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Abstract 

 
A PC-oriented Emergency Response System (BERS) is developed and works in the National Institute of 

Meteorology and Hydrology with Bulgarian Academy of Science. The creation and the development of BERS 
were highly stimulated by the CEC/IAEA/WMO project ETEX (European Tracer EХperiment). BERS 
comprises of two main parts - operational and accidental ones, realized for both regions “Europe” and “Northern 
Hemisphere”. The operational part runs automatically twice a day after new analysis and forecast meteorological 
data is received via GTS of WMO. It prepares the current met-files, calculate trajectories for selected NPP, 
visualize the results and put the pictures in a specialized Web-site. The accidental part is activated manually 
when a real radioactive releases is occurred or during emergency exercises. The source term is specified by the 
users – Bulgarian emergency authorities. The EMAP model is the core of this part. This is a 3-D Eulerian 
dispersion model producing concentration and deposition fields. The visualized output is sent back via fax and/or 
specialized ftp-site. In the paper, the BERS overall structure and modules are described and its applications in 
emergency management are shown. Special stress is made on BERS performance during the “dry runs” of the 
EC 5FP project ENCEMBLE. 

1. Introduction 
In spite many safety measures are permanently taken, industrial accidents leading to 

release of harmful material (chemical or radioactive) are still probable. In the atmosphere, it 
can have consequences extending to hundreds and thousands of kilometers. In order to 
prevent population, the decision makers need information about the possible long-range 
transport of pollutants. Computer-based Emergency Response Systems are established in 
many countries, simulating and predicting the distribution of the released pollution. Such 
system is developed and works operationally in the National Institute of Meteorology and 
Hydrology (NIMH) of Bulgaria. Its creation and development was highly stimulated by the 
European Tracer Experiment (Girardi et al., 1998). NIMH took part in all activities of ЕТЕХ 
with the puff model LED (Syrakov et al., 1983), results described in Syrakov and Prodanova 
(1994). In the second phase of ETEX, a new model EMAP (Syrakov, 1995) was tested 
performing better than LED (Mosca et al., 1997, Graziani et al., 1998). The main LED and 
EMEP simulation results connected with ETEX are given in Syrakov and Prodanova 
(1998a,b). 

2. Structure of BERS 
Currently BERS consists of two parts, operational and accidental ones, both of them 

having two variants - region “Europe” and region “Northern Hemisphere”. BERS overall 
structure and modules are presented in Fig. 1. 

The operational part runs automatically every 12 hours after fresh meteorological 
information comes in. As NIMH numerical forecast covers quite limited area around the 
country, BERS uses the products of big centers like Bracknell, Offenbach etc. There, the 
numerical maps are coded in a proper way and distributed via GTS of WMO. The operational 
part of BERS consists of several modules preparing input meteorological files to both 
trajectory and dispersion models (operational data base); creating archives with analyzed met-
data (archive data base); running trajectory models; visualization of results and uploading the 
concentration and deposition maps to the specialized web site of NIMH. 
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Fig. 1. Structure of BERS. E stands for version “Europe”, NH – for version 
“Northern Hemisphere”. 

 
The met-input to the models is an input to the built-in PBL model. A simple barotropic 

model called YORDAN (Yordanov et al., 1983) is used. It is based on the similarity theory 
and needs only characteristics at the upper and lower boundaries of the PBL. These 
characteristics are the geostrophic level (850 hPa) wind components ug and vg, and the top-
bottom potential temperature difference (∆θ=θ850-θground). YORDAN calculates wind and 
turbulence profiles in every grid point, in such a way resconstracting 3D fields. The aim of the 
BERS meteorological pre-processing is to obtain ug, vg and ∆θ in the grid points. Additional 
information, used only by dispersion models, is the precipitation intensity. All these 
characteristics are prepared from the respective numerical weather forecast products by a 
number of calculations and interpolations. For the moment, Deutscher Wetterdienst (DWD) 
“Global model” numerical products are used (resolution 1.5º×1.5º). 

Example of one of the trajectory maps (they are 5 for Europe and one for Northern 
Hemisphere) is shown in Fig. 2 
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  3-day forecast
Start of release:    22.05.2001  12 UTC

 

1. Kozloduy, BG 
2. Jose cabrera, ES
3. Kursk, RU 
4. Krsko, SL 
5. Paluel, FR 
6. Leibstadt, CH 
7. Ringhals, SE 

 
Fig. 2. Forward trajectories from 7 European NPP. 
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On the picture, trajectories from the enumerated points in the list are given. The stars 
show the sites of plants. Three trajectories begin from each point corresponding to three 
starting heights - 100, 300 and 1000 m. Initial moment of all trajectories is the current 
synoptic term (00 UTC or 12 UTC) as indicated. Along each trajectory, the points that the 
emitted pollution parcels would reach after 12, 24, 36,…, 72 hours are marked. 

The accidental part is activated by operator when a real radioactive release occurs or 
during emergency exercise. Usually, it is initiated by an authorized user. The dispersion 
models LED and EMAP use to be the cores of the accidental part. Although the puff-model 
LED was successfully used during both ETEX stages and demonstrated good simulation 
abilities (see Mosca et al., 1998, and Graziani et al., 1998) it showed some shortcomings and 
was replaced by the recently created model EMAP.  

EMAP requires three types of input information: permanent, operational and source one. 
Permanent is the land-use information: sea-land mask, relief height, roughness. Operational is 
the meteorological information prepared during the automated runs of BERS. The source 
information (source coordinates, release height and rate, release start and duration) is 
provided by the user. The fields of ground-level concentration and accumulated deposition are 
output. The concentration and deposition maps are visualized automatically and then upload 
to a specific ftp-site accessible by the interested institutions. In the following figures BERS’s 
application in emergency management is shown during Joint International Emergency 
Exercise (JINEX-1). 
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Fig. 3  72-hour forecast for the concentration and accumulated deposition fields created 

by a International exercise Jinex-1 
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  In the JINEX-1 exercise a release of radioactive material “took place” on 22-23 May 
2001 at the French Gravelines nuclear power plant, which is located in the north of France not 
far from the Belgian border. Iodine 131 “was” emitted in air approximately 24 hours 
continuously. Fig.3 and 4. represent 3-days forecast of ground-level concentration and 
deposition respectively. They correspond to the trajectories shown in Fig.2 

3. Short description of dispersion model EMAP 
EMAP (Eulerian Model for Air Pollution) is a 3-D simulation model that allows 

describing the dispersion of multiple pollutants (BC-EMEP, 1994-1998, Syrakov, 1995). It 
takes into account processes as horizontal and vertical advection, horizontal and vertical 
diffusion, dry deposition, wet removal, gravitational settling and specific chemical 
transformations. Within EMAP, the semi-empirical diffusion-advection equations for scalar 
quantities are solved numerically on Arakawa C-type staggered grid. The horizontal 
resolution depends on the task solved. Vertically, terrain-following non-equidistant grid 
spacing (log-linear grid) is settled. Time splitting approach is applied transforming the 
complex problem to a number of simple tasks. As to decrease the splitting error, the one-
dimensional operators are applied in reversed order each time step. The temporal resolution 
depends on the Courant stability condition.  

Advective terms are treated with the TRAP scheme (Syrakov, 1995, Syrakov and 
Galperin, 1997a), which is a Bott type one. A 3rd order Bessel polynomial is used for fitting 
the concentration distribution in the space around any grid point. While displaying the same 
simulation properties as the Bott scheme (explicit, conservative, positively definite, transport 
ability, limited numerical dispersion), the TRAP-scheme occurs to be several times faster. The 
boundary conditions are fixed at income flows, and “open boundary” type – at outcome ones.  

Diffusion equations are digitized by means of the simplest implicit (in vertical) and 
explicit (in horizontal) schemes. Both schemes have 1st order accuracy in time and 2nd order 
accuracy in space. The horizontal diffusion coefficients are constants (defined by the user) 
and the lateral boundary conditions for diffusion are “open boundary” type. The vertical 
diffusion coefficient varies in space and time depending on PBL stability (as calculated by 
YORDAN). The bottom boundary condition is a flux-type one; the top boundary condition is 
optionally “open boundary” or “hard-lid” type.  

The dry deposition is accounted for as bottom boundary condition for the vertical 
diffusion equation. The dry deposition flux is determined as product of the roughness level 
concentration and the dry deposition velocity. The last parameter depends on many factors. In 
the current version of EMAP, it is assumed depending only on the type of the pollutant and on 
the character of land coverage. This parameter must be specified in advance. In the surface 
layer (SL), a parameterization that allows one to have the first computational level at the top 
of the SL is applied. It provides a good estimate for the roughness level concentration and 
accounts also for the action of continuous sources placed on the earth surface (Syrakov and 
Yordanov, 1997). 

The simplest decay approach is applied for the wet removal, coefficient depending on 
pollutant properties and on rain intensity. 

The EMAP model used to be applied in many tasks: study of annual acid, lead, cadmium, 
mercury and benzo(a)pyrene loads over the region of Southeastern Europe (BC-EMEP, 1984-
1988). The model passed validation and evaluation in some international exercises: 
participation in the ETEX study, its results rated 9th among 34 models (Syrakov and 
Prodanova, 1994); EMEP/MSC-E inter-calibrations of lead and cadmium models (Syrakov 
and Galperin, 1987a, Gussev et al., 2000).  
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4. ENSEMBLE project 
The Chernobyl accident definitely outlined our ill preparedness with respect to the 

prediction capacity and the compelling necessity for an improvement of the modeling tools. 
Since then, many institutes all around the world have invested efforts in the development and 
implementation of long-range atmospheric transport models for real-time forecasting of 
atmospheric dispersion.  

The approach to long-range dispersion modeling is not unique and in most of the cases it 
has to be based on the delicate balance that exists between having a reliable model and a tool 
that can be used in real time. The various approaches that have been developed and which are 
currently operational in meteorological services are source of an intrinsic diversity in model 
results. In order to estimate the effect of these differences, ad-hoc tracer experiments were 
designed and carried out. The most recent one is the already mentioned European Tracer 
Experiment (ETEX) that took place in 1994 and that allowed the comparison of several types 
of models with experimental evidence. One of the conclusions of the experiment was that, 
although modeling has greatly advanced in the last few decades, still several aspects need to 
be improved in order to bring the various approaches to a state of reliable maturity. Moreover, 
it was pointed out that model inter-comparison and the evaluation of the results should be 
performed on a regular basis in order to promote a constant improvement of the quality of the 
tools and advancements in its development. The following activity that aims at the 
improvement of dispersion model performance for nuclear emergency application was 
RTMOD (Real Time Model Evaluation, Bellasio et al., 1999). Given the difficulty in 
performing tracer experiments and their cost (especially on the long range), one way to test 
modeling approaches to atmospheric dispersion is in fact model inter-comparison. RTMOD 
was an internet based system that gathers and compares couples of results of models operated 
in different national institutions and applied to a pre-defined case. The modelers have 
therefore the possibility to check for the presence of systematic errors or biases in the 
prediction over a range of meteorological situations 

The experience obtained in the frame of ETEX, ATMES-II and RTMOD lead to 
crystallization of the idea of ensemble (Belassio et al., 1999, Galmarini et al., 2002). 
Ensembles have been used in numerical weather prediction for many years with a beneficial 
impact on forecast accuracy. More recently, the ensemble concept has been applied to 
predictions of atmospheric dispersion in the frame the EC 5FP project ENSEMBLE.  

The web-based decision support system ENSEMBLE has been created to collect 
forecasts produced in the various EU Member States and to provide emergency management 
with the tools to explore and assess these differences. It also produces a comprehensive 
European forecast based on the multi-model ensemble dispersion concept. ENSEMBLE 
enables qualitative and quantitative comparisons of the forecasts produced by several models 
(more than 20), and to determine their degree of consensus, essential for the decision making 
process. Model results are uploaded in the newly developed ENSEMBLE format via the 
Internet, and can be displayed in real time as single model output or grouped (ensembles) for 
ad-hoc statistical treatments (e.g. Figure). ENSEMBLE can be accessed by means of a simple 
web-browser, through which the analysis of uploaded information is calculated and displayed 
dynamically. The tools provided support not just the analyses carried out by the technical 
advisors to the emergency management teams in the various Member States, but also provide 
a number of plots aimed at conveying the forecast uncertainty to the decision makers. For the 
moment, ENSEMBLE has no analogue in the field and the approach proposed allows a novel, 
rapid and sound comparative analyses of available atmospheric dispersion forecasts.  

Throughout the project duration 12 regular and 2 additional exercises (“dry runs”) were 
performed, which simulated different types of nuclear accidents in different places in Europe. 
In each exercise, based on the information about the accident type and location, each project 
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participant had to run his dispersion model in real time and send the results to JRC in Ispra, 
Italy, via Internet. Information about the accident was sent via e-mail, fax and Internet. Once 
the results of different models ware uploaded, the Internet tools could be used for 
visualization and extended analysis. The same tool can be used for all tasks related, i.e. 
creation of different maps, scatter diagrams, frequency distributions, comparison of the results 
of different models and advanced statistical analysis. 
 

5. Participantion of BERS in ENSEMBLE 
BERS regularly provided real time forecast for all dry runs and the results were uploaded 

to ENSEMBLE database. The comparison of BERS results with ensemble ones show that the 
score of BERS varies between the different dry runs. For demonstration, among the big 
variety of statistics and graphs the FMS statistics (Figure-of-Merit-in-Space - the percentage 
of overlapping of pollution common spots) will be used together with the maps of pollution 
evolution as produced by ENSEMBLE web-site. In Fig. 5 and Fig. 6, the best and the worst 
BERS performance are shown versus the averaged results from 9 European models.  

From the first moments of run 6 (Fig. 5) BERS prediction coincides very well with the 
mean field and the percentages of overlapping are quite high. They will be even greater if the 
out-comers are not taken into consideration in the ENSEMBLE simulation.  

The results of BERS are much worse in simulating exercise 11 (Fig. 6). Despite the 
strong deformation, the BERS pollution spot keeps quite concentrated in comparison with the 
ENSEMBLE one. The ensemble pollution spot shows strange disposition during its evolution, 
tending to divide to two parts at the end of simulation. This means that the different 
simulations do not coincide very much with each other due to the extremely complex 
meteorological conditions with fast change of atmospheric flow direction and precipitation 
patterns. The BERS simulation is one of this different sets and only part of its spots overlap 
the great area of ENSEMBLE spots. 
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Fig. 5. Simulation of ENSEMBLE dry run No.6 – release from Dublin. 

Light gray - 9 models average simulation; dark gray - BERS simulation;  
black - overlapping; concentration threshold - 0.1 Bq/m3 
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Fig. 6. As in Fig. 5 but for dry run No.11 – release from London. 

  

Conclusion 

The presented results prove that good emergency response can be produced on the base 
of personal computers using meteorological information, distributed via GTS. This can be 
useful for warning-system’s development in the East European Countries. The EMAP model 
demonstrates that rather sophisticated models can be run on small platforms producing quite 
reliable forecast. 
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