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Abstract 
This article describes the application of computational deci-
sion analytic techniques for a national policy decision. It 
constitutes an example of the increasing use of modern com-
putational decision methods to assist in decision-making in 
society. An integrated flood catastrophe model is presented as 
well as some results of a case study made in the Upper Tisza 
region in north-eastern Hungary. Background data was 
provided through the Hungarian Academy of Sciences and 
complemented by interviews with different stakeholders in the 
region. Based upon these data, where a large degree of 
uncertainty is prevailing, we demonstrate how an 
implementation of a simulation and decision analytical model 
can provide insights into the effects of imposing different 
policy options for a flood risk management program in the 
region. We focus herein primarily on general options for 
designing a public/private insurance and reinsurance system 
for Hungary. It should, however, be emphasized that the main 
purpose of this article is not to provide any definite recom-
mendations, but rather to present a methodology for handling a 
set of policy packages with the aim of gaining a consensus 
among stakeholders. 

Introduction 
Hungary is a country where as much as 20 per cent of its 
territory is at risk for flooding (Evans et al 00). During the 
past decades, the central government has spent huge sums on 
building and maintaining extensive levee systems along the 
main rivers to protect the endangered land and communities. 
The government has not only taken the pre-flood 
responsibility, but also the post-flood responsibility. If a 
flood occurs in a protected area, this is considered to be the 
responsibility of the government, and it has by tradition 
compensated the victims. 

In the Tisza region in the north-eastern part of Hungary, 
there are annual floods. Furthermore, extreme floods are 
expected every 10-12 years (Vári 99). Financial losses from 
floods are severe in this region, and costs for compensation 
to victims and mitigation strategies are increasing. In 
Hungary, as in other countries, the government is looking for 
alternative flood management strategies, where part of the 
economic responsibility is transferred from the public to the 
private sector. In the design of different flood management 
strategies, a key interest for the Hungarian government has 

been to find the balance between social solidarity and private 
responsibility. Today, most Hungarians perceive that the 
government should compensate them for the losses, but such 
a policy is not affordable in the long run. Moreover, there are 
many different interests represented by, e.g., the tourist 
industry, other industries, farmers, environmental groups, 
and other NGOs (non-governmental organizations) that have 
to be taken into account. Consequently, there are strong 
needs for other loss sharing policies which different 
stakeholders, e.g., governments, insurers, and individuals, 
could agree upon.  

This article is based on a case study of the Palad-Csecsei 
basin (henceforth the pilot basin), which is situated in north-
eastern Hungary. This region is one of the poorest 
agricultural regions of Europe, and floods repeatedly strike 
large areas. In particular, the second largest river in Hungary, 
the Tisza River, flows trough the county. The pilot basin 
consists of eleven municipalities, of which primarily two 
experience flood damages. 

Policy Scenarios 
The stakeholders represented in the flood model are the 
municipalities, the insurance companies, and the central 
government. Insurance premiums are paid annually, but 
individual property owners can usually choose whether to 
buy insurance or not. This choice affects the outcome both 
for the property owners and for the insurance company. The 
financial indicators considered in this study are: 

 Governmental load: Compensation from government to 
property owners. 

 Balance for the insurance companies: Income in the 
form of premiums for flood insurance, subtracted by the 
compensation paid to property owners. 

 Balance for the pilot basin: Compensation from 
government in addition to compensation from insurance 
companies subtracted by property damages and 
premiums. The individual balances are aggregated for 
the entire pilot basin (all municipalities). 

The financial consequences are also dependent on the current 
flood management strategy, i.e. the compensation level from 
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the government and the insurance companies. Three 
scenarios are considered in this context: 

Scenario 1: The government compensates 60 % of property 
damages. 30 % of the households have private (bundled) 
property insurances (of which 2 %of the premium accounts 
for flood insurance). Holders of private (bundled) insurance 
are compensated by 80 % by the insurance companies. The 
insurance premium is not risk-based. It is based on the 
property value (2 % of the property value per year).  

Scenario 2: The government compensates 30 % of property 
damages. 30 % of the households have a bundled insurance 
(Insurance 1), of which 2 % of the total premium accounts 
for flood insurance. Holders of Insurance 1 are compensated 
by 40 % by the insurance companies. The premium of 
Insurance 1 is based on the property value (1 % of the 
property value per year). Holders of risk-based premium 
insurance (Insurance 2) are compensated by 100 %. The 
premium of Insurance 2 is calculated from the expected 
damage per municipality, divided by the number of 
properties. 

Scenario 3: The insurance companies are substituted by a 
govern-mentally controlled catastrophe fund. A mandatory 
subsidized fee is introduced. The yearly premium for the 
mandatory insurance is 1.5 % of property value. The 
property owners receive 60 % compensation. The 
government subsidizes insurance premiums (fees) for low-
income households. 60 % of the property owners in the pilot 
basin are considered to be low-income households. No 
description of the balance for the insurance companies is 
included, since insurers are re-insured by the fund. 

Flood Model Results 
The underlying flood model consists of different modules, 
taking into account various stochastic variables concerning 
flood frequencies and possibilities for levee failures at differ-
ent locations. It also includes calculations of the inundated 
land area as well as the water level (VIT 99) and the vulner-
ability of inundated land, based on several relevant parame-
ters, e.g., soil type, land-use pattern, elevation above sea 
level, and property value. Below, only structural flood losses 
are considered, and thus, agricultural data is omitted. The 
structural losses are estimated by a loss-function, which con-
siders initial property value and vulnerability as well as level 
and duration of inundating water. The model calculates, for 
each inundated cell, the financial consequences, based on 
property values and vulnerability for all inundated cells.1  

                                                           
1 See (Brouwers et al 02), (Hansson 02), and (Brouwers 02) for a more 
thorough discussion of the model. 

The frequency of floods and levee failures used in the 
simulations are based on historical data. For instance, they 
do not reflect the flood rate increase during recent years. 
This may be a result of the change in the land use, or it could 
be a result of global climate changes (CLC 01). Adequate 
and precise information is to a large extent missing in the 
kinds of simulation models. Consequently, there seem to be 
good reasons for discriminating between measurable and 
immeasurable uncertainty. Since an actual and precise 
uncertainty measure is lacking, the simulations have been 
used merely as a basis for a more elaborate sensitivity 
analysis, considering both probabilities for floods and the 
estimates of losses. These uncertainties are reflected in the 
interval statements below. Table 1 shows the probability 
intervals for a set of flood events (E1-E5) generated from the 
simulation model and the Tables 2-4 show the ranges of the 
respective financial outcomes from the events (Ekenberg et 
al. 02). 
 
 Min prob Max prob
E1 0,858 0,906 
E2 0,034 0,052 
E3 0,021 0,032 
E4 0,028 0,041 
E5 0,011 0,017 

Table 1  Probability intervals for the events 

The results of the simulations of the different flood manage-
ment strategies are described in terms of financial conse-
quences. For compactness in the presentation, the results are 
aggregated according to the following distribution of 
outcomes collected in groups in descending order by the 
magnitude of losses (Ekenberg et al. 02).  
 

Govern Insurers Propown 
0 0  1,82 2,73  -1,82 -2,73

-7,50 -11,2  -3,15 -4,72  -14,3 -21,5
-97,8 -147  -43,6 -65,4  -185 -277
-182 -273  -76,8 -115  -347 -521
-636 -953  -251 -376  -1230 -1850

Table 2  Net incomes in MHUF in Scenario 1  

Govern Insurers Propown 
0 0  1,98 2,96  -1,98 -2,96

-3,75 -5,62  -3,26 -4,89  -18,0 -27,0
-48,9 -73,3  -25,1 -37,6  -252 -378
-90,9 -136  -45,7 -68,5  -469 -704
-318 -477  -170 -254  -1630 -2450

Table 3  Net incomes in MHUF in Scenario 2  
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Govern Insurers Propown 
1,77 2,66  0 0  -1,77 -2,66

-5,73 -8,59  0 0  -19,3 -28,9
-96,0 -144  0 0  -230 -345
-180 -270  0 0  -426 -639
-634 -951  0 0  -1480 -2230

Table 4  Net incomes in MHUF in Scenario 3  

The columns in the Tables 2-4 denote the weighted costs 
divided by the number of occurrences within each interval: 

j ji i ii I i Ip c p∈ ∈∑ ∑ , 

where pi is the number of occurrences of the cost ci, and Ij, 
j=1,…,5, are the index sets with the elements of Table 1. 

Decision Analysis of the Scenarios 
Above, we have discussed the multi-criteria and multi-
stakeholder problem of designing public-private insurance 
and re-insurance systems. This section presents a method-
ology for further investigating the scenarios from a decision 
analytical viewpoint.  

The EDM method used for evaluating the flood risk 
management policy decision problem in the pilot basin is 
based on the Delta method (Danielson & Ekenberg 98, 
Danielson 03, Ekenberg 00, Ekenberg et al 01). Delta is a 
method for analysing decisions containing imprecise 
information represented as intervals. It has been extended to 
handle a model in which several stakeholders’ outcomes can 
be handled on a per consequence basis, and has been imple-
mented in the tool DecideIT. Thus, it is a multi-criteria 
extension to a basically probabilistic method.  

In EDM, a decision frame represents a decision problem. 
The idea with such a frame is to collect all information 
necessary for the model in one structure. This structure is 
then filled in with user statements. User statements can be 
range constraints, core intervals, or comparative statements. 
Given consequences ci and cj, denote their values vi and vj. 
Then the user statements can be of the following kinds for 
numbers a1, a2, b1, b2, d1, and d2: 
• Range constraint: vi is definitely between a1 and a2. 
• Core interval: vi is likely between b1 and b2 
• Comparison: vi is between d1 and d2 larger than vj. 
Note that the user may but need not enter all kinds of 
statements for a given vi. All the probability statements in a 
decision problem share a common structure because they are 
all made relative to the same decision frame. They are 
translated and collected together in a probability base. For 
value statements, the same is done in a value base. Finally, 
stakeholder weights are also supplied.  
A part of the user multi-level tree for the basin is shown in 
Figure 1. For the first scenario, the three most likely 

outcomes are shown with their probability and value ranges. 
The last level contains the local weights of the stakeholders.  

A collection of interval constraints concerning the same 
set of variables is called a constraint set. For such a system 
to be meaningful, there must exist some vector of variable 
assignments that simultaneously satisfies each inequality in 
the system, i.e. a consistent system. In other words, a 

 

Figure 1  A multi-level tree for the pilot basin 

consistent constraint set is a set where the constraints are at 
least not contradictory. 

The orthogonal hull is a concept that in each dimension 
signals which parts are definitely incompatible with the 
constraint set. For each variable, it consists of all consistent 
value assignments. The orthogonal hull can be pictured as 
the result of wrapping the smallest orthogonal hyper-cube 
around the constraint set. 

Range constraints and core intervals have different roles 
in specifying a decision situation. The range constraints 
represent “negative” information, which vectors are not part 
of the solution sets. The contents of constraints specify 
which ranges are infeasible by excluding them from the 
solutions. This is in contrast to core intervals, which 
represent “positive” information in the sense that the deci-
sion maker enters information about sub-intervals that are 
felt to be the most central ones and that no further discrimi-
nation is possible within those ranges. Together, range 
constraint sets and cores delimit the shape of the belief in the 
numerical values of the variables (see Figure 2). 
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Figure 2  The hull and core for a variable 

The standard comparison rule of an evaluation in EDM is the 
expected value (EV), sometimes instantiated as the expected 
monetary value. This leads to the expression 

EV(Ai) = 
1 1

( )
ims

k ij ij
k j

w p v
= =
∑ ∑ , where wk, k=1,...,s, is the impor-

tance weight of stakeholder k. 

In the pilot basin case, the decision trees are symmetrical 
with respect to the stakeholders, i.e. the trees, the alterna-
tives, the consequences, and thus the probabilities coincide. 
This leaves us with differing values and weights.  

Let δij = EV(Ai) – EV(Aj) denote the difference in 
expected value between the alternatives. If there are more 
than two alternatives, pairwise comparisons are carried out 
between all of them. It is necessary to evaluate the difference 
between Ai and Aj rather than expected values themselves, 
since only then will comparative statements involving both 
alternatives be taken into account when ranking the 
alternatives. The relative strength between the two 
alternatives Ai and Aj are calculated using the formula 

rel(δij) = [max(δij)+min(δij)]/2 = [max(δij)–max(δji)]/2 

Cutting the Orthogonal Hull 
The hull cut is a generalized sensitivity analysis to be carried 
out in a large number of dimensions simultaneously. In non-
trivial decision situations, when a decision frame contains 
numerically imprecise information, principles such as the 
expected value are often too weak to yield a conclusive 
result by themselves. Only studying the differences in the 
expected value for the complete bases often gives too little 
information about the strengths of the alternatives.  

A natural way to continue is to consider values near the 
boundaries of the range constraint intervals as being less 
reliable than the core due to the former being deliberately 
imprecise. If relative strength is evaluated on a sequence of 
ever-smaller sub-bases, a good appreciation of the strength’s 
dependency on boundary values can be obtained. This is 
taken into account by cutting off the dominated regions 
indirectly using the hull cut operation. This is denoted 
cutting the bases, and the amount of cutting is indicated as a 
percentage, which can range from 0 to 100 %. For a 100 % 

cut, if no core is specified, the bases are transformed into 
single points, and the evaluation becomes the calculation of 
the ordinary expected value. It is possible to regard the hull 
cut as an automated kind of sensitivity analysis. Since the 
belief in peripheral values is somewhat less, the 
interpretation of the cut is to zoom in on more believable 
values that are more centrally located.  

The evaluation is shown as pairwise comparisons 
between the respective alternatives. For instance, Figure 3 
shows the result of comparing Scenarios 1 and 2. The x-axis 
shows the cut in per cent ranging from 0 to 100. The y-axis 
is the expected value difference δij for the pairs. The cone 
(which need not be linear if comparative statements are 
involved) consists of three lines. For comparing alternatives 
Ai and Aj, the upper line is max(δij), the middle is rel(δij), 
and the lower is min(δij). One can see from which cut level 
an alternative dominates weakly (max(δij)>0), markedly 
(rel(δij)>0), and strongly (min(δij)>0). The underlying 
intuition is that a weak domination is at least one point in the 
solution space and strong domination is the entire solution 
space. As the cut progresses, one of the alternatives 
eventually dominates strongly, in this case Scenario 2. The 
cut level necessary for that to occur shows the separability 
between the expected values. 

 
Figure 3  Evaluation of two alternatives 

Analysis of the Policy Options 
Using the simulation results, the scenarios have been 
analysed with DecideIT. This analysis incorporates the 
various costs, criteria, and probabilities involved. The 
decision tree was automatically generated from the three 
policy scenarios, which are considered as alternatives in the 
tree. Each of these alternatives has the same set of 
probability nodes, i.e., the five outcomes with the respective 
probabilities from Table 1. The final outcomes of the five 
nodes are divided into the three categories: Government, 
Insurance industry, and Pilot basin.  
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The values are entered into the tool, directly from the 
simulations. As was explained above, the weights of the 
stakeholders were modelled at the last level of the tree. The 
weights sum up to 1 for each of the probability nodes at the 
next-to-last level. The effects of manipulating the weights 
were then analysed. 

Results from Analysing the Scenarios2 
In brief, the conclusions of these analyses, when only 
financial losses are taken into account, are the following: 
 The choice is heavily dependent of the ranking of the 

stakeholders’ relative importance.  
 From a governmental perspective, Scenario 2 is preferred. 
 From the perspective of the insurance companies, Scenario 3 is 

preferred. 
 From the perspective of the municipalities, Scenario 1 is 

preferred. 
 When the government is considered to be more important than 

the municipalities, Scenario 2 is the most preferred option.  
 When the municipalities are considered to be of more 

importance than the government, Scenario 1 is the most 
preferred option. 

Summary and Concluding Remarks 
This article discusses three alternative flood management 
policy strategies, and in particular the use of computational 
decision analysis to investigate the strategies. We have 
investigated the effects of imposing the strategies for the 
purpose of illuminating significant effects of adopting 
different insurance policies.  

The analyses of the different policy strategies have been 
based on a model where the flood failures are simulated and 
where geographical, hydrological, social, and institutional 
data have been taken into account. The generated results are 
thereafter automatically transposed to decision trees under 
three stakeholder perspectives. Taking the simulation results 
into account, the scenarios have been analysed with the 
decision tool DecideIT. 

We have also, to some extent, validated the approaches 
using stakeholder interviews. A main issue is that all local 
interviewees think that people should be able to stay in high-
risk areas, and there seems to be more agreement regarding 
goals and assumptions than means to achieve these goals. 
This motivated the entire scenario construction approach. 
Furthermore, it was emphasized that issues of solidarity are 
much more emphasized than market-based elements. This 
was the motivation for selecting the criteria for the analyses. 

In the meantime, more policy strategies are being 
identified and implemented, for instance re-naturalization by 
taking down sections of the levee upstream the villages. This 
step is quite controversial, since much arable land would be 
                                                           
2 See (Ekenberg et al 02) for a more detailed description of the results from 
the analyses. 

sacrificed to save the villages. This can also be seen as a 
more holistic flood management strategy since floods are 
really a natural part of the riverine system. 
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