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Abstract: We present a new theoretical model of the creditket in current paper.
Our analyzing of earlier studies in this reseangaéaas proved that all the authors
worked with three parameters of the credit markstthe first, interest rate on loans
that means risk payment of the loan contract. S&ctive creditworthiness or the
bonity that means the quality of the credit clieAnd third, the credit collateral
which is sometimes given to secure the loan contitee aim of this study is to
construct new credit market model with all these¢hparameters. All functions in
this model are mathematically described. In addjtiwe modify our basic model
due to asymmetric information problematic. Eveth# mathematical confirmation
of the potential performance of the model is ineldidn this paper, we have high-
lighted some theoretical barriers why the creditkmamodel could not work in the
real economy. Despite the fact we argue that the of our theoretical model can be
ceteris paribus very close to the practical functioning of theditenarket in the real
economy. The present study is the basis for thiaduresearch work in the credit
market area in future.
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1 Introduction

Theoretical models of the credit market were desctiduring second half of the ®@entury. Authors went
through basic models in e.g. Jaffee [5] to modéiscted by information asymmetry as in e.g. StmliVeiss

[6]. Several studies examine credit market applygome from three variables. As the first, interag on loans
that means risk payment of the loan contract. Sticihve creditworthiness or the bonity that meaesainality of

the credit client. And third, the credit collaterghich is sometimes given to secure the loan cotti&e have
not founded any study that present theoretical iofdéhe credit market with all of these variabtee way used
here. This fact motivates the present study. Tkeent study focused on the credit market theotetiodeling.

The aim of the paper is construct the credit mamk@del with three parameters. Its functions areheragti-
cally described to improve understanding of the eho@ontribution to current literature should beajoplying
all of three variables in another way in the modefinitely.

The paper is organized as follows: In the nextiseate shortly analyze several studies. In sedtivee we
define function assumptions of the credit markedetawvith three parameters. Section four is our tbécal
model with mathematically descriptions of its fuoaot In addition we construct advanced theoretinalel in
next section where we apply information asymmebgction six describes model's weaknesses in thecea-
omy context. Section seven it concludes.

2 Literature review

Jaffee [5] described credit market as a perfectpadition market where exist non-profit/loss poimhis
point is a tangent of credit supply and credit dedndue to credit rationing when credit demand $eackdit
supply banks achieve profits in equilibrium. Itmetch of demand and supply. Interest rate on léahégger
than in non-profit point and banks supply less wduof loans in that. Cosci [3] argue that creditketis close
to an oligopoly market than a prefect competitioarket. She also argues that due to this fact irddion
asymmetry could be beneficial for bank in some sa€eedit market is not monopoly market even iflbanin
the role of price maker, definitely in [3] and [8}lemenz [2] argue that bank sell loans on higheeghan it is
optimum interest rate, too. Price maker’s rolensigual for an oligopoly market, but that type ie thosest to
credit market.
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Stiglitz and Weiss [7] examine more optimal inténege on loans. They described that as functioslal
tionship between banks income and loan’s inteist iTill the optimal level of interest rate itilcrease func-
tion. Higher interest rate means higher income arfkds. But interest rate means also risk of credglittract.
Therefore higher interest rate than optimal interate is connected with some losses and functimnge to
decrease. Higher interest rate than optimal mezssbank income then. Stiglitz and Weiss [6] inrtheunger
study apply optimal interest rate for whole credérket. Macro view on this problematic is their tdoution to
the literature.

Townsend [8] examines insurance market but his pagmeised on information asymmetry and avoidable
moral hazard. He looks on the economy as the sysfi¢#mtwo agents and one random variable. He clarac
ized optimal contracts applying mathematical dgsioms under function assumptions. Bester [1] shioat no
credit rationing will occur in the credit marketwigbrium if banks compete by choosing collaterdjuirements
and interest rate on loans to screen investorkingss. In his study he went through credit mavii¢h perfect
information to the imperfect markets with infornzatiasymmetry, concretely adverse selection. Wikiam[9]
applies asymmetry informed lenders as well as bare and established a link between the credamatg, the
equilibrium and the financial intermediation.

In their studies Clemenz [2] and Williamson [9] @péndently examine credit market with information
asymmetry and monitoring costs’ problematic. Frexiamd Rochet [4] also apply information asymmelny.
their study they examine credit market and alsdyaeaecent studies [1], [7], [8], [9]. Their coiltion to the
current literature, except completing recent litere, is in applying more credit collateral’s preilatic.

3 Function assumptions of the model

All theoretical models should be constructed onesassumptions to the function of thegteris paribus. There-
fore we make also function assumptions of our basidel which we will change only a little. Theseswsp-
tions are:

e Commercial banks do not exceed optimal level odrigdt rate on loang,., through they maximize their
income Ry Stiglitz and Weiss [7].

+ Banks do not exceed also the lowest level of istetate on loang,;, to achieve minimum incom&;,.
In our case it is not a perfect competition madeetn Jaffee [5].

» Loan’s interest rate is determined by assessindpdmi client’s creditworthiness or bonifyand loan’s
collateralC, Freixas and Rochet [4].

» The credit market is lending through the matchntersection of the credit suppby and credit demand
Dy The supply is exogenous variable (given by bankiagtor) and the demand is endogenous variable
(dependent on banking sector, especially on inteadss on loans).

» Only perfect information exists on the credit maikethe basic theoretical model. Therefore interate
on loans is a good measure of the credit risk fiemding process.

4 Basic theoretical model of credit market

First, the basic theoretical model of the credithkaawith three parameters is mathematically descki Second,
we construct Cartesian graph to illustrate mathinfahctions and interconnections between credip8gu.s;
and credit demang;.

Credit supplys; in the basic model is mathematically describeaéxt equations:

L=5S,() 1)
i=f(R) 2
L. =g(R) (3

, WherelL is increasing function of interest rate on lodasd S;(7) means loans volume in (1). Increasing func-
tion of bank’s profit/{fR) means level of interest rate on loaris (2). On the other hand, increasing function of
bank’s profitg(R) means also level of the credit rikin (3). That means relationships through we carstcant
credit supplyS;in figure 1 then: 7 - L, R - [, R - L.

Credit demand);, in the basic model is mathematically describeadxt equations:

L=D,() (4)
i=f(R) (%)
R = h(C&b) (6)
C&b = k(C,b) @)
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, where inverse functional relationship betweeprngst rate on loansand the loans’ volum®;, means decreas-
ing functionZ in (4). Inverse increasing functiofi to function £ of interest rate on loansin (5). Decreasing
function 4 of the collateral and the creditworthine&&s, means safe income from lendi®jin (6). Function
k means just coherence between credit collaterateadit bonity. On these relationships we can conscredit

demandD, in figure 1 then: 7 - L, R - [ C&b - R.
The basic credit market model with three paramesensathematically described by next equations:then

Ls =5, (F(g7 1)) (®)
Lp = D, (f(h(c&b))) ©)
5. (F(97 ) = D, (£(n(c&bD))) (10)

L=g (f-l (szl (o (f(h(C&B))))>) (11)

, where we can make through relationships (1) 40@)’'s quantity offered in the markégin (8). We can make
loan’s quantity inquired in the markés in (9) from relationships (4) — (6). On an equasis and match of cred-
it supply S; and credit demand), we make mathematical output description in (1@pnf-the equal basis rela-
tionship (10) we make also relationship betweeditresk L-and credit collateral, bonitg&s in (11).
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Figure 1 Basic theoretical model of credit market with thueeiables

On figure 1 we can see Cartesian graph with treedr [3], defining the credit market's supply ateimand
by three selected factors. In the first quadrarihefgraph with the credit supply, we can see tinetfon £ of the
proceeds of the loan transactions, described byTi¥gd maximum rate we consider optimal interes cat loans
Imax- ON @ higher level of interest rafehanges into inverse function of the nature (brepkoint). The second
guadrant expresses the quality of the credit tiwal, by functiong It is characterized by three parameters.
This reflects the creditworthiness of the bankierdl here, the parameters of the product, but this@uality of
credit collateral. The second quadrant corresptmdse credit supply with a view of reality bank&ore liquid
loans are more profitable because the bank carincentvith the funds to operate. For loans with Emgaturi-
ties the interest rate is also at a lower level.ligsidity in the credit business we understandpitdential to
change back to the funds that the debtor bank bedoBYy increasing functiog of the credit quality of trade is
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enter several factors. The right half of the grappresents the investment magically triangle frowa ¢redit
supply side. First risk equals interest rate, sdatwe yield on the loan and credit liquidity comtréhen. After
the projection through the third quadrant, the bifd5° we are able to model the supply curve endtedit mar-
ket in the last fourth quadrant.

The first quadrant of the second half Cartesianéply demand of the credit market is identicalh® first
half, the supply side with the same functiéThe second quadrant, the functibris the theoretical basis de-
scribed by [4]. The less creditworthy clients wiglss collateral are providing a higher interese ithtan more
creditworthy or more secure clients. Thereforeitstitutes a higher risk for the bank. The rigHf bathe graph
it is a magical investment triangle on the demamddans again. Risk equals interest rate on Io#uesyield on
loans and liquidity is given by client bonityor the quality of collaterat. After the projection through the third
guadrant, with the line of 45° again we are ablmtalel the credit demand curve in the last fouttadyant.

In the case of the credit offers exists an increasiupply law. At a higher level of interest rate loans
banks offer more loans. At the same time the bograat a lower quality (lower credit quality or lomguality of
collateral) interest rate increases. On demand exit on the other hand a decreasing demand lahersy
a higher level of interest rate on loans decreawparies for loans. At the same time, howevernfrthe per-
spective of banks, clients are able to buy onlygadée quality. Therefore, in the second quadranhefgraph
indicated the inquiry point8, B, located in different gray areas. Cliemtsare looking a little reputable banks
and bonityb or are unable to provide securifyin sufficient amount and quality and due to thagimot reach the
credit. The bank would also such clients have retnbable to determine the appropriate interestrisikeof the
contract in which reach revenues. Clieitsirevice-versa creditworthy, it would still deserve a lower irgst
rate thani,;, but the bank would not achieve the minimum expeotéins and would not meet one of function
assumptions of the model. These clients are therdéced to buy a minimum interest rate set bylkthek or
the supply and demand does not occur.

On figure 1 there are three types of credit cotgraBorrower 1 is more risky for the bank. He Haes inter-
est rate on the loan at its maximum, optimal leigl We can also see that such debtor 1 is grantedradt the
lowest levellZy. With decreasing the risk of further decreasirgyititerest rate on loans established by the bank,
and an increased amount of credit provided by lieatc2. He reaches a higher amount of mongyat a lower
price (or in the bank’s portfolio there are morerbwer clients 2 than type 1). Borrower 3 is vepgdific, be-
cause in terms of its credit risk they are offeatdhe lowest interest rate levil,. Such a borrower can reach
the largest amount of fundg; at the lowest price then (or such debtors are nklsgportfolio more than types
of borrowers 1, 2). However, in terms of credikribe bank paid above the facts relating to itsfpbo of credit
clients. The bank can maximize its revenues byrdeteng the optimal interest rate, as described/ynly in
setting a rate for each loan contract separately.

Another important feature of basic theoretical mafehe credit market with three parameters iseah in
the case of supply curve [5], and demand curve.iam interest rate,.. is determined based on maximizing
income rules of the bank from function assumptiohthe model. It does not mean that in reaching thaxi-
mum limit banks will not be further lending. Howeyeffer becomes perfectly elastic up to a maximramount
offered. Also set the lower limit of interest ratis is based on minimum expected returns of banks froro-
tion assumptions. That does not mean that creditts| will stop lending at a lower rate demands, Quantity
is rising at a lower cost of funds and a lot moeendnd curve becomes perfectly elastic. The minirmwest-
ment rate of return is determined by the marketibse after all just an interest rate on loansestilits.

5 Advanced theoretical model — information asymmetry

The basic model of credit market with three vagalbdhould be modified due to information asymmptob-
lematic. Recent studies deal with that Bester Cdsci [3], Frexias and Rochet [4], Stigltz and VEd#], [7].
Due to adverse selection or moral hazard all olecsed variables are not correctly determined & eeonomy.
We break one defined function assumption of theehadd apply information asymmetry in model advance

The advanced theoretical model with informationnas\etry is mathematically described by these eqgnstio

Ly=Lp+6 (12)
S (F(97r))) = D, (f(R(CED))) + & (13)
Lis=g (f‘l (s (0. (r(niceny)) + 5))) (14)
Lrs =L+ 25 <f—1 (SL—l (DL (f(h(C&b)))))) S+ (15)
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, whered means the risk of information asymmetry in creditrket in (12). From (10) we modify (13), and from
(11) we modify (14) then. Finally we apply Taylogpansion to make (15).
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Figure 2 Advanced theoretical model of credit market withethvariables

If there is ex ante adverse selection, the banksassong the credit quality of the business fomepie. Of
course, this could be affected by only one of thiloWing factors. Furthermore, we describe all thetors that
could cause adverse selection. Already in the sbqoadrant of the graph is an invitation to crasthe quality
of trade credit, bank given set of functigrs different in fact. This is a less trade qualand therefore the de-
rived function is given as more inelasge This leads to a situation in which the bank aahithe expected
return R.ax it would have real liquidity trade to increaserfr the originalZ.* level to L1. Another possible
cause of adverse selection is on the demand sil#ssnthan a bank specified quality of the creliine. In the
second quadrant of the graph so the inquiry ishifi the entire curve of functiosh. The creditworthiness or
bonity 4 and the quality of collateral'is at a lower level of the derived functidn It diminishes both the gray
zones and in the previous case. We see that et dli located in the previous case in poor gray zom®ines
offered by effect of adverse selection. But thekbdoes not know about adverse selection becausdamfer
quality credit contract valued as in the previoasec Line 45° showing a steady relationship is eced in the
third quadrant and in the last quadrant so wergeta pointc lying above the level of demand [3]. We see that
such a contract should be rated higher than thenapinterest rate on loans... So the yield curve of the func-
tion fwe obtain the loss making parts and the functibecomes inverse character. In the case of cregiilsu
although we see that the third quadrant 45° linergects the steady point more distant from théeceHowev-
er, asymmetric information causes that the bankadlgt offer more than the optimal amount of loahdoaver
interest rates. It means inadequate risk for thditcontracts. Due to information asymmetry supquigve is not
in the optimum point perfectly elastic. When praogetsupply real interest rates, higher than optinval obtain
theR-axis yields a loss caused ex ante by adverse seleuvttareR; < Riuax

In another situation when moral hazard exist onctieglit market, the credit relationship becomesxapost
lower quality. Whether, it is a deterioration oétbredit business of the functidior lower client quality of the
function A. It will have exactly the same impact on the dredirket as in the case of adverse selection [&]. F
this reason we have poor client and leave theiorféunction /. In fact, 4 should lie outside the curve but still
outside the gray zone. In terms of moral hazarerjmetation, by contrast, only we can say that whegot into
the relationship loan balance states except th&'®amonitoring costs are the same. Provided a grethian

- 282 -



Proceedings of 30th International Conference Mathematical Methods in Economics

optimal quantity offered credit, the credit risk dot equals interest rate. So again we get to ol p, which is
part of a larger than optimal area and lie aboeectiedit demand in the credit market.

6 Weaknesses of the model in the real economy

We make also some weaknesses of the credit marb@éélmvith three parameters and its function in ree
economy. These are:
» Each bank has its own clients with different riskand cannot achieve the maximum retufhs, from
credits.
» Due to bank’s competition some bank cannot deterri@mel of optimal interest ratg.x on loans inde-
pendently on the other banks and their level ariggt rate on loans.
« Information asymmetryis very difficult to measure or even predict thethy adverse selection and mor-
al hazard.
« When information asymmetry impact the credit marlatel of the credit risli{,- change immediately and
the optimal level of interest rate on loahs change, too.

7 Conclusion

The aim of the paper was to construct the crediketanodel with three parameters. Its functionsraathemat-
ically described to improve understanding of thedeloWe construct also advanced model where weetppl
information asymmetry problematic.

Discussion on theoretical results really proved this type of the credit market model could bealde for
analyzing the credit markets in some countriess important differ between types of financial gyst then.
This is just primary research in this area. It dtidae complete with the numerical example that ddad tested
applying panel regression in the future.

We proved that all three parameters, interest gatéoans, creditworthiness and the credit colldtdrave
some relationships and impact to each other. Waataskip some of them for detail analyzing of thedit
market. Problematic of information asymmetry shaudd be underestimated, too.
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