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Abstract 

 

Financial analysis pays great attention to receivables and managing the recoverability of 

receivables, where an increasing role is played by the Markov model, whose application in the 

function managing recoverability of receivables is becoming increasingly obvious, 

contributing to the improvement of quality of these processes. The given model can be 

efficiently implemented and provides the best information regarding the short-term and long-

term recoverability of receivables. The main purpose of emergence of this paper is to shed 

light on the increasingly significant role played by Markov models in the overall receivables 

management, as the dominant factor of success of the overall business policy of the 

enterprise. The turbulence and uncertainty of the environment demand that enterprises 

efficiently and rationally manage receivables, cash, liabilities and investments, which 

represent the decisive factor in achieving and maintaining the financial result, profitability and 

liquidity as the essential determinants of solvency as the long-term objective of operation of 

any successful enterprise. This is especially prominent due to their arrangement relationship 

in the function of survival and subsequent growth and development of enterprises. As an 

element of the balance sheet, receivables exist in different forms, representing the transitional 

financial form and an essential form of balance sheet and overall financial and business policy 

of an enterprise. The paper will illustrate the basic characteristic determinants of receivables, 

point to the specific features of the Markov model, and illustrate its implementation and 

existence through a specific practical example, pointing to the benefits of its incorporation in 

contemporary enterprises. 
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1. Introduction 

 

Receivables from customers take up a significant position in the balance sheet 

structure of an enterprise, as well as a significant factor of maintaining the liquidity of 

enterprises, which is why they are the subject of research of economic science, and at the 

same time a significant practical constituent of enterprises’ management policy.  

These receivables, in fact, represent credit that the enterprise – supplier “grants” to 

another enterprise, which, in the specific business transaction, has the function of the 

customer. How to manage receivables is not only an internal decision of the enterprise’s 

management, but is also affected by numerous external factors that define whether receivables 

management policy will be liberal or restrictive, and the most direct influence is exerted by 

the specific market conditions of the industry in which the enterprise operates. In numerous 

enterprises, receivables represent significant forms of asset mobilization, imposing the fact 

that business entities may achieve considerable benefits by efficient receivables management. 

The Markov model, which is characterised by a broad spectrum of implementation in various 

areas, has also found its application in foreseeing the probability of recoverability of 

receivables.  

The Markov model can be defined through a set of statuses and set of transitions with 

associated probabilities. The set of statuses in the Markov model is verified through the fact 

that every transition through a status generates a sequence, and every status simultaneously 

associates a symbol to the sequence. The function of transition with associated probabilities is 

identified through the role that status transitions play in defining the allocation over the next 

possible status viewed in relation to the given status. The Markov model also represents a 

model which is reflected in a sequence of random variables, in which each existing element 

depends on the previous elements.  

The focus of this article is how recoverability of receivables can be foreseen based on 

Markov model observing the information on the status of receivables, their recoverability and 

the probability of change of the observed status. 
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2. Receivables from customers as a significant segment of an enterprise’s balance sheet, 

financial and business policy 

 

An enterprise’s balance sheet and business policy are based on a well conceived policy 

of receivables from customers, taking into account their reflection on the final business result 

and the enterprise’s market position. Receivables in an enterprise are mostly incurred on two 

bases: based on payments (advance payments to suppliers, advance payments to workers, 

short-term placements and prepayments arising from the enterprise’s various obligations) and 

delivery (which primarily include receivables from customers). When observing and 

analysing the management policy of receivables from customers, a much broader and more 

significant role is played by external compared to internal factors.  

Above all, the modalities of receivables management policy are determined by market 

conditions, depending on whether we are dealing with a stable and relatively perfect market, 

or instable and imperfect market form. In stable market conditions, the prices of the same 

goods are mostly approximately the same; the focus of market competition is within the 

domain of credit terms and conditions and receivables recovery, while much less attention is 

paid to prices.  

The market circumstances of contemporary economy have imposed credit policy as 

the main mode of sale of products, which, in fact, from the account aspects, represent 

conversion of one form of assets into another, whereas viewed through the prism of finance, 

receivables represent the delay of moment of receiving cash for the sold goods.  

On the other hand, when we are dealing with an unstable market, defining the policy 

of managing receivables from customers depends on specific market circumstances, and the 

focus of receivables management policy is channelled to advance collection and avoiding the 

policy of sale of products with deferred payment. “The measurement  of  management  

performance  in  general  enterprises  mainly  focuses on  financial  indicators,  such  as  

return  on  investment,  sales  growth  rate, and  return  on assets” 

(http://www.custoseagronegocioonline.com.br/numero4v11/4%20rice%20english.pdf, date of 

access: December 2016.). 

How to channel receivables recovery policy observed through endogenous factors 

appreciating the specific features of every potential customer also depends on available 

information on them, and this, in fact, represents the corrective factor of the overall 

receivables management policy, which is defined depending on each individual case.  
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The usual ways of gathering information on potential customers are, first of all, 

regular financial reports over the past few periods, that is, business years, then reports of 

specialized agencies involved in assessment and ranking of creditworthiness of customers, 

reports on the status of the customer’s business accounts, gathering information on the 

customer’s creditworthiness through information obtained from other suppliers, as well as out 

empirical experiences in past business operations with the customer in question. 

When devising the management policy of receivables from customers, it must be 

clearly emphasized that, regardless of all the performed check-ups and verification of their 

financial solvency, not all customers will be able to meet their liabilities within the foreseen 

period. Payment periods are also subject to legal regulation, but regardless of this, we are 

aware of the fact that a substantial part of receivables still will not be collected despite all the 

provisions.  

In view of the earlier stated significance that receivables have in the overall business 

policy of an enterprise, it is very important to reduce the irrecoverability of receivables to the 

minimum possible extent. To achieve this, it is necessary for enterprise management to set up 

the receivables recovery policy with available complete information about the status and 

prospects of the enterprise, available funds, competition, status and prospects of the industry it 

operates in, as well as all possible market opportunities, threats and prospects. 

 

3. Establishing the status of receivables by the application of the Markov model 

 

Appreciating the fact that receivables represent the most important structural element 

of an enterprise’s total income, it is unnecessary to point out how much prognosis, i.e. 

projection based on objective assumptions, is significant for stability and continuous growth 

of a business entity in the contemporary business conditions, which are uncertain and risky 

for business entities.  

One of the methods enabling efficient forecasting of the degree of receivables 

recoverability is Markov models, which provide business entities, i.e. their management, with 

a stable quantitative toolkit for timely and fact-based, reliable projection of the degree of 

recovery and degree of write-off of receivables. “Ultimate  chain  includes  all  the  

organisations  involved  in  all  the  upstream  and/or downstream  flows  of  products,  

services,  finances,  information  and/or  knowledge  from  the ultimate supplier to the 

ultimate customer/consumer.” 
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(http://www.custoseagronegocioonline.com.br/numero2v12/OK%208%20cherry%20english.

pdf, date of access: December 2016.) 

Markov models are characterised by a high degree of application in all areas of 

economics, and generally, in the sphere of complex systems, and the following section of the 

article presents practical implementation and benefits that it yields by the application of 

Markov models in determining the status of receivables. Starting from the assumption that 

each business entity is an element of a complex economic system with dynamic and stochastic 

characteristics where a prominent place is taken up by Markov models which, due to their 

characteristics, represent a practical aggregate in the process of getting to know the 

characteristics of a phenomenon in the future, appreciating the characteristics of the current 

status of the observed phenomenon.  

Observing the degree of truth of forecasting my means of Markov models, it is 

necessary to point out that, the longer the forecasting period, the lower the objectivity of 

forecasts based on Markov models. As receivables represent a short-tem component of the 

balance sheet, it is more than justified to use them in determining the degree of recoverability 

of receivables, because thus generated data are characterised by a high degree of objectivity.  

A practical application of the Markov model will be presented in the following 

example, referring to determining the degree of recoverability of receivables of Subotica-

based Adria enterprise. The starting basis for analytic approach is the balance sheet of Adria 

agricultural enterprise, reading as follows: 

 

Table 1: Balance sheet of Adria agricultural enterprise, Subotica 

Assets Liabilities 

No. Assets Pre-column Main column No. Sources of assets Main column 

I Fixed assets 2,000,000 2,000,000 I Capital 1,700,000 

       

II Current assets   II Liabilities 1,300,000 

1. Current account 200,000     

2. Domestic 

customers 

500,000     

3. Receivables from 

employees 

220,000     

4. Other receivables 80,000 1,000,000    

   3,000,000   3,000,000 

Source: The data used in the Balance Sheet are of hypothetical nature, composed based on the 

authors’ idea 
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For the purpose of analytic approach, we shall observe a two-month period and 

assume that the receivables of a certain business entity can be found in one of the following 

four statuses: 

- Recovered receivables – status 1 (S1) 

- Written off receivables – status 2 (S2) 

- Receivables with a payment period of up to two months – status 3 (S3) 

- Receivables with a two- to six-month payment period – status 4 (S4). 

Implementation of the Markov model on previously defined and set four statuses 

enables a clear assessment of what proportion of receivables will be recovered, and the 

projection of the amount of receivables that will be written off. 

For the operative toolkit of the Markov model to become obvious, it is necessary to 

define the probability for the third status of receivables (with a payment period of up to two 

months): 

- Probability that receivables will be recovered amounts to 65%, 

- Probability that receivables will be written off (irrecoverable) amounts to 0%, 

- Probability of retaining these receivables in the receivables status of two months 

amounts to 27%, and 

- Probability that these receivables will be transferred to receivables status of two to six 

months amounts to 8%. 

It is then necessary to project probabilities of recovery of receivables that are in the 

fourth status (expected payment period from 2 to 6 months), given below: 

- Probability that they will be recovered amounts to 45%, 

- Probability that the given receivables will be written off (irrecoverable) amounts to 

18%, 

- Probability of retaining these receivables in the receivable status of two to six months 

amounts to 24% 

- Probability that these receivables will be transferred to receivable status of two 

amounts to 13%. 

For the model to produce a full result, we point out that status 1 and status 2 are 

final and cannot change their character, while receivables with payment period of up 

to 2 months and from 2 to 6 months in a future time period are expected to transfer 

into one of the remaining statuses. 
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4. Quantitative analysis by application of the Markov model 

 

Application of the Markov matrix of transition probabilities (Cappé, Moulines, Rydén, 

2005) enables obtaining information on the degree of receivables that will be recovered, and 

degree of receivables that will be written off. 

 

М =  



















13.024.018.045.0

08.027.0065.0

0010

0001

 

 

The given matrix of transitional statuses shows a probability that debtors will transfer 

from one of the four above defined statuses of receivables into one of the remaining statuses, 

that is, receivables with a payment period of up to 2 months can be transformed into status 1, 

status 2 or into receivables with a payment period of 2 to 6 months, but it must be pointed out 

that statuses 1 and 2 are constant and cannot change their form, and it is from this fact in the 

transitional probabilities matrix that the possibility or probability of remaining in the current 

form equals to 1, while the probability of their transformation into the other two forms 

(statuses) equals 0. It is important to point out that receivables with a payment period of 2 to 6 

months can be transformed into status 1, status 2, and also into status 3. The above matrix of 

transitional probabilities provides Subotica-based Adria agricultural enterprise with a very 

stable planning basis for foreseeing cash income in the forthcoming two months, which 

represents a significant input of stability of cash flow of the observed enterprise. 

To enable a projection of the right amount of receivables that will be recovered or 

written off out of the total 800,000.00 dinars, which is the amount of current receivables, it is 

necessary to define the “fundamental matrix” (Cappé, Moulines, Rydén, 2005). This required 

a division of the transitional probabilities matrix as follows: 

 

М   =  



















13.024.018.045.0

08.027.0065.0

0010

0001

 

and then the sections of the matrix need to be labelled as follows: 
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I = 








10

01
  O = 









00

00
         A = 









18.045.0

065,0
           B = 









13.024.0

08.027.0
 

 

The fundamental matrix is determined applying the following formula (Cappé, 

Moulines, Rydén, 2005): 

 

F= (I – B)
-1 

 

 

                                                            - 1                                               - 1 

                                                        F =   








10

01
 - 









13.024.0

08.027.0
       = 

   












87.024.0

08.073.0
    =   

 

 

                =   

24.0*08.0)13.01(*)27.01(

1


  -   













27.0124.0

08.013.01
  =   

6159,0

1
  -   









73.024.0

08.087.0
 

      

To establish the degree of probability that receivables with two-month payment period 

and receivables with two- to six-month period will be recovered or written off in accordance 

with the Markov model, the fundamental matrix must be multiplied with matrix A which was 

derived by dividing the Markov matrix of transitional probabilities. The multiplication 

process and its products are given below. 

K (Cappé, Moulines, Rydén, 2005) =  F * A 
 =   

6159.0

1
-  









73.024.0

08.087.0
 *  









18.045.0

065.0
 =  

6159.0

1
 -  









1314.04845.0

0144.06015.0
 = 

 

= 








213.0787.0

023.0977.0
 

The final probability matrix shows the following: 

http://www.custoseagronegocioonline.com.br/


The Markov model and establishing the status of receivables: the challenges of application, dilemmas 

 and practical implementation in agricultural enterprise 

Šaponja, L.D.; Šijan, G.; Gravorac, S.  

 

Custos e @gronegócio on line - v. 13, Special Edition – April - 2017.                          ISSN 1808-2882 

www.custoseagronegocioonline.com.br 

 

416 

- The elements of the first line of the final matrix show the degree of probability of 

receivables recoverability with two-month payment period. It follows from the 

interpretation of the first line of the matrix that these receivables will be recovered 

with the probability degree of 97.7%, and the probability that these receivables will be 

written off amounts to 2.3%. 

- The elements of the second line of the final matrix show the degree of probability of 

receivables recoverability with a two- to six-month payment period. The degree of 

probability of recoverability of these receivables is at the level of 78.7%, while the 

probability of write-off of these receivables based on the obtained result amounts to 

21.3%. 

If we start from the assumption that at a certain moment Adria has 100.000 dinars of 

receivables whose foreseen, i.e. agreed payment period is 2 months, whereas receivables with 

payment period of two to six months are at the level of 400,000 dinars. In the observed 

enterprise, receivables from employees amount to 70,000 dinars with a payment period of up 

to 2 months, and receivables from employees with a two- to six-month payment period 

amount to 150,000 dinars. Other receivables with payment period of up to two months 

amount to 30,000 dinars, and other receivables with a two- to six-month payment period 

amount to 50,000 dinars. 

The given assumptions are the easiest to illustrate with vector Q, given below: 

 

Q  = 
















5000030000

15000070000

400000100000

 

In order to determine the exact amounts of receivables that will be recovered, and 

those that will be written off, it is necessary to multiply vector Q with the final probability 

matrix K, as shown below: 

Qc = Q*K = 
















5000030000

15000070000

400000100000

 * 








213,0787,0

023,0977,0
 =  

















1134068660

33560186440

87500412500

 

 

Observing the result obtained based on matrix Qc we can conclude as follows: 
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- Receivables from customers amounting to 500,000 dinars will be recovered at the 

amount of 412,500 dinars, whereas the amount of write-off will be 87,500 dinars 

- Receivables from employees amounting to 220,000 dinars will be recovered at the 

amount of 186,440 dinars, while the degree of their write-off will amount to 33,560 

dinars. 

- Other receivables at the amount of 80,000 dinars will be recovered at the amount of 

68,660 dinars, while the amount of their write-off will be 11,340 dinars. 

Summing up the above, we can establish that the balance sheet of Adria enterprise 

after two months by implementation of the Markov model as the essential planning 

instrument will have the following form: 

 

Table 2: Balance sheet of Adria agricultural enterprise, Subotica after the expiry of the 

two-month period 

Assets Liabilities 

No. Assets Pre-column Main column No. Sources of assets Main column 

I Fixed assets 2,000,000 2,000,000 I Capital 1,700,000 

       

II Current assets   II Liabilities 1,300,000 

1. Current account 867,600     

2. Written off 

receivables 

132,400 100,000    

   3,000,000   3,000,000 

Source: By the authors’ idea, the data obtained based on practical application of the Markov 

model. 

 

Analysing the balance sheet of Adria upon the expiry of the two-month period, we can 

clearly establish that the application of the Markov model enables a precise determination of 

the degree of recovered and the degree of written off receivables. Analysing the above data, it 

is noticed that two months ago the balance on the current account was 200,000 dinars, and the 

application of the Markov model foresaw that the balance on the current account after the 

expiry of two months would amount to 867,600 dinars. The increase of 667,600 dinars 

represents exactly the amount of receivables that will be recovered according to the Markov 

model. On the other hand, the balance sheet clearly shows that written off receivables were 

projected at the level of 132,400 dinars, which is exactly the amount of written off receivables 

obtained by the application of the Markov model. 

 

5. Conclusion 
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In the increasingly fierce market competition, the subject of survival and development 

of a business entity represents an issue of crucial importance, which is the subject of daily 

consideration and interest of business entities’ management. The central place in providing 

continuous growth and development of a business entity, primarily its survival, is stable cash 

flow, with harmonized and constant inflow and outflow of financial assets.  

The stability of cash flows with a stable dynamic of receivables recovery is not 

possible, so that a constant preoccupation of business subject’s management is how to provide 

for the existence of a rational planning basis which will enable a relatively stable dynamic of 

projection of receivables recovery and recovery.  

One of the toolkits representing an unavoidable managerial tool is Markov models, 

which enable resolving complex economic problems, where a significant place is taken up by 

prognosticating the degree of recoverability and write-off of receivables. We have tried 

through this paper to use specific numerical data to show the implementation of the Markov 

model and the precision and practical value of data it provides in the projection of the degree 

of recoverability and degree of receivables write-off.  

It is important to emphasize that the appropriateness of the Markov model is reflected 

in short-term and medium-term forecasting and projection, that is, the degree of relevance of 

data obtained by implementation of the Markov model decreases as the period for which 

forecasting is done extends, that is, it can be stated that the precision of data and timespan of 

forecasting are inversely proportional. 
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