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CONSUMER LENDING IN BANKS:
SYSTEM DYNAMICS MODELLING

Modern consumer lending, which is carried out by banks, financial companies, and, to a lesser extent,
credit unions, is a complex system. This system includes many blocks that interact with each other and affect
the result. As a result of their interaction in dynamics, the values of indicators of effectiveness are formed.
The task that arises is to identify the mutual dependency of the constituent units and their influence on the
result of consumer lending over time. The aim of the article is to model consumer lending processes using
system dynamics methods. The model proposed in the paper by the system of dynamics makes it possible to
display the behaviour of the consumer lending system over time. To display the logic of the system, we used
the causal loop diagram tool. This made it possible to visualize the consumer credit system taking into
account interconnections. The system is structured into blocks that characterise the main components of the
functioning of the lending system. When building the model, four important units of the system were analyzed:
technological rating, marketing funding, marketing strategy, and risk management. For this, a simulative
analysis was applied. Based on this, it is shown that the marginal results are quite different. The ways are
provided to optimize priority of expenses. The dependency of income management has a specific non-linear

form. It is possible to find out the level of rigidity of risk management by using simulation analysis.
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risk management.
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Introduction and the research problem.
Consumer lending is an integral part of modern
economic relations and one of the important
segments of lending activities. It allows to design a
ratio between current and future consumption for
individuals, and to expand the capacity for consumer
goods and real estate markets.

A high level of consumer lending development
is illustrated in Table. Here are figures for consumer
credit market in the USA which characterise current
volumes of consumer loans in this country.

Consumer lending is also highly developed in
the EU. Thus, European Union’s household debt
reached $6531,8 billion in February 2019 [4].
Taking into account Ukrainian consumer lending it
should be noted that the volume of banking credits
forphysical persons in Ukraineis UAH 201,5 billion.
Moreover, in Ukraine there is extremely highly
developed payday lending.

It should be emphasized that consumer lending
is press forward development at the trend of
digitization processes which we observe last years.
The online loan granting procedures is an actual
tendency in this sphere. The digitization processes
call forth new direction in verification and risk
assessment procedures. Some new forms of credit
relations arise through digitalization [12].

Banks, financial companies, and credit unions are
the main providers of consumer lending. All of them
issue the challenge of organization the functioning of
the consumer lending system. The focus of our
attention in this study consists precisely in modelling
of consumer lending system for an individual lender.
The model should be dynamic in order to understand
the system’s behaviour over time. This will allow to
predict the results of the credit business and assess
the likelihood of achieving the set goals. To do this,
we have considered the task of using tools of System

Table. Characteristics of consumer loans at the market of the USA

Loan Type Mortgages Car loans Personal loans Credit card PayDay Loans
Number of active 53,1 millions | 81.9millions | 203 millions | 4251 millions | o2 milions
loans (borrowers)
Average debt per $205782 $18835 $8338 $5580 $350
borrower

Sources: [14; 18]
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Dynamics (SD) for our modelling. The main
conceptual approach of SD lies in consideration
structure of system, marking of essential blocks and
analyzing their mutual influence, including causal
interrelations, feedbacks, and delayed reaction on
influence. Such consideration includes an analysis
of system behaviour through time.

The logic of applying SD tools can be explained
by real complexity of modern credit systems in bank
or financial company. Such systems include a
number of subsystems as funding, operational costs,
marketing, risk-management, collection activity,
and others. These subsystems interact with one
another and change one element raise impact for all
others. Very often these interactions are non-evident,
non-linear, and include a delayed reaction.

Recent publications analysis. Consumer lending
business is dynamically developing sphere after
Second World War. So, many publications were
devoted to basic subjects of it. Second edition of
book Lawrence and Solomon [13] can be indicated
as resource of fundamental knowledge about this
business. Synopsizes of all subjects of consumer
lending business are involved in this book:
marketing, risk management, managing profitability,
and so on. Risk management is a vital ingredient of
consumer lending business, and modern non-formal
perspective exposition of it is presented in [3]. The
structure, conceptual approaches, and tools of credit
risk management are presented in [7]. A very
important topic devoted to audit of risk management
is discussed in [11]. It approaches using the bureau
of credit histories in consumer lending processes
presented in [8]. The article [9] discusses the
development of risk management in the segment of
micro credits.

The conceptual foundations of SD were formed
by J. Forrester in the 1950s and are presented in
fundamental papers (for example, [5]). Application
features of SD for business processes modelling are
presented in [16]. It should be noted that the
application of SD to the credit activity modelling
has been started relatively recently (may be only in
the last decade). The publications [19; 1; 17] are
described some approaches of using SD in credit
activity modelling. It is interesting model of bank’s
credit risk management we can found in PhD thesis
of Muhammad Ishtiaq [6]. However, the institute of
credit history bureaus is not represented in his
model, which is very important for risk management
in consumer lending

We would especially like to mention the book [15].
Different theoretical and methodological aspects
for modelling dynamic models are considered in
this book.

In the aspect of using software to simulate the
tasks of system dynamics, we used the product Stella.
And the logic of application in our research is based
on iThink10 [20].

Unsolved parts of the problem. The analysis of
papers which are devoted to applications of SD for
economic problems takes to the following conclusion.
System dynamics as an efficient tool have been
applied to modelling different economic problems.
The circle of such problems is ever-increasing.
Nevertheless, application to model systems of credit
relationships is not highly developed yet. At the same
time credit systems in modern financial institutions
become very complex and include a number of
subsystems. That is why the construction of system
dynamic model for systems of credit granting is an
actual problem.

Research goal and questions. The goal of our
paper is to construct a SD model for creditor’s
system of personal (unsecured) loan granting. We
have applied ISEE systems’ software as instruments
for goal achievement. Inalienable component of our
modelling is simulative analysis. It provides an
opportunity to consider various scenarios for the
development of the system depending on consumer
lending parameters. The finding of optimal solution
through such modelling is a good base for effective
consumer lending organisation.

Main findings. The SD model was designed for
a bank which organizes the system of personal
(unsecured) loan granting. Causal loop diagram
(CLD) of this system is presented at the Fig. 1. The
basic element of such system functioning is funding
the credit activity process. This variable includes
initial resources which allocated by the bank to
credit activity and complete by interest income
dynamically. Funding is distributed between two
basic directions of the credit activity process. First
direction represents properly resources which
creditor draws for borrowers. Such part of resources
is indicated in model as variable “Funds available
for loans”. Second direction forms operational costs
of functioning the credit granting system. This
variable characterises funds that are directed to five
structural elements of the lending organization.

The first structural element is computer software,
which bank uses for the credit activity process. It
includes computer programs that ensure the
implementation of the calculation different loans
parameters, the implementation of risk management
procedures, storage of information and other
functions related to processing within the bank. An
important component of the software is computer
programs that provide interconnection borrower
with creditor and a set of services. For example, it
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could be Internet banking, various applications
related to displaying credit information in a cell
phone, and more. Practice shows that the quality of
such applications directly affects the choice of
customers, forming its attractiveness for clients. At
the same time, another important component of the
bank for customers is the interest rate for the loans.
These two parameters form a bank’s rating in our
model, which has an impact on attracting new
customers (the variable “Attract new clients”).

The second structural element, which is funded
from operating expenses, is marketing (involved
into the CLD as variable “Marketing”). According
to our approach, consumer finance marketing can be
structured into external and internal marketing.
Internal marketing supposes working with existing
(and existed) borrowers. The essence of the external
marketing is to attract new customers who are not
yet so at the moment. Internal marketing is focused
on the development of credit relations with those
who are already borrowers of the bank. It is clear
that the effectiveness of internal marketing
essentially depends on the database of borrowers.
The larger database forms greater potential for
internal marketing. The essence of internal
marketingismanifested inthe analysis corresponding
“risk-income” for existing borrowers. Focus
marketing activity for those borrowers who bring
income at a certain level of risk. Such clients as a
rule should receive specially composed credit offers.
The marketing strategy variable characterises in
CLD the prioritization of marketing efforts.

The next component of operating expenses
represents the cost of organization credit activity at
the bank’s branches. Branches include the cost of
organization credit services in offices, as well as
arrangement customer relations. The flow of
customers interested in consumer loans is largely
determined by the number of branches and their
customer relations level (but of course this
diminished with the digitization processes).

Taken together, the above three elements affect
the flow of customers for loans (the variable
“Inflow”). Inflow of borrowers forms the crucial
parameter for consumer credit business from
economic point of view.

The fourth and fifth elements of “Operational
costs” are connected with risk-management. The
fourth element is presented in the model through
variable “Quality of Risk Management”. This
variable characterises costs of precisely the quality
setting of the risk management system (the
instruments themselves are presented in the variable
“Rigidity of Risk Management”). The quality of risk
management is based at our investigation on

expenses for regular update models of risk estimation,
attract new data for analysis and so on. The “quality”
is determined by minimizing errors of the first and
second kind. The first kind of errors is credit granting
for borrower who does not repay a loan. The second
type of errors is the rejection to issue a loan for a
borrower who would return the loan when it is
received. Errors of the first kind leads to credit
money lost and errors of the second kind consist in
lucrum cessans. The fifth element is “Quality of
Collection”. It represents effectiveness of procedures
with overdue loans. Effectiveness of collection
procedures admits to have good approaches to
contact with debtors and to convince them return
debt. The quality of such procedures admits to reduce
the Bad Rate and reduce reserves.

It is necessary to note that all above mentioned
variables suppose initial values (for example, initial
investments for variables from operation costs) and
dynamical character after that.

The key block of the model is the “Inflow”
block. It represents core of the credit granting
process. Demand for the loans affects the variable
“Inflow” directly. Other elements which also affect
the inflow are as follows: rating of the bank,
marketing, the number of branches, and the credit
amount proposed by the creditor.

The inflow of inquirers transforms into a number
of issued loans. The percentage of inquirers for loans
which became borrowers is called the Approval Rate
(APR). APR can vary over wide limits due to the
type of lending strategy — aggressive, cautious, etc.
Typically, APR lies in the range of 30-50 %. The
crucial element, which largely determines the
number of loans issued, is such a significant factor
as the rigor of “Rigidity of Risk Management”.
CLD, representing the risk management system
model is presented in [10].

The structure of Risk Management presents the
impact on APR the three components. The first
component includes verification procedures. It
includes a number of queries into registers and
databases. The second component consists in
internal scoring which provides risk estimation
based on application data of borrower. As a rule, this
is statistically defined regularities which indicates
percentage of Good and Bad borrowers for different
attributes (social-demographic, professional, and
others). A basic regularity is relationship between
scoring values and the bad rate. The third component
is query into bureau of credit history. The receiving
credit report is very informational source for credit
decision. Rigidity of risk management connected
with rules of applying each component. Economic
logic for risk management impact: high rigidity is
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Fig. 1. Credit Activity CLD

characterised by low APR, a low bad rate, and a low
income (because such good clients form a relatively
small group). Low rigidity is characterised by a
higher APR, a higher Bad Rate, and tends for an
initially higher income than the income decrease.

The number of issued loans impacts on the loans
portfolio which includes all issued loans with
characteristic of delinquency. By-turn presence of
delinquency generates reserves which divert
resources from funding. The loans portfolio
generates income from interest payments which
complete circle of movement money.

Simulation analysis. The elaborated model was
realized in package Stella (IThink 10). It provides
an opportunity to consider various scenarios for the
development of the system depending on consumer
lending parameters. Our focus was on income
dynamics depending on four parameters:
technological rating, marketing funding, rigidity of
risk management, and the marketing strategy. The
graphs of simulation analysis are presented in Fig. 2.
Graphs as results of simulation analysis for
technological rating, marketing funding and the
marketing strategy illustrate marginal increase of
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income in dynamic. The situation with risk
management is more complex. There is nonlinear
dependency between rigidity and income. So,
simulation analysis helps to find an optimal solution
through such modelling. Such modelling is a good
base for organising effective consumer lending.
Conclusions. Modern consumer lending is a
complex system which includes different blocks.
These blocks in different ways affect the results.
Moreover, they can interact with one another in
different ways. The approach based on SD enables
to construct a model which illustrates the dynamic
of crucial indicators of lending. Simulation
analysis for such a model makes it possible to find
marginal increments in time for parameters of
different blocks. The authors have focused on

simulation analysis of four blocks: technological
rating, marketing funding, the marketing strategy,
and risk management. The first three blocks
correspond to classical formula “The more
expenses the higher result.” Of course, the marginal
results are quite different. This provides
possibilities to optimize priority of expense. The
dependency of income on rigidity of risk
management has a specific non-linear form. It is
possible to find an optimal level of rigidity of risk
management by using simulation analysis.
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CIIOKUBYE KPEJIUTYBAHHA B BAHKAX:
CUCTEMHO-JUHAMIYHE MOJAEJIFOBAHHA

CyuacHe CITO)KHBUYE KPEIUTYBaHHSA, SKE 31MCHIOIOTh OaHKH, (JiHAHCOBI KOMIIAHIT Ta MEHIIIOK MIpOIo
KpPENUTHI CIUIKH, € IOBOJI CKJIATHOI0 cucTeMoro. L cuctemMa Mae HU3KY KOMITOHEHTIB, SIKi B3a€EMOIIIOTh
MiX cO0O00 Ta BIUIMBAIOTh HA PE3YIBTAT MisTIbHOCTI. YHACIIJOK iXHBOT B3a€MOJIT B IMHAMIIT (POPMYIOTHCS
3HAYEHHS NOKa3HHKIB eeKTHBHOCTI. [locTae 3aBnanHs ineHTH(iKaIi] B3aEMHOT 3aJIeKHOCTI KOMIIOHEHTIB
CUCTEMH, 11 aHaIi3 Ta MOJIENIIOBaHHSA. METOIO CTATTi € aHalli3 Ta MOJICTIOBAaHHS MTPOIIECIB CIIOKUBYOTO Kpe-
JUTYBAaHHS 3 BUKOPUCTAHHSIM METOJIB CUCTEMHOI AMHaMiKi. Mojienb CUCTEeMHOI JUHAMIKH, TPOIIOHOBaHA
B IIiif po0OTi, Ja€ 3MOTY BiI0Opa3UTH TIOBEAIHKY CHUCTEMH CIIO)KHBYOTO KPEeIUTYyBaHHA OaHKy B 4aci. J{ist
BiJOOpaXKeHHsI JIOTiKM (DYHKIIIOHYBaHHS CHCTEMH 3actocoBaHo iHcTpyMeHTapidi CLD (Causal Loop
Diagram), 110 a0 3MOry Bi3yasli3yBaTH CHCTEMY CIIOXKMBYOTO KPEIUTYBaHHS 3 ypaxXyBaHHSIM B3a€MO-
3B’SI3KIB. Y MeKax HAIIIOTO MiJXO0My CHCTEMY CTPYKTYPOBaHO y OJOKH: OJIOK, BIAMOBIAHUNA (OHIYBaHHIO
KpEeIUTYyBaHHS, Ta OJIOK ONepaIliitHoOl AisUTbHOCTI, 1110 3a0e3neuye GpyHKIIIOHYBaHHS CaMOi CUCTEMH Kpelu-
TyBaHHs. [1i1 yac moOynoBHu Mojielti 0yJ10 BUOKPEMIICHO 4 KOMITOHEHTH CCTEMH: TEXHOJIOTIYHUIA PEHTHHT,
BUTPATH HA MapKETHHT, MApKETHHIOBA cTpareris (BHYTpIIIHI Ta 30BHINTHI KIIIEHTH) Ta yIPaBIiHHS PU3H-
koM. Ii koMIoHeHTH Oe3MocepeIHhO BIUIMBAIOTH Ha TIOKa3HUKH €(DEKTUBHOCTI CHCTEMH, a 3HAYCHHS Tapa-
METPIB WX XapaKTEPUCTHUK BU3HAYAIOTh PO3BUTOK CUCTEMH B JUHaMii. JIJis aHAITI3y CTyTeHs BILIMBY 3a-
CTOCOBAaHO METOJ IMITAlIHHOTO MOJCIIOBAHHS, BHACTIIOK YOrO0 OTPHUMAHO pi3HI pPe3ylbTaTd s
koMmoHeHTIB. [leprni Tpu 3a3HaYeHiI KOMIIOHEHTH XapaKTePU3YIOThCS PI3HUM CTYNEHEM Map KHHAIBHUX
MIPHUPOCTIB JIOXOy OaHKy B JWHAaMIIl. BogHOYac iMiTalliiiHe MOJIeITFOBaHHS BIUIMBY KOMITOHEHTA, ITOB’s3a-
HOTO 3 YIIPaBJIiHHSIM PU3HKOM, TIOKA3y€ HAsIBHICTh ONTHMAIILHOTO PiBHS «XKOPCTKOCTI» CHCTEMHU PU3HK-Me-
He/pKMeHTy. Lleil eeKkT 3yMOBIIOETHCS TUM, IO 32 KOPCTKHUX MPABUI PU3HK-MEHEIKMEHTY BiJICIKA€ThCS
0araro MOTEHIIITHUX MTO3MYATBHUKIB, CIIPOMOYKHIX 00CITYTOBYBaTH KPEIUT. A 32 M’SKHX ITPABHJI Y KPEIUT-
HUIl TopTdenp MmoTparuisge 0araro HEIIATHUKIB 32 KPEAHTAMHU Ta CHCTEMa T0Ka3ye B JTWHAMII IMaiHHS
noxony. Po3pobiieHa Mozienb Moxke OyTd 3aCTOCOBaHA [0 PI3HUX HAMPSIMIB CIIOKHBYOTO KPEIUTYBAHHS Ta
y3arajibHeHa Ha BUITaJIOK MTOPTQEIIs KPSIUTHHX MPOAYKTIB OAHKY.

Kiro4oBi cjioBa: MeToM CHCTEMHOT AMHAMIKH, METOJT IMITAI[ITHOTO MOJICITFOBAHHS, CIIO)KHBYE KPEIH-
TYBaHHS, KPEJAWTHI PIllICHHS, MAPKETHHT, PU3UK-MEHEIKMEHT.
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