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ABSTRACT 

Increasing productivity at the firm level is important contributor to the overall economic 

activity. At the same time bank lending is a significant source of financing for firms, 

especially in continental European countries where non-bank financial intermediation is less 

developed. However, due to their self-interest, bankers sometimes opt for saving financially 

weak firms by extending loans or issuing new. We call firms with persistent financial 

difficulties zombie firms. In this paper we investigate the relationship between zombie firms’ 

loan arrangements and their productivity. In other words, we are interested in how 

productivity behaves in firms that are financially weak, but still receive loans from the bank. 

Results show that there is a statistically significant positive link between increasing financing 

and productivity for healthy firms, while this relationship is non-existent for zombie firms. 

Since giving loans to financially weak firms means less loans for sound firms, which could 

use additional funds in a more productive way, our result implies that additional vigilance is 

warranted for the policy makers. 
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1. Introduction 

 

Bank lending is a significant source of financing for firms. This is especially the case in 

continental European countries where non-bank financial intermediation is less developed. 

For overall economic welfare it is important that scarce resource - bank lending - ends up in 

the best possible hands: there where the marginal impact of the loan is the largest. Economic 

theory assumes that free market competition will bring financing to the best firms, which 

promise good returns in the future. However, bankers sometimes opt for saving financially 

weak firms due to their self-interest (Peek and Rosengren 2005; Sekine, Kobayashi and Saita 

2003), but the impact of such throwing good money after bad on firms' productivity are not 

well researched. This article tackles this important topic by studying the effects of increased 

bank financing on productivity of financially poor firms, which we call zombie firms. In other 

words, we are interested in how productivity behaves in firms that are financially weak, but 

still receive loans from the bank. This relationship is important because of possible effects 

zombie firms have on the economy.  

 

In the literature there is no consensus about the relationship between bank loans and 

productivity, because there is only a limited amount of research that focus on the relationship 

between debt and productivity (e.g. Berger and Bonaccorsi di Patti 2006; Margaritis and 

Psillaki 2010; Levine and Warusawitharana 2014; Gomis and Khatiwada 2017) and especially 

on understanding how bank loans can affect productivity (Coricelli et al. 2010). In order to 

trace the link between bank loans and productivity, we use dataset which includes information 

on firms’ financial statements in Croatia and investigate how firm’s leverage affects 

productivity in zombie and non-zombie firms. 

 

Besides limited literature on the impact of debt financing on firm's productivity, studies on 

detecting zombie lending in Europe are also relatively rare, although zombie lending is often 

mentioned in policy discussions and in professional publications. Exception are Albertrazzi 

and Marchetti (2010) and Schivardi and Sette (2017) who found evidence of zombie lending 

in Italian economy and Broz and Ridzak (2017) who found evidence of zombie lending in 

Croatian economy. Hence our study is important for banks and policy makers. Continuing to 

financially support zombie firms implies that non-zombie firms will have less access to the 

banks loans due to crowding out. This situation is undesirable for the firms in the aggregate, 

but also for banks in the longer run, as they invest their scarce resources into subpar debtors, 
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only to achieve short term gains. In the longer run banks' management risks recording 

increase in the share of nonperforming loans, if the subpar debtor finally defaults on its 

payments. In addition to that, this practice might be questioned by the supervisory body or 

banks' owners.  

 

We study the link between firms' productivity, as measured by total factor productivity (TFP) 

a 'la Levinsohn and Petrin (2003) and the increase of loan arrangement to poor and healthy 

firms and find significant positive effect of increased lending on productivity for healthy firms 

and no effect for zombie firms, implying that dealing with zombie firms might increase 

overall productivity in the country.  

 

The research is organised in five sections. After the introductory section, following section 

presents the survey of the related literature. Section 3 presents data and methodology, while 

the results of the analysis are presented in section 4. Finally, the section 5 concludes. 

 

 

2. Related literature 

 

Zombie lending refers to a policy where bank extends existing loan or give additional loan to 

a firm in distress in order to enable firm to repay existing obligation to a bank, thus avoiding 

or delaying bankruptcy (Peek and Rosengren 2005).
1
 Banks have incentives to engage in such 

activities because of the short term gains: firms will be (temporarily) saved, while banks will 

not have to report loan as nonperforming, which increases provisions and thus negatively 

affects bank’s earning and capitalisation.
2
  

 

Why one should care whether banks approve loans to healthy firms or to firms in distress 

(except if this causes potential problem for financial stability and increases systemic risk)?  

 

                                                 
1 Zombie lending was most thoroughly investigated in Japan, due to a prolonged recession and stagnation in the ’90. Detailed overview of the 

literature on zombie lending can be found in Broz and Ridzak (2017). 
2 However, it is not always the case that the incentives are related to banks' earnings or that they come from the bank. Sometimes firm in 

distress fraudulently reports situation in the firm to be more favourable, which leads to less screening and to loan approval (Povel, Singh and 

Winton 2007); in the expansion  phase of the business cycle there might be a large number of applicants, which increases the costs of 
screenings and leads to some unfavourable loan approvals (Ruckes 2004); as well, in expansion the cost of firm screening rises due to 

increased number of borrowers unknown to the bank (Dell’Ariccia and Marquez 2006), while loan officers’ capacity in screening deteriorate 

(Berger and Udell 2004). 
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Such banks’ behaviour in loan approval process can slow down the movement of production 

resources to propulsive activities and hinder the entry of new entrepreneurs to the market. 

Acemoglu et al. (2013) argue that industrial policy subsidising the R&D or continued 

operation of incumbents
3
 reduces growth and welfare and slows down reallocation, because it 

deters entry of firms with high innovation capacity. Meza, Pratap and Urrutia (2014) analyse 

the link between misallocation of resources, TFP and credit conditions and argue that 

allocation of credit and interest rates across sectors is particularly important in explaining the 

movements in aggregate TFP. Also, their results suggest that decrease in loan supply is not 

necessarily harmful to the economy if the existing loans are reallocated optimally. 

 

Besides, increasing productivity at the firm level is important contributor to the overall 

economic activity (Evans 1992; Klenow and Rodriguez-Clare 1997; Prescott 1998; Caselli 

2005). Most research is in fact related to detecting underlying causes of differences in 

productivity (among others, Hall and Jones 1999; Bloom and Van Reenen 2007; Comin and 

Hobijn 2010). There is, however, a strand of that literature which claims that productivity can 

be low because of input misallocation (Restuccia and Rogerson 2013). Since credit 

misallocation can cause input misallocation (Gilchrist, Sim and Zakrajšek 2013), credit 

misallocation can be related to the firm’s productivity. Hence, rolling over some potentially 

problematic loans to firms in distress should have a negative impact on productivity both for 

affected (firms in distress) and non-affected firms. As documented by Peek and Rosengren 

(2005) and Caballero, Hoshi and Kashyap (2008), affected firms will avoid restructuring and 

hence the possibility to become more productive, while non-affected firms will have less 

access to the funds. Adalet McGowan, Andrews and Millot (2017) argue that zombie firms 

lower the overall productivity growth, limit expansion of healthy firms and create barriers to 

entry of new firms.  

 

Additionally, Kwon, Narita and Narita (2009) and Ahearne and Shinada (2005) found the 

negative impact of zombie lending on productivity on the firm level in Japan. Kwon, Narita 

and Narita (2009) find that zombie lending caused the loss of 37 percent of the actual decline 

in aggregate productivity growth in the 90’ due to inefficient labour resource allocation. 

Ahearne and Shinada (2005) argue that in the 90’, in the non-tradable sectors, less productive 

firms gained market share while increasing the share of bank lending which was detrimental 

                                                 
3 Which can sometimes be viewed as similar type of behaviour as zombie lending. 
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to productive firms. However, zombie firms managed to recover during the first half of 2000 

and Fukuda and Nakamura (2011) investigate why they recovered in Japan. They extended 

the methodology of Caballero, Hoshi and Kashyap (2008) in order to identify zombie firms 

and argue that restructuring that included reducing the employee count and selling unutilised 

fixed assets were important factors in the firms’ recovery process. 

 

The other strand of the literature on misallocation of (capital) resources argues that distortions 

that implicitly tax more productive firms and subsidize less productive damage TFP 

(Hopenhayn, 2014). Restuccia and Rogerson (2008), Moll (2014) and Gopinath et al. (2015) 

in that context argue that distortions imply taking resources from more to less productive 

firms, which in our context implies taking loans from more productive firms and giving it to 

less productive firms. Hence, reallocating capital from less to more productive firms would 

increase the country’s GDP. Busso, Madrigal and Pagés (2012) stress that difficulty in access 

to capital helps explaining distortions faced by the firms. Literature on the effects of financial 

frictions on misallocation of resources and productivity show that institutions and policies 

might also cause productivity losses (Banerjee and Duflo 2005; Midrigan and Xu 2010; 

D’Erasmo and Boedo 2012).  

 

Staal and Brogaard (2011) analyse the relationship between debt and TFP in the Danish 

manufacturing sector and for most industries find no significant impact of debt on 

productivity. The finding of no relationship between the increase in debt financing and 

productivity could be related to the sample of firms, which includes zombie and non-zombie 

firms. Hence, just measuring the impact of increased debt financing on average firm’ 

productivity might blur the underlying developments. For two sectors where they find positive 

relationship (chemicals and machinery and equipment), authors argue that banks might give 

loans only to firms that are performing well. In this article we are investigating separately 

situations in which banks approve loans to firms that are and are not performing well. Since 

we are investigating financially weak and healthy firms separately, we expect that the effect 

of increased financing on productivity differs between these two subsets.   

 

 



7 

 

3. Overview of methodology and data   

 

Our empirical strategy to identify the effect of increased financing on firm’s productivity is 

based on two different approaches. The first one is a two-steps approach, where we firstly 

estimate firms’ TFP, and after that, using TFP as a dependent variable, we estimate the effect 

of increasing firms’ financing to their productivity. The second approach is a one-step 

approach, where we try to identify the effect of increasing financing on firm’s productivity 

jointly with the production function, treating the deviation from this function as a change in 

productivity.  

 

Productivity, which can be defined as a variation in output that cannot be attributed to 

variations in production inputs, is calculated following the semi-parametric Levinsohn and 

Petrin’ (2003) extension of the Olley and Pakes’ (1996) methodology for calculating 

productivity. Olley and Pakes (1996) introduced methodology to calculate productivity that 

allows consistent estimation of the production function coefficients taking into account 

possible sources of bias: a sample selection and simultaneity biases. Levinsohn and Petrin 

(2003) suggested the use of intermediate inputs, instead of investments (as in Olley and Pakes 

1996), as proxies to control for correlation between inputs and the unobservable firm-specific 

productivity shocks, i.e. for the simultaneity bias. We used production function with added 

value as dependent variable. Added value was proxied by sales net of intermediate inputs as 

suggested by Petrin, Poi and Levinsohn (2004). Labour was proxied by labour costs, capital 

by capital, reserves and retained earnings. Intermediate inputs were calculated as costs of 

goods sold, but without labour and amortization costs. All variables were deflated by sectoral 

deflators obtained from AMECO database and converted to natural logarithms. Total factor 

productivity was estimated for each Nace Rev 2 subsector separately in order to obtain more 

precise estimates. Finally, those estimates are used to calculate each firm’s TFP. Histogram of 

natural logarithm of TFP and descriptive statistics is presented in Figure 1. 
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Figure 1: Histogram of natural logarithm of TFP and descriptive statistics 
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For the purpose of detecting zombie firms, we use dataset with balance sheet and profit and 

loss account data of Croatian firms from 2009 until 2015
4
. In total there are 200,228 firm-year 

observations that have banking relationship. Since our zombie definition depends on the 

number of years firms meet certain condition, we restrict the dataset only to those firms that 

sent reports for the whole period. After this operation we have fully balanced panel with 5,718 

firms in 7 years or 40,026 firm-years in total.  

 

We define potential zombie firm as a firm which cannot cover 100 percent of its short term 

financial obligations from earnings before interest, taxes, depreciation and amortisation 

(EBITDA). In other words, if the ratio of EBITDA and short term financial obligations is less 

than 1, we consider this firm to be a candidate for a zombie firm. EBITDA is the source from 

which a firm pays its obligations to banks and ratio of EBITDA to short term obligations 

smaller than 1 indicates inability to pay its imminent obligations. Various EBITDA ratios are 

key indicators that are used by rating agencies and financial analysts when assessing the 

                                                 
4 Due to changes in methodology, we were unable to use data from the earlier period. 
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financial health of the firm. Our definition is restrictive on purpose, in order to single out 

firms that stand out (negatively). However, in order to relax the definition of potential zombie 

firm and to increase robustness of the analysis, we also rely on a definition where a firm 

cannot cover 70 percent of its short term obligations with EBITDA in order to qualify for a 

potential zombie firm. Since firms might have financial difficulties only temporarily, we 

identify zombie firms as firms with persistent financial difficulties. We use 3 consecutive 

years of EBITDA bellow short term debt (and 70% of short term debt, respectively) as a cut-

off for identifying zombie firms. We also test stricter definition, where a firm is a zombie firm 

if in the whole sample period has financial difficulties.  

 

The main interest of this analysis is to investigate the relationship between zombie firms’ loan 

arrangements, defined as a ratio of total firm’s financial obligations over total assets, and their 

productivity. In other words, we are interested in how TFP behaves in firms that are 

financially weak, but still receive loans from the bank. In order to investigate this, we separate 

detected zombie firms and non-zombie firms in two subsamples and conduct separate analysis 

for these two subsamples. In this way are able to observe not only behaviour of TFP in 

zombie firms, but also differences in response between zombie and non-zombie firms.   

 

As a result, we have these 6 categories in total that we investigate: z0 (all periods without 

financial difficulties), z3 (3 and more consequent periods with financial difficulties), z7 (7 

consequent periods, which is the whole sample, with financial difficulties), z0 70% (all 

periods without financial difficulties), z3 70% (unable to cover 70 percent of short term debt 

in 3 and more consequent periods), z7 70% (unable to cover 70 percent of short term debt in 7 

consequent periods, which is the whole sample) and the frequencies are shown in Table 1. 

The difference between z0 and z0 70% samples is due to different definitions of zombie 

firms, hence different number of non-zombie firms remains in the sample. 
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Table 1:  Frequency of zombie firms  

Zombie Frequency n (firms) % of zombies 

z0 32676 4668  

z3 3192 456 9.8 

z7 385 55 1.2 

z0 70% 34405 4915  

z3 70% 2044 292 5.9 

z7 70% 175 25 0.5 

Note: the difference between the total number of observations (40,026) and the number of 

observations presented in this table comes from firms that were in financial difficulties for 

one or two years. Hence, they are not qualified as zombies, but are not included in completely 

financially healthy firms either. 

 

As the table above shows, depending on the definition, we have from about 0.5 to about 10 

per cent zombie firms in the sample. Ranges from 2 to 9 percent are also found in Adalet 

McGowan, Andrews and Millot (2017) for European countries. 

 

In order to investigate the relationship between firms’ financing arrangements and TFP 

according to our first approach, after calculating TFP for each firm, we specify the model as: 

 

ititititit ucDxTFP     Ni ,...,1    2015,...,2009t     (1) 

 

where TFPit is a natural logarithm of firm’s total factor productivity, α is the intercept,
it

x is a 

row vector of time-varying explanatory variables that include firm’s financing defined as a 

ratio of total firm’s financial obligations over total assets, and export defined as a ratio of 

income from exports over operating income, β is a column vector of parameters, 
it

D is a row 

vector of time-varying dummy variables
5
 (with one dummy variable dropped to avoid 

dummy-variable trap) including size of the firm (small, medium and large), county of firm 

registration, sector in which firm operates and ownership type (private vs government 

owned), γ is a column vector of parameters, δt are time-specific effects which affect all firms 

in the same way (with one time dummy dropped), ci is an individual-specific effect and uit is 

an idiosyncratic error term.  Following results of the Hausman test for all firms, χ
2
(41) = 

384.42 (p < 0.05), we use fixed effects panel models with White robust standard errors 

clustered by firm that are robust to autocorrelation and between cluster (across firms) 

heteroskedasticity. 

                                                 
5 In our models enter size of the firm, county of firm registration, sector in which firm operates and ownership type which change in firms 

during the observed period. 
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In the second approach we estimate the relationship between firms’ loan arrangements and 

their productivity jointly with the production function or: 

 

itititititit
ucDxzy     Ni ,...,1    2015,...,2009t     (2) 

 

where yit is natural logarithm of deflated firm’s value added, 
it

z  is a row vector of time-

varying factors of production variables: natural logarithm of deflated labour costs, natural 

logarithm of deflated capital, reserves and retained earnings, and natural logarithm of 

intermediate inputs calculated as deflated costs of goods sold, but without labour and 

amortization costs, ω is a column vector of parameters. All other terms are the same as in the 

Equation (1) except the ownership, which does not enter in the row vector D  since by test of 

exclusion of this variable we cannot reject the null hypothesis that this variable is not 

significant. First part of equation (2) 
it

z  is traditional production function and TFP is then 

defined as deviations of observed output from the one predicted by the production function. 

Here, except production function inputs, we also introduce other variables, namely firms’ 

financing arrangements and share of exports in operating income. As a result, the coefficient 

with the financing arrangements variable can be interpreted as how much financing of the 

firm explains error in production function, or in other words productivity. Hausman test 

(χ
2
=769.32, p<0.05) supported fixed effects panel model. 

 

 

4. Estimation results 

 

After obtaining productivity estimates, we check if there is a systematic difference between 

zombie and non-zombie firms regarding productivity. Having in mind we cannot use regular 

t-test for testing the difference of mean in productivity of zombie and non-zombie firms due 

to panel data, where the observations are correlated across time, we use random effects panel 

model where we regress firm’s productivity on the zombie dummy, which is time-invariant 

variable. Table 2 shows results of these random effects regressions for various zombie 

definitions. In the first two columns zombies are defined as those firms that are unable to 

cover their short term debt with EBITDA for 3 and more consecutive years (column 1) and in 

the whole sample period (column 2). Columns 3 and 4 use criterion where companies are 
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unable to cover 70% of their short term debt with EBITDA and the same number of years as a 

cut-off criterion (3 and more and 7 years, respectively). Results show that, across definitions, 

zombie firms have on average significantly lower productivity, compared to non-zombies. 

These results indicate that zombie firms have become zombies not because of random shifts 

in operating conditions due to some shock external to the firm, but because their productivity 

is lower, i.e. they were unable to compete in the markets. 

 

Table 2: Effect of zombie status on productivity (TFP) 

Dependent variable: TFP   

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

 -0.128
***

    

z3 (-4.54)    

     

z7  -0.419
***

   

  (-5.43)   

     

z3 70%   -0.207
***

  

   (-5.97)  

     

z7 70%    -0.348
**

 

    (-3.06) 

     

cons 0.267
***

 0.267
***

 0.265
***

 0.265
***

 

 (31.69) (32.16) (32.38) (32.76) 

N 35868 33061 36449 34580 

r2_all 0.003 0.005 0.006 0.002 

sigma_u 0.568 0.559 0.566 0.560 

sigma_e 0.264 0.261 0.262 0.261 

Rho 0.823 0.821 0.823 0.821 
Note: t statistics in parentheses. 

*
 p < 0.05, 

**
 p < 0.01, 

***
 p < 0.001 

z3 - zombies are defined as those firms that are unable to cover their short term debt with EBITDA for 

3 and more consecutive years. z7 - zombies are defined as those firms that are unable to cover their 

short term debt with EBITDA in the whole sample period. z3 70% - zombies are defined as those 

firms that are unable to cover 70 percent of their short term debt with EBITDA for 3 and more 

consecutive years. z7 70% - zombies are defined as those firms that are unable to cover 70 percent of 

their short term debt with EBITDA in the whole sample period. 

 

We repeat the same exercise, but this time we use productivity regressions, where we include 

standard productivity determinants – labour, capital and intermediate inputs, as described in 

the previous section and dependent variable is value added. Again, the equations are estimated 

using random effects and samples are the same as in Table 2. Equations corroborate 

estimation results shown in Table 2 and again show that zombies, however defined, have on 

average lower productivity than non-zombie firms (Table 3).  
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Table 3: Effect of zombie status on productivity estimated using productivity equations 

Dependent variable: value added   

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

Labour 0.575
***

 0.563
***

 0.576
***

 0.569
***

 

 (168.81) (159.29) (170.93) (164.98) 

     

Capital 0.250
***

 0.260
***

 0.250
***

 0.257
***

 

 (100.49) (100.06) (101.85) (101.54) 

     

Intermediate 

inputs 

0.0886
***

 0.0844
***

 0.0859
***

 0.0832
***

 

 (35.52) (32.60) (34.89) (33.04) 

     

z3 -0.154
***

    

 (-9.06)    

     

z7  -0.266
***

   

  (-5.67)   

     

z3 70%   -0.178
***

  

   (-8.59)  

     

z7 70%    -0.328
***

 

    (-4.79) 

     

Cons 1.213
***

 1.247
***

 1.213
***

 1.238
***

 

 (54.19) (53.65) (54.88) (54.70) 

N 35868 33061 36449 34580 

r2_all 0.925 0.924 0.925 0.925 

sigma_u 0.326 0.329 0.326 0.326 

sigma_e 0.231 0.230 0.230 0.229 

Rho 0.666 0.672 0.668 0.669 
Note: t statistics in parentheses. 

*
 p < 0.05, 

**
 p < 0.01, 

***
 p < 0.001 

z3 - zombies are defined as those firms that are unable to cover their short term debt with EBITDA for 

3 and more consecutive years. z7 - zombies are defined as those firms that are unable to cover their 

short term debt with EBITDA in the whole sample period. z3 70% - zombies are defined as those 

firms that are unable to cover 70 percent of their short term debt with EBITDA for 3 and more 

consecutive years. z7 70% - zombies are defined as those firms that are unable to cover 70 percent of 

their short term debt with EBITDA in the whole sample period. 

 

Next we test the link between zombie firms and financing. Table 4 presents the results of 

fixed effects panel models based on specification in Equation (1) and shows only parameters 

β. Equation specifications are the same across various columns of the table, but we change the 

samples over estimated regressions.  
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Table 4: Estimation results – fixed effects panel models 

Dependent variable: TFP     

 z0 z3 z7 z0 70% z3 70% z7 70% 

Financing 0.238
***

 0.149 0.292 0.244
***

 0.0930 0.337 

 (8.62) (1.81) (1.27) (9.32) (1.00) (1.59) 

       

Export 0.0683
**

 0.168
*
 0.125 0.0646

**
 0.219

*
 0.222

***
 

 (2.69) (1.97) (1.03) (2.58) (2.34) (6.30) 

General 

controls 

Yes Yes Yes Yes Yes Yes 

N 32676 3192 385 34405 2044 175 

r2_all 0.114 0.101 0.0140 0.126 0.0602 0.113 

r2_w 0.0911 0.0663 0.101 0.0909 0.0868 0.288 

r2_b 0.118 0.107 0.00834 0.132 0.0587 0.103 

sigma_u 0.532 0.641 0.718 0.530 0.664 0.461 

sigma_e 0.250 0.272 0.190 0.249 0.266 0.144 

Rho 0.819 0.847 0.935 0.819 0.862 0.911 
Note: t statistics in parentheses. 

*
 p < 0.05, 

**
 p < 0.01, 

***
 p < 0.001 

z0 - non-zombie firms. z3 - zombies are defined as those firms that are unable to cover their short term 

debt with EBITDA for 3 and more consecutive years. z7 - zombies are defined as those firms that are 

unable to cover their short term debt with EBITDA in the whole sample period. z0 70% - non-zombie 

firms. z3 70% - zombies are defined as those firms that are unable to cover 70 percent of their short 

term debt with EBITDA for 3 and more consecutive years. z7 70% - zombies are defined as those 

firms that are unable to cover 70 percent of their short term debt with EBITDA in the whole sample 

period. The difference between z0 and z0 70% is due to different definitions of zombie firms, hence 

different number of non-zombie firms remains in the sample. 

 

Results show that there is a positive relationship between external financing and productivity 

for non-zombie firms, corroborating positive effects of external financing hypothesis 

presented in Gomis and Khatiwada (2017). This relationship is non-existent for zombie firms 

(2nd and 3rd specification). The same results regarding external financing hold for the other 

zombie definition (where firms are unable to cover at least 70% of their short term debt with 

EBITDA).  

 

Among other results, it is interesting to note the positive effect of exports on productivity, 

which holds both for zombie and non-zombie firms with the exception of companies that are 

zombies in the whole sample, as defined by first zombie definition (EBITDA smaller than 

short term debt). The result on the link between exports and productivity is contributing to the 

ongoing discussion on whether exports increase productivity (e.g. Girma, Greenaway and 

Kneller 2004; Martins and Yang 2009; Loecker 2013).  

 

Having in mind that the significance of financing and export variables on TFP estimates 

shows that these variables are actually missing from the TFP equation itself, we estimate the 
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production function with labour, capital and intermediate inputs, as well as with financing and 

exports, as explanatory variables using fixed effects panel models where the dependent 

variable is added value, as defined in the Equation (2). Estimation results are presented in 

Table 5, with samples changing across equations.  

 

Table 5: Estimation results – production function, fixed effects panel models  

Dependent variable: value added     

 z_bf z0 z3 z7 z_bf70% z0 70% z3 70% z7 70% 

Labour 0.513
***

 0.525
***

 0.612
***

 0.481
***

 0.496
***

 0.509
***

 0.623
***

 0.583
***

 

 (49.60) (50.72) (19.40) (5.25) (44.03) (44.91) (17.43) (7.74) 

         

Capital 0.228
***

 0.263
***

 0.134
***

 0.197
**

 0.241
***

 0.276
***

 0.146
***

 0.176
***

 

 (39.94) (42.92) (8.43) (3.00) (39.35) (42.46) (7.01) (5.08) 

         

Intermedi

ate inputs 

0.118
***

 0.116
***

 0.189
***

 0.297
***

 0.111
***

 0.108
***

 0.163
***

 0.169
*
 

 (18.52) (18.59) (5.12) (4.95) (17.73) (17.87) (5.29) (2.15) 

         

Financing  0.170
***

 -0.0325 0.173  0.230
***

 -0.0911 0.193 

  (8.51) (-0.54) (0.85)  (10.56) (-1.24) (1.57) 

         

Export  0.102
***

 0.150
*
 0.0814  0.098

***
 0.216

*
 0.150

**
 

  (4.79) (2.08) (0.84)  (4.27) (2.36) (3.46) 

General 

controls 

Yes Yes Yes Yes Yes Yes Yes Yes 

N 39641 39641 3192 385 34405 34405 2044 175 

r2_o 0.919 0.918 0.917 0.956 0.920 0.918 0.919 0.977 

r2_w 0.585 0.602 0.580 0.704 0.588 0.605 0.584 0.665 

r2_b 0.937 0.935 0.931 0.960 0.937 0.934 0.933 0.981 

sigma_u 0.386 0.373 0.408 0.415 0.391 0.378 0.413 0.296 

sigma_e 0.233 0.229 0.223 0.160 0.229 0.224 0.229 0.131 

rho 0.732 0.727 0.771 0.871 0.744 0.739 0.766 0.837 
Note: t statistics in parentheses. 

*
 p < 0.05, 

**
 p < 0.01, 

***
 p < 0.001 

z_bf – non-zombie firms. z0 - non-zombie firms. z3 - zombies are defined as those firms that are 

unable to cover their short term debt with EBITDA for 3 and more consecutive years. z7 - zombies are 

defined as those firms that are unable to cover their short term debt with EBITDA in the whole sample 

period. z_bf* – non-zombie firms. z0 70% - non-zombie firms. z3 70% - zombies are defined as those 

firms that are unable to cover 70 percent of their short term debt with EBITDA for 3 and more 

consecutive years. z7 70% - zombies are defined as those firms that are unable to cover 70 percent of 

their short term debt with EBITDA in the whole sample period. The difference between z0 and z0 

70%, as well as between z_bf and z_bf70% is coming from different definitions for zombie firms, 

hence different number of non-zombie firms stays in the sample. 

 

Corroborating results obtained earlier, the estimated regressions show there is a positive 

relationship between external financing and productivity, again only for non-zombie firms. 

Export contributes significantly positive both to zombie and non-zombie productivity with the 

exception of long term zombies according to the first definition (fourth column in Table 5). 
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What could be behind the non-existent link between zombie firm's productivity and 

financing? The efficiency of free market is based on a fact that market events (in terms of 

prices and quantities) convey information to the agents in the marketplace. Agents adapt to 

new circumstances and optimise their behaviour with respect to the new environment. 

Applied to our analysis, firms that are in financial difficulties would, normally, react by 

optimizing their production process with respect to new situation in the market. However, if 

the firm is "blessed" with abundant quantity of important resource (in this case bank loans) its 

incentive to adapt is limited as it has cushion even when its competitive position is getting 

weaker. In fact, such firm lives in a dual world, where financing decisions are not made in the 

market manner, but the products (or services) are sold in competitive markets. It is sort of aid 

that is received by the firm. However, unlike some firm developmental aid programs that 

target high growth technologically superior firms (Aghion et al 2012), the selection for aid in 

this case is based on banks' interests. 

 

There are two main implications of the presented results. First is that zombie firms become 

zombies not because they are exposed to some random shock to their operating conditions, 

which decreases their income and makes the debt unsustainable. These firms become zombies 

because they have on average lower productivity compared to non-zombies. Second 

implication is related to financing of such zombie firms. Results indicate that adding more 

credit to such firms will not solve their inherent problem – poor productivity. To solve such 

problems firms probably need major change in the way they operate. Implications of the 

results are far reaching and important in the today's economic landscape where many central 

banks and other government agencies aim to increase credit growth to non-financial corporate 

sector. If this fresh money ends up in the non-productive firms, we cannot expect sound 

growth coming from this part of the economy – which should be the working powerhouse or 

engine of growth of the modern capitalist economy.  

 

Our results show that keeping alive firms that should exit the market might create productivity 

drag for the whole economy which might in the next step feed in to lower growth rates and 

what is now being called "secular stagnation". Last, but not least, another lesson of these 

results is that financing boosting schemes for the non-financial corporate sector should be 

designed with care, in order to circumvent this problem.  

 

 



17 

 

5. Conclusion 

 

In this research we have investigated the link between financing and productivity, with the 

emphasis on zombie firms. Results show that there is a statistically significant positive link 

between increasing financing and healthy firms, while this relationship is non-existent for 

zombie firms. This implies that additional vigilance is warranted for the policy makers. 

Traditionally, central banks do not have direct mandate to deal with loan distribution. 

However, as we have shown that there is a positive effect of financing on firm’s productivity 

and non-existent for zombie firms, venturing in to this field might be important, specifically 

in the period when overall and SME financing is scarce as the banks still struggle with the 

new regulatory capital and liquidity demands put forth by Basel III. 

  

Except direct firm effects that were researched in this paper, aggregate effects are also 

important. Giving more loans to financially weak firms means less loans for sound firms, 

which could use additional funds in a more productive way. In addition to that, this means 

possible increase in interest rates or lower bank profitability as a result of such misallocation. 

This makes problem of zombie lending important from wider perspective. More control of 

banks' management by owners and more role for transaction lending (where firms' financial 

characteristics are the key to loan being granted) and less role for relationship lending is 

possible solution for lending to zombie firms.  

 

Finally, a caveat should be mentioned. It does not mean that all situations where bank tries to 

help a company in distress are necessarily bad. However, if no real change or restructuring is 

performed at the firm level, investing good money after bad will just make the problem worse, 

not only for the firm but also for the bank and the economy.  

 

 

Literature 

 

Acemoglu D, Akcigit U, Bloom N, Kerr WR (2013) Innovation, reallocation and growth. 

NBER Working Paper, No. 18993 

Adalet McGowan M, Andrews D, Millot V (2017) The walking dead? Zombie firms and 

productivity performance in OECD countries. OECD Economics Department Working 

Papers, No. 1372 



18 

 

Ahearne AG, Shinada N (2005) Zombie firms and economic stagnation in Japan. International 

Economics and Economic Policy 2:363-381. doi 10.1007/s10368-005-0041-1 

Albertrazzi U, Marchetti DJ (2010) Credit supply, flight to quality and evergreening: an 

analysis of bank-firm relationships after Lehman“, Banca d'Italia Working paper, No. 756. 

Banerjee AV, Duflo E (2005) Growth theory through the lens of economic development. In 

Durlauf S, Aghion P (eds.) Handbook of Economic Growth, Elsevier Science Ltd. North 

Holland, pp 473-552 

Berger AN, Bonaccorsi di Patti E (2006) Capital structure and firm performance: A new 

approach to testing agency theory and an application to the banking industry. Journal of 

Banking and Finance 30: 1065-1102. doi:10.1016/j.jbankfin.2005.05.015 

Berger AN, Udell GF (1998) The Economics of Small Business Finance: The Roles of Private 

Equity and Debt Markets in the Financial Growth Cycle. J Bank Financ 22: 613-673. doi 

10.1016/S0378-4266(98)00038-7  

Bloom N, Van Reenen J (2007) Measuring and explaining management practices across firms 

and countries. Q J Econ 122: 1351-1408. doi 10.1162/qjec.2007.122.4.1351  

Broz T, Ridzak T (2017) Lending activity and credit supply in Croatia during the crisis. 

Forthcoming in the Journal of Policy Modeling. 

Busso M, Madrigal L, Pagés P (2012) Productivity and resource misallocation in Latin 

America. IDB Working Paper Series No. IDB-WP-306 

Caballero R J, Hoshi T, Kashyap AK (2008) Zombie Lending and Depressed Restructuring in 

Japan. Am Econ Rev 98: 1943–1977. doi 10.1257/aer.98.5.1943 

Caselli F (2005) Accounting for Cross-Country Income Differences. CEP Discussion Papers, 

No. 667 

Comin D, Hobijn B (2010) An exploration of technology diffusion. Am Econ Rev 100: 2031-

2059. doi 10.1257/aer.100.5.2031 

Coricelli F, Driffield N, Pal S, Roland I (2010) Leverage and Productivity Growth in 

Emerging Economies: Is There A Threshold Effect? Brunel University Economics and 

Finance Working Paper Series No. 10-21 

D’Erasmo P, Moscoso Boedo H (2012) Financial Structure, Informality and Development. J 

Monetary Econ 59: 286-302. doi 10.1016/j.jmoneco.2012.03.003 

De Loecker, J (2013) Detecting Learning by Exporting. Am Econ J 5: 1-21. doi 

10.1257/mic.5.3.1 

Dell’Ariccia G, Marquez R (2006) Lending Booms and Lending Standards. J Finance 61: 

2511-2546. doi 10.1111/j.1540-6261.2006.01065.x 

Evans CL (1992) Productivity shocks and real business cycles. J Monetary Econ 29: 191-208. 

doi 10.1016/0304-3932(92)90012-Q 

Fukuda S, Nakamura J (2011) Why Did ‘Zombie’ Firms Recover in Japan?. World Econ 

34: 1124–1137. doi 10.1111/j.1467-9701.2011.01368.x 



19 

 

Gilchrist S, Sim JW, Zakrajšek E (2013) Misallocation and financial market frictions: Some 

direct evidence from the dispersion in borrowing costs. Rev Econ Dyn 16: 159-176. doi 

10.1016/j.red.2012.11.001 

Girma, S, Greenaway D, Kneller R (2004) Does Exporting Increase Productivity? A 

Microeconometric Analysis of Matched Firms. Rew of Int Econ 12: 855-866. doi 

10.1111/j.1467-9396.2004.00486.x 

Gomis RM, Khatiwada S (2017) Debt and productivity: Evidence from firm-level data. 

Graduate Institute Geneva International Economics Department Working Paper, No.  

HEIDWP04-2017 

Gopinath G,  Kalemli-Ozcan S, Karabarbounis L, Villegas-Sanchez C (2015) Capital 

allocation and productivity in South Europe. NBER Working Paper, No. 21453 

Hall R, Jones C (1999) Why do some countries produce so much more output per worker than 

others?. Q J Econ 114: 83-116. doi 10.1162/003355399555954 

Hopenhayn HA (2014) Firms, Misallocation, and Aggregate Productivity: A Review. Annu. 

Rev. Econom  6: 735-770. doi 10.1146/annurev-economics-082912-110223 

Klenow P, Rodriguez-Clare A (1997) The neoclassical revival in growth economics: Has it 

gone too far?. In: Bernanke B, Rotemberg J (eds.) NBER Macroeconomics Annual, MIT 

Press, Cambridge, pp 73-103 

Kwon HU, Narita F, Narita M (2009) Resource Reallocation and Zombie Lending in Japan in 

the '90s. RIETI Discussion Papers, No. 09052 

Levine O, Warusawitharana M (2014) Finance and Productivity Growth: Firm-level 

Evidence. Federal Reserve Board Finance and Economics Discussion Series No. 2014-17 

Levinsohn J, Petrin A (2003) Estimating Production Functions Using Inputs to Control for 

Unobservables. Rev Econ Stud 70: 317-341. doi 10.1111/1467-937X.00246 

Margaritis D, Psillaki M (2010) Capital structure, equity ownership and firm performance. 

Journal of Banking and Finance 34: 621-632. doi:10.1016/j.jbankfin.2009.08.023 

Martins PS, Yang Y (2009) The impact of exporting on firm productivity: a meta-analysis of 

the learning-by-exporting hypothesis. Rew World Econ 145: 431-445. doi 10.1007/s10290-

009-0021-6 

Meza F, Pratap S, Urrutia C (2014) Credit, Misallocation and TFP: The Case of Mexico 2003-

2010. ITAM Centro de Investigación Económica Working Paper, No. 14-02 

Midrigan V, Xu D (2010) Finance and Misallocation: Evidence from Plant-level Data. Am 

Econ Rev 104: 422-458. doi 10.1257/aer.104.2.422 

Moll B (2014) Productivity losses from financial frictions: Can self-financing undo capital 

misallocation?. Am Econ Rev 104: 3186-3221. doi 10.1257/aer.104.10.3186 

Olley S, Pakes A (1996) The Dynamics of Productivity in the Telecommunications 

Equipment Industry. Econometrica 64: 1263-1298. doi 10.2307/2171831 

Peek J, Rosengren ES (2005) Unnatural Selection: Perverse Incentives and the Misallocation 

of Credit in Japan. Am Econ Rev 95:1144-1166. doi 10.1257/0002828054825691  



20 

 

Petrin A, Poi BP, Levinsohn J (2004), Production function estimation in Stata using inputs to 

control for unobservables. The Stata Journal 4: 113-123 

Povel P, Singh R, Winton A (2007) Booms, Busts, and Fraud. Rev Financ Stud 20: 1219-

1254. doi 10.1093/revfin/hhm012 

Prescott EC (1998) Needed: A theory of total factor productivity. Int Econ Rev 39: 525-552. 

doi 10.2307/2527389 

Restuccia D, Rogerson R (2008) Policy distortions and aggregate productivity with 

heterogeneous establishments, Rev Econ Dyn 11: 707-720. doi 10.1016/j.red.2008.05.002 

Restuccia D, Rogerson R (2013) Misallocation and productivity. Rev Econ Dyn 16: 1-10. doi 

10.1016/j.red.2012.11.003  

Ruckes M (2004) Bank Competition and Credit Standards. Rev Financ Stud 17: 1073-1102. 

doi 10.1093/rfs/hhh011 

Schivardi F, Sette E (2017) Credit Misallocation During the European Financial Crisis. EIEF 

Working Paper, No. 17/04 

Sekine T, Kobayashi K, Saita Y (2003) Forbearance Lending: A Case for Japanese Firms. 

Monetary and Economic Studies 21: 69-92 

Staal S, Brogaard M (2011) Developments in Total Factor Productivity within the Danish 

Manufacturing Sector - Reallocation, Technical Efficiency and Capital Structure, Aarhus 

School of Business, Aarhus University, http://pure.au.dk/portal-asb-

student/files/34124032/master_thesis.pdf. Accessed March 16 2014  

 

 

http://pure.au.dk/portal-asb-student/files/34124032/master_thesis.pdf
http://pure.au.dk/portal-asb-student/files/34124032/master_thesis.pdf

