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Abstract. A methodology has been developed for the assessment of the effective-
ness of countermeasures in agriculture based on a multi-attribute analysis of quan-
titative (radiological, economic, regulatory) and qualitative (social, psychological, 
technological) indicators characterizing their application. The method makes use 
of weight coefficients established for the countermeasures parameters with their 
subsequent comparison adjusted to a single scale. The method is realized with the 
PRIME Decision support system adapted for the task of countermeasures planning. 
The multi-attribute analysis of countermeasures effectiveness was made depending 
on the aspect of rehabilitation works considered: dose, financial or social. Pre-
sented are results from the analysis of effectiveness of individual countermeasures 
and most effective countermeasures and their combinations. Based on the multi-
attribute analysis data, rating of the most effective countermeasures and their 
combinations was performed. 
 
1. INTRODUCTION 
For the optimization of countermeasures in agricultural production usually the 
“cost-benefit” analysis is used which brings the economic and radiological indica-
tors to a single cost scale, cost of averted collective dose (1 man-Sv) [1]. At the 
same time, the effectiveness of countermeasures is largely influenced by a social 
factor, their perception by the public [2]. Therefore, the choice of the most opti-
mum countermeasures is to be based on a comprehensive analysis of their charac-
teristics: radiological, economic and socio-psychological. The objective of the pa-
per is a comparative assessment of the effectiveness of individual countermeasures 
and their combinations based on a multi-attribute approach using modern com-
puter systems for decision making support. 
 
2. METHODOLOGY 
The effectiveness of countermeasures was assessed using as an example the set-
tlement of Veprin in the Klintsy district of the Bryansk region that is typical for 
the area affected by the accident. For calculations statistically processed data 
were used from the monitoring of 137Cs content in farm and natural products con-
sumed by the population in 2003. 
The method makes use of weight coefficients established for the countermeasures 
parameters with their subsequent comparison adjusted to a single scale. The 
method is realized with the PRIME Decision support system adapted for the task of 
countermeasures planning [3]. Justification of the optimum introduction of coun-
termeasures has several stages: 
I. Determination of parameters of countermeasures, which include: 
•  averted collective dose to the population; 
•  total cost of countermeasures; 
•  acceptability of countermeasures. 
II. Compilation of a set of countermeasures, that are alternatives to the above pa-



 
rameters, of which the first two are quantitative and “acceptability” qualitative 
indicator. For its quantification six levels, from 0 to 100, has been identified. 
III. Ranking of countermeasures consisting of count and weight estimation of the al-
ternatives parameters. Count estimation includes ordinal and cardinal ranking of 
the effectiveness of countermeasures for each individual parameter. Ordinal ar-
rangement defines preference of one countermeasure to another and cardinal – a 
range of varying countermeasure parameter. Weight estimation is based on the ex-
pert analysis of their importance. The present paper considers three different as-
pects of the recovery works: dose, financial and social (Table 1). In each of the 
three cases the priority was given to one or another parameter with the rest being 
taken into account. 
IV. Determination of the optimum countermeasure. Resulting from the multi-
attribute analysis is estimation of the effectiveness indices (EI) for every counter-
measure. The user is offered different options for decision making (probabilistic 
approaches to selecting the optimum option – maximax, maximin, central values 
and minimax regret. EI are available for the user in the form of value intervals for 
a whole range of parameters. An absolute superiority is observed when the value 
intervals do not superimpose on one another. 
Table 1. The weight coefficient parameters of countermeasure for multi-attribute 

analysis 
Assessment of countermeasures effectiveness Parameters of countermea-

sure Doses Financing Feasibility 
Averted collective dose 100-100 70-90 30-50 
Summary cost of counter-
measures 30-50 100-100 70-90 

Feasibility of countermea-
sures 70-90 30-50 100-100 

 
3. RESULTS & DISCUSSION 
When justificating a list of countermeasures the main attention was focused on 
those ones that reduce 137Cs contamination of milk which is the basic source of this 
radionuclide uptake with foodstuffs. Expenses on countermeasures were calculated 
based on their real cost and their suitability was assessed on the basis of inter-
viewing the population and specialists dealing with the development and introduc-
tion of countermeasures (Table 2). 
Table 2. Characteristics of countermeasures for implementation in the one year 

Countermeasure Leg-
end 

Summary cost, 
thousand 

EURO* 

Averted collec-
tive dose, man 

Sv* 
Feasibility 

Radical improvement RI 3.27 0.226 90 
Prussian blue PB 1.61 0.226 50 
Supply of clean milk SM 23.11 0.329 5 
Clean feed for pigs FP 1.35 0.007 25 
Mineral fertiliser for 
potatoes MF 0.98 0.01 75 

* - assessment for application of countermeasures in one year 
Figure 1 illustrates results from the multi-attribute analysis of countermeasures 
for three variants of their effectiveness assessment. In the dose variant where the 
priority is given to countermeasures that maximally reduce collective doses to the 
population, the most efficient measure is radical improvement of haylands and 
pastures (RI). Its EI is 0.8 (hereafter mean EI values are presented). The applica-
tion of mineral fertilizers to reduce 137Cs in potato (MF) and ferrocyn compounds 



 
for cows (PB) are practically equal in the effectiveness (0.68 and 0.66, respec-
tively). The third position is held by a restrictive measure – ban on the use of milk 
from private cows and provision of local residents with imported “clean” milk 
(SM). EI of this countermeasure is 0.46. Least effective is an organizational meas-
ure – provision of pigs with “clean” feeds three months before slaughtering (FP), EI 
= 0.2. 
When assessing the effectiveness of protective countermeasures from a financial 
point of view where priority is given to the least expensive countermeasures, pref-
erential is the use of mineral fertilizers (MF) with EI = 0.77. Not so effective but 
also with a fairly high EI are radical improvement (RI) and application of ferrocyn 
compounds (PB) (EI = 0.67 and 0.62). The most ineffective countermeasures, as 
well as in the first case, are SM and FP. Their EI are 0.36 and 0.29, respectively. 
The assessment considering a social aspect of the rehabilitation works has shown 
that the most suitable countermeasures that cause the minimum social-
psychological changes in the population are MF and RI, EI = 0.8 and 0.76. These are 
followed by PB (EI = 0.57). Least effective remain SM and FP. However, while in the 
first two variants restriction on milk consumption was more effective in the dose 
saving and cost criteria, in the social aspect assessment this measure has the low-
est EI (0.18). 
In any one of the variants most effective are agricultural countermeasures: radical 
improvement of haylands and pastures, application of ferrocyn compounds and 
mineral fertilizers under potato. EI of these measures vary depending on the as-
pect considered, being, however, within the 0.6-0.8 range. The introduction (or 
maintenance) of restrictive measures, as well as the use of “clean” feeds before 
animal slaughtering in the long term after the accident are less effective and are 
not recommended for use in rural settlements (EI range is 0.18-0.46). 
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Figure 1. Generalized estimation of the effectiveness indices, A – doses, B – financ-

ing and C – social variants of assessment 
The second stage of the study was the development of combinations of counter-
measures and their comparison with individual countermeasures on the basis of the 
multi-attribute analysis. Of the three most effective agricultural countermeasures 
4 combinations had been compiled and their parameters had been estimated (Table 
3). 
Table 3. Characteristics of strategy countermeasures for implementation in the 

one year 

Strategy of 
countermeasures 

Legen
d 

Summary cost, 
thousand EURO*

Averted 
collective dose, 

man Sv* 
Feasibility 

RI+PB A 4.87 0.301 70 
RI+MF B 4.24 0.236 83 
PB+MF C 2.58 0.236 63 
RI+PB+MF D 5.85 0.311 72 

* - assessment for application of countermeasures in one year 
A primary assessment of the multi-attribute analysis results for the combinations 
fails to determine with a reasonable accuracy which is more effective: the applica-
tion of individual countermeasures or their combinations (Fig. 2). Taking into ac-
count high EI variability of the alternatives considered, it is necessary that differ-
ent aspects of the rehabilitation works be studied in a more detail using additional 
means of the PRIME decision making support system. 
Comparison of the effectiveness of countermeasures from dose positions gives 
preference to the D combination which includes all three agricultural countermea-
sures. In addition it has the highest EI, 0.67. The system of the decision making 
support also identifies this combination as most effective in three of the four cases 
(Table 4). 
Close to it in effectiveness is the A combination which combines RI and PB, EI = 
0.64. In the minimax regret index it is comparable with D. Next in effectiveness are 
RI and the B combination which includes RI +MF. EI of RI is slightly higher than of B 
(0.58 and 0.51, respectively), however, the decision making support system identi-
fies B as the most effective combination in the maximax index. Then follow the C 
combination (PB+MF), individual PB application, individual MF application (EI = 
0.45, 0.38 and 0.35, respectively). 
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Figure 2. Generalized estimation of the effectiveness indices A – doses, B – financ-

ing and C – social variants of assessment individual countermeasures and 
their combinations 

Table 4. Ranking of countermeasures effectiveness 
Technique used Assessment of 

countermeasures 
effectiveness maximax maximin central val-

ues 
minimax re-

gret 
Doses B D D D & A 
Financing � MF D D & A 
Feasibility � RI MF RI 

The integration of the results derived from the multi-attribute analysis suggests a 
generalized rating of the effectiveness of countermeasures (and their combina-
tions) that considers all the discussed aspects of the rehabilitation works: 
(RI+PB+MF) > (RI+PB) > (RI+MF) > RI > MF > (PB+MF) > PB 
It is evident that in most cases the most effective way to reduce exposure doses to 
the population is a combined application of all the three agricultural countermea-
sures. Somewhat less effective is the use of a combination of two countermeasures, 
the basis of which is radical improvement of haylands and pastures. It should be 
noted that that the use of the RI+PB combination is more effective than RI+MF. The 
PB+MF option is the least effective combination of all considered. The efficiency of 
individual countermeasures varies depending on the aspect of the rehabilitation 
works. It is, however, usually lower than for combinations. 
 



 
4. CONCLUSION 
The data presented demonstrate that the proposed method for decision making 
support concerning the introduction of protective countermeasures in the private 
sector of rural settlements affected by the Chernobyl accident is fairly flexible. 
The use of computer systems for the multi-attribute analysis of countermeasure 
effectiveness allows a whole complex of radiological, economic and socio-
psychological factors to be taken into account. This in turn makes it possible to 
identify the optimum combinations of countermeasures in real conditions. 
This work was supported by the President of Russian Federation, under grant num-
ber ��-1005.2005.4. 
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