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Abstract: This study considers the values of the credit payments that are made at random values for
both payment size and number. The simultaneous existence of the two random variables increases
the total value of the volatility of the payment process. The dependence for the simultaneous
influence of the two random variables is derived by applying conditional probabilistic formulations.
Formal relations apply to animal husbandry credit payments. The credit policy was analyzed for
the cases of regular payments and with a stochastic number of payments. A recommendation for
the upper level of credit payments is proposed based on a model predictive approach using
historical payment data. A credit management algorithm is derived, in which decision-making for
credit payments is formally derived and numerically discussed. The application of derived
quantitative relations is empirically applied to real data on animal husbandry. The
recommendations from the dependencies obtained allow a reduction in the mean values of credit
payments, which correspond to a reduction in the credits used for business management, without
a change in business policy.

Keywords: algorithm for active credit management; stochastic number and values of payments;
conditional formalization; resource allocation

1. Introduction

Working capital is the force that takes the role of engine for the business operations of economic
entities. Working capital management is critical to business management, as the amount of financial
resources currently available is often lower than needed. Thus, working capital management is a
prerequisite for the success or even failure of a business. Working capital refers to short-term assets
that must be allocated to corresponding liabilities [1]. Therefore, the day-to-day management of
working capital is a prerequisite for maintaining the growth, liquidity, and profitability of a business
entity [2]. The importance of such management and the work tasks to be undertaken are discussed
in the references [3-5]. The nature of working capital allows its value to be variable and it can be
reduced or increased depending on current business behavior [6].

A decision to increase working capital to cover current liabilities is the policy of taking and
recovering credits. This paper is aimed at deriving a quantitative approach for assessing and
forecasting the credit needs of a business entity based on its historical credit behavior. A formal model
based on conditional probabilities is applied to estimate the potential volumes of credit credits that
an enterprise can take out. The assessment of credit volumes is based on an analysis of payments and
refunds made during the year by the enterprise.

2. Review of credit management policies

The factors that influence the credit policy are classified as external and internal [7]. External
factors come from the business environment. They have a strong influence on the current
management of the business entity [8]. However, our intention is more on the internal factors that
concern available assets and liabilities. Internal factors are a consequence of an organization’s
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available assets and their influence on the set of required obligations. The organization that interacts
in the credit market is a dual actor. In general, the first category of organizations are banking
institutions that offer credits and credits. The second category of organizations are business
authorities that take credits or credits. The overall objective of the banking institution is to reduce the
credit risk that may occur if the credit defaults [9]. Therefore, credit management carried out by bank
institutions contains a quantitative assessment of credit risk. Credit risk management is formalized
as multi-criteria decision-making [10]. Protection of the banking sector is recommended by the Basel
Capital Adequacy Approach for credit risk [11].

One approach to quantifying credit risk is by forecasting the likelihood of credit default. A
formal method for such prediction is used by Mehul by applying decision trees and random forests
[12]. Customer credit forecasting with training techniques is done in [13]. The assessment of the
eligibility of a credit is discussed in [14]. Credit default prediction assessed by machine learning
approaches was developed in [15]. An overview of credit default prediction models is given in [16].
A random forest algorithm is used to quantify the credit default prediction [17]. Credit approval
forecast is assessed and evaluated in [18]. Credit risk management makes changes in the modeling
and application of business management decision-making [19]. The credit management practice of
banking authorities is discussed in [20,21].

These changes in credit management are usually related to the fact that banking institutions
need to properly assess the potential of credit applicants to avoid credit defaults. From the point of
view of credit seekers, their credit management policies contain a slightly different task. A medium-
sized business must plan its credit policy [22]. Credit policy is an ongoing working capital
management decision [23]. The credit management policy should be related to the profitability of the
company [24]. Recommendations for medium and small businesses regarding trade credits are
presented in [25]. The management practice of borrowing credits is analyzed in [26]. Effective
working capital management by entrepreneurship is assessed in [27]. Working capital management
is discussed in [5,28]. Business performance is closely related to working capital management
[3,29,30]. Resources added to working capital can be beneficial to the profit of the business entity
[3]. Because credit is a share of the value of working capital, it can benefit business results and
performance. The values of credits, their number, and volumes are favorably evaluated by the
management of the enterprise by predicting the future of the credit policy to be followed and applied.

In this study, our goal is to derive a quantitative approach that can predict the limits of credit
policy. We differ from the presentation of the quantitative business management method in [31],
where a mathematical basis for optimization is presented. Our approach is aimed at formalizing and
defining the problem, which is closely related to the support for decision-making about the credit
management policy of the enterprise. In this way, the permissible value of the credits that the
business entity can afford can be recommended. The developed approach is based on an analysis of
historical payments to cover existing credit schedules. In this way, the potential volume of credits
that the enterprise can allow for its management is evaluated and quantified. This approach allows
us to indirectly take into account the current inflow of financial resources, the success of the business
management, and the values of working capital to estimate the volume of credits that the enterprise
can successfully use.

This research makes a general analysis of the monthly installments made to cover the
installments of the credit. Along with the volume of payments, the number of payments is also
considered for the analysis. This allows us to predict the limits for credit payments as a volume of
newly taken credits. The added value of this research contains the definition of the statistical
parameters of a complex random process, which is composed of a sum of two random processes for
the value of credit payments and for an arbitrary number of payments. These characteristics are used
to determine the upper level of credit payments that the business entity can comply with. In addition,
the mean value and variance of individual credit were estimated. The paper proposes a quantitative
solution for minimizing the average credit payment in case of compliance with the above credit limits.
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The formal approach in this research to the analysis and evaluation of credit payments is based
on the application of formal conditional probability rules. The result of such formal modeling should
give estimates and limits for the necessary credit resource for future business management.

The paper contains 7 sections. Sections 1 and 2 set out the purpose of the study to derive
quantitative relationships supporting decision-making in by assessment of the historical credit policy
decision-making by evaluating the historical credit payments of the business entity. Section 3 derives
a formal relationship between mean and variability for a complex process. The latter collect the
random values of credit payments and their random numbers. Section 4 analyzes the upper level of
credit payments that can occur for given statistical characteristics of credit payments. This allows to
define an algorithm to estimate credit payments that should be lower than the identified upper level.
Section 5 applies the rules for estimating the statistical parameter of a complex process composed as
the sum of two random processes. Section 6 derives relations that estimate the statistical parameters
of an individual credit using those of the complex stochastic process. Section 7 derives a credit policy
that aims to minimize the average credit payments and may implement irregular monthly payments.
The last parts of the article present discussions and conclusions as results of the presented research.

3. Formal modeling of the credit business model

The credit modeling was carried out for a real case of business management of animal husbandry
in the central part of Bulgaria. Animal husbandry products are based on cow’s milk. Day-to-day
management of livestock includes maintenance of feed for the animals, transportation, and human
salaries. Financial resources are needed to cover payments for electricity, fuel, medicine, salaries,
and other types of resources. Since cash inflows are not regular for livestock farming, the
management must cover these needs through the general use of credit and credits. But to cover the
required repayment schedule, livestock farming implements irregular payments with different
amounts of financial resources. In different months of the year, the number of credit payments N={n}
is different. The value I of each payment is also not constant and varies. Thus, the total value of
credit payments that the farm has made is T

T=yN1 ,L={} 1)

The peculiarities about n and [ are that these variables are random, resulting in the total value
T being a random variable. The assessment of T is related to the ability of the farm to cover its credits
and avoid the situation of credit default. Therefore, the assessment of T’s eligibility limits is a
prerequisite for safe credit management. The estimation of these constraints is based on the use of
formal conditional probability relations.

The stochastic characteristics of credits I € L and their number #ni € N, (L, N are set of admissible
random numbers of i and ni ) are:
- mean E(L) and standard deviation o(L) ;
- mean E(N) and standard deviation o(N) ;

It is assumed that these values can be evaluated over a predetermined period. In this study, one
year is used as the period for which the stochastic characteristics for L, N, and T are considered. The
formal problem to be solved concerns how to calculate the mean E(T) and its standard deviation
o(T) for the total amount of credit payments T if the characteristics of credit payments, volume ,and
standard deviation (E(L) ,0(L)) and, respectively, for the number of payments (E(N) ,o(N)) are
available. The formal derivation is presented as conditional probability relations.

Since both variables L and N are random, the total value of credit payments T in a year is also
random because it depends on both their volume L and the numbers N, T(L,N). The values N and L
are assumed to be independent stochastic normally distributed. Following (1), the total sum T
depends on the joint distribution of the arguments N and L. The random behavior of N and L gives
rise to difficulties in estimating the stochastic parameters of T, its mean E(T) and standard
deviation o(T).
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For the independent random L, its mean E(L) and variance Var=0(L)? can be estimated. The
same is true for random values of N, with corresponding mean E(N) and variance Var=g(N)? .

The estimate of mean E(T) and variance Var=0(T)? should be estimated according to the
statistical characteristics of the two random variables N and L: E(N), E(L), o(L) and o(N). To
derive the necessary relationships, the conditional Bayes equation is used [32]

p(L=l,N=n)

p(L=IIN=n) = V=) 2)

where [ and 7 are values from the set of random numbers L and N.
From (2), the mutual probability is

p,n) = pUlMpm). ©)
The relation (3) can be written for all values of n€ N and these relations are added, which gives
" pn) = 2" p(Un)p(n) . @
The left-hand side of (4) gives the limiting frequency of L
p(L) =%" p(l,n) = X" p(L In)p(n) . ®)
The corresponding relation for the marginal function P(N) is also written in the same way
p(N) = X! p(L,n) = X' p(L1n)pQ). ©)
The relation (6) is used to estimate the mean value E(N), according to its definition
E(N) = X" np(,n). @)
Using (7), the conditional expectation of the mean E(N) for the predefined L= [ is written as
E(L=1IN)=3" np(lIn), ®

where the conditional probability p(l|n) isused. The ratio (8)is multiplied on both sides by the
conditional probability p(l) for all values | € L and successively added or

YE(L=LIN)p@)=Z"nX! p(In)p®). ©)
The component on the right-hand side of (9) is equal to (6) or

2 pImpD) =p(m)
Therefore, using relations (6) and (9) and considering the right-hand side of (7), it follows

YE(L=11N)p0) =3 np(lIn) =EN). (10)
Next is changing the order of L and N in the same way
E(L) =X" E(LIN =n)p(n)) (11)

E(N)=%" E(L=11N)p().

Relations (11) can be described in a common form (7) as mean values of conditional means
E(L|N), respectively E(N | L) or

E(L) =E[E(L|N)] 12)

E(N) = E[E(N | L)]
Ratios (12) can be applied to the random variable T for the total amount of credits or
E(T) =E[E(T | N)]. (13)
For a fixed value N= n, the conditional mean E(T | N) gives

E(TIN=n)=nE(). (14)
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since the number of credit payments n is fixed and the average value of the total E(T | n) is equal
n times the average value of the credits E(L). For the case when n is not fixed, but an arbitrary N,
relation (14) assumes a value

E(TIN)=NE(). (15)
The average values of both sides of (15) gives
E[E(T I N)]=E[NE(L)] = E(N)E[E(L)] = E(N)E(L) (16)
because E(L) is a constant and E[E(L)] = E(L).
Therefore, given (13) and (16), the final relation for the mean value E(T) is
E(T) = E(N)E(L). 17)

The ratio (17) determines the average value of the total volume of credit payments that the
business can take in one year for its management. The standard deviation of ¢(T) must now be
estimated to have the most important features for the random variable T. The formal definition of the
variance Var(T) is

Var(T) = E[(t — E(T))?] = E[T? — 2TE(T) + E(T)?]

or
Var(T) = E(T?) — E(2TE(T)) + E(E(T)?)
or
Var(T) = E(T?) — 2E(T)E(T) + E(T)?
or

Var(T) = E(T?) — E(T)?. (18)
The relation (18) applies to the conditional cases of the argument (T | N) or
Var(TIN)=E(T? | N)—E(T | N)2 (19)
For the case where n is a fixed value , N= n, (19) takes the form
Var(TIN=n)=Var(QX" 1) = nVar(L)
or if N is an arbitrary value
Var(T | N) = NVar(L). (20)
Evaluating the averages of the left and right sides of (19) gives
E(Var(T IN))=E(E(T? | N) —E(E(T | N)?). @1)
It follows from (13)
E(E(TIN))=E(T)
and accordingly for conditional argument (T2 | N)
E(E(T? | N)) = E(T?). (22)
The relation (21) is rearranged, given the equality (22) and
E(Var(T I N)) = E(T?) —E((E(T | N))?). (23)

Now relation (19) is further developed by replacing the random argument (T | N) with the
random mean E(T | N). The resulting substitution gives the equality

Var(E(TIN))=EWE(T? | N)))—E(E(TIN))?)

and given (13) this gives
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var(E(T IN)) = E((E(T? | N))) - E(T?). (24)

Next is the addition of the left and right sides of (23) and (24)
E(Var(T IN))+ Var(E(T IN)) =
= E(T) —E((E(TIN))*) + E(E(T I N)*) — E(T)?

or
E(Var(T IN)) + Var(E(T | N)) = E(T?) — E(T)?. (25)
The right-hand side of (25) gives the value of the variance Var(T) according to (19) and finally
(25) gives
Var(T) = E(Var(T I N)) + Var(E(T | N)). (26)
Now we apply the two relations (15) and (20), which gives
E(TIN)=NE(L) and Var(T|N) = NVar(L).
Furthermore, we can consider the equality for the value of the variance for normally distributed
processes

Var(aT) = a?Var(t),
where a is a constant.
The components of (26) can be recast in the forms
E(Var(T I N)) = E(NVar(L)) = E(N)Var(L)

because Var(L) is not a random variable.
Respectively

Var(E(T | N)) = Var(E(N)E(L) = E(L)*Var(N).

since E(L) is not an arbitrary value and is the average of all credit payment values of L. As a result,
relation (26) takes the form

Var(T) = E(N)Var(L) + E(L)*Var(N). (27)

Relations (17) and (27) determine the statistical characteristics E(T) and Var(T) of the arbitrary
total sum T from (1) as functions of the statistical characteristics of the components of the amount
of credit payments L and their numbers N. These relations are applied to estimate the potential
volumes of newly arriving credits, which support the planning of the resources of the business
management of an enterprise or firm. The application of these ratios is applied empirically with the
set of data concerning the credit payments of a farm from the central part of Bulgaria.

4. Analysis of the farm’s credit policy

Initial credit management data is taken from the holding’s ledger for 3 years: 2019-2021. The
available data gives the number of credit payments N, per month and the values of the payments for
each month, taken for the respective month and the total value of the funds received from the credits
for that month. These data are given in Table 1.

Table 1. Initial data for credits per month.

Month 2019 2019 2020 2020 2021 2021
li ni li ni Li ni
[BGN] [BGN] [BGN] [BGN] [BGN] [BGN]
I 7690 1 45802 3 4750
I 6000 1 34297 2 19523 4
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111 25195 3 11505 1 18447 4
v 25195 3 45802 5 20598 6
\Y% 25195 3 22463 3 0 0
VI 25195 3 22463 3 0 0
vl 25195 3 22463 3 58569 4
VIII 25195 3 38614 5 14824 3
IX 25195 3 26665 4 0 0
X 25195 3 27760 5 19824 4
XI 45802 3 19523 5 0 0
XII 45802 3 19523 3 63315 6

This research assumes that the random processes L and N have a normal distribution and this
allows using the obtained relations (17) and (27). Using the numerical data in Table 1, the monthly
means E(L) and E(N) and the corresponding standard deviations o(L) and o(N) for each year
are estimated according to the relations

E(L) = = X1,

o%(L) = = Tl — EQ)? , 0?(N) = — X2 (ny — E(N))2.

E(N) = = S m,
(28)

The estimation results of (28) are given in Table 2.

Table 2. Statistical parameters of random L and N per month.

Year E(L) o(L) E(N) o(N)
2019 25542 11264 2.67 0.78
2020 28074 10853 3.5 1.31
2021 19041 21965 2.67 2.35

The results of Table 2 allow to determine the limits between which the real values of L and N
can change. For a stochastic process x(t), the real values of this process can lie between the upper and
lower bounds with the corresponding probability as follows [33]

PA(E; — 0y) < x(t) < (Exy + 0,)} = 6827% (29)
PA(E, — 20,) < x(t) < (Ex + 20,)} = 95.45%
PA(E, — 30,) <x(t) < (Ex+ 30,)} =99.73%,
where E, ,o, are the mean and standard deviation of the process x(t) for the preset period, P.{} is
probability notation.
The most used practical consideration applies the first inequality of (29) to estimate the real

values of x(t). Hence the limits between which the real volumes of credit payments per month are
estimated in Table 3

Table 3. Limits on the real values of L and N.

Year min max min max
LB(L) = UB(L) = E(N) — a(N) E(N) = a(N)
E(L) — o(L) E(L) + a(L)
2019 14278 36806 1.89 3.45
2020 17221 38927 2.19 4.81
2021 -2924 41006 0.35 5.02
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The business management risk is the presence of high upper limits UB(L) and low limits LB(L)
of credit payments. Their values are estimated according to (29) as

UB(L) = E(L) +a(L), LB(L)=E()—- o(L). (30)

Therefore, we will estimate the levels of the estimated averages of the monthly credit payment
amounts E(L), since UB(L) and LB(L) are around this average. But from a practical point of view, the
default situation can occur if the upper bound UB(L) = E(L) + o(L) is high and the business
management cannot afford such credit level payments. The interpretations of the limits UB(L) and
LB(L) are given graphically in Figure 1, taking the corresponding values from Tables 2 and 3. Since
the real credit payments lie between the upper bounds UB(L) and the lower bounds LB(L), therefore
the required credits must have a volume between these bounds as well. Higher credit volume than
UB(L) may lead to default risk.

5 X 10 Boundaries of credit paymenys per month

4 UBL=ELHo) |

.........

LB(L)=E(L)-0L)

credit payments
N

-1 -
2019 2020 2021
year

Figure 1. Graphical representation of the limits of the monthly volumes of credit payments E(L).

This result can be interpreted in the case of forecasts for the needs of monthly volumes of
additional resources and/or credits. The algorithm for this credit management policy to predict future
needs for financial resources or credits can be described with the following sequence

1. Estimation of average E(L) and o(L) for the previous historical period of credit payments. For
the case of 2019 this gives Eyg;9(L) = 25542 and 0y919(L) = 11264.

2. Estimate the upper bound UB for this historical period. For the case of 2019 this gives
UByp19(L) = 36806. The value of UB,y;9(L) is taken as the forecast of the monthly credit
payments for 2020. Accordingly, this gives limits on the new credits that can be taken. This is
the maximum amount of credit that can be used in 2020.

3. Evaluation of the forecast. At the end of 2020, average payments payments E,qpo(L) are
estimated. It is a measure of the real values of credit payments L. The comparison between the
forecast of the upper limit of the forecast volume of new credits UB,;9(L) and the actual
average payments E,p0(L) gives the estimate

UB3019(L) > Ejgz0(L).

Thus, the prediction sets the upper bounds on future possible credit volumes L .

The application of this algorithm is applied with the data from Tables 2 and 3 for the years 2019-
2021. By successively moving the historical period forward by one year, we consistently obtain that
the prediction inequality satisfies

UB.—1(L) > Ec(L),

where £ is the reign year.
The results of using this management policy numerically are given in Table 4 and Figure 2
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Table 4. Numerical data for the consistent forecasting of credit volumes for a month and the average

Historical | Prediction | Real Historical | Prediction | Real
period of mean period of mean
maximal | value of maximal | value of
credit for | payments credit for | payments
2020 2020 2021 2021
2019 36 806 28 074 2020 38 027 19 041
Squentiial forecasting of credit payments per month »
= ‘predictions of upper payments per month J‘
(0]
c
3
B
2 |historicl period | e G W }real mean payments per month ‘
P
oS- ~
a . e
year

Figure 2. Estimates between predicted and actual averages.

The applied sliding procedure makes forecasts and estimates for the needs of credit volumes
that are recommended for livestock management in the current year. This assessment helps the
decision makers decide on the need and/or eligibility to borrow additional resources through non-
default funds. The prediction is based on previous business results, which indirectly takes into
account the potential of the business entity to take credits or credits and successfully repay these
financial obligations. The graphical interpretation of this predictive business management model is
given in Figure 3.

The history period predicts the upper bound level of the credit payments. If these forecasts are
lower than the actual average, the credit policy of the business management can be maintained in
volumes. But if the average payments are higher than the predicted level, the management of the
business must take measures to adjust and reduce the volumes of the credit policy.
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[ Decision Making L

| Business Management

J’ Changes and Corrections on

| History pericd £1 Business management

Y
Evaluation E,_;(L),o._4{L)
Prediction UB.{L) = E. (L) + 0. (L)

l

hd

Current Period t

Evaluation real mean credit payments E (L)

Assessment No

UB,(L) > E.(L)

\

Figure 3. An algorithm for sequential credit limit prediction.

This algorithm has been extended to be applied to a larger time horizon from monthly to annual
time scale. This gives the total value of the possible credit volume that can be successfully be taken
and recovered by the organization.

5. Assessment of the total credit volumes per year

In this case, the total amount of credit volume T is evaluated, according to the sum (1), where N
and L are random variables. The estimation of annual values for mean E;,(T) and variance Var;,(T)
for 12 months is carried out by ratios (17) and (27), using E1,(L), E152(N), 012(L) and oy,(N) for the
calculations data from Table 1. The estimated E;,(T) and o;,(T) values are given in Table 5 for each
year

Table 5. Estimated statistical parameters to the total volume T per year.

Year 2019 2020 2021
Epp(T) 306 510 336 880 228 497
012(T) 39 021 37 596 76 089
UBy(T) = 345 531 374 476 304 586
= Epp(T) + 01,(T)

Applying the algorithm of Section 4 with the sequence of values for E;,(T) and oy,(T) gives
the results presented in Table 6.
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Table 6. Numerical data on the consistent forecasting of credit volumes for a year.

Historical | 2020 Real Historical | 2021 Real

period maximum | average period maximum | average
credit payments credit payments
forecast 2020 forecast 2021

2019 345 531 336 880 2020 374476 228 497

For this case of a forecast with a historical period longer than one year, the quantitative
assessment of credit compliance is again the same

UBr_,(L) > Ep(L).

Therefore, such a quantitative assessment can support the credit policy of the business entity for
a longer time horizon.

6. Assessment of characteristics for individual credit

The initial data from Table 1 do not give the volume of the individual credits (i) that were taking
per month. The available data refer to the total volume by month for both the credit volume L and
their number N. Practical requirements require that the individual credit characteristics E; and o;
be evaluated. Such an estimate can be made in the same way by applying relations (17) and (27), but
applied to the monthly scale. For this case, the values of the monthly parameters of credit payments
are taken from Table 2, which are: E;(L) = 25541 , 0,(L) = 1125. The corresponding values for the
mean monthly number are E;(N) = 2.67 and standard deviation g;(N) = 0.78.

Following (17), the average value of an individual credit payment can be estimated as

Ey(L) _ 25541

E,(L) = E;(L)E;(N) or E;(L) = ) - 287 =9578
The variance V;(L) is evaluated from (27) or
of = E,(Naf (L) + E(L)ot (L)
where o;(L) is unknown. Numerically, this gives
_|e2W)- EF(W)sE(N) _ 11264%2- 95782 0.782 _
(L) = / ) = e =5170.

The evaluation of the characteristics of an individual credit payment (i) per year is given in Table

Table 7. Evaluated statistical parameters for individual credit (i) per year.

Year 2019 2020 2021
Ey(L) 9578 8021 7140
o;(L) 5170 1379 8687
UB; = 14 748 9400 15 828
= E;(L) + 0;(L)

Application of the algorithm in Section 4 yields the “prediction-estimation” sequence with
values from Table 8.
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Table 8. Numerical data on the sequential forecasting of individual credit volume (7).

Historical | 2020 Real Historical | 2021 Real

period maximum | average period maximum | average
credit payments credit payments
forecast 2020 forecast 2021

2019 14 748 8021 2020 9400 7140

For this case of individual credit payment (i) the relation “prediction” > “actual mean” is again
satisfied. Therefore, maintaining historical records of credit payments and applying ratios (17) and
(27) the evaluated upper limit for potential credit remains lower compared to the actual average
values of credit resources used,

UBr_,1(l;}) > Er(ly).

7. Potential solution for business management correction

The sequential credit limit prediction algorithm, given in Figure 3 omits a possible branch
content recommendation when the upper limit and average payment criteria are not satisfied.
Analytically, using the formal definition of upper bounds UB() from (30), the inequality leads to the
form

UBi_1(L) < E.(L) + o(L) @1)

In this case, changes and adjustments in the business management of the credit policy are
required to reduce the total payments on the credits. In this section, a quantitative decision to make
such a decision is motivated with appropriate formal descriptions. Changing the sign of the
inequality in (31) can be done by reducing one or both components E,(L) and/or o,(L).

Our particular solution relates to monthly credit payments that are marked by e, . These
monthly payments are made only in # number of months, since the income of the farm does not have
a regular inflow. Average credit payments per month on an annual basis are denoted as E;. We
need to define those values of E;, e, and o; respectively, which will satisfy the target relation

UB; 1 = Ei(L) + o:(L) (32)
with a predetermined number of # monthly payments. For such a defined credit payment policy, the
credit payment variance will be as per the formal definition

of = —[n(e. — E)? + (12— n)] 32

It is assumed that n-month credit payments will be made at a value e, and no payments will
be made the other months of the year. After rearranging (32) it follows

of = % [ne? — 2ne,E, + 12 EZ]. (33)

Our business policy is defined in such a way as to estimate that value of average monthly credit
payments E, that minimizes the variation of credit payments o/ or the ratio of(E;) from (33). The
first derivative of this relation gives

d(af) _
d(E¢)

—(—2ne, + 24E, = 0

which gives the solutions

*

_n « _ 12E;
Et—Eet or e/ =—.

n

(34)
Substituting the solutions (34) into the variance (33) gives its corresponding value

* * * 12 *
o2 (ED = B2 (-1 =e? = (1- ). (35)
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Relations (34) and (35) depend on the defined parameter n. The graphical interpretation of
Ef(n) and ¢;?(n) is given in Figure 4. The value of E{ depends linearly on n according to (34). But
o¢2(n) is a nonlinear function towards 7. The relationship E; (o;%(n)) is plotted in Figure 4.

Relation between mean credit payment E:and volatility of payments 0:2
1 T T [

mean credit payment Et

volatility 0:2

Figure 4. Graphic representation of the relation E;(a72(n)).

It can be seen that for different values of E; the volatility ;% has the same values. That is why,
it is recommended to use only half of the graph E; (0;2(n)) , which will give the appropriate values
of the required credit. From a practical point of view, the larger value of the low-volatility credit is
preferable, which corresponds to the upper part of the E;(g7%(n)) curve.

The values of E; and o7 (E;) are found from the basic relation (32). For the specific case is valid

UB.y = E; + o(E) = Ef + |E? (- 1),

where relation (35) is used for the analytical description of o;%(E;).
After rearrangements follows
UBt—1
1+ () (36)

n

E; <

The corresponding value of the standard deviation o7 (E¢) is evaluated according to (35) or

* * UBt—1 12
of(Ef) S ——=— /(— -D 37)
1+ /(%—1) n

Accordingly, each of the n monthly payments e, has a value according to (34) as

12 UB¢—
ef < — =

n H\/?j (38)
Relations (36)-(37) apply to the case of real monthly payments given with their mean and
variance values from Table 2. Figure 5 shows the relationships between the number of months 7,
which determine how many months credit payments will be made in a year. The value of n is the
argument of the mean credit payment per month Ef , the standard deviation o; and the value of
the actual credit payment e; for each month of category n. Calculations are performed for maximum

level UBjgy0 = 36806 . Equations (34) and (35) were used to evaluate these credit payment
parameters.
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Relation between the months for payments n and Et 10, (Et ) and e,
I I [

T

UB,  =36806

2020

values of the parameters
i 7 1

T
~q »
h‘ﬁ *

n months

Figure 5. Ratio between months for payments and Ef, o7 (Ef) and e;.

The graphics present the internal relationships of the parameters Ef, o7 (Ef) and e; from the
number of months n when credit payments are due. For the case when the upper UB is a constant,
as n changes, the real payment e/ for the month of category n decreases. The same is the case for
the value of the standard deviation oy (E7). Since the upper bound UB contains the sum of E; +
of (Ef), as o7 (Ef) decreases, the corresponding values of E; increase, which means that business
can take larger credits. But relations (36)-(37) are inequalities and this gives that the graphs illustrate
upper bounds for each parameter. An important feature of the graph e;(n)says that there is a
minimum below which the real monthly payment of category n can be found, e;(n). For the
described case it is #=11. Therefore, if 11 months of the year credit payments are made, the monthly
value will be the smallest. For the case illustrated here, n=11 and the monthly payment is e;(11) =
3085.

8. Discussions

This research applies formal approaches to evaluate the statistical parameters of the sum of
random values of credit payments and their random number. These relations were applied to
estimate average monthly credit payments and total annual payments. Corresponding standard
deviations are also estimated. This allows determining the upper and lower bounds of the actually
required amount of credits. An algorithm is derived based on empirical results from real data from
livestock management. The algorithm applies a sequential sliding procedure where historical data
are used to predict future upper limits of credit volumes. Empirical results prove that the forecast
levels are higher than the actual average volume of credit payments. The algorithm can be modified
by extending or shortening the historical period. Extending the period will give numerical assessment
of slow changes in market behavior and can support decision-making in a long period of time
management. Conversely, shortening the historical period will benefit day-to-day operational
management. This research does not directly link the results obtained to the exact recommendations
for business management. However, its overall result is that it quantifies a really important part of
business management, the amount of credit a business can afford. In addition, a quantitative solution
is derived to minimize average credit payments, which is applicable if current credit payments are
higher than the recommended upper level. This assessment is based on historical credit repayments,
which indirectly reflect the entity’s potential to repay credits without default.
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9. Conclusions

The paper derives a quantitative approach for assessment the characteristics of the credit policy
of a business entity. Quantification was performed using conditional probabilistic relations for
normal stochastic processes. The assessment of the credit policy of payment of an economic entity
was carried out with available real data from the accounting book of animal husbandry. Numerical
evaluations are made with the application of a derived algorithm, which performs the identification
of the upper level of the permissible credit volumes and the consistent verification of the real average
credit payments. A credit management solution based on the quantification and restricting the upper
levels of credit payments is derived. A potential solution for business management by minimizing
average credit payments is derived. Empirical results from the application of this algorithm provide
useful links and support the quantification of credit policy for business management. This research
can be expected to be extended in relation to the assessment of credit characteristics with managerial
decisions to increase business profit and/or reduce credit risk while avoiding defaults. In this way,
the current state of the business can be taken into account for taking a higher or lower value of credits
necessary for the normal functioning of the business entity.
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