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PREFACE BY THE EDITOR-IN-CHIEF

Dear readers,

The current issue of the Visnyk of the National Bank of Ukraine encompasses investigations that 
are valuable for macroprudential policy, propose novel data-driven solutions to enhance central 
banks� research and forecasting capacity, reveal how weather conditions a�ect economic activity, and 
examine the impact of foreign aid on consumption inequality. The insights from these studies can be 
employed to support policy and investment decisions, to improve the quality of models in use, and/or 
to consider additional factors a�ecting economic performance in the short run. 

The �rst article of the issue, Consumer Lending in Ukraine: Estimation of the Equilibrium Level, by 
Atilla Csajbok, Pervin Dadashova, Pavlo Shykin, and Balazs Vonnak, proposes an analytical framework 
for the timely detection of risks caused by the rapid growth of consumer lending. The �ndings suggest 
that the level of consumer lending in Ukraine is below its equilibrium level, despite the double-digit 
growth in recent years.

In the second article, Data Science Opportunities at Central Banks: Overview, Dmytro Krukovets 
thoroughly examines various data-science techniques employed by central banks, and shows their 
pros and cons. The author reviews recent developments in Machine Learning algorithms such as 
Naïve Bayes, various types of Neural Networks, Support Vector Machine, Random Forest and others, 
which mostly outperform standard econometric models in forecasting macroeconomic variables 
(in�ation, GDP, unemployment). In addition, the author emphasizes the growing importance of text 
analysis, which allows central banks to accurately measure economic agents� expectations as well as 
the public�s reaction to the policy conducted.

In the third article, The Impact of Weather Conditions on Economic Activity in Ukraine, Hanna Yatsenko 
sheds light on how temperature and precipitation a�ect economic activity in the key sectors of 
Ukraine�s economy. The study highlights heterogenous responses between sectors, with substantial 
impact on agriculture, construction, manufacturing, and the energy sector. The author also suggests 
venues for prospective research. 

The fourth article, Foreign Assistance and Consumption Inequality: Does the Structure of Aid Matter?,  
by Nestor Cheryba, estimates the in�uence of aid (decomposed into grants and loans) on inequality  
in 75 countries. The overall e�ect appears to be positive, with the net reduction in inequality being 
reached through a proper combination of grants and loans. 

The Editorial Board of the Visnyk of the National Bank of Ukraine invites research contributors to 
explore the most challenging research questions in economics and �nance and submit their research 
for publication in our journal.

Best regards,
Dmytro Sologub



4

Visnyk of the National Bank of Ukraine, 2020, No. 249, pp. 4�12

CONSUMER LENDING  
IN UKRAINE: ESTIMATION  
OF THE EQUILIBRIUM LEVEL 
ATTILA CSAJBOKa, PERVIN DADASHOVAbc, PAVLO SHYKINb,
BALAZS VONNAKd

a�International Monetary Fund1 

E-mail: acsajbok@imf.org 
b�National Bank of Ukraine 
E-mail:	pervin.dadashova@bank.gov.ua

	 pavlo.shykin@bank.gov.ua 
��National University of Kyiv-Mohyla Academy
d�Magyar Nemzeti Bank (the Central Bank of Hungary)  
E-mail:	vonnakb@mnb.hu

Abstract In line with Kiss et. al (2006), we have constructed an analytical framework for the timely detection of risks 
connected with the rapid growth of consumer lending, based on an econometric model for the equilibrium level 
of household and consumer loans. Results from an estimation on a panel of countries were extrapolated to the 
Ukrainian banking sector. The model suggests that after two waves of strong deleveraging starting in 2009 and 
in 2014, the consumer credit stock in 2019 is still well below its equilibrium level in Ukraine, despite the recent 
strong nominal dynamics. 

JEL Codes C54, E47, G21, G38

�Keywords consumer lending, equilibrium model, error-correction model, mean group estimator.

1.	 INTRODUCTION
After a period of strong deleveraging, caused by military 

aggression and economic crises, the volume of consumer 
lending has been rapidly swelling in Ukraine. Figure 1.a 
demonstrates the magnitude of Ukrainian household 
deleveraging in comparison with other countries. For the last 
two years, its year-on-year growth has not been lower than 
30%. The continued high pace of growth was sustained by a 
loosening of banks� lending conditions and by a rapid increase 
in household income. The combination of these factors 
promotes the realization of previously postponed demand of 
households and stimulates their appetite for credit. 

The main driver of credit growth is small-size unsecured 
loans, while secured long-term mortgages form only 2% of 
the amount of newly issued loans. In a regional comparison, 
the dominance of retail loans characterizes the Ukrainian 
household loan portfolio (see �gure 1.b). While the credit-to-
GDP ratio remains comparatively low, the fast accumulation 
of unsecured debt with a high interest rate burden puts 
additional risks on households, making them vulnerable to 
external shocks. 

As the demand for credit increases, the competition 
between banks for new borrowers, which typically have 
low income in Ukraine, is very tough The necessity to 

1 At the time of the work underlying this paper, Mr. Csajbok was with the World Bank Financial Sector Advisory Center (FinSAC). FinSAC financed the technical 
assistance project behind this paper.
2 For more details please see Box 3. �Results of a Survey of Consumer Lending by Banks: Borrowers with Low Income Are Mostly Indebted� in the Financial 
Stability Report of the NBU (June 2019)

maintain a strong pace of lending provokes banks to ease 
the underwriting criteria, which causes deterioration of the 
risk pro�le of the average borrower. As banks aspire to 
compensate for the arising risks by setting higher interest 
rates, excessive lending may lead to an increase in the debt 
burden for low-income households.212

These stylized facts suggest that continuing rapid growth 
of consumer lending in Ukraine generates a variety of 
potential risks that have to be managed to avoid challenges 
to �nancial stability in the medium and long run. Therefore, 
there is a growing need for the regulator to develop an 
analytical framework to analyze and detect risks related to 
the rapid growth of consumer lending. The primary interest 
is in estimating benchmarks for �normal� growth rates 
and levels for household indebtedness based on sound 
empirical foundations. Such a framework is useful not only 
to de�ne the equilibrium level, but also to analyze the speed 
of convergence to it. This may help policymakers to manage 
the possible overheating of this segment by applying, in a 
timely manner, e�ective macroprudential instruments to 
restrict consumer lending growth.

In this paper, we derive equilibrium levels of household 
and consumer credit for Ukraine. For this purpose, we use 
a two-step approach. First, we estimate the relationship 
between equilibrium credit-to-GDP and the fundamentals 

' National Bank of Ukraine, A. Csajbok, P. Dadashova, P. Shykin, B. Vonnak, 2020. This work is licensed under a Creative Commons Attribution-
NonCommercial 4.0 International License. Available at https://doi.org/10.26531/vnbu2020.249.01 
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We worked with a panel of yearly data of 30 countries 
spanning from 1995 to 2007. The dependent variable in both 
cases is the corresponding credit stock divided by nominal 
GDP. The explanatory or �fundamental� variables were 
chosen based on some theoretical considerations, as well 
as the existing empirical literature (e.g. Cottarelli et al, 2005; 
Égert et al, 2006; Kiss et al, 2006).

One of the most important and usually statistically 
signi�cant explanatory variables is the country�s 
development, as measured by per capita GDP. The idea 
is that when an economy is more developed, the role of 
�nancial intermediation is more important, resulting in a 
larger outstanding stock of loans.

The interest rate is another standard explanatory 
variable in the literature. Without borrowing constraints, it is 
the real interest rate that matters �rst of all. In reality, banks 
are unwilling to lend to the extent that would increase the 
probability of default too much. This risk is usually contained 
by limiting the payment-to-income ratio, which depends on 
the nominal interest rate. Therefore, we decomposed the 
nominal interest rate into real interest rate and consumer 
price in�ation and used both variables in the regression. We 
used long-term interest rates because they re�ect lending 
rates in the real economy more accurately than short-term 
rates, e.g. overnight interbank rates.

The share of consumption in total GDP may depend 
on time preferences or other structural factors (like 
demographic features) that can a�ect the equilibrium credit 
stock. This is particularly relevant when one investigates 
consumer lending, and therefore we include it, as in Gersl 
and Seidler (2011).

We also experimented with other candidates to explain 
the long-term credit stock that are justi�ed either theoretically 
or empirically. These candidates included the share of 
young cohorts in the population, the disposable income-to-
GDP ratio, both appearing in Lang and Welz (2018). These 
variables proved to be insigni�cant. We could not use 
measures of income inequality, another potential candidate 
variable, because the available time series were too short to 
�t our panel data set.

Sectoral credit data is taken from the commercially 
available dataset compiled by the ECRI. The household 
credit is divided into three categories there: housing loans, 
consumer credit and other loans. The distinction between 
housing and consumer loans is based on the purpose of 
the loan. Housing and consumer loans are thus de�ned 
as the amount of loans at the end of the year granted by 
the resident MFI sector to resident households and to non-
pro�t institutions serving households (NPISHs) for housing 
and consumption purposes, respectively. Other loans are 
those other than for consumer credit and for home-buying 
extended to households and NPISHs for special purposes 
such as business needs, the procurement of o�ce 
equipment, debt consolidation, education, the purchase 
of securities, etc. All the credit data show the stock at the 
end of the year and is divided by the nominal GDP in the 
same year.

The ECRI dataset spans the time period from 1995 to 
2017 and covers all the EU member states, plus a number 

7 This is indeed reflected in the results of an alternative (restricted) specification where we used the nominal interest rate instead of the real interest rate and 
inflation, and the estimated parameter turned out to be significant

of non-EU advanced and emerging countries. In our 
sample, we included all the EU member states plus Norway, 
Iceland, Switzerland, the U.S., Canada, Japan, Australia, 
Mexico and India. Altogether 30 countries and more than 
500 observations were included in the sample. The choice 
of countries was based on the availability of long-enough 
time series.

Per capita GDP, the consumption-to-GDP ratio and 
consumer price in�ation data were taken from the ECRI 
database, too. The source of the long-term interest rate is the 
OECD database, which contains time series of government 
bond yields of 10-year maturity.

5. RESULTS AND DISCUSSION
The �rst step is the estimation of the long-run relationship 

between the credit stock and the explanatory variables from 
the panel data using the cross-correlated e�ect estimator. 
We experimented with total household loans, the narrow 
de�nition of consumer credit, and the broad de�nition that 
is the sum of the latter and other loans. With the broad 
de�nition, we obtained more signi�cant estimates at the �rst 
stage than with the narrow one. Therefore in what follows, 
we will present results for total household credit and the sum 
of consumer credit and other loans (which we label simply 
as �consumer credit�). Table 1 shows the results of the two 
loan categories.

The development of the economy is positively related 
to the depth of �nancial intermediation, as expected.  
A one percent increase in the per capita GDP is typically 
accompanied by almost two percent more household credit-
to-GDP. This relationship is highly signi�cant. According to 
the second column, the same relationship with consumer 
credit is much weaker and not signi�cant. This may be 
a re�ection of the stylized fact that in more developed 
countries, the share of housing loans is higher. Another 
factor to mention is that consumer credit data presumably 
contain more noise.

The consumption-to-GDP ratio is highly signi�cant in 
both regressions. Its impact seems to be larger on total 
household credit than on consumer loans. The interpretation 
is the following: in countries and time periods with one 
percentage point higher than the consumption-to-GDP ratio, 
the equilibrium household (consumer) credit-to-GDP ratio is 
4.5 (3.6) percent higher.

Neither the real interest rate, nor the in�ation is signi�cant 
in either regression. Still, we kept them in the model as 
they are standard explanatory variables in similar empirical 
studies and their sign and magnitude is plausible in each 
speci�cation. The similar coe�cient estimates suggest that 
it is their sum, the nominal interest rate that really matters in 
equilibrium.7 According to the coe�cient estimates, it can 
be said that a one percentage point permanent increase in 
the long-term nominal interest rate reduces the household 
(consumer) credit-to-GDP ratio by one (one and a half) 
percent.

The huge standard error of the estimated constant 
indicates extreme uncertainty in the level of equilibrium 
credit. For example, the 2.6 in the case of the consumer 
loans means that the upper bound of the two standard error 
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wide con�dence band is more than 13 times larger than the 
point estimate and more than 180 times larger than the lower 
bound if we look at only the error of the estimated constant.8 
This is a possible consequence of the fact that there may  
be many country-speci�c factors that we could not control 
for in our regression. This problem is raised explicitly  
in Kiss et al (2006) and justi�es using a Bayesian update of 
the panel mean group estimates at a later stage.

The chi-square statistics measure the joint signi�cance 
of the estimated coe�cients and thus can be interpreted as 
the relevance of our models. The joint signi�cance is high 
in both cases, especially in the model for total household 
credit. This fact, and the multicollinearity of the explanatory 
variables, re�ected in large standard errors and low individual 
statistical signi�cance, motivated us to keep seemingly 
insigni�cant variables, like real interest rate, in�ation, and in 
the case of consumer loans, per capita GDP.

As a next step, we derived the country speci�c Bayesian 
posterior estimates treating the panel regression result as 
a prior. Using the posterior mean coe�cient estimates and 
the Hodrick-Prescott trend of the fundamental variables, 
we calculated the evolution of the credit gap (percentage 
distance from the equilibrium) for each country.

The dynamics of the credit gaps can be statistically 
modelled by an error correction speci�cation. It relates the 
change in the credit-to-GDP ratio to the credit gap and the 
lagged changes in the dependent and explanatory variables. 
Table 2 lists the most important statistics of the pooled OLS 
estimation.

The explanatory power of the regressions is reasonably 
high, the estimated coe�cients are jointly signi�cant at all 
conventional levels.9 

The estimated speed of adjustment to equilibrium, which 
is the coe�cient of the error correction term, is similar for 
both credit categories. Its value is roughly 0.12, meaning that 
the driving force towards the equilibrium per se can reduce 
the credit gap by 12 percent in one year. However, the total 
speed of adjustment is a�ected by the lagged dynamics 
of all variables. Based on the estimated coe�cients and 
their signi�cance, the most important lagged determinant 
is the change of the credit-to-GDP ratio in the previous 
year. The value above 0.5 indicates substantial inertia. The 
persistence in trend has implications for the adjustment 
dynamics too. If, for instance, the credit stock is above the 
equilibrium level and is growing at a high pace, the trend 
inertia may completely o�set the attraction of the equilibrium 
quanti�ed by the �speed of adjustment� coe�cient of the 
error correction term. In contrast, when the gap is closing, 
the total speed of adjustment can be faster than one implied 
by the value of 0.12, because the trend of the previous period 
adds to the normal error correction mechanism.

8 Of course, the total error of our regression can be much smaller, because the error of the constant can be correlated with those of other coefficients 
estimates in a way that they offset each other to some extent.
9 In an alternative specification, we also estimated the short-term dynamics using the short-term interest rate (instead of the long one). These results are very 
close to those of the original specification, namely, it is only the distance from the equilibrium (ECM term) and the lagged first difference of the credit stock 
that matters. All the other coefficients were negligible, insignificant. The value of the first two coefficients changed only slightly.
10 When forecasting the GDP, we used the NBU�s forecast of potential GDP instead of the headline. We assumed that the population and the consumption 
share will not change in the next three years. We also took the NBU�s inflation forecast as given.
11 The confidence interval around the adjustment path cannot be derived analytically. We constructed it by doing simulations, taking 10,000 draws from the 
joint distribution of the estimated parameters (assumed to be normally distributed) combined with draws from the distribution of the residuals (also assumed 
to be normal) for each forecasting horizon. The 2.5 and 97.5 percentiles of the resulting forecast distributions gave us the lower and upper bounds of the 95 
percent confidence interval.

Having obtained all the panel estimates of short- and 
long-term credit dynamics, we can calculate the equilibrium 
level of credit in Ukraine, as well as the expected adjustment 
dynamics. We obtained the long-term coe�cients by 
combining the pooled mean group estimates with the 
Ukrainian data using Bayes� rule. Then we derived the 
equilibrium credit stock using these coe�cients and the 
Hodrick-Prescott smoothened time series of the Ukrainian 
fundamental variables. We also used their forecasted values. 
The forecast was based on the in�ation report of the NBU 
(January 2019).10

Figure 2 depicts the evolution of Ukrainian (a) household 
and (b) consumer credit-to-GDP ratio, which consists of the 
estimated equilibrium paths with con�dence bands based 
on two standard errors in each direction. Values denoted 
by a solid bright-green line are forecast based on the error 
correction estimates.

Our equilibrium models are written in terms of credit-
to-GDP ratios. However, the focus of policymakers is often 
on growth rates of credit rather than on credit-to-GDP.  
The original concerns in Ukraine were about the close  
to 30 percent nominal growth rate of the net (of provisions) 
consumer credit. In order to put these growth �gures in the 
context of our equilibrium model, we applied an o�cial NBU 
projection of a roughly 30 percent nominal growth rate of 
net consumer loans. The projections are shown in Figure 2, 
together with a 95 percent con�dence interval constructed 
around the estimated adjustment path.11 As can be seen, a 
continued 30 percent nominal growth of consumer loans 
in the next two years would represent a somewhat faster 
increase than what is implied by the estimated adjustment 
path. However, even with this high nominal growth rate, 
consumer credit-to-GDP would remain within the 95 percent 
con�dence interval of the estimated adjustment path.

Although theoretically the estimated adjustment path 
and the con�dence interval around it do not say much about 
equilibrium dynamics (rather they represent the average speed 
of adjustment in the panel sample), they may provide a useful 
benchmark to assess credit dynamics before credit reaches 
and possibly goes above the estimated equilibrium level. 

6. CONCLUSION 
The main story is independent of whether we look at 

the consumer loans or the total household loans, only the 
magnitudes are di�erent. There was rapid credit growth 
between 2006 and 2009 (at the beginning of our Ukrainian 
sample), with the stock being roughly twice as much as the 
estimated equilibrium. The boom stopped abruptly, and 
household indebtedness dropped dramatically, reaching 
the estimated equilibrium by 2012-2013. Starting from 2014, 
there was a second wave of contraction in lending, and the 
credit stock fell well below the equilibrium. By 2017, the 
credit gap reached minus 60-70 percent. 
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According to our forecast, the turnaround is expected to 
take place slowly. The reason is the above-mentioned inertia 
in the trend, which implies that even if the gap is negative, 
the decreasing trend of the previous years may partly or fully 

o�set the mean-reverting forces. Therefore, our estimates 
predict a slight increase in credit-to-GDP for the following 
couple of years.
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Table 1. Estimated Relationship between Equilibrium Credit Stock and its Fundamentals

Dependent variable

�log(Household credit to GDP) �log(Consumer credit to GDP)

log(Per capita GDP)

 

C/Y

 

Real interest rate

 

In�ation

 

Constant

 

1.848**

(0.346)

4.520***

(1.033)

-0.010

(0.015)

-0.011

(0.014)

-3.911

(2.160)

0.237

(0.448)

3.601**

(1.452)

-0.017

(0.002)

-0.014

(0.022)

2.382

(2.600)
N

Number of groups 

Wald chi-square (4) 

Wald p-value

571

30

32.870***

0.000

484

26

10.750***

0.030

Table 2. Panel Estimates of Short-Term Dynamics Around the Equilibrium

Dependent variable

�log (Household credit to GDP) �log (Consumer credit to GDP)

Error correction term

 

Lagged dependent 

0.117***

(0.012)

0.579***

(0.028)

0.120***

(0.015)

0.556***

(0.035)

First di�erence of lagged 
explanatory variables

log(Per capita GDP)

 

C/Y

 

Real interest rate

 

In�ation

 

Constant

0.010

(0.094)

-0.234

(0.308)

0.000

(0.002)

0.003

(0.002)

0.012***

(0.003)

0.220

(0.133)

-0.098

(0.468)

0.004

(0.003)

0.009***

(0.003)

0.000

(0.004)

N

R-squared

Wald F(6, # obs-7) 

Wald p-value

511

0.609

130.780***

0.000

432

0.490

68.130***

0.000

p-values *p<0.1; **p<0.05; ***p<0.01
Note: Standard errors are in parentheses.
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APPENDIX B. FIGURES

(a) Consumer Loans** to GDP Ratio     

  

(b) Fraction of Consumer Loans** in Total Portfolio

 

*as of 1 October 2018  

**For Ukraine – gross consumer and other loans (except for loans for buying and reconstructing property)     
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	 Figure 1. Characteristics of Consumer Loans by Region
	 *as of 1 October 2018
	 **For Ukraine � gross consumer and other loans (except for loans for buying and reconstructing property) 
























































































































