = 2, which can occur when bad loans did not perform well, the

depositors get R (1 −q ). 

2.3. Bank 

The bank pursues the interests of its shareholders. It is assumed

that an incentive structure is in place that insures that the interests

of bank managers do not diverge from those of bank shareholders.

At t = 0 bank shareholders pay in k of equity, on which they require

an expected return strictly larger than the risk free rate, in line

with the riskiness of equity. The higher required return gives bank

shareholders an incentive to lever up as much as possible. Bank

shareholders are residual claimants on cash flows at t = 2 and have

limited liability. If the bank liquidates bad loans the payoff to bank

shareholders is R (1 −q ) + R λq −D . If the bank rolls over bad loans,

the payoff to bank shareholders is R −D if the bad loans perform

and zero if they do not. 

2.4. Bad loans 

By liquidating bad loans we mean a decision with which the

bank sacrifices a part of the outstanding claim for a higher proba-

bility of being repaid the remainder. The liquidation parameter λ is

the amount that the bank can collect per unit of liquidated loans

so the liquidation value is λR . It is socially optimal to liquidate bad

loans: leaving them as they are is risky and has a lower expected

payoff than the payoff from liquidation (and new lending) under

the assumptions made so far: 2 

pR < λR (1)

For simplicity it is assumed that the bank extracts all value

from the firms to which it lends. The total amount collected from

lending is then equal to the aggregate output. Despite the liqui-

dation of bad loans being socially optimal, the bank may choose

to roll them over if bank shareholders do not fully internalize the

losses when bad loans fail. The bank chooses to liquidate bad loans

if liquidation and subsequent lending to new firms brings a higher
2 The insights of the model would remain the same if good loans and new lend- 

ing were risky but the variance of their repayment would be lower than the vari- 

ance of bad loans that are rolled over. 

b

d

xpected payoff to bank shareholders than does rolling over of bad

oans. This is the case if (with R roll over being the outcome of rolled-

ver bad loans): 

 (1 − q ) + Rλq − D > E [ max ( R rol l ov er − D, 0 ) ] (2)

Computing the expected payoffs gives the liquidation incentive

onstraint: 3 

 ( 1 − q ) + Rλq − D > p ( R − D ) (3)

If the liquidation incentive constraint ( 3 ) is not satisfied, the

ank chooses to roll over bad loans. 

.5. Equilibrium in stable times 

The lending rate R , the proportion of bad loans q , the liquida-

ion value λ and the probability that bad loans repay p are public

nowledge at t = 0. The analysis focuses on the case where param-

ter values are such that banking is only viable if bad loans are

iquidated in stable times. We therefore assume that if the bank

olds on to bad loans the total expected return from lending is

ess than 1: 

 ( 1 − q ) + Rpq < 1 < R ( 1 − q ) + Rλq (4)

Thus depositors and bank shareholders can both earn at least

he risk free rate only if bad loans are liquidated. Therefore in

quilibrium bad loans have to be liquidated. If bad loans are liq-

idated, the loan repayments at t = 2 are certain. Hence, with the

isk free rate being equal to 1, the promised repayment to deposi-

ors is equal to their initial investment D = 1 −k . To insure that bad

oans are liquidated, the incentive constraint ( 3 ) has to be satisfied.

t can be expressed as a constraint on the bank capital ratio k . 

 > 1 − R ( 1 − p − q ( 1 − λ) ) 

1 − p 
(5)

The only way for the bank to commit to liquidate bad loans is

o have a sufficiently high capital ratio. Since bank shareholders re-

uire a return strictly larger than the risk free rate, they have an

ncentive to increase bank leverage as much as possible, so in equi-

ibrium the incentive constraint is binding. The required capital ra-

io is increasing in the proportion of bad loans q and decreasing in

he liquidation value λ. 
3 The incentive constraint only “bites” when debt obligations are so high that 

ank shareholders get zero in case bad loans fail. Note that for simplicity we as- 

sume that liquidation proceeds that are lent out again receive R with certainty. As- 

suming that a fraction q of those loans is likely to fail again makes no material 

ifference to any of the results. 
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.6. A banking crisis 

Our focus is on ex-post intervention so we model a banking cri-

is as a zero-probability unanticipated event, as in Allen and Gale

20 0 0) . 4 A banking crisis differs from stable times in that the pro-

ortion of bad loans turns out to be unexpectedly high. Neither

he bank nor the depositors expect a shock to the amount of bad

oans, so at t = 0 their behavior is exactly the same as in stable

imes. At t = 1 the bank (and the regulator) observe that the pro-

ortion of bad loans is q + ξ , with ξ > 0 being the shock. It still is

ocially optimal to liquidate bad loans and lend to new firms. But

he incentive constraint is no longer satisfied for the new, higher

roportion of bad loans. The new capital ratio k ’ that would satisfy

he incentive constraint given the higher proportion of bad loans,

s larger than the existing capital ratio k : 

 

′ = 1 − R ( 1 − p − ( q + ξ )( 1 − λ) ) 

1 − p 

= 1 − R ( 1 − p − q ( 1 − λ) ) 

1 − p 
+ 

Rξ (1 − λ) 

1 − p 

> k (6) 

Depositors recognize that the bank has been hit but do not ob-

erve the size of the shock. They cannot coordinate their actions. If

ll existing depositors withdraw, potential new depositors are not

illing to lend to the bank either. Because the depositors do not

now the size of the shock, a new deposit contract at a different

ate is not feasible. 5 If the bank cannot obtain new deposits, it liq-

idates its loan portfolio at a rate λ to repay the existing deposits.

f λ is less than the amount of debt 1 −k , depositors are not fully

epaid. Whether λ < 1 −k depends on the equilibrium value of k ;

n what follows we will assume this to be the case. 

The regulator, representing the central bank and the govern-

ent, does observe the size of the shock. It cannot require the

ank to liquidate bad loans but it can possibly improve total wel-

are by intervening in the bank. Total welfare is defined as the

um of repayments to depositors, bank shareholders and the losses

r gains realized by the regulator. In the absence of intervention,

he entire bank is liquidated. The loans are then sold to outside

nvestors. Depositors place the proceeds into riskless government

ecurities. Total welfare is then equal to λ. This scenario implies

fficiency losses because good loans are liquidated at a loss and

ecause the proceeds from liquidation of loans are not lent on to

ew firms as the bank has gone out of business. Consider next the

mpact of a recapitalization of the adversely affected bank(s). 

.7. Bank recapitalization 

Bank shareholders do not have an incentive to recapitalize the

ank at t = 1 after it has been hit by a shock; recapitalization

ould then mostly benefit the depositors. The regulator, however,

an improve total welfare by recapitalizing the bank before the

ank makes the decision about the bad loans. The incentive con-

traint of the bank can be satisfied if the regulator injects an

mount of capital g into the bank, where g follows from: 

 + g > 1 − R ( 1 − p − q ( 1 − λ) ) 

1 − p 
+ 

Rξ ( 1 − λ) 

1 − p 
(7)

The minimum amount of capital that satisfies this inequality

s ḡ = 

Rξ ( 1 −λ) 
1 −p . We assume that g will be used to repay part of

he existing deposits. Deposits in the second period are then only
4 Note that introducing a crisis as anticipated in potentiality but as very low 

robability event would add complexity without materially affecting the results. 
5 This assumption rules out equilibria where the deposit rate is adjusted for risk 

r where the bank shrinks. Such equilibria are only possible if the shock is small 

nough that bank shareholders can earn a positive return after readjustment. 

c

a

e

o

 −k −g . When the incentives for liquidating bad loans are re-

tored, the value of bank assets at t = 2 is R (1 −q −ξ ) + R λ( q + ξ ).

his outcome maximizes total welfare for two reasons: (i) no good

oans are liquidated (as would happen in the case of bank failure)

nd (ii) bad loans are liquidated (unlike what happens under inter-

entions that prevent bank runs but do not increase bank capital).

he regulator can recoup the costs of the equity injection at t = 2

rom the cash flow remaining after depositors are repaid. How the

esidual claim is split between the regulator and bank shareholders

epends on the terms of recapitalization. 6 

To be effective, a recapitalization has to be implemented before

he bank makes the decision about bad loans. If it is done after the

ank has already rolled over the bad loans, it has no beneficiary

ffect on incentives: ex post recapitalization only covers the losses

rom failed bad loans. Second, the recapitalization needs to be high

nough so that with k + g of equity liquidation of bad loans be-

omes in the interest of bank shareholders. Finally there should be

 ban on subsequent dividend payouts: existing bank shareholders

ould prefer an immediate payout and a continued gamble with

he bad loans. 

Note that alternative interventions, like for example providing

eposit insurance, blanket guarantees on bank liabilities or open

nded liquidity support will prevent bank failures as the bank is

ble to obtain debt financing despite being undercapitalized or

ven insolvent. But they do not remedy the incentive problems

aused by asset losses and the ensuing erosion of bank capital.

herefore the bank will continue to gamble for resurrection rather

han liquidate the bad loans. 

.8. Macroeconomic consequences 

To sketch the macroeconomic consequences of the different in-

ervention strategies, assume that economic recovery is related to

ositive project outcomes and new investments. Expected future

utput in the context of our model equals: 

 y Z = R (1 − q ) + qpR 

= (1 − q (1 − p)) R (8) 

n case zombie banks are not recapitalized. But if incentives en-

ourage liquidation and new lending, expected output becomes: 

 y R = (1 − q ) R + λqR 

= (1 − q (1 − λ)) R (9) 

So the recovery gains from recapitalizing banks are: 

 y R − E y z = (λ − p) qR 

> 0 (10) 

The inequality follows from Eq. (1) . 

Conceivably expansionary fiscal policy could be a substitute for

ecapping banks by stimulating a recovery which would reverse

he increase in q triggering the debt overhang. However Kirchner

nd van Wijnbergen (2016) provide evidence against that view by

emonstrating that fiscal multipliers are much reduced in the pres-

nce of undercapitalized banks. This suggests that for fiscal policy

o be effective, banks need to be recapitalized first. 
6 See Hoshi and Kashyap (2010) for a critical examination and comparison of re- 

apitalization methods used in the US in 20 08/20 09 and earlier in Japan. Philippon 

nd Schnabl (2013) discuss the optimal way of restructuring banks in the pres- 

nce of adverse selection problems. Landier and Ueda (2009) provide an extensive 

verview of bank restructuring options. 



20 T. Homar, S.J.G. van Wijnbergen / J. Finan. Intermediation 32 (2017) 16–28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

r  

d  

w

y  

 

i  

p  

o

c  

y  

 

e  

r  

e  

m  

i  

c  

r  

c  

i  

i  

i  

p

 

(  

u  

t  

w  

l  

r

P

 

P

 

P  

 

i  

t  

t  

t  

m  

t  

a  

o  

p  

w  

d  

u  

r  

o  

o  

t

P

3. Empirical methodology and data 

3.1. Empirical methodology 

Our dataset is a panel of systemic banking crises where index i

denotes a crisis and t refers to a particular quarter of a recession.

For each crisis, the sample includes all quarters when a country

was in a recession and the quarter in which it recovered. The time

index t indicates how many quarters a recession has already lasted.

In the first recession quarter t = 0. At the time of recovery t = T i ; the

completed recession duration of a crisis i is T i . We define y it as an

indicator of whether a country is in recession in a given quarter or

it has just recovered. 

y it = 

{
1 recession ends 
0 recession is ongoing 

In duration models the probability that a process ends is typi-

cally referred to as the hazard rate. In our case the hazard rate is

the probability that a recession ends in a particular quarter condi-

tional on that it has not ended in any of the previous quarters and

conditional on the values of explanatory variables x it and a crisis

specific fixed effect c i . It is given by the following equation: 

λ( t, x it , c i ) = Pr ( y it = 1 | y it−1 = 0 , . . . , y i 1 = 0 , x it , c i ) 

= G ( x it β + γt + c i ) (11)

where G ( • ) is a cumulative distribution function and γ t =γ ( t ) is a

function of elapsed duration. 7 It is crucial for our estimation ap-

proach to control for crisis severity, because crisis severity may

well influence the intervention chosen and thereby bias the esti-

mates of the impact of the intervention enacted on the subsequent

evolvement of the crisis. It is prima facie reasonable to expect that

intervention measures in banking crises are endogenous to crisis

severity, in more severe crises different measures may be used

than in mild crises, or the extent to which they are used may be

correlated with severity. If intervention was completely determined

by crisis severity, identification of effects of intervention would be

difficult since crisis severity is obviously also a major determinant

of recession duration. There is, however, likely to be some random-

ness and asymmetry in the relation between crisis severity and in-

tervention, in particular with respect to its timing. Severity infor-

mation that comes after the intervention has taken place clearly

cannot have an impact on that decision to intervene anymore. 

We take advantage of that randomness and time asymmetry to

eliminate any correlation between independent variables and the

error terms by assuming crisis severity has two components: a

time invariant crisis specific component c i , which represents the

shock that has caused a banking crisis to begin with, and a time

dependence γ t =γ ( t ) describing the pattern severity follows over

time in the absence of intervention. So if there is no interven-

tion, c i determines the initial level of probability of recovery and

γ t describes how the probability changes over time. We expect

γ t to be an increasing function of time although not necessarily

monotonically increasing. To allow for that we use a cubic spec-

ification γ t = γ 0 + γ 1 t + γ 2 t 
2 + γ 3 t 

3 . We let the initial shock c i be

correlated with intervention measures, while γ t is not crisis spe-

cific and is assumed not to have an impact on the intervention

chosen. This means that intervention measures by assumption de-

pend on the (severity of the) shock that caused the banking crisis,

but not on exogenous factors that affect the level of severity later

on. The component c i is a fixed effect in a duration model. 

To estimate a specification with fixed effects in a nonlin-

ear model we use the approach of Mundlak (1978) . We regauge

Eq. (11) using the y it as an indicator of the latent probability of
7 For additional details on duration models see Online Appendix A. 

 

 

i  
ecovery in place of the hazard rate, with y it = Index [ y ∗
it 

> 0 ] . In-

ex [...] is an index function equaling 1 if y ∗
it 

> 0 and 0 otherwise,

hile y ∗
it 

follows: 

 

∗
it = x it β + γt + c i + e it (12)

The assumption that initial crisis severity has an impact on the

ntensity and mode of intervention is captured by specifying c i ex-

licitly as a function of the average values of explanatory variables

ver time within a crisis and a random component v i 

 i = x̄ i δ + v i (13)

Then including Eq. (13) into Eq. (12) yields: 

 

∗
it = x it β + x̄ i δ + γt + v i + e it . (14)

This is the transformation proposed by Mundlak (1978) . In

ffect it enables the estimation of a fixed effects model with a

andom effects procedure. It can be applied also to nonlinear mod-

ls such as logit or complementary log–log models that are com-

only used in duration analysis. It is important to realize that the

mpact of the variables of interest x it is captured by the vector of

oefficients β only. x̄ i δ is a part of the fixed effect eliminating any

everse dependence. The estimates of δ give an indication of the

orrelation between the likelihood that a particular intervention

s undertaken and crisis severity, but have no implication for its

mpact on recession duration. From an econometric point of view,

f the δ is not significantly different from zero, correlation is not a

roblem and a regular random effects specification can be used. 

In the next step we use the estimated parameters from Eq.

14) to obtain predicted probabilities of recovery, which we then

se to compute expected recession durations. The following equa-

ions describe predicted probabilities for three estimation models

ith different distributional assumptions: the complementary

og–log ( 15 ), the logit ( 16 ) and the linear probability ( 17 ) model

espectively: 

ˆ 
 ( y it = 1 | y it−1 = 0 , . . . , y i 1 = 0 , x it , c i ) 

= 1 − exp ( − exp ( x it ˆ β + x̄ i ̂  δ + ˆ γt ) ) (15)

ˆ 
 ( y it = 1 | y it−1 = 0 , . . . , y i 1 = 0 , x it , c i ) = 

exp ( x it ˆ β + x̄ i ̂  δ + ˆ γt ) 

1 + exp ( x it ˆ β + x̄ i ̂  δ + ˆ γt ) 

(16)

ˆ 
 ( y it = 1 | y it−1 = 0 , . . . , y i 1 = 0 , x it , c i ) = x it ˆ β + x̄ i ̂  δ + ˆ γt (17)

A desirable characteristic of the complementary log–log model

s that it assumes that the underlying process (recession) is con-

inuous but can only be observed at discrete points in time, while

he logit or the linear probability model require the assumption

hat the duration process is discrete. Therefore we use the comple-

entary log–log specification as our basic approach and the other

wo in robustness checks. The probabilities given by the equations

bove are conditional on that the recession has not ended in any

f the previous quarters and on x it and c i . Hence, we refer to these

robabilities as to conditional probabilities of recovery. In contrast,

e use the term unconditional probability of recovery for the pre-

icted probability of recovery that is conditioned only on the val-

es of explanatory variables until then X i {1…t } and c i but not on the

ecession not having ended before. The unconditional probability

f recovery is the product of the probability of recovery conditional

n recession lasting until t and the unconditional probability that

he recession has not ended in the previous quarter. 

 ( y it = 1 | X i { 1 , ... ,t } , c i ) = P ( y it = 1 | y it−1 = 0 , . . . , y i 1 = 0 , x it , c i ) 

·( 1 − P ( y it−1 = 1 | X i { 1 , ... ,t−1 } , c i ) ) (18)

The unconditional probability that the recession has not ended

n the previous quarter can be expressed as the corresponding



T. Homar, S.J.G. van Wijnbergen / J. Finan. Intermediation 32 (2017) 16–28 21 

c  

s  

p  

r  

t  

a  

f  

p  

q

 

p  

a  

t

E

 

p

3

 

1  

b  

t  

c  

o  

(  

r  

F  

a  

o  

t  

l

 

 

 

I  

a  

t  

i  

c  

a  

e  

t  

c

 

j  

c  

t  

f  

b  

r

Q

 

c  

w  

1  

v  

d  

A

3

 

r  

g  

c  

c  

t  

s  

t  

t  

c  

t  

n  

s  

t  

o  

s  

t  

q  

d  

t  

t  

d  

R  

d  

t  

t  

2  

s  

l  

c  

i  

b  

r

 

t  

I  

q  

t  

g  

v  

5  

r

3

 

a  

o  

i  

p  

i

 

onditional probability of that quarter (conditional on the reces-

ion not having ended the quarter before) and the unconditional

robability of no recovery a quarter before. This procedure can be

epeated all the way back to the first quarter when the condi-

ional probability of recovery is equal to the unconditional prob-

bility as there is no preceding quarter. This gives an expression

or the unconditional probability of recovery in quarter t as a

roduct of conditional probabilities of no recovery in all previous

uarters. 

P ( y it = 1 | X i { 1 , ... ,t } , c i ) = P ( y it = 1 | y it−1 = 0 , . . . , y i 1 = 0 , x it , c i ) ·
( 1 − P ( y it−1 = 1 | y it−2 = 0 , . . . , y i 1 = 0 , x it−1 , c i ) ) 

·.... · ( 1 − P ( y i 1 = 1 | x i 1 , c i ) ) (19) 

The expected recession duration E [ T i ] is the product of the

redicted unconditional probabilities of recovery in any period

nd their respective durations, which range from t = 0 up to

 = t MAX . 

[ T i ] = 

∑ t MAX 

t=1 
[ t · ˆ P ( y it = 1 | x i { 1 , ... ,t } , c i ) ] (20) 

The limit t MAX is set at a value where the numerically computed

robability of recession lasting until then is equal to zero. 

.2. Banking crises 

Our dataset covers 69 systemic banking crises from the period

980–2014, of which 40 are from the period before 2007 and 29

elong to the recent global financial crisis. For each banking crisis

he panel includes the quarters in which a country was in a re-

ession, and the quarter when it recovered. We start with the list

f 65 systemic banking crises described by Laeven and Valencia

2013b) and add four additional crises that meet the same crite-

ia. 8 A crisis is considered systemic if two conditions are satisfied.

irstly, there has to be major distress in the banking system such

s bank runs, large losses of bank capital or bank liquidations. Sec-

ndly, there need to be significant policy interventions in response

o the problems in the banking sector. This condition is met if at

east 3 of the following measures were used: 

- Extensive liquidity support (claims of the central bank on de-

posit money banks larger than 5% of deposits and liabilities to

nonresidents); 

- Gross bank restructuring costs at least 3% of GDP; 

- Significant bank nationalizations; 

- Significant guarantees on bank liabilities; 

- Asset purchases amounting to at least 5% of GDP; 

- Deposit freezes or bank holidays. 

When both conditions are met a crisis is considered systemic.

f just 2 types of measures from the list above were used, Laeven

nd Valencia (2013b) report it as a borderline case. All crises in

he 1980–2006 period listed in their dataset were systemic accord-

ng to the above definition. In the recent global financial crisis 18

ountries were classified as having a systemic banking crisis and 8

s borderline cases. Three countries, Portugal, Slovenia and Spain,

xperienced two recessions linked to distress in the banking sec-

or in the period after 2007. We treat these recessions as separate

risis episodes. 

The starting date of a banking crisis is the quarter in which ma-

or distress in the banking sector was observed. The date when a

risis becomes systemic is the quarter when the conditions men-

ioned above are fulfilled. Table 1 lists the systemic banking crises

rom the period 1980–2006. Countries that experienced a systemic

anking crisis (or were classified as a borderline case) during the

ecent global financial crisis are listed in Table 2. 
8 We add the following crises: Cyprus 2011 Q3, Portugal 2010 Q4, Slovenia 2011 

3 and Spain 2011 Q3. 

c  

e  

a  

i  
Some banking crises were not followed by a recession. These

rises are included in the tables although they cannot be analyzed

ith recession duration models. In total there are 11 such crises,

0 in the period before 2007 and one after. Next we describe the

ariables used in the regression analysis. Additional details about

ata sources and descriptive statistics are provided in the Online

ppendix. 

.3. The recession indicator 

The recession indicator is the dependent variable in our du-

ation model. It is equal to 0 if a country is in a recession in a

iven quarter and equal to 1 if it has just recovered from it. For

ountries that are not in a recession at the time of the banking

risis start, the start of the recession is defined as the first quar-

er with negative GDP growth after the start of the banking cri-

is. This quarter needs to be either part of a sequence of at least

wo consecutive negative growth quarters or a sequence of posi-

ive and negative quarters where a positive quarter is always pre-

eded and succeeded by a negative quarter and there are at least

wo consecutive negative quarters in that sequence. The recession

eeds to start at latest 6 quarters after the start of a banking cri-

is to be considered related to the banking crisis. Two consecu-

ive positive growth quarters mark the end of a recession. The first

f these two quarters is the recovery quarter in which the reces-

ion indicator turns 1. The recession period is composed of quar-

ers with negative growth but may include few positive growth

uarters within the sequence of negative growth quarters. Such a

efinition is used as one positive growth quarter does not mean

hat a recession is really over. Applying this definition to determine

he start and end of the recent recession in the US gives the same

ates as the ones announced by the National Bureau of Economic

esearch. NBER (2012) uses multiple indicators and judgment to

efine the date of a peak and a trough, which mark the start and

he end of a recession. The recent recession in the US began with

he peak in December 2007 and ended with the through in June

009. In the first quarter of 2008 GDP growth was negative; in the

econd it was positive; then four quarters of negative growth fol-

owed. The recovery quarter was the third quarter of 2009. Some

ountries are already in a recession in the quarter when the bank-

ng crisis starts. In this case consecutive negative growth quarters

efore the start of the banking crisis are counted as a part of the

ecession. 

The sources of GDP data are the World Economic Outlook and

he International Financial Statistics databases provided by the

MF. Whenever available we use seasonally adjusted quarter-over-

uarter GDP growth rates from the WEO. For crises for which

hese data are not available, we complement it with quarterly GDP

rowth rates from the IFS and use X-12 ARIMA procedure pro-

ided by the U.S. Census Bureau (2011) to seasonally adjust it. For

 crises used in the regression analysis we use annual GDP growth

ates from the WEO as there is no quarterly data available. 

.4. Bank recapitalizations 

The variable bank recapitalizations measures the cumulative

mount of recapitalizations in the banking sector since the start

f the crisis. The amounts are weighed by total assets of the bank-

ng sector. Recapitalizations are assumed to have an effect on the

robability of recovery from the first quarter after they have been

mplemented until the end of the recession. 

There is a variety of measures that could be considered a re-

apitalization. We count as recapitalization injections of common

quity, preferred stock, conditionally convertible (CoCo) bonds or

ny Tier 1 qualifying instrument by the state, a bank restructur-

ng agency or other government agency. We do not consider in-
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Table 1 

Systemic banking crises in the period 1980–2006. 

Country Crisis start 

Systemic 

crisis date 

Recession 

start Recovery 

Recess. 

duration 

Duration of 

exist. recession 

Bank recap 

date 

Recap end of 

recession 

Recap end of 

crisis 

Argentina 1980 Mar 1980 May 1981 Q1 1983 Q1 8 

Argentina 1989 Dec 1989 Dec 1988 Q1 1990 Q3 10 7 

Argentina 1995 Jan 1995 Jan 1995 Q1 1995 Q4 3 

Argentina 2001 Nov 2001 Dec 2001 Q2 2002 Q2 4 2 

Bolivia 1994 Nov 1994 Nov 

Brazil 1990 Feb 1990 Feb 1990 Q1 1992 Q1 8 

Brazil 1994 Dec 1994 Dec 1995 Q1 1995 Q4 3 1.24 

Bulgaria 1996 Jan 1996 Jun 

Chile 1981 Nov 1983 Mar 1981 Q4 1983 Q1 5 

Colombia 1982 Jul 1982 Jul 

Colombia 1998 Jun 1998 Jun 1998 Q3 1999 Q3 4 0.38 0.75 

Cote d’Ivoire 1988 1988 

Croatia 1998 Mar 1998 Mar 1998 Q4 1999 Q2 2 0.96 8.37 

Czech Republic 1996 Jun 1996 Jun 1996 Q4 1998 Q1 5 

Dominican Rep. 2003 Apr 2003 Apr 2003 Q1 2004 Q1 4 1 

Ecuador 1998 Aug 1998 Dec 1998 Q3 1999 Q4 5 1999 Q3 6.76 6.76 

Estonia 1992 Nov 1992 Nov 1994 Q1 1994 Q3 2 

Finland 1991 Sep 1993 Feb 1990 Q2 1993 Q3 13 5 1992 Q4 2.89 3.46 

Ghana 1982 Jan 1982 Jan 1982 Q1 1984 Q1 8 

Indonesia 1997 Nov 1997 Dec 1997 Q4 1999 Q1 5 45.43 

Jamaica 1996 Dec 1997 Feb 1997 Q3 1998 Q2 3 1.51 1.51 

Japan 1997 Nov 1997 Nov 1997 Q4 1998 Q3 3 0.15 0.75 

Korea 1997 Aug 1997 Nov 1997 Q4 1998 Q3 3 0.87 3.33 

Latvia 1995 Apr 1995 Apr 1995 Q2 1996 Q1 3 1995 Q3 4.54 4.54 

Lithuania 1995 Dec 1995 Dec 

Malaysia 1997 Jul 1998 Mar 1997 Q4 1999 Q1 5 0.58 1.18 

Mexico 1994 Dec 1995 Jan 1995 Q1 1995 Q3 2 

Nicaragua 20 0 0 Aug 2001 Jan 

Norway 1991 Oct 1991 Oct 1992 Q4 1993 Q2 2 2.94 2.94 

Paraguay 1995 May 1995 Jul 

Philippines 1997 Jul 1998 Mar 1997 Q3 1998 Q4 5 

Russia 1998 Aug 1999 Jan 

Sri Lanka 1989 1989 

Sweden 1991 Sep 1992 Sep 1991 Q1 1993 Q1 8 2 1992 Q2 3.26 5.31 

Thailand 1997 Jul 1997 Oct 1997 Q3 1998 Q3 4 

Turkey 20 0 0 Nov 20 0 0 Dec 2001 Q1 2002 Q1 4 

Ukraine 1998 Aug 1998 Dec 1998 Q1 1999 Q1 4 2 

Uruguay 2002 Jan 2002 Apr 1999 Q1 2003 Q1 16 12 

Venezuela 1994 Jan 1994 Jan 1994 Q1 1995 Q1 4 1994 Q2 24.61 24.61 

Vietnam 1997 Nov 1998 Oct 

Crisis start is the date when major distress in the banking sector was observed. Systemic crisis date is the date when the conditions for a banking crisis to be classified as 

systemic were met. Recession duration is in quarters. Duration of existing recession tells how long a recession has already been ongoing at the time of the banking crisis start. 

Bank recapitalization date is the time when the main part of bank recapitalizations has been completed. If recapitalizations were small or the main part of recapitalizations 

took place after the recession has already ended, recap date is reported as missing. Recap end of recession is the cumulative amount of bank recapitalizations at the end 

of the recession. Recap end of crisis is the total amount of bank recapitalizations in a banking crisis (it includes also bank recapitalizations after the recession has already 

ended). The recapitalization amounts are expressed in percent of total banking assets. 
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jections of subordinated debt, qualifying as Tier 2 capital, a recap-

italization. Conversion of subordinated debt or other bank liabil-

ities into equity and liability management exercises are counted

as recapitalization. Write-offs of bank liabilities in the process of

bank restructuring where creditors do not get any security in ex-

change are not counted as recapitalization although they are some-

times referred to as the contribution of bondholders toward re-

capitalization. In purchase and assumption deals the state often

compensates the acquiring bank for the difference between the

value of assets and liabilities of the bank that is being taken over

in the process of restructuring. This amount is not counted as re-

capitalization as it merely brings the net asset value of the restruc-

tured bank to zero. It benefits the creditors of the distressed bank

that would otherwise suffer losses in the process of restructuring

and does not increase capital of the acquirer. If the acquiring bank

receives an equity injection on top of that, the equity injection is

counted as recapitalization. Sometimes both the state and private

investors participate in bank equity issues. In those cases only the

amount purchased by the state is counted as recapitalization for

the purpose of our analysis. 

We collect the data about bank recapitalizations from various

sources: IMF staff reports, European Commission decisions about
tate aid, webpages of central banks, restructuring agencies and

nnual reports of intervened banks. For the regression analysis,

e need the total amount of recapitalizations in the banking sec-

or in each quarter for all crises. Whenever possible we document

he amount of recapitalization at bank level, a description of the

easure and the month or quarter when the measure was imple-

ented. For the recent crises almost all data has this level of de-

ail. If bank-level data is not available, we collect data about the

otal amount of recapitalizations in each quarter of a recession.

or some crises before 2007 IMF staff reports only include how

uch was spent on recapitalizations until a certain date. In such

ases we use two rules to allocate the amounts across the quar-

ers. If the names of banks or the number of banks intervened in

 particular quarter are reported but not the amounts per bank,

e assume that each of the intervened banks received an equal

mount. If only the date when a bank restructuring program was

pproved by the government and the total amount of recapitaliza-

ions at a later point in time are known, we assume that recapi-

alization amounts are evenly spread across quarters between the

tart of the restructuring program and the time at which the cu-

ulative amount of recapitalizations is reported. Tables 1 and 2 re-

ort the amounts of bank recapitalizations in the analyzed banking



T. Homar, S.J.G. van Wijnbergen / J. Finan. Intermediation 32 (2017) 16–28 23 

Table 2 

Systemic banking crises in the period 2007–2014. 

Country Crisis start 

Systemic 

crisis date 

Recession 

start Recovery 

Recess. 

duration 

Duration of 

exist. recession 

Bank recap 

date 

Recap end of 

recession 

Recap end of 

crisis 

Austria 2008 Sep 2008 Dec 2008 Q2 2009 Q3 5 1 2009 Q2 0.99 1.35 

Belgium 2008 Sep 2008 Oct 2008 Q3 2009 Q3 4 2008 Q4 1.95 3.14 

Cyprus 2011 Jul 2013 Mar 2011 Q3 2015 Q1 14 

Denmark 2008 Sep 2009 Feb 2008 Q1 2010 Q1 8 2 2009 Q2 1.14 1.25 

France 2008 Sep 2008 Q2 2009 Q3 5 1 0.41 0.63 

Germany 2008 Sep 2009 Oct 2008 Q2 2009 Q2 4 1 0.7 1.15 

Greece 2008 Sep 2009 May 2008 Q2 2015 Q1 27 1 2012 Q2 10.55 10.55 

Hungary 2008 Sep 2008 Q3 2009 Q4 5 0.14 0.14 

Iceland 2008 Sep 2008 Oct 2008 Q1 2010 Q4 11 2 2009 Q4 6.29 6.29 

Ireland 2008 Sep 2009 Jan 2008 Q4 2011 Q1 9 2010 Q3 8.66 12.66 

Italy 2008 Sep 2008 Q2 2009 Q3 5 1 0.26 

Kazakhstan 2008 Sep 2010 Sep 2008 Q3 2009 Q1 2 

Latvia 2008 Sep 2008 Dec 2007 Q4 2010 Q4 12 3 2009 Q2 0.84 0.84 

Luxembourg 2008 Sep 2008 Sep 2008 Q2 2009 Q3 5 1 2008 Q4 0.85 0.88 

Mongolia 2008 Sep 2009 Nov 2009 Q1 2010 Q1 4 2.49 

Netherlands 2008 Sep 2008 Oct 2008 Q3 2009 Q3 4 2008 Q4 0.88 1.41 

Nigeria 2009 Aug 2011 Oct 4.16 

Portugal 2008 Sep 2008 Q2 2009 Q2 4 1 

Portugal 2010 Dec 2010 Q4 2013 Q1 9 2012 Q2 1.88 2.21 

Russia 2008 Sep 2008 Q3 2009 Q3 4 2009 Q2 1.02 1.02 

Slovenia 2008 Sep 2008 Q3 2010 Q1 6 0.85 

Slovenia 2011 Sep 2011 Q3 2013 Q2 7 2.34 13.1 

Spain 2008 Sep 2011 Apr 2008 Q3 2010 Q1 6 0.05 0.35 

Spain 2011 Sep 2012 Dec 2011 Q1 2013 Q3 10 2 2012 Q4 2.35 2.35 

Sweden 2008 Sep 2008 Q3 2009 Q2 3 0 

Switzerland 2008 Sep 2008 Q4 2009 Q3 3 0.31 0.31 

Ukraine 2008 Sep 2009 May 2008 Q2 2009 Q2 4 1 3.23 7.31 

United Kingdom 2007 Sep 2008 Nov 2008 Q2 2009 Q3 5 0.53 0.97 

United States 2007 Dec 2008 Oct 2008 Q1 2009 Q3 6 2008 Q4 1.39 1.41 

For explanations of the column headings see Table 1. 
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rises. For a complete list of recapitalizations including information

n amounts per bank, dates and short descriptions of measures see

nline Appendix B: Bank Recapitalizations. 

In some regressions we use an indicator for bank recapitaliza-

ions, which turns from 0 to 1 in the quarter after the following

wo conditions are satisfied: 

- The cumulative recapitalizations since the start of the crisis ex-

ceed half of the amount of recapitalizations in the whole bank-

ing crisis, which also includes recapitalizations after the reces-

sion has already ended. 

- The cumulative recapitalizations exceed the threshold to be

considered significant. This limit is 0.75% of total banking as-

sets for crises in the period from 2007 to 2014 and 1.75% of

total banking assets for crises from 1980 to 2006. It is roughly

50% of the median total amount of recapitalizations in banking

crises where there were some recapitalizations. 

The first condition determines the time when the main part of

ank recapitalizations has been implemented. The second is neces-

ary to avoid treating crises with minimal recapitalizations as hav-

ng done a proper bank restructuring. 

.5. Guarantees on bank liabilities 

We use an indicator for the presence of significant guarantees

n bank liabilities other than deposits. It is equal to 1 in quarter t

f guarantees were in place in the preceding quarter. The lag allows

or some time for guarantees to have an effect on GDP growth. The

ndicator values are based on the dates of introduction of blanket

uarantees and dates of removal reported in ( Laeven and Valencia,

013b ) and documents of the European Commission about state

id decisions. 
.6. Liquidity support, monetary and fiscal policy 

The data for liquidity support and monetary policy come from

he International Financial Statistics database and for fiscal policy

rom World Economic Outlook Database. As a measure for liquid-

ty support provided by central banks, we use the ratio of claims

f monetary authorities on deposit money banks to total deposits,

omputed from end of quarter values lagged by one period. For

onetary policy, we adopt two alternative measures. The preferred

roxy, available for crises after 2007, is the decrease in real interest

ates from quarter t −2 to t −1 (when the probability of recovery

n quarter t is analyzed). In the analysis of crises before 2007 and

f the full sample we employ the quarterly growth rate in reserve

oney as a proxy for monetary policy in order not to lose obser-

ations because interest rate data is not available for all pre-2007

rises. Similarly, the measure of fiscal policy, cyclically adjusted

eneral government deficit, is available for most of the crises af-

er 2007 but very few crises before 2007. 

. Results 

.1. Effects of intervention measures on the probability of recovery 

We estimate the effect of bank recapitalizations, guarantees

n bank liabilities, liquidity support, monetary policy and fiscal

olicy on the probability of recovery from recessions related to

anking crises. The dependent variable is the recession indica-

or, which equals 1 if a recession has just ended and 0 other-

ise. The explanatory variables are of three types. First, there are

ariables describing intervention. A positive estimated coefficient

eans that a higher value of the explanatory variable increases

he probability of recovery. Second, there are averages of inter-

ention variables, averaged over all time periods of a recession.

ncluding the averages enables us to estimate a duration model
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Table 3 

Estimation results of the effects of intervention variables on the probability of recovery for the full sample of crises and the subsamples from the periods 1980–2006 and 

2007–2014. 

Full sample Past crises Recent crises Recent crises 

1980–2014 1980–2006 2007–2014 2007–2014 

Recession indicator (1) (2) (3) (4) 

Bank recapitalizations 0 .7109 ∗∗∗ 1 .2679 ∗∗∗ 1 .3869 ∗∗∗ 2 .1140 ∗∗∗

(3 .47) (2 .72) (2 .59) (3 .22) 

Guarantees on bank liabilities 0 .2597 −2 .4137 0 .0477 0 .2312 

(0 .52) (−1 .61) (0 .06) (0 .24) 

Liquidity support 2 .1970 4 .2111 3 .1290 9 .3538 ∗∗

(1 .58) (1 .48) (1 .05) (2 .19) 

Growth of reserve money −0 .5623 −1 .1808 −0 .9340 

(−1 .17) (−1 .39) (−0 .92) 

Real interest rate reduction 0 .2587 ∗∗

(2 .21) 

Fiscal deficit, cyclically adj. 0 .2251 

(1 .21) 

Average of bank recapitalizations −1 .2215 ∗∗∗ −2 .0576 ∗∗∗ −3 .5719 ∗∗ −4 .2634 ∗∗∗

(−3 .27) (−2 .63) (−2 .55) (−2 .75) 

Average of guarantees on bank liab. −0 .6396 3 .8603 ∗ −1 .9509 −0 .9739 

(−0 .81) (1 .94) (−1 .54) (−0 .60) 

Average liquidity support −3 .9050 ∗ −2 .1756 −6 .5043 −22 .8234 ∗∗∗

(−1 .85) (−0 .69) (−1 .41) (−2 .78) 

Average reserve money growth 0 .4032 0 .1717 6 .0672 ∗∗

(0 .85) (0 .27) (2 .17) 

Average real interest rate reduction −0 .6639 ∗∗

(−2 .26) 

Average cyclically adj. fisc. def. −0 .6035 ∗∗

(−2 .25) 

Duration 1 .5283 ∗∗∗ 10 .6049 ∗∗ 1 .8149 ∗∗∗ 2 .2731 ∗∗∗

(4 .26) (2 .56) (3 .36) (3 .98) 

Duration ̂ 2 −0 .1619 ∗∗∗ −2 .1800 ∗∗ −0 .1599 ∗∗∗ −0 .1739 ∗∗∗

(−3 .71) (−2 .46) (−2 .99) (−3 .37) 

Duration ̂ 3 0 .0041 ∗∗∗ 0 .1421 ∗∗ 0 .0039 ∗∗∗ 0 .0040 ∗∗∗

(3 .44) (2 .39) (2 .84) (3 .08) 

Constant −4 .6408 ∗∗∗ −17 .5726 ∗∗∗ −5 .1391 ∗∗∗ −5 .0802 ∗∗∗

(−5 .45) (−2 .84) (−3 .52) (−3 .59) 

Observations 361 147 214 215 

Crises 54 26 28 28 

Log likelihood −101 .6265 −37 .4276 −48 .3647 −43 .4675 

Recession indicator (the dependent variable) has value 1 if a country has just recovered from a recession and 0 if it is in a recession in a particular quarter. A positive 

regression coefficient means that a higher value of the explanatory variable increases the probability of recovery. Bank recapitalizations are the cumulative amount of 

recapitalizations since the start of the banking crises, weighted by total banking assets. Guarantees on bank liabilities are an indicator variable for the presence of guarantees. 

Liquidity support is the ratio of central bank claims on other depository corporations divided by the total deposits at other depository corporations. Growth of reserve money 

and Real interest rate reduction are measures of monetary policy. Cyclically adjusted fiscal deficit is a measure of discretionary fiscal policy. All policy variables except for 

fiscal deficit are lagged one quarter. Averages of intervention variables are included to allow for correlation between intervention and the time invariant component of 

unobservable crisis severity. Duration is the number of quarters a recession has already been ongoing until the period for which the probability of recovery is estimated. The 

specifications are estimated using a complementary log–log random effects procedure. In parentheses are z -values of the tests for significance of coefficients. Significance 

levels of 10%, 5%, and 1% are denoted by ∗ , ∗∗ , ∗∗∗ , respectively. 
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with fixed effects, which are necessary to control for the correla-

tion between the time invariant component of crisis severity and

intervention. Third, a linear, quadratic and cubic term of elapsed

duration are included to flexibly account for the dependence of

probability of recovery on the time that a recession has already

lasted. 

Table 3 reports the results estimated on three samples: the full

sample of systemic banking crises from 1980 until 2014, and sepa-

rately for the subsample of past crises from the period 1980–2006

and the subsample of recent crises from 2007 until 2014. Estimates

for the 2007–2014 subsample are repeated with additional mea-

sures of macroeconomic policy (column 4 in Table 3 ). The samples

include crises in which the recession began up to 4 quarters before

the start of the banking crisis. The start of the banking crisis is de-

fined as the quarter when major distress in the banking sector was

observed. Crises that did not have a recession or crises where the

country was already in a recession for more than 4 quarters before

the banking crises started, are not included. This cutoff is used to

exclude recessions where the problems in the banking system are

not an important determinant of the probability of recovery for a

large part of recession duration. 
The estimates of the effect of bank recapitalizations on the

robability of recovery are positive and significant in all samples:

ank recapitalizations significantly increase the probability of re-

overy. Guarantees on bank liabilities on the other hand do not

ave a significant effect. Liquidity support has a positive and sig-

ificant effect in the sample of recent crises but not in the other

wo samples. The estimates for growth of reserve money are nega-

ive and insignificant. We use growth in reserve money as a proxy

f monetary policy in order to perform the analysis on the max-

mum possible number of crises. However, when we substitute it

ith the reduction in real interest rates in column (4), the esti-

ated effect is positive and significant. The effect of fiscal policy

pproximated by the cyclically adjusted fiscal deficit is not signifi-

ant. 

Coefficients of averages of bank recapitalizations, guarantees on

ank liabilities and real interest rate reduction are statistically sig-

ificant for at least one sample, which confirms that, at least for

hat sample, policies are correlated to crisis severity. Hence their

nclusion is necessary to obtain consistent estimates of the co-

fficients of interest. We stress that the coefficients on averages

hould not be interpreted as a part of the effect of policies on the
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e  
robability of recovery; on the contrary, they represent the reverse

ink, the impact of crisis severity on the likelihood and extent of

ntervention. However we are interested only in the impact of in-

ervention once it has been undertaken, and the coefficients on the

verages, which represent the reverse link, between crisis severity

nd the likelihood and intensiveness of intervention, are not part

f that response. They are only a component of the fixed effect in

he model specification. 

The probability of recovery shows time dependence, i.e. it fol-

ows a characteristic pattern over time described by the coeffi-

ients on elapsed duration. The linear term of duration is positive,

ndicating that the longer a recession has already lasted, the more

ikely it is to end in the current quarter. The coefficient on the

uadratic term is negative, so the marginal effect of duration on

xit probability decreases as crises last longer. In other words, re-

essions that have already lasted some time are likely to be long.

ut every recession ends at some point, as is indicated by the pos-

tive sign on the cubic term’s coefficient. 

.2. Expected recession duration 

In many crises, recapitalizations are done at multiple times but

ith the largest amounts typically concentrated in one quarter.

o approximate this, we rerun the regressions with an alterna-

ive proxy for bank recapitalization: we replace the continuous re-

apitalization variable with a bank recapitalization indicator , which

quals 1 when a significant bank recapitalization took place and

 otherwise; for a more precise definition see Section 3.4 . If there

ere only minor recapitalizations or none at all, the value of the

ndicator is zero. Table 4 reports the results of the regressions per-

ormed with the indicator instead of the continuous bank recap-

talization variable. 9 This simplification allows for a sharper com-

arison between the approach of adequately recapitalizing banks

ersus regulatory forbearance defined as the absence of recapital-

zation. The basic results of Table 3 are confirmed in Table 4: bank

ecapitalizations are the intervention with the most significant ef-

ect. 

To investigate the size of the recapitalization’s impact on reces-

ion duration, we compute expected recession durations based on

he estimation results from Table 4 , using Eqs. (15) , ( 19 ) and ( 20 ).

e do this for two representative crisis types: one representing

he group of crises where substantial recapitalizations were done

nd the other representing the group with no or very little recap-

talizations. The reason for introducing two representative crises is

hat the two groups of crises most likely differ in unobserved cri-

is severity. Banking crises where banks were recapitalized tended

o be much more severe than those where recapitalizations were

ot done. We use the expression severe representative crisis to de-

ote the representative crisis of the group with significant bank

ecapitalizations and mild representative crisis to refer to the rep-

esentative crisis of the group with no or minor recapitalizations.

e compute expected recession duration with and without bank

ecapitalization for both types of representative crises. 

The inputs for the conditional probabilities of recovery are the

stimated coefficients from Table 4 and the values of the explana-

ory variables for the two representative crises. For the purpose of

hese expected duration calculations, the explanatory variable val-

es of the severe (mild) representative crisis are simply kept at the

verage of explanatory variables of crises where bank recapitaliza-

ions were (were not) done. This in particular holds for the aver-

ged variables conditioning on crisis severity – this is the way the

wo crisis types are distinguished. For example, for mild crises the
9 We exclude Greece from the sample when using the bank recapitalizations in- 

icator. Greece had three rounds of large recapitalizations during its 27 quarter long 

ecession. Representing them with a single dummy does not seem appropriate. 

a  

r  

q  

t  
verage value of the bank recapitalization indicator remains at zero

hile for the severe crises it is kept fixed at the positive sample

verage for that subgroup. The exceptions of course are the elapsed

uration, which by definition increases every quarter, and the bank

ecapitalization indicator which we change from 0 to 1 in the quar-

er after the simulated bank recapitalization is implemented. The

edian time that the recession had already lasted when bank re-

apitalizations were done in our sample was 1 quarter in the past

rises subsample and 2 quarters for the recent crises subsample.

hen computing the expected durations in the two different re-

ession types, we assume that the bank recapitalization is done at

 = 2 and so has an effect on the probability of recovery from t = 3

nwards. 

Table 5 reports the expected durations computed based on es-

imates from Table 4 . Column (1) of Table 5 refers to column (1)

f Table 4 etc. The size of the effect of bank recapitalization be-

omes apparent when the expected recession durations are com-

ared. For the sample of 2007–2014 crises in column (4) the ex-

ected duration of severe representative crisis with bank recapital-

zation is fairly close to the average observed duration of severe

rises; similarly the average observed duration of mild crises is

lose to the expected recession duration of the mild representative

rises if bank recapitalization is not done. So our benchmarks seem

ell chosen. The counterfactual durations, however, are very dif-

erent. The severe representative crisis without bank recapitaliza-

ion would last 14 quarters, instead of only 6 quarters when banks

re recapitalized, so without recapitalization a full two years longer

han with recapitalization. The expected recession of the mild rep-

esentative crisis is reduced from 5.4 to 3 quarters by bank recapi-

alization. So bank recapitalization reduces expected recession du-

ation of severe crises by 60% and mild crises by 40%. 

Another way of translating the regression results into an un-

erstandable metric is a comparison of exit probabilities over time

ith and without recapitalizations. We again have done this for

evere and mild crises, as defined earlier, and for both the first

pre-Great Recession) period (1980–2006) and just for the recent

eriod (2007–2014). We plot the predicted conditional probabili-

ies, the same that were used to compute expected durations for

ast crises in column (2) and for the recent crises in column (4)

f Table 5 . Since the resulting four plots are structurally similar,

e only show the results for the severe recession case, based on

he sample of recent crises ( Fig. 2 ) and present all four graphs (se-

ere and mild crises for each of the subsamples separately) in On-

ine Appendix F. 

Initially, when a recession starts at t = 0, the predicted proba-

ility of recovery is very low, then it gradually increases as time

oes by. Eventually it approaches 1: even without intervention, re-

essions at some point come to an end. The shape of the curve is

ue to time dependence, which is captured by the duration terms

n regression specification ( 14 ). In the absence of intervention, the

nitial shock that caused the banking crisis and subsequent time

ependence determine the time pattern of exit probabilities and

he expected duration of the recession. We implement the bank

ecapitalization at t = 2, so the jumps in the plots occur at t = 3.

he plot demonstrates our earlier results very clearly: bank recap-

talizations increase the probability of recovery substantially. 

.3. Robustness checks 

To check the robustness of our results, we perform additional

egressions and report them in the Online Appendix. We re-

stimate regressions from Table 3 using an alternative lax and

 strict recession definition. Under the lax definition we do not

equire a recession to include two consecutive negative growth

uarters; a sequence of a negative, a positive and a negative quar-

er is also considered a recession. In addition, we do not exclude
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Table 4 

Estimation results of the effects of intervention variables on the probability of recovery for the full sample of crises and the subsamples from the periods 1980–2006 and 

2007–2014. The bank recapitalization indicator is used as a proxy for bank recapitalizations. 

Full sample Past crises Recent crises Recent crises 

1980–2014 1980–2006 2007–2014 2007–2014 

Recession indicator (1) (2) (3) (4) 

Bank recapitalization indicator 2 .5907 ∗∗∗ 2 .4613 ∗∗ 3 .2468 ∗∗∗ 3 .4909 ∗∗∗

(3 .76) (2 .13) (2 .73) (2 .58) 

Guarantees on bank liabilities 0 .2543 −2 .4368 0 .1756 0 .5611 

(0 .50) (−1 .46) (0 .22) (0 .59) 

Liquidity support 2 .1003 2 .7520 1 .2465 3 .3228 

(1 .34) (1 .02) (0 .37) (0 .81) 

Growth of reserve money −0 .6394 −1 .0170 −1 .4800 

(−1 .14) (−1 .21) (−1 .19) 

Real interest rate reduction 0 .1208 

(1 .35) 

Fiscal deficit, cyclically adj. 0 .0644 

(0 .30) 

Average of bank recap. indicator −5 .6427 ∗∗∗ −4 .9578 ∗∗ −6 .6181 ∗∗ −6 .3138 ∗

(−3 .37) (−2 .00) (−2 .25) (−1 .95) 

Average of guarantees on bank liab. −0 .5618 3 .5793 −0 .8562 −0 .8494 

(−0 .72) (1 .64) (−0 .67) (−0 .58) 

Average liquidity support −3 .6165 ∗ −1 .3133 −5 .0539 −12 .6438 ∗

(−1 .66) (−0 .44) (−1 .05) (−1 .92) 

Average reserve money growth 0 .3734 0 .0333 5 .4530 ∗

(0 .80) (0 .05) (1 .79) 

Average real interest rate reduction −0 .4883 ∗∗

(−2 .11) 

Average cyclically adj. fisc. def. −0 .2576 

(−0 .94) 

Duration 3 .1544 ∗∗∗ 8 .6194 ∗∗ 3 .4780 ∗∗∗ 2 .9734 ∗∗∗

(4 .04) (2 .41) (2 .66) (2 .63) 

Duration ̂ 2 −0 .4551 ∗∗∗ −1 .7740 ∗∗ −0 .4871 ∗∗ −0 .3596 ∗∗

(−3 .69) (−2 .25) (−2 .51) (−2 .11) 

Duration ̂ 3 0 .0196 ∗∗∗ 0 .1184 ∗∗ 0 .0209 ∗∗ 0 .0144 ∗

(3 .44) (2 .16) (2 .44) (1 .91) 

Constant −7 .1909 ∗∗∗ −14 .5225 ∗∗∗ −8 .1410 ∗∗∗ −6 .7823 ∗∗∗

(−4 .73) (−2 .79) (−2 .95) (−2 .88) 

Observations 333 147 186 187 

Crises 53 26 27 27 

Log likelihood −96 .9699 −42 .8870 −45 .1275 −43 .4741 

Bank recapitalization indicator turns from 0 to 1 after a significant recapitalization is implemented. All other variables are defined as in the legend of Table 3. 

Table 5 

Expected and average observed recession durations for severe and mild crises. 

Full sample Past crises Recent crises Recent crises 

1980–2014 1980–2006 2007–2014 2007–2014 

(1) (2) (3) (4) 

Severe crises 

Average observed duration 6 .76 5 .60 7 .25 7 .25 

Expected duration without bank recapitalization 12 .24 7 .14 13 .54 13 .98 

Expected duration with bank recapitalization 4 .59 3 .77 5 .18 6 .01 

Difference in expected duration 7 .64 3 .37 8 .36 7 .97 

Mild crises 

Average observed duration 4 .72 4 .43 5 .13 5 .13 

Expected duration without bank recapitalization 5 .25 4 .50 5 .46 5 .37 

Expected duration with bank recapitalization 2 .99 2 .98 2 .98 3 .01 

Difference in expected duration 2 .26 1 .52 2 .48 2 .36 

Severe crises are crises where significant bank recapitalizations are done at some point. Mild crises are crises where significant bank recapitalizations were 

never done. Average observed duration is the average recession duration of the group of crises to which a representative crisis refers. Expected recession 

durations are computed based on estimates from Table 4 . The expected durations in each column correspond to estimates in the same column of Table 4 (i.e. 

the results reported in column (1) of Table 5 are based on the regression reported in column (1) of Table 4 etc.). Expected durations with bank recapitalization 

are computed assuming that bank recapitalization is done in the third recession quarter. Columns (3) and (4) differ in the control variables included, see Table 

4 for details. 
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recessions that started more than 4 quarters before the start of

the banking crises. Under the strict definition only consecutive

quarters with negative GDP growth are counted as recession. The

main results do not change. Under both alternative definitions

the effects of bank recapitalizations and real interest rate reduc-

tion are highly significant. We also re-estimate the regressions
sing a logit random effects procedure and a linear probability

odel with random effects. The estimates obtained with logit are

ery similar to the main results in Table 3 . In the linear prob-

bility model the predicted probabilities can lie outside of the

0, 1] range but even then the effect of bank recapitalizations
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Fig. 2. Predicted conditional probabilities of recovery for a severe representative crisis. 
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.4. Transmission channel: evidence from bank balance sheets 

In Section 2 we propose a possible transmission channel for the

ffect of bank recapitalizations on economic growth. Recapitaliza-

ions improve bank incentives for management of distressed loans,

hich in turn leads to higher output. Our results indeed show

hat bank recapitalization significantly increase the probability of

ecovery. For micro evidence pointing at this transmission chan-

el we refer to a paper by Homar (2016) that analyzes the effects

f bank recapitalizations on lending, funding and loan loss provi-

ioning of European banks, using (a subset of) the same dataset on

ank recapitalizations as we do in this paper. Controlling for bank

istress with a measure of market implied capital shortfall, Homar

2016) finds that in the year when banks are recapitalized, they in-

rease loan loss provisions. In the subsequent year they lend signif-

cantly more, attract additional deposits and increase loan loss re-

erves and charge-offs of non-performing loans. These results show

hat after a recapitalization banks speed up resolution of nonper-

orming loans and increase lending, which explains the strong ef-

ect of bank recapitalizations on economic recovery. 

. Conclusions 

How much longer will a recession last if distressed banks are

ot recapitalized early on during a financial crisis? In other words,

ow costly is regulatory forbearance that allows zombie banks

o continue to operate? We analyze recessions after 69 systemic

anking crises in the period from 1980 to 2014 and find a posi-

ive and highly significant effect of bank recapitalizations on the

robability of recovery. We do not find such effects for other in-

ervention measures such as guarantees on bank liabilities or liq-

idity support. We take into account that intervention in banking

rises may be endogenous to crisis severity because of a reverse

ink: since bank recapitalizations are costly, they are more likely

n severe recessions, which can lead to spurious correlation. The

mpact of bank recapitalizations is shown to be especially large in

evere crises where a timely recapitalization of distressed banks

hortens the expected duration of the crisis related recession by a

ull two years. 

The theoretical part of our paper offers a potential explanation

f these results. Undercapitalized banks have incentives to roll over

oans to distressed borrowers instead of restructuring or liquidat-

ng them. In that way zombie banks form a drag on economic

ecovery, they continue funding inefficient firms while rationing
redit to new borrowers. Bank recapitalizations, by eliminating

ebt overhang, mitigate these adverse incentives and thereby

horten recessions. Other intervention measures such as guaran-

ees on bank liabilities or liquidity support do not remedy the per-

erse incentives coming from undercapitalization. 

Our findings thus show that recapitalizing banks early on in

 recession significantly reduces the negative macroeconomic im-

act of a financial crisis. Of course such interventions may have

dverse ex ante effects, but whether expectations of bailouts will

rigger significantly more risk taking ex ante is likely to depend

n the terms on which recapitalization measures are expected to

ake place, and the extent to which such anticipatory risk taking is

estrained by prudential regulation. 

upplementary materials 

Supplementary material associated with this article can be

ound, in the online version, at doi:10.1016/j.jfi.2016.11.004 . 
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