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Summary: Prospective financial analysis is a key decision tool in an enterprise. The
traditional approach confronts the forecasted value of a financial category or a financial ratio
with a requirement or a standard. Knowing that the particular category or the ratio meets the
requirement or the standard is a kind of risk information, but realizing that the requirement or
the standard is met with a particular probability level is a detailed image of risk. The aim of the
paper is to indicate the possibility to increase the effectiveness of prospective financial analysis
by using a Monte Carlo simulation. The biggest advantage of the presented approach (that is
in fact the evolution of the traditional scenario approach to risk analysis) is that it delivers the
detailed probability distributions of key financial categories and ratios. Shareholders accepting
the results of prospective financial analysis with the Monte Carlo simulation should accept risk
in a more conscious way than in the case of the traditional approach.

Keywords: corporate finance, financial analysis, risk, Monte Carlo, forecasting.

Streszczenie: Celem prospektywnej analizy finansowej jest dostarczenie prognozowanych war-
tosci kluczowych kategorii i wskaznikow finansowych. W zmiennym otoczeniu konieczne jest
jednak rozwazenie ekspozycji dziatalno$ci gospodarczej przedsigbiorstwa na ryzyko. Progno-
zowane poziomy kategorii lub wskaznikéw finansowych stanowiacych zmienne ryzyka — same
w sobie — moga by¢ sygnatem o narazeniu przedsigbiorstwa na okreslony rodzaj ryzyka. Dys-
ponowanie pojedynczym scenariuszem nie pozwala jednak na oceng zmiennosci. Whasciwym
rozwigzaniem jest okreslenie rozktadéw prawdopodobienstwa kategorii lub wskaznikéw finan-
sowych. Uzyskanie doktadnego rozkladu prawdopodobienstwa zmiennej ryzyka stanowiacej
prognozowang kategori¢ lub wskaznik finansowy w prospektywnej analizie finansowej umozli-
wia metoda Monte Carlo. Celem artykutu jest wskazanie mozliwosci zwigkszenia skutecznosci
prospektywnej analizy finansowej przez wykorzystanie symulacji Monte Carlo.

Stowa kluczowe: finanse przedsigbiorstwa, analiza finansowa, ryzyko, Monte Carlo, pro-
gnozowanie.
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1. Introduction

Individuals responsible for managing corporate finance often face the problem of
making decisions with regard torisk. Thus, they look for effectiverisk assessmenttools.
Prospective financial analysis is the most popular decision tool in an enterprise. The
results of prospective financial analysis are forecasted values of financial categories
and ratios. The traditional approach to prospective financial analysis confronts the
forecasted value of a category or a ratio with a requirement or a standard, which
seems to be an inadequate solution. Knowing that the particular category or the ratio
meets the requirement or the standard is a kind of risk information, but realizing
that the requirement or the standard is met with a particular probability level, or
what are the possible extreme values is a detailed image of risk. Hence, it seems to
be important to indicate a Monte Carlo simulation as an adequate risk assessment
tool. Involving a Monte Carlo simulation in any prospective financial analysis brings
probability distributions of financial categories and ratios, thus enabling decision
under the criterion of risk. Taking into account the above, the aim of the paper is to
indicate the possibility to increase the effectiveness of prospective financial analysis
by using a Monte Carlo simulation.

2. Prospective financial analysis with regard to risk —
the answer to risk acceptance dilemma

Managing a modern enterprise focuses on managing its market value. Such
a phenomenon is a consequence of the widely accepted paradigm describing the
aim of any entrepreneurial activity of any modern enterprise as creating value for
shareholders. Focusing on the value is the evolution of the traditional approach that
emphasized the major role of maximizing earnings (net income), or more precisely,
maximizing earnings in relation to own equity value [Gorczynska 2013, p. 100].
Generated earnings are obviously the primary source of shareholders’ wealth on the
one hand, whereas they determine the profitability of an enterprise on the other,
being the most important factor of market value creation [Lukasik (ed.) 2004, p. 15].

Shareholders are typically willing to give equity they own to the enterprise, as far
as it guaranties an accepted rate of return. The rate of return should compensate the
level of risk to be taken by becoming involved [Chapman 2006, p. 8]. The transfer
of equity should have been the consequence of risk acceptance. The question is
how exactly modern shareholders accept the risk of entrepreneurial activity of an
enterprise (especially when it comes to accepting risk of an enterprise that is not
listed on a capital market).

Listed companies are being valued constantly as a consequence of constant
transactions on the capital market. As a result, shareholders are able to monitor
the market value of shares and assess the effectiveness of activities undertaken by
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the boards and to accept the volatility of shares over time. The only problem is
whether the price of the share reflects the true value of the particular enterprise in
the particular time. Non-listed companies are valued from time to time, usually not
on a regular basis. Therefore, risk acceptance in terms of the market value of a non-
listed enterprise needs designated financial analyses.

The market value is not the only core financial category whose volatility matters.
The volatility of profitability, liquidity etc. has significant meaning too. In fact,
shareholders of listed companies do not have the direct possibility to accept the
volatility of any other important financial category or ratio than the market value.
Shareholders of non-listed companies do not even have that. The proper approach to
financial analysis could be a solution.

Financial analysis operates on historical financial statements and financial
forecasts. Financial forecasts are in fact simplified financial statements reflecting
the expected state of the economic environment built on the basis of historical
information. A shareholder interested in sharing equity is able, on the basis of
historical and projected financial statements, to perform historical and prospective
financial analysis including:

e preliminary financial analysis of the core financial categories structure and
dynamics,

» financial ratios analysis reflecting profitability, liquidity, debt and debt service
ability, activity efficiency, with regard to their dynamics,

* market value assessment using free cash flows or another approach.

Performing a historical financial analysis does not need a computer financial
model of an enterprise, whereas a prospective financial analysis does. The quality
of the financial model determines the quality of the prospective financial analysis.

Financial analyses (both historical and prospective) preceded by the strategic
analysis of entrepreneurial activity in terms of constantly changing environment,
bring initial information about risk only (especially information about chances
and threats as a consequence of identified risk factors influence). Knowing risk
sources raises the risk awareness of shareholders but only allows the shareholders
to partially accept risk. Full risk acceptance requires risk quantification, which leads
to the probability distributions of core financial categories and ratios. Probability
distributions describe precisely the financial categories and ratios in terms of their
volatility. Only knowing how volatile core financial categories and ratios (e.g.
expected earnings, cash flows, profitability ratios, market value etc.) might be, allows
shareholders to accept risk in the best possible way. Incorporating risk analysis using
Monte Carlo methods is a suitable solution to bring a probability distribution of
a financial category or ratio as the result of prospective financial analysis.
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3. A concept of the Monte Carlo approach to prospective financial
analysis with regard to risk

The basic result of the forecasting process in an enterprise is a scenario of
entrepreneurial activity. Taking into consideration the volatility of the economic
environment, an individual responsible for forecasting should assume that there is
much more than one scenario possible to occur. Building scenarios is an important
but, at the same time, a very limited tool. Although an individual is able to give
a few scenarios that significantly differ and represent different forecasted states of
the economic environment (e.g. very negative, negative, expected, positive and very
positive etc.), it is hard and very time-consuming to give every possible scenario
that can possibly occur in practice. The limited number of scenarios is not the only
disadvantage of the scenarios method [Rogowski 2008, p. 270]. The other important
disadvantage is a subjectively given probability of scenarios. As a result, the scenario
method gives the probability distribution of relatively poor quality. The Monte Carlo
approach' in risk analysis shall be perceived as an evolution of the traditional scenario
analysis [Brealey, Myers, Marcus 2001, p. 473]. Monte Carlo tries to consider as
many possible-to-happen [Vose 2008, p. 63] scenarios as possible, thus giving more
detailed probability distribution of risk variable (Figurel).

Probability subjectively assigned
to the scenario

Probability quantified on the basis of

risk factors probability distributions

51
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For level of a fi cial Simplified probability distribution of Detailed probability distribution of a
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finandal analysis with scenario approach to risk with Monte Carlo approach to risk
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Fig. 1. The basic advantage of the Monte Carlo approach in prospective financial analysis

Source: own study.

Simulation is the core element of the Monte Carlo approach. The outcome of
each simulation is a scenario of risk factors generated randomly with regard to

' The Monte Carlo method or simulation is sometimes defined as simulation analysis [Fabozzi,
Peterson 2003, p. 464; Brealey, Myers, Marcus 2001, p. 473] or probabilistic simulation [Helfert 2001,
p. 287].



Prospective financial analysis with regard to enterprise risk exposure... 27

their probability distributions. Randomly generated scenarios are processed in the
financial model developed for a particular decision problem in order to calculate
corresponding risk variables values [Vose 2008, p. 45; Rees 2008, p. 137; Hertz
1964, p. 102]. The more scenarios generated, the more accurate the outcome is.
The key problem of the simulation is to reflect the close-to-reality behaviour of the
risk factors. Automatically, the risk factors’ changes in a Monte Carlo simulation
are simultaneous and non-linear, that is close to real economic conditions. Due to
advanced techniques, the changes of risk factors may also be interdependent [Vose
2008, pp. 353-392]. There are many solutions available in terms of getting risk
factor changes interrelated but it seems that Cholesky’s decomposition [Wilmott
2006, pp. 1275-1276] is, for example, the easiest to be implemented in spreadsheets
[Kaczmarzyk 2016, pp. 102-104]2.

The source of risk information

Fig. 2. The Monte Carlo approach for prospective financial analysis

Source: own study.

In prospective financial analysis, the procedure of the Monte Carlo risk analysis
(Figure 2) starts with the identification (1) and quantification (finding probability

2 There are also many professional add-ins for spreadsheets (e.g. Palisade @RISK, Vose Software
ModelRisk) which enable a Monte Carlo simulation with the assumption that risk factors are interde-
pendent.
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distributions and correlations) of risk factors (2). The most important problem in
quantification is the source of information — some risk factors have historical data
whereas others do not. Due to the availability, quality and adequacy of historical data
[Vose 2008, p. 393], an individual responsible for risk analysis can consider objective
(direct use of historically attained probability distributions types and parameters),
quasi-objective (indirect use of historically attained probability distributions by
modifying their parameters) or a subjective way (use of special distribution types with
an expert opinion as a primary source of information) of risk factor quantification
[Kaczmarzyk 2013, p. 25]. The next step is to generate random scenarios of risk
factors (3) with regard to assumed probability distributions and correlations. After
that, the generated scenarios are processed in a financial model of an enterprise being
a simplified financial statement (4) to find corresponding scenarios of risk variables
(5) being key financial categories (e.g. EBIT, EAT, FCFF, FCFE etc.) or ratios (e.g.
liquidity, debt, profitability ratios etc.).

The scenarios of risk factors and variables are the source of possible enterprise
risk measurements. As far as the financial model in use is actually a simplified
financial statement (including income statement, balance sheet and cash flows),
there are numerous financial categories and ratios — describing particular areas of
entrepreneurial activity in numerous ways — available to choose. The scenarios
attained through the Monte Carlo simulation are the source of probability distributions
of financial categories and ratios (risk variables) together with risk factors probability
distributions.

Scenarios of risk factors and financial
categories or ratios (risk variables)

;
R 2
L

Measures referring both to risk factor

and risk variable probability distributions at once:
1. sensitivity coefficients,

2. correllation coefficients,

3. determination coefficients.

ing ively to the p ity distribution of risk
factor or risk variable:
1. expected values of risk factors and risk variables,
2. volatility of risk factors and risk variables,
3. value at risk of risk factors and risk variables.

Fig. 3. The results of prospective financial analysis with the Monte Carlo approach to reflect risk

Source: own study on the basis of [Zielinski 2010, pp. 43-50; Jajuga (ed.) 2007, pp. 33-51].
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Prospective financial analysis with regard to risk can be based on two groups of
statistical measures of risk. The first group references exclusively to the probability
distribution of risk factor or risk variable. These measures enable the assessment of
risk factor or risk variable expected value (usually average value), volatility (usually
standard deviation) or value at risk. The second group that refers both to risk factor
and risk variable probability distributions at the same time, enables the assessment
of risk variable reaction to risk factor change in terms of reaction direction and scale
(sensitivity coefficient). The second group also informs us how much risk factor
changes explain risk variable changes (coefficient of determination) (Figure 3).

In addition to typical statistical measures, the probability distributions of financial
categories and ratios inform about probability that their optimum values or ranges are
to be maintained [Helfert 2001, p. 287]. Adding risk exposure to financial categories
or ratios extends prospective financial analysis to be a tool enabling individuals
responsible for enterprise management and shareholders to consciously and actually
accept risk. In other words, they can accept not only the particular levels of financial
categories and ratios but their tendency to change as well. Of course the traditional
approach in prospective financial analysis offers a kind of risk information, because
financial categories or ratios that do not match standards, become signs of risk. The
simulation approach, additionally, informs about the chance that they are able to
match these standards, which seems to be the biggest advantage of the Monte Carlo
approach in prospective financial analysis (see Figure 1).

In terms of sensitivity analysis, the Monte Carlo approach can be perceived as
an extension of traditional sensitivity analysis [Helfert 2001, p. 287], which takes
up the non-realistic assumption that only one risk factor changes at one time (non-
simultaneous, non-interdependent changes of risk factors) and the probability of any
deviation from risk factor expected value is the same (linear changes of risk factors)
[Kaczmarzyk, Zielinski 2010, p. 173]. A typical sensitivity analysis ‘becomes
unmanageable if we change several factors at the same time’ [Fabozzi, Peterson
2003, p. 464]. The most common examples of typical sensitivity analysis include
degrees of operating (DOL) and financial leverage (DFL). Using the Monte Carlo
simulation one can observe the behaviour of enterprise earnings under the influence
of multiple risk factors at the same time (instead of assessing the reaction of earnings
to changing sales like with DOL and DFL, it is possible to assess the reaction of
earnings to changing prices, demand, currency exchange rates, interest rates and
others at the same time). The simulation approach to sensitivity analysis gives easier-
to-interpret results if scenarios including risk factors and variables potential values
are transformed into percentage changes [Kaczmarzyk, Zielinski 2010, pp. 176-184]
versus initial or expected values.
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4. Case study

The first part of a prospective financial analysis with regard to risk using the
Monte Carlo approach involves building a convenient financial model of the
entrepreneurial activity of an enterprise. There are several solutions in spreadsheets
available [Sengupta 2010; Proctor 2010; Rees 2008; Benninga 2008; Tjia 2004; Day
2003]. The idea behind the model of an enterprise is to bring forecasted, close to
reality, financial statements including income statement, balance sheet and cash flow
statement. The forecasting of variable revenues results in the difference between
total forecasted assets and total forecasted liabilities. Closing balance sheet becomes
a comprehensive point when possible necessary to finance or surplus fund generates
interest. An iterative solution can be achieved in a spreadsheet through cyclic
addressing [Benninga 2008, p. 109; Tjia 2004, pp. 119-143] or through a proprietary
Visual Basic for Application procedure.

The model prepared for the case study (see Appendix) consists of production
schedule, fixed assets depreciation schedule, long term loan schedule, income
statement, balance sheet and financial ratios (liquidity, profitability and debt ratios).
The financial projection was set to 10 years and followed by detailed assumptions in
terms of entrepreneurial activity, based on opening balance sheet values (Table 1).

Table 1. Case study — assumptions for forecast

. Value
Input variable —
¢, — initial {, , — forecasted
1 2 3
Annual demand changes 2.0% (RF1)
Production / demand 5,000.0 pcs
Production capabilities 5,000.0 pcs
Percentage change of relation between fixed
assets and production capabilities 0.0%
(new / additional fixed assets)
Relatl.op ‘between fixed assets and production 90.00 PLN/pes 90.00 PLN/pes (RF2)
capabilities
Present value of fixed assets 390,000.00 PLN
Average depreciation rate
(for t0 depreciation to present value of fixed 7.0% 7.0%
assets)
Depreciation 27,300.00 PLN
Capital expenditures — fixed assets replacement 23,000.00 PLN
Fixed assets with depreciation 280,000.00 PLN
Debt value 150,000.00 PLN
Debt payments 8
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1 2 3
Percentage change of unit price 0.0%
g;l;ttzrll;;et revenues from sales to demand) 210.00 PLN/pes 210.00 PLN/pes (RF3)
Net revenues from sales 1,050,000.00 PLN
Percentage change of unit variable cost 0.0%
%é:;ﬁ‘igﬁa%‘l’ztcos P 170.00 PLN/pes | 170.00 PLN/pes (RF4)
Overall variable cost 850,000.00 PLN
Percentage change of fixed cost 0.0%
Fixed costs 100,000.00 PLN 100,000.00 PLN (RF5)
Financial revenues 2,500.00 PLN
Financial costs 3,500.00 PLN
Inventory 120,000.00 PLN
Receivables 80,000.00 PLN
Short term investment (with financial revenues) 40,000.00 PLN
iilco(:l ::;Sn investment (cash and current 10,000.00 PLN
Equity 100,000.00 PLN 100,000.00 PLN
Net income 61,923.00 PLN
Short term liabilities (bank credits) 100,000.00 PLN
Short term liabilities 60,000.00 PLN
Long term debt interest rate 5%
Short term investment interest rate 1%
Short term debt interest rate 7%
Effective tax rate 19%
Dividend rate 30%
Inventory cycle (in days of sales) 41.71
Receivables cycle (in days of sales) 27.81
Short term liabilities cycle (in days of sales) 20.86
Short term investment (cash and current
accounts) cycle (in days of sales) 348

Source: own study.

The risk factors taken into account include: annual demand change (RF1),
relation between fixed assets and production capabilities (RF2), unit price (RF3),
variable unit cost (RF4) and fixed costs (RF5) for # (¢, to ¢, are equal to ¢). The
assumptions were made using normal probability distribution (RF1), uniform
probability distribution (RF2) and a pert probability distributions (RF3, RF4 and
RF5) using the subjective approach [Vose 2008, pp. 404-407] (Table 2).
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Table 2. Case study — assumptions for risk analysis

Name Formula Distribution Minimum Maximum Mean Mode St. Dev. 5% 95%

-0.0'0.10
RF1 |=RiskNormal(2%;2%) ! i -5.1% 9.3% 2.0% 1.9% 2.0% -1.3% 53%

RF2 |=RiskUniform(80;100) 80.00 PLN 100.00 PLN | 90.00 PLN 80.70 PLN 5.77 PLN 81.00 PLN 99.00 PLN

RF3 |=RiskPert(200;210;215) 200.64 PLN | 214.89 PLN | 209.17 PLN | 210.24 PLN 2.76 PLN 204.30 PLN | 213.36 PLN

?-5
200 '16
1 180
RF4 |=RiskPert(165:170;180) t " | 165.07PLN | 179.46 PLN | 170.83 PLN | 170.22 PLN 2.76 PLN 166.64 PLN | 175.69 PLN
20 I

=RiskPert(90000;100000;
110000)

90,386.65 109,702.65 100,000.08 99,733.22 93,781.00 106,212.89
PLN PLN PLN PLN 3.780.06 PLN PLN PLN

RF5

Source: own study.

Interdependency between RF1 and RF3 was set to —0.95 of linear coefficient,
meaning the lower the unit price, the larger the annual increase of demand. Monte
Carlo simulation output risk variables include return on equity ratio (ROE), return
on assets ratio (ROA), current liquidity ratio (CLR) and overall debt ratio (ODR) for
t, and t, forecasted periods. The simulation resulted in 5,000 scenarios, reflecting the
interdependency generated using Latin Hypercube sampling?’.

Let the desired level of ROE be between 10% and 20%. In 7, the probability
to meet the desired level is 58.5% whereas in ¢, — 89.2%. The increase is mainly
caused by repaying long term debt responsible for the additional variability of net
income. Very similar values of expected ROE (mode: 17.38% for ¢, and 17.54% for
t,) are then achieved with significantly lower volatility in ¢, (Figure 4). The ROA
probability distribution moves positively (from ¢, to £,), with mode increasing from
7.98% to 10.39%, due to higher net income with similar volatility (Figure 5). If the
desired level of ROA was from 8% to 15%, then the actual ROA value would meet
that requirement with 49.0% and 66.9% probability respectively in ¢, and 7,.

The distributions of the CLR as well as the ODR are very unique. The accepted
level of CLR (Figure 6) is between 1.2 and 2.0 [Sierpinska, Jachna 2004, p. 147]. The
ratio meets the standard with 79.1% of probability level in #, and with 41,2% in .
The top level of 2.0 is exceeded with 12.9% of probability in 7, and with significantly
higher level of 43.3% in ¢,. Such changes in liquidity are the evidence of liquid
assets significant surplus that could be involved in the entrepreneurial activity. The
expected value is similar (mode: 1.378 for 7, and 1.376 for ¢,), whereas volatility
(std.dev.: 0.376 for ¢, and 1.008 for #,) is indicated as much higher. The much wider
volatility range does not automatically resemble an inevitable situation.

¥ Random values were generated using Palisade @RISK 7.0. The number of simulations was cho-
sen according to [Vose 2008, pp. 154-155].
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Fig. 4. Case study — return of equity for ¢z, and ¢,
Source: own study.
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Fig. 5. Case study — return on assets for #, and ¢,

Source: own study.
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Fig. 6. Case study — current liquidity ratio for ¢, and ¢,
Source: own study.
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Fig. 7. Case study — overall debt ratio for #, and ¢,

Source: own study.
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The distribution of the ODR (Figure 7) shows 44.5% probability of falling below
0.4 in ¢, in comparison to 0.0% in ¢,. The repayment of debt is fixed in terms of a long-
term part, whereas a short-term part depends on the actual situation of the enterprise.
The higher the profitability, the lower the short-term financing level. The long-term
part disappears due to assumptions over time. Therefore the ODR volatility range
changes, with an expected value decreasing (mode: 0.548 for ¢, falls to 0.306 for 7,).

The Monte Carlo approach gives the distributions of financial ratios and the
detailed information of meeting desired or accepted levels or ranges. The comparison
of the distributions of risk factors and the distributions of financial ratios would
additionally give the hierarchy of risk factors under the criteria of influence direction
and scale. It would also show which risk factor and its changes explain the changes
of financial ratios the most.

5. Conclusions

The Monte Carlo approach in prospective financial analysis delivers the detailed
probability distributions of key financial categories and ratios. That is the biggest
advantage of the presented approach (that is in fact the evolution of the traditional
scenario approach to risk analysis). Any enterprise that employs the Monte Carlo
simulation can check if particular categories and ratios can meet the requirements
and standards for every single period of financial projection. As has been shown,
financial distributions change over time, as well as does the entrepreneurial activity
risk. Shareholders accepting the results of prospective financial analysis with the
Monte Carlo simulation, accept risk in a more conscious way than in the case of the
traditional approach.
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Appendix. Financial model
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