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Abstract
The process of evaluation of strategic plans investments, development and innovation projects
proceeds under conditions of risk and uncertainty. The assumption of an environment without
risk and uncertainty for these strategic decisions is very simplistic. On the other hand, tools
and approaches to support decision making under conditions of risk, usually offers only
mono-attribute evaluation approach. This assumption (only one attribute/criterion for
evaluation) is also simplistic. The paper will be illustrated a normative approach of multiattribute decision making under risk. This approach combines the tools and approaches of
multi-attribute evaluation under certainty with tools and approaches to decision making under
risk. The model will be illustrated by a specific example. The model is based on a
combination of tools for multi-attribute decision-making with the approaches of decisionmaking under risk; the model uses a subjective probability distribution of risk factors,
decision matrices, scenarios and Monte Carlo simulation.
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Introduction
Decision making theory provides a relatively rich methodological apparatus to support multicriteria evaluation. These approaches assume that the set of alternatives impacts will occur
with certainty. On the other hand, a number of methods and tools to support risk decisionmaking exists, but most of them cannot work with more evaluation criteria. Usually, only one
aspect of the advantages of the alternatives is then considered (one criterion) in respect of risk
– more about these approaches (Švecová, et al., 2012; Fotr, et. al., 2013). Nowadays, when
the vast majority of decisions is made under risk, both of the above approaches are quite
simplistic.
The following model provides connection methods and tools for multi-attribute
decision-making methods with a risk management apparatus. The aim is not to increase the
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complexity of the decision-making process so that the difficulty for managers was acceptable.
This model is designed primarily for strategic management level, because it is consuming to
on the data base usable in the model, and requires knowledge of more complex methods and
tools of risk decision-making. Using in the operational management would not be effective
due to higher time-consuming. The model can also be applied to less structured problems
solved at the tactical level (Švecová, 2014).

1

Model of Multi-attribute Evaluation under Risk

The new model of multi-attribute evaluation under risk was created (Švecová & Fotr, 2013).
This model includes tree steps (see Figure 1) with this concern:


Step 1: a) construction of the model – there it is possible to use cognitive maps or
influences diagrams; b) identification of key risk factors – possible methods are
check lists, risk registers, post-implementation analysis, catalogues group discussion,
mind maps; and c) determination of the probability distributions of them – with
using e.x. risk matrixes or probability trees;



Step 2: setting probability distributions of the risk alternatives consequences and
their statistical characteristic – scenarios are possible to use with small number of key
risk factor (Cornelius, et al., 2005), (Foster, 1993), (Fuld, 2003), in other case is better
to use the Monte Carlo simulation (Mun, 2006);



Step 3: mono- or multi-attribute evaluation; of the mono-attribute evaluation is
based on dominance principle and trade-off methods, the multi-attribute evaluation is
based on MADM methods or multi-attribute utility function (Kepner & Tregoe, 2006),
(Steward, 1998).

Fig. 1: Model of Multi-attribute Evaluation under Risk

Source: authors (Švecová & Fotr, 2013)
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2

Practical example of application of the model

The following example is illustrative of the application of the proposed model. This example
is based on the real task, however, for the purposes of this work it is adapted and simplified1.
A housing cooperative is before deciding whether to expand its activity in the form of
purchase and subsequent construction of new properties or not. It considers these possible
strategic alternatives:


A1: purchase a building site, construction of 12 residential buildings in private ownership,



A2: purchase a building site, construction of 12 residential buildings in housing
cooperative ownership,



B1: purchase a building site, construction of 4 private buildings in private ownership,



B2: purchase a building site, construction of 12 private buildings in housing cooperative
ownership,



C1: combination of A1 and B1 (6 residential and 2 private buildings) – private ownership,



C2: combination of A2 and B2 (6 residential and 2 private buildings) – housing
cooperative ownership,



2.1

D1: purchase a building site, its dividing to 4 smaller building site and their purchase.

Step 1: Construction of the model, identification of key risk factors and
determination of the probability distributions of them

As the key decision criteria was chosen: the net present value (influenced by different prices,
expenditures and interest rates), the public attitude to the individual alternatives (public
preference of less new residents), implementation difficulty and level of involvement required
of the Board (involvement of specialists, negotiation with authorities etc.).
The main risk factors were identified on the basis of an expert assessment and
probability distribution of risk factors that affect the net present value criterion (Table 1 and
Figure 2). Factors not included in table 1: results of the negotiations with the authorities,
obstruction of the public to any construction, and time consuming alternatives.
Tab. 1: Probability distributions of key risk factors
Factors
Purchase price of build. site per m2
Interest rate I

Lower limit
2 800 CZK
5,2 %

1

Upper limit
3 100 CZK
6,2 %

Mean
3 000 CZK
6%

Distribution
triangle
Pert

Full version of this simple example was introduced in non-published habilitation thesis in Czech language
(Švecová, 2014).
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Factors
Interest rate II
Costs of building a house
Costs of building an apartment
Other costs for alternatives A
Other costs for alternatives B
Other costs for alternatives C
Other costs for alternative D
Sale price of a house
Sale price of an apartment
Sale price of a building site per m2
Interest rate on savings account
Rent (% of value of property)
Demand (priv. ownership, 1st year)
Demand (coop. own., 1st year)

Lower limit
4,8 %
3.7 mil. CZK
1.8 mil. CZK
0.6 mil. CZK
1.05 mil. CZK
0.95 mil. CZK
0.45 mil. CZK
4.5 mil. CZK
2.5 mil. CZK
3 000 CZK
2%
5%
0%
0%

Upper limit
5,3 %
4.5 mil. CZK
2.3 mil. CZK
1 mil. CZK
1.4 mil. CZK
1.3 mil. CZK
0.8 mil. CZK
6.7 mil. CZK
3.5 mil. CZK
4 000 CZK
3,5 %
15 %
100 %
80 %

Mean
5%
3.9 mil. CZK
1.9 mil. CZK
0.75 mil. CZK
1.25 mil. CZK
1.1 mil. CZK
0.5 mil. CZK
6 mil. CZK
3 mil. CZK
3 600 CZK
3%
10 %
50 %
50 %

Distribution
Pert
triangle
triangle
Pert
Pert
Pert
Pert
Pert
Pert
Pert
Pert
discrete
binomic
binomic

Source: authors

Fig. 2: Probability distributions of key risk factors – input to the Monte Carlo
simulation

Interest rate I

Interest rate II
Purchace price
of building site
Costs of
building house
Costs of
building flat
Other costs

Source: authors

2.2

Step 2: Setting probability distributions of the risk alternatives consequences

Scenarios will be defined for all alternatives, but only for qualitative criteria. The probabilities
of the scenarios will be different according to the selected alternative. The risk factors are
related to each other. Expected impacts of the alternatives were scored on a scale of 0 to 10
for each quality evaluation criterion in the relation to possible developments (value 10 being
the best score).
Table 2 represents impact of all alternatives for criterion the public attitude. The
values are determined subjectively (on a scale of 0 to 10). Analogically, the similar matrix
was created for the second quantitative criterion (implementation difficulty and level of
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involvement required of the Board). The total evaluation of alternatives is calculated as the
weighted average of the evaluation at the various scenarios where the weights are
probabilities, e.g. total evaluation (A1) is calculated as 4 ∙ 0.3 + 7 ∙ 0.1 = 1.9 (see Table 3).
Tab. 2: Impacts of alternatives for criterion “the public attitude”)
Alternative
A1
probability
A2
probability
B1
probability
B2
probability
C1
probability
C2
probability
D1
probability

Scenario 1 – negative
attitude
0
60 %
2
50 %
3
10 %
3
5%
0
30 %
1
25 %
4
0%

Scenario 2 - attitude with
minor reservations
4
30 %
5
35 %
5
20 %
6
20 %
4
50 %
5
45 %
7
10 %

Scenario 3 – neutral
attitude
7
10 %
9
15 %
9
70 %
10
75 %
8
20 %
9
30 %
10
90 %

Source: authors

Tab. 3: Total evaluation of the qualitative criteria
Alternative
A1
A2
B1
B2
C1
C2
D1

Public attitude
1,9
4,1
7,6
8,9
3,6
5,2
9,7

Implementation difficulty …
3,4
1,8
7,2
5,9
4,6
3,6
9,8

Source: authors

The Monte Carlo simulation was used to determine the impact of net present value.
The inputs to the Monte Carlo simulation shows Figure 2. The result of the simulation (1000
iterations) shows Figure 3. The outputs are mean value, standard deviation, lower and upper
limit, 5% a 95 % percentiles. The results show that all alternatives may end up losing, and
from this point of view seems to be the least risky alternative D1. Alternatives group 2
(cooperative ownership) are generally more risky and perform worse.
Interestingly the differences between the expected value of net present value
calculated at the most likely scenario (entering the mean of the distribution selected risk
factors) and results from simulations, which arose at 1000 scenarios, are presented (see Table
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4). From the table it is evident that the criticism of risk decision-making based on the most
likely scenario is justified because the expected values calculated simulations usually have
worse results.

Fig. 3: Outputs from the Monte Carlo simulation

NPV A1

NPV A2

NPV B1

NPV B2

NPV C1

NPV C2

NPV D1

Source: authors

Tab. 4: Comparison of one scenario approach and simulation
Alternative
A1
A2
B1
B2
C1
C2
D1

Expected value
– one scenario approach
4161
4391
-316
-471
1742
1812
130

Expected value
– simulation approach
2651
2592
-1342
-1994
337
145
92

Source: authors

2.3 Step 3: Mono- or multi-attribute evaluation
Poor economic effect have alternatives B1 and B2. They will most certainly be realized (see
Table 4). The output of step 2 of this model shows table 5, there are expected net present
value, coefficient of variation of NPV, evaluation of qualitative criteria (public attitude and
implementation difficulty).
By now, the final evaluation would be depended on the preferences of decision makers
(Board) and their attitude to risk. This would be reflected in the weights of individual criteria,
in particular between economic criteria (NPV, and coefficient of variation of NPV) and other
1551
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criteria. Due to the significant differences in the economic benefits of the alternatives A1 and
A2 from other alternatives, would have been chosen one of these two alternatives (likely).
Tab. 4: Impacts of risky alternatives for all criteria
Alternative
A1
A2
C1
C2
D1

NPV
(thousands CZK)
2651
2592
337
145
92

Coefficient of
variation of NPV
1,27
1,55
6,05
17,63
5,42

Public attitude
(score)
1,9
4,1
3,6
5,2
9,7

Implementation
difficulty … (score)
3,4
1,8
4,6
3,6
9,8

Source: authors

One of the simulation output is sensitivity NPV on the risk factors. The most
important factors are: sale price of the apartment, cost of construction of one apartment,
purchase price of a building site, interest rate on a savings account, additional costs of
alternatives group A, and interest rate on the loan in the event of alternatives in group 1.
Given that the sale price of an apartment is the most important risk factor, it is
appropriate to perform the additional analysis, e.g. what would happen if there was a decline
in the sale prices of apartments by 10%? In this case, the result are very interesting. Expect
alternative D1, every alternative shows negative net present value. Strong risk aversion would
therefore lead to the implementation of alternatives D1.

Conclusion
The economic crisis and the current turbulent environment significantly affect management
companies. A prerequisite for success is high quality risk decision-making. Good risk
decision-making means that this decision making is given adequate attention and that is based
on the undistorted input data. Unfortunately, standard multi-attribute evaluation instruments
are inadequate. These tools and methods do not work with risk. On the other hand, risk
decision making instruments cannot work with multiple criteria.
Described model provides connection of the two approaches. The model is divided
into three steps: 1) construction of the model, identification risk factors and determining their
probabilities; 2) determination of the probability distributions of the risk alternative
consequences and their statistical characteristics; and 3) mono- or multi-attribute evaluation.
The described example clearly illustrates this model and advantage of this model in
comparison with usual one scenario approach.
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