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Abstract: Working Capital that accounts for 20-40% of the total assets 
(depending on the industry) plays a challenging role in managing companies. It 
requires a close attention because of the threatening risk of an eventual failure 
to meet the financial obligations. The paper discusses the characteristics of 
Working Capital management and attempts to measure its performance by 
using benchmarking. It is investigated whether or not its future needs can be 
forecasted in a plausible way. Concept and methodology are illustrated by the 
real-life example of a local multinational company that operates in the process 
industry. 
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1 Introduction 

In today’s business of the process industry, on an average, 25 percent of 
the capital employed that is tied up in Working Capital [1]. By now, the 
reduction of the costs is not an attractive source of getting competitive 
advantage anymore, since this has become a fundamental business 
requirement. The other way of improving business performance is a 
strong Working Capital management by improving cash-flow. The 
opportunity captured from working capital is the money that can be 
used more effectively elsewhere: e.g., in growth through acquisitions, 
or in debt reduction, or raising dividend. In general, the Working 
Capital management is responsible for the commercial and financial 
aspects of inventory, credit, and purchasing policy. 

In practice, the word Working Capital is used to refer to the current 
assets that sustain day-to-day business operations. They represent the 
portion of investment that circulates from one form to another in the 
ordinary conduct of business. This idea embraces the transition from 
cash to inventories to receivables and back to cash that forms the 
operating cycle of the firm. As cash substitutes, marketable securities 
are also considered as part of Working Capital. 



The current liabilities represent the company’s short-term financing, 
since they include all debts of the firm that come due (must be paid) in 
one year or less. These debts usually include amounts owed to suppliers 
(accounts payable) banks (notes payable) and employees and 
governments (accruals) [2]. 

The Net Working Capital is commonly defined as the difference 
between current assets and current liabilities. It is a convenient measure 
of a company's liquidity and it reflects also how well a firm is capable 
of managing its vendor and customer relationships. 

Usually, the greater the excess of current assets, the better the company 
is able to fulfil its short term obligations. The actual relationship of 
current assets and current liabilities varies considerably by industry 
(service firms do not have large inventories, financial companies have 
larger cash portions). Nevertheless, a firm is usually expected to have 
more current assets than liabilities. The Working Capital cycle 
expressed in number of days, is the average time duration that it takes to 
turn investment into cash and profit, referred to as Working Capital days 
(Figure 1). 
 
 
 
 

Figure 1 
The Working Capital cycle 

From a cash generation point of view the cash-absorbing elements of 
the Working Capital cycle are the Inventory (stocks, work-in-progress) 
and the Receivables (debtors). The main sources of cash are the 
Payables (creditors), the Equity and the Loans. Here we will use the 
term Working Capital in the broader context covering Inventory, 
Accounts Receivable, Accounts Payable and cash in order to shed a 
light to the interrelatedness and the complexity of this problem. 
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Perhaps the foremost important decision in Working Capital 
management is to set the right level of it. The main factors for Working 
Capital requirements had been identified by [3]: 

 Volume of sales: Over long periods of time, most firms maintain 
current assets in a fairly steady proportion to its annual sales (20 to 
40 percent). 

 Seasonality: Seasonal variation in sales. 

 Technological development: e.g. the introduction of a just-in-time 
system. 

 Philosophy of the company: e.g. in case of an aggressive money 
collecting strategy the receivables will be lower while a cautious 
one maintains larger cash levels than those willing to operate with 
lower liquidity. 

These general factors provide the management upper and lower limits 
for the level of Working Capital, however the actual level is determined 
by more specific characteristics: 

1 Size of the company: larger firms having many sources of funds 
may need less Working Capital in relation to the total assets or 
sales. 

2 Activities of the company: The nature of the business affects the 
required level of Working Capital, for instance a retailer which sells 
for cash will not keep receivables at all. (concept of Zero or 
Negative Working Capital: [4].) 

3 Availability of credit: If the company can borrow easily for low 
cost, it will need less cash at hand. 

4 Attitude toward profit: Some of the companies are willing to accept 
greater liquidity risks in order to achieve higher profits, others do 
not manage liquid assets aggressively. 

5 Attitude toward risk: This is the reverse of the attitude towards 
profits. The greater the level of Working Capital, the lower the risk. 
The risk-averse type companies maintain more current assets than 
the risk-takers. 

2 Working Capital Strategies – Link to 
Profitability 

Working Capital management must be perfectly linked to the overall 
strategy of the company. Considerations for cash, receivables, payables 
and inventory should be parts of the strategy to making long-term 
profits. Three major issues are in making trade-off decisions between 



risk and return. Here, the most important point is insolvency. A firm 
without adequate levels of Working Capital may have to face this 
financial risk. The second consideration refers to the level of the current 
assets. A high level of inventory may involve large carrying costs but at 
the same time it makes possible for the firm to keep wide range of 
goods to sell, and thus, generate higher sales and profits. Cost of 
financing is the third issue. When interest rates are high, it is more 
costly to carry on inventory than reversed. The cost of debt and the 
opportunity costs of alternative investments are also important factors to 
consider. As a matter of fact, the liquidity risk diminishes with 
increasing level of Working Capital. The relationship between profits 
and the different levels of Working Capital is shown in Figure 2. At low 
levels of Working Capital the operations cannot be supported by cash 
properly, so profits are low or even negative (business risk). There is an 
optimal point where return is high, but beyond that level, the firm 
suffers from idle current assets, thereby the profits will decline. 

Figure 2 
Returns and the levels of Working Capital (source: [3]) 

Left side risk is related to current assets (left-hand side of the balance 
sheet), and right side risk is related to current liabilities (right-hand side 
of the balance sheet). 

3 Measuring the Working Capital 
Performance 

The measurement of the Working Capital performance of an enterprise 
is a rather comprehensive task. Beyond the traditional financial ratios, a 
more complex evaluation is possible by the Working Capital Scorecard, 
which utilizes publicly available data and it conforms to a proper 
benchmarking analysis. This approach incorporates all business 
processes and transactions involving the customers, the suppliers and 
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the products (see in e.g. [5], [6], [7]) in conjunction with their key 
performance indicators (see in e.g. [5], [6], [7]): 

 Customer to Cash cycle (C2C): It is actually about revenue 
management, and covers sales management, contract management, 
the billing process, customer credit management, and cash 
management etc. ⇒ Manifested in Accounts Receivable and 
measured by Days Sales Outstanding (DSO). 

 Purchase to Pay (P2P): It is actually the expenditure management, 
containing the material requirements and budget planning, the 
supplier selection process, invoice processing, etc. ⇒ Manifested in 
Accounts Payable and measured by Days Payables Outstanding 
(DPO). 

 Forecast to Fulfil (F2F): It embraces the supply chain management, 
covering production scheduling, warehousing, inventory 
management, the raw material planning, production planning, etc. 
⇒ Manifested in Inventory Management files and measured by 
Days Inventory Outstanding (DIO). 

3.1 Benchmark of Working Capital Performance 

Our target enterprise was a Hungarian process focussed industrial 
company. We will refer to it as ORG. After the necessary data had been 
surveyed via internet the computations were done. By grouping 24 
representative European competitors into four quartiles their Working 
Capital needs were uniquely qualified. In each category (DSO, DPO, 
DIO and DWC) the best practice corresponds to the first quartile 
performance. The order of the firms in terms of the main indicators and 
the overall DWC ranking and the performance of ORG is presented in 
Table 1. (Working Capital Scorecard). Data of 2002 was used for 
benchmarking and of 2001 for tracking the direction of changes. 

The opportunity loss of the Working Capital performance is expressed 
in terms of money. This potential saving corresponds to the amount of 
cash by which the performance of the ORG is inferior to those of 
representing the best practice for these categories. The excess Working 
Capital of ORG might be thought of as a surplus given by the difference 
(days) between the entry point of the top quartile performance and the 
respective ORG figure. Multiplying this surplus by the average day's 
sales (annual sales/365) for DSO, DIO and DPO, will result in the 
amount of potential savings [8]. (Table 2) 
 
 
 
 
 
 



Table 2 
Benchmark of Working Capital Performance of ORG in 2002 

 

Industry data  [in days]     DSO     DIO    DPO 
Sector average        40      21      32 
ORG actual       38      38      29 
Deviation of ORG from sector 
average 

    − 2   + 17    − 3 

Rank of ORG (on a 1-4 
quartile scale) 

       3       4       3 

Best practice (top quartile 
entry) 

     32     10     36 

Difference from best practice     − 6  + 28    − 7 

Amount of potential saving 
[in HUF bn]: 

    19.1     88.9     22.2 



COMPETITOR COMPANY
2002 Quartile Change 2002 Quartile Change 2002 Quartile Change 2002 Quartile Change

O T AB Finland 33 2 -9% 4 1 -14% 36 1 22% 0 1 -95%
R-D A f M Germany 21 1 -22% 2 1 -88% 12 4 -16% 11 1 -59%
E S A P France 32 1 36% 10 1 2% 31 2 108% 11 1 -39%
B PLC United Kingdom 36 3 12% 19 2 23% 33 2 23% 22 1 7%
S ASA Norway 51 3 13% 9 1 -6% 38 1 10% 23 1 10%
R D P C Netherlands 28 1 7% 19 2 11% 24 3 5% 23 1 13%
P O F I Turkey 20 1 -19% 10 1 14% 6 4 14% 24 2 -15%
P I N V Netherlands 36 2 -7% 19 2 -4% 30 2 27% 25 2 -28%
O A Austria 36 3 -17% 18 2 -12% 29 3 -14% 25 2 -17%
M&B A Germany 34 2 -29% 9 1 -1% 17 4 -9% 27 2 -31%
R-U SA Spain 33 2 -15% 21 3 18% 26 3 22% 28 2 -21%
BG G PLC United Kingdom 32 1 -28% 15 2 8% 17 4 -19% 30 2 -20%
E SPA Italy 44 3 21% 34 4 16% 46 1 100% 31 3 -26%
M O SA Greece 25 1 -28% 23 3 -5% 16 4 24% 32 3 -30%
T SA France 47 3 0% 23 3 1% 36 1 5% 33 3 -5%
C-C E d P Spain 36 2 -18% 20 3 6% 21 4 -21% 35 3 -4%
H PSA Greece 36 2 -4% 30 3 -27% 24 3 22% 42 3 -29%
H PLC United Kingdom 45 3 37% 38 4 -14% 39 1 10% 43 3 6%
E-E NI Italy 69 4 2% 24 3 18% 42 1 16% 51 4 -1%
N H ASA Norway 57 4 2% 39 4 2% 33 2 13% 62 4 -3%
 AB N P Sweden 55 4 -2% 42 4 -23% 25 3 9% 72 4 -18%
E G SA France 100 4 -1% 11 2 -29% 36 2 77% 74 4 -22%
F P AG Germany 64 4 -4% 49 4 -4% 32 2 -8% 81 4 -3%
D G LTD Israel 69 4 - 44 4 - 23 3 8% 90 4 332%
Sector Average 40 3% 21 10% 32 14% 29 -2%
ORG HUNGARIAN PLC Hungary 38 3 -11% 38 4 -6% 29 3 2% 47 3-4 -14%
Deviation from the Sector Average: -2 17 -3 18
1st quartile entry 32 10 36 23
Difference (1st quartile entry and ORG actua 6 28 7 24

Difference*(net sales/365) HUF million 19063 88959 22240 76250 130261
*Source of data: ORG Annual Report, 2002 [9]; Legend:  AR: Accounts Receivables

AP: Accounts Payables
Quartile: overall ranking by days
Sector Average: calculated on a weighted basis by sales

Table 1.   WORKING CAPiTAL SCORECARD*
BENCHMARK OF ORG WITH THE EUROPEAN COMPANIES OF THE SECTOR

Days Sales Outstanding (DSO)
AR/(net sales/365)

Days Inventories Outstanding (DIO)
Inventory/(net sales)/365)

Days Payables Outstanding (DPO)
AP/(net sales/365)

Days Working Capital (DWC)
(AR+inventory-AP)/(net sales/365



3.1.1 Days Sales Outstanding [DSO: Accounts Receivable/(net sales/365)] 

This indicator measures how long it takes to collect the bills. The lower the DSO, 
the more quickly the company is able to collect money from the customers. Low 
DSO by itself does not mean that the company is performing well in Working 
Capital management, and the other way around a company with strong Working 
Capital Management may have relatively high DSO depending on the nature of 
the business. 

In case of ORG this measure is 38 days, 2 days better than the sector avarage 
(Figure 3). The change from 2001 is −11%, whereas the negative sign represents 
an improvement. If ORG wants to reach the entry level of the best quartile firms, 
then a 6 day improvement would be necessary in their accounts collecting process. 
If they had collected the bills by 6 days faster it would have resulted in 19.1 HUF 
bn excess cash for the ORG in 2002. 

Figure 3 
Process Industry Benchmark of Dayes Sales Outstanding 

Concerning the company’s Working Capital management it would require a better 
Customer-to-Cash process, such as sales order processing, credit and collection 
management. 

3.1.2 Days Inventories Outstanding [DIO: Inventory/(net sales/365)] 

This indicator measures the length of time the inventory (raw materials, work-in-
process materials, semi-finished goods, finished goods) stays in the company’s 
supply-chain system. This ratio has to be considered from a broader perspective, 
because it might be impacted by strategic decisions, e.g., trade-off decisions 
between the number of the distribution channels and the levels of inventory. 

This measure yielded 38 days for ORG versus the process sector average of 21 
days. This figure indicates a big gap (Figure 4). To reach the first quartile entry 
level (i.e. best practice level) a 28 day improvement would be needed since their 
current starting point is the present fourth quartile level (the lowest one). The 
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opportunity for a significant improvement would be 88.9 HUF bn, an enormously 
high value. The change from the previous year (−6.2%) shows the signal of a 
modest improvement. 

Figure 4 
Process Industry Benchmark of Days Inventories Outstanding 

Therefore, there is a large room for improvement in the Forecast-to-Fulfil process, 
which may have serious implications to the whole supply chain of the company. 

3.1.3 Days Payables Outstanding [DPO: Accounts Payable/(net sales/365)] 

This indicator measures how long does it take the company to pay the invoices. 
An increment here represents an improvement by increasing the on-hand cash, but 
trade-off is also possible if prompt payment is accompanied by discounts. 

During 2001 to 2002 ORG had improved by 2.5%, but with the average of 29 days 
the firm is lagging behind the sector average by a 3 day shorter average payment 
period (Figure 5). ORG is ranked into the third quartile, while the top performers 
usually pay on 36 days. If ORG had paid 7 days slower in 2002, as the best 
practice suggests, the saving on cash would have been 22.2 HUF bn. However, in 
the contracts, the usual term of payment is stipulated to be 30 days. It might be 
satisfactory if one disregards that normal payment terms are sometimes extended 
due to quality problems, late invoicing etc. 

Nevertheless, in the Purchase to Pay cycle the fields of improvements are: the 
supplier management, procurement, and the payables process. 
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Figure 5 
Process Industry Benchmark of Days Payables Outstanding 

3.1.4 Days Working Capital [DWC: Accounts Receivables + Inventory − 
Accounts Payables)/(net sales/365)] 

This ratio is the combination of the three above. A negative change represents an 
improvement. This was the case at ORG from 2001 to 2002 (−14.3%). The lower 
the DWC ratio is the better the Working Capital performance of the company. 
This overall ratio yielded 47 days in case of ORG, while the sector average is 29 
days. This compounded indicator also supports the conjecture that much room 
exists for improving Working Capital management at ORG. 

To sum up this benchmarking study it can be stated that potentially a total of 130 
bn HUF could be unlocked from the tied up Working Capital. This figure was 
determined by analysis of the data of 2002 and can be regarded as a target value. 

4 Forecasting the Future Needs of Working Capital 

In this session the usefulness of two different statistical methods is investigated 
for predicting the future needs of the Working Capital at ORG. 

4.1 Building a Simple Linear Regression Model 

Consider the Days Working Capital (DWC) as the dependent variable and the rate 
of profit (operating profit/net sales) as the predictor variable. It turned out from 
the scatterplot of the sampled pairs of quarterly data points taken for the last 5 
years (thus: n=20), that there is a very slight decrease, in the DWC if the rate of 
profit is increasing. This tendency indicates a more successful practice that has 
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recently been achieved in Working Capital management at ORG. The fitted 
regression line is 

$ . . .y x= −118 578 0 256  
The necessary computations for this model have been done. Since the estimate of 
the coefficient of determination: r2=0.003, is basically zero (thus: r = 0.057), the 
standard error of the estimator of the variance is large: sY x = 29.778, it is a failure 
of the model assumptions to hold (nonconstant variance, correlated errors), further 
the slope parameter is not significant, therefore, the regression function is not at 
all helpful in predicting the future values of the DWC. 

4.2 Building a Time-Series Model 

To circumvent the difficulties of the simple regression model we will examine a 
multiplicative type time-series method (which is applicable when the observations 
are correlated) to assist the financial managers to be capable in making the right 
decisions for the short-term future needs of DWC. The actual data of the DWC for 
each quarter through the past five years were available. To get a general historical 
understanding of the time series the available quarterly data have been studied to 
identify the underlying factors in the past series contributing to its movements. 
This analysis detected that the process: 

♦ is not stationary, 

♦ has a definite tendency it exhibits a slight growth in the form of a linear trend, 

♦ has a periodic pattern that completes itself within a year and then repeated 
itself according to the same pattern in subsequent years, a seasonal variation. 

Winter’s triple (three parameter) exponential smoothing method seems to be 
adequate to describe these regular and repeating components of our time series, 
which model has the form [10, p.83]: 

D Gt ct t t= + +( ) ,µ ε  (1) 

where Dt  is the observed values of the time series during periods 1,2,...,t,... 

  t   is a time period, 

  µ   is the base signal or intercept at time t=0 excluding seasonality, 

  G  is the trend (slope) component, 

  ct  is the multiplicative seasonal component in period t, such that 3ct=N, 

  N  is the number of periods within a season, i.e. the length of the season, 

  gt  is the error term. 



 

The formulas needed for the computations with model (1) (that is the three 
smoothing equations for the deseasonalized series, for updating the trend and for 
updating the seasonal factors) can be found in [10, p.84]. Then, the forecast made 
in period t for any future period t+J is given by 

F S G ct t t t t N, ( ) ,+ + −= +τ ττ  (2) 

where Ft,t+J  is the forecasted value for period t+J, 

  St      is the value of the intercept at time t, 

  Gt     is the value of the slope at time t. 

Using SPSS, the seasonal factors were obtained as: 

    
c c c cQ Q Q Q1 2 3 483 8508 93 9182 134 6300 87 6010= = = =. , . , . , . .

 
A great number of experimental computer runs suggested that the smoothing 
factors be: =0.2, =0.1 and =0.3 in order to hold the forecast errors of model (1) at a 
low level for the n = 20 periods: 

MAD . , MSE . .= = = =
= =
∑ ∑1 10 2005 1 163 4465
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The time series is displayed in Figure 6. Observe in this realization the 
responsiveness and the stability of the forecast as well as the a’priori detected 
movements: the slightly increasing trend and the characteristic pattern of the 
seasonal variation. 

By (2), the predicted values of the DWC for the quarters of the year 2003 are: 

F F F FQ Q Q Q1 2 3 4105 607 120 129 173 802 111 787= = = =. , . , . , . .
 

 



 

Figure 6 
Plot of the time series of the Working Capital needs of ORG 

Conclusions 

The self-evident question that can be raised at this point is: should or should not 
the management of ORG gain a solid foundation for its short-term estimates of the 
firm’s future DWC needs if they use a forecasting method, such as e.g. the triple 
(three parameter) exponential smoothing model? 

Firstly, if the management wants to gradually approach the best practice level 
performance in the particular measures of the Customer to Cash, Purchase to Pay 
and Forecast to Fulfil cycles’ efficiency based on the benchmarking analysis, then, 
the predicted values of DWC should be adjusted to the targeted gradual changes 
(e.g., a planned 10 percent yearly improvement at each component). 

Secondly, now, as the actual DWC data for 2003 have become available 

A A F AQ Q Q Q1 2 3 480 206 80 904 154 762 118 551= = = =. , . , . , . ,
 

it is meaningful to compare the actual values to the forecasted values of DWC. 

The 10-25% difference between them are explained by the higher than ever before 
realized net sales in the first half of 2003 and by the payables whose increase was 
greater than those of the receivables, while the inventory remained on the same 
level in the first quarter but it grew largely in the second quarter of 2003. 

Thirdly, because of the seasonal patterns in the time series, the forecasted values 
should be averaged. This average DWC (i.e. the trend component) can be regarded 
as the actual level, whereas the peaks and the troughs as upper and lower limits of 



 

the Working Capital needs. On this seasonally adjusted basis the seasonal needs of 
ORG should be financed with short-term funds and the average needs with long-
term funds. This aggressive financing strategy would result in lower costs and 
more profit, however it involves more risk. 
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