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Abstract. The report deals with description of the concept and prototype
of environmental decision support system (EDSS) for the analysis of late
off-site consequences of severe nuclear accidents and analysis, processing
and presentation of spatially distributed radioecological data. General
description of the available software, use of modern achievements of
geostatistics and stochastic simulations for the analysis of spatial data are
presented and discussed.

1. Environmental Decision Support Systems.

Modern information technologies: data bases and data base management sys-
tems (DBMS), decision support systems (DSS) and intelligent DSS; expert sys-
tems; geographical information systems (GIS), integrated systems and informa-
tion support systems enable us to create new generation of computer models
(CM) and computer environments that may be widely used in the analysis of
off-site consequences (ecological modeling, risk analysis, emergency prepared-
ness planning, decision making etc.).

Classical Decision Support Systems (DSS) include Data bases, Bank of
models and User's interfaces [1]. At present time DSS are essential part of any
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good ecological project. Intelligent DSS includes also expert systems or knowl-
edge bases. With the help of DSS it is possible to manage both data and models
in order to prepare support for decision making process. Environmental DSS
(EDSS) deal with spatially/geographically distributed data. It means that EDSS
have to be connected Geographical Information Systems (GIS).

The main parts of Environmental Decision Support Systems are as follows[2]:
• Data bases and data base management systems. Data bases contain infor-

mation concerning environment, demography, contamination, economic
infonnation and others needed for the description of the region of interest
and decision-making process.

• Specialized geographical informational system, based on electronic maps
bank. Cartographic database includes electronic maps about most of con-
taminated zones due to Chernobyl and South Ural. Attributive data for
EDSS are from NSI Central Data Bank. Infonnation has been accumu-
lated for about 10,000 populated areas belonging to 15 regions of Russia.
Original software (RVS) was created with use 'user-friendly interface". By
this system users can create efficient queries and to make some thematic
maps ( Fig.l).

• Bank of Models and ModelBase management system. Bank of Models in-
cludes computer models on different aspects of radionuclides behavior in
environment and their impact on people. All coefficients and parameters of
models are organized as a model-dependent data bases. At the moment,
Model bank consists of a number of models on various subjects: short and
long range atmospheric dispersion models, compartment and advection-
diffusion models on radionuclides migration in soils, compartment and dy-
namic models on radionuclides migration in food chains, dosimetric
models, dose-effect models, risk models, etc. An important phase of model
development is models' verification ands validation. These were done for
majority of models by using different kinds of data, also data on Chernobyl
accident consequences.

• Information support systems. They include different kind of information
concerning computer science, radioecological modeling, decision-making
process, intervention levels and countermeasures, etc.

• User interfaces or dialogue modules. This is an important part of any DSS
and helps user to prepare, process, present, and understand results.

The off-site analysis includes different subjects: atmosphere, hydrosphere, soil,
food chains, dose calculations and dose-effect analysis, etc. First step is to pre-
pare scenario compatible with available information. For example: source term-
atmospheric dispersion-migration of radionuclides in food chains-dose calcula-
tions — countenneasures. Database management systems controls flows of in-
formation between models. The main results of the EDSS are decision-oriented
maps, legends, analysis (reports and recommendations) (Fig.2).
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Fig.l.Examples of data presentation with
use of RVS software.

Fig.2. Multywindow system for radionuclides
migration analysis on maps.

2. Analysis of spatially distributed radioecological data.

Environmental data, as a rule, are discrete, spatially distributed and time de-
pendent. Before using data have to be analyzed and prepared, correspondingly.
The results of analysis are strongly dependent on both input data (how do they
represent reality) and data processing methods used.

One of the first and important question is: what is a spatial and dimensional
resolution of the network and which phenomena can be detected by the given
network? These problems are related to the qualitative and quantitative descrip-
tion of monitoring network and its clustering (spatial inhomogeneity). Clustering
of network (preferential measurements of some regions) leads to wrong calcula-
tions of mean value, variances, histograms that is essential in many applications.
We have used several indicators in order to describe network's clustering and its
spatial resolution: The most frequently used are Voronoi polygons (area-of-
influence polygons) and Morishita index. Voronoi polygons along with Delauney
triangulation are used also for network structure visualization. If a monitoring
network is self-similar, the network can be characterized by its fractal dimension
Dr[T], where Dr is dimensional resolution |3].

There are several approaches for spatial data analysis and processing: statistics,
interpolations, geostatistics, stochastic simulations. All methods can be consid-
ered as deterministic (ordinary interpolation techniques) or statistical
(geostatistics and some kinds of modeling). They differ in degree of preliminary
data preparation, underlying mathematics and in used interpretation models and
obtained results. Statistical methods need more deep preliminary analysis of spa-
tial/temporal data correlation (including anisotropy) and they estimate errors of
prediction as well. Geostatistical models can be and are used for the monitoring
network optimization and redesign. This problem is also essential for remedia-
tion and restoration of contaminated sites.

At the moment, more and more linear and non-linear geostatistical models
(various kinds of kriging: simple, ordinary, disjunctive, indicator, moving win-
dow regression residual) are used in the analysis of ecological data. Methods of
structural analysis allow to discover and model spatial correlation and take into
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account existing trend, which is a common phenomenon in environmental data.
It brings a significant influence especially on a large scale. Moving window ap-
proach provides non-linear trend model and builds separate correlation models
for every set of local data (within window). Using artificial intelligence methods
is another way to estimate spatial trend. Residuals obtained from neural network
estimations of global trend represent local spatial structures modeled by variog-
raphy. Geostatistical prediction methods allows to analyze prediction uncertainty
by building "thick" estimation contours with a certain probability to cover the
real (unknown) isoline. Such maps are more useful for decision making then
pure estimation ("thin") isolines [4]. It is possible to explore spatial structures of
different data populations and using non-linear methods to model cumulative
distribution function. This leads to risk analysis, maps showing probability of ex-
ceeding certain levels of contamination assigned by a decision maker. Stochastic
simulations provide different possible variation of pollutant's distribution. Differ-
ent methods give different both quantitatively and qualitatively decision-oriented
maps (Figs. 3, 4).

Fig.3. Estimation uncertainty contours
for Csl37 contamination at a level of

10 Ci/km^ Gomel region.

Fig.4 Probability map of exceeding the level
of 10 Ci/km^ contamination by Cs 137,

Gomel region. Contours at 0.05, 0.25, 0.5, 0,75.
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