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Abstract

The significance of having prudent financial system that is able to absorb the challenges of
the fast growing global economy is being accepted worldwide especially after the US subprime
crisis that shook almost every economy. International organizations like IMF, Basel Committee
of Banking Regulation Financial Stability Board are year by year disseminating new projects and
regulatory standards trying to increase the attention towards financial stability. However for
increasing the awareness of regulatory authorities of different countries IMF has been developing
the project of Financial Soundness Indicators and the stress testing of those indicators as a tool
for assessing the stability.
Current work referring to the project of FSIs and choosing the stress testing methodology
as a coherent tool conducts a research aiming to reveal the vulnerabilities of financial system,
particularly credit risk modeling and assessment on the example of Armenian consumer credit
market using the ARDL methodology.
The findings of this paper show the significance of macroeconomic variables in defining
the consumer credit risk. The stress testing with two adverse scenarios reveal the weaknesses of
the consumer credit market in Armenia, proving that the adopted methodology of capital
requirements calculation for consumer loans does not cover the potential losses from historical
stress events. Finally, as a consequence of adapting the RWA’s calculation methodology and the
risk weight of the underlying credits, the research shows that credit supply suffers and finds that
the level of loans significantly affects real output growth and, hence, there is a trade-off between
financial stability and economic growth.
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Introduction
The significance of having prudent financial system that is able to absorb the challenges of
the fast growing global economy is being accepted worldwide as a non-divisible part of financial
regulation. Especially after the recent US subprime crisis that shook almost every economy and
every financial system, international organizations like IMF, Basel Committee of Banking
Regulation, and Financial Stability Board in line with regulatory authorities from countries with
advanced financial systems are year by year disseminating new projects and regulatory standards
trying to increase the attention towards financial stability and various aspects of it. Moreover, for
increasing the awareness of regulatory authorities of different countries IMF has been developing
the project of Financial Soundness Indicators and the stress testing as a tool for evaluating the
stability.
From the time of establishing the project of FSIs IMF has been disseminating the guidelines
and the suggestions of compiling those indicators and using as a signaling tool for financial
instability. FSIs include various aspects of the financial system and are able to decode the hidden
information one can get about the financial stability within a country. They include coherent
information about the capital requirements of the financial institutions, indicators of household
debt and income in line with the information about the non-financial corporations. In spite of the
fact that they touch all the economic agents who can affect financial stability by their actions, FSIs
contain valuable indicators about the different types of risks that deposit takers face. A set of risks
is addressed in the core set of FSIs including credit risk, liquidity risk and solvency risk.
While addressing the credit risk within a country FSIs contain valuable information about
the overall non-performing loans in the country. This is the non-performing loans ratio (NPL).
Using this particular indicator it is possible to model the credit risk of a country and conduct a
stress test with various adverse scenarios trying to reveal possible gaps in the financial system
regulation. These procedures allow controlling for the country-wide credit risk and creating a
regulatory framework which will provide a cushion to the financial institutions or deposit takers
in the form of capital and by doing so ensuring smooth fluctuations of the system-wide financial
indicators. Nowadays one can meet various methodologies for calculation of capital requirements
for financial institutions or deposit takers. However those methodologies need to be revised and
adapted from time to time to make them up-to-date and to assure the economic agents that the
financial system is prudent and well-capitalized. Under well-capitalized not only the overall
capitalization is meant but regulatory authorities and the existing literature also divides the capital
1

requirements of the deposit takers between the certain type of their activity, concrete type of risk
and the most important one the classification according to the amount of risk exposures.
Regarding the amount of risk exposures it is worth mentioning that the FSIs and stress
testing allow to assess and evaluate the risks that have been lying behind the recent US subprime
crisis and not only. According to a huge part of the literature one of the main factors identifying
the crises across the globe is the household debt, consumer debt as part of it and household
indebtedness in general. As for many examples like the US, Cyprus, Greece, the Netherlands,
Portugal, Ireland and Spain household debt and consumer debt played the key role in the
disturbances of the financial systems and, hence, the failure of the main players in the system.
That is why these kinds of risks have to be initially defined, modeled, assessed and controlled
with the help of plenty of tools nowadays available.

Problem Statement
Taking into consideration the above mentioned developments in the worldwide financial
markets and the financial systems of particular countries and, having the bad example of those
countries, regulatory authorities and research institutions must impose an increasing role to the
mentioned risks and try to take actions on modeling them and building a comprehensive
framework for controlling those risks and trying to reduce the potential future losses that may
arise from this or that factor. The case of consumer loans should be especially overviewed given
that this type of debt is very risky with high levels of expected/unexpected losses and that these
credits are not backed with any type of collateral. Moreover the problem of controlling the credit
risk of these particular credit types becomes more significant in an environment where those
credits are growing with a geometrical progression.

Goal Statement and Research Questions
As far as consumer credits are one of the strong driving forces of the credit risk among all
other loan types, current research concentrates on modeling credit risk for that particular credit
type on the example of Armenia using the stress testing methodology for assessing the
vulnerabilities related to credit risk of consumer loans. Armenia has not been chosen by chance,
this country has a relatively short history of capitalism and especially very short history of
financial system with banks as almost the only financial intermediaries. Moreover, Armenia is
facing a growth in consumer loans with huge paces, and there is a pre-estimation suspect that the
consumer loans in Armenia are not backed with enough capital, or in other words they are not
2

well-capitalized. In the process of this research several research questions have been raised that
were supposed to get answered in the end:

1. What macroeconomic fundamentals are explaining the consumer credit risk?
Especially does the credit risk depend on the international money transfers?
2. Does the model of ARDL (autoregressive distributed lag) allow conducting a proper
forecasting based on the proposed consumer credit risk model?
3. Is the level of capitalization of consumer loans in Armenian banking sector enough
according to current RWA’s calculation methodology?
4. Does the level of outstanding loans affect output on the sample data of the Republic
of Armenia? In other words, is there a trade-off between financial stability, i.e. credit
risk mitigation, and the real output growth?

This problem arises as a consequence to the third question, being supported by the idea that an
increase in the required level of risk-based capital decreases credit supply given the level of capital
is held constant. Fourth research question has risen In the process of the consumer credit risk
assessment and stress testing and turned into a controversy argument for the believed outcomes
of the research.

Novelty and Relevance
This topic is quite essential for a country like Armenia, where after the collapse of Soviet
Union, financial system has just been established and the regulations and standards are still subject
to certain gaps resulting to a vulnerable financial sector. It becomes more topical considering the
recent enormous growth in the level of consumer debt and the household indebtedness in Armenia
and the absence of researches concerning the issue of consumer credit risk macro-modeling.
Moreover by choosing the country of research the work aims to link the remittances to the
consumer credit default rates, trying to show that these kinds of credits can be directly affected by
foreign factors such as the already indicated international money transfers of individuals. Hence
the work will incorporate the remittances and the consumer credit default rates into the macromodeling, where the remittances will appear as the independent variable and the default rates as
the dependent one. The novelty of the research lies behind the fact that using stress testing
methodology it addresses the level of capitalization of particularly one type of credit, the consumer
loans. Another aspect of novelty supporting the research is the attempt to oppose two equally
3

significant bulks of the topic, and to reveal the possible trade-off between financial stability (credit
risk mitigation) and output growth (that might be hurt through limited credit supply) that regulatory
authorities face.
The relevance of the paper steams, at first, from importance of the topic that IMF, BIS, ECB
and other regulatory authorities are assigning to it. The question of household debt has been a topic
of hot debates especially after the US subprime crisis. However the issue of the consumer loans
has been a growing problem during the recent years in Armenia, the country of study. Armenia
being a small and underdeveloped country has quite high levels of financial intermediation relative
to the countries with similar past and similar indicators. As far as the Armenian banks, the only
financial intermediaries are prone to the foreign risks, especially as it turned out during the first
half of 2015 the dependency of the economy on the international transfers and concerning the
recent developments this work will fill in the gap in the analysis of that external factor concerning
the evolution of Armenian financial sector. Another evidence of the novelty of current work is the
fact that Armenia currently in the calculations of the RWA's of consumer loans for capital
requirements is using the proposed methods by the Basel Committee during the year of 2015. This
work sets a doubt on that methodology, agreeing with the Basel Committee suggestions that their
proposed methodology has a country specific discretion, which needs to be considered when
setting the required level of capital and the methods of RWA's calculations.

Significance of the problem
Analyzing the vulnerabilities of the financial system and the risks it is exposed to gives a
unique chance to avoid the possible downturns of the entire economy. If the regulatory authorities
do not pay attention to the issues like credit risk and the capital requirements will not be enough
to cover the possible unexpected losses from banking activities, then the whole financial system
stands in front of a big risk to go back for several years in terms of losses, as far as financial
institutions may find themselves even in front of solvency issues.

Practical and Theoretical Value
The most important theoretical value of current work is the choice of the comprehensive
model for conducting the credit risk assessment and the stress testing based on the model
specification. The research is going to use the ARDL model to account for the inter-temporal
processes that exist among the macroeconomic fundamentals and to make it possible doing a
4

forecast based on that model. The ARDL model is proved to be a proper one with very simple and
easy to conduct framework and with comprehensive forecasting results.
The practical value of the research lies behind the determination of the possible foreign
risks for the consumer credit market of Armenia. In the process of research important finding can
be whether the level of capitalization of the consumer loans is enough or the regulatory authorities
have to change it. Another very significant finding places a very high practical value to the work,
which is whether there exists a trade-off in reality between the financial stability and the real output
growth.

Research Methods
For the purposes to answer the imposed research questions the quantitative research
methods have been applied in the work. Mainly an econometric ARDL model has been built for
explaining the consumer credit risk in Armenia, with the autoregressive processes in the
independent variables. After finding the model specification the work proceeds with the stress
testing and choosing a comprehensive stress scenario and a statistical forecasting. At the final part
again using the Keynesian classical model and referring to the author Driscoll (2003), another
quantitative analysis is conducted to find out the impact of loans on the real output growth by using
the Instrumental Variable approach.

Structure of the Dissertation
Dissertation consists of 106 pages, includes 3 chapters, 11 sub chapters with their sub
headings and conclusions. It contains 22 tables, 8 figures and 8 appendixes.Author has published
three scientific articles devoted to the various aspects of study. All of them are relevant to the
dissertation.
The structure of the dissertation includes the literature review on the important aspects of
financial stability, methodologies of stress testing, credit risk modeling and analyzing the impact
of loans on the real output growth. Particularly, a focus is placed on the credit risk macro-modeling.
This is the most important task in terms of getting correct results. In the pre-last subchapter of the
literature review the existing literature on the topic of the interdependence of loans and the real
output is discussed. In the second chapter the data description and the methodologies are discussed
for conducting the quantitative analysis, particularly the data of the credit risk modeling and
5

estimations and the data of the analysis of the impact of loans on real GDP growth. In the
methodology part the used methods are presented, both for the credit risk modeling and stress
testing and the methodology of the analysis of the loan supply's effect on real output growth. The
third chapter discusses the results and the estimation process, while the last chapter concludes
based on the findings of the research and gives recommendations. The dissertation also provides
the lists of tables, figures and abbreviations as well as appendices presented separately.
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Chapter 1. Literature Review
1.1: Financial Stability: The Role of Financial Soundness Indicators
“What constitutes financial system? Typically, financial system consists of financial
markets, instruments, institutions and infrastructure.” That is how Crockett (1997) defines the
system. On the other side of the coin is the regulatory or supervisory system which serves as a
controlling and guiding body for the financial system. The financial system performs as an
intermediary organism with a vital function of transferring the excess of money from those who
have surplus of it and to those who have shortage of it, through borrowing and lending activities.
According to Crockett (1997) “a dynamic and competitive financial system is characterized by
continuous changes in the composition of markets and institutions through entry, exit, mergers and
acquisitions supported by evolving infrastructure.”
When trying to define financial stability Crockett (1997) describes it as the ability of the
financial system to withstand various types of shocks (domestic and foreign). Those shocks can be
classified as financial, economic and political or otherwise. Furthermore, it is also referred to the
financial system stability as “the absence of macroeconomic costs of disturbances” of the financial
transactions procedures and fund transfers between the market participants, i.e. individuals or
households, business entities and financial intermediaries. (Laker, 1999) Like Laker (1999) and
Crockett (1997), when trying to define financial stability or the absence of it, Foot (2003),
Ferguson (2002) and Chant (2003) also highlight the importance of the impact the financial
stability can have on the real economy in line with its impact on the links between the components
of the financial system. Financial system stability is achieved when there exist the main bulks of
the system and at the same time they do operate efficiently. Those bulks have to involve an
effective supervisory infrastructure, efficient and advanced financial markets and the most
important one, without which there will be no system or well operating financial markets, strong
and stable financial institutions. (Schinasi, 2004) In contrary financial system experiences
instability when the major institutions in the system show signs of failure; when asset prices in the
overall economy start to fluctuate with high magnitudes and when market liquidity suffers to the
extent of insolvency of the main players in the system. (Davis, 2001) Described disturbances in
the financial system have destructive potential for transferring those failures to the real sector by
imposing additional macroeconomic costs on it. Crockett (1997) and Foot (2003) separate four
main reasons why the financial system stability has such a crucial role in the economy of every
7

country. They start with the fact that a sound financial system builds a trustworthy environment
which enhances the situation of the savers and the investors by giving them more confidence and
solving the problem of their risk averseness. At second, the stable financial system makes the
monetary policy effective by improving the transmission mechanisms, thus helping to achieve the
goal of regulatory authorities that is the stability of prices in the economy. The next point is that
the stable financial system increases the efficiency of banking institutions and other financial
intermediaries, which in turn brings to efficient investment activities and to high levels of output
growth. Finally having a firm and well organized financial system solves the issue of efficient
distribution of funds in the economy and well-functioning markets. (Vlahović, 2014)
The academic world pays great attention to the concept of financial stability and its various
aspects because economic history of the entire world shows how devastating consequences shocks
in financial system can bring to the real sector of a particular economy. There is an experience of
The Great Depression, the most recent financial crisis in the US that shook all the world and dozens
of crises across the globe. These crises showed that the financial sector of a country and financial
institutions operating there can be vulnerable and, thus, can trigger crises. This issue gave rise to
several projects implemented to estimate the healthiness of a country’s financial system and to
prevent the upcoming crises.
Regarding the concern of financial instability International Monetary Fund (IMF)
propounds the project of Financial Soundness Indicators (FSI) and Stress testing as a tool of
assessing that instability. FSIs are indicators that contain information about present financial
conditions and soundness of financial institutions in a country, and of their corporate and
household counterparts. The purpose of FSIs is to support the macro-prudential analysis (IMF
2006). This is the assessment and surveillance of the strengths and vulnerabilities of financial
systems, with the intention to enhance financial stability and, in particular, to set boundaries to
the probability of financial system downturns and disruptions of its natural functions. By
allocating funds for viable investment projects and providing payment services, healthy and robust
financial systems help increasing economic activity and society’s welfare. (Selialia, Mbeleki, &
Matlapeng, 2009) However, experience has shown that financial systems are prone to instability
and crisis that have the potential to disrupt financial activity and impose huge and widespread
costs on the real economy. With the liberalization of financial markets and the greater recognition
of the importance of systemic effects of financial sector weaknesses, policymakers and
researchers are paying increasing attention to the stability of national financial systems. Thus the
long-established surveillance of individual institutions is being supplemented by the monitoring
of risks to the stability of national financial systems arising from the collective behavior of
8

individual institutions. This work is known as macro-prudential analysis. (IMF 2006)
The traditional focus of prudential data reporting and analysis is on the micro-prudential
objective of limiting the likelihood of failure of individual institutions. Macro-prudential analysis
has a somewhat different set of data requirements owing to its focus on identifying risks emerging
in the financial system as a whole. For instance, while increased lending to the real estate market,
or to the corporate sector, may be profitable to a bank in the short term, if such lending is mirrored
in other banks, the resultant sharp expansion of the banking sector’s exposure to real estate or the
corporate sector’s debt to equity ratio might raise concerns from a macro-prudential viewpoint. In
such instances, risks considered exogenous to any one institution are endogenous to the financial
system. (IMF, 2001) Further, the magnitude and mobility of international capital flows has made
it increasingly important to monitor the strength of financial systems and their resilience to capital
flow volatility. The financial sector is often the conduit between global financial markets and
domestic borrowers and, as such, is sensitive to external capital markets conditions, as well as
domestic developments. Moreover, weaknesses in domestic banks can have a pervasive influence
on consumer and investor confidence, capital flows, and public finances, as well as on domestic
financial intermediation. (Evans, Leone, Gill, & Hilbers, 2000)

Table 1.1: Financial Soundness Indicators: Core and Encouraged Sets (IMF, 2006)

Core Set
Deposit takers
Capital adequacy

Regulatory capital to risk-weighted assets
Regulatory Tier I capital to risk-weighted assets
Nonperforming loans net of provisions to capital

Asset quality

Nonperforming loans to total gross loans
Sectorial distribution of loans to total loans

Earnings and profitability

Return on assets
Return on equity
Interest margin to gross income
Noninterest expenses to gross income

Liquidity

Liquid assets to total assets (liquid asset ratio)
9

Liquid assets to short term liabilities

Sensitivity to market risk

Deposit takers

Net open position in foreign exchange to capital

Encouraged Set
Capital to assets
Large exposures to capital
Geographical distribution of loans to total loans
Gross asset position in financial derivatives to capital
Gross liability position in financial derivatives to capital
Trading income to total income
Personnel expenses to noninterest expenses
Spread between reference lending and deposit rates
Spread between highest and lowest interbank rate
Customer deposits to total (non-interbank) loans
Foreign-currency-denominated loans to total loans
Foreign-currency-denominated liabilities to total liabilities
Net open position in equities to capital

Other financial corporations

Assets to total financial system assets
Assets to GDP

Nonfinancial corporations sector

Total debt to equity
Return on equity
Earnings to interest and principal expenses
Net foreign exchange exposure to equity
Number of applications for protection from creditors

Households

Household debt to GDP
Household debt service and principal payments to income

Market liquidity

Average bid-ask spread in the securities market1
Average daily turnover ratio in the securities market1

Real estate markets

Real estate prices
Residential real estate loans to total loans
Commercial real estate loans to total loans

1

Or in other markets that are most relevant to bank liquidity, such as foreign exchange markets
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In the Table 1.1 two sets of FSIs are presented. Most central banks and policy makers are
focusing mainly on the Core set of the indicators which are the aggregated data of an entire system.
They are also called the aggregated micro-prudential indicators. (Evans, Leone, Gill, & Hilbers,
2000) This set basically touches almost all the risks the deposit takers face (including credit risk,
liquidity risk, foreign exchange risk and finally solvency risk). Macro-prudential analysis touches
only the macro aspects of the abovementioned risks and after compiling FSIs one can model any
of them which will show how FSIs are affected by macroeconomic fundamentals. It will reveal
the weaknesses of the financial system. On contrary, micro-prudential analysis focuses on the
institutional level of the research, that is analyzing the effects of different factors which can
impose any losses on the balance sheet of a particular financial institution. (Agresti, Baudino, &
Poloni, 2008) Hence micro-prudential analysis focuses on the risks and the resilience of
institutions to different adverse events, and that is basically how it contributes to the financial
stability of the entire system. The soundness of individual institutions is necessary for maintaining
a safe financial system. However only micro-prudential analysis and micro-prudential standards
are not enough for sustaining financial stability, in addition micro-prudential analysis and
supervision must be accompanied by the macro-prudential analysis and policies. (Osiński, Seal,
& Hoogduin, 2013)
One of the FSIs, non-performing loans (NPL), represents the quality of deposit takers’
assets. In other words, it shows the credit risk in the financial and the non-financial sectors. The
credit risk is “the risk of loss of the loan principal amount and any potential return thereon arising
from borrowers’ failure to repay loans in full or in part according to the repayment terms agreed
upon” (Elsiefy 2012). The credit risk is one of the most significant risks that can highly reflect the
weakness of financial system and banking sector as far as the potential losses related to credit risk
can appear to be uncontrollable. The recent US financial crisis proved it. NPL ratio is the division
of the non-performing loans portfolio by the level outstanding loans. The data of NPL covering
the whole financial system is constructed by aggregation of the non-performing loans data across
all institutions.
As far as the two core and encouraged sets of the FSIs contain indicators that touch every
aspect of risks deposit takers are exposed to, it is of great necessity to define the main types of
those risks and to understand the evolution of the standards that are imposed on banking
institutions aiming to control those risks. The prudential standards have been including the various
types of risk management schemes that are currently under usage. However whatever scheme or
11

methods of managing the banking risks and/or calculation methods of the exact exposure the
regulatory bodies develop, final and the most important step is the calculation of the required level
of capital which is necessary to cover the unexpected losses from this or that type of risk. In other
words the requirements must be risk-based and the institutions must follow the risk-based capital
requirements. Hence the elaboration of the abovementioned risks and regulatory standards follow
in the next sub-chapters.

1.2 Risks and Risk Weighted Assets
1.2.1 Risks Affecting the Banking System

What constitutes a risk? The very general definition of a risk in the context of this study is
associated with the uncertainty of expected returns and/or with the possible financial loss that may
arise from the realization of a risk. Banks and banking activities are always exposed to this or that
type of risks. Those risks are classified between the following types including credit risk, market
risk (currency risk as part of it), liquidity risk, operational risk. Frequently these types of risks are
considered altogether and named financial risks. Of course there are various other types of risks
such as reputational risk or moral hazard. (Millon & Saunders, 2017)
Assuming the relations of a lender and a borrower, credit risk can be seen as the borrowerdefault risk (counterparty risk), taking place when the borrower is no longer solvent, i.e., when
one side of the debt contract is not able to return back the borrowed money (Bank for International
Settlements, 2003), (Jorion, 2001). As it has been discussed by Mileris (2012), Castro (2013) and
many others the exposure to credit risk appears to be the most significant source of problems for
the banks and financial institutions across the globe, even though after the 2008-2009 global
financial crisis the risks connected to liquidity were considered the most crucial ones according to
other scholars, because liquidity risk shows the inability of an economic agent to transform their
wealth into some other assets (Williamson, 2008). Credit risk is present from every financial
transaction or a contract and weighs on the lender, whatever the technical form of the loan or a
debt contract in general is. The losses of loans may be of the total principal amount or in part and
depending on the efficiency of the market the default of loans one may connect to the borrowing
costs. The higher the costs of the loans, the higher the credit risk and subsequently the higher the
losses in case of the credit risk realization. (Simkovic, 2016) To illustrate the credit risk in its more
general form one may bring the examples when losses can arise:
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A borrower may fail to repay due on a mortgage loan, credit card, line of credit, or
other loan.



A company is unable to service the asset-secured fixed or floating charge debt.



A business or consumer does not pay a trade invoice when due.



A business does not pay an employee's earned wages when due.



A bond issuer does not make a payment on a coupon or principal payment at the due
date.



An insolvent insurance company does not pay a policy obligation.



An insolvent bank is not able to meet its obligations towards the depositors.

Credit risk itself also can be of three types. The first refers to the risk that the borrower
delays his payments related to both interest and principal (i.e., default risk). The second refers to
the so called country risk, which is present when the borrower operates in a country with a high
systemic risk. In this case, the lender may suffer from currency risk as well. Finally the third one
is called concentration risk which is the risk associated with a certain group of exposures that can
produce large losses and as a result threaten the activity of the financial institution. It may arise
from any type of concentration. (Aly & Daly, 2010)
As far as banks have a function of transferring funds from the part of the society that has a
surplus of it (depositors) to those having lack of it (borrowers) by their own risks, the credit risk
or the default risk is the one that obviously has the most substantial consequences on the bank
balance sheet and hence on the healthiness of a bank. Moreover, loans are the main source of credit
risk in the bank balance sheet. However banks encounter credit risk also from many types of
instruments other than ordinary loans, such as futures, swaps, options, interbank transactions, trade
financing, bonds and various other types of instruments.
The Basel Committee has issued a consultative paper titled “Principles for the Management
of Credit Risk” aiming to encourage banking supervisors globally to promote sound practices for
handling with credit risk. “Since exposure to credit risk continues to be the leading source of
problems in banks world-wide, banks and their supervisors should be able to draw useful lessons
from past experiences. Banks should now have a keen awareness of the need to identify, measure,
monitor and control credit risk as well as to determine that they hold adequate capital against these
risks and that they are adequately compensated for risks incurred.” (Bank for International
Settlements, 2000) Although the principles contained in that paper are mostly related to the
business of lending, they are suggested to apply to all activities where credit risk is present. The
document addresses the following areas:
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(i) establishing an appropriate credit risk environment;
(ii) operating under a sound credit granting process;
(iii) maintaining an appropriate credit administration, measurement and monitoring process;
and (iv) ensuring adequate controls over credit risk.
Even though depending on the specificities of the financial institutions’ activities the risk
management mechanisms may highly differ from each other, the comprehensive and relevant
credit risk management mechanisms will surely address these four areas. These procedures,
however discussed in the four main areas, are discussed from the institutions’ point of view and
banks are the agents that must take actions in the direction of suppressing the credit risk. On the
other hand, supervisory authorities may take actions toward limiting the deposit takers from being
exposed to unsustainable levels of credit risks. The one and the most important thing authorities
can do, is to set a required minimum level of capital banks need to hold for bearing certain risks.
In other words it needs to be defined how much capital to keep for investing in certain activities,
which will be able to absorb the unexpected losses from credit risk. In line with these actions
regulatory authorities need to make sure that banks are paying high attention to the
abovementioned four areas of credit risk management. (Millon & Saunders, 2017, pp. 611-617)
Finally taking the issue of credit risk management very serious the endeavor of current work is to
model the credit risk in a macro-environment, to find the weaknesses of the underlying financial
system and elaborate consequently on the possible solutions to the determined problems and on
the supervisory agencies’ corresponding actions to improve the financial stability of the country.
Generally, banks and other financial institutions take actions to reduce credit risk. For
instance, one of the wide-spread methods is the risk based pricing of loans, where the lender may
incorporate the credit risk directly into the transaction price which consequently increases to
account for borrower’s probability of default (or the expected loss). (Curcio & Gianfrancesco,
2009) However, it solves the problem only for the expected part of the subsequent losses.
Similarly, banks can also ask for transaction collaterals, or they can eventually buy an insurance
policy to cover the credit risk (credit default derivatives). Despite all these possibilities, if a bank
evaluates that it is not sufficiently covered against credit risk, then negative effects on lending
activity could arise, such as credit crunch effects, resulting in either the decrease in the amount of
granted loan to the borrower compared to the required amount, or a request for a collateral that
will increase the indicator of LTV (Loan to Value, which is the ratio of the disbursed loan and the
corresponding collateral that backs the loan). It is not a secret that the lower is the LTV the higher
is the recovery rate of the loan after the default, thus the expected and unexpected losses will be
respectively lower than for the unpledged loans. However the collaterals are also contingent to a
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risk, determined by the volatility of the collateral prices. This phenomenon lies in the definition of
another type of risk, called market risk. (Aly & Daly, 2010)
Market risk is represented by the probability that the value of a financial asset, traded on a
sufficiently liquid market, changes due to not predictable market factors. (Bank for International
Settlements, 2003) (Millon & Saunders, 2017, pp. 183-185) These factors can be linked to the
uncertainty connected to some financial indicators such as the interest rates (e.g. Euribor and Libor,
which float on a daily basis), the spread between risky and risk-free government bonds, exchange
rates, and real indicators like inflation or unemployment rates. There is no combined classification
of the risk as every classification can refer to a specific side of the market risk. Still the frequently
used types of the market risk are the followings:


Equity risk, the risk of specific stock prices, stock indices or their historical
volatility changes.



Interest rate risk



Currency risk, the risk that foreign exchange rates (EUR/USD, EUR/GBP) change
or the magnitude of changes increases or decreases.



Commodity risk, the risk that commodity prices (corn, crude oil) change over time.



Margining risk results from losses occurring from covering adverse value changes
of a given position.



Shape risk



Holding period risk



Basis risk

Typically, market risk evaluation aims to quantify the unexpected loss for a financial asset,
by using ad hoc models (e.g., Value at Risk models). These models quantify the maximum
potential loss, to which a confidence interval applies, that can be generated by the abovementioned market factors during a specific time horizon. In other words these models cut the
deviations of the historical data with the level of certain confidence (90 percent, 95 or 99, the most
often used confidence levels), and hence try to find the level of losses when the indicator crosses
the border of already specified confidence interval. However, there are limitations that the method
of VaR brings with it. It is generally accepted that this method can be used only for the short-term
forecasts and risk management. The limitation of this method is related to the assumption that the
structure of portfolio under study does not change over time. This assumption can be quite realistic
for the short-term time horizon, but it is definitely violated in the long-run. VaR calculation with
the historical simulation methods assume that the correlations that have been present in the history
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are stable for the forecasting periods as well. However, it is a well-known phenomenon that during
the market stress the correlations tend to change and differ from the ones in the tranquil times.
This phenomenon is known as asymmetric correlations or asymmetric dependence. (Choudhry,
2001) VaR methodology is also widely used by the financial institutions for conducting microlevel stress testing of credit risk of certain portfolio. However this approach does not give any
justification of why the credit risk must follow the proposed scenario. A study conducted by
Kirakosyan A. shows that the parameters of financial risks of the banking system of Armenia tend
to increase during the crisis times, and they are more or less stable in tranquil times (Kirakosyan,
2010). That is why instead of using the historical simulations one can conduct the analysis with
the help of Monte Carlo simulations with multi-variate models.
The Basel Committee defines Operational risk as “the risk of loss resulting from inadequate
or failed internal processes, people and systems, or from external events”. (Bank for International
Settlements, 2001 (a)) In other words, it represents the probability that the value of a financial
asset is influenced by unpredictable factors, resulting from running the bank activity. Bank
employees can incur into calculation errors, or into procedural blocks that could temporarily
prevent the correct execution of financial transactions (business disruption & systems failures,
execution, delivery & process management mistakes). It can also include other classes of risk, such
as fraud or robbery, security, privacy protection, legal risks, physical (e.g. infrastructure shutdown)
or environmental risks. (Millon & Saunders, 2017, pp. 186-187) Operational risk, thus, is a quite
broad concept and it is highly related to the quality management. All of the aforementioned cases
including internal and external fraud problems or robberies, all legal issues as well as the damage
to physical assets are associated with the losses of financial resources. It is worth mentioning that
in the case of Armenia the operational risk and the credit risk are highly merged into each other.
This has an explanation going beyond the credit default explanations based on the borrower
information or on the market conditions. The point is that the credit approval requirements are not
always kept, the necessary credit analysis is not done or is done improperly, and the information
about the creditor is not reliable or even is partly collected. Thus the two types of risks are related
to each other, however it must be indicated that this is the case only for the business loans and
such correlation between the operational risk and the credit risk is not present for the noncollateralized consumer loans.
Like market risk, a proper evaluation of operational risk is provided by advanced statistical
models. Among the methods of operational risk evaluation like the Basic Indicator approach and
the Standardized approach, the Advanced Measurement Approaches (AMA) is probably the most
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advanced one and bases on the modeling of all the events from which operational risks derive.
(Afambo, 2005) Basel accords suggest that banks can adopt the AMA approaches for the internal
calculations of operational risk capital by the allowance of the local regulatory authorities. (Bank
for International Settlements, 2011) In case of the standardized approach as well the main purpose
for modeling the operational risk is to calculate the required level of capital for covering the
possible losses from that exact type of risk. (PWC, 2015) (Chapelle, Crama, Hubner, & Peters,
2008)
In the end, summarizing all the discussed risks and there aim, one must definitely point the
main purpose of the risk identification and their evaluation. The unique goal of paying so much
attention to the different types of risks is to support financial institutions, including banks, to
absorb those risks and operate with no disruptions and smoothly. Technically the purpose of
creating so many models of risk evaluations is to promote the accuracy of the calculation of the
required capital, which will serve as a cushion and help financial institutions cover the losses
related to the abovementioned risks. All of those models and methods bring to the final procedure
for financial institutions, which is the inclusion of different risk exposures (with accurately defined
and predicted levels of those exposures) in the calculation of risk weighted assets and accordingly
in the calculations of the required level of capital. Hypothetically banks could have operated even
with no capital, if they do not face any disturbances from outside or there is no gap in the maturity
of the assets and liabilities, which means they do not face problems in meeting their obligations
(this maturity gap/liquidity gap brings to the liquidity risk as defined by the Basel Committee
(Bank for International Settlements, 2008)) or there are no fluctuations in the price. Nevertheless
in the real world one cannot abstract from all of those factors and it is needed to follow the
aforementioned procedures and mitigate the risks as much as possible. That is why current work
proceeds with understanding of the risk weighted assets calculation approaches, where the
discussed risk exposures of non-collateralized consumer loans are incorporated. Moreover the
concentration will be placed on the credit risk, as a subject of this study.
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1.2.2 The Methods of Risk Weighted Assets Calculation
Risk-weighted assets (RWA) represent an aggregated measure of different risk factors
affecting the evaluation of financial products. All the risk components are considered together to
“correct” (i.e. to relate the value of the financial assets to their corresponding risk exposures) the
nominal value of financial assets. In this way, a proper measure of the extent to which the
underlying risk is increasing or decreasing the accounting value of financial assets is generated for
the purposes of regulatory capital calculations. This assessment attributes a high weight-coefficient
to high-risk financial assets, and a low-weight coefficient to low-risk ones given the capital
requirements. (Sitorus, 2015) For instance, if one considers two financial assets with the same
nominal value: a corporate bond with a medium/long term duration of a company presenting
negative losses during the last three years, and a triple B rating; a sovereign bond with a shortterm duration of a country presenting a low systemic risk, and a triple A rating, it is obvious that
the first financial asset will produce higher RWA compared to the second one.
As the Basel Committee points out, RWA play a very important role in the banking sector,
helping banks monitoring their efforts in achieving capital adequacy goals. RWA quantification
affects the amount of capital the bank will have to retain to be compliant with the imposed capital
adequacy requirements. This amount, which cannot be invested in risky projects, will be indeed a
non-interest bearing money-sum. In light of this, banks have arranged internally RWA monitoring
and reduction strategies to contain risk, e.g., to minimize expenses on otherwise greater capital
provisions. These strategies, which mainly focus on the improvement of asset quality, imply the
choice of those counterparties showing the lowest risk profile for a given level of return on
investments. (Bank for International Settlements, 2001 (c))
The Basel II regulatory framework two different approaches were proposed for RWA
calculation and, consequently, required capital calculations. The first approach is to measure the
risk in a standardized manner, while the second one relies on the banks’ internal model which must
be approved by the supervisory authorities. Banks can adopt either the standardized approach or
the internal ratings based approach (IRB). The first approach is easy to use and it is based on the
credit ratings of borrowers assigned by external credit assessment institutions, which has been
criticized so far by different agencies.

Table 1.2: Risk Weights according to Credit Ratings (Bank for International Settlements,
2001 (b))
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Credit Rating

AAA

to A+ to A-

ARisk Weight

0%

BBB+ to BB+ to B-

Below B-

unrated

150%

100%

BBB20%

50%

100%

According to this methodology the overall risk weighted assets will be calculated by using
the output of the Table 1.2, for instance, and with the formula 1.1:
𝑅𝑊𝐴 = ∑𝑛𝑖=1 𝑅𝑊𝐴𝑖 ∗ 𝐴𝑖

(1.1)

where 𝐴𝑖 is i-th group of assets, which fall into the same risk category and thus have the same risk
weight, and 𝑅𝑊𝐴𝑖 is the corresponding risk weight, also called credit conversion factor. In many
cases one can encounter a simpler version of the standardized approach, according to which
regulatory authorities assign the risk weight to a particular product be it a corporate or a retail loan
(overdraft, auto loan, mortgage loan or personal finance). This is done with the justification that
those product types are grouped in the same risk category that is why they have the same risk
weight. (Bank for International Settlements, 2001 (b)) The given examples of risk weights in Table
1.2 are subject to changes like in the joint proposal of changes by Federal Reserve System of the
US, Federal Deposit Insurance Corporation and Department of Treasury in 2012 (Federal Reserve
System, 2012) or like all other supervisors in any one country can propose.
The next approach of calculating the RWAs is internal ratings based approach, which allows
banks to give their own ratings and accordingly the risk weights to their clients, yet with the
allowance of the regulatory authorities. Institutions are supposed to use their own internal
quantitative models to estimate the main indicators that, in the end, define the expected loss (EL)
from the banking activities. Those components are Probability of default (PD) (probability of a
borrower to default), Loss given default (LGD) (the possible loss of the exposure, expressed as a
percentage of the exposure), Exposure at default (EAD) (amount to which the institution was
exposed at the time of default, expressed in currency) and all other necessary parameters like the
Recovery rate. (Arroyo, Colomer, García-Baena, & González-Mosquera, 2012) The expected loss
of a loan is calculated in accordance to the following formula in the equation 1.2 that touches the
aforementioned components:
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𝐸𝐿 = 𝑃𝐷*LGD*EAD

(1.2)

For public companies, default probabilities are commonly estimated using either the
structural model of credit risk proposed by Robert Merton (1974) or reduced form models like
the Jarrow-Turnbull model (1995) and later on studied by Duffie and Singleton (1999). For retail
credits or not rated company exposures, default probabilities are estimated using credit scoring or
logistic regression, both of which are closely linked to the reduced form approach. The goal is to
define risk weights by determining the cut-off points between and within areas of the expected
loss (EL) and the unexpected loss (UL). While the EL is the multiplication as expressed in the
equation (1.2), UL is a function of PD variability, which also has to be covered by additional
amount of economic capital to assure the uninterrupted activity of a bank or a financial institution
in general (Curcio & Gianfrancesco, 2009). Ex ante, the UL can be calculated through conducting
Value-at-Risk (VaR) methodology on the underlying portfolio (Hasan & Zazzara, 2006). Under
the Basel II framework banks have to set aside a portion of capital besides the required level of
CAR to cover the UL and under this context the IRB approach has a crucial role. On the other
hand the standardized approach makes it difficult to distinguish the capital kept for EL and for UL
that is why current research tries to find out whether the current amount of capital for consumer
loans under the standardized approach is enough or not in the banking sector of Armenia.
In general the reduced-form credit risk models highly contrast to the structural credit risk
models. The structural or the Merton-type credit risk models are contemporaneous which derive
the probability of default from the random fluctuations in the unobservable value of a firm’s assets.
Merton himself, after the structural model has built a reduced form credit risk model where the
probability of default is a continuous process, additionally imposing a condition on the defaulting
company’s assets value to tend to zero. The Jarrow-Turnbull model has elaborated Merton’s model
to a framework with random interest rate process. Likewise these two works on corporate default
risk modeling, the work by Allen and Saunders (Allen & Saunders, 2002) has gone beyond and
has taken into account also the business cycles and moreover it has elaborated more on modeling
not only the relationship of PD and systemic factors (macroeconomic factors) but also the
dependence of LGD with those factors. (Pesaran, Schuermann, Treutler, & Weiner, 2006)
The internal risk based approaches can rely on plenty of statistical models and quantitative
analyses. The standardized approach is the widely spread one which is the case for the country
under this study as well. That is why the work concentrates on that exact method of RWA’s
calculation. The Basel Committee also has been paying an increasing attention to the standardized
approach as well “to ensure that capital requirements reflect the inherent riskiness of exposures
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and that the standardized approaches constitute a suitable alternative and complement to internal
models”. (Bank for International Settlements, 2015) The Basel Committee on Banking
Supervision has set a goal to enhance the standardized approach of RWA’s calculation, imposing
the greatest importance to the credit risk component, in several ways and in several minor
directions. According to the changes the Committee is aiming (significant attention is set to
overcome the role of the external credit ratings) to advance the risk sensitivity of the underlying
methods of RWA’s calculation, to eliminate national or country-specific differences in methods
and to decrease the country-specific freedom of actions in the scopes of RWA’s calculation, to
increase the probability of getting similar results from using the two standardized and the internal
risk based approaches by increasing the connections of these two methods and to make it easy to
compare the levels of regulatory capital and any capital requirements between banks both within
a country and across the borders. This issue has been a subject of debates and a huge concentration
has been imposed on it. Alexander Philip gathered all of the ideas and criticisms of the RWA’s
calculation approaches, which produce different results across the EU member states, in his article
in The Banker. (Philip, 2013)
Current standardized approach of the Basel framework is based on the external credit ratings
and according to that framework certain exposures have their corresponding risk weight.
Nowadays the issue on the agenda is to replace the external ratings in the regulations with certain
risk factors. In the consultative document entitled “Revisions to the Standardized Approach for
Credit Risk”, it is explained that those alternative risk drivers have been chosen in a way that they
are still simple, intuitive and able to explain the risks through different jurisdictions (even of
different countries), taking into account the possible local nature of some exposures. Among those
risk drivers retail (consumer) credits and/or mortgages can be indicated. (Bank for International
Settlements, 2015)
In the scopes of the standardized approach revision proposal the Basel Committee has
differentiated its key aspects by the main exposure classes that are being considered:


Risk weights of bank exposures are not going to be dependent on the external credit
rating of the bank; instead the risk weights would be taken from the initially prepared
table. According to this methodology the risk weights would range from 30% to
300% defined by two the most important risk drivers: the asset quality ratio and the
capital adequacy ratio.



For the corporate exposures the external credit rating given by the auditing
companies would not be under usage, and those ratings would be replaced by the
look-up table where the risk weights for corporate exposures would not exceed
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300%. The risk weight would depend on the two main indicators: leverage and
revenue. Moreover, risk sensitivity must be enhanced by introducing new methods
of evaluation for specialized lending which is out of the ordinary scopes.


The most important category for this study, the retail category, would be improved
by strengthening the minimum criteria for capital basis by setting the preferred 75%
risk weight. Furthermore, for the exposures that do not meet the criteria certain
fallback subcategory would be introduced. This kind of subcategory has already
been in use for the Armenian banking system, which is discussed in the next chapter.



Another look-up table would be implemented for the exposures with a residential
real estate instead of the former adopted 35% risk weight. Referring to that risk
weight distribution table, the proposed range for this type of exposures would be
from 25% to 100%, depending on the two of the main performance measurement
tools: debt-service coverage ratios (DSCR) and loan-to-value (LTV).



Those credits collateralized by commercial real estate have two options currently
under consideration. The first one is to treat them as unsecured loans to the borrower
and to leave a space for national discretion (Which according to IMF makes it hard
to compare the RWAs across countries (Leslé & Avramova, 2012)), such that the
preferences of regulatory authorities would decide the risk weights for certain
circumstances. The second solution is again to apply a certain table of risk weights
for those credits with a risk weights range from 75% to 120% based on the level of
LTV.



At last, the credit risk management framework would be modified when the number
of approaches for risk weights determination is reduced; when supervisory haircuts
for any type of assets are adjusted, and eligibility criteria for corporate guarantors
are renewed. (Bank for International Settlements, 2015)

The Basel Committee points out the five main goals of the abovementioned proposals that
aim to revise, to enhance and to improve the standardized approach. Those objectives are as
follows:
i.

Change the framework of the standardized approach in a way that guarantees its
appropriateness for using it in the process of capital requirements calculations for
credit risk exposures

ii.

Make sure that the standardized approach is properly adjusted, such that it reveals
the reasonable results to the extent of the riskiness of particular exposures

iii.

Trying to converge all of the possible definitions, increase comparability of the
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levels of capital requirements under the internal ratings-based (IRB) approach and
the standardized approach
iv.

Make it possible to compare capital requirements between banks under the
standardized approach by providing the same standards to different countries and by
limiting the free space national authorities may have for the capital requirements
calculations. (Arroyo, Colomer, García-Baena, & González-Mosquera, 2012)

v.

At last to limit the usage of the external credit ratings by improving the standardized
approach to the level where it can offer substitutable measures for risk assessment
(Bank for International Settlements, 2015)

During the process of enhancing the standardized approach of the credit risk or risk weighted assets
calculation, the Basel Committee illustrates number of weaknesses of the underlying approach.
Among those weaknesses one can distinguish the following ones: over-reliance on the external
credit ratings; lack of granularity and risk sensitivity; out-of-date calibrations; lack of
comparability and misalignment of treatment with exposures risk weighted under the IRB
approach; and excessive complexity and lack of clarity within the standards.
In October 2010, the Financial Stability Board (FSB) issued a set of principles for reducing
reliance on external credit assessments in standards, laws and regulations. These principles gave
rise to another group of objectives for policy makers and regulatory authorities with the aim of
reducing the effects that threaten financial stability which were seen to arise from external credit
assessment thresholds being hardwired into laws, regulations and market practices. (FSB, 2010)
However credit rating companies are one of the key players in financial markets and their
assessments provide necessary information for the credit risk exposures analysis. Therefore
substitution of external credit assessments with new standards may bring to the over-reliance on
ratings given by economic agents, hence end up in a poor risk management from the side of lenders
and investors. Furthermore, it is worth noticing that a great part of corporate exposures are
regularly coming from the unrated companies and therefore a need arises for the alternatives to
external ratings. (IOSCO, 2015)
Certain types of exposures provide a somewhat smooth risk weights or not proper risk weight
baskets which have lack of the differentiated risk profiles. This can be a reason of not taking into
account important risk factors or the failure of merged risk exposure profiles, and the respective
results will be the model that suffers from simplicity and, what is the most important, the risk
sensitivity. Furthermore, taking into consideration the fact that there are significant variances in
risk weighted assets across different banks and other financial institutions calculated by the IRB
approach, the Committee recommends imposing a cap on modeled credit risk capital requirements
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in case of using the standardized approach. Those suggestions pursue the goals to decrease the
deviations among the risk weighted assets and to ensure that the capital requirements derived from
the model parameters are not lower than they should be. (Bank for International Settlements, 2016)
Another quite obvious shortcoming of the standardized approach comes from the idea that
the standardized approach calibrations are out-of-date and have to be adjusted for the current state
of risk factors. The supportive argument for this statement is that market parameters have changed
a lot since current standardized approach has been adopted. The Committee believes that currently
there exist risk exposures that are not properly reflected by their corresponding risk weights. For
instance, the haircuts of the collaterals which supervisory agencies currently use may not be
justified and may not account for the volatility of certain instruments, because the evolution of
market parameters have changed so far. Another argument against the standardized approach is
the poor comparability between that method and the internal risk based approach. There are
structural differences in these two methods which destroy the connection and make it hard to
compare different risk exposures across these approaches. It is believed that those deviations in
definitions and the extent of exposure categories can be eliminated or at least partly reduced. On
the other hand some risk exposures that are clearly defined in both the standardized and IRB
approaches have differences in risk weights. Among those exposures it is reasonable to mention
the off-balance sheet items and equity holdings. The abovementioned ideas had been supported
also by the European Banking Federation in the response to the consultative document by Basel
Committee on revisions to the standardized approach for credit risk. (European Bank Federation,
2015).

According to the standardized approach there are exposure categories that are dependent on
the choice of the national regulatory authorities (however European Bank Federation highlights
the fact that there is a need for country specific discretion as far as markets in different countries
are subject to different risk exposures and have their specificities (European Bank Federation,
2015)) or are not well-defined or are not defined at all, which brings to the state where risk weight
treatment suffers. This is the reason of the differences between different jurisdictions and market
rules, which make the cross-border business complicated for the banks. Moreover current
standardized approach has parts that are for no reason hard to apply for credit risk capital
requirements calculation, for instance “the inclusion of internal estimates and modeled approaches
in the credit risk mitigation framework”. The Basel Committee insists that exposures with the same
level of risk must end up in the same basket of capital requirements and regulatory freedom across
countries has to be removed, if it is not necessary. (Bank for International Settlements, 2015)
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The aforementioned proposed changes have already been in place since the year of 2015 in
certain countries. Armenia is one of those countries trying to make a shift to the new Basel III
accord on banking supervision gradually and the changes in the approaches of the risk weighted
assets calculation as part of that shift. The regulations in the banking sector of Armenia partly
correspond to the Basel Committee proposals. Moreover calculation of credit risk in case of some
exposures in part and in some cases fully corresponds to the look-up table of the risk weights
proposed by the Basel Committee. For instance the retail exposures category has the same risk
assessment according to both regulatory bodies, Basel Committee and the Central Bank of
Armenia. The case of Armenia, the country under this research is elaborated in detail in the next
sub-chapter. Returning to the general meaning of the risk weighted assets and the methods of its
calculations one can surely state that all of those procedures are done in one reason to have proper
calculations of capital requirements, that will not overestimate or underestimate the losses from
the risks that a bank is exposed to. In other words, the mega-purpose of all the work done by the
national authorities and international financial organizations is to make sure that banks operate
ensuring a risk-based capital.
All of the methods of risk weighted assets calculations are used in determining the capital
requirement or Capital Adequacy Ratio (CAR) for a financial institution. CAR is the ratio of a
bank's core capital (sum of Tier 1 and Tier 2 capitals) and the overall risk weighted assets as it is
shown in the equation 1.3. (Chincarini, 2012)

𝐶𝐴𝑅 =

𝑇𝑖𝑒𝑟 1 𝑐𝑎𝑝𝑖𝑡𝑎𝑙+𝑇𝑖𝑒𝑟 2 𝑐𝑎𝑝𝑖𝑡𝑎𝑙
𝑅𝑖𝑠𝑘 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑎𝑠𝑠𝑒𝑡𝑠

(1.3)

Capital adequacy ratio determines bank's ability to meet the time liabilities and different
types of risk. In other words it provides a cushion to a bank for smooth operation and the level of
CAR is directly connected to the strength (the magnitude and the duration) of the shocks the
financial institution is available to withstand. (Chincarini, 2012) Therefore the level of CAR can
be a deterministic indicator of the financial stability of a particular institution. That is why the
proceedings of current work concentrate on the components of CAR, particularly RWAs, as a point
of influence for making the default risk of a particular product covered by a bank’s capital.
In the Basel I accord published by the Basel Committee on Banking Supervision, the
Committee explains why using a risk-weight approach is the preferred methodology which banks
should adopt for regulatory capital calculations.


it provides an easier approach to compare banks across different regions
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off-balance-sheet exposures can be easily included in capital adequacy calculations



banks are not deterred from carrying low risk liquid assets in their books (Bank for
International Settlements, 1999)

Summarizing the discussion about the importance of RWAs methodology and its
calculation, it is worth noting that weighting assets by their risks has its undeniable relevance. The
purpose of weighting assets by their risks is the need to set capital requirements for banking
institutions that will be risk-based. In other words for every exposure, according to its riskiness, a
bank or a financial institution will face a certain amount of capital charge which will assure the
institution's future smooth performance. That is basically why it is essential to understand the
evolution of the RWA’s calculation methods in line with the regulation standards of the Armenian
banking sector, which is elaborated in the sub-chapter 1.5. It will help understanding whether the
risk weight assigned to the credit type of our interest (consumer loans) is justified or not and
whether the riskiness of those credits is underestimated or maybe overestimated. Moreover,
thorough examination of the methodology currently in the turnover will help finding proper ways
of increasing the level of capital charge for the desired credit product. However, before examining
the country under study with its regulatory framework, it is necessary to discuss the existing
literature on credit risk modeling and stress testing, which will allow finding the ways of assessing
possible gaps in the existing financial regulation framework of Armenia.

1.3 Stress Testing Models for Financial Stability
1.3.1 Stress Testing on Macro-level

After the US subprime crisis the bulk of the literature concentrates on the ways of assessing
the default probabilities and on the ways to conduct stress test of the credit risk in different
countries. Stress testing of credit risk basically is the effect of negative shocks in the factors that
explain credit risk. According to Sorge and Virolainen there are two types of stress test modeling.
The first type is used for the ‘piecewise approach’, when one estimates a direct relationship
between macroeconomic variables and a FSI. Then one can test the stability of the financial system
under bad circumstances. Another type uses the ‘integrated approach’, when different risk factors
are taken into account together in order to assess the overall losses under the stress scenario (Ceca
and Shijaku, 2011).
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Piecewise approach: Part of the literature concentrates on the “piecewise” approach while
stress testing the credit risk. As already defined by Sorge and Virolainen piecewise approach refers
to the estimation of the dependencies between aggregated macro-variables and a particular
financial variable (e.g. loans write-offs, loan loss provisions). The estimations of the coefficients
are done based on the historic dataset of the independent macroeconomic variables and by
choosing a dependent proxy variable which will incorporate credit risk measures in it. The
scholars, who chose this approach, conduct the econometric part of the research either following
the Merton (1974) methodology and use the reduced form models or the structural models like
Jarrow-Turnbull (1995). One of the papers that used the reduced form model and panel data was
by Vazquez, Tabak, & Souto (2012), which analyzed the evolution of the level of NPLs in the
Brazilian banking sector dependent on its past values and its relationship between the GDP growth.
Afterwards the obtained results were used for assessing the loan quality in the case of
macroeconomic shocks. Time series techniques (VAR, ARDL, GVAR, SUR), on the other hand,
appear to be more widespread and frequently used to model credit risk. For instance, a paper by
Hoggarth, Sorensen, & Zicchino (2005) models the UK banks’ vulnerabilities related to the loan
write-offs and tries to find the connection with GDP gap by using the VAR approach. Finally they
proved the initially suspected relationship and showed that downward fluctuations in GDP increase
written-off loans significantly. GVAR and co-integrated VAR models were used by Pesaran,
Schuermann, Treutler, & Weiner (2006) and Alves (2004) respectively, trying to figure out how
the nation-wide and international business cycles are correlated with corporate default rates.
Integrated approach: Another group of researchers argue that “integrated” approach is a
more reliable one because it examines the financial system vulnerability in a setting of different
types of risk factors taken altogether. Hence as a result this approach gives just one aggregated
estimate of expected losses. Advocates of the integrated approach, such as Sorge (2004), Jandacka,
Breuer, & Krenn (2005) and Adrian & Shin (2008) explain their choice by the ability of this
approach to reveal the probability loss distribution for any stress scenario. It makes also possible
to get the quantitative value of the expected losses through the VAR method were the expected
losses are modeled by certain macroeconomic determinants. Moreover, in one of those works by
Jandacka, Breuer, & Krenn (2005), the authors claim that testing credit risk and market risk in an
aggregated model delivers better and more trustworthy outcomes than testing those risks in two
distinct models, isolated from each other.
For doing stress test modeling of the credit risk the choice of macroeconomic variables that
will be used is crucial, irrespective from the choice of integrated or piece-wise approaches.
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Generally the borrowers’ creditworthiness determinants are classified as macroeconomic,
microeconomic and banking sector variables (Fainstein & Novikov, 2011). While reviewing the
literature one encounters many works trying to explain the default rates that the financial
institutions or banks face and part of them indicates that the most important factors explaining the
credit risk are the macroeconomic ones as in the works of Jakubik (2007), Bohachova (2008),
Figlewsky, Frydman, & Liang (2012) and Aly & Daly (2010). Different methodological
approaches used in the relevant literature are presented below. The study of Jakubík and Schmieder
(2008) is the first in the literature that directly compares two countries, Germany and Czech
Republic. The latter took almost the same steps towards market-based economy as Armenia.
Jakubík and Schmieder do credit risk modeling and stress test by a Merton-type one factor model.
This model was used by Hamerle et al. (2004), Rösch (2005) and Jakubík (2007) and it is also the
basis for calculating Basel II capital requirements (Gordy (2003)). They modeled the aggregated
credit risk conditional on the macroeconomic environment and tried to keep the model as simple
as possible. Here is how the credit risk is modeled in the paper of Jakubík and Schmieder (2008):

𝑑𝑓 = Ψ(c + ∑𝑗(β𝑗 𝑥𝑗 ))

(1.4)

In the equation 1.4 𝑑𝑓 is the default rate based on the NPL inflows, Ψ is the cumulative
distribution function of the standard normal, β is the coefficient vector and 𝑥 is the vector of
macroeconomic variables and c is the constant. They did the estimation and the stress test for the
corporate and the household sectors separately. Finally, they found enough evidence that in both
countries of study the same variables significantly affect the default rate in the household sector.
However the corporate default rates in Germany and in Czech Republic were not linked to the
same factors. For the household sector the most relevant variables were found to be unemployment
rate, real wage rate and the interest rate.

Jan Willem van den End, Marco Hoeberichts and Mostafa Tabbae (2006) provide another
way of modeling the credit risk. They use a non-linear logit model as Jakubík and Schmieder
(2008). The purpose of it is to capture the non-linear possible relationship between macro-variables
and the default rate and to extend the domain of the dependent variable to the negative side as well.
They use the type of specification illustrated by the equations 1.5 and 1.6.
λ (defaultrate) = α + β1 GDPt + β2 RLt − RSt + vt
λ(

LLP
)
CRED it

(1.5)

= fixed effectsi + β1 GDPt + β2 RLt + λ (defaultrate)t + ηt
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(1.6)

In the above equations de fault rate is the number of defaults relative to the population of
firms. GDPt stands for the real GDP growth, RLt for the long-term interest rate, RSt for the shortterm interest rate and RLt − RSt for the term spread. LLP is the ratio between LLP (Loan loss
provisions) and the total loans of bank i. They have chosen such regressors that have the best fit
into the model. Unlike Jakubík and Schmieder, in this paper stress test is analyzed based on the
LLP instead of NPL. These two FSIs can be used almost equivalently when doing a research.
Loans loss provisions are used for the write off of poorly classified assets. NPLs show how much
a bank has lost. Hence, using NPLs can be more relevant as after predicting NPLs provisions to
loans losses can be adjusted but the other way round is impossible. Tabbae and the others are
basically mapping the default rate into the LLP ratio. Furthermore, in this specification there is a
new term for fixed effects. It takes into account firm specific characteristics.
Another paper by Virolainen (2004) does a stress test of NPL for Finland. He used the model
of Wilson (1997) as Boss (2002) and adapted for the case of Finland. Instead of the credit quality
Virolainen uses NPL ratio and again as Tabbae he uses logistic model. The author uses a logistic
transformation of NPLs and does a stress test using SUR (Seemingly unrelated regression) with
the specification provided by equations 1.7 and 1.8:

𝑦𝑡 = ln(

1−𝑃𝑡
𝑃𝑡

)

(1.7)

𝑦𝑡 = 𝛽0 + 𝛽1 𝑥1,𝑡 + ⋯ + 𝛽𝑛 𝑥𝑛,𝑡 + 𝑢𝑡

(1.8)

where 𝑃𝑡 is the default rate (NPLs) in the economy at time t, 𝑦𝑡 , as Virolainen named, is the
‘industry-specific macroeconomic index’, 𝛽𝑖 is the set of coefficients that needs to be estimated,
𝑥𝑖,𝑡 (i=1,…,n) is the set of explanatory variables. The period of their study was from the year of
1983 till 2003. This period includes 1990s when the corporate default rate in Finland was high and
the banking sector was in a recession. They found GDP, interest rates and corporate indebtedness
to be highly significant in defining the default rates (Virolainen 2004).
It becomes obvious that a huge part of the literature on the stress test of the credit risk
follows the methodology propounded by Wilson. He was one of the first who explicitly modeled
the relationship between the corporate sector default rate and the macroeconomic factors. Boss
applied that model for the aggregate corporate sector of Austria. He stressed the banking sector
of Austria with a bad scenario. In the end, he found suggestive evidence that the nominal shortterm interest rate, inflation, the oil price and the industrial production are the most significant
variables that affect the corporate sector default rate (Boss, 2002). In 2011 Schetchman R. and
29

Gaglianone W.P. (2011) conducted a credit risk stress test for the household sector of Brazil.
They use the traditional model of Wilson as Virolainen and Boss. However, it is adapted for the
case of Brazil and they used the structural VAR modeling. (Schechtman & Gaglianone, 2011) In
terms of methodology, current study will adapt the model propounded by Wilson and used by
Virolainen, Boss, Schetchman and others.

1.3.2 Stress Testing on Micro-level
After building up a comprehensive model for economy-wide credit risk the second stage of
the research should be on the firm level, which is trying to assess the changes in the balance sheets
of the financial intermediaries that can occur due to the disturbances in the NPL ratio. This would
be the pre-last stage of the research in terms of finding the real costs of shocks in the macroenvironment that banks and other financial institutions may face. However the research will be
completed when the research question is answered. To do so, one needs to find whether in the
current circumstances majority of the banks are able to absorb the overall losses that arise from
the shocks in the economy or not. It is in fact the question of their solvency. Is the level of capital
that backs the credit portfolio justified? However, if the lack of data will not allow finding the
absolute level of losses banks will have, the research will find out whether the existing risk weight
assures that the given level of CAR covers the losses from macroeconomic downturns.

Figure 1.1: Factors Affecting Solvency Ratio (ECB, 2013)
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The solvency calculation, the main objective of the micro-stress test, comprises the
definition and calculation method of capital, which includes net income and the output from the
RWA tool.
Figure 1.1 illustrates the components of and factors affecting the solvency ratio. The endhorizon solvency ratio is calculated as the sum of the existing capital stock and earnings
accumulated over the stress test period in relation to the end-horizon risk-weighted assets. The
composition of capital applied in most of the exercises refers to the standard capital definition set
by either the Basel Committee on Banking Supervision or the European Banking Authority, along
with information on regulatory changes over the stress test horizon. Country-specific capital
definitions or capital add-ons can complement the standard approach. Over the stress test horizon,
the output from the profit and loss module and the risk-weighted asset module triggers changes
in various capital ratios, such as the required total capital ratio, the Tier 1 capital ratio or the Core
Tier 1 capital ratio. Once the solvency position under a given scenario has been calculated, a
useful indicator according to which the capital adequacy assessment of a financial institution
under stressed conditions is the capital shortfall given a minimum threshold for the solvency ratio.
The solvency ratio threshold is typically in line with the requirements of national authorities or
the EU Capital Requirements Directive. This benchmark determines the potential need for
recapitalization. (ECB, 2013)

1.4 The Trade-off between Economic Growth and Financial Stability
1.4.1 Debt as a Driver for Economic Growth
The recent global crises showed that the financial sector of a country and financial
institutions operating there can be vulnerable and, thus, can trigger crises. This issue gave rise to
the new wave of Basel accord 3 which is a global regulatory framework on banks' capital
adequacy, stress testing and market liquidity risks. With the appearance of the need to improve
the steadiness of the financial sectors, that is to make banking sectors throughout the globe more
stable and firm, the new regulations are assuming tightening the credit standards and banks'
lending activities. In the leading economic giants like USA, Japan or European Union central
banks or regulatory authorities have already set the required target for the level of capital banks
must hold in the near future. There have been set other requirements on the components of capital,
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such as the level of tier 2 capital. In many other countries the tool for increasing banks' liquidity
has been the capital adequacy ratio instead of the absolute level of total capital. However one
could think that these two ways of increasing banks' capitalization level are the same if the banks
have fully satisfied the demand for credits at the moment of introduction of new regulations.
If one assumes for a moment that the stress testing analysis revealed that one of the FSIs,
non-performing loans ratio, has increased and is going to be uncontrollable in the near future,
regulatory authorities have to take action to increase banks' capitalization level in order to be able
to absorb the upcoming negative shocks in the credit quality. There possible action is to increase
the risk weight of the credits or a particular type of credit (mortgages, consumer loans, business
loans) in the calculation of capital adequacy ratio. However these actions will bring to the
situation where future bank investments are bound with the level of capital banks have
accumulated. It means that financial institutions have to attract more capital for more investments
and, taking into account the fact that regulatory authorities are increasing banking supervision
and regulation standards during the crisis times, investors will probably not be willing to invest
more money in the banking activities because of decreasing return on equity.
As far as the recent developments in the financial regulation framework are bringing to the
point where regulatory authorities try to make banking sector more stable, they will indirectly or
in some cases also directly cause a decrease in the bank loans supply. A bulk of literature touches
the abovementioned issues trying to figure out the significance of the relations between the
financial sector and the real sector in different countries and different time periods.
Traditional models of business cycle developments are neutral to the developments in credit
market, being based on Modigliani-Miller theory (1958), that financial markets are efficient, and
there is no information asymmetry. However, part of the literature shows the dual nature of the
relationship between credit and GDP growth. The credit flow increases aggregate demand. Then,
this is reflected in the formation total output in the economy, in the range of a positive elasticity
of GDP to the lending dynamics. However, the recent financial crises reveal that credit
rationalization can have a negative impact on the real economy.
Bernanke (1993) and Friedman and Kuttner (1993) have found evidence showing that the
downturn in the U.S. in early 1990 was strengthened by credit supply restrictions, while following
studies have included financial sector dynamics as an explanatory function of business cycle ups
and downs. Bernanke, Gertler and Gilchrist (1999) developed a dynamic general equilibrium
model that includes credit market frictions in explaining the evolution of the business cycle. The
key point is that the existing framework assumed that the financial system is not an independent
and it behaves as an intermediary of exogenous events. This approach shows the role of financial
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markets in spreading of macroeconomic shocks.
Bogdan-Gabriel Moinescu and Adrian Codirlasu (2011) in their work ''Lending, economic
growth and nonperforming loans: empirical evidences from the new EU member states'' under
the project managed by the Romanian American University state that not every supplement of
economic growth is positive for the long-term welfare of society, especially when it is obtained
through increasing indebtedness. Sustainable welfare is not created by excessive debt. The desire
to rapidly advance in increasing living standards by resorting to bank loans proved to be also part
of the ingredients of the unsustainable growth for a significant number of CEE countries. GDP
growth above its potential, determined by the volume and quality of the production factors of a
country, is the clear signal of overheated economy, which may amplify the country's vulnerability
to external shocks. Beneficiaries of bank financing, mostly individuals, have boosted domestic
consumption above internal production capacity and prices have followed an upward trend
masked by a pseudo convergence process, not only for consumer goods and services or real estate
assets, but mostly for labor costs. Reducing the propensity of savings decreases the ability to
finance investment using domestic resources.
Koivu (2002) specifies that increase in credit has not always been sustainable and it may
have led to a decline in growth rates. It is demonstrated that, in transition economies, the presence
of an efficient banking sector accelerated economic growth. Evolving from the Soviet model,
banking sector in transition economies has known a rapid expansion in the second half of the
1990s. Analyzing the link between economic growth and the amount of credit to the private sector
in 25 countries in transition, over a period of almost 7 years, from 1993 until 2000, Koivu (2002)
notes some characteristics of transition economies: decreases of gross domestic product have been
caused by large amount of credit, there are still budgetary constraints which may have promoted
counterproductive investments.
Concerning the methodological part, one can find many works on different countries using
simple OLS methodology to find the relationship between the credit supply and the GDP growth
rates. Elena Raluca Duican (Moisescu) and Alina Popa (2015) have built up the model given by
equation 1.9 for eight regions of Romania:
𝐺𝐷𝑃𝑖,𝑡 = 𝛼0 + 𝛼1 𝑋𝑖,𝑡 + 𝛿𝑖,𝑡 + 𝛾𝑖,𝑡 + 𝜖𝑡

(1.9)

In the equation 1.12 𝐺𝐷𝑃𝑖,𝑡 stands for GDP growth rate for the time period t and region i
𝛼0 - Constant, 𝛼1 - slope of the regression line, 𝑋𝑖,𝑡 - explanatory variable (level of credits), 𝛿𝑖,𝑡 and
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𝛾𝑖,𝑡 stand for the random and fixed effects, t - time period, i – region
Estimating by using the OLS method for the data from 2005 till 2014 the authors have found
significant evidence that credit supply affects the GDP growth rates in the eight regions of
Romania.
Another paper by Safdar Husain Tahir, Iqra Shehzadi, Ishfaq Ali and Muhammad Rizwan
Ullah (2015) conducted a research for Pakistani banking sector using the model specification
described by formula 1.10:
RGDP = α + 𝛽1 BP + 𝛽2 𝐼𝑅 + 𝛽3 𝐺𝐶 + 𝛽4 𝐼𝐺𝐷𝑃 + 𝛽5 𝐼𝑁𝐹 + ε

(1.10)

Where RGDP stands for Real Gross Domestic Product, which is the dependant variable
α-intercept, β-s are the coefficients
BP is bank credit to private sector which is independent variable.
IR is Interest rate/rate of banks on lending to private sector,
INF is Inflation/change in consumer price index,
IGDP is investment to GDP and GC is government consumption to GDP, these are all controlling
variables.
e denotes the error term.

Tahir and others have conducted a vector error correction model analysis, as far as the variables
showed to be co-integrated, and the bank lending showed a negative impact on real GDP. The
abovementioned papers used a methodology in which the key assumption is the independency of
bank loans. (Tahir, Shehzadi, Ali and Ullah, 2015) However, there is another notable paper by
John C. Driscoll, who answers the question whether bank lending affects output or not in the US,
that conducts the analysis without the assumption of loan supply being independent. Instead, he
allows that loans may endogenously rise in response to expected future increases in output. The
endogeneity of bank loans imply using the two-stage least squares method, where the first
regression is the one were loans are regressed on the shocks in money demand (which is the
instrumental variable). Then on the second stage the level of output is regressed on the
instrumental variable, which reveals the possible relationship between bank loans and output.
Driscoll (2003)
One of the working papers of European Central Bank, authored by Lorenzo Cappiello,
Arjan Kadareja, Christoffer Kok Sorensen and Marco Protopapa, referring to the work of John C.
Driscoll elaborated the methodology and conducted a similar research for European Union.
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(Cappiello, Kadareja, Sorensen, & Protopapa, 2010) In addition to the US study’s case Cappiello
and others have included another not less important factor in their analysis, credit standards.
Basically they take into account also the changes in credit standards having the information from
the ECB Bank Lending Survey, which shows whether lenders become more or less cautious in
granting loans. In the end, they do find enough evidence that in the euro area changes in credit
supply, both in volume and in the credit standards, of loans to enterprises have statistically
significant effect on the real economic activity. In their study two essential assumptions have been
made before set-up of the work. The first one is related to the liabilities in the bank’s balance
sheets, that is deposits cannot be perfectly substituted by another source of funding. The second
assumption regards the peculiarity of loans for firms and households, which means that economic
agents (firms and households) cannot perfectly substitute loans with other sources of financing.
(Cappiello, Kadareja, Sorensen, & Protopapa, 2010)

1.4.2 Debt as a Threat for Financial Stability

Generalized definition of the household debt can be expressed as the overall amount of
money that all adults in the household owe to the financial institutions. More specific definitions
of household debt depend on the types of loan contracts included in it. The most wide spread debt
types are home mortgages, home equity loans, auto loans student loans and credit cards.
Household debt is also measured for entire economies, the purpose of which is to find out hoe
indebted households are relative to various measures of income (e.g. disposable income) or
relative to the size of the economy, i.e. GDP.
For the purposes of measuring the burden of debt regulatory authorities define the
coefficient of “debt service ratio” (DSR), which basically is the division of the amount of debt
repayments and personal disposable income for a certain time period (generally monthly). Debt
repayments consist of the required periodically payments (interest and principal), on mortgages
or consumer loans. The U.S. Federal Reserve System also measures the “financial obligations
ratio” (FOR), which adds to the outstanding debt automobile lease payments, rental payments on
tenant-occupied property, homeowners' insurance, and property tax payments to the debt service
ratio. The homeowner mortgage FOR includes payments on mortgage debt, homeowners'
insurance, and property taxes, while the homeowner consumer FOR includes payments on
consumer debt and automobile leases. (Dynan, Johnson, & Pence, 2003)
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In the 20th century, particularly during the second half of the century, spending on the
durable goods increased across all the economies of the world. Household debt was rising in
line with living standards which is basically determined by the incredible increase in the
aggregate demand. Decreasing interest rates and loose credit standards brought the world to
the “economies of spending”. However spending in account of future earnings is not limitless.
Finally entire countries come to the point where a significant share of household income is
devoted to debt repayments and households end up with fewer funds available for
consumption. Combining this statement with the uncontrolled disbursements of loans from
the supply side (banks and other financial institutions), an economy can reach to the point of
household over-indebtedness.
Prior to the recent financial crisis in the global financial markets, the US and other advanced
economies were experiencing a considerable increase in household debt relative to disposable
income. The data of the recent 40-50 years shows a permanent increase in mortgage, consumer
and household debt (sum of mortgage and consumer loans) relative to gross domestic product.
For instance, in the US household debt outstanding as a share of GDP increased from 45 per cent
in 1975 to almost 100 per cent in 2009. Even though there are fluctuations present throughout the
data, the steady growth is clearly observed. It is notable that prior many crises, especially in the
US, a rise in the household debt to GDP ratio is present. In many countries households’ financial
debt – loans from banks and other intermediaries – has reached unprecedented levels. At the end
of 2013 household debt exceeded 130 per cent of GDP in Denmark, 120 per cent in Cyprus, 110
per cent in the Netherlands and Australia. It was around 100 per cent in many other countries,
such as the UK and Canada. (Coletta, De Bonis, & Piermattei, 2015)
Before the subprime crisis and the subsequent financial turmoil, economists had looked on
household debt as just an instrument to smooth the inter-temporal distribution of consumers’
resources. Until the financial crisis of 2007-2008 the growth of household debt was one of the
key components of the “Great Moderation” interpretation of the course of many economies.
Innovative developments in financial industry played an important role in widening the range of
loan contracts. Probably one of the main financial innovations influencing household debt was
the mortgage equity withdrawal mechanism. The sub-prime crisis in the US and macroeconomic
instability in many countries partly caused by the high household indebtedness set a doubt in the
thesis of positive correlation between economic growth and household debt levels. Mian and Sufi
(2014) perceive household debt as the main cause of the Great Recession in the US. Cyprus,
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Greece, the Netherlands, Portugal, Ireland, and Spain - the countries where household debt
increased the most beginning in the first 2000s - were severely hit by the financial crisis in the
wake of the Lehman Brothers collapse in September 2008 and/or by the euro-area sovereign debt
crisis started in 2009. (Coletta, De Bonis, & Piermattei, 2015)
In recent years both academicians and international organizations began to point out the
risks of excessive private debt. Household debt has become a policy issue. The IMF noted that,
historically, the growth of household debt in the run-up to a bust corresponds to weak growth in
the years that follow (IMF, 2012). Moreover, when private debt levels are high, recessions are
typically longer and deeper; the large costs associated with high-debt recessions make policies to
prevent excessive debt build-up advisable (Sutherland, Hoeller, Merola, & Ziemann, 2012). In its
October 2014 World Economic Outlook the IMF also observed that the world recovery remains
weak because of the negative legacy of a high household debt overhang. Central banks and
international organizations have put strict monitoring of household (and corporate) debt onto the
policy agenda. Private debt is among the indicators monitored by the European Commission
Macroeconomic Imbalances Procedure (European Comission, 2011), (European Comission,
2012). There are many government policies to deal with private debt distress.
During the times of economic growth banks and other financial institutions follow massive
crediting policies. There are two possible ways that increase the overall probability of default in
a bank’s loan portfolio. From the one side credit funds become available to the clients with higher
risk. Higher risk of going default means that the households’ future earnings obviously are not
enough to service the debt. At second, increasing debt burden which is increasing the DSR of a
household decreases the available income households earn, that must serve as a cushion for
unexpected negative events. The excess amount of money individuals end up with, after reducing
their living expenses and debt repayments, have precautionary meaning. In the cases were
households income is decreasing they will be still available to service their debt and the level of
DSR will remain sustainable. However when the debt burden is so high that periodical earnings
are just covering the debt repayments and living expenses, households must reduce their
consumption in order to finance any other need, or to take an additional credit. In both cases
further levels of the debt become unsustainable and the risk of default is increasing. Households
with high debt levels relative to income are also more likely to default on their financial
obligations when they suffer an unanticipated misfortune such as job loss or illness. Thus, when
household debt ratios are high and unemployment is rising, lenders may respond to the expected
increase in defaults by limiting the availability of credit; this dynamic may further weigh on
spending. (Dynan, Johnson, & Pence, 2003) Summarizing the above, for the need to control the
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credit risk financial institutions bind the credit supply which in turn decreases the level of
consumption and may bring to a worse state of an economic growth.

Keeping in mind the

discussed literature on financial stability issues, the sources of financial instability, methodologies
of stress testing credit risk and methodologies linking loans and economic growth, the research
expands to analyze the financial system, more concretely, the banking system of Armenia with its
regulatory framework and the issues threatening the financial stability of Armenia in the next
chapter.

1.5 Financial Stability in Armenia
1.5.1 General Overview of Armenian Banking System
Banking sector is the dominating area of the financial system in Armenia, though there is
also insurance sector with big potential to grow during upcoming years. The capital market is
insignificant and has no major role in terms of overall financial system. The Central Bank of
Armenia is a mega regulator of the whole financial system. The banking sector consisted of 21
commercial banks and 1 development bank. However, the number of commercial banks has
decreased to 17 connected with the mergers during the year of 2016. Commercial banks in
Armenian financial system are considered to be well-capitalized with low levels of nonperforming
loans (NPL). Although the ratio of NPL in 2014 was around 6.97 per cent, which was the 6th place
among the CIS countries, it keeps growing permanently from year to year with every shock that
financial system faces and reached to the historical high level at 10.46 on February 2016. Majority
of assets in the banking sector of Armenia are comprised of foreign capital from countries such as
Russia, France, UK, Cyprus and Kazakhstan. It is notable to mention that some of the well-known
financial institutions such as IFC, EBRD, KFW or OPEC Fund for International Development
have also made some investment in the banking sector of Armenia. (KPMG Armenia CJSC, 2016)
The banks with foreign capital have competitive advantages over domestic banks, which results to
relatively smaller assets, loan portfolio or client base for the latter.
Number of participants in the Armenian financial system by the end of 2015 has been
distributed among the different sectors as follows: 22 banks (21 commercial banks, with the largest
having almost 15 per cent of system assets, and 1 development bank) with 521 branches across
country, 32 credit organizations with 160 branches, 8 insurance companies and 3 insurance
brokerage firms; the security market participants: 8 investment companies, 4 investment fund
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managers, the Central Depositary of Armenia, the NASDAQ OMX Armenia; and 151 pawnshops.
One may argue why current research concentrates only on the banking sector and why it treats as
negligible the rest of the financial system. The justification lies behind the sizes of different sectors
and, therefore, their ability to trigger crisis and/or cause financial instability in the whole system
all alone. The assets of the banking sector of Armenia by the year of 2015 have reached to 3.5
trillion AMD (7.2 billion USD, which is reaching to the 70% of the entire GDP), acquiring for
90% of assets of the whole financial system. The aggregate level of credits in the country disbursed
by banking institutions reached to the level of 2.1 trillion AMD (4.3 billion USD) or 60% of all
assets. The year ended with 2.9 trillion AMD (6 billion USD) of liabilities and 541 billion AMD
(1.1 billion USD) of total capital. Figure 1.2 shows the evolution of the main indicators of banking
sector during the time period of 5 years. By December 31, 2015, concentration index of
Herfindahl-Hirschman in the banking sector has been estimated as low with the values 760 by total
assets, 800 by total liabilities and 630 by total capital. (Central Bank of Armenia, 2015)
In the Table A1 of the Appendix, it is shown the aggregated balance sheet of the entire
Armenian banking sector for the end of 2014 and 2015. (ARKA, 2016) Banking sector of Armenia
has been growing by assets during 2015 by almost 5 per cent and it keeps growing during the next
year. However, one may witness a phenomenon during this time period where the level of
outstanding loans has not increased significantly (by just 0.7 per cent).

Figure 1.2: Armenian Banking System Indicators
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This is a consequence of the exchange rate shock in the end of 2014, which resulted in a
policy change from the side of the regulator. (Mirzoyan, 2015) The crucial impact in the following
changes of the regulatory standards had the increase in the percentage of required reserves for the
foreign currency deposits. CBA has increased it from 12 to 20 per cent of all attracted foreign
currency deposits. Moreover the amounts of required reserve banks have to keep in domestic
currency and not in foreign currency. This brought banks to a state with limited abilities to lend.
This can be seen also from the change in cash and cash equivalents of the whole sector, which
includes the reserve in the central bank as well. It has increased around 13 per cent. Another worth
to mention increase in the banks' balance sheet is the one of total capital. It has gone up by almost
18 per cent during the year and kept growing in 2016 as well, related to the new requirement that
CBA has imposed on the banking sector increasing the minimum required regulatory capital from
5 billion drams to 30 billion drams, which banks should keep starting form the end of 2016 (KPMG
Armenia CJSC, 2016).
Notwithstanding the financial intermediary has a growing trend in Armenia, some experts
argued that the overall level of financial intermediary remains low. They use couple of indicators
to back their ideas, which are the loans to GDP ratio, which by the end of the first quarter of 2016
exceeded 43 per cent, assets of banking sector to GDP with the level of 70 per cent, or the value
added by the financial system and financial intermediary in the total value added of the country,
which accounted for almost 4 per cent of the total GDP. According to those experts there is a huge
gap in the sphere of financial intermediary and the filling in that gap will bring to a better state
with higher economic growth. The underdeveloped market infrastructure, very high spreads of
financial intermediary, not well-organized and ineffective capital markets and low levels of
available funding out of banking sector are some of the gaps mentioned above. (Iskandaryan, 2007)
The IMF Mission to Armenia in 2007 led by Ms. Marta Castello-Branco in its statement concluded,
that during recent years Armenia experienced positive trends in terms of financial intermediation
and the Central Bank of Armenia should encourage and support this trend, in addition it should
continue providing high prudential standards for banks and other financial institutions to make
sure efficient risk management and transparency are kept. (Sargsyan & Sargsyan, 2015) Their
ideas, suggestions and remarks have been embedded in IMF's Staff Report on Armenia which was
''the sixth one under the three year agreement under the poverty reduction and growth facility''.
(IMF, 2008) However one must fairly state that Armenian banking system has been only
developing during recent two decades. It has registered certain achievements so far. Besides having
a unified regulatory system with professional and trained staff and the acquisition of advanced
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technological tools, the banking system has its own national payment system ARCA: “Armenian
Card” CJSC was founded in 2000 by the initiative of the Central Bank of Armenia and ten
commercial banks aiming to enhance the payment system in the country; in 2004 the first private
credit bureau was established (“ACRA Credit Reporting” CJSC) which has finally attained around
90 per cent of data on banks and credit organizations (Union of Banks of Armenia, 2010); and also
the creation of Deposit Guarantee Fund, which has enormously increased trust of depositors
towards the banking industry. (Mirzoyan, 2015)
In contrary to these optimistic views, there is also another side of this coin which is the fear
that financial intermediary overcomes the level of payable demand. As a result, additional
deepening might bring more stress on the banking sector and negatively affect risk measures. The
recent developments in the sphere of credit risk can be presented as an argument in favor of
described scenario. The default rates of credits have been rising during the last half decade and
reached 9.13% for the entire economy in 2015. Similar trend kept going further during 2016.
Moreover, in terms of financial intimidation level Armenia managed to beat other countries with
similar and developing financial systems. For instance, according to the World Bank data, in 2015
the share of domestic credit to private sector by banks was almost 43.57% of GDP and with that
indicator Armenia was in the top three among CIS countries, after Russia and Ukraine. (Sargsyan
& Sargsyan, 2015)

1.5.2 The Regulatory Framework of Armenian Banking System
While discussing the issue of financial stability, it is important to refer to the definition
given by the Central Bank of Armenia, which states, that it is “a condition where financial system
is able to withstand shocks and disruptions so that the system maintains a sufficient level of
liquidity, adequately performs transactions and transmissions and facilitates allocation of savings
to investment opportunities in the economy” (Central Bank of Armenia, 2015). In other words, it
is important to distinguish that financial stability is not about the financial situation of individual
institutions, the absence of the volatility in the assets of those institutions, but rather the stability
of the financial system as a whole. The CBA is the independent body responsible for creating the
regulatory environment for financial activities (CBA also initiated the Law on “Banking and
Banking Activities” which regulates the activities of Armenian banks) and IMF labeled CBA a
well-resourced and skilled entity who managed to create a strong supervisory framework. One of
the reports produced by Business & Finance Consulting GmbH (BFC) for European Investment
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Bank (EIB) in the scopes of the project “Private Sector Financing In The Eastern Partnership
Countries And The Role Of Risk-bearing Instruments” states: “The regulatory environment is well
developed and conducive to banking sector development and expansion”. (BFC, 2013) Moreover,
referring to one of the recent researches that touches also the Armenian Financial System
regulation by Nahapetyan N. in 2015 one can certainly state that the financial system of Armenia
being regulated by one body and being centralized is the one with the highest efficiency among
the existing models of joint financial regulation and supervision (Nahapetyan, 2015).
Financial stability according to CBA starts with the revelation of the major threats to that
stability, including the identification of major risks, the inefficient management of financial risks
from the banks side and ends with the appropriate policy implementations from the side of
regulatory authorities. The politics of the CBA includes the perception that a sound financial
system is one of the basic components for prosperous and healthy economy, which ensures safety
and stability of the system and its ability to provide the necessary services for the community.
Therefore, in 2011 CBA has created the Financial Stability Committee (FSC), with the role of
financial stability assessment. The committee discloses the possible events that can question
financial stability, tries to find the points of influence that can help keeping the stability and gives
the direction of the supervisory agency’s policy that can ensure a sound financial system. In line
with CBA and FSC, IMF is preparing a consultative periodical report on Armenia as a member
country under Financial Sector Assessment Program (FSAP). The last report has been published
in 2013, where IMF assesses the Armenian Financial system as resilient to shocks, with a wellqualified supervisory body, although pointing out the need to enhance the regulations. (IMF, 2013)
In the process of financial stability maintenance in the economy there are 3 dedicated
policies, which are implemented by CBA:


The first policy is usually implemented when the financial system is relatively stable
and the fluctuations of main indicators are in the zone of allowed range. In this case
the policy implemented is called “preventive” which assumes the daily analysis of
the main macroeconomic fundamentals in order to capture the financial sector
possible threats.



The second one is for the period when certain indicators are in the earlier determined
range but they are about to cross the hypothetical border, and it will bring with it
disturbances in the certain sector. At this stage the policy that is adopted is called
corrective. Activities that this policy is accompanied with during the implementation
include the analyses of the new risk management mechanisms, analyzing the loan
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loss provisioning process, discussions around the new capital adequacy
requirements. Basically all the actions are taken for the improvement of the
regulatory framework at this stage.


The third type of policy is a recovering policy, and it is implemented when the
financial system fails to perform its main functions. There are certain anti-crisis tools
that come to the stage at this period. They mostly include the extended opportunities
for banks in terms of borrowing and liquidity assistance as a lender of last resort as
well as the policy of quantitative easing.

There is a very common issue in these three-level policies that this study is going to question
and to make a try to overcome the chronological and eventual sequence of the policies. The
problem comes from the fact that the analyses, discussions and decision making in the risk
management methods or the levels of capital adequacy ratios take place in the stage of already
fragile financial system, where the supervisory bank is adopting the corrective strategy. Meanwhile
current work being backed with the quantitative analysis will suggest combining the first two
policies. Consequently the preventive policy will contain also the analyses of the risk management
methods adding new strategies to it or the changes in the capital adequacy requirements. Hence
for instance the change in the capital adequacy requirements beforehand will prevent the financial
system from falling into a worse category where there is a need of corrective policy
implementation.
In order to implement targeted policies during crisis situations or when there is a strong
resistance against the possible shocks by the financial system and the banking sector in particular,
CBA can use various tools and instruments. The latter includes:


Assessment and analyses of risks



Market intelligence, which tries to increase the transparency of the regulatory body’s
objectives and the awareness of risks of financial institutions



Supervision of the payment system and its development



Market interventions and liquidity assistance as a lender of last resort



Financial Stability Committee



Other
For the purposes of analyzing the possible risks that the financial system is prone to, CBA

uses various indicators showing the situation of both domestic and external financial systems, the
real sector and the financial markets. CBA considers all the factors that can directly or indirectly
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impact the stability of the financial system. The newest wave of changes in the tools of analysis
came with the financial soundness indicators that IMF has been disseminating since 2006.
Unfortunately, the whole set of FSIs is not used and analyzed in Armenia because of the lack of
data and the impossibility of collection of it. However the core set of indicators has been adopted
and the dataset is available also from the database of the CBA. That set includes following
indicators:


Regulatory capital to risk-weighted assets



Regulatory Tier 1 capital to risk-weighted assets



Nonperforming loans to total gross loans



Return on assets



Return on equity



Liquid assets to total assets



Liquid assets to demand deposits

It is not by chance that this set of indicators IMF has called the “core” set of financial
soundness indicators. These seven indicators illustrate a brief but informative overview of
financial system in Armenia. By looking at these indictors, one can get key information related to
the level of capitalization (in the case of Armenia those are mostly banks), quality of assets,
profitability and finally liquidity of the entire financial system. Basically these indicators contain
quite relevant information about several risks that a financial institution can encounter, for instance
the credit risk, which is captured by the NPL ratio, or the liquidity risk.
One of the few researches conducted in the scopes of financial stability topic by
Hovakimyan S. touches the whole set of core FSIs and relates several macroeconomic variables
to financial stability: financial stability has been quantified by the values of the core FSIs. The
author reveals the impact that macro-variables like export, import, GDP, Government debt or any
other indicator has on financial stability (Hovakimyan, 2016). The research is the case of
“integrated approach” of financial stability assessment, which will be elaborated in the next
chapter.
In spite of the macro-level importance of those indicators, CBA also implies a set of major
regulatory norms on banks (micro-level), which include also the first and the last two FSIs in the
core set. Those norms contain the following indicators and with their required minimum or
maximum level indicated in brackets: Regulatory capital to risk-weighted assets (12%);
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Regulatory Tier 1 capital to risk-weighted assets (10%); Highly liquid assets to total assets (15%);
Highly liquid assets to demand deposits (15%); The biggest borrower risk (5% of total capital);
Major borrowers risk (500% of total capital); Maximum risk of a related party (5%) and the
Maximum risk of all related parties (20%). (Central Bank of Armenia, 2015) These regulation
norms are elaborated in the study by Nairi Vardapetyan aiming to increase the stability of the
Armenian banking sector. The author researches all the Basel requirements and compares them to
the existing ones in Armenia. Moreover an attempt is made by him to find ways of increasing the
stability in the banking sector through increasing the additional Tier 2 capital as a result of policy
changes. (Vardapetyan, 2015)
Concerning financial stability and the regulatory requirements of the Central Bank of
Armenia another paper by Lena Hayrapetyan constructs a “Financial Stability Index” on the microbasis for the commercial banks of Armenia. The index (varies from 0 to 1) comprises all of the
abovementioned regulatory norms and combining them into one gives a chance to compare the
financial stability index across banks. The index basically shows the aggregated deviations of all
the regulatory norms from the required levels, and the more is the index the more stable is the bank
compared to the other banks in the system. The methodology of current study could be enhanced
to build an index of all the commercial banks aggregated into one, to show the overall financial
stability index of the banking system of Armenia. (Hayrapetyan, 2015) However such a
methodology of financial stability assessment has its weaknesses, mostly connected to the fact that
it initially assumes that the regulatory requirements of the CBA are the benchmarks for
maintaining financial system stability.
All of the abovementioned risks are combined in one, when setting the required minimum
level of capital, which must be enough to capture the effects of negative fluctuations in the
economy through neutralizing the types of risks the institution can face. They are all considered in
the risk weighted assets in the calculation of the capital adequacy ratio. Hence the risk weighted
assets include the liquidity risk, currency risk, credit risk, interest rate risk as well as the operational
risk; moreover, market risks and the operation risk in the calculation of the risk weighted assets
are taken as a multiplication of 25/3 (25/3 is the inverse of 12 per cent CAR), according to the
adoption of the Basel accords. As far as the subject of current study are the consumer credit defaults
and their foreign determinants, it is necessary to review the calculation mechanism of risk weighted
assets and the credit risk particularly in Armenia.
The methodology Armenian financial system is using in calculations of risk weighted assets
is a somewhat standardized approach, where the regulatory authorities have already defined the
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ratings of the borrowers. However, the creditors are not the only components of the risk weighted
assets as components of the financial institutions balance sheet have to be weighed by their
exposures and the weights that the CBA has defined beforehand. To illustrate this, one can look at
the example from the Central Bank regulations which defines the credit risk calculation methods
in the risk weighted assets. In the regulatory document all of the balance sheet articles of an
institution starting from the cash and cash equivalents till the off-balance sheet articles that can
contain risk have their own weights that vary from 0 to the ones even higher than 100 percent. For
instance cash and cash equivalents have the weight zero, besides the ones from the second group
of currencies without Russian ruble. In general the credit risk calculation mechanism for
calculation of the main prudential regulation standards is conducted as presented by the equation
1.11:

𝐶𝑅 =

𝐶𝑅1 +𝐶𝑅2 +⋯+𝐶𝑅𝑛
𝑁

(1.11)

where:
CR= the daily average of credit risk calculated for a month
𝐶𝑅1 , 𝐶𝑅2 , … 𝐶𝑅𝑛 =credit risk by days,
N=number of risks in the reporting month

For the purposes of determining the credit risk of an institution, the assets of that institution, offbalance sheet contingent liabilities and off-balance sheet term operations in process are weighted
using their corresponding risk weights, but only after decreasing the amount of reserves that the
institution has accumulated for the possible losses paying from its expenses. The credit risk
afterwards is determined using the formula 1.12:

𝐶𝑅 = (𝐴1 − 𝑅1 )𝑅𝑤1 + (𝐴2 − 𝑅2 )𝑅𝑤2 + ⋯ + (𝐴𝑛 − 𝑅𝑛 )𝑅𝑤𝑛

(1.12)

Where:
𝐴1 , 𝐴2 , … 𝐴𝑛 = total amount of assets of the financial institution (other than assets deductible from
the core capital), off-balance sheet contingent liabilities and off-balance sheet term operations in
process. All of these risk bearing parts are grouped by the same risk weights they have.
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𝑅1 , 𝑅2 , ... 𝑅𝑛 = the loss reserves of the corresponding assets of the bank, off-balance sheet
contingent liabilities and off-balance sheet term operations in process, again grouped by the same
risk weights
𝑅𝑤1, 𝑅𝑤2, ... 𝑅𝑤𝑛 = risk weights of respective assets.
The most important component in the credit risk exposure calculation of a financial
institution for this research is the one related to the risk weights of loans. For the mortgage loans
the risk weight is 50 percent for the credits in domestic currency and 75 percent for the loans in
foreign currency, with deviations depending on the type of the mortgage. Meanwhile all other
credits be it credits to individuals or business loans, in domestic currency should be weighed with
75 percent and the loans in foreign currency with 110 percent, except from the ones that are
assigned the risk category third or fourth, in case of which the risk weights are correspondingly
100 and 150 percent. Risk categories are assigned to the credits according to the number of days
overdue as it is shown in Table 1.3. Finally, the sector of the loans that this research concentrates
on, uncollateralized consumer loans, belong to the group of the balance sheet articles that enters
the risk weighted assets with the risk weight of 75 per cent if not overdue and 100 per cent if yes.
The reason of hypothetically assigned risk weights of the loans in domestic currency is that there
is a law preventing financial institutions from disbursing consumer loans in a currency other than
the domestic one.

Table 1.3: Distribution of Risk Categories
Risk category

1

2

3

4

5

Number of days

0

1-90

91-180

181-270

More than 270

In the list of financial soundness indicators, the first one was the regulatory capital over the
risk weighted assets ratio. This ratio is set at the level of 12 percent in Armenia and CBA on a
regular basis keeps track of this indicator for every bank to make sure they have enough capital to
withstand the negative shocks and the realizations of the different types of risks. In other words
CBA wants to make sure that the banking sector capitalization level is enough for smooth operation
of the financial system in general. As far as the capital adequacy ratio is the ratio between the
regulatory capital and the risk weighted assets, it means that for instance one unit of capital
corresponds to the on schedule consumer loans of 16 units, such that the ratio is 12 percent. Thus
this methodology backs the non-collateralized consumer loans of 16 units with 1 unit of capital.
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Why it is important to look at the consumer loans? The answer is simple, all other types of credits
are collateralized firstly, which means their recovery rate after falling in the group of overdue loans
is way higher than for the consumer loans. At second, as already mentioned, current research
questions that in a demand oriented economy like Armenian, whose imports are more than twice
greater than exports and the national disposable income highly depends on international transfers,
credit defaults of the consumer loans depend on the international transfers, that is the remittances,
and this factor in line with other factors must be taken into account in the decision making of the
level of capital that financial institutions must acquire for every unit of those loans.
In the end, trying to find out the changes in the directions of foreign economies, the real
sector of domestic economy and/or the unanticipated deviations in financial system as well as
trying to make it simple keeping the system stability, starting from 2007 CBA publishes an annual
report called Financial Stability Report and semiannually from 2010. The report discusses current
situation of financial stability assessed by CBA, changes in the local and global threats as well as
the main indicators of financial stability. Another not less important objective of such publications
is increasing the awareness of individuals, corporations or general public about the situation related
to the financial stability. In other words reporting of possible risks and changes in the financial
environment helps economic agents to make relevant decisions. As far as the risks related to the
financial system can evolve abroad, in domestic economy or in the financial system itself, CBA
differentiates the possible risks derived from the developments of:


worldwide economy (macro-economy and global financial markets)



Armenian macro-environment



Armenian micro-environment



financial institutions of Armenia



financial infrastructures (Central Bank of Armenia, 2015)

The financial stability report penetrates through all of these areas every six months and
summarizing in the end of the year. Hence if any changes happen in the macro-environment or in
the financial system that can affect financial stability will show up in the report. The question is
whether the information will be useful by then or not, or how much financial system will lose till
the report becomes publicly available. That is why the stress testing is needed based on the
necessary model, which will allow making decisions prior to the shocks in financial system and
not post factum.
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1.5.3 The Issues of Consumer Lending in Armenia
After the collapse of Soviet Union Armenia started to develop banking sector with its tools
and types of loan contracts. It took more than a decade to formulate the necessary environment
for consumer lending. The parliament of the Republic of Armenia adopted a Law on Consumer
Credits in 2008 which regulates the sphere of the consumer lending aiming to protect the rights
of consumers who are a party of the Republic of Armenia consumer credit agreements as well as
to increase the consumers’ confidence towards financial system. (Central Bank of Armenia, 2008)
Even though certain types of loans were in common before the year of 2005, Central Bank of
Armenia started to differentiate consumer loans in the reports starting from that year. Armenian
banking sector had already accumulated non-moderate levels of credit through the entire
economy, however the segment of the consumer lending was not well defined and well developed.
Intensive growth in aggregate demand, overall economic growth and increase in financial literacy
among population was accompanied with a significant growth in the outstanding levels of
consumer loans and household debt in general (household debt includes all common types of
credit: mortgages, auto loans, credit cards, pledged consumer loans and unpledged cash credits).

Figure 1.3: Consumer Loans Dynamics in Armenia
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Figure 1.3 shows the trend of the level of outstanding consumer loans after the year of 2005
in Armenia. Consumer loans continued their intensive growth even in the post-crisis period after
the year of 2009 increasing household indebtedness. Consumer loans have almost tripled during
the recent six years. The later contradicts the global developments in the topic of household debt,
as aiming to increase the aggregate demand in the country regulatory authorities increased the
debt burden of households. According to some experts increasing DSR for individuals in Armenia
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after the global financial crisis would not cause any problems as the level of household
indebtedness was way lower its potential levels. It could be the case that excessive lending in the
post-crisis period, with low rates of economic growth, was a matter of household and financial
institutions expectations. (Sahakyan, 2014) In other words households were changing future
expected increase in earnings on current consumption. However one can argue that the increase
in consumer loans demand is an attempt from the households to cover the lost earnings during
the crisis. The data shows that during 2009 net disposable income of households have fallen,
while during the preceding decade of the crisis living standards have grown rapidly. This brought
to a state where economic agents tried to keep their living standards on the same level as it was
before the crisis. As far as the economic recovery took longer than individuals expected, the
economy came to a state with three times more consumer loans.
Observation the data of outstanding consumer loans reveals two obvious deviations from
the general trend line. First one is the fall in the volume of credits after December 2008, which is
a result of the global financial crisis. The second shift in the data happened in the end of 2014.
The latter is related to the exchange rate shocks that took place not only in Armenia but also in
the neighbor countries and also in the main trade partner of Armenia, Russia as a consequence of
huge falls in the oil prices. In both cases the decrease in the levels of consumer loans come from
the supply side rather than from the demand side, because banks stopped lending activities trying
to hold as much liquid assets (mainly cash) in the hands as possible trying to avoid the difficulties
of meeting their obligations (Gyurdjyan, 2015). However the times of crisis also indicate that a
structural change in the economy is going to happen. This can be observed after the crisis of 20082009. The decrease in the net disposable income increased the demand for consumer loans and,
as far as these types of loans have the highest return in Armenia, banks were willing to create the
needed supply, consequently the economy ended up with an intense growth in the level of
consumer loans till the end of 2014. Drawing parallels after the exchange rate crisis of 2014, one
can infer that the deepening of the economic recession after 2014 can set a ground for additional
demand of consumer credits. If the increasing demand for credits is accompanied with loose credit
standards and excessive lending from the side of deposit takers (it is worth mentioning here that
due to the principal agent problem banks take any chance of growing their credit portfolios;
moreover as indicated in the work by Gevorg Nersisyan the banking sector of Armenia has
become more competitive during the last decade, hence banks have been loosening their credit
standards to be able to compete with each other (Nersisyan, 2014)), one can witness an even
immense growth in the volume of consumer loans, hence also a growing DSR. The literature also
suggests that in the existence of severe competition between banks in line with high profit goals
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(consumer loans being the most profitable credit products) may lead to increased credit risk
through inadequate credit analysis procedures (Fainstein & Novikov, 2011). Regulatory
authorities may rely on the future recovery of the economy, which will bring the DSR down to a
sustainable level. However it may take a certain time for the net disposable income to fall on a
sustainable growth rate path, and till then banks and other financial institutions will suffer from
the credit defaults which has already reached the historical highest level. Supporters of this idea
like Pesola (2001), (2005) state that intensively growing aggregate indebtedness is the main driver
force of the credit risk. Another research by Festić, Kavklera, and Repina (2011) came to the
same conclusion for new EU members that the fast growth in available funds and credit portfolios
has deteriorating effects on loans’ performance and the NPL ratio.
Central Bank of Armenia pays high attention to the field of household debt and consumer
loans, because they play an important role in the financial stability and also they contribute to the
overall performance of deposit takers more than any other type of credit. Namely CBA appeared
to be the one who initiated the “Law on Consumer Credits”. (Central Bank of Armenia, 2008)
Central Bank does collect a database of consumer loans analyzing their current situation: levels
of default, the effective interest rates of disbursements (interest rate is particularly important
because it directly affects the debt burden of individuals) and also their overall disbursement
levels (this one can be an indicate of excessive lending with very loose standards triggering the
default rates to increase). In the list of encouraged set of Financial Soundness Indicators there are
indicators that touch the topic of household debt. However the only indicator IMF and Central
bank of Armenia provide with time series is the ratio of household debt to GDP. The next and,
one may argue, more important indicator that is not available is the ratio of household debt service
and principal payments to income. Lack of this data binds too many researches.
The economy of Armenia being small and having exports almost three times less than
imports (there are certain quarters during a year when the level of consumption is higher than the
level of GDP), relies mostly on international transfers which constitutes around 20% of the entire
GDP. Moreover the net factor income accounts for a great part of national income. This means
household expectations and consequently expectations of deposit takers are dependent on the
economies of those countries where the remittances are coming from (mostly trade partners of
Armenia). Economic agents, when acting as borrowers, take into account not only their earnings
in Armenia but also the remittances from abroad, and, thus, the quality of debt servicing depends
on the economic situation and shocks in both domestic and foreign markets. This phenomenon is
a subject of research and the results must be taken into account from the point of view of policy
makers in the regulatory standards.
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Chapter 2: Methodology and Data Description

2.1: Stress Testing of Credit Risk
2.1.1 Data Description
Even though for the post-Soviet Union countries the data availability is a big problem, for
current study data is available with monthly frequency. The data for Armenia starts from the
January of 2005 until the December of 2015 (131 observations). The Republic of Armenia is
relatively young and the detailed data from the first years of its existence is not available mainly
because of two reasons: the inexperienced system of the statistical agencies and not well developed
and organized financial system. As far as the research relies on the collected information, a more
elaborative discussion is following.
For the purposes of credit risk modeling we differentiate two sets of variables that the
research needs: dependent and explanatory variables. The first set of dependent variables in this
case consists of just one variable, NPL ratio of consumer loans, which is the default rate of
consumer loans. The second set consists of the variables that are supposed to explain the evolution
of consumer credit default rates (NPL ratio). Those explanatory variables are interest rates of loans
both in AMD (Armenian drams) and in USD, inflation rate, REER unemployment rate, real GDP
growth rate, remittances (international money transfers), exchange rates of AMD against USD and
Russian Rubles, level of consumer loans in the economy and its relative level compared to the
level of nominal GDP.
For the purposes of conducting the statistical analysis of the proposed consumer credit risk
model, the necessary data has been collected for all the possible variables. Initially the research
was going to use data starting from the year of 2003; however the aggregated data for the nonperforming loans was not available for the proposed time horizon. As far as the research question
is related to the non-performing ratio of consumer loans, the dataset is limited and starts from the
beginning of 2005. Data is provided by different sources: non-performing loans ratio for the
consumer loans were collected from the Central Bank of Armenia's (CBA) monthly periodical
''Monetary Overview''; average interest rates on AMD loans and on USD loans, inflation rate, real
effective exchange rate, the level of consumer loans disbursed by banks and the net flow of
remittances are collected from the online databank of the Central Bank of Armenia (CBA); real
GDP growth, number of unemployed people, data on the economically active population is
gathered from the database of the National Statistical Service of Armenia.
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The data of the NPLs CBA provides according to the definition of IMF. That definition says
that if the loan is overdue more than 60 days it is counted as a non-performing loan (IMF 2006).
The indicator of the NPLs is the ratio of the NPLs and total gross outstanding loans. In our analysis
the NPL ratio is taken as the dependent variable and for the proceedings of this work it is counted
as the overall loss that one can expect from the consumer loans portfolio. That means basically
that it is treated as the expected loss of the banks from the credit risk of the consumer loans. This
is quite logical as far as the data we use is aggregated for the whole economy and hence it can be
a good proxy for the probability of default for the consumer loans of the entire country.
The next important factor one needs to consider before taking the NPL ratio as the expected
loss is the recovery rate. The expected loss from the disbursed amount can be calculated as a
multiplication of the probability of default, loss given default and the recovery rate. In this case
the recovery rate is very small, because consumer loans are not backed with collateral and also
after an individual has chosen to default it takes months if not years to recover his or her earnings
and pay back the left amount. Therefore the NPL ratio can freely be used as a potential loss from
the credit risk.
For the purposes of our estimations the dependent variable, that is NPL, is participating in
the model with a logistic transformation as it is shown in the methodology part of the work.
However, to illustrate the inversely proportional relationship the below Figure 2.1 is presented.
The data is summarized for the period of our study. The only reason that our study does not have
so long time series is merely because of two reasons:
- The first one is that the consumer loans as a debt tool started to be used just after the year
of 2005 or at least the data shows so.
- At second there are inconsistencies between the data of non-performing consumer loans
before the year of 2009 and after that year, which is due to the methodologies the data is collected
according to and it was corrected for the purposes of this work.
Taking these factors into account and also the fact that consumer loans had a small share in
the total loans till the year of 2005, the dataset after 2005 is going to be used.
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Figure 2.1: Relationship between NPL Ratio and Macroeconomic Index
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Neither CBA nor the Statistical Service of Armenia provides the unemployment rate with
monthly frequency. However, CBA does have monthly data of the number of unemployed people.
Then monthly unemployment rate have been counted by dividing the number of unemployed
people on the number of economically active population of the corresponding year. As the monthly
data of the economically active population is not available (Statistical Service of Armenia provides
only yearly data on this variable) its average within the corresponding year is taken for every
month. Of course this approximation may not indicate the true population variable; however the
average is the best estimator one can chose in this case. The inflation rate is provided with two
different methodologies. One of them is the inflation of current month compared to the previous
month. Another one is the inflation rate compared to the same month of the previous year. The
latter is particularly chosen for the reason that it may account for any structural changes in the
economy that has taken place compared to the previous year. Using any of these inflation rates
will not make a problem in the regression model through the relationship with GDP, because the
real GDP growth is taken and not the nominal one. Real GDP growth is the growth of GDP which
is calculated by the prices of the previous year. This data is quarterly. As the quarterly time series
are very short, monthly growth rate of real GDP is taken the same as of the corresponding quarter.
Here an assumption is made that the mean of the real GDP growth within a quarter is zero. Table
2.1 provides a bit of descriptive statistics about the variables current research is using for credit
risk modeling.
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Table 2.1: Descriptive Statistics: Credit Risk Modeling

Variables

Loans rate USD

No Min
131
2.26
131
14.99
131
9.08

Inflation (prev. year)

131

- 0.54

4.10

7.59

1.92

Inflation (prev. month)

131

- 0.56

0.29

1.21

0.38

REER

131

117.27

129.90

149.31

7.77

Remittances

131

36 820.98

105 165.65

177 445.57

34 759.22

GDP growth

131

- 7.85

4.01

9.30

3.41

Unemployment

131

4.53

5.67

6.71

0.69

Consumer Loans

131

135 890.35

290 776.35

451 519.92

106 874.12

Debt/GDP

131

4.24

7.75

12.71

2.15

mindex

131

2.29

2.82

3.46

0.29

exch

131

360.28

408.17

482.93

36.54

exchRUR

131

6.28

11.27

13.57

2.23

Macroeconomic index
Loans rate AMD

Average
2.96

Max
3.54

St. Dev.
0.37

17.36

20.02

1.26

11.23

14.10

1.18

In the table REER stands for real effective exchange rate. The decision to include REER in
the analysis instead of the exchange rates of particular currencies comes from the definition of
REER, which is as presented by equation 2.1:

𝑅𝐸𝐸𝑅𝐴𝑟𝑚𝑒𝑛𝑖𝑎 = ∑𝑛𝑖=1 𝑡𝑟𝑎𝑑𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑖) ∗ 𝑅𝑒𝑎𝑙 𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒 (𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑖)
(2.1)
The explanation is that at first it takes all the currencies of the trade partners of the country
under study, at second it accounts for any structural change in the trading activities. Variable
''Remittances'' shows the net inflow of the remittances (net non-commercial money transfers of
individuals). Remittances are expressed in 1000 USD (average monthly transfers are around 105
mln USD), as far as they are generated from different currencies. This variable is mainly the reason
of our study as from the data series it is obvious that it can reach the level of 20-25% of nominal
GDP. It is the source of our concern that household income is highly dependent on this indicator,
hence the consumer loans that are giving a chance for households to smooth their consumption
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relying on the future earnings contain the risk of economic contingency from the countries where
the remittances mostly come from.
Reviewing the data before doing any analysis reveals an important issue. As far as banks
have started disbursement of consumer loans not so far in the past, the growth rate of the consumer
loans takes exponential form. The exponential growth obviously talks about one important fact
that throughout the collected time series banks have been loosening the credit standards. This is
logical as far as consumer loans have the highest return among all credit products in Armenia
(nominal interest rates on consumer loans vary from 22-24 per cent at the same time business loans
have nominal interest between 12-15 per cent). Such behavior in the data can bring us to a
relationship between the level of the disbursed consumer loans and their default rates, which does
not have any value to us. For solving this problem another variable has been generated by the
division of the level of consumer loans and the level of GDP. The level of GDP was selected for
this purpose not by chance. Here it helps to relate the level of consumer loans to overall economic
activity. However during the construction of a new variable an issue of misspecification arises, as
far as the GDP level is a flow variable, meanwhile consumer loans portfolio is a stock variable.
Thus, the ratio of these variables gives exaggerated numbers. In order to have a more intuitive
variable, which can be compared to the yearly debt GDP ratios and interpreted as monthly
debt/GDP ratio, the formula 2.2 was used to calculate the variable of the interest:

𝐷𝑒𝑏𝑡
𝐺𝐷𝑃

=

𝑑𝑒𝑏𝑡𝑡,𝑖
(12−𝑖)∗𝐺𝐷𝑃𝑡,𝑖 +∑𝑖−1
𝑗=1 𝐺𝐷𝑃𝑡,𝑖

(2.2)

where t represents years, i and j represent corresponding months (i={1,…,12}, j={1,…,11}).
Accordingly the 12ve month debt/GDP value is the value for the yearly debt/GDP ratio. This
interpretation of debt/GDP monthly data fully describes the situation given any particular month.
After collecting the data the work proceeds with checking the goodness of the data. As far
as the time series are relatively short probability of non-stationary processes rises. Part of the
variables is found to be non-stationary when they were checked with the Dickey-Fuller test and
Phillip-Perron test. In both of these tests we construct a hypothesis with null being as,
H0: the variable has unit root
Ha: the variable is stationary
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Both of the tests are examining the same process, but for our confidence both of them are
conducted for all the variables. The difference in these tests is the number of lags one needs to
choose. In the case of Augmented Dickey Fuller test theory suggests to follow the rule of thumb
proposed by Schwert (Shwert, 1989). Which suggests taking the number of lags that is equal to
𝑛

the following: 𝑝𝑚𝑎𝑥 = 𝑖𝑛𝑡(12 ∗ (100)1/4 ). In the formula ''int'' stands for the integer and n stands
for the number of observations. All the variables under this study have the length of 131
observations hence the suggested maximum lag for all of them to check the stationarity will be the
same, that is: 11. The next step for conducting the test is to determine whether the coefficient of
the maximum lag is significant or not (in other words the absolute value of the t statistics is greater
than 1.6). If the maximum lag is significant then the test stops and one can do the unit root test
with the maximum number of lags suggested by Schwert. If the last lag's coefficient is not
significant one has to decrease the number of lags by one and conduct the test again until the
coefficient of the last lag becomes statistically significant. To avoid such a long procedure for
testing the random walk processes, one can run couple of tests with just one command to find out
the necessary lag length for the Augmented Dickey-Fuller test. From different criteria Akaike
Information Criterion (AIC) is chosen as a benchmark. Table 2.2 shows the AICs and the necessary
lag length for all the variables. The stars near the AIC values indicate the number of lags is needed
to conduct the ADF test.

Table 2.2: Akaike Information Criteria
lag

0

1

2

3

4

0.890965

-1.40873

-1.44629*

-1.44622

-1.41797

l_rate_amd

3.23

2.41836

2.40135

2.36493

2.35523*

l_rate_usd

2.87517

1.32497

1.13125

1.09918*

1.12694

inf_prevyear

4.10239

1.44101

0.819325*

0.826376

0.854765

inf_prevmonth 0.927885 0.436905*

0.452331

0.480334

0.489688

reer

6.94964

5.01629

4.96925*

4.98423

5.00072

rem

23.7114

22.9716

22.9936

22.9529

22.9457*

gdp_growth

5.1301

4.52748

4.52117

4.49614*

4.5069

unemp

2.04746

-1.97977

-2.54907

-2.60776* -2.57961

Debt/GDP

4.38667

2.82851*

2.84574

mindexc
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2.86264

2.88148

Mindexc variable shows the macroeconomic index of the consumer loans and it is integrated
of order one, which means the first difference of this variable is stationary. The interest rates of
AMD loans and the unemployment rates turned to be integrated of order one as well. Therefore,
there first differences are taken. The same problem in unemployment rate may have been a matter
of construction because the data for the economically active population is available only yearly
and it is taken the same for all the months of the corresponding year. In some variables (Debt to
GDP ratio, inflation rate compared to the same month of the previous year) there exists time trend
which needs to be ruled out. For this purpose aforementioned two variables are regressed on time
variable separately. Afterwards their residuals, that don’t have time trend, are used in the main
model. The rest of variables, interest rates of USD loans, remittances, real GDP growth and
inflation rate compared to the previous month, are stationary hence do not need any correction.
The Dickey-Fuller's test statistics, critical values (for 5% and 10% significance levels) and the
statuses of the variables are presented in Table 2.3.

Table 2.3: Stationarity of Variables

Value
Test
Variable

5% critical

statistics value

10% critical
value

after
Status

Conversion

conversion

mindexc

-0.241

-2.914

-2.592 Non-Stationary Differenced

-5.327

l_rate_amd

-2.202

-2.916

-2.593 Non-Stationary Differenced

-5.263

l_rate_usd

-3.032

-2.916

-2.593 Stationary

inf_prevyear

-1.485

-2.914

-2.592 Non-Stationary Detrended

inf_prevmonth

-3.800

-2.912

-2.591 Stationary

reer

-1.222

-2.912

-2.591 Non-Stationary Differenced

rem

-4.686

-2.912

-2.591 Stationary

gdp_growth

-3.430

-2.912

-2.591 Stationary

unemp

-1.244

-2.912

-2.591 Non-Stationary Differenced

-2.631

Debt/GDP

-2.157

-2.912

-2.591 Non-Stationary Detrended

-3.085

-2.859

-5.588

Another issue that needs to be tested and in case of occurrence ruled out is the
multicollinearity problem. In case of multicollinearity the model estimators turn to be biased. To
check for multicollinearity one needs to look at the correlogram of the explanatory variables, which
58

is shown in Table 2.4. One can point on a multicollinearity issue if the correlation between two
variables is higher than 0, 8. which is not present according to Table 2.4.

Table 2.4: Exogenous Variables' Correlogram

inf_prevm
Variables

l_rate_usd onth

gdp_gro
rem

wth

Debt/G
reer

dunemp

DP

l_rate_usd

1.0000

inf_prevmonth

0.2407

1.0000

rem

-0.2182

-0.0826

1.0000

gdp_growth

0.1080

0.0691

0.0045

1.0000

reer

0.0454

0.0893

0.0233

0.1246

1.0000

dunemp

-0.3794

-0.1453

-0.3891

-0.0217

0.1659

1.0000

Debt/GDP

-0.0848

0.0183

-0.5529

0.0971

-0.0691

0.4618

1.0000

l_rate_amd

-0.0055

0.1679

0.0467

0.0290

0.1169

0.0599

0.0240

For the second stage of our study the required data must contain bank-level information. The
information is collected from the official websites of the commercial banks. They publish the bank
info every three months; hence the data is available for the end of 2015. To do the micro stress
testing we need to know the level of the consumer loans for every bank. It will show how much
the banks that have big consumer loans portfolio are exposed to losses from the credit risk and the
shocks in macroeconomic environment. By the end of the year 2015 there are 21 banks. Table A2
in the appendix shows the levels of consumer loans for every bank, the levels of capital and capital
adequacy ratios (CAR). However, there is an issue with collecting all the necessary information
on an institutions level, because the banks do not provide the quality of their non-collateralized
consumer credit portfolios. Without knowing the quality of those portfolios it is impossible to state
which bank is going to fail ensuring the required level of CAR. Instead, current study proceeds
evaluating whether the risk weight of those loans is high enough for withstanding shocks given
the regulatory requirement of 12 per cent of CAR.
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2.1.2 Stress Scenarios
After revealing the significant relationships between the macroeconomic fundamentals and
the default rates of the consumer loans the work aims to do a macro stress test of the healthiness
of the consumer products. At this stage the most important issue is the way one chooses the stress
scenario and time horizon for it. For this research two scenarios have been chosen to test the
consumer loans quality against. The first one is hypothetical scenario and it is constructed in the
following way. Prediction will be done for a quarter of data starting from the December of 2015
till February of 2016, Therefore we can predict the non-performing loans ratio for these three
months based on the linear predictions of the explanatory variables (these processes are controlled
by AR(3) specifications). Hence after November of 2015 the baseline prediction will be continued
by the prediction line. The work conducts a quite simple stress scenario: every variable (except
their lags) has been changed by 10% to an unfavorable way for the last three months. One can
infer that the variables have been stressed just for the period from December 2015 till February
2016 and the rest (the actual values) is untouched. More concretely, the values of the baseline
prediction for the aforementioned three months will be changed by 10%. Changing a variable to
an unfavorable way means to change it so that the macroeconomic index will decrease which
corresponds to a worse state of the economy.
The second scenario that is going to be imposed on the model is based on the historical data.
The data shows that there has been already a shock in the past, even though the time series is not
very long, related to the financial crisis in the US that has started in 2008. For this scenario the
deviations of all the observed variables from their values of the same month of the preceding year
are taken for a full year starting from January 2009 till the end of the year (December 2009). Table
A3 in the Appendix shows the deviations of all the variables in 2009 and hence for the prediction
period as well. Assuming the same deviations from the preceding year the prediction of the default
rates are done for a full year starting from December 2015.

2.2.1 Credit Risk Modeling Methodology

The aim of this work is to reveal the possible relations between the macroeconomic
fundamentals, especially the remittances, and the aggregate default rate of non-collateralized
consumer loans inside the country of study. Afterwards, based on those relations there is a need to
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predict the default rates and the losses that those defaults may cause within the chosen time
horizon. Moreover, the study aims to show how shocks in different factors affect the default rate.
However, for the aforementioned purposes one needs to construct a proper model. That is why
current work adapts the existing methodology used by Virolainen and Schetchman, Boss, Jakubik
and Schmieder and many others. All the literature nowadays under the use has adapted Wilson’s
model for different industries of the corporate sector of a particular country or for the household
sector or else for the entire economy. Thus, in fact the work tries to adapt the models for different
sectors or the entire economy to the particular types of loans.
At first, one needs to define the dependent variable of his or her interest. In the scopes of
current analysis, the dependent variable is the default rate and it takes the logistic functional form
and it looks as follows:

1

𝑃𝑡 = 1+𝑒 𝑦𝑡

(2.3)

Where 𝑃𝑡 is the default rate (NPLs) in the economy at time t. 𝑦𝑡 sometimes was named ‘industryspecific macroeconomic index’ but as we use the model for the loan types, 𝑦𝑡 becomes
macroeconomic index of the consumer loans. Macroeconomic index is constructed in a way that
higher indices correspond to lower default rates and the other way round (Virolainen 2004). It is
obvious from the formula above that 𝑦𝑡 is the logit transformation of the default rates, and one can
get the equation 2.4 by solving the equation 2.3 for 𝑦𝑡 (macroeconomic index) i.e.

𝑦𝑡 = ln(

1−𝑃𝑡
𝑃𝑡

)

(2.4)

One can notice that this definition has a little bit difference from the general logit transformations
which look like:
𝑃

𝑡
𝑦𝑡 = ln(1−𝑃
)
𝑡

(2.5)

The difference is in the interpretation, the general form of the logit transformation (as shown in
2.5 formula) in case of defaults is always below zero as far as the denominator within the natural
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logarithm is always greater than the nominator. This makes the interpretation a little bit difficult
that is why the functional form is adjusted to make the macroeconomic index positive and the form
shown in the equation 2.4 has been used.
The research goes on by taking the macroeconomic index as the main dependent variable
around which the credit risk modeling framework is going to be built. Macroeconomic index of
consumer loans is assumed to be significantly affected by macroeconomic fundamentals. These
effects are estimated with the following main equation:

𝑦𝑡 = 𝛽0 + ∑𝑝𝑖=1 𝛽𝑖 𝑦𝑡−𝑖 + 𝜂0 𝑥𝑡 + ∑𝑞𝑗=1 𝜂𝑗 𝑥𝑡−𝑗 + 𝑢𝑡

(2.6)

where 𝛽𝑖 and 𝜂𝑗 are the coefficients that need to be estimated, 𝑥𝑡 is the vector of explanatory
variables (i.e. GDP growth, unemployment rates, interest rates etc.) and 𝑢𝑡 is the error term that is
assumed to be normally distributed, homoscedastic and uncorrelated with its past values. The
above two equations define the model that is used to determine the default rate in the economy.
One can ask why the model is autoregressive and what the lags of the dependent variable are doing
in the model. The answer is that the default rate is a dynamic process and not static, it evolves
through time.
The next step is to model and estimate the evolution of the specific macroeconomic factors.
This work handles with it in the following way. For all the regressors’ auxiliary regressions are
used that follow AR(m) ( m-th order autoregressive equation) process which look as in formula
2.7.
𝑥𝑖,𝑡 = 𝛾𝑖,0 + 𝛾𝑖,1 𝑥𝑖,𝑡−1 + ⋯ + 𝛾𝑖,𝑚 𝑥𝑖,𝑡−𝑚 + 𝜂𝑡

(2.7),

where 𝛾𝑖 are the coefficients that should be estimated for the ith factor and 𝜂𝑡 is the error term
which is assumed to be independent and normally distributed. In the model m should be more than
p as suggested by the theory of credit risk modeling.
After having in the hands the model for system-wide credit risk assessment, the most
important thing is the choice of the variables that must appear in the analysis and consequently,
have their place in the main regression equation 2.6. As it was indicated before the dependent
variable of our interest is the NPL ratio, an indicator of default rates, however in the analysis NPL
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ratio will appear with its logistic transformation to make it smoother. Our analysis of credit risk
modeling deals with two sets of data:


Dependent: logistic transformation of NPL ratio



Explanatory: interest rates of loans both in AMD and in USD, inflation rate, REER
unemployment rate, real GDP growth rate, remittances (international money
transfers), exchange rates of AMD against USD and Russian Rubles, level of
consumer loans in the economy and its relative level compared to the level of nominal
GDP.

The necessity of including all the mentioned explanatory or independent variables in the analysis
has been discussed in the previous sub-chapter 2.1.1 of data description.
There is a difference in the methodology of current work and what theory uses. For the case
of Brazil, by Scetchman for example, a structural VAR is used to estimate the model. This means
that they capture the effect of the auxiliary regressions’ residuals on the macroeconomic index.
For this purpose they need to estimate the covariance matrix of the residuals from the auxiliary
regressions and the residuals of the main equation.

In contrast this study uses an ARDL

(autoregressive distributed lags) model which can be estimated with a linear regression. The only
problem is the correlations of the residuals from the main and from the auxiliary regressions (that
is the correlation of Corr(𝑢𝑡 , 𝜂𝑡 )). This problem can be solved and the correlations can be made
almost zero (hence the effects of the auxiliary regressions’ residuals can be made almost zero) if
more lags of explanatory variables are included in the model. This methodology has its advantage
over the others used by Virolainen and Schetchman and others. ARDL model is easy to use and
the results are easy to interpret as it is a linear regression. It also makes the forecast of the model
easier which allows using linear prediction.
Finally, after having in the hands estimation of the models one can make use of it and show
how the default rates of the economy evolve during the proposed time horizon. Moreover, the
losses from the defaults can be estimated on an institutional level. For the second stage of
estimations this work was going to conduct micro-level (bank-level) stress testing, in order to be
able to find out whether there are any banks in the Armenian banking system that will have
significant capital shortfalls which will threaten their solvency ratio. In the next Figure 2.2 micro
stress testing comes at the step 4 when the default rates are explained with the macro variables.
Being bound by the lack of data of the consumer loans portfolio quality the step 4 in the analysis
presented in the Figure 2.2 will be changed by another equally important and informative analysis.
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This step will evaluate the necessary risk weight level that the uncollateralized consumer loans
must have, so that the required level of CAR is enough to cover the losses that may arise under the
stress scenario.

Figure 2.2: Summary of the Stages in Macro Stress Testing. (Fell, 2006)
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2.2 Analyzing the Impact of Lending on Economic Growth
2.2.1 Data Description

The second bulk of the dissertation is the analysis of the relationship of loans and the growth
rates of real output. For conducting the aforementioned research one needs to collect all the data
that is going to be used as proposed in the methodology. The necessary dataset for the analysis can
be collected from the website of the Central Bank of Armenia as far as we deal with the data of
money aggregates. To conduct the analysis the data that touches money demand shocks is related
to money aggregates, interest rates and outstanding loans. As for the quantitative analysis of the
consumer credit risk stress testing, in this part as well the real GDP growth rates from the database
of the National Statistical Service of Armenia are going to be used. The time series of this part of
the research is much longer than for the previous case, it starts from the year of 2003. As the length
of time series allows in this part of the research the quarterly data are going to be used.
Money aggregates according to the methodology of the CBA are as follows: M1 aggregate
is called the narrow dram money and it includes


Armenian dram in circulation



Dram demand deposits (including accounts) of residents (real sector units).

Dram demand deposits of residents are the aggregated demand deposits across the central bank
and commercial banks. Demand deposits include deposits of enterprises, households and nonprofit
institutions serving households, as well as financial corporations other than banks, in the banking
system. M1 is treated as narrow money. It includes banking system liabilities that perform the
function of medium of exchange. Narrow money does not include foreign currency demand
deposits, because according to the legislation they cannot be direct medium of exchange. (Central
Bank of Armenia)
M2 aggregate is called the dram broad money which includes in it the whole dram in
circulation, as well as all deposits in drams (including demand deposits and accounts) of residents
in the banking system. Besides the deposits of the households and corporations M2 aggregate also
includes the certificates of deposits in drams issued by banks and the reverse repo agreements and
currency swaps. When it comes to using the data of the monetary aggregates, the case of Armenia
has its own differences from the worldwide experiences. The most important factor that is not
included in any of the above two aggregates is the foreign currency finances. Estimation of the
foreign currency in circulation is a very tough, time and money consuming task to complete.
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However, for the sake of this research, the only thing that we need is the level of deposits in foreign
currency of the residents in the banking system. As far as the analytical purposes of these data are
quite important, CBA provides another aggregate called broad money and noted as M2X, which
is a modified version of the M2. M2X aggregate is the sum of M2 and all of the foreign currency
deposits (including demand and time deposits) of residents in the banking system.
For the purposes of differentiating the lending channel from all others, like the interest
channel or the liquidity one, and also to account for the money demand shock as an instrumental
variable for the loans the quantitative analysis uses the M2X money aggregate. As far as this
aggregate includes the currency in circulation, hence the currency is deducted from the aggregate.
The purpose is to have the indicator in hands which will account for the lending abilities of banks
as well, because the more deposits banks have accumulated the more they can lend (if the rest of
the regulatory requirements are met). The data for the monetary aggregates are starting from the
beginning of 2005. In the literature, especially in the papers of Driscoll and Cappiello
correspondingly the cases of the US and the EU, besides the monetary aggregate of M2, M3 was
used which was the M2 minus the time deposits. There is an assumption here according to which
time deposits are not subject to shocks; hence the money demand shocks do not cover them.
However this is not the case in Armenian system under the study, as far as by legislation the time
deposits can be withdrawn anytime like any other demand deposit, but just with several additional
requirements. Thus, summarizing we use the M2X money aggregate less currency as specified by
the CBA to build up the money demand shocks in the country.
The next variable for the assessment of the relationship of the loans levels and the real output
is the interest rates of deposits. This variable is crucial in the determination of the money demand
shocks which are not related to the fluctuations in the interest rates. In the CBA database one can
find the time series of the interest rates with the differentiation by the time pools. From interest
rates groups (the groups are divided as follows: up to 15 days, from 16 to 30 days, 31-60, 61-90,
91-180, from 181 days to 1 year, and more than 1 year), the interest rates for the deposits up to 1
year were constructed by CBA and they do not include the interest rates for the demand deposits.
One needs to justify why there is no need to account for the interest rates of demand deposits. As
far as demand deposits are highly liquid funds, close to cash and there interest rates are almost
equal to zero, then the deviations in these deposits' interest rates do not have significant effects in
the shocks to monetary aggregates. The interest rates to demand deposits cannot change while the
time deposits remain unchanged. Moreover the changes in the interest rates of the demand deposits
and time deposits may play a role in the structure of funds and force a shift from one type if
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deposits to another, which in this case will not have any effect to the analysis as there sum will not
change in the end. That is why the interest rates of the deposits up to one year has been taken and
averaged across the currencies.
Finally, the rest of the variables that one needs to acquire for this part of the research are the
real GDP and the levels of outstanding loans. Again the data of real GDP provides Armenian
National Statistical Service from the year of 2001, however the money aggregates bind the data
and it starts from the first quarter of 2003. As far as we have a strong seasonality of the GDP, in
the future data clearance one can use the real GDP growth compared to the same quarter of the
previous year. As far as we use the quarterly data there is no more need to make another assumption
for the real GDP to make it monthly and assume that all three months in the quarter have the same
level of GDP. With the quarterly frequency we also use the level of outstanding loans in the
country. It shows a constantly growing pattern which is explained by the on average growing
financial system, concretely banking system, because the rest of the financial system still remain
underdeveloped. The descriptive statistics of variables are presented in Table 2.5.

Table 2.5: Descriptive Statistics

Variables
No Min
Average
Max
St. Dev.
Money Aggregate (mln AMD) 52
108 541
598 484
1 510 170
419 373
Real GDP (mln AMD)
52
231 705
817 210
1 547 238
350 793
Interest Rates
52
3.07
6.79
10.38
1.74
Loans (mln AMD)
52
88 975
883 188
2 188 357
706 062

Having in the hands all the necessary data for all the variables of our interest, the work
proceeds with checking the goodness of the data and trying to clear it and make useful for the
analysis. Table 2.5 including the basic descriptive statistics of the variables shows that all of them
show quite high variance and deviation from the mean which makes them at the first glance useful
for the quantitative analysis, as far as it is impossible to explain the variation in one variable by
another one that does not have it at all. Money aggregate less currency shows a little bit skewness,
because of the fact that during the recent quarters quantitative easing took place with increasing
the money aggregates in the system. Loans also show an increase during the time period of the
analysis with the geometric progression and this fact must be taken into account because it may
need to be smoothed.
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As far as the time series are again relatively short there is a high chance of getting nonstationary processes. The variables were checked with the Dickey-Fuller test and Phillip-Perron
test. In both of these tests we construct a hypothesis with null being as,
H0: the variable has unit root
Ha: the variable is stationary
For the purposes of conducting the unit root test, one needs to find out the maximum lag
length for Dickey-Fuller test or to use one of the information criteria to find the optimal lag length.
As in the case of the credit risk modeling, Akaike Information Criterion has been used as a
benchmark. The summary of the AIC test is presented in Table 2.6, where the columns are the lag
lengths and the rows are the variables. The table shows that the lag length for the real GDP and
the money aggregate M2X less currency should be equal to two and for the loans outstanding and
the interest rates of deposits up to one year the suggested lag length according to the Akaike
Information Criterion is four.
Table 2.6: Akaike Information Criteria

lag
Real GDP
M2X
Loans
Interest Rates

0
28.3291
28.7184
29.7638
4.00216

1
28.0013
23.2968
24.5111*
2.19884*

2
27.9972
23.2831
24.5521
2.23041

3
26.9671
23.3248
24.5799
2.2678

4
25.2144*
23.2763*
24.6121
2.29759

After having the optimal lag length in the hands one can proceed with the revelation of the
stationary processes among the data. Firstly checking the real GDP it becomes clear that there is
no unit root process and the variable is stationary. However money aggregate M2X is nonstationary process as we fail to reject the null hypothesis of the M2X being non-stationary or
having unit root. The next step of cleaning the necessary data is to make the M2X variable
stationary. The first difference of the variable is taken and it is tested against the null hypothesis
again. Finally it shows to follow a stationary process I(0) and the first difference rejects the null
of being non-stationary. The variable of loans also proves to be non-stationary. The same step is
taken for this variable. The first difference of the loans is taken and it solves the problem of the
unit root, as far as the test statistic of the MacKinnon’s p-value is less than the critical value at the
confidence level of 99 per cent. The variable of the interest rates on short-term deposits proves to
be stationary at the 10 per cent significance level. Including the 4 lags into the estimation one can
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find that the first lag of the variable is significant and the coefficient of the first lag is not equal to
zero. Table A4 in the Appendix shows the Dickey-Fuller test statistics for 5 per cent and 10 per
cent significance levels and the statuses of the variables both before and after making the variables
stationary. The real GDP growth for the proposed period is also included because it is needed for
the last stage of this part of the analysis. Even though there is no choice to use instead of the first
difference when making the variables stationary, the analysis does not suffer much, because the
goal of this part is to find out the possible relationships and dependence between the level of loans
in the economy and the real output. To which extent the changes in the credit supply affects the
real output is a subject of another research with more in detail and better data. After cleaning up
the aforementioned data one proceeds with the discussion of the econometric model and methods
of analysis, which are presented in the next subchapter.

2.2.2 Methodology
One could finish the research with credit risk stress testing and showing whether the risk
weights for consumer loans are enough to make them backed with the level of capital that insures
banks from the unexpected events that take place inside or outside the country. However current
research has proceeded with another step adding to the figure of research stages as presented in
Figure 2.2. This step is about the effects of increasing the risk weighted assets on the entire
economy and economic growth rates. To illustrate this procedure, one comes from the statement
that, if the consumer loans have higher risk than it is believed now, then they should be backed
with more capital but as far as this exercise is done only for the consumer loans it will not be
rational to have increasing the level of CAR as a result. To keep CAR the same and at the same
time to assign higher level of capital to a particular credit type can be achieved only by assigning
another (higher) risk weight to it. However, the impact of increasing the risk weight is not limited
just to accumulating more capital; it implies that credit institutions will encounter the scarcity of
resources available for investing in their financial activities. One can infer that by increasing the
risk weight of any asset one reduces the supply of the loans to the economy for the given amount
of capital.
For illustration, consider an imaginary bank with the following information. Outstanding
loans for Bank A are 100 and the risk weight is 100%, thus the risk weighted assets are 100 points.
Bank A has a level of capital equal to 13, which means that CAR for that bank is 13% and, if the
minimum requirement for CAR is 12%, it means that Bank A has additional 1 unit of free capital
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and can increase the level of disbursed loans by 8.33 units if it attracts the necessary funds. If the
risk weight is increased from 100 to 100*(13/12)=108,33 then CAR will become 12 and Bank A
does not have additional capital anymore and cannot invest additional 8.33 units of funds attracted
from the clients. If the effect of increasing the risk weight throughout the economy can cut down
bank investments, then it needs to be checked whether the supply of loans will have a significant
effect on the economic growth or not.
To reach the abovementioned goals, one needs to construct another model and conduct
another set of estimations to find out how the lending channel affects the economic growth. As
already mentioned in the literature review, a bulk of literature touched this issue and many authors
suggest various ways and methods for model evaluation. The most important problem that arises
during the model set up is the endogeneity of loans that is the reverse causality between loans and
output. One cannot find out whether loans are causing the economic growth and increase in output
or it is the future increase in output that determines current demand for loans. Driscoll (2003) has
built a model framework for estimating the bank lending channel that overcomes the problem of
reverse causality. This framework was also adapted for the EU countries in the ECB working
papers.
As part of the literature, particularly Drsicoll (2003) and Capiello et al. (2010), this research
as well makes the widely used assumptions for the model set-up. The first one is the imperfect
substitutability of deposits for banks as a source of funding. Banks cannot easily turn to any other
form of financing. The second one ensures that loans are not perfectly substitutable (for firms and
households) with bonds or equity or any other form of debt. After building the necessary
environment for the model the dissertation uses the framework of banks’ lending channel proposed
by Driscoll (2003). As far as there may be a causal interrelationship between loans and output we
use the method of instrumental variable to overcome this issue. Shocks in money demand, which
are correlated with the loan supply but not with shocks in output and loan demand, can be the
instrumental variable in the regression of output on loans. To illustrate the above mentioned,
imagine a positive money demand shock take place for a given output and interest rates. Since
households and firms are trying to hold more money deposits will increase. If the lending channel
does function, the increase in the levels of deposits will bring with it changes into the levels of
loan supply just because banks’ will have more available resources to disburse as loans.
Consequently, as loans are not substitutable for firms and individuals with any other types of
funding tools, the increase in the loan supply will probably have its negative or positive effect on
the output. Summarizing, one can state that what this part of the work does is estimating the levels
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of GDP growth rates depending on the levels of loans which is instrumented via the shocks in the
money demand side.
At this stage of research the loan supply of consumer loans are not separated from other
types of credit contracts, because otherwise it would be impossible to build a model where the
endogeneity of loans is solved out. Hence the exercise is done for the overall supply of loans in
Armenia just by making another assumption that it does not matter the supply of which type of
loan is decreasing as a consequence of increasing the required level of capital for consumer credits
(increasing the risk weight of consumer loans). This question could be viewed as the analysis
limitation, and it will be elaborated later on.
To be able to derive a testable equation that links bank loans and country-wide output levels,
current work adopts the model of Driscoll (2003), which is basically a transformed version of
Keynesian aggregate demand model that uses two equations we need: the demand and the supply
of loans. Following Driscoll’s strategy, the model was adapted for the data set of this research, and
specificity of the country under study. Driscoll used the already mentioned methodology to
conduct a research for the case of the US. Capiello and others have done the same research with a
little bit elaborations for EU countries. The difference between these researches and current case
of Armenia is the fact that the US and EU are considered as group of independent states where
monetary authorities cannot determine money supply in particular states, instead they can do that
for the entire economy. Armenian case abstracts from the case of the US and EU members and the
methodology will be adapted for the case of one state instead of M states with the same monetary
policy and currency. For the setup of current model as well as the existing literature suggests it is
assumed that investors have two possibilities of investment: bonds and deposits. Interest rates on
deposits, 𝑟 𝑑 , vary across states while bonds have the same yield, r, and it does not vary from one
state to another in the US case. In the case of Armenia both the interest rate of deposits and bonds
does not change across the country because there is just one regulatory authority. Assuming the
monetary authority can determine the quantity of money in the turnover only on the macro level
and not the state level, keeping the methodology close to the Keynesian models, the equation of
money demand and money supply equilibrium can be formulated by equation 2.8:

𝑚𝑡 − 𝑝𝑡 = 𝛾𝑦𝑡 − 𝛿(𝑟𝑡 − 𝑟𝑡𝑑 ) + 𝜀𝑡 ,
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(2.8)

where 𝑚𝑡 − 𝑝𝑡 denotes real money balances, 𝑦𝑡 is the real income and 𝜀𝑡 is the money demand
shock, 𝛾 and 𝛿 are the corresponding coefficients, 𝑟𝑡 is the yield of the bonds while 𝑟𝑡𝑑 is the
interest on deposits.
In Keynesian-type frameworks real income or output is equal to expenditures in the country
and the expenditures can be disaggregated into the well-known components: consumption,
investments, net exports and government spending. For deriving the next equation the next
assumptions is made as did Driscoll (2003). The first one is that net exports depend on the
exogenous exchange rate and the second one is that government spending is given or fixed.
Consequently, in this framework the model is left with investments and consumption. Investments
and consumption depend respectively on the interest rates of bonds and loans: 𝑟𝑡 , and 𝜌𝑡 .
Moreover, they have inverse interdependence. Now the environment is created for another
equilibrium equation:
𝑦𝑡 = −𝜃𝑟𝑡 − 𝛼𝜌𝑡 + 𝑧𝑡 ,

(2.9)

where 𝑧𝑡 denotes the aggregate demand shocks, 𝜃 and 𝛼 are the corresponding coefficients of
interest on bonds, 𝑟𝑡 and loan interest rates 𝜌𝑡 .
After having in the hands the abovementioned two equations the work proceeds with the
credit supply and demand. At first one needs to analyze the asset side of the banking system,
because they are the suppliers of loans. Credits are a function of the interest rates of bonds and
loans and the real money balances. The latter is present because deposits are imperfect substitutes
in the list of funding sources for the banks. Therefore the corresponding equation for credit supply
looks as follows in equation 2.10:

𝑙𝑡𝑠 = −𝜆𝑟𝑡 + 𝜇𝜌𝑡 + 𝛽(𝑚𝑡 − 𝑝𝑡 ) + 𝑤𝑡 ,

(2.10)

where 𝑤𝑡 is the shock to loan supply, 𝜆, 𝜇, and 𝛽 are the corresponding coefficients of bond yields
𝑟𝑡 , interest rates of loans 𝜌𝑡 , and the real money balances (𝑚𝑡 − 𝑝𝑡 ).
Turning to the demand side of the loans, it must be noted that loan demand can be explained
by the combination of real income and interest rates of bonds and loans. Moreover the relationship
between loan demand and the interest rates of bonds is positive, because bonds can be issued by
firms to raise funds for their activities, and the increase in the rates of bonds mean the demand for
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resources is higher than supply. Meanwhile the relationship between loan demand and the interest
rates of loans is an inverse one. Finally the credit demand equation can be expressed in the
following form:

𝑙𝑡𝑑 = 𝜏𝑟𝑡 − 𝜒𝜌𝑡 + 𝜔𝑦𝑡 + 𝑣𝑡 ,

(2.11)

where 𝑣𝑡 is the credit demand shock, 𝜏, 𝜒 and 𝜔 are the corresponding coefficients of the bond
yields (𝑟𝑡 ), the interest rates of loans (𝜌𝑡 ) and the real income (𝑦𝑡 ) .
As far as in the US case the dataset of the research was cross-sectional including the data
for all the states, in order to distinguish the lending channel from the interest rate channel Driscoll
goes on with demeaning the data with its cross-sectional mean. This allows distinguishing the
effects that only money demand shocks have on the loan supply (an increase in deposits provides
banks with additional funds for lending), and consequently the effect that loans have on real output.
Demeaning was also done for the purposes of clearing the liquidity preference channel and the
possible effects of bond yields, which can take place with changes in monetary policy. In the
scopes of this research, the data is not cross-sectional and the work abstracts from the possible
effects of bond yields and changes in monetary policy. This decision is not just self-satisfied.
Another paper by Sargsyan H. and Sargsyan (2015), titled “Developments of Credit Demand and
Supply in Armenian Banking System”, claims that Armenian banks do not respond to the
government treasury bills’ rates, which may be a signal of a weak monetary transmission
mechanism. Formerly, weak transition mechanisms and weak interest rate channel has been
highlighted also in the work by Era Dabla-Norris and Holger Floerkemeier in one of the IMF
working papers on the monetary policy transmission mechanisms (Dabla-Norris & Floerkemeier,
2016). Taking into account these findings and solving the abovementioned equations 2.8-2.11 for
the loans and real income one can see the endogeneity of loans:

𝛼

𝛼

𝜒

𝑦𝑡 = 𝜒+𝛼𝜔 𝑙𝑡 − 𝜒+𝛼𝜔 𝑣𝑡 + 𝜒+𝛼𝜔 𝑧𝑡 ,

𝛽𝛿𝜒

𝛽𝜒𝛾+𝜇𝜔

𝛽𝜒

𝜇

(2.12)

𝜒

𝑙𝑡 = 𝜒+𝜇 𝑟𝑡𝑑 + 𝜒+𝜇 𝑦𝑡 + 𝜒+𝜇 𝜀𝑡 − 𝜒+𝜇 𝑣𝑡 + 𝜒+𝜇 𝑤𝑡 ,
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(2.13)

The last two equations 2.12 and 2.13 show that real output and loans are interdependent, because
both of them exist in two equations. Therefore there is the interdependence between the money
demand shocks and output, through the impact of those shocks on the level of loans. At this stage
for solving the problem of endogeneity, current study as Driscoll (2003), makes the next
assumptions that 𝐶𝑜𝑟𝑟(𝜀𝑡 , 𝑣𝑡 ) = 𝐶𝑜𝑟𝑟(𝜀𝑡 , 𝑧𝑡 ) = 0 . This assumption solves the endogeneity
between money demand shocks and the real output. The assumption is quite relevant because
money demand shocks may depend on things other than real output and loan demand. As far as
money demand shocks (𝜀𝑡 ) are correlated with loans from equation 2.13, but not with real output
(𝑦𝑡 ), they can be used as instruments to test the possible relations between loans and real income,
that is to use the methodology of Instrumental Variable (IV) regression. Moreover, instrumenting
loans with money demand shocks will show whether the changes in deposits affect the loan supply,
as deposits are the main source of funding for banks.
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Chapter 3. Results and Estimation
3.1: Estimation of Credit Risk in Armenia

Having in the hands the necessary data for the research and a proper methodology to follow
one can conduct the set of estimations for deriving the useful outcomes from the data. And based
on those outcomes one can conclude certain results and make suggestions and policy implications.
For the estimations of this research the first thing worth noting is the fact that not all of the variables
initially chosen are present in the final model. Initially the work was built on the guess that several
variables were going to be used and suspected to get significant results. However the variables of
inflation rates, the real effective exchange rate, lending rates of the USD loans and the level of the
debt to GDP ratio did not show statistically significant effects on the macroeconomic index
(indirectly on the non-performing loans ratio). That is why they dropped out of the final regression.
Then the estimation of the credit risk of Armenia was left with the regressors (remittances, real
GDP growth, interest rates of loans in domestic currency, first difference of unemployment rate)
that could explain the NPLs and showed somewhat reasonable and justified results.
Afterwards, another pre-estimation task was to find out how many lags to include in the
model for Armenia. The choice of the number of lags is important in terms of minimization of
information loss. Akaike Information Criteria have been used which provide that just the first lags
of the explanatory variables are enough and even there is no need for any more lags as they do not
provide any valuable information. When constructing the final model, in both cases when the
second lags of the explanatory variables are included and they are omitted the R-squared does not
change much. In spite of that fact the second lags are included in the main equation. This is just to
make sure that the correlation between the residuals of the main equation and the estimated
residuals of the auxiliary regressions is kept very low, because otherwise there will be a correlation
between the variables of the main equation and the residuals of that same equation and the
estimators will be biased. Correlogram in Table A7 of Appendix shows the correlations between
the residuals of the main equation and the auxiliary equations with one lag of the regressors, yet
the next correlogram in Table A8 shows the correlations with the second lags. This means that by
making the correlations between the residuals almost zero one problem is solved concerning the
usage of the ARDL model for the estimations.
In contrary to the recent claim that the lags of the variables need to be present in the main
regression equation, one can notice that in the estimation the lags of real GDP growth are missing
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and it has a reason behind that. Collected data of the real GDP growth of Armenia as it is mentioned
in the data description was available with quarterly frequency and technically it is transformed into
a monthly one with additional assumptions imposed on it. The issue arises from the fact that the
real GDP growth of all the three months within a particular quarter is assumed to be the same as
of the average for the quarter. Thus the first and the second lags of the real GDP growth are not
that much different from their actual stream, which makes the lags insignificant. If there is no
variation in the lags of the real GDP growth then they do not have to be included in the model as
far as they increase the number of parameters and, thus, they decrease the degrees of freedom.
Moving forward, in Table A9 of the Appendix Variance Inflation Factors (VIF) are presented
when the first and the second lags of real GDP growth have been excluded from the model. By the
rule of thumb the variables with the variance inflated by a factor of more than 4 were dropped out.
This was the reason for dropping the lags of the real GDP growth and the differenced
unemployment rate (this one also neither affected the AIC nor the strength of the model). When
those variables where dropped out the VIF of the other parameters decreased as a consequence.
The estimation of the credit risk for Armenia has been conducted using the following main
equation:
mindex = cons + β1 lmindex + β2 dunemp1 + β3 dunemp2 + β4 lrate + β5 lrate1 +
β6 lrate2 + β7 rgdp + β8 rem + β9 rem1 + β10 rem2 + β11 𝑑𝑎𝑡𝑒 + ε

(3.1)

where mindex is the macroeconomic index and the lmindex is the first lag of that index,
dunemp1 is the first lag of differenced unemployment rate, dunemp2 is its second lag, lrate, lrate1
and lrate2 are the short term interest rates and the first and the second lags correspondingly, rgdp
is the real GDP growth without time trend, rem, rem1 and rem2 are the remittances and
correspondingly the first and the second lags, date is the time variable and finally, ε is the error
term.
The aforementioned specification seems to be the best fit to the model, due to two important
factors. At first the residuals of the main equation have almost zero correlations with the residuals
of the auxiliary regressions, which allows to claim that the ARDL model works and is a good
substitute for the VAR model, and at second the R-squared of the model is quite high, which is
obvious from the next regression output presented in Table 3.1. It is a signal indicating that the
model regressors explain the macroeconomic index very well. The most significant variable
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explaining the dependent variable mindex is its first lag and the inclusion of it in the model Rsquared improves significantly.
Table 3.1: Credit Risk Estimation
ARDL
lmindex

0.5688***
(0.0768)

l_rate_amd

-0.0312
(0.0227)

l_rate_amd1

0.0428*
(0.0241)

l_rate_amd2

0.0005
(0.022)

Rem

0.0033***
(0.0007)

Rem1

-0.0031***
(0.0009)

Rem2

0.0013*
(0.0007)

rGDP

0.0102***
(0.0029)

Dunemp1

-0.6215***
(0.2133)

Dunemp2

0.1272
(0.2215)

Time

-0.0033***
(0.0007)

Constant

2.9261***
(0.7532)

Number of observation
F (11, 116)
Prob>F
R-squared

128
58.81
0.000
0.8479

where * means significant at 10%, ** means significant at 5%, *** means significant at 1%
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The construction of the dependent variable makes it difficult to explain the results as the
coefficient estimates differ from the ones that explain the NPLs. This is due to the logit
transformation of the NPLs. When taking the first derivative of the model equation it becomes
obvious that the coefficient estimate of the first lag of macroeconomic index is not a constant
number, then its change is not constant as well. However, the interpretation of the results is not
impossible and one can make a conclusion relying on them.
The first lag of variable lmindex is significant at 1 percent significance level; its parameter
estimate is positive and it is more than 0.5. This can be explained as follows: when the index goes
up in one period back from now it forces current period’s index to increase by 0.5. Recalling from
the definition, increase in the macroeconomic index corresponds to a better conditions for the
economy with lower non-performing loans ratio. The above sentence can be formulated like if the
default rate decreases (increases) in the previous month then during this month it decreases
(increases) as well but how much it decreases depends on the value of mindex. The answer to the
question why it depends on the value of the macroeconomic index is already discussed and it falls
behind the fact that the first derivative of the variable mindex is not constant, because it is the logit
transformation of NPLs. The result indicating high relationship between the variable and its first
lag is quite anticipated as it means that the variable and its lag move to the same direction.
The next variable that is again highly significant in explaining the evolution of
macroeconomic index is the first lag of differenced unemployment rate. The first lag of the
differenced unemployment rate is the change of unemployment moving from the second month
back from now to the previous month. In the model it appeared to have negative parameter with
the value of almost -0.62. This finding lies behind the economic theory saying that if the first lag
of differenced unemployment rate has gone up then there are two possible changes. First, either
the unemployment rate of the previous month increased or the unemployment rate of two months
back from now had diminished. For the first case everything is straightforward as if the
unemployment rate of one month ago has increased then the creditors would fail to serve their debt.
Moreover, there are a lot of people that have taken a loan but they pay it back with the help of their
family members. Therefore, if one of the members is fired then the shortage of income forces the
borrower to default as the overall household income has decreased. The increase in unemployment
plays a crucial role particularly for the previous month because of the non-performing loans
definition. Non-performing loans of this month have been counted as overdue loans in the previous
month, because non-performing loans are those overdue more than 30 days and in addition people
lose their jobs having an overdue loan (the chance to default is increasing more for those who had
78

an overdue loan rather than for those who were serving their debt normally till the moment of a
bad event in the variable of unemployment rate). Relying on this discussion one can infer that
overdue loans definitely turn into non-performing ones. At second the unemployment rate of the
two months ago can decrease and make the differenced unemployment rate to increase. This will
have no effect on the current default rate. This is just because when two months ago the
unemployment went down at that time todays non-performing loans were not even overdue and
the chances of increasing the default is probably very small taking into account the specificity of
the Armenian case. Then one can infer that for those who had credits on schedule two months back
from now the economic conditions did not change. Finally, based on the above discussion one can
conclude that the increase in the variable of differenced unemployment rate has a negative effect
on the macroeconomic index justified by the economic logic. Consequently, there is an inverse
relationship between the variable dunemp1 and the NPLs ratio.
The next significant coefficient parameter has lrate1, interest rates on credits in domestic
currency lagged once. It is significant with 10 percent significance levels. The coefficient is a bit
more than 0.04. The contemporaneous effect of the loan rates does not show significance however
it is included in the regression because of avoiding the model misspecification. The signs of these
two variables are different from each other. The contemporaneous effect of the loans rate on the
variable mindex is negative while the sign of its first lag is positive. Sign of lrate is easy to interpret.
If the interest rates of loans in domestic currency of current month increase (decrease) then people
are not able (can) to afford taking additional loan to refinance the existing one as the debt service
ratio is going up in this case and banks become inclined on not granting loans. In reality the first
lag of the loan interest rates should have inverse relationship with the variable mindex. The
positive sign of the lrate1 can be interpreted as a result of construction. The final model includes
also the first lag of mindex and, as far as there exist negative contemporaneous relationship
between loans interest rate and the macroeconomic index, lrate1 contemporaneously inversely
affects mindex1. For that reason growing lrate1 has positive effect on mindex but it has bigger
negative effect on the first lag of mindex. Finally, the overall effect of increase in lrate1 on mindex
turns into an inverse one.
The de-trended real GDP growth also proves to be statistically significant at 95 percent
confidence interval. It has a positive (negative) effect on the macroeconomic index (default rate)
as it was supposed to. Because the bigger is the real GDP growth, the higher is the overall income
in the country; hence the easier it is to service a loan. More precisely, real GDP growth of current
month positively affects current mindex.
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Finally, the last variable of our interest which has been set as one of the goals of current
research and proved to be statistically significant is the variable of the remittances. The variables
rem, rem1 and rem2 correspondingly current net inflow of the remittances and its first and second
lags show statistical significance answering to the research question whether the international
transfers explain the evolution of the credit risk, correspondingly affecting the consumer credit
risk. The variable rem has a positive parameter sign which was anticipated. The transfers from
abroad have a direct relationship with the income of the economic agents. Even if the borrowers
are not the ones who directly receive finances, the increase in inflow has overall positive effect on
the economy and the aggregate demand and indirectly on creditors. Thereafter, they become less
likely to default. On the contrary to the current remittances the first lag has a negative parameter
estimate which has the same explanation as the first lag of the interest rates on loans.

3.2 Evaluation of Credit Risk under Stress Scenarios

After having the model parameters evaluated, the next step that is required to highlight the
vulnerabilities of the financial system from the side of the consumer loans, a stress test of the
consumer credit risk is needed. Before making any tests one needs to have the baseline predictions
for the estimated model. Recall, that for the case of Armenia we will proceed at first with a linear
prediction of the variables for a time horizon of a quarter. This is the range from December of
2015 till February of 2016. Therefore we can acquire the predicted values for the defaults for these
three months with the help of linear predictions of the independent variables again current research
uses AR(3) process) for December of 2015 and January of 2016. Why for these two months
exactly, because the main regression equation of current study includes second lags of explanatory
variables and the purpose is to abstract from the real data for the periods of the forecast. Then the
research goes forward with another assumption stating that the predicted values of the explanatory
variables for the period from December 2015 to January 2016 will be taken as actual ones in the
forecast model to be able to construct the future value of the dependent variable that is the baseline
prediction. Hence the linear forecast of the third month’s value of the dependent variable will be
based on the main regression that has almost the same parameter estimates as the one without the
predicted values for December and January. This future value generation allows making a dynamic
forecast by several iterations with the tools for point estimations. More precisely, the values of the
baseline prediction for the period of stress event (aforementioned three months) will be changed
by 10%.
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Moreover changing a variable to an unfavorable way means changing it in the direction
where the macroeconomic index will decrease which by construction corresponds to a worse state
of the economy.
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Figure 3.1: Actual & Baseline NPL Ratios
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Figure 3.1 shows the actual path of the non-performing loans ratio and its linear prediction
based on the linear predictions of the independent variables of the main equation. Here the data of
the macroeconomic index has been transformed back to make the results more illustrative for the
discussions. It is obvious that the predicted values of the regressors force the predicted values of
mindex to decrease that is they force NPL to increase. After the last peak NPL ratio starts to
increase and then in the last period it starts to decrease after the year of 2015 (After the currency
crisis of 2014, the data shows more or less stable behavior). When discussing the whole figure one
can notice that the dependent variable (in this case NPL) and its linear prediction move quite
similarly. As there is a negative correlation between the macroeconomic index and the NPLs, then
macroeconomic index evolves during the forecast period vice versa. It decreases till the very last
period and then starts to increase. Having the predicted values of mindex we have the losses

81

(NPLs) as well. The levels of NPL are needed to make suggestions based on the results of stress
testing.

.02

.04

.06

.08

.1

Figure 3.2: Stress Scenario No: 1
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The work conducts a more or less simple stress scenario for the first case: each variable
(except their lags) has been changed by 10% to the unfavorable way for the three months from
December 2015 to February 2016. One can infer that the variables have been stressed just for the
period of the stress event and the rest of the time horizon (the actual values) has remained
untouched. Figure 3.2 shows the prediction of the non-performing ratio under a stress scenario and
under the baseline prediction as suggested by the main model equation. It is obvious that during
the last three periods NPL ratio is more than the baseline prediction. During the last month here
also the ratio of the non-performing loans (macroeconomic index) decreases (increases). When
comparing the values of the non-performing loans ratios one can see that the stress scenario has
an effect of wave on it. There is a reason behind that stating that the lags of the regressors are
included in the model and the regressors have inter-temporal effects and their effects have been
outweighed by the variables themselves.
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It is worth noting that the baseline prediction and the stress scenario move together that is
they have similar tendencies. One of the possible explanations for this phenomenon could be the
fact how the stress event has been imposed on the variables. Because the predicted values of the
regressors for the forecast period have been changed by the same amount, hence the variables have
kept their trends. In other words the differences between the monthly values of the variables during
the stress horizon are left the same as the differences in tranquil times. The difference is just the
pace of the change which under the stress scenario is surely higher than in the case of baseline
prediction. As the values of the macroeconomic index has been transformed back into the NPL
ratios of the loans, one can observe the difference between the baseline prediction and the
prediction under the stress scenario, which will give a rigorous imagination of the banks’ financial
losses arising from the increasing consumer loans NPL ratio.
NPLs of consumer loans under the stress scenario are on average (average for three months)
by 1 unit (which is 1 percent of the total consumer loans) more than the NPLs of the baseline
prediction for each month of prediction period. However for the purposes to uncover the possible
effects on the deposit takers it is still blurry at this stage.
As it was proposed in the data description the choice of the stress scenarios has been done
for two cases. The first one has already been discussed as a change in every variable, which was
basically hypothetical scenario.
The second one is the historical one based on the changes in the historical data of the
explanatory variables. The stress scenario includes the shocks to all variables as the economy of
Armenia has faced during the year of 2009. This choice was not by chance, but rather motivated
by the fact that from the year of 2009 the banking system and financial system of Armenia in
general have been developing and evolving at a huge pace bringing with it an intense growth in
the levels of consumer loans and overall loans in general. Why the level of loans is important?
From the year of 2009 and so far the debt burden of the households and the individual economic
agents has been growing. Thus if a shock takes place at this moment it will have undoubtedly
worse consequences than before. As once during a panel discussion on financial stability issues
Andrew Crockett mentioned, the high indebtedness brings to the endogenous vulnerabilities to the
financial system. For the economy it will be much harder to service its debts and the consequences
also will be tougher because of the level of uncollateralized, highly risky and a fastest growing
consumer loans portfolio on the banks’ balance sheets. These loans will bring big losses with them,
which was not present during the year of 2009.
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Figure 3.3 Stress Scenario No. 2
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In the Figure 3.3 one can be a witness of the results of second stress scenario analysis. The
data of the NPLs are presented and till the December of 2015 the baseline prediction data and the
prediction values of the NPLs under the stress test are literally the same. One can infer that the
stress testing is done for the time horizon after December 2015 for a full year till the end of 2016.
The changes of the explanatory variables during the year of 2009 have been imposed on the
predicted values of the regressors after 2015. Thereafter, the predicted value for the
macroeconomic index, inherently the NPL ratio, has been forecasted based on the stressed event
and the stressed explanatory variables. As it was suspected the shock now will have much worse
consequences than the shocks in the past. And it is quite logical because compared to this situation
the banking system of Armenia has been relatively stable several years ago. This was a result of
the environment where the institutions were not exposed to different types of risks as now. Even
though they were several times small in terms of accumulated capital, the most important factor,
relative capital, was satisfactory for that period. Moreover the institutions were not exposed to that
much credit risk, the interest rate risk or the currency risk.
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Coming back to the second stress scenario it is worth noting that in the case of occurrence
of this type of shock makes the whole banking sector of Armenia exposed to a credit risk higher
than the anticipated baseline prediction levels to the extent of 7.9% of the total outstanding
consumer loans during the proposed time horizon of the stress test. And in total the NPL of the
consumer loans may reach to the level of 22.3% during the particular months. This should be of
real concern from the side of regulatory authorities because the insolvency in the banking sector
of Armenia even of a bank and not of a two may have the “effect of domino” in the system if one
takes into account the contingency risk because the correlation between the banks is very high in
terms of interbank loans and financial operations. Besides this fact there exists a very high
correlation between the loan portfolios of the banks, when one person has more than one credit,
moreover, they have credits from different credit types, including as the consumer loans as well as
the business loans as an entrepreneur.
Unfortunately the research fails to conduct the stress testing at the micro-level, because of
the data limitations. However, it is possible to make several implications. The work constructed
two stress scenarios which indirectly have their effects on the banks' balance sheets of the banking
system in Armenia. It is impossible to make a conclusion claiming how many of the banks and to
which extent exactly will lose as a consequence of a stress event. As far as the work touches the
case of the consumer loans, one can infer several things from the calculation of the expected losses.
As it has been already discussed the expected losses are counted as a multiplication of the Exposure
at Default, Loss Given Default and the Probability of Default. It can be immediately rejected the
idea that the first scenario we have constructed will have crucial role in the healthiness of the
financial system and financial stability. However, in the case of second event the probability of
default breaks the barrier of 22 per cent. What is crucial here is that the LGD of the consumer
loans during such an event tends to one, as far as this type of loans under study are not
collateralized, and are not backed with anything other than the borrowers’ future income, which
may not flow in during one full year as it was proposed. Moreover, as far as in the scopes of this
research we are looking at the default rate as an aggregate measure and a relative amount from the
total portfolio the EAD also tends to one. Hence we are left with the very high level of PD,
according to the stress testing results almost 22% during the entire year. A full year means that the
banks have to write-off those loans from their balance sheets as the Armenian banking regulation
requires after the 270th day of becoming overdue. How can one interpret these results? If the
regulatory requirement for the case of consumer loans is 12% and moreover they are weighted in
the calculation of the risk weighted assets by the weight of 75% then the bank that is keeping all
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the requirements on the edge of the CAR will definitely break the regulatory requirement of capital
and will not be able to absorb that amount of losses, which means that the level of capital
requirement is not enough for covering the unexpected downturns of the consumer loans defaults.
For the purposes of understanding how much capital banks in Armenia are keeping for
ordinary uncollateralized consumer loans with the risk weight 75% one needs to use the RWAs
calculation formula provided by the second accord of the Basel Committee and expressed by
equation 3.2.
𝑅𝑊𝐴 = 𝐾 ∗

25
3

∗ 𝐸𝐴𝐷 (3.2)

The formula is adjusted for the case of Armenia in the way that 25/3 represents the reciprocal of
the minimum capital requirement in the Armenian banking system, which is 12%. EAD represents
the exposure at default and K is the level of capital. According to the Basel Committee the capital
requirement that the supervisory authorities are implying on the financial sector is needed to cover
the unexpected losses, as far as the expected losses are covered by applying the risk based pricing
of the loans. Hence in the formula of the RWAs, K is the notion for the level of unexpected losses
(UL).
By calculating the risk weight of the consumer loans based on the stress scenario number
two, one can get the necessary level of the risk weight for the consumer loans, which will make
sure that in case of an adverse shock, like in the second historical stress scenario, Armenian banks
will be able to cover the unexpected losses incurred from the macroeconomic shocks. Current
research has switched to the estimations with an assumption in the head that during the crisis times
EAD tends to 100%. Given this assumption, the minimum capital requirement of the Armenian
banking sector (12%) and the maximum losses that can occur under the second stress scenario
(22%), the necessary risk weight for the consumer loans will be: 𝑅𝑊𝐴 = 22 ∗

25
3

∗ 100 = 183%.

However, the stress tests show that the maximum losses from the macroeconomic shock that the
banking sector can suffer are not present during the entire stress horizon. The average loss for the
stress horizon, however, is still high and the abovementioned calculation for the level of the risk
weight of consumer loans must be done for the average loss. The calculation reveals that the risk
weight of the uncollateralized consumer loans in Armenia must be no less than 142% not taking
into account the fact that the existing risk weight of these loans is underestimated. This level of
risk weight will ensure as much capital in the banks as they need to cover the additional 7.9%
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unexpected loss they may have if an adverse scenario like the one presented in the paper, which
everyone once has been a witness to, happens again.
Finally coming to the result the work initially was anticipating one can surely claim that the
consumer loans being affected from different factors, especially the international transfers as a
source of income for households are not backed with enough capital and in case of a historical
repetition of a stress event of 2009 the overall financial stability in the country will be placed under
a big question. The calculations of the necessary level of capital showed that the risk weight of
these credit types must be at least almost doubled which means banks must maintain twice more
capital for these loans to make sure that the CAR is not less than the regulatory requirement of
12%. There was a suspect from the very beginning of this research that the outcome of the analysis
will be the inadequate level of risk weight for consumer loans. Hence there is a need to adjust it
according to its riskiness based on the macro-prudential analysis. This suggestion has its
shortcoming, as far as the level of credit supply depends on the level of capital banks have and
requiring them to keep more capital for the same amount of credit portfolio binds them from
supplying more loans. Thus, here arises the next question of the research which is examined in the
next sub-chapter: “Does the level of loans affect real GDP growth?”

3.3 Relationship between Lending and Economic Growth
The last stage of current analysis is to reveal the possible relationships between the real
output and the outstanding loans in a country. We will follow the methodology that has been
developed in the chapter two and try to make implications based on the empirical estimations. The
analysis of the loan-output dependence and the existence of the lending channel are constructed
from three basic regressions. The final equation estimation is conducted with the help of the
Instrumental Variable approach, as far as one may deal with the endogeneity of the loans.
Recalling, the endogeneity of the loans refers to the possible interdependence of the loans
outstanding and the level of the real output. That is if the amount of loans affect output, it may be
the case when output affects the level of outstanding loans in turn. That is, basically why the
estimation starts with the identification of the money demand shocks.
As it was mentioned the money demand shocks can be a good IV for the final estimations
when making the main assumption in the correlations of the shocks in aggregate demand, loans
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demand and the money demand. At this stage the following equation 3.4 is estimated having the
purpose of finding the money demand shocks.

𝑑𝑚2𝑥 = 𝛽0 + 𝛽1 𝑅𝑒𝑎𝑙𝐺𝐷𝑃 + 𝛽0 𝑑𝑖𝑛𝑡 + 𝜀

(3.4)

where the dm2x is the first difference of the money aggregate M2X less currency, Real GDP is the
level of real GDP of the country, dint is the first difference of the interest rates of deposits with
maturity less than one year, betas are the regression coefficients and the 𝜀 is the error term, i.e.
money demand shocks. The estimation brings the following results as in Table 3.2

Table 3.2 Money Aggregates on Output and Interest Rates
OLS
Real_gdp

0.0489***
(0.0101)

dint

-4042.935
(4923.701)

Constant

-12810.81
(9067.823)

Number of observation
F (2, 48)
Prob>F
R-squared

51
11.86
0.0001
0.3308

where * means significant at 10%, ** means significant at 5%, *** means significant at 1%

The interesting results at this step are the signs of the coefficient estimates. Even though the
coefficients are not statistically significant, for the real GDP the coefficient is positive which is
quite supportive to the idea that the more is the national income the more money the economy
needs. And the second phenomenon worth noticing is the fact that the coefficient of the interest
rate is negative, which was expected because it shows that the increase in the interest rates forces
economic agents not to hold money, from one side because it is profitable to keep it in a bank and
on the other hand side it is costly for those who keep money in the form of loans. After having in
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the hands the results of the aforementioned regression one can get the predicted residuals which
will be the money demand shocks.
With the second step we try to discover a comprehensive instrumental variable for the level
of loans. As it was presented in the table containing the Akaike information criteria for all of the
variables, we use the lags that the criterion has suggested. For the purposes to estimate the effect
of loans on real output and not having the endogeneity of loans the shocks in the money demand
are used as the instruments for loans. Hence, the work conducts the Instrumental Variable analysis
with the two stage OLS estimation techniques to find out the initially proposed relationships. The
methodology is quite similar to the Two Stage Least Squares models, with a difference in model
identification. In our case the model is “just identified” which means the system of equations can
be solved and has the same amount of instruments as regressors. The first equation under study
that allows to instrument loans at this step looks as follows:

𝑑𝑙𝑜𝑎𝑛𝑠 = 𝛼0 + 𝛼1 𝑅𝑒𝑎𝑙𝐺𝐷𝑃1 + 𝛼2 𝑅𝑒𝑎𝑙𝐺𝐷𝑃2 + 𝛼3 𝑅𝑒𝑎𝑙𝐺𝐷𝑃3 + 𝛼4 𝑅𝑒𝑎𝑙𝐺𝐷𝑃4 +
𝛼5 𝑟𝑚2𝑥 + 𝛼6 𝑟𝑚2𝑥1 + 𝛼7 𝑟𝑚2𝑥_2 + 𝛼8 𝑟𝑚2𝑥_3 + 𝛼9 𝑟𝑚2𝑥_4 + 𝜇

(3.5)

where dloans is the first difference of the variable “loans”, Real GDP is the level of the real GDP
but with the corresponding lags according to its index, rm2x and its lags with their corresponding
indices are the shocks in money demand (residuals of the equation 3.4) derived from the first
regression as it is shown in the equation 3.4. From the regression output presented in Table 3.3 it
is obvious that the effect of GDP on loans is not certain with the fourth lag being significant at the
significance level of 10 percent. Why the data of the real GDP is present in the regression? The
answer is quite straightforward. When suspecting the interdependence of variables of loans and
the real output at some point, the effect that the real GDP lags can have on the loans must be
cleared out before the main equation by including the real GDP lags into the second regression.
Otherwise the research would end up with wrong model (model specification bias) and wrong
results. From the variables of the money demand shocks and their lags it becomes clear which ones
that have statistically significant effect on the loans. At first money demand shocks affect loans
contemporaneously during the same quarter and at second the second lag of the money demand
shocks has statistically significant effect on loans at the significance level of 10 per cent. The t
statistics for the contemporaneous money demand shocks is 2.46 and is greater than the critical
value of the test statistics at the significance level 0.05. The next variable which proves to be
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essential is the second lag of the money demand shocks with the t statistics of 1.71 and it is
significant at 10% significance level. Recalling the methodology of choosing the IV for a variable,
IV must have impact on the variable under study, which in our case are the money demand shocks
contemporaneously and the second lag of those shocks. It is worth noticing also that the signs of
the two money demand shocks that are statistically significant are positive, which means the
positive money demand shock brings to an increase in the loans. In other words the increase in the
money demand brings to the corresponding response from the market via increasing loan supply.
This result is quite supported by the literature and is accepted by the economic theory and different
economic schools.
Table 3.3: Loans on Money Demand Shocks
OLS
Real_gdp_1

-0.0338
(0.0445)

Real_gdp_2

0.0490
(0.0424)

Real_gdp_3

-0.0619
(0.0449)

Real_gdp_4

0.0808*
(0.0447)

rM2X

0.7904**
(0.3214)

rM2X_1

0.0015
(0.3274)

rM2X_2

0.5508**
(0.3227)

rM2X_3

0.5334
(0.3327)

rM2X_4

-0.0123
(0.3650)

Constant

17442.9
(23548.55)

Number of observation
F (9, 37)
Prob>F
R-squared

47
2.75
0.0144
0.4008
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where * means significant at 10%, ** means significant at 5%, *** means significant at 1%
Now when the level of loans not only can be instrumented with a good IV, but also the
endogeneity of loans (inter-dependence of loans and real output) have been solved, one can
proceed to the third stage of the loans-growth analysis. The final stage estimates the relationship
between the loans instrumented with the money demand shocks, what the initial goal of the
quantitative analysis was. For the aforementioned purposes, according to Instrumental Variable
methodology, at first one needs to find the predicted values of loans instrumented with money
demand shocks. Thus another regression was run that has the model specification as in the equation
3.6:
𝑑𝑙𝑜𝑎𝑛𝑠 = 𝜋0 + 𝜋1 𝑟𝑚2𝑥 + 𝜋2 𝑟𝑚2𝑥_2 + 𝜔

(3.6)

Above equation 3.6 shows the relationship between the variables of our interest: loans and the
shocks in money demand, both contemporaneously and inter-temporal. After estimating the
equation 3.6 one can get the predicted values of the loans which contain information in loans
related only to the money demand shocks. All else is falling into the error term 𝜔 of the equation
3.6. This is the break-through moment of the analysis, because the predicted values of equation
3.6 allow to do the final estimation that will be related to only the lending channel and abstracted
from all other channels (like the interest rates channel). The regression output of the Instrumental
Variable is presented in the Table A5 in the Appendix. There is a difference in using the
instrumental variable instead of the actual variable of loans. The final estimated coefficient values
are different; however it is possible in the end to recover the coefficients of ordinary OLS from
the parameter values of IV estimation.
After retrieving the predicted values of instrumented variable of loans (model predicted
values of the linear estimation of equation 3.6) the only thing which is left to this part of the
research is to conduct the final regression trying to find the possible relationship between
outstanding loans instrumented by money demand shocks and the real output growth. At this stage
another test of the Akaike Information Criteria is conducted for the variables in the final regression
in order to find out how many lags to include in the regression. The results are presented in Table
A6 in the Appendix and they do confirm that both instrumented loans and the real GDP growth
must be present with their lags: the real GDP growth with its first lag and the loans with its second
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lag. Finally the corresponding regression is run: instrumented loans on real GDP growth. The
regression linear equation is specified as follows in the equation 3.7:

𝐺𝑟𝑜𝑤𝑡ℎ = 𝜌0 + 𝜌1 𝐺𝑟𝑜𝑤𝑡ℎ1 + 𝜌2 𝐿𝑜𝑎𝑛𝑠𝐼𝑉 + 𝜌3 𝐿𝑜𝑎𝑛𝑠𝐼𝑉1 + 𝜌4 𝐿𝑜𝑎𝑛𝑠𝐼𝑉2 + 𝜏

(3.7)

where Growth is the real GDP growth for certain quarter, Growth with an index shows the lag of
the variable according to the index, LoansIV is the instrumented variable of loans, LoansIV with
the indices are the lags of the loans in accordance to the indices and 𝜖 is the error term. Estimation
of this linear equation brings the necessary relationships between the real GDP growth and the
level of outstanding loans instrumented by the shocks in money demand both contemporaneously
and inter-temporarily. The regression output below in Table 3.4 shows the corresponding
estimation’s results.
Table 3.4: Real GDP Growth on Loans
OLS
Growth_1

0.7674***
(0.1091)

LoansIV

0.1244**
(0.0492)

LoansIV_1

0.1060**
(0.0437)

LoansIV_2

-0.0311
(0.0532)

Constant

-5.756
(3.505)

Number of observation
F (4, 42)
Prob>F
R-squared

47
14.94
0.0000
0.5872

where * means significant at 10%, ** means significant at 5%, *** means significant at 1%
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The final estimation proved the initial beliefs why this part of the research was conducted.
At first, the variable Growth_1 is proved to be significant at 99% of confidence interval. The
coefficient is almost 0.77, which means that 1 % increase in the past data of the real GDP growth
transfers into the future increase in the real GDP growth by 0.77%. This result is quite expected
because it means that the previous levels of real GDP growth positively affect the real GDP growth
in the next period. In other words if the real GDP growth has increased in one period back from
now then due to that the real GDP growth will increase also during current period.
At last the research showed enough evidence to claim that the levels of outstanding loans
and its first lag have positive and statistically significant effect on the levels of real GDP growth.
The variable LoansIV is statistically significant at the 0.05 level of significance with the t statistics
2.53. The first lag of LoansIV is also significant at the significance level of 0.05. However the
second lag of LoansIV fails to show statistically significant relationship with real GDP growth.
One important factor concerning the results is the signs of the estimators. The only variable that
has got a sign different from what initially was expected it is the second lag of loans with minus
sign, which means the increase in loans 2 periods back will bring to the decreasing real GDP in
the future. Nevertheless this linear estimator cannot be claimed to be significant with t statistics
equal to -0.59.
The model specification is assessed to be well-specified, in spite of the fact that the r-squared
for the model equals to 0.58 and the adjusted r-squared being equal to 0.55. One can argue that the
r-squared statistics is not that high to claim about the well-specified model. However one must
take into account the F-statistics when discussing the model results, because it shows how all of
the model variables together affect the dependent variable of real output growth. Thus it is the joint
significance of the model regressors and in our case the probability of test statistics being more
than the critical value is zero, which means that the null hypothesis of the F test (the variables are
not jointly significant) is rejected in favor of the alternative hypothesis stating that there is joint
significance in place. The problem that the model suffers from is the number of observations that
we lose in the process of estimations. Every time we use a lag of a variable one observation is lost
in process. Finally the analysis is left with 46 observations and 4 degrees of freedom.
When discussing what results to grab from the final results of the model one may start from
the initial variables definitions. For instance the variable of loans and its first lag has quite similar
effect on the real GDP growth. The variable of loans has been defined in million Armenian drams
which is quite small for the discussion of our results and on the other hand the coefficients of loans
are very small. To make those coefficients illustrative one can change the corresponding variable
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values. If one divides the variable of loans by one thousand the result will be the same but just in
billion drams. And as a consequence the model coefficient has to change; particularly it has to be
multiplied by one thousand. Basically what we do is multiplying and dividing the third component
in the very last equation 3.7 by one thousand and the final results will not change. To illustrate the
results after changing the loans variable, one can say that the increase in loans by 1 billion drams
will have a positive effect on the real GDP growth now and one period forward to the extent of
0.12 and 0.10 per cent correspondingly. And by saying increase in 0.12 per cent we mean the
increase in the pace of growth and not 0.12 per cent increase in the real output (if the real GDP
growth was 10%, then the increase in loans by 1 bln dram will bring to the contemporaneous real
GDP growth of 10*0.12%, which is 10.0012%, and the corresponding real GDP growth in the next
period).
The results of this part of the research are quite comparable with those done by ECB or
Driscoll for the US and many others worldwide. In theory the growth in the level of loans and debt
in general has to be incorporated with the increase in the consumption, investments and the
aggregate demand. It is quite reasonable and supported by the economic theory that an indirect
increase in aggregate demand in the country may bring to the growth of the real output. In the
scopes of current research we have found enough evidence to claim that, in spite of the issue of
financial stability and the need of sound and smoothly growing financial system (particularly
banking system, from the example of the country under study), this “coin” has the second side as
well and any action towards limiting the loan supply ends up with the “punishment” from the side
of real output growth. Hence, regulatory authorities face a clear trade-off between the financial
stability (credit risk control and limitations) and the real output growth. By trying to reduce future
losses from the possible risks that financial system is subject to regulatory authorities encounter
the risk to cut the real output growth now and in the near future as well.
At the choice of these two cases regulatory authorities must take actions on both sides. They
have to not only control the risks and protect the financial system from the potential losses, but
also to choose to which extent the future losses have to be covered because just making the
financial system as sound as possible and eliminating good chances of potential growth is not a
good idea. The supportive argument for the aforementioned statement lies behind the phenomenon
of the alternative costs. Likewise the evaluation of any other project that a firm or an economic
agent implements, regulatory authorities have to put together all of the losses and profits the
financial system or the banking system obtains as a consequence of their decisions and regulations.
In this case the gain of the whole economy from increasing or tightening the regulatory
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requirements is the exclusion of the future losses from the risks that have been under control. On
the other hand the actions taken to control the possible risks and the possible declines in the loan
supply bring to the decreasing growth of the real output. Thus, on this side there exists an
alternative cost of reduced real output growth. Finally, if the gains from the tightening of the
regulatory standards overcome the alternative losses from reduced real output growth, then the
overall outcome will be positive and regulatory authorities must take actions in terms of controlling
the potential risks and the losses arising from those risks.
For the case of this research as already mentioned in order to control for the potential losses
arising from the stressed credit risk of the consumer loans, for the case of Armenia, CBA's possible
action for increasing the banking industry stability and to make the banking sector more prudent
and able to cover those losses is to increase the capital requirements to have the necessary cushion.
Those actions, however, can bring with them certain consequences. The increase in the capital
requirements reduces the ability of banks to lend and the loan disbursements may decrease.
Decreasing loan supply brings with it another set of events as it has been proved. According to our
results the loan supply has a positive relationship with the growth of the real output. This means
that the increase (decrease) in the level of the loans is incorporated with the increase (decrease) in
the real output growth. Hence any action that binds loan supply may have negative effect on the
real GDP growth. It means that making the banking sector sound and stable against the consumer
credit risk shocks regulatory authorities decrease the real GDP growth via the reduced loan supply.
Here another question may arise to which extent the real GDP growth will suffer from the actions
on the side of credit risk. We leave place for another research to answer this question, because it
is not the subject of current research. One should find out how much exactly and from which exact
credit type the supply will suffer if the regulatory authorities increase the capital requirements for
the consumer loans. The sensitivity analysis is needed to find out how the structure of banks’
balance sheets may change in favor of this or that type of credit, taking into account the intended
returns on equity of each credit type. The sensitivity analysis based on the returns of credits is
needed here because banks are other agents in this market and they do change their behavior and
their strategy when new rules are imposed on them.
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3.4 Limitations of Research
As research that does implications based on the modeling of the situation it is studying and
makes forecasts based on that modeling finally ends up with making certain assumptions and the
limitations of the basic model set-up. Current work is not an exception either. That is why it is
worth noting the limitations that the work with its methodology has. It will allow to fully
understand the methodology of the work and to realize the model errors that can appear and affect
the results if one does not abstract from the assumptions that the model makes, and attempts to use
the model in decision-making.
Those limitations are:
1. The first limitation of the adopted methodology for current research, one can argue, is
the choice of the piece-wise approach of modeling a financial soundness indicator. For
the well-known reason, stating that the piece-wise approach estimates a direct and linear
relationship between the risk measure and the macroeconomic fundamentals, meanwhile
the integrated approach estimates the probability distributions of the losses (Sorge and
Virolainen, 2006). Hence, integrated approach gives a chance for researchers to visually
illustrate the effects on the economy and banking sector, moreover it is believed to
provide more precise forecasting. However, the integrated approach has its own
weakness of endogeneity of most of the macroeconomic indicators (Assouan, 2012).
That is basically why current research follows the piecewise approach using time series
and all macroeconomic parameters are exogenous.

2. The next limitation of the chosen model of macroeconomic stress testing in current study
can be the specification of the model. The proposed model is an ARDL (autoregressive
distributed lag model) with the auxiliary regressions of the explanatory variables which
are included in the main ARDL equation. Theoretically there are correlations between
the auxiliary regressions’ error terms and the error terms of the main equation, which
will make the forecast results biased. However the work overcomes this issue by
including more lags of the variables in the auxiliary regressions. By doing so, the
correlations of the error terms of the auxiliary regressions and the main equation tend to
zero, which allows to use the ARDL model instead of the structural vector autoregression model. Why is there a need to use the ARDL model instead of a VAR? The
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interpretation of the model coefficients becomes easy and understandable and the ability
to make a linear forecast arises.
3. Current analysis finds that correction of the risk weighted assets, and by “correcting” the
increase of the risk weight of consumer loans is meant, is decreasing credit supply
through the entire economy given the level of capital financial institutions accumulated.
However, when analyzing the effect of shrinking credit supply on the real GDP growth
rates, current work instead of using the supply of consumer loans uses the credit supply
of all the credit types. It is not illogical because, at first, the smaller the credit supply of
consumer loans the smaller the overall credit supply in the economy and at second when
increasing the risk weight of consumer loans one does not know whether it will have
negative effect on the supply of consumer loans or on any other type of loans. Elaborating
a little bit the second statement, one can obviously note that consumer loans in the case
of Armenia being the most profitable loans may not decrease in supply because they are
the most attractive way of banking investments. Hence, for clearly stating that increasing
the risk weight of consumer loans will decrease the supply of the same type of credits is
ambiguous and a subject of another research. Of course, one may argue that instead of
using the levels of overall credit supply in the regressions of output to loans, it is
preferable to consider also the share of consumer loans in the total outstanding loans in
model regressions. Finally, this work comes up with the following statement that
increasing the risk weight of the consumer loans will decrease the overall credit supply
in the economy, given the level of accumulated capital, and that is why the second round
of analysis estimates the relationship between output and total loans.

4. The most wide-spread problem in every type of analysis is the lack of data. For the case
of current research data has obviously been one of the main problems that even limited
the future extension of the research. It is worth to note the important ones. The data of
the GDP growth as already mentioned was available with the quarterly frequency. How
the work dealt with that? As far as the GDP growth rates express the growth of a certain
quarter over the same quarter of the previous year, an assumption was made at this stage
of the work that the GDP growth rates of every month in a particular quarter is the same
as the growth for the quarter, which means that if every month of a quarter, for instance
grows by three percent than the quarterly growth rate also has to be three percent. One
could think there is no problem; the assumption basically says that within the quarter
there is no deviation from the quarterly mean of the growth rate. In other words there is
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no distribution of the growth within a quarter. However by making the data monthly with
this, the only available methodology, the data loses the variance of GDP growth. The
next example is the time horizon of the data set. As far as the data is short, there is no
room left for out of sample performance, besides the part of the year of 2016, because
we try to use as much data in the analysis as possible. Another example of data limitation
is the availability of the NPL ratio, the series of which starts from the year of 2005.
5. Finally, one can note that the assumption, made in the analysis of the relations between
the loans and the output growth, about the status of the loans, is yet another limitation,
because there are different types of financing firms can switch to. However, there is a
justification for this limitation saying that for the country of our study the channels like
interest rate or the liquidity channel does not work properly, relying on the already
mentioned researches. That is basically why the bond yields (that contain also the bonds
that the firms issue) did not take part in the analysis.
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Conclusion and Recommendations
The significance of having prudent and stable financial system that is able to absorb the
challenges of the fast growing global economy has been an issue for the recent decades. The
academic world pays great attention to the concept of financial stability and its various aspects
because economic history of the entire world shows how devastating consequences shocks in
financial system can bring to the real sector of a particular economy. There is an experience of The
Great Depression, the most recent financial crisis in the US that shook all the world and dozens of
crises across the globe. These crises showed that the financial sector of a country and financial
institutions operating there can be vulnerable and, thus, can trigger crises.
This issue gave rise to several projects implemented to estimate the healthiness of a country’s
financial system and to prevent the upcoming crises. That is why IMF has been developing the
project of Financial Soundness Indicators and the stress testing as a tool for assessing that stability.
FSIs contain valuable indicators about the different types of risks that deposit takers and their
household and corporate counterparties face. Current research has been focusing on the credit risk
from the list of those that are addressed in the set of FSIs. With the help of the indicator of nonperforming loans ratio current research has modeled the consumer credit risk of Armenia and
conducted a stress test with two adverse scenarios trying to reveal the weaknesses and
vulnerabilities of the financial system and possible gaps in the regulation standards. All these
actions correspond to the ones initially proposed.
First of all it is worth mentioning why current work has been devoted to the issue of
uncollateralized consumer credits, their credit risk, the level of capitalization and the possible
impacts this credit type can have on the whole financial stability of the country. During the last
two-three decades there have been paid increasing attention to the household debt, especially after
the US sub-prime crisis. Many scholars do believe and many of them have even proved for
different countries that the increasing indebtedness of the households (corporates as well) at some
point may become uncontrollable and can be a sign of the expected financial and macroeconomic
shocks in the country.
As different countries witnessed, many recent crisis have been preceded by quite high output
growth rates and, as a “rule”, by drastic increases in household indebtedness. For the case of
Armenia this issue has a place of a real concern as far as the historical data for the household debt
shows that in Armenia after two recent crises, one in 2009 after the US financial crisis and one in
2014, the latter started with the exchange rate fluctuations, the household indebtedness is
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continuously increasing.
Furthermore, from all the types of credits only the consumer loans that are not pledged have
been chosen as a subject of the study. This is explained by the facts that, at first, these loans are
treated to be the riskiest ones in the whole set of credits in the Armenian banking system. At
second, there was an initial belief that in the case of Armenia consumer loans are serviced partly
by the international money transfers of the individuals and this external factor must be taken into
account when imposing regulatory standards on them. Taking into account the abovementioned
remarks, a suspect arose that these credit products are not backed with enough capital and their
risk weight in the calculation of the RWAs for maintaining the regulatory capital requirements
does not reflect their true riskiness.
Nowadays various methodologies exist for calculation of capital requirements for the
financial institutions or deposit takers, which need to be reviewed from time to time for assuring
the economic agents that the financial system is prudent and well-capitalized. Under wellcapitalized not only the overall capitalization is meant but also regulatory authorities and the
existing literature divides the capital requirements between the certain types of activity, certain
type of risk and the most important one the certain amount of risk exposures.
Before conducting the research, several objectives have been set and certain goals were
supposed to achieve. Initially the work differentiated the most essential research questions that
were going to be answered. Hence summarizing in four points the initial research questions were
as follows:

1. What macroeconomic fundamentals are explaining the consumer credit risk?
Especially does the credit risk depend on the international money transfers?
2. Does the model of ARDL (autoregressive distributed lag) allow conducting a proper
forecasting based on the proposed consumer credit risk model?
3. Is the level of capitalization of uncollateralized consumer loans in Armenian
banking sector enough according to current RWA’s calculation methodology?
4. Does the level of outstanding loans affect real output growth on the sample data of
the Republic of Armenia? In other words, is there a trade-off between financial
stability, i.e. credit risk mitigation, and the economic growth?

At first glance these questions do not seem very well linked to each other, however the
questions have been chosen based on the objective of the work and after the short discussion of
the answers the more elaborative discussion follows. During the process of the analysis all of the
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above questions have been answered. Starting from the very beginning, one can state that at first
the research succeeded to model the consumer credit risk, linking it to the proposed variables. Part
of the initially chosen macro-variables did not prove to be statistically significant, which means
they did not show any sign of explaining the consumer credit risk. The list of the variables
explaining the evolution of consumer credit risk consists of the real GDP growth, loans interest
rate in domestic currency, the unemployment rate and the most important the level of remittances.
All of these macro-fundamentals proved to have significant effect in explaining the consumer
credit risk of Armenia. Moreover they had also inter-temporal relationships which allowed
conducting a stress testing with the forecasted data. The sub-question of the first part of the
research also has been answered. The international money transfers (remittances) proved to be
highly significant in explaining the consumer credit risk as it was anticipated before the analysis.
The stress testing has been done based on the aforementioned credit risk model.
The second question has also been answered as far as the research showed that the ARDL
model can be used in the credit risk macro-modeling and allows to conduct reasonable forecasting
if the correlations between the residuals of autoregressive processes of the regressors from the
main equation and the residuals of the main equation tend to zero, which was done in the
dissertation. This procedure ensures that there is no evidence of endogeneity of the regressors and
no evidence of autocorrelation in the main regression presented in the equation 3.1. That is why
the consecutive results of consumer credit risk modeling are highly significant and it allows doing
a point estimation forecasting with the number of iterations one needs (based on the forecasting
time horizon).
The third question that has been raised is basically the main pillar of this research; it is
basically the question that gave birth to current work. All other questions that have been answered
and the analysis that has been conducted are supplementary ones. This question has been answered
only when the stress testing has been done based on the results achieved from modeling the credit
risk. Having in the hands the model coefficients, two stress scenarios have been imposed on the
macroeconomic variables, and as a result the banking system of Armenia showed fragility, from
the ability to cover the costs that may arise from the uncollateralized consumer credit defaults at
times of crisis. Hence it was concluded that the risk weight of the uncollateralized consumer loans
in Armenia has been underestimated and must be adjusted and increased.
The last question is of a great interest because it proved part of the international experience
of having a positive relationship between the levels of outstanding loans and the real GDP growth.
By conducting the modified version of the Driscoll's (2003) analysis the work finds that the loans
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instrumented by the money demand shocks have highly significant effects on the real GDP growth
though the coefficient estimates were not very big. Hence the regulatory authorities face a tradeoff between the financial stability and the real output growth. Where does this trade-off come
from? On one side of the coin there are financial stability issues that may arise, as the work
suggests, from the consumer credit defaults during crises and on the other side the banking system
faces a limited ability to lend money to the economy if the regulatory requirements are increased
(the risk weight is increased). Hence if the supervisory authorities decide to enhance financial
stability in the country and to make sure that the banking sector is able to absorb shocks in the
consumer credit default rates by increasing the level of capital institutions must keep for those
credits, they will be about to give up additional loans that would never be injected into the market,
thus the country will end up with lower growth rates.

Statistical Results
Before making any implication based on the econometric analyses the dissertation handled
with, it is necessary to summarize the results of three stages of the research: credit risk estimation;
stress testing and the estimation of the effect of loans on output growth.
1. After modeling the credit risk of uncollateralized consumer loans of the banking sector
of Armenia, OLS regression has been done by the statistical software package to find out
the coefficient estimates of the independent variables. The analysis showed that in
explaining the macroeconomic index (transformation of NPLS) several proposed
variables have significant effect. The effect of some variables on the level of NPL ratio
was not straightforward; however the overall impact those variables have on the level of
macroeconomic index was explained in the Chapter 3. The model resulted in coefficient
estimates with the signs as it is proposed by the economic theory:


The relationship of the first lag of macroeconomic index with the dependent
variable is direct



Interest rate on loans in domestic currency also has a direct relationship with
the level of NPL ratio



The impact of remittances on the NPL ratio is an inverse one



The real GDP growth is also inversely related to NPL ratio



The sign of the unemployment rate on credit quality is plus, hence they do
move together
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It is also worth mentioning that the statistical analyses could not find enough evidence of
the relationship between the variables of exchange rate, inflation and Debt over GDP
ratio and the dependent variable of NPL ratio.
2. With the second step two stress scenarios were imposed on the macroeconomic variables
with the aim to find out the possible downturns in the quality of consumer credits. The
first adverse scenario, which represented from itself a hypothetical deterioration in all the
explanatory variables that have statistically significant effect on the NPL ratio by 10 per
cent, revealed that the consumer credit defaults (NPL ratio) as a result would suffer an
increase by 1 more percent of the entire consumer credit portfolio. Afterwards, the second
historical stress scenario was imposed on the data, which took the deviations of all the
variables that happened during the global financial crisis of 2008-2009. In case of the
second, more severe scenario, the NPL ratio of the uncollateralized consumer loans show
a significant increase exceeding the 22 per cent bar during the stress scenario horizon.
On average, the overall increase in the default rates equaled to around 7.9 per cent.
Thus, additional unexpected losses of the Armenian banks during the stress period, which
is a full year, will be equal to 7.9 per cent.
3. Afterwards, the necessary risk weight has been calculated for these credit types, which
will make sure that the banks have accumulated enough capital to handle with the
unexpected losses that may arise in times of crisis. Calculation has been done according
to the proposed methodology of the Basel Committee deriving from the calculation
methodology of CAR, and the new risk weight must be no less than 142 per cent. In order
to be able to cover the average losses of 7.9 per cent the existing risk weight of 75 per
cent must be increased by almost 70 per cent. This means that the financial institutions
will have to almost double the amount of capital they are investing in this type of credit
portfolios to make the level of CAR the same required 12 per cent.
4. Finally, after proving that uncollateralized consumer loans in Armenia are not backed
with enough capital and their risk weight has to be increased to meet their credit risk
exposure, a concern arises that the credit supply as a consequence will suffer given the
fixed level of capital banks have accumulated. That is why the econometric analysis was
conducted to find out whether one gives up real output growth when decreasing the credit
supply or not. The results were quite obvious when the model was estimated using the
Instrumental Variable approach. After cleaning up all the effects from the data of loans,
the estimations revealed that the instrumented variable of total outstanding loans and its
first lag are highly significant with coefficient estimates equal to correspondingly to 0.12
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and 0.11. Both of them have the plus sign meaning that the level of outstanding loans in
the economy is positively related to the real output growth. Thus, at this stage statistical
analysis proved that there is an adverse consequence as well from increasing the risk
weight of uncollateralized consumer credits.

Implications
After conducting the analytical part of the research the work proceeds with the attempts to
draw out the necessary implications from the statistical analyses for giving a comprehensive
conclusion and recommendations based on the implications. That is why more detailed
implications follow step by step:
1. Drawing out the first and the most important implication from the statistical analyses is
that the defaults of uncollateralized consumer credits can be modeled by the
macroeconomic fundamentals and there are several important factors that mainly
determine the evolution of those defaults. The estimation of the consumer credit risk
model shows that the real GDP growth, the remittances, unemployment rate and the
interest rates on loans in domestic currency have significant impact on the default rates.
One can imply that in the calculations of consumer credit risk levels the abovementioned
variables must be taken into account. Mostly, it is important to look at the real GDP
growth and unemployment rates to identify the state where the economy is. The interest
rate of domestic loans is another important factor and the results allow inferring that the
increase in the interest rates can be a sign of increasing credit risk. Finally it is of great
importance to imply that the consumer credit risk evolution in Armenia highly depends
on the external factors. The last implication is made from the proven linkages between
the consumer credit defaults and the levels of remittances. The amount of
remittances/international money transfers by individuals is mostly determined by the
economic conditions in the trade partners of the country and in the countries where those
money inflows are coming from. Those countries are basically the ones where the
Armenian workforce finds jobs. This means that the financial stability of Armenia to a
bigger extent depends on the economic stability of those countries. The work finds it
desperate to find a way for controlling this channel because Armenian authorities have
nothing to do with the economic condition in other countries. However, the work comes
up with a recommendation that can be a solution to this issue.
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2. Second implication is related to the statistical part of the research. As far as the proposed
ARDL model proved to be working for modeling and forecasting the consumer credit
risk in Armenia, this model can be used for further continuous analyses and can serve as
a tool for calculating regulatory requirements in the future.
3. After conducting the stress testing based on the model of credit risk it becomes clear that
the consumer credits can be a real threat to the financial stability of Armenia. Stress tests
revealed that these loans are not well-capitalized, which means that the capital
requirements for these credits are not enough to cover the losses that may arise in times
of crisis. The underestimation of the consumer credit risk can be due to two possible
problems. At first, the calibrations of the standardized approach of the RWAs calculation
may be out-of date. Hence they are not applicable for nowadays conditions. At second,
the model that the regulatory authorities have been using for estimation of consumer
credit risk does not reveal proper results.
4. The last implication that one can do from current research is that there is a trade-off
between financial stability and real output growth. This point has a great importance for
regulatory authorities, because it gives them the idea that the point is not only the control
over all types of risks and of the size of their exposures, but also the realization of the
fact that they may give up growth for eliminating financial system vulnerabilities. In
other words, before setting a regulatory requirement one needs to find to which extent of
real GDP growth one may lose for controlling the whole exposure of consumer credit
risk explained in the dissertation. This question is not answered and leaves a space for
future analysis in this field for the newcomers.

Recommendations
A proper research is conducted for achieving certain results with certain implications based
on which one can find a solution of a problem and give certain recommendations. This dissertation
is not exclusion. After reviewing the relevant literature, conducting statistical analysis and making
implications based on the results, the work combines all of those procedures and makes certain
recommendation trying to offer proper solutions for the problems raised in the work:
1. The first recommendation that the dissertation comes up with is related to the financial
stability maintenance policies implemented by Central Bank of Armenia in different
states of the financial system. As it has been mentioned in the review of the regulatory
standards of the Armenian banking system, Central bank differentiates three different
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policies: preventive, corrective and recovering policies. The dissertation shows that there
is a need for corrective changes in the capital requirements for the consumer credits
however the economy and the financial system show quite stable behavior. This means
that corrective actions in the regulatory standards must be in place in the stage of
preventive policy. Basically, it is the advantage of macro-prudential analysis and stress
testing, which allows revealing the weaknesses and vulnerabilities of the financial
system before a need for corrective actions arises. Summarizing, this research suggests
to combine several aspects of the two, preventive and corrective policies, and to conduct
macro-modeling and stress testing analyses while implementing the preventive policy
and to adjust the regulatory standards in advance.
2. The second recommendation is related to the fact that there is a need to model the
consumer credit risk, thus the regulatory capital requirements for these credits must be
backed with a macro-prudential analysis. At this period of time this research finds that
variables like, real GDP growth, unemployment rate, interest rates on loans in domestic
currency and remittances have statistically significant impact on default rates of
uncollateralized consumer credits with their corresponding coefficients. However, it is
necessary to emphasize that the model parameters are subject to changes in different
economic conditions and there is a need to conduct such macro-prudential analyses on a
continuous basis.
3. For the purposes of statistical analysis it is highlighted in the dissertation that the ARDL
model can be a good alternative to the structural VAR methodology. ARDL makes it
easier to interpret the coefficients and gives a chance as the VAR models to conduct a
forecast with number of iterations. Therefore, it is recommended to use ARDL approach
for credit risk modeling with no hesitation.
4. As a result of the conducted credit risk modeling and stress testing current work has an
important finding, stating that the current risk weight of the uncollateralized consumer
credits does not reflect all the exposure to credit risk that may arise as a consequence of
an adverse macroeconomic shock. Consequently, the level of CAR equal to 12 per cent
will not be enough to cover the unexpected losses. According to the findings, in order to
assure, that the level of capital, in the scopes of 12 per cent CAR, is enough to cover the
losses that may arise during the stress horizon, the risk weight of the uncollateralized
consumer credits in the banking sector of Armenia must be increased from 75 per cent
to 142 per cent. This increase will make sure that the CAR equal to 12 per cent is enough
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to cover the unexpected losses from these credits because the new CAR of 12 per cent
will correspond to a higher absolute level of capital.
5. The next and final recommendation is based on findings of the last statistical analysis
which shows the impact of loans on real GDP growth. One of the keystones of this
research was the wish to link the concept of financial stability (or instability connected
to the consumer credit risk) with the output growth. An important implication from the
results of stress testing has been done, saying that the level of risk weight of consumer
credits must be increased to match the possible losses that the banking sector of Armenia
may face in case of a macroeconomic shock. However from the increase in the risk
weight, the ability of banks to lend shrinks given the level of capital. Having in the hand
the results of the last statistical analysis, one can claim that the real output growth suffers
from the increase of the risk weight of the credits under study (in other words from
enhancing financial stability). Hence, the last recommendation is that the regulatory
authorities must pay attention to the trade-off between financial stability and growth they
will face when trying to increase the financial stability. The work does not elaborate on
the issue of how much real output growth may suffer from the increase in the risk weight
of uncollateralized consumer loans, because at first the research is bound by the lack of
institutional level data, which the CBA acquires, and at second this is a topic of another
research as it implies conducting a sensitivity analysis between different credit types to
find out the supply of which particular credit type decreases when the risk weight of the
consumer loans are increased and the most important one, to which extent the credit
supply decreases, taking into consideration the abilities of banks to fulfill the additional
capital.
Summarizing all the analyses that have been done in the dissertation, it is worth mentioning
that the work managed to conduct all the initiated research. The work was successful in: identifying
the possible threats to the financial stability of Armenia and Armenian banking system arising
from the credit risk of the uncollateralized consumer loans; the evaluation of the magnitude of
those threats with stress testing analysis; the disclosure of the inability of Armenian banking
system to withstand those threats under the existing regulatory standards; providing a solution to
increase the stability of the banking system and, finally, opposing the two important concepts of
financial stability and economic growth, showing that there is a trade-off between these two under
the set-up of the research and alternative costs do apply. In spite of the fact that the main goals of
the dissertation have been achieved, the data availability bound the research and questions
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concerning the analysis of separate institutions on a micro-level are left to the regulatory
authorities who acquire the data or to those curious researchers that will have the access to the
data. The dissertation itself has opened a place for further research concerning the topic of
conducting a sensitivity analysis of the supply of different credit products, and finding the degree
of credit supply deterioration. Hence, the topic can be expanded in the future for the sake of firm
and stable financial systems.
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Appendix
Table A1: Armenian Banking System Aggregated Balance Sheet.
№

Banking System Aggregated Balance Sheet

1
1.1
1.2
1.3
1.4
1.5
1.6
1.7

ASSETS
Cash & cash equivalents
Claims on banks
Held-for trade financial assets
Credits to customers
Securities held-to-maturity
Fixed assets
Other assets

2

LIABILITIES
Liabilities to banks and other financial
institutions
Liabilities to clients
Debt securities issued
Held-for trade financial liabilities
Other liabilities

2.1
2.2
2.3
2.4
2.5
3
3.1
3.2
3.3
3.4
3.5

31.12.2014
(AMD)
3 389 784 504
608 527 352
188 026 651
162 750 420
2 167 361 608
83 877 060
107 945 272
71 296 140
2 912 834 393

CAPITAL
Regulatory capital
Share premium
Reserves
Accumulated profit
Other capital
Total liabilities and capital
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31.12.2015
(AMD)
3 548 120 540
688 803 835
205 416 677
182 317 136
2 182 219 278
85 198 241
109 675 404
94 489 968
2 986 168 572

1 076 977 864

918 088 723

1 695 724 865
43 546 598
13 487 716
83 097 350

1 910 779 609
68 881 724
12 549 030
75 869 487

476 950 110
272 639 787
9 968 125
42 875 435
149 825 994
1 640 770
3 389 784 504

561 951 967
329 328 816
25 868 133
42 886 106
162 211 185
1 657 726
3 548 120 539

Table A2: Armenian Bank's Information
No

Consumer Loans

CAR

Capital

1

22 475 870

15.07

60 489 124

2

65 630 502

13.25

39 879 809

3

62 701 117

13.44

41 706 654

4

35 279 237

12.16

26 275 111

5

62 897 285

16.20

42 949 375

6

8 909 806

14.53

38 086 144

7

35 541 095

16.88

30 850 951

8

41 191 953

12.13

17 998 001

9

30 613 084

13.47

18 283 774

10

13 892 190

19.86

21 232 260

11

26 294 515

13.03

11 123 385

12

18 720 020

16.20

13 271 388

13

9 204 786

23.80

10 151 271

14

10 953 567

18.44

11 025 769

15

16 335 303

14.06

8 323 992

16

1 377 355

19.16

19 024 369

17

5 541 152

34.82

23 065 971

18

15 166 128

19.76

10 431 159

19

2 373 301

23.07

7 959 522

20

3 195 259

50.68

5 431 611

21

489 793

146.92

17 025 419
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Table A3: Deviations during the Crisis
Months l_rate_amd l_rate_usd
Jan-2009
1.67 0.02
Feb-2009
2.77
1.92
Mar-2009
2.05
1.53
Apr-2009
1.48
1.81
May-2009
1.22
2.51
Jun-2009
1.29
1.51
Jul-2009
1.79
0.43
Aug-2009
2.45
1.79
Sep-2009
1.16
1.75
Oct-2009
1.59
0.30
Nov-2009
0.58 1.11
Dec-2009
2.29 0.64

inf_prevyear
1.72
0.75
1.21
2.19
2.57
3.11
3.55
3.45
3.28
2.05
0.84
0.12

inf_prevmonth
0.69
1.36
0.48
0.20
0.14
0.05
0.24
0.31
0.24
0.38
0.37
0.53

reer
17.00
20.84
- 1.56
- 1.79
- 5.68
- 5.69
- 4.78
- 10.89
- 17.61
- 26.94
- 34.19
- 27.33

remm
- 11 442.16
- 28 693.37
- 27 702.97
- 42 653.62
- 41 598.63
- 38 151.59
- 69 119.85
- 65 731.43
- 53 162.02
- 42 556.11
- 18 732.08
- 24 288.16

gdp_growth unemp
19.30
0.26
19.30
0.40
19.30
0.42
28.24
0.49
28.24
0.62
28.24
0.73
35.10
0.76
35.10
0.77
35.10
0.75
1.95
0.76
1.95
0.79
1.95
0.84

Debt/GDP
2.47
1.97
1.29
1.12
0.59
0.09
- 0.03
- 0.19
- 0.22
- 0.68
- 0.65
- 0.55

Table A4: Stationarity of Variables

Real GDP
Interest
Rates
Loans
M2X less
currency
Real GDP
growth

10%
Test
5% critical critical
statistics
value
value
Status
-3.382
-2.929
-2.6 Stationary
Non-0.905
-2.929
-2.6 Stationary
Non1.67
-2.929
-2.6 Stationary
Non3.73
-2.929
-2.6 Stationary
-2.97

-2.929

Conversion

Value after
conversion

Differenced

-7.768

Differenced

-6.633

Differenced

-6.069

-2.6 Stationary

Table A5: Instrumenting Loans with Money Demand Shocks
OLS
rM2X

0.8255***
(0.2660)

rM2X_2

0.4218
(0.2871)

Constant

41518.34***
(6400.68)

Number of observation

49

F (2, 46)
Prob>F
R-squared

6.81
0.0026
0.2284

where * means significant at 10%, ** means significant at 5%, *** means significant at 1%
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Table A6: Akaike Information Criteria
lags
Real GDP Growth
LoansIV

0
7.21618
23.1063

1
6.58275*
22.9254

2
6.62392
22.7094*

3
6.66471
22.7516

4
6.70567
22.7394

Table A7: First-lag Correlogram
r
r
resgdp
resrem
resdunemp
reslrate

1
-0.0367
0.0198
-0.0364
-0.0122

resgdp
1
-0.0326
-0.1366
-0.0158

resrem

1
0.0009
-0.3300

resdunemp

reslrate

1
0.1616

1

Table A8: Second-lag Correlogram

r
r
resgdp
resrem
resdunemp
reslrate

1
-0.0437
0.0169
-0.0291
-0.0082

resgdp
1
-0.0326
-0.1366
-0.0158

Table A9: Variance Inflation Factor
Variable
rem1
lmindex
date
rem2
rem
l_rate_amd1
l_rate_amd
dunemp2
dunemp1
rGDP
Mean VIF

VIF
4.98
4.46
3.50
3.14
3.00
2.39
2.36
2.22
2.05
2.03
3.01

1/VIF
0.200939
0.224278
0.285966
0.318324
0.333446
0.418519
0.424019
0.449967
0.487713
0.493126
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resrem

1
0.0009
-0.3300

resdunemp

1
0.1616

reslrate

1

