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Determinants of bank closures:  
Do changes of CAMEL variables matter? 
 
 
 
 

Abstract  
 
This study examines whether changes in CAMEL variables matter in explaining bank closure. Using 

a unique set of monthly bank-specific balance sheet data from Russia, we estimate determinants of 

bank license withdrawals during 2013m7-2017m7. We make two key findings. First, changes in 

CAMEL indicators are always significantly correlated with probability of bank closure, and the 

magnitude of parameter estimates decreases with the lag length. Second, while the one-month 

lagged levels of capital, earnings, and liquidity are significantly associated with the probability of 

bank closure in the subsequent month, the level of liquidity is the only significant indicator for 

longer lags. Our key contribution that changes in CAMEL variables matter more than levels is ro-

bust to various robustness checks. 
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1  Introduction  
Assessments of the financial soundness of banks largely relies on publicly available accounting data. 

Large banks typically release their balance sheet information at quarterly intervals, but smaller 

banks may only publish annual reports. Relying on such data, the literature on bank failures tends 

to focus on how levels in the CAMEL indicators (i.e. capital adequacy, asset quality, management 

quality, earnings and liquidity) relate to bank failure probabilities.1 

As the CAMEL system emerged from the US, early studies on individual bank failures 

focus primarily on the US experience (e.g. Cole and Gunther, 1995).2 With increased adoption of 

CAMEL supervisory indicators, cross-country studies of the associations between a wide variety of 

bank accounting variables and indicators and bank default probabilities has emerged (see e.g. Arena 

(2008) for Latin America and Poghosyan and Cihak (2011) for Europe). The 2008 global financial 

crisis renewed interest in the drivers of bank failures, especially in the US (e.g. DeYoung and Torna, 

2013; Mayes and Stremmel, 2014; Vazquez and Federico, 2015). At the risk of oversimplifying, 

these studies suggest that lagged levels of capital adequacy, earnings, and liquidity are negatively 

associated with bank failure, while asset quality is positively associated. More broadly, these studies 

support the validity of CAMEL indicators in levels in explaining bank failure.3  

To the best of our knowledge, however, no study yet has systemically analyzed whether 

changes of CAMEL indicators matter in explaining bank closure. This is rather surprising as in the 

economic literature interest often focuses on how a change in a covariate is related to a change in 

an outcome variable.4 Similarly, financial analysts, in assessing company performance, often focus 

on changes in accounting indicators rather than levels. This study aims to fill this gap in the literature 

on bank closures.5 

A unique panel data set from Russia is particularly well-suited for an analysis of determi-

nants of bank failure. First, we can rely on monthly balance sheet data on all credit institutions that 

                                                 
1 Supervisors may possess confidential information on bank performance in advance of its closure, while other stake-
holders have to rely on publicly available accounting information in forming their expectations of bank financial sound-
ness. 
2 The CAMEL system evolved out of the US Federal Reserve’s 1979 recommendation on adoption of a Uniform Finan-
cial Institutions Rating System. In the following decades, the CAMEL system gained global acceptance. The Fed added 
a sixth criterion, sensitivity to market risk, in 1995. Hence, the acronym CAMELS is also used. 
3 For a review, see Mayes and Stremmel (2014). 
4 For example, CEO compensation literature (e.g. Jensen and Murphy, 1990; Hall and Liebman, 1998; Mäkinen, 2008) 
studies how a change in CEO compensation is associated with a change in company performance. In public economics, 
a central tax policy parameter is the overall elasticity of taxable income (e.g. Gruber and Saez, 2002). 
5 We use the terms bank closure and bank failure interchangeably. Both refer to revocation of a bank’s license by the 
Central Bank of Russia.  
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is regularly published by the Central Bank of Russia (CBR). More importantly, these monthly data, 

which cover almost the entire banking sector, allow us to examine month-on-month changes in 

CAMEL indicators as determinants of bank closure. Second, while the number of operating banks 

has gradually declined since late 1990s, the pace of bank closures has been stepped up significantly 

since the CBR’s current governor, Elvira Nabiullina, took office in June 2013. During our sample 

period (July 2013–July 2017), the number of operating credit institutions decreased by almost 40 %, 

standing at just 582 at the end of July 2017. 

Our work contributes to bank failure literature in two ways. First, quarterly accounting 

data, typically used in previous studies, may not accurately reflect a bank’s financial problems prior 

to its closure. Monthly balance sheet information, however, allows us to examine deterioration in 

bank performance just prior to its closure. Second, monthly data allow us to compare the accuracy 

of levels of standard accounting measures and their changes in explaining bank closure. To the best 

of our knowledge, this question has not been analyzed previously in the bank failure literature. 

Regarding levels of CAMEL indicators, we find that higher levels of capital, earnings, and 

liquidity one month prior to bank closure are associated with a lower the probability of bank failure 

in the subsequent month. Asset quality (as proxied by loan losses) is positively associated with 

probability of bank failure. For longer lags of capital, earnings and asset quality in levels, we find 

an insignificant association with bank closure. This implies that the levels of CAMEL indicators 

just prior to closure are more important than longer lags of levels in explaining closure. Liquidity in 

levels, however, remains consistently highly significant with longer lags. Although the magnitude 

of liquidity estimates decreases the longer the time lag, this finding suggests that liquidity has a 

relatively “long memory” in affecting bank closure. 

Concerning changes in CAMEL indicators, we consistently find that changes in capital, 

earnings, and liquidity are negatively, while changes in asset quality are positively associated with 

bank failure and highly significant. In contrast to CAMEL indicators in levels, longer lags of 

changes are consistently highly significant, although the magnitude of the estimates decreases rather 

monotonically over time. As earlier, this indicates that changes in CAMEL indicators just prior to 

closure are more important than longer lags of changes in explaining closure. Overall, our findings 

are consistent with the view that changes in CAMEL indicators are more important drivers of bank 

closure than CAMEL indicators in levels. 

The rest of the paper is organized as follows. Section 2 provides a brief description of the 

recent developments in the Russian banking sector and banking supervision in the 2010s. The data 
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and empirical methods are discussed in section 3. Section 4 reports our key findings. Section 5 

concludes. 

 
 

2  Evolution of the Russian banking industry and 
 bank supervision since 2010 

The Russian banking sector experienced rapid growth in the early 2000s, supported in part by the 

introduction of a deposit insurance scheme in 2004 and subsequent increase in market discipline 

(Karas, Pyle, and Schoors, 2013). In contrast to most European transition economies, the Russian 

banking system evolved into a dual system consisting of a few large state-owned banks and initially 

thousands of small, private banks. This led to an extremely fragmented banking industry. Some tiny 

establishments survived largely on their contacts with a single enterprise and the relative opaqueness 

of banking supervision. 

Notably, the Russian banking sector emerged from the global financial crisis largely un-

touched. Russian banks had very little exposure to subprime mortgages or troubled US and EU 

banks. The sudden drop in oil prices and the subsequent fall in stock prices and the ruble, however, 

increased the amount of non-performing loans and lowered bank profits. Central bank funding, the 

dominant role of state-owned banks, and relatively low leverage ratios helped the banking sector 

through the 2009–2010 economic recession.6  

Positive economic growth resumed in 2011 and consumer lending boomed. Relative to 

GDP, banking sector assets surpassed the pre-crisis (2009) level already in 2013. 

Significant changes have swept through the Russian banking industry more recently. Fi-

nancial market supervision changed markedly after June 2013 when Elvira Nabiullina replaced 

long-serving Sergei Ignatiev as CBR governor. The CBR also became a single megaregulator, su-

pervising banks and other credit institutions, as well as insurance companies, pension funds, stock 

market actors, microlenders, and even pawn shops. This has improved overall supervision and ena-

bled the CBR to undertake a significant and determined policy of rooting out sketchier market par-

ticipants. Over 300 credit institutions have lost their licenses and been forced to liquidate or restruc-

ture since summer 2013. Most of the failed banks have been tiny, but a nontrivial number of top-

100 banks have also lost their licenses. In many instances, the cause for pulling of a bank’s license 

                                                 
6 See Fungacova and Solanko (2009) on the role of the state-owned banks before the crisis. For their role during the 
crisis, see Fungacova, Herrala, and Weill (2013). 
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has involved breaches of money-laundering regulations or other criminal activity. Forensic audits 

of failed banks almost universally reveal serious flaws in bank accounting information (see e.g. 

Mamonov, 2017). 

 

Figure 1 Russian banking sector: total assets and total loans in relation to GDP 

 
Source: CBR and Rosstat via CEIC, calculations BOFIT. 
 
 
Figure 2 Number of credit institutions operating in the Russian banking sector 

 
Source: CBR and CEIC, calculations BOFIT. 
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A number of scholars have analyzed bank failures in Russia, but most published work is based on 

data from the years before 2009. For example, Fungacova and Weill (2013) study the effect of bank 

competition on probability of bank failure in Russia using quarterly data for the period of rapid 

economic growth of 1Q2000–1Q2007. They conclude that bank size and a bank-specific measure 

of competition (Lerner index) have a negative effect on failure probability. Funagcova, Turk, and 

Weill (2015) examine the effect of high liquidity creation on bank failures in Russia using quarterly 

data for 2000–2007. They find that excessive liquidity creation significantly increases failure prob-

ability, whereas bank size and ROA have expected negative signs. Clayes and Schoors (2007) doc-

ument bank license withdrawals after Russia’s 1998 financial crisis (1999–2002). They find that 

macro-prudential concerns are significant in banking supervision. Using monthly data from Novem-

ber 1995 to August 2003 to examine bank failure in Russia, Lanine and Vander Vennet (2006) 

reveal that most standard accounting variables have expected signs in explaining bank failures. 

Peresetsky, Karminsky, and Golovan (2011) use data for 1997–2003 to estimate binary choice mod-

els of bank defaults after 1998 financial crisis. Karminsky and Kostrov (2014) extend the analysis 

for 1998–2011. 

The study of Fidrmuc and Suss (2011) is particularly relevant to the current study. Identi-

fying 47 banks that failed in the immediate wake of the 2008 global financial crisis, they find that 

balance sheet information from as early as 2006 was informative in predicting bank failures. Nota-

bly, their sample was derived from the Bankscope database, which only includes annual data for 

Russia’s largest commercial banks. 

 
 

3 Data and empirical approach 
3.1 Data 
Our monthly bank-level panel data come from the Central Bank of Russia. Under Russian legisla-

tion, all operating credit institutions are required to submit their monthly balance sheet information 

to the bank supervision authority unit of the CBR. Nearly all banks have consented to the CBR’s 

release of this data with a one-month lag (e.g. data for June 2017 would become publicly available 

in July or early August 2017). The data contain detailed monthly balance sheet information, some-

thing quite exceptional in bank failure literature. 
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We combine this data with information on exact date of bank license withdrawals. Com-

pared to existing bank failure studies, our data include an extraordinary high number of bank clo-

sures. Due to a potential regime change in the CBR’s bank license revocation policy in June 2013, 

we restrict our analysis to the period from July 2013 (2013m7) to July 2017 (2017m7). 

We construct our estimable sample as follows. First, we exclude the six largest state-con-

trolled banks7 because the failure risk for them is likely to be marginal compared to other ownership 

forms of banks in Russia. Similarly, we drop the largest foreign-owned banks. These banks differ 

in many respects from other private banks in Russia.8 To deal with potential extreme values in our 

covariates, we winsorize (replace) the continuous explanatory variables at the 1 % and 99 % levels. 

We also excluded observations for any bank where the ratio of customer total loans to total assets 

or the ratio of customer deposits to total assets was less than 1 %. We also require at least five 

consecutive observations for any bank to be included in the sample. 

Our final sample consists of over 31,000 bank-month observations. This corresponds to 

818 credit institutions, of which 290 (about 35 %) failed during our sample period. 

 
 
3.2 Dependent and independent variables 
Our dependent variable is a dummy variable (0/1), which equals one if the CBR revokes a bank’s 

license in a given month, and zero otherwise. Following bank failure literature, we use the standard 

CAMEL indicators as explanatory variables: capital, asset quality, earnings, and liquidity.9  

Capital denotes a bank’s own equity, calculated as the sum of statutory capital, surplus 

capital, current and past retained earnings, and other capital. Our assumption is that higher capital 

reserves improve a bank’s ability to tolerate financial losses. Thus, we expect capital ratio to be 

negatively related to the probability of bank failure. We measure capital as the ratio of capital to 

total assets (%). 

Asset quality is proxied by the ratio of total loan losses to total assets (%). A bank’s total 

loan losses is measured as the sum of credit losses and overdue loans in a given month. We include 

overdue loans to total loan losses because lax accounting standards or other reasons may allow 

                                                 
7 These are Sberbank, VTB, VTB24, Gazprombank, Rosselkhozbank, and Bank Moskvi. 
8 For the purpose of this study, the largest foreign-owned banks in Russia are Unicredit, Reiffeissen, City, Rosbank and 
Nordea. 
9 Unfortunately, our data do not contain information on the M measure (management competence and expertise). As 
the monthly data does not include income statement data, cost-to-income ratios cannot be used as a proxy. Given the 
relatively short time-span of our sample, we argue that management quality remains time-invariant during the sample 
period. 
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financially troubled banks to delay reporting of losses from their overdue loans. We expect that 

higher total loan losses are positively related to bank failure. 

Earnings is a bank’s return on assets (%). It implies how well a bank’s business model is 

working from a financial standpoint. We proxy earnings by a bank’s current profits. Our assumption 

here is that a strong financial performance decreases probability of failure, and vice versa. 

Liquidity include cash and other assets that the bank should be able to convert into cash 

quickly. These include e.g. investments in stocks, bonds, and promissory notes, as well as the ac-

counts at the CBR and other banks. We assume that bank failure is negatively associated with li-

quidity. We measure the magnitude of liquidity by the ratio of liquid assets to total assets (%). 

Consistent with previous studies on bank failure (e.g. Cole and White, 2012; Fungacova 

and Weill, 2013), we control for bank size. We also control for the degree by which a bank engages 

in traditional banking business by lending activity and customer deposits. 

The magnitude of lending activity describes the importance of traditional lending busi-

nesses for the bank, captured by the ratio of total customer loans to total assets (%). Depending on 

the quality of borrowers in the bank’s loan portfolio, lending activity can be positively or negatively 

related to bank failure. In the case of Russia, the sign of lending activity is somewhat ambiguous. A 

bank’s total loans include government bonds that can be easily sold in a liquidity shortage. Moreo-

ver, because lending activity is rather underdeveloped in transition economies, the share of lending 

activities is marginal compared to other bank activities (Männasoo and Mayes, 2009). 

The size of customer deposits is captured by the ratio of a bank’s customer total deposits 

to total assets (%). It measures an importance of deposits in a bank’s funding base.10  

We also control for bank size, which may bear upon likelihood of failure. This would in-

clude such policy-design issues as the “too big to fail” problem. Bank size is measured as the loga-

rithm of total assets. 

Table 1a presents descriptive statistics for the full sample and Table 1b for failed and non-

failed banks separately. Table 1b shows that, on average, there are significant differences between 

these two groups. Failed banks have significantly lower earnings and liquidity ratios than non-failed 

banks. Somewhat counter-intuitively, the failed banks on average had lower loan losses (i.e. better 

asset quality) than non-failed ones. This may be partly due to the fact that banks that run into troubles 

typically had been remarkably slow to recognize their bad loans. Failed banks also have slightly 

lower capital ratios than non-failed banks (although the difference is statistically insignificant). 

                                                 
10 The deposit insurance system was established in Russia in 2004. 
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Likewise, failed banks are somewhat smaller, have higher deposits ratios and lower loans ratios than 

non-failed banks. These ratios are all statistically significant. 

Finally, we include a dummy variable to control for the fact that about half of the banks in 

our sample are located in Moscow region. This variable equals one if the bank’s head office is in 

the Moscow area, and zero otherwise. Table1b shows that the share of failed banks is significantly 

greater in the Moscow area. 

 
Table 1a Summary statistics 

 (1) 
Mean 

(2) 
Standard deviation 

(3) 
Min 

(4) 
Max 

Capital 
(equity to total assets, %) 

 
19.30 

 
13.69 

 
3.77 

 
89.71 

Asset Quality 
(total loan losses  
to total assets, %) 

 
7.67 

 
9.27 

 
0 

 
59.83 

Earnings/ROA 
(current profits  
total assets, %) 

 
0.04 

 
0.75 

 
-3.31 

 
3.34 

Liquidity 
(liquid assets  
to total assets, %) 

 
26.67 

 
16.80 

 
2.36 

 
98.10 

Loans 
(customer loans  
to total assets, %) 

 
63.97 

 
17.39 

 
1.00 

 
95.19 

Deposits 
(customer deposits  
to total assets, %) 

 
47.86 

 
20.07 

 
1.04 

 
82.41 

Size 
(log(total assets)) 

 
15.71 

 
1.68 

 
10.43 

 
19.80 

Moscow 
(=1 if Moscow,  
0 otherwise) 

 
0.49 

 
0.50 

 
0 

 
1 

 

Source: CBR; authors’ calculations. Sample excludes large state-controlled banks and large foreign-owned banks. Our 
sample contains a total of 818 banks and 31,272 bank-month observations. 
 
 
 
  



BOFIT- Institute for Economies in Transition 
Bank of Finland 

BOFIT Discussion Papers 16/ 2017 

 
 

 
 

13 

Table 1b Summary statistics for failed and non-failed banks 
 (1) 

 

Failed banks 
 
 
 

Mean                SD 

(2) 
 

Non-failed banks 
 
 
 

Mean                SD 

(3) 
 

Failed vs.  
non-failed banks: 

test on the equality of 
sample means (p-values) 
with unequal variances 

Capital 
(equity to total assets, %) 

 
19.20 

 
15.41 

 
19.34 

 
13.09 

 
0.49 

Asset Quality 
(total loan losses  
to total assets, %) 

 
6.63 

 
8.16 

 
8.00 

 
9.57 

 
0.00 *** 

ROA 
(current profits  
total assets, %) 

 
-0.01 

 
0.97 

 
0.06 

 
0.67 

 
0.00 *** 

Liquidity  
(liquid assets  
to total assets, %) 

 
26.14 

 
16.38 

 
26.85 

 
16.92 

 
0.00 *** 

Loans 
(customer loans  
to total assets, %) 

 
63.39 

 
17.58 

 
64.16 

 
17.32 

 
0.00 *** 

Deposits 
(customer deposits  
to total assets, %) 

 
49.61 

 
20.36 

 
47.30 

 
19.94 

 
0.00 *** 

Size 
(log(total assets)) 

 
15.26 

 
1.46 

 
15.86 

 
1.72 

 
0.00 *** 

Moscow (0/1) 0.61 0.49 0.46 0.50 0.00 *** 

# Banks 290 528  
# Observations 7,637 23,635  

 

Source: The Bank of Russia; authors’ calculations. Sample excludes large state-controlled banks and large foreign 
owned-banks. Significance levels: * 10 %; ** 5 %; *** 1 %, respectively. 
 
 

3.3 Empirical approach  
Previous related Russian bank failure studies typically apply the random-effects panel logit estima-

tor (e.g. Claeys and Schoors, 2007; Lanine and Vander Vennet, 2006; Fungáčová and Weill, 2013). 

For our relatively short observation period, however, the linear probability model with bank fixed 

effects provides a more suitable modeling approach for bank failures. 

First, as we have repeated observations of individual banks over several months, control-

ling for unobserved time-invariant bank heterogeneity is crucial. A random-effects panel logit model 

would assume that individual bank effects (ci) are uncorrelated with included explanatory variables. 

In our view, this is a rather bold, unrealistic assumption. 

Second, most banks in our sample do not fail in the period. Applying the pooled logit esti-

mator, the estimator would drop all non-failed banks from the estimable sample, substantially re-

ducing the number of observations and likely make our parameter estimates less reliable. 
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Third, an alternative to the panel logit estimator, the complementarity panel log-log esti-

mator that is often used when one of the binary outcomes is rare relative to the other. Unfortunately, 

using the complementarity panel log-log estimator would again impose the random-effects assump-

tion, which, as said earlier, appears implausible in our case. A further reason not to apply the com-

plementarity panel log-log model is that we focus here on the magnitude of the marginal effects of 

CAMEL variables on the conditional probability of bank failure. In the complementarity panel log-

log model, these average marginal effects are calculated based on the linear probability model with-

out individual bank effects. 

Fourth, we prefer the linear probability model over a pooled binary response model with 

fixed effects to avoid the incidental parameter problem as a result of including a large number of 

fixed effects. Hence, we model bank failure using the linear probability model with bank fixed ef-

fects (least-square dummy variable model), employing CAMEL explanatory variables both in levels 

and in changes.11 

To deal with potential endogeneity concerns in our baseline models, we use one-month 

lagged explanatory variables. Because one-month lagged accounting variables are missing for some 

banks close to the time of their closure, we also apply the 2-, 3-, 6-, 9-, and 12-month lagged values 

of explanatory variables. This allows us to examine whether the information contained in the 2-, 3-

, 6-, 9-, and 12-month lagged accounting information is useful in explaining the incidence of bank 

failure in subsequent period t. 

We first estimate the following baseline linear probability model with the levels of lagged 

explanatory variables: 

 
𝑃𝑃(𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖,𝑡𝑡 = 1) = 𝐹𝐹(𝑋𝑋, 𝛽𝛽) = 𝛽𝛽0 + 𝛽𝛽1𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖,𝑡𝑡−𝑚𝑚 + 𝛽𝛽2𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖,𝑡𝑡−𝑚𝑚 +

 𝛽𝛽3𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖,𝑡𝑡−𝑚𝑚 + 𝛽𝛽4𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖,𝑡𝑡−𝑚𝑚 + +𝛽𝛽5𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖,𝑡𝑡−𝑚𝑚 + 𝛽𝛽6𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖,𝑡𝑡−𝑚𝑚 +

𝛽𝛽7 log�𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖,𝑡𝑡−𝑚𝑚� + 𝛽𝛽8𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖 +  𝛽𝛽9𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝐻𝐻𝐹𝐹𝐹𝐹𝑡𝑡 + 𝛽𝛽10𝐵𝐵𝐵𝐵𝐵𝐵𝐾𝐾𝐹𝐹𝐹𝐹𝑖𝑖 +  𝜀𝜀𝑖𝑖,𝑡𝑡,  (1) 

 

where m = 1, 2, 3, 6,  9, or 12. In Eq. (1) the dependent variable FAILUREi,t takes a value of one if 

a bank fails in month t, and zero otherwise. CAPITALi,t-m is the ratio of a bank’s equity to total assets 

                                                 
11 We recognize that the least-square dummy variable model imposes a linear link function. However, we are interested 
in the average marginal effects of the explanatory variables on the probability of bank failure, not in forecasting a bank 
failure in the subsequent month. Note that the linear probability model has been used in other fields in economics. For 
example, the study of Kugler and Pica (2008) uses the model for worker and job flows, Bernard and Jensen (2004) for 
firm entry into exporting, Friedman and Schady (2013) for infant mortality, and Frame (2017) for regulatory arbitrage. 



BOFIT- Institute for Economies in Transition 
Bank of Finland 

BOFIT Discussion Papers 16/ 2017 

 
 

 
 

15 

(%), ASSETQUALITYi,t-m is the ratio of a bank’s total loan losses to total assets (%).12 EARNINGSi,t-

m is a bank’s return on assets (%; proxied by current profits). LIQUIDITYi,t-m is the ratio of a bank’s 

liquid assets to total assets (%). TOTLOANSi,t-m is the ratio of a bank’s customer total loans to total 

assets (%). TOTDEPOSITSi,t-m the ratio of a bank’s customer total deposits to total assets (%). 

SIZEi,t-m is measured by the logarithm of a bank’s total assets. We also include time (month) fixed 

effects into Eq. (1) to control for time-effects that are common to all banks. Likewise, we include 

bank fixed effects to control for unobserved time-invariant heterogeneity across banks (such as 

management quality). Subscript m refers to a monthly lag. The Moscow dummy variable equals one 

if the bank’s head office is located in the Moscow region, and zero otherwise13. We estimate Eq. (1) 

using 1-, 2-, 3-, 6-, 9- and 12-month lagged levels of accounting information. 

In our second baseline linear probability model specification, we focus on the changes in 

accounting information prior to bank closure. As earlier, we use lagged changes of explanatory 

variables. Further, we measure changes between a month prior to bank default event (i.e. t-1) and 2, 

4, 7, 10, and 13 months before t-1: 

  
𝑃𝑃(𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖,𝑡𝑡 = 1) = 𝐹𝐹(∆𝑋𝑋, 𝛽𝛽) = 𝛽𝛽0 + 𝛽𝛽1∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖,(𝑡𝑡−1)−(𝑡𝑡−𝑚𝑚) +

𝛽𝛽2∆𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖,(𝑡𝑡−1)−(𝑡𝑡−𝑚𝑚) +  𝛽𝛽3∆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖,(𝑡𝑡−1)−(𝑡𝑡−𝑚𝑚) +

𝛽𝛽4∆𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖,(𝑡𝑡−1)−(𝑡𝑡−𝑚𝑚) + +𝛽𝛽5∆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖,(𝑡𝑡−1)−(𝑡𝑡−𝑚𝑚) +

𝛽𝛽6∆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖,(𝑡𝑡−1)−(𝑡𝑡−𝑚𝑚) + 𝛽𝛽7∆ log�𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖,(𝑡𝑡−1)−(𝑡𝑡−𝑚𝑚)� + 𝛽𝛽8𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖 +

 𝛽𝛽9𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝐻𝐻𝐹𝐹𝐹𝐹𝑡𝑡 +  𝛽𝛽10𝐵𝐵𝐵𝐵𝐵𝐵𝐾𝐾𝐹𝐹𝐹𝐹𝑖𝑖 +  𝜀𝜀𝑖𝑖,𝑡𝑡,  (2) 

 
where m = 2, 4, 7, 10, and 13. The definitions of the variables used are similar to those used  

in Eq. (1). 

 
 

4 Empirical results 
4.1 Baseline results 
Table 2a reports the estimates for the determinants of bank closure using Eq. (1), i.e. lagged levels 

of explanatory variables. In column (1) we use the one-month lagged explanatory variables prior to 

bank closure. Concerning CAMEL indicators, capital, earnings, and liquidity all are significant and 

                                                 
12 A bank’s total loan losses is measured as the sum of credit losses and overdue loans in t – m. 
13 Even though variation is not very large, there is a nontrivial number of banks that do change the location of their head 
office in the data. 
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negatively associated with bank failure in the subsequent month. Asset quality (as proxied by loan 

losses) is positively associated with probability of bank failure. The parameter estimate for capital 

is -0.001, which suggests that a 1 percentage point (pp) increase in capital ratio in t-1 is associated 

with a roughly 0.1 pp decrease in probability of bank closure in t. Similarly, a 1 pp increase in 

liquidity in t-1 is associated with about 0.5 pp decrease in bank closure in t. For earnings, a 1 pp 

increase in t-1 is associated with about 1.5 pp decrease in bank closure in t. For other covariates, 

column (1) suggests that bank size and total loans (proxy for lending activity) are significantly neg-

atively associated with bank closure. For bank size, this finding indicates that larger banks tolerate 

financial troubles better than smaller banks. The finding total loans may reflect the fact that bank 

total loans portfolio also include government bonds that can be easily sold in a liquidity shortage. 

We use longer lags of CAMEL variables in columns (2) to (6). Unlike in column (1), we 

consistently find that capital and asset quality are insignificant. In column (2) earnings is significant 

(-0.005) at 1% level, but thereafter clearly insignificant. Importantly, we continue to find that li-

quidity is negatively significant, implying liquidity has a relatively “long memory” in affecting the 

probability of bank closure. However, the magnitudes of estimates for liquidity decreases the longer 

the time lag. For example, the estimate for the 12-month lagged value of liquidity (-0.0004) is about 

one-third of the size of the 1-month lagged liquidity estimate (-0.0011). Concerning other covariates 

in columns (2) to (12), the lagged values of total loans are negatively related to bank closure up to 

the 9-month lag. For bank size, the 6-, 9-, and 12-month lagged size is positively associated with 

bank closure. 

The finding that only one-month lagged levels are significant is interesting in its own right. 

Balance sheet data are published with a lag of one month, so if a bank loses its license in, say, June, 

its May data would become available in late June when market participants already know the bank 

has failed. Why then is the last-published data only significant in levels? Unfortunately, our data 

does not allow us to draw any definite answers. It could be in that many failed banks earlier inflated 

their assets to appear in better shape, but, as closure becomes increasingly evident, bank manage-

ment and owners abandon this practice. 
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Table 2a Determinants of bank failure: the lagged levels of explanatory variables 

DV: Bank Faiuret=1 

Monthly lag 

1 month 
(m=1) 

(1) 

2 months 
(m=2) 

(2) 

3 months 
(m=3) 

(3) 

6 months 
(m=6) 

(4) 

9 months 
(m=9) 

(5) 

12 months 
(m=12) 

(6) 

CAMEL indicators 
Capitalt-m 

 
–0.0010 *** 
(0.0003) 

 
–0.0004 
(0.0002) 

 
–0.0001 
(0.0002) 

 
 0.0001 
(0.0002) 

 
 0.0001 
(0.0002) 

 
 0.0002 
(0.0002) 

Asset Qualityt-m  0.0005 ***  
(0.0002) 

 0.0002  
(0.0002) 

  0.0002 
(0.0002) 

–0.0001  
(0.0001) 

  0.0002   
(0.0002) 

 0.0000   
(0.0001) 

Earningst-m –0.0150 *** 
(0.0018) 

–0.0050 *** 
(0.0014) 

–0.0012  
(0.0013) 

–0.0008  
(0.0011) 

–0.0001  
(0.0001) 

 0.0012  
(0.0010) 

Liquidityt-m –0.0011 *** 
(0.0003) 

–0.0010 *** 
(0.0002) 

–0.0009 *** 
(0.0002) 

–0.0008 *** 
(0.0002) 

–0.0005 ** 
(0.0002) 

–0.0004 ** 
(0.0002) 

Other variables 
Loanst-m 

 
–0.0007 ** 
(0.0003) 

 
–0.0007 *** 
(0.0002) 

 
–0.0006 *** 
(0.0002) 

 
–0.0006 *** 
(0.0002) 

 
–0.0003 *  
(0.0002) 

 
–0.0003  
(0.0002) 

Depositst-m   0.0001  
(0.0001) 

  0.0002 ** 
(0.0001) 

 0.0003 **  
(0.0001) 

 0.0001  
(0.0001) 

 0.0001  
(0.0001) 

 0.0001  
(0.0001) 

log(Sizet-m) –0.0161 *** 
(0.0056) 

–0.0045  
(0.0044) 

  0.0004 
(0.0040) 

 0.0090 ** 
(0.0041) 

 0.0109 *** 
(0.0038) 

 0.0085 **  
(0.0034) 

Moscow dummy 
(0/1) Yes Yes Yes Yes Yes Yes 

Bank fixed effects Yes Yes Yes Yes Yes Yes 
Month fixed effects Yes Yes Yes Yes Yes Yes 
# Banks 818 818 818 814 812 811 

# Observations 31,272 31,259 31,243 31,193 31,145 31,098 

R-squared 0.102 0.084 0.084 0.080 0.079 0.079 
 

Notes: The dependent dummy variable equals one if the bank has its license revoked by the CBR in month t, and zero 
otherwise. Standard errors in parentheses are adjusted for clustering at bank level. Significance levels: * 10 %; ** 5 
%; *** 1 %, respectively. The models also include a constant term, bank fixed effects and time (month) fixed effects. 
At least five consecutive observations are required for a bank to be included in the sample. Definitions of variables are 
reported in Table 1. 
 
Table 2b represents the estimation results for Eq. (2), i.e. lagged changes in explanatory variables). 

For CAMEL indicators in columns (1) to (6), we consistently find that changes in capital, earnings, 

and liquidity are negatively associated with bank failure, while changes in asset quality (bad loans) 

are positively associated and highly significant. For example, we see in in column (1) that a 1 pp 

increase in ∆capitalt-1,t-2 (= capitalt-1 - capitalt-2) is associated with a roughly 0.4 pp decrease in bank 

closure in t. Similarly, a 1 pp increase in ∆liquidity t-1,t-2 is associated with 0.1 pp decrease in closure, 

while a 1 pp increase in ∆asset qualityt-1,t-2  is associated with a 0.2 pp increase in closure in t. The 

estimate of ∆earningst-1,t-2 is -0.0028, implying a 1 pp increase in ∆earnings is associated with a 

decrease of about 0.3 pp in closure. In columns (2) to (6), when the lag length increases from t-1, 
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the magnitude of the parameter estimates of CAMEL indicators decreases rather monotonically. 

This suggests that changes in CAMEL indicators just prior to bank closure are more important than 

longer lags of changes in explaining bank closure. More importantly, compared to Table 2a, changes 

in CAMEL indicators seem to be much more central than the levels of these indicators in explaining 

bank closure. For other explanatory variables in columns (1) to (6), we shortly note that changes in 

bank size are consistently negatively related to bank closure, while deposits are negatively signifi-

cant up to the 3-month lag (column 3). The estimates of loans are consistently negative but signifi-

cant in columns (2), (3), (5), and (6). 

 
Table 2b Determinants of bank failure: the lagged changes of explanatory variables 

DV: Bank Failuret=1 

Monthly lag 

1 month 
(m=2) 

(1) 

2 months 
(m=3) 

(2) 

3 months 
(m=4) 

(3) 

6 months 
(m=7) 

(4) 

9 months 
(m=10) 

(5) 

12 months 
(m=13) 

(6) 

CAMEL indicators 
∆Capitalt-1,t-m 

 
–0.0037 *** 
(0.0008) 

 
–0.0029 *** 
(0.0006) 

 
–0.0025 *** 
(0.0005) 

 
–0.0018 *** 
(0.0004) 

 
–0.0013 *** 
(0.0003) 

 
–0.0011 *** 
(0.0002) 

∆Asset Qualityt-1,t-m  0.0021 ***  
(0.0005) 

 0.0016 ***  
(0.0004) 

 0.0015 ***  
(0.0003) 

 0.0010 ***  
(0.0003) 

 0.0005 **   
(0.0002) 

 0.0004 **  
(0.0002) 

∆Earningst-1,t-m –0.0028 *** 
(0.0011) 

–0.0053 *** 
(0.0011) 

–0.0060 *** 
(0.0011) 

–0.0085 *** 
(0.0011) 

–0.0090 *** 
(0.0012) 

–0.0087 *** 
(0.0012) 

∆Liquidityt-1,t-m –0.0011 * 
(0.0006) 

–0.0010 ** 
(0.0004) 

–0.0008 **  
(0.0004) 

–0.0007 *** 
(0.0003) 

–0.0008 *** 
(0.0003) 

–0.0008 *** 
(0.0002) 

Other variables 
∆Loanst-1,t-m 

 
–0.0007  
(0.0006) 

 
–0.0008 * 
(0.0004) 

 
–0.0006 * 
(0.0004) 

 
–0.0004   
(0.0003) 

 
–0.0006 **  
(0.0002) 

 
–0.0006 ***  
(0.0002) 

∆Depositst-1,t-m –0.0008 ***  
(0.0002) 

–0.0006 ***   
(0.0002) 

–0.0004 **   
(0.0002) 

–0.0002   
(0.0001) 

–0.0001    
(0.0001) 

 0.0000     
(0.0001) 

∆log(Sizet-1,t-m) –0.1108 *** 
(0.0225) 

–0.0837 *** 
(0.0161) 

–0.0695 *** 
(0.0126) 

–0.0472 *** 
(0.0089) 

–0.0340 *** 
(0.0067) 

–0.0265 *** 
(0.0056) 

Moscow dummy 
(0/1) Yes Yes Yes Yes Yes Yes 

Bank fixed effects Yes Yes Yes Yes Yes Yes 
Month fixed effects Yes Yes Yes Yes Yes Yes 

# Banks 818 818 817 814 812 811 

# Observations 31,256 31,240 31,223 31,175 31,127 31,080 

R-squared 0.096 0.102 0.099 0.097 0.088 0.088 
 

Notes: The dependent dummy variable equals one if the bank has its license revoked by the CBR in month t, and zero 
otherwise. Standard errors in parentheses are adjusted for clustering at the bank level. Significance levels: * 10 %; ** 
5 %; *** 1 %, respectively. The models also include a constant term, bank fixed effects and time (month) fixed ef-
fects. At least five consecutive observations are required for a bank to be included in the sample. Definitions of varia-
bles are reported in Table 1. 
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4.2 Robustness checks 
As most failed banks in our sample are small (even if a number of top-100 banks also lose their 

licenses in the observation period), we split our sample in small and large banks using median size 

(log(total assets)), as a cutoff. This is done to determine whether allowing the signs of CAMEL 

estimates to differ between small and large banks affect our key finding (i.e. changes of CAMEL 

variables are more important than levels), not to test whether the estimated parameters of CAMEL 

indicators differ between small and large banks. Table 3a displays our findings for Eq. (1) for small 

and large banks separately. For CAMEL indicators, we find that liquidity remains consistently neg-

atively significant up to the 6-month lag for both large and small banks, and thereafter for large 

banks only. For small banks, we find that the 1-, 2-, 3-, and 9-month lagged asset quality is positively 

significant. Earnings is negatively significant up to the 2-month lag for small banks and up to the 3-

month lag for large banks. 

Table 3b represents our estimation results for changes in explanatory variables in Eq. (2) 

for large and small banks separately. Column (1) uses the one-month lagged covariates (i.e. xt-1 - xt-

2) and columns (2) to (4) the 3-, 6-, and 9-month lagged changes in covariates, respectively. By and 

large, these results confirm our baseline result that changes in CAMEL variables are more important 

that levels in explaining bank failure. 

In our second robustness check, we consider whether the initial levels of CAMEL variables 

matter for our results by examining growth rather than change in our explanatory variables. The 

equation (2) is modified as follows: 

 
𝑃𝑃(𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖,𝑡𝑡 = 1) = 𝐹𝐹(𝜕𝜕𝜕𝜕, 𝛽𝛽) = 𝛽𝛽0 + 𝛽𝛽1𝜕𝜕𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖,(𝑡𝑡−1)−(𝑡𝑡−𝑚𝑚) +

𝛽𝛽2𝜕𝜕𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖,(𝑡𝑡−1)−(𝑡𝑡−𝑚𝑚) +  𝛽𝛽3𝜕𝜕𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖,(𝑡𝑡−1)−(𝑡𝑡−𝑚𝑚) +

𝛽𝛽4𝜕𝜕𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖,(𝑡𝑡−1)−(𝑡𝑡−𝑚𝑚) + +𝛽𝛽5𝜕𝜕𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑂𝑂𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖,(𝑡𝑡−1)−(𝑡𝑡−𝑚𝑚) +

𝛽𝛽6𝜕𝜕𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖,(𝑡𝑡−1)−(𝑡𝑡−𝑚𝑚) + 𝛽𝛽7∆ log�𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖,(𝑡𝑡−1)−(𝑡𝑡−𝑚𝑚)� + 𝛽𝛽8𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖 +

 𝛽𝛽9𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀_𝐹𝐹𝐹𝐹𝑡𝑡 +  𝛽𝛽10𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵_𝐹𝐹𝐹𝐹𝑖𝑖 +  𝜀𝜀𝑖𝑖,𝑡𝑡,  (3) 

 
where m = 2, 4, 7, 10, 13, and 19 and 𝜕𝜕 = average monthly growth. 

  



Mikko Mäkinen and Laura Solanko Determinants of bank closures:  
Do changes of CAMEL variables matter? 

 

 20 

Table 3a The determinants of bank failure using the lagged levels of explanatory variables: small and large banks  
 

DV: Bank 
Failuret=1 

Monthly lag 
1 month (m=1) 2 months (m=2) 3 months (m=3) 6 months (m=6) 9 months (m=9) 12 months (m=12) 

Small banks 
(1) 

Large banks 
(2) 

Small banks 
(3) 

Large banks 
(4) 

Small banks 
(5) 

Large banks 
(6) 

Small banks 
(7) 

Large banks 
(8) 

Small banks 
(9) 

Large banks 
(10) 

Small banks 
(11) 

Large banks 
(12) 

CAMEL indicators 
Capitalt-m 

 
-0.0013 *** 
(0.0005) 

 
-0.0007 *  
(0.0004) 

 
-0.0004  
(0.0004) 

 
-0.0001  
(0.0003) 

 
-0.0004 
(0.0003) 

 
 0.0002  
(0.0003) 

 
-0.0000  
(0.0003) 

  
 0.0004  
(0.0003) 

 
-0.0001  
(0.0002) 

  
 0.0006 **  
(0.0003) 

 
 0.0000  
(0.0002) 

 
 0.0005 ** 
(0.0002) 

Asset Qualityt-m  0.0011 *** 
(0.0004) 

 0.0002 
(0.0002) 

 0.0008 ** 
(0.0004) 

 0.0000 
(0.0001) 

 0.0007 * 
(0.0004) 

-0.0001 
(0.0001) 

 0.0002 
(0.0003) 

-0.0002 * 
(0.0001) 

 0.0011 *** 
(0.0004) 

-0.0001 
(0.0002) 

 0.0001  
(0.0002) 

-0.0000 
(0.0001) 

Earningst-m -0.0121 *** 
(0.0021) 

-0.0195 *** 
(0.0035) 

-0.0048 *** 
(0.0017) 

-0.0052 **  
(0.0026) 

-0.0032 * 
(0.0017) 

 0.0033 
(0.0022) 

-0.0001 
(0.0014) 

 0.0020 
(0.0015) 

-0.0019 
(0.0014) 

 0.0002 
(0.0014) 

 0.0012 
(0.0014) 

 0.0017 
(0.0015) 

Liquidityt-m -0.0012 ** 
(0.0005) 

-0.0011 *** 
(0.0003) 

-0.0007 **  
(0.0003) 

-0.0012 *** 
(0.0003) 

-0.0006 ** 
(0.0003) 

-0.0012 *** 
(0.0003) 

-0.0007 ** 
(0.0003) 

-0.0009 *** 
(0.0003) 

-0.0001  
(0.0003) 

-0.0008 *** 
(0.0003) 

-0.0003  
(0.0003) 

-0.0006 ** 
(0.0003) 

Other variables 
Loanst-m 

 
-0.0007 *  
(0.0004) 

 
-0.0006 **  
(0.0003) 

 
-0.0005 *  
(0.0003) 

 
-0.0008 ***  
(0.0003) 

 
-0.0003  
(0.0003) 

 
-0.0007 ***   
(0.0003) 

 
-0.0005 *  
(0.0003) 

 
-0.0007 ***   
(0.0003) 

 
-0.0001  
(0.0003) 

 
-0.0005 **   
(0.0002) 

 
-0.0003  
(0.0003) 

 
-0.0002  
(0.0002) 

Depositst-m  0.0003  
(0.0002) 

-0.0002 
(0.0002) 

 0.0004 ** 
(0.0002) 

 0.0001  
(0.0002) 

 0.0004 ** 
(0.0002) 

 0.0002 
(0.0001) 

 0.0001 
(0.0002) 

 0.0002 * 
(0.0001) 

 0.0001 
(0.0002) 

 0.0002 * 
(0.0001) 

 0.0001 
(0.0002) 

 0.0002 ** 
(0.0001) 

log(Sizet-m) -0.0291 **  
(0.0138) 

-0.0119 ** 
(0.0049) 

-0.0061  
(0.0096) 

-0.0042 
(0.0046) 

 0.0061 
(0.0084) 

-0.0024 
(0.0045) 

 0.0152 *  
(0.0086) 

 0.0069 *  
(0.0042)  

 0.0160 ** 
(0.0077) 

 0.0109 *** 
(0.0041)  

 0.0108  
(0.0068) 

 0.0108 ***  
(0.0037) 

Moscow dummy 
(0/1) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Bank FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Month FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

# Banks 489 455 589 455 489 455 485 455 483 455 481 455 

# Observations 15,634 15,6382 15,622 15,637 15,609 15,634 15,569 15,624 15,744 15,614 15,496 15,602 
 

Notes: The dependent dummy variable equals one if the bank the bank has its license revoked by the CBR in month t, and zero otherwise. Standard errors in parentheses are adjusted 
for clustering at the bank level. Significance levels: * 10 %; ** 5 %; *** 1 %, respectively. The models also include a constant term, bank fixed effects and time (month) fixed 
effects. At least five consecutive observations are required for a bank to be included in the sample. Definitions of variables are reported in Table 1. 
 



BOFIT- Institute for Economies in Transition 
Bank of Finland 

BOFIT Discussion Papers 16/ 2017 

 

 21 

 
Table 3b The determinants of bank failure using the lagged changes of explanatory variables: small and large banks 

 
 

DV: Bank 
Failuret=1 

Monthly lag 
1 month (m=1) 2 months (m=2) 3 months (m=3) 6 months (m=6) 9 months (m=9) 12 months (m=12) 

Small banks 
(1) 

Large banks 
(2) 

Small banks 
(3) 

Large banks 
(4) 

Small banks 
(5) 

Large banks 
(6) 

Small banks 
(7) 

Large banks 
(8) 

Small banks 
(9) 

Large banks 
(10) 

Small banks 
(11) 

Large banks 
(12) 

CAMEL indicators 
∆Capitalt-1,t-m 

 
-0.0042 *** 
(0.0011) 

 
-0.0036 ***  
(0.0012) 

 
-0.0033 ***  
(0.0008) 

 
-0.0026 ***  
(0.0009) 

 
-0.0026 *** 
(0.0006) 

 
-0.0025 ***  
(0.0007) 

 
-0.0019 ***  
(0.0005) 

  
-0.0018 ***  
(0.0005) 

 
-0.0014 *** 
(0.0004) 

  
-0.0013 ***  
(0.0004) 

 
-0.0011 ***  
(0.0003) 

 
-0.0012 *** 
(0.0003) 

∆Asset Qualityt-1,t-

m 
 0.0026 *** 
(0.0008) 

 0.0015 ** 
(0.0007) 

 0.0020 *** 
(0.0005) 

 0.0011 ** 
(0.0005) 

 0.0022 *** 
(0.0005) 

 0.0078 ** 
(0.0004) 

 0.0014 *** 
(0.0005) 

 0.0006 ** 
(0.0003) 

 0.0009 *** 
(0.0003) 

 0.0002 
(0.0002) 

 0.0009 ***  
(0.0003) 

 0.0001 
(0.0002) 

∆Earningst-1,t-m -0.0010  
(0.0013) 

-0.0057 *** 
(0.0020) 

-0.0026 ** 
(0.0012) 

-0.0101 ***  
(0.0020) 

-0.0048 *** 
(0.0013) 

-0.0078 *** 
(0.0020) 

-0.0075 *** 
(0.0013) 

-0.0100 *** 
(0.0020) 

-0.0072 *** 
(0.0013) 

-0.0118 *** 
(0.0022) 

-0.0072 *** 
(0.0013) 

-0.0113 *** 
(0.0023) 

∆Liquidityt-1,t-m -0.0017 * 
(0.0009) 

-0.0001  
(0.0005) 

-0.0014 **  
(0.0007) 

-0.0002  
(0.0004) 

-0.0011 ** 
(0.0006) 

-0.0002  
(0.0004) 

-0.0009 * 
(0.0005) 

-0.0004 
(0.0003) 

-0.0009 **  
(0.0004) 

-0.0005 * 
(0.0003) 

-0.0009 **  
(0.0004) 

-0.0006 ** 
(0.0002) 

Other variables 
∆Loanst-1,t-m 

 
-0.0012   
(0.0009) 

 
 0.0001   
(0.0005) 

 
-0.0013 *  
(0.0007) 

 
-0.0001   
(0.0004) 

 
-0.0009  
(0.0006) 

 
-0.0001    
(0.0003) 

 
-0.0006   
(0.0005) 

 
-0.0001    
(0.0003) 

 
-0.0007 * 
(0.0004) 

 
-0.0004   
(0.0002) 

 
-0.0007 *  
(0.0004) 

 
-0.0005 **  
(0.0002) 

∆Depositst-1,t-m -0.0010 ***  
(0.0003) 

-0.0007 *** 
(0.0003) 

-0.0006 ** 
(0.0002) 

-0.0007 ***  
(0.0002) 

 0.0004 * 
(0.0002) 

-0.0005 *** 
(0.0002) 

-0.0001 
(0.0002) 

-0.0003 ** 
(0.0002) 

 0.0000 
(0.0002) 

 0.0002 
(0.0001) 

 0.0001 
(0.0002) 

-0.0002 * 
(0.0001) 

∆log(Sizet-1,t-m) -0.1384 ***  
(0.0334) 

-0.0898 *** 
(0.0241) 

-0.1106 ***  
(0.0235) 

-0.0618 *** 
(0.0155) 

-0.0852 *** 
(0.0181) 

-0.0563 *** 
(0.0125) 

-0.0575 ***  
(0.0141) 

 0.0419 ***  
(0.0087)  

 0.0412 *** 
(0.0114) 

 0.0329 *** 
(0.0070)  

-0.0309  
(0.0099) 

 0.0289 ***  
(0.0061) 

Moscow dummy 
(0/1) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Bank FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Month FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

# Banks 489 455 589 455 488 455 485 455 482 455 481 455 

# Observations 15,622 15,634 15,622 15,631 15,595 15,628 15,557 15,618 15,520 15,607 15,485 15,595 
 

Notes: The dependent dummy variable equals one if the bank has its license revoked by the CBR in month t, and zero otherwise. Standard errors in parentheses are adjusted for 
clustering at the bank level. Significance levels: * 10 %; ** 5 %; *** 1 %, respectively. The models also include a constant term, bank fixed effects and time (month) fixed effects. 
At least five consecutive observations are required for a bank to be included in the sample. Definitions of explanatory variables are reported in Table 1.  
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Table 4 describes our estimation results using growth in explanatory variables instead of changes. 

Comparing these results with our baseline results in Tables 2a and 2b reveals that the results are 

quantitatively similar. Levels of standard accounting variables perform worse than changes or 

growth in these variables in explaining bank failure within the 12-month period. Our findings remain 

qualitatively intact in Eq. (3) we substitute compound monthly growth rates for CAMEL indicators 

(except earnings still average growth rate) for average monthly growth rates.14 

 

Table 4 Determinants of bank failure: average growth of explanatory variables 

  

(1) 
1 month 
(m=2) 

(2) 
2 months 

(m=3) 

(3) 
3 months 

(m=4) 

(4) 
6 months 

(m=7) 

(5) 
9 months 
(m=10) 

(6) 
12 months 

(m=13) 

(7) 
18 months 

(m=19) 

avegrowthCAR  
(t-1,t-m) 

–0.289*** 
(0.0415) 

–0.301*** 
(0.0449) 

–0.337*** 
(0.0550) 

–0.393*** 
(0.0632) 

–0.413*** 
(0.0702) 

–0.401*** 
(0.0776) 

–0.406*** 
(0.0823) 

avegrowthCredQ3  
(t-1,t-m) 

0.0150*** 
(0.00439) 

0.0154*** 
(0.00408) 

0.0119*** 
(0.00372) 

0.00384 
(0.00296) 

0.00372 
(0.00233) 

0.00389* 
(0.00228) 

0.00486** 
(0.00214) 

avegrowthROA  
(t-1,t-m) 

0.000158 
(0.000275) 

0.000830** 
(0.000328) 

–0.000412 
(0.000523) 

–0.00166** 
(0.000678) 

–0.00169* 
(0.000963) 

–0.00361*** 
(0.000984) 

–0.00197 
(0.00133) 

avegrowthLAR   
(t-1,t-m) 

–0.0116 
(0.0117) 

–0.0184 
(0.0136) 

–0.0286 
(0.0178) 

–0.0615*** 
(0.0228) 

–0.0842*** 
(0.0262) 

–0.0800** 
(0.0323) 

–0.122*** 
(0.0366) 

avegrowthLoanAR  
(t-1,t-m) 

–0.0179 
(0.0244) 

–0.0142 
(0.0269) 

0.0150 
(0.0402) 

–0.0614 
(0.0526) 

–0.0927 
(0.0621) 

–0.0506 
(0.0723) 

–0.122 
(0.0828) 

avegrowthDepoAR 
(t-1,t-m) 

–0.0441*** 
(0.0114) 

–0.0417*** 
(0.0139) 

0.000419 
(0.0227) 

0.00205 
(0.0263) 

0.0199 
(0.0298) 

–0.00460 
(0.0307) 

–0.00888 
(0.0338) 

avegrowthsize  
(t-1,t-m) 

–6.007*** 
(0.767) 

–6.548*** 
(0.816) 

–7.408*** 
(1.007) 

–8.020*** 
(1.187) 

–8.193*** 
(1.336) 

–7.502*** 
(1.467) 

–7.280*** 
(1.599) 

Constant –0.0185*** 
(0.00191) 

–0.0184*** 
(0.00191) 

–0.0198*** 
(0.00199) 

–0.0183*** 
(0.00213) 

–0.0168*** 
(0.00206) 

–0.0166*** 
(0.00211) 

–0.0167*** 
(0.00206) 

Observations 30,589 30,567 30,494 30,416 30,322 30,222 30,127 

R-squared 0.095 0.097 0.094 0.089 0.087 0.086 0.085 
 

Robust standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. 
 

Third, to facilitate comparisons of our results with earlier literature, we estimate equations (1) and 

(2) with a panel logit RE model. Our main results of the superiority of changes in explaining bank 

failure remain intact. The results are summarized in Tables 5a and 5b (we report estimated coeffi-

cients in order to assess the signs and significance levels). 

                                                 
14  Results not reported here, but are available on request. 
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Table 5a Determinants of bank failure: Panel RE logit in levels 

  
   

Monthly lag 
1 month 3 months 6 months 9 months 12 months 

Capitalt-1,t-m  –0.056 *** 
 (0.011) 

 –0.037 *** 
 (0.011) 

 –0.033 *** 
 (0.009) 

 –0.030 *** 
 (0.010) 

 –0.025 *** 
 (0.009) 

Asset Qualityt-1,t-m   0.003  
 (0.007) 

  0.001  
 (0.009) 

 –0.012  
 (0.009) 

  0.001  
 (0.008) 

 –0.006  
 (0.009) 

Earningst-1,t-m  –0.921 *** 
 (0.072) 

 –0.063  
 (0.107) 

 –0.061  
 (0.105) 

 –0.102  
 (0.101) 

  0.096  
 (0.096) 

Liquidityt-1,t-m  –0.063 *** 
 (0.013) 

 –0.071 *** 
 (0.014) 

 –0.059 *** 
 (0.011) 

 –0.046 *** 
 (0.009) 

 –0.045 *** 
 (0.009) 

Loanst-1,t-m  –0.041 *** 
 (0.010) 

 –0.051 *** 
 (0.012) 

 –0.047 *** 
 (0.010) 

 –0.038 *** 
 (0.009) 

 –0.038 *** 
 (0.009) 

Depositst-1,t-m  –0.007  
 (0.005) 

  0.018 ***  
 (0.006) 

  0.014 ***  
 (0.005) 

  0.012 ***  
 (0.005) 

  0.014 ***  
 (0.004) 

log(Sizet-1,t-m)  –0.495 *** 
 (0.077) 

 –0.567 *** 
 (0.115) 

 –0.464 *** 
 (0.071) 

 –0.438 *** 
 (0.065) 

 –0.431 *** 
 (0.063) 

Moscow dummy  Yes  Yes  Yes  Yes  Yes 

Bank fixed effects  No  No  No  No  No 
Month fixed effects  Yes  Yes  Yes  Yes  Yes 
# Banks  818  818  814  812  811 
# Observations  30,809  30,780  30,731  30,684  30,637 
 

Notes: Table 5a reports estimated coefficients of random-effects panel logit model. Bank-level clustered standard  
errors. *** p<0.01, ** p<0.05, * p<0.1. 
 
 
Table 5b Determinants of bank failure: Panel RE logit in changes 
  
  

Monthly lag 
1 month 3 months 6 months 9 months 12 months 

DCapitalt-1,t-m  –0.157 *** 
 (0.036) 

 –0.121 *** 
 (0.021) 

 –0.091 *** 
 (0.017) 

 –0.071 *** 
 (0.014) 

 –0.057 *** 
 (0.012) 

DAsset Qualityt-1,t-m   0.098 ***  
 (0.020) 

  0.060 ***  
 (0.014) 

  0.036 ***  
 (0.012) 

  0.021 **  
 (0.010) 

  0.021 **  
 (0.010) 

DEarningst-1,t-m  –0.299 *** 
 (0.091) 

 –0.449 *** 
 (0.062) 

 –0.610 *** 
 (0.055) 

 –0.664 *** 
 (0.056) 

 –0.634 *** 
 (0.061) 

DLiquidityt-1,t-m  –0.070 ** 
 (0.031) 

 –0.063 *** 
 (0.019) 

 –0.072 *** 
 (0.016) 

 –0.068 *** 
 (0.012) 

 –0.068 *** 
 (0.013) 

DLoanst-1,t-m  –0.045  
 (0.031) 

 –0.048 **  
 (0.019) 

 –0.044 ***  
 (0.016) 

 –0.042 ***  
 (0.013) 

 –0.044 ***  
 (0.012) 

DDepositst-1,t-m  –0.046 *  
 (0.024) 

 –0.012   
 (0.014) 

  0.006   
 (0.010) 

  0.012   
 (0.009) 

  0.011   
 (0.008) 

Dlog(Sizet-1,t-m)  –5.711 *** 
 (1.271) 

 –4.339 *** 
 (0.738) 

 –3.058 *** 
 (0.449) 

 –2.058 *** 
 (0.336) 

 –1.517 *** 
 (0.305) 

Moscow dummy  Yes  Yes  Yes  Yes  Yes 

Bank fixed effects  No  No  No  No  No 
Month fixed effects  Yes  Yes  Yes  Yes  Yes 
# Banks  818  817  814  812  811 
# Observations  30,793  30,760  30,713  30,666  30,620 
 

Notes: Table 5a reports estimated coefficients of random-effects panel logit model. Bank-level clustered standard  
errors. *** p<0.01, ** p<0.05, * p<0.1. 
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Finally, the results are robust both to moving the time window in equations (2) and (3) backwards 
by one lag and to including Russia large state-owned banks in the sample.15  
 
 

5  Conclusions 
The economic literature is often interested in how a change in a covariate is related to a change in 
an outcome variable. It is surprising that the prevailing bank failure literature has largely focused 
on how a level of a covariate is related to bank failure. In this study, we investigated the role of both 
levels and changes in CAMEL accounting indicators in explaining bank closure. To the best of our 
knowledge, no study to date has addressed the role of changes in CAMEL variables. This paper 
aims to fill this gap in the bank failure literature by taking advantage of monthly individual bank-
level panel data from the Russian banking sector from July 2013 to July 2017. 
 For CAMEL indicators in levels, we find that the higher the levels of capital, earnings, and 
liquidity one month prior to closure the lower the probability of bank failure the next month. For 
longer lags of capital and earnings in levels, we find an insignificant association with bank closure. 
This finding has important policy implications. First, it suggests that the lags of longer than one 
month for the indicators capital and earnings may fail to flag bank financial distress. Second, it 
implies that that monthly accounting data may be more useful than quarterly accounting data when 
the issue is bank failure. Liquidity in levels, however, remains consistently highly significant with 
longer lags, even though the magnitude of liquidity estimates decreases the longer the time lag. This 
finding suggests that liquidity has a relatively “long memory” in affecting bank closure. For policy-
makers assessing the conditional probability of bank closure, liquidity in levels deserves special 
attention. 
 Regarding changes in CAMEL indicators, we consistently find that changes in capital, 
earnings, and liquidity are negatively associated with bank failure, while changes in asset quality 
are positively associated and highly significant. Unlike CAMEL indicators in levels, however, 
longer lags of changes in these indicators remain consistently highly significant. Moreover, the size 
of these changes estimates are much larger the estimates in levels. As earlier, the magnitude of 
estimates decreases rather monotonically over time, suggesting that changes in CAMEL indicators 
just prior to closure are more important than longer lag of changes in explaining closure. In other 
words, accounting data just prior to bank closure contain more relevant information in addressing 
bank closure. From a policy perspective, our findings are consistent with the view that changes in 
CAMEL indicators may be more important drivers of bank closure than CAMEL indicators in lev-
els. 
                                                 
15 Results not reported here, but are available on request. 
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