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The loan-to-value ratio as a macroprudential tool
and assessment of real estate in the post-crisis period

Abstract. For more than a decade, banking systems of many countries around the world have been trying to
recover from the effects of the global financial crisis. The dynamics of one of the most important indicators
of the effective operation of the banking sector - the level of fulflment of loan obligations by the debtor - is
analysed in the present paper. A nonperforming loan ratio (NPL) more than doubled in the EU in the period
from 2008 until 2012, and the value of this indicator increased more than 20 times in the period from 2008
until 2017 in Ukraine.

Many countries worldwide have focused on activities that aim at minimizing the risks associated with
lending. The experience of more than 4,000 banks in 46 countries shows that one of the most effective
macroprudential tools used by European central banks for mortgage loans is the loan-to-value ratio
(LTV). According to research, central banks have recommended lowering the level of LTV. Thus, in Poland,
the loan-to-value ratio used to be 100% and even higher, but from 2017 the maximum level should not
exceed 80%. In China, the LTV level has dropped to 40% for the secondary real estate market. In Germany,
the maximum loan-to-value ratio is 80%, and mortgages with LTV of less than 60% are financed at more
favourable conditions by banks. Using macroprudential policy has made it possible to stabilize the situation
in the banking system, therefore in 2020 the average level of non-performing loans in the EU decreased
to 2.8%. In Poland, the level of NPL is slightly higher and is 6.2%, however in Ukraine the figure remains
high and reaches 41%.

This study aims to identify the dependence between the adequacy of fulfilment of the collateral and the
debtor’s loan obligations, which is extremely important in order to stabilize and increase the liquidity and
profitability of banking institutions. The obtained results are based on the assessment of 200 loan cases for
which the execution time has come.
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MpoueHTHe cniBBiAHOLEHHS OCHOBHOI CYMU KpeauTy Ta pUHKOBOI BapTOCTi 3aCTaBun

SIK MaKponpyAaeHuUiiHUiA IHCTPYMEHT i1 ouiHKa HEPYXOMOCTI B NiCNSKPU30BUiA nepiopf,

AHoTauina

Yxe GinbLue gecatn pokiB 6aHKiBCbKi cncteMmn 6araTbox KpaiH CBiTY HaMaralTbCsa OrosTaTmcs Bif, BIIMBY
CBITOBOI @iHAHCOBOI KpU3K. Y Ui CTaTTi NpoaHani3oBaHO ANHAMIKY O4HOIO 3 HAMBaX/IMBILLMX iHOMKATOPIB
edeKTUBHOro YHKLIOHYBaHHSA OaHKIBCbKOro cekTopa — PiBHA BUKOHAHHS KPeaUTHUX 3000B’A3aHb
6opxHukomMm. 3 2008 no 2012 pik y kpaiHax-uneHax €C yacTtka Henpautoounx kpeauTis (NPL) 3pocna
Ginblie Hix yagivi. B Ykpaini 3a nepiog 3 2008 no 2017 pik 3HA4€HHS LbOro nokasHuka 3pocno binbLie
Hix B 20 pagiB. baraTto kpaiH CBiTy 30cepeannncs Ha AisnbHOCTI, sika 6yna cnpsiMoBaHa Ha MiHiMi3au,ito
pU3KKiB, NOB’A3aHNX i3 KpeauTyBaHHAM. Jocsig 6inbwe Hix 4000 6aHkiB 46 kpaiH CBiTY 4OBOOUTb, LLO
OOHUM i3 edEKTUBHMX MaKPOMPYAEHUINHUX IHCTPYMEHTIB, SKMI BUKOPMCTOBYBABCS LEHTPaibHUMMK
HaHkamMy €Bponu, € CniBBIAHOLLIEHHSI OCHOBHOI CyMM KpeauTy Ta PUHKOBOI abo OLHOYHOI BapTOCTI
3actaBu (LTV). 3a pesynbratamum NpoBeaeHnX OOCNiOXeHb LeHTpanbHi 0aHKM pekoMeHayBann 3HU3UTU
piBEHb CMiBBIAHOLUIEHHS OCHOBHOI CyMU KPeOUTy Ta PUHKOBOI ab0 OLHOYHOI BApTOCTi 3acTtaBu. Tak, y
MonbLi Noka3HMK CMiBBIOHOLWIEHHA KpeauTy A0 BapTocTi 3actaBu ctaHoBuB 100% i HaBiTb BuULLE, NpOTE
Big 2017 poky MakcumMasbHUI piBEHb CMiBBIOHOLIEHHSA OCHOBHOT CyMU KPeaUTY i pUHKOBOI ab0 OLiHOYHOT
BapTOCTi 3actaBn Moxe ctaHoButn 80%; y Kntai piBeHb Takoro cniBsigHoOwWeHHA noHu3mecs o 40%
ONg BTOPUHHOIO PUHKY HEPYXOMOCTI. ¥ HiMeuyumHi makcrumanbHe CniBBiAHOLLIEHHS KpeauTy A0 BapTOCTI
3acTaBu ctaHoBUTL 80%, a inoTeka 3 piBHEM CMiBBIOHOLLIEHHA OCHOBHOI CyMU KpeanTy Ta pMHKOBOI abo
OLHOYHOT BapTOCTi 3acTaBu MeHwe 60%diHaHCy0TbCs HaHKaMK Ha KpaLmx yMOBax.

3acTtocyBaHHA CUCTEMM MaKpPOMPYAEHUiMHUX 3axofiB [ano MOXI/IMBICTb cTabinidyBaTn cuTyaliio B
BaHkiBcbKin cuctemi. Y 2020 poui cepepnHiin piBeHb HENMOBEPHEHHS KPeauTiB y kpaiHax EC 3MeHLMBCS
0o 2,8%. Y MNMonbLyi 4acTka HenpauiyYnx KpeanTiB € Ha 4eLl0 BULLLOMY PiBHI N CTaHOBUTL 6,2%, NpoTe B
YKpaiHi uen nokasHuk i Hagani 3anmMLaeTbCs HA BUCOKOMY PiBHiI i carae 41%.

MpoBeneHe OOCNIOXEHHS CNpsIMOBAHE Ha BUSIBNIEHHS 3aNeXHOCTi MiX [OOCTaTHICTIO 3abe3rnedyeHHs
iNOTEYHOro KpeamTy Ta BUKOHAHHAM OOPXHUKOM CBOiX KpPeOouUTHUX 3000B’A3aHb, WO € Haa3BUYarHO
BaX/IMBMM ANs cTabinisauii Ta nigBuLLEHHS NiKBIAHOCTI M NpnbyTKOBOCTI BaHKIBCbKMX ycTaHOB. OTpuMaHi
pe3ynbTaTh rPYHTYIOTECA Ha ouiHLi 200 KpeanTHUX CcNpas, 4ac BUKOHAHHSA 32 SKUMUW HACTaB.

Knio4yoBi cnoea: cniBBigHOLIEHHS OCHOBHOI CymMM KpeauTy Ta PUHKOBOI abo OLiHOYHOI BapTOCTI
3actasu (LTV); Henpautotoumnin kpeant (NPL); makponpyaeHUiriHi iHCTPYMEHTU; KPeaUTOCMPOMOXHICTb
nianpPMEMCTBA; OLLiIHKa HEPYXOMOro MaiHa; inoTeka; KpeauTyBaHHS; NiKBIAHICTb; PeHTabeNbHICTb.
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NMpoueHTHoOe COOTHOLWEeHNnEe OCHOBHOM CyMMbI KpeauTa v pbiIHOYHOI CTOMMOCTHY 3anora

KaK MaKponpyaeHUnasbHbI MHCTPYMEHT U OL,eHKa HeABMXXUMOCTHU B MNOCTKPU3UCHbDIN Nepuos,
AHHOTauua

Yxe 6osiee pecatu net 6aHKOBCKNE CUCTEMbI MHOIMX CTPaH Mypa NbiTaloTCS ONPaBUTLCS OT BO3AENCTBUS
MUPOBOro (p1HAHCOBOIo Kpu3nca. B gaHHOWM cTaTbe NpoaHanma3npoBaHa gHaMmka 0gHoro N3 BaXKHenLWmnx
MHONKATOPOB 3PPEKTUBHOTO PYHKLMOHUPOBAHUS OaHKOBCKOrO CEKTOpa — YPOBHS BbIMNOJIHEHUS
KpeauTHbIX 06a3aTenbcTB AomkHukoM. C 2008 no 2012 rogbl B cTpaHax-uneHax EC nona npocpoyYeHHbIX
kpeanToB (NPL) Bbipocna 6onee 4eM B ABa pasa, a B YkpaunHe 3a nepuog ¢ 2008 no 2017 roabl — 6onee
yem B 20 pas.

MHorve ctpaHbl MMpa COCPefoTOHUINCE Ha AEATEeNbHOCTU, HanpaBieHHOW Ha MUHUMU3ALMIO PUCKOB,
CBfI3aHHbIX C kKpeamnToBaHmem. OnbiT 6onee 4yem 4000 6aHkoB 46 CTpaH MMpa NOKa3blBAET, YTO OAHUM
n3 9PPEKTUBHBLIX MaKPOMPYOEHLUNaNbHbIX WHCTPYMEHTOB, KOTOPbLIN WCMNONb30BasCs LEHTpasibHbIMU
6aHkamn EBponbl, ABNSETCA COOTHOLLUEHME CYMMbl Kpeauta K PbIHOYHOW WM OUEHOYHOM CTOMMOCTW
3anora. Mo pesynbrataM NPoOBEOEHHbIX MCCNenoBaHM LeHTpasibHble OaHKM PEKOMEHAOBaNN CHU3UTb
YPOBEHb COOTHOLLUEHUSI CYMMbl Kpeauta M PbIHOYHOM WAN OLEHOYHOW CTOMMOCTK 3asnora. B lNonbie
nokasaresib COOTHOLLUEHMS KpeamTa K cTommocTun 3anora coctaenan 100% mn gaxe Bbiwe, ogHako ¢ 2017
roga MakCMMasibHbI YPOBEHb TakOro COOTHOLLIEHUSI MOXET COCTaBnsaTb He 6onee 80%; B Kutae ypoBeHb
COOTHOLLUEHNE CYMMbI KpeauTa U pPbIHOYHOM WM OLLEHOYHOM CTOMMOCTM 3anora cHusunca no 40% pns
BTOPMYHOIO PblHKA HEOBMXUMOCTU. B lepmaHMm mMakcumanbHOe COOTHOLUeHMe KpeamTa K CTOMMOCTU
3anora coctaensieT 80%, a unoteka ¢ ypOBHEM COOTHOLLEHUS CYMMbI KPEANTA N PhIHOYHOW NN OLLEHOYHOW
cTonMocCTu 3anora MmeHee 60% durHaHCUpPYOTCS BaHKaMM Ha NYYLLMX YCIIOBUSIX.

MpyMeHeHne cucTeMbl MakponpyaeHumanbHbiX MEPONPUSATUIA MO3BONMIIO CTABUAIN3NPOBATbL CUTYaLINIO
B OGaHKoBCKolM cucteme. Tak, B 2020 roay cpenHuit ypoBeHb HeBO3BpaTa KpeamToB B cTpaHax EC
cHu3uncs oo 2,8%. B lNonblue aons HepaboTaloLlmyx KPeaMToB HaX0AUTCS HA HECKOJIbKO BbICLLEM YPOBHE
n coctaBnget 6,2%, 0gHaKko B YKpavHe 3TOT nokasaresib NPoa0/KaeT 0CTaBaTbCs HAa BICOKOM YPOBHE U
nocturaet 41%.
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lMpoBegeHHOE wucCcnegoBaHMEe HaMpasieHO Ha BbISIBJIEHME 3aBMCUMOCTU MeXAy A0CTaTOYHOCTLIO
obecnevyeHnss NNOTEYHOro KpeauTa U UCMNOSIHEHMEM OOJIKHUKOM CBOMX KPEAMTHbIX 00A3aTeNnbCTB, YTO
SIBIIETCS 4Ype3BbldaliHO BaXKHbIM OJ19 cTabuamMsaummn, a Takke MoBbILUeHUs IMKBUOHOCTU N AOXOAHOCTU
HaHKOBCKUX yypexaeHuin. MNonyyeHHble HaMmn pe3ynbTaTbl 6a3npoBanucb Ha oueHke 200 KpeanTHbIX aen,
BPEMS BbINOJIHEHUS 0693aTENBCTB NO KOTOPbLIM HACTYMNWIIO.

KniouyeBble cnoBa: COOTHOLLEHME CYyMMbl KpeauTa U PbIHOYHOW MM OLEHOYHOM cToMMOoCcTu 3anora (LTV);
HepaboTaowmin kpeguT (NPL); MmakponpyaeHumanbHble MHCTPYMEHTbI; KPpeaMTOCNOCOOHOCTb NPeanpusaTus;
OLIEHKa HeBUXXMMOTrO MMYLLIECTBA; UMNOTEKa; KpeaNToBaHNe; IMKBUOHOCTb; PEeHTabesNIbHOCTb.
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Stosunek kwoty kredytu do wartos$ci jako narzedzie makroostroznosciowe

oraz wycena nieruchomosci w okresie pokryzysowym

Streszczenie

Od ponad dekady systemy bankowe wielu krajow na catym $Swiecie probujg wyjs¢ ze skutkow globalnego
kryzysu finansowego. W opracowaniu analizowana jest dynamika jednego z najwazniejszych wskaznikow
efektywnego funkcjonowania sektora bankowego, tj. poziomu wywigzywania sie dtuznika z zobowigzan
kredytowych. W latach 2008-2012 w UE wielko$¢ pozyczek niesptaconych (NPL) wzrosta ponad
dwukrotnie, natomiast na Ukrainie w okresie 2008-2017 poziom tego wskaznika zwiekszyt sie 20-krotnie.
Duzo krajow na catym Swiecie skupito sie na dziataniach, ktére miaty na celu zminimalizowanie ryzyka
zwigzanego z kredytowaniem. Doswiadczenia ponad 4000 bankéw w 46 krajach dowodzg, ze jednym
ze skutecznych instrumentéw makroostroznosciowych, stosowanych przez banki centralne Europy
jest stosunek kwoty kredytu do wartosci (LTV). Z badan wynika, ze banki centralne zalecaty obnizenie
poziomu LTV. Tym samym w Polsce relacja kredytu do zabezpieczenia wyniosta najpierw 100%, a nawet
wiecej, ale od 2017 roku maksymalny poziom LTV mogt wynosi¢ 80%, natomiast w Chinach w przypadku
wtoérnego rynku nieruchomosci poziom LTV spadt do 40%. W Niemczech maksymalny wskaznik
kredytu do zabezpieczenia wynosi 80%, a kredyty hipoteczne o LTV ponizej 60% sg finansowane przez
banki na lepszych warunkach. Zastosowanie systemu dziatan makroostroznosciowych pozwolito na
ustabilizowanie sytuacji w systemie bankowym, dlatego w 2020 roku $redni poziom niesptacalnosci
kredytow w UE spadt do 2,8%, w Polsce poziom NPL jest nieco wyzszy i wynosi 6,2%, natomiast na
Ukrainie wskaznik ten pozostaje wysoki, gdyz dochodzi do 41%.

Badania majg na celu okres$lenie zaleznosci miedzy adekwatnoscig kredytu hipotecznego a wywigzywaniem
sie dfuznika z zobowigzan kredytowych, co jest niezwykle istotne dla stabilizacji i zwiekszania ptynnosci
i rentownosci instytucji bankowych. Wyniki uzyskano na podstawie oceny 200 spraw kredytowych, w
przypadku ktérych zaciggniety kredyt zostat juz sptacony.

Stowa kluczowe: stosunek kwoty kredytu do wartosci (LTV); pozyczka niesptacana (NPL); instrumenty
makroostroznosciowe; zdolnos¢ kredytowa; wycena nieruchomosci; hipoteka; pozyczanie; ptynnosg;
rentownosc¢.

1. Introduction

This is the third article in a series of articles devoted to credit scoring of enterprises - poten-
tial borrowers of mortgage. As noted in previous studies, the credit scoring of enterprises involves
four components, namely: the credit record, the financial condition of the debtor, the collateral
(real estate), as well as a business plan. In this part of our research we will reveal aspects related
to the collateral mortgage.

Over the last 20 years, the situation on the real estate markets has changed, and this applies to
various countries around the world, including the EU, Ukraine and the United States.

The global financial crisis that began in 2007, the price collapse on the real estate market in
many countries, the loss of financial liquidity by banks (at least for a while), exchange rate volati-
lity, and an increase in outstanding/overdue loans created an urgent need for this research.

The following research algorithm is proposed to reach the aim:

1. Analysis of the situation related to the collateral mortgages, in particular the price dynamics on
the real estate, as well as indicators that characterize the adequacy of collateral.

2. Description of the mathematical model of the credit scoring of the potential borrower in terms
of collateral mortgage, which will allow us to conduct our research.

3. Estimation of the situation related to collateral mortgages on the basis of information obtained
from 200 loan cases, the repayment period for which has come.
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4. Quantitative measure identification of the correlation between the level of collateral and the le-
vel of fulfilment of the loan obligations by the borrowing enterprise in the condition of the ban-
king sector crisis.

5. Comparison of the estimation results of the collateral mortgages conducted in 2009 with the
use of the enterprises credit scoring model along with the results of such assessment conduc-
ted now.

6. Substantiation of the research results in view of the situation which is typical for the banking
system in Ukraine, considering the world practice related to determining the adequacy of col-
laterals. Based on this, the development of proposals for changes to the credit scoring model
of enterprises (if necessary), which will increase the accuracy of such assessment.

2. Brief Literature Review

«When the music stops in terms of liquidity, things will get complicated. But as long as the
music is playing, you’ve got to get up and dance. We’re still dancing». Such words sounded
from Chuck Prince when he summarized the rapidly accelerating housing prices (Nakamoto &
Wighton, 2007).

The global financial crisis, which began in 2007, introduced many changes to the rules that
for many years had been fundamental in the functioning of the global financial system, including
the banking system. According to the research, one of the areas of the credit risk reduction is to
standardize requirements and mathematical modelling of creditworthiness of the potential bor-
rowing enterprise (Kruchok, 2009).

According to the experts of the National Bank of Poland, creditworthiness is not only a neces-
sary condition for obtaining a loan, but also the main factor determining the amount, price and the
required forms of collateral, thus affecting the terms of the loan agreement. The greater the cre-
ditworthiness is, the higher the bank can grant (National Bank of Poland, 2015).

There are many different approaches to credit scoring of a potential borrower. Research of
many scientists stated that credit scoring is a statistical method used to predict the probabi-
lity that a loan applicant or existing borrower will default or become delinquent (Loretta, 1997;
Wasilewska et al., 2018). One of the common methods used by Polish banks is credit scoring.
The score is the sum of all points obtained by the client as a result of the credit scoring method.
The evaluation result consists of all points obtained by the client, awarded for each element of
his profile. An example of such an element may be the greatest delay in the repayment of loans
owned by the customer (Credit Information Bureau, 2015, p. 33).

Recent advances in Machine Learning, and more broadly in Artificial Intelligence (Bach et al.,
2019), have enabled the emergence, in the last few years, of alternative methods for qualifying
and quantifying the creditworthiness, using non-financial information innovative approaches,
such as phone log analysis (Shema, 2019; Agarwal et al., 2018) or social network analysis.

During the global financial crisis of 2007-2009, most countries around the world conducted
research aimed at minimizing the risks associated with lending. Many of the macroprudential
instruments proved to be effective in mitigating systemic risk (Lim et al., 2011; Kelber & Mon-
net, 2014; McCann et al., 2019). Numerous measures have been developed aimed at avoiding
«the risk of widespread disruption to the provision of financial services that is caused by an im-
pairment of all or parts of the financial system, and which can cause serious negative conse-
quences for the real economy». This is exactly the definition given to macro-prudential policy
by the International Monetary Fund (IMF)/the Financial Stability Board (FSB)/the Bank for In-
ternational Settlements (BIS) in 2016. Although it is worth noting that some of the measures
which we call now macroprudential instruments were used by Europe’s central banks in the
post-war period and were mostly aimed at demand management (IMF, 2016).

Speaking of mortgage loans, an important instrument by which banks can insure themselves
is LTV - an indicator that shows a relationship between loan obligations and the collateral value
(Schindler et al., 2012). In order to improve the situation and increase the stability of the financial
system, reduction of the LTV value was used. Wong et al. (2011) have also found LTV policies to
reduce mortgage delinquency ratios and to have a positive impact on reducing cyclical systemic
risk after examining these policies in 13 countries. Most countries around the world have used LTV
as an effective macroprudential instrument in reducing the procyclicality of credit growth by re-
ducing its value. Lim et al. (2011) have identified LTV and debt-to-income limits (DTI) using aggre-
gate country-level data from 49 countries over 10 years. This research stated that in 2010, Poland
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adopted measures including tighter LTV (e. g., based on loan maturity) and debt service to income
ratios (Lim et al., 2011, p. 35).

In the Czech Republic, the Central Bank recommended commercial banks to comply with the
DTI ratio (debt-to-net annual income) not exceeding 9, while the value of the DSTI ratio (debt
service-to-net monthly income) should not exceed 45% (IMF, 2018)., In 2008, the government
in the United Kingdom planned to implement measures aimed at rescuing the banking system,
worth GBP 500 billion' (Hall, 2009). According to the Executive Order on Good Business Practice
for Financial Undertakings?, in Denmark, new borrowers from DTIs above 4 and LTV above 60%
must have a fixing interest rate for at least five years. It is possible to defer depreciation provided
that the interest rate is fixed for a period of 30 years.

In 2018, the National Bank of Slovakia tightened restrictions and amended existing macropru-
dential measures®. Restrictions on LTV have been tightened in the Slovak Republic, where the
maximum level should not exceed 90%, no new loans with LTV exceeding 90%, the share of loans
with LTV > 80% decreased to 30% by the end of 2018 and to 20% by the end of 2019.

In 2010, the LTV in China was lowered to 70% for primary homes and to 50% for second homes.
By the end of the year, the LTV for second homes was lowered to 40%. Morgan et al. (2019) show
the effectiveness of LTV caps on constraining mortgage credit after analyzing 4,000 banks from
46 countries. Such restrictions were quite effective and well-founded. Hence, in 2006, the real es-
tate values in the United States reached their zenith, however 36 months later real estate values
had depreciated by one third.

However, despite numerous studies on loan risk minimization, a number of issues need to be
solved. An extremely important issue is to identify the impact between the collaterals and the re-
payment level of such loans.

It is in our article that we explored the relationship between the financial obligations fulfilment
and the adequacy of collateral.

3. Purpose

The purpose of the study is to establish a relationship between the adequacy of collateral and
the level of fulfilment of credit obligations by the borrower to the bank. An additional task is to
verify the model of credit scoring of the enterprise developed in 2009 in terms of objectivity of
assessing the adequacy of collateral in a crisis.

4. Methods

A mathematical model of the credit scoring of a potential mortgage borrower was used in the
research. The essence of the model is to standardize and formalize the estimate individual com-
ponents of the creditworthiness of the mortgage borrower. In addition to quantifying assessment
of the potential creditworthiness of the borrower on a 100-point scale, this model allows us to
identify the impact of such an assessment on the expected level of loan repayment and loan rate
and compare it with the actual level of borrowers’ fulfiiment of loan obligations (Kruchok, 2010).

However, this article provided coverage for only that part of the model that reveals the nature of
the requirements for the adequacy of collateral. First of all, the model provides a preliminary clas-
sification of mortgage and real estate objects (Table 1).

1 The package comprised: an increase (from GBP 100 billion to GBP 200 billion) in the amount of bank funding available
under the «Special Liquidity Scheme» of the Bank of England; a recapitalisation of the UK deposit-taking sector using GBP
25 billion (later increased to GBP 37 billion) of taxpayers’ money in return for which banks had to restrict dividend payouts
and executive compensation and commit to lending to small businesses and homeowners; and, in return for the payment
of a commercial fee, a public guarantee of up to GBP 250 billion of banks’ new short- and medium-term debt issuance.

2 This Executive Order contains provisions implementing parts of Council Directive 92/49/EEC of 18 June 1992 on the
coordination of laws, regulations and administrative provisions relating to direct insurance other than life assurance
and amending Directives 73/239/EEC and 88/357/EEC, (Official Journal 3 L 228, page 1) (Third Non-Life Insurance
Directive) and parts of Directive 2005/29/EC of the European Parliament and of the Council of 11 May 2005 concerning
unfair business-to-customer commercial practices in the internal market and amending Council Directive 84/450/EEC,
Directives 97/7/EC, 98/27/EC and 2002/65/EC of the European Parliament and of the Council and Regulation (EC)
No. 2006/2004 of the European Parliament and of the Council.

3 DECREE of Narodna banka Slovenska (National Bank of Slovakia) of 29 May 2018 amending Decree No. 10/2016 of
Narodna banka Slovenska laying down detailed provisions on the assessment of borrowers’ ability to repay housing
loans: https://www.nbs.sk/_img/Documents/_Legislativa/_FullWordingsOther/EN_O_7_2018.pdf
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The adequacy of collateral is determined for each of the 8 classes of real estate objects
(from 11 to 24) by the following factors: x, - LTV; x, - the loan term, years; x, - the ratio of the ef-
ficient existence of the subject to mortgage to the term of complete fulfilment of loan obliga-
tions (for the completed object; codes 13 and 23). The assessment of the collateral, along with
relevant formulas, is presented in Table 2.

The following restrictions are set for the abovementioned factors (Table 3). These restrictions
make it possible to formalize the assessment of the adequacy of the collateral.

In the next part of our study, with the help of the proposed model, we will examine the adequa-
cy of collateral on the basis of information obtained from 200 loan cases, the repayment period of
which has come.

5. Results

In 2008, the EU member-states felt the effects of the mortgage crisis which began in 2007 in
the USA. The financial systems, as well as the banking sector of many countries around the world,
needed support. Some of the banking systems lost their liquidity. Many scientists conducted re-
search related to strengthening the soundness and resilience of the banking sector. In his re-
search on the effectiveness of the functioning of banks in Poland, Misztal (2017) determined the
factors influencing their profitability. One of the important indicators of the state of the banking
system is the level of non-performing loans. In 2008, the average NPL ratio for European banks

Table 1:
Classification of collateral
Types of Collateral Code Types of Collateral Code
(Consumer Loan) (Entrepreneurial Loan)
Land plot 11 Land plot 21
Uncompleted construction 12 Uncompleted construction 22
Building (completed object) 13 Building (completed object) 23
Integral property complex 14 Integral property complex 24

Source: Compiled by the author based on Kruchok (2010)

Table 2:
Assessment of collateral by different factors
# Operation Formulas
The overall assessment of the collateral, ESTC ESTC = EST LTV + ESTTL + ESTUL = 0,
where:
EST,7v - estimate by the LTV, points;

1 ESTr, - estimate by the term loan, points;
ESTUL - estimate by the ratio of the useful life
of the real estate object to the term of complete
fulfilment of loan obligations.

2 Estimate by the LTV for codes 11, 23, 24 (LTV < 60%) EST??V =0 < 391 - 5.66661 x; < 85

3 Estimate by the LTV for codes 12, 21 (LTV < 50%) EST?:V =0<391 -6.8x1<85

4 Estimate by the LTV for codes 13, 14 (LTV < 70%): EST:(;V =0< 391 -4.85714 x; < 85

5 Estimate by the LTV for codes 22 (LTV < 40%) EST?,‘;V =0<391-8.5x;<85

6 Estimate by the term loan for codes 11, 12, 13, 14 (x,< 30) ESTji =0<12-02x,<10

7 Estimate by the term loan for codes 21, 22, 23, 24 (x, < 20) EST;Z =0<12-0.3x,<10

8 Estimate by the ratio of the useful life of the real estate object to ESTgr=0<8x3-7<5

the term of complete fulfilment of loan obligations for codes 13, 23

9 Estimate by the ratio of the useful life of the real estate object to ESTgr =5

the term of complete fulfiiment of loan obligations for other codes

Source: Compiled by the author based on Kruchok (2010)

Table 3:
Limitations of the factor scores

Loan and collateral code / Limitations for different types of collateral

11/x;< 60; x» < 30

12/x3< 50;%, <30

13/x31 < 70;%,< 30; x3= 1,25

14/x1 < 70;x,< 30

21/x3< 50;x%,< 20

22/x1< 40;x,< 20

23/x:< 60;x,< 20; x3= 1,25

24/x1< 60;x,< 20

Source: Compiled by the author based on Kruchok (2010)
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was less than 3% according to the World Bank (Fourth Progress Report, Brussels, 2019). Howe-
ver, in 2012, the index increased to more than double and reached more than 7%, which indicated
a significant deterioration in the banking system. The NPL ratio was significantly above the ave-
rage level and reached even more than 45% in some countries of the European Union (Figure 1).
A similar trend was characteristic of Polish banks. The situation in the banking system in Ukraine
was much worse, because the NPL ratio in 2017 was as high as possible and reached 58% (Na-
tional Bank of Ukraine, 2020), which was the highest index among European countries (Figure 2).
In 2020, the nonperforming loans ratio in Ukraine decreased by 41%.

Figure 1:
Gross non-performing loans, EU’s and foreign entities, % of gross loans (Euro area)
Source: Compiled by the author based on Eurostat (2020)

Figure 2:
Gross non-performing loans, EU’s and foreign entities, % of gross loans (Euro area and Ukraine)
Source: Compiled by the author based on data by Eurostat (2020), the European Commission (2020)
and the National Bank of Ukraine (2020)
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As of Q2 2020, gross NPLs and advances of percentage of total gross loans and advances
in EU countries amounted 2.9% (European Banking Authority, 2020). Despite some overall en-
couraging progress, NPLs continues to risk the viability of the most traumatized banks and ne-
gatively affect economic growth and financial stability in some EU Member States. In 2019, the
total volume of NPLs of European banks (the EU member-states) amounted to EUR 786 billion
(European Central Bank, 2019), compared to EUR 588 billion in Q2 in 2020 (European Commis-
sion, 2020).

In Ukraine, as of June 2020, the NPLs index remained extremely high - UAH 561.6 billion, or
EUR 18.8 billion, or almost 50% of the total amount of loans (Figure 3 and Figure 4) despite a
slight decrease in the value of NPLs over the previous 2 years.

Figure 3:
Gross loans by different types of currencies
Source: Compiled by the author based on data by the National Bank of Ukraine
and the Ministry of Finance of Ukraine (2020)

Figure 4:
Gross loans by different types and non-performing loans
Source: Compiled by the author based on data by the National Bank of Ukraine
and Ministry of Finance of Ukraine (2020)
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The National Bank of Ukraine attributes such a high level of NPLs to gaps in legislation that in-
sufficiently protect creditors’ rights (there are problems with foreclosure on mortgage objects), as
well as low credit requirements of the potential borrowers during the pre-crisis period. Another im-
portant problem that has led to such a high level of NPL ratio is the lending to shareholders who
rushed to service loans during the crisis.

Considering that the collateral is real estate, it is worth analysing the situation in real estate
markets by country because the liquidity of collateral and the stability of real estate prices play an
important role in determining the adequacy of collateral.

The last 15 years have been extremely interesting for analysing the situation related to real es-
tate markets. The analyses of real estate markets during 2005-2020 show that the situation in the
European Union is ambiguous. The countries under study could be divided into two groups. In the
first group of countries, the global financial crisis has negatively affected the situation in real es-
tate markets and from the second half of 2008 prices began to fall. This trend continued in some
EU member states until 2015. In 2008, there were the highest real estate prices in the EU member
states. In early 2008, prices in Ireland were 160%, compared to prices in 2015. A similar situation
was in other EU member states, such as Spain and Bulgaria. The average real estate prices in the
EU member states were 110%, compared to prices in 2015. However, in the second group of coun-
tries the real estate prices increased throughout the study period. For example, during the period
from 2005 to 2015, the real estate prices in Sweden doubled. Since 2015, almost all countries un-
der study have seen an increase in real estate prices (Figure 5 and Figure 6).

A similar situation occurred in the real estate market in Poland and showed a sharp rise in
prices during the period from 2005 to 2008 (more than twice) and a slight recessionary tenden-
cy from 2008 to 2015 (Figure 5 and Figure 6). The real estate prices in Poland increased from
2014 to 2020 (especially such an increase can be seen from 2018), and the value of the real es-
tate at the end of 2020 was almost 37% higher than in 2015.

Real estate prices had a different trend in Ukraine during the study period. At the beginning of
the study period, there was a sharp rise in real estate prices and from 2005 to 2009 prices dou-
bled (prices were converted into USD during the calculations). Since 2009, the real estate mar-
ket in Ukraine has been negatively affected by the crisis in the Ukrainian economy and prices have
begun to decline. The real estate value decreased by 2.5 times. This has led to stagnation in the
real estate market. Ukraine has not been able to recover so quickly from the effects of the finan-
cial crisis. Today Ukraine is the country with one of the largest declines in real estate prices among
European countries over the past 15 years.

Figure 5:
House price index (2015 = 100) in EU countries, %
Source: Compiled by the author based on Eurostat (2020)
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Figure 6:
House price index (2015 = 100) in Poland and Ukraine, %
Source: Compiled by the author based on Eurostat, the Ministry of Finance of Ukraine (2020)
and Myrchyk (2017)

An analysis of the situation, which is typical for banking systems of many countries around the
world, shows that it takes a lot of effort and time to rebuild them. One of the important areas aimed
at improving the state of the banking sector is an objective and qualitative estimate of the credit-
worthiness of a potential borrower. Increasing the requirements for potential borrowers will help to
avoid increasing NPLs in the future.

With the purpose of implementation, we analysed and assessed the adequacy of collateral as
one of the elements of creditworthiness of 200 corporate borrowers who applied to one of the
Ukrainian banks for a loan secured by real estate. The estimate of adequacy was performed by
using the model presented in the previous part of this paper.

Below we propose to consider the estimate of the adequacy of collateral on the example of two
companies (the names of companies and banks have been changed due to GDPR rules) The in-
formation about the companies was obtained from credit cases. LLC «Agrosvit» has prepared a
set of documents in order to obtain a loan in the bank «Inkobank». The enterprise planned to get a
loan of EUR 225 thousand for a period of 28 months for the purpose of reconstruction of the dairy
plant production line. The dairy plant, which was to be reconstructed within a year, was offered as
a loan collateral. At the time of preparation of the loan application, the company had already fi-
nanced the construction in the amount of EUR 75 thousand. Additionally, the company planned
to finance the construction in the amount of EUR 132 thousand. According to experts’ estimation,
the market value of the dairy plant after its reconstruction would amount up to EUR 432 thousand.
The remaining useful life of the building was 15 years.

Another company LLC «SERVIS» also applied to the bank «Inkobank» with a request to provide
a loan of EUR 420 thousand for 30 months for the purpose of construction of a service automo-
bile centre of 600 m?, secured by that centre, the market value of which after completion of con-
struction would be EUR 534 thousand. The company had financed the construction of the project
in the amount of EUR 54 thousand and for 30 months planned to finance the project in the amount
of EUR 60 thousand. The remaining useful life of the facilities was 25 years.

According to the estimation of the adequacy of the collateral mortgage, it has been deter-
mined that the pledged real estate of LLC «Agrosvit» meets all the requirements and is sufficient,
while the collateral of LLC «SERVIS» is insufficient (Table 4). The real estate of LLC «SERVIS» was
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Table 4:
Results of the conducted evaluation of the collateral, LLC Agrosvit and LLC SERVIS
## Ratio LLC Agrosvit, points LLC SERVIS, points

1 Estimate by the LTV, for the code

24 (0 < 85 2 x; = LTV < 60%),
EST® v and for the code

22 (0 < 85 > x;, = LTV < 40%), EST*

2 Estimate by the term loan, for the code
22 and 24 (x, < 20), EST?%,

3 Estimate by the ratio of the useful life
of real estate object to the term

of complete fulfilment of the loan
obligations, for the code 24 (x3), EST y.
4 The overall assessment of the collateral,
ESTOA =2 0

Source: Compiled by the authors

391 -5.67x52.19=95<85=85| 391 -8.5x78.65=-54.69<85=-54.68=0

12-0.3x2.33=11.30<10 =10 12-0.3x2.5=11.25<10=10

85+ 10 + 5 =100 0+10+5=15

evaluated at the level of 15 points out of 100 possible and with such collateral the bank must re-
fuse to provide the loan due to the lack of adequate collateral for the loan obligations.

Correlation and regression analysis was used to determine the dependence between the
adequacy of the loan collateral and the level of fulfilment of the credit obligations by the enter-
prise. In order to conduct such an analysis, 200 credit cases, with the term of complete fulfil-
ment of obligations, were investigated. The results of the conducted research are presented
in Table 5.

After the statistical processing of the information the following system of equations was com-
piled:

11315 =200 o+ 15952 b,
981057 = 15952 ¢ + 1338553 b..

As a result of solving the system, the following equation is obtained:

Y. =1.190521 » X-38.291 = 0,

where:
V. - the theoretical (most probable) level of fulfilment of credit obligations by borrowers de-
pending on the assessment of loan collateral, %;
X - the overall assessment of the collateral, points.
There is a direct dependence between the loan collateral and the level of fulfiiment of loan ob-
ligations by the borrowers: with an increase in the assessment of collateral by 1 point, the level of

Table 5:
Dependence between the collateral and the level of credit obligations fulfiiment
2 T 5 e T 5
2 83 2 b3
2 225 @ L5
2 s T, 9 2 2w T, 9
= g °22 o © o °°2
% FEx S5e> g FoX Sse>
£ 284 gEsy E = lss
V= E .= = E © .=
S 258 2223 S g5 8 2222
=2 = okt oot = okt oot
1 68 60 ...188 ...100 ...85
2 92 100 189 100 85
3 94 70 190 60 40
4 64 65 191 60 55
5 60 30 192 84 60
6 65 20 193 76 55
7 95 100 194 60 40
9 100 85 196 63 0
10 60 40 197 100 40
11 93 100 198 84 55
12 64 55 199 97 60
13... 100... 85... 200 75 45
Average value 80 56.6 Average value 80 56.6

Source: Compiled by the author based on Kruchok (2010)
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credit obligations increases by almost 1.19 percentage points. The pair correlation coefficient is
T 0.7066. Thus, the relationship between the studied variables is relatively high.

Our research has shown that even when the loan has sufficient collateral (real estate), the cre-
dit risk remains extremely high. If the loan collateral score reached 100 points, the expected level
of loan obligations is only 80.76%. That is, the availability of adequate collateral does not guaran-
tee the bank that the debtor will completely fulfil their financial obligations.

The results of the research conducted in 2009, which involved standardizing and formalizing
the requirements for collateral mortgage, as well as quantifying its adequacy, were somewhat
different. The system of equations, obtained as a result of the research in 2009, is presented
below:

9600 = 100 ¢« + 6819 b,
676225 = 6819 a+ 492301 &.

As a result of solving the system, the following equation is obtained:
V. =42.0706 + 0.79087 x,

where:

V. - the theoretical (most probable) level of fulfilment of credit obligations by borrowers de-
pending on the assessment of loan collateral, %;

X - the overall assessment of the collateral, points.

Thus, an increase of collateral score by 1 point leads to an increase of the level of loan obliga-
tions fulfilment by almost 0.791 percentage points. If the loan collateral score reaches 73.24 points
and above, in most cases there is a complete (100%) fulfiiment of the debtor’s financial obliga-
tions to the bank (Figure 7). If the score decreases to 60 points, the expected level of credit obli-
gations falls to 89.5%. The pair correlation coefficient is ro= 0.68082 (Kruchok, 2010).

On the one hand, according to the results of the analysis of credit cases that was conducted
in 2009 and 2020, the pair correlation coefficient is almost the same: (ry/ (2009) = 0.68082 and

(2020) = 0.7066). Such a value of indices confirms the dependencé between the adequacy
of loan collateral and the fulfilment of financial obligations to the bank by the debtor. On the other
hand, the 2009 research showed that with the score of the collateral at about 73 points and above
the credit risk is minimized, while in 2020 with the collateral score of 100 points, there were no
guarantees of the debtor’s complete fulfiiment of their obligations to the bank (only at approxi-
mately 80%).

Figure 7:
The relationship between the collateral level and the level of fulfiiment of credit obligations
Source: Compiled by the authors
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6. Conclusions

The conducted research is related to the credit scoring of borrower-enterprises in terms of col-
lateral, as well as identifying the dependence between the adequacy of collateral for credit obliga-
tions and fulfilment of the financial obligations by the debtor to the bank. Considering the results
of the conducted research, the following facts have been determined.

1. The analysis of lending during the crisis and post-crisis period showed that banking institu-
tions around the world needed governmental support and macro-prudential measures were intro-
duced to minimize systemic risks in order to maintain the financial stability of credit institutions.

2. It has been established that the average level of NLP ratio in the EU in early 2008 was about
3%, however in 2012 as a result of the global financial crisis, the figure more than doubled and
reached about 7%. However, in some EU countries, depending on the level of impact of the glo-
bal financial crisis on the banking sector, the level of NLP ratio was extremely high. For example,
in Greece, the NLP ratio increased to 45% in 2017, indicating an extremely negative state of the
country’s banking sector. In Ukraine, the NLP ratio increased from 4% to 58% in 2017 and to 50%
at the beginning of 2020, which led to a temporary loss of liquidity of most banking institutions, as
well as a significant increase in credit rates. Unfortunately, in Ukraine this level remains extreme-
ly high and, as of the end of 2020, it was about 41%. It should be noted that in 2020, as a result
of macroprudential measures, the average level of NLP ratio in the EU decreased to about 2.8%.

3. The results of the study show that real estate as a mortgage object plays an important role
in the process of crediting and the adequacy of such collateral reduces credit risks. The loan-to-
value index is recognized as one of the effective tools of macroprudential policy. Most countries
have lowered the value of LTV to improve the quality of institutions’ credit assets.

4. Based on the evaluation of 200 credit cases aimed at determination of the influence of the
collateral adequacy of the level of borrowers’ fulfiiment of their obligations to banks (using corre-
lation-regression analysis), it was found that the pair correlation coefficient was 0.7066. This level
of the pair correlation coefficient indicates that by 49.93% (the meaning of determination coeffi-
cient R2) the level of credit obligations depends on the adequacy of the collateral.

5. Unfortunately, even the availability of adequate collateral does not guarantee debtors’ ful-
filment of their loan obligations to Ukrainian banks. The analysis of the banking system, as well
as the results of the research indicate a significant impact of the following factors on the level of
loan repayment by the debtor to the bank: gaps in legislation on foreclosure on mortgage ob-
ject, considerable expenses for banks to enforce debt through the courts, probability of credi-
ting of interconnected persons, as well as understated requirements for the creditworthiness of
a potential borrower in the pre-crisis period. The analysis makes it possible to state that the ap-
proach used to evaluate real estate as the mortgage objects provides an opportunity to objec-
tively assess the collateral.

Further research will focus on the analysis of multiple correlations for the purpose of identifi-
cation of the influence of all the components of creditworthiness (credit history, financial condi-
tion, collateral and business plan) on the level of fulfilment of the debtor’s credit obligations to the
bank. In addition, it is important investigate the impact of the level of fulfilment of loan obligations
on the loan interest rate, through which the banking institution will be able to cover all the expen-
ses associated with the lending process and plan the required level of profitability.
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