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Abstract

The IAEA's model testing programmes have included a series of Working Groups 
concerned with modelling radioactive contamination in urban environments. These 
have included the Urban Working Group of VAMP (1988-1994), the Urban 
Remediation Working Group of EMRAS (2003-2007), the Urban Areas Working 
Group of EMRAS II (2009-2011), the Urban Environments Working Group of 
MODARIA I (2013-2015), and most recently, the Urban Exposures Working Group 
of MODARIA II (2016-2019). The overarching objective of these Working Groups 
has been to test and improve the capabilities of computer models used to assess 
radioactive contamination in urban environments, including dispersion and deposition 
processes, short-term and long-term redistribution of contaminants following 
deposition events, and the effectiveness of various countermeasures and other 
protective actions, including remedial actions, in reducing contamination levels, 
human exposures, and doses to humans. This paper describes the exercises conducted 
during the MODARIA I and MODARIA II programmes. These exercises have 
included short-range and mid-range atmospheric dispersion exercises based on data 
from field tests or tracer studies, hypothetical urban dispersion exercises, and an 
exercise based on data collected after the Fukushima Daiichi accident. Improvement 
of model capabilities will lead to improvements in assessing various contamination 
scenarios (real or hypothetical), and in turn, to improved decision-making and 
communication with the public following a nuclear or radiological emergency.

Keywords: radioactive contamination, urban environments, environmental modelling

1. Introduction

The recent MODARIA (Modelling and Data for Radiological Impact Assessments) I and II 
programmes are the latest in a series of model testing programmes organized by the IAEA since the 
1980s. The first of these was the Validation of Environmental Model Predictions (VAMP, 1988-1994) 
programme organized by the IAEA following the Chernobyl accident in 1986 (IAEA and CEC 1993). 
The VAMP programme included an Urban Working Group, which identified a number of relevant 
topics and produced a brief review of dry and wet deposition of radioactive contaminants on various 
types of urban surfaces (IAEA 1994). The report pointed out the potential importance of deposited 
radioactivity to radiation exposures of members of the public living in urban settings, and the 
corresponding potential effectiveness of countermeasures in reducing those exposures (IAEA 1994).

The next major efforts toward modelling of urban contamination came during the IAEA's EMRAS 
(Environmental Modelling for Radiation Safety) programmes, including the Urban Remediation 
Working Group of EMRAS I (2003-2007) and the Urban Areas Working Group of EMRAS II (2009-
2011). The objective of both of these Working Groups was to test and improve the capabilities of 
models used to assess radioactive contamination in urban areas, including dispersion and deposition 
events, short-term and long-term contaminant redistribution following deposition events, and the 
effects of proposed or actual remedial measures (IAEA 2012a; 2012b; 2021; Thiessen et al. 2008; 
2009a; 2009b; 2009c; 2011; 2015; Periáñez et al. 2016). Specifically, the Working Groups sought to 
test and improve the predictions of radionuclide activity concentrations and dose rates as a function of 
location and time since release, to improve the prediction of cumulative doses to humans from 
dispersed radionuclides in urban areas, to identify the most important pathways for human exposure 
(i.e., the most important urban surfaces contributing to external doses received by humans), and to 
predict the reduction in radionuclide activity concentrations, dose rates, and doses likely to result from 
proposed countermeasures or remediation activities.
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The Urban Remediation Working Group of EMRAS I focused on three main activities, including: 
a review of then available modelling approaches and computer models for assessment of urban 
contamination and of proposed countermeasures and remedial options; a modelling exercise based on 
data obtained in the town of Pripyat, Ukraine, following the Chernobyl accident; and a modelling 
exercise based on a hypothetical point-release of radioactivity in an urban setting (i.e., a radiological 
dispersal device) (IAEA 2012b; Thiessen et al. 2008; 2009a; 2009b; 2009c). Both modelling exercises 
included predictions of the radiological situation over time in the absence of any remediation and with 
the implementation of selected countermeasures or remedial measures.

The Urban Areas Working Group of EMRAS II conducted three modelling exercises (IAEA 2021; 
Thiessen et al. 2011; 2015; 2022; Periáñez et al. 2016). The first modelling exercise was a short-range 
atmospheric dispersion exercise based on field tests involving dispersion of a radionuclide (99mTc) by 
means of a small explosion. This exercise was later expanded on during the MODARIA I and II 
programmes. The second modelling exercise was a mid-range atmospheric dispersion exercise based 
on a hypothetical reactor accident at a nuclear power plant, and the final exercise focused on the 
effectiveness of various countermeasures in a hypothetical contamination situation.

The MODARIA I (Modelling and Data for Radiological Impact Assessments) programme (2013-
2015) included a Working Group entitled "Exposures in contaminated urban environments and effect 
of remedial measures" as part of a larger thematic heading, "Remediation of Contaminated Areas". 
This Working Group conducted four modelling exercises and a review of models used for assessing 
public exposures from acute releases of radioactivity (IAEA 2022; Thiessen et al. 2022; Boznar et al. 
2022). The short-range atmospheric dispersion exercise of EMRAS II was continued during 
MODARIA I, using data from two additional field tests. An additional short-range atmospheric 
dispersion exercise was developed based on a hypothetical release of radioactivity in a densely 
populated urban area, with an emphasis on comparison of two decision support models. A mid-range 
atmospheric dispersion exercise was carried out using tracer data for a European location (Slovenia) 
with complex terrain and meteorology. The fourth modelling exercise was based on data obtained 
following the Fukushima Daiichi accident, specifically focusing on urban contamination and 
remediation. The review of atmospheric dispersion models was designed to provide basic information 
on a variety of models used for predicting transport of radioactivity to urban environments.

The MODARIA II programme (2016-2019) included a Working Group entitled "Assessment of 
Exposures and Countermeasures in Urban Environments”. The activities of this Working Group 
included six modelling exercises (IAEA in preparation; Thiessen et al. 2022; Takahara et al. 2022). 
The short-range atmospheric dispersion exercises of EMRAS II and MODARIA I, based on data from 
field tests, were continued during MODARIA II, using data from a field test at a different location 
than the earlier tests. The comparison of decision support models begun during MODARIA I was 
continued during MODARIA II, again based on a hypothetical release of radioactivity in an urban 
location. The mid-range atmospheric dispersion exercise of MODARIA I, based on tracer data in 
Slovenia, was also continued during MODARIA II. This took the form of two modelling exercises, 
one of which added the aspect of using predicted (as opposed to measured) meteorological conditions. 
An additional mid-range atmospheric dispersion exercise was conducted based on monitoring data for 
a Canadian site. The final modelling exercise was a continuation of the MODARIA I exercise based 
on data obtained following the Fukushima Daiichi accident.

The current article describes the modelling exercises carried out during the MODARIA I and II 
programmes (summarized in Table 1), including atmospheric dispersion exercises based on 
measurements (field tests or tracers; Section 2), atmospheric dispersion exercises based on 
hypothetical situations (Section 3), and the exercises based on data obtained following the Fukushima 
Daiichi accident (Section 4). The models used in these exercises are listed in Table 2. The review of 
atmospheric dispersion models is also described (Section 5), and general findings from the activities 
of the Urban Working Groups of MODARIA I and II are summarized (Section 6).
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Table 1. Summary of modelling exercises performed during the MODARIA I and II 
programmes.

Modelling exercise Primary modelling endpoints
MODARIA I

Short-range atmospheric dispersion exercise
Kamenná field tests conducted 4 May 2010 and 22 June 

2010
Deposition of 99mTc

Mid-range atmospheric dispersion exercise (Šoštanj)
Case 1, 31 March 1991 (simple meteorology)
Case 2, 1-2 April 1991 (complex meteorology)

Time-dependent concentrations of a tracer 
(SO2) in air at specified locations

Hypothetical atmospheric dispersion exercise (Paris)
Two release situations (continuous release; release with 1 

kg of an explosive)
Time-dependent activity concentrations of an 

unspecified radionuclide in air at specified 
locations

Fukushima exercise
Indoor and outdoor environments External dose rates for specified 

environments; external doses for members 
of specified population groups 

MODARIA II

Short-range atmospheric dispersion exercise
Boletice field test conducted 17 June 2014 Deposition of 140La
Mid-range atmospheric dispersion exercise (Šoštanj)
Case 3, 20 March 1991 (medium complexity 

meteorology)
Forecasting (prognostic) modelling, 15 March - 5 April 

1991

Time-dependent concentrations of a tracer 
(SO2) in air at specified locations

Mid-range atmospheric dispersion exercise (Chalk River)
Routine releases, 16 July - 6 August 2008 Time dependent concentrations of 41Ar in air 

at a specified location
Hypothetical atmospheric dispersion exercise (Munich)
Two release situations (continuous release; release with 

200 g of an explosive); three building configurations 
(simple; moderate; complex)

Time-dependent activity concentrations of an 
unspecified radionuclide in air at specified 
locations

Fukushima exercise
Indoor and outdoor environments; behavioral data (time 

spent in various locations)
Distributions of external doses; external doses 

to representative persons

Page 4 of 10AUTHOR SUBMITTED MANUSCRIPT - JRP-102625.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



J. Radiol. Prot. (XXXX) XXXXXX K M Thiessen et al.

5

Table 2. List of models used in exercises during the MODARIA I and II programmes.

Model Participant(s) Country
MODARIA I short-range atmospheric dispersion exercise (Kamenná)

ADDAM/CSA-ERM S. Chouhan Canada
URDa B.K. Tay Singapore
LASAIR H. Walter Germany

MODARIA II short-range atmospheric dispersion exercise (Boletice)
HotSpot 3.03 T. Charnock United Kingdom
LASAIR H. Walter Germany
LASAIR F. Mancini Italy

MODARIA I mid-range atmospheric dispersion exercise (Šoštanj)
SPRAY M.Z. Boznar, P. Mlakar, B. Grašič Slovenia
CERES®CBRN-E L. Patryl France
RASCAL 3.0.5 F. Mancini Italy
ARTM S. Hettrich Germany
LASAIR S. Hettrich Germany
NFS_Vinca Z. Grsic Serbia

MODARIA II mid-range atmospheric dispersion exercise (Šoštanj)
SPRAY M.Z. Boznar, P. Mlakar, B. Grašič Slovenia
ARTM M. Pattantyús-Ábrahám Germany

MODARIA II mid-range atmospheric dispersion exercise (Chalk River)
SPRAY M.Z. Boznar, P. Mlakar, B. Grašič Slovenia
RG 1.145 M.Z. Boznar, P. Mlakar, B. Grašič Slovenia
ARTM M. Pattantyús-Ábrahám Germany
LASAIR H. Walter Germany
JRODOS L. Federspiel Switzerland

MODARIA I hypothetical atmospheric dispersion exercise (Paris)
CERES®CBRN-E L. Patryl France
LASAIR H. Walter Germany

MODARIA II hypothetical atmospheric dispersion exercise (Munich)
PMSS L. Patryl France
LASAIR H. Walter Germany

MODARIA I Fukushima exercise
JAEA S. Takahara Japan
ERMIN T. Charnock United Kingdom

MODARIA II Fukushima exercise
DPRO S. Takahara Japan
ERMIN T. Charnock United Kingdom
RESRAD-BUILD S. Kamboj, C. Yu United States of America
UNSCEAR-TINT K. Silva Thailand
METRO-K J. Lee Republic of Korea
a The URD (Urban Release and Dispersion) model, developed by the Technical University of Denmark, was used 
as a component of the ARGOS system (developed by PDC-ARGOS), which was under test and evaluation by the 
participant’s organisation at the time of the exercise.

2. Atmospheric dispersion exercises based on measurements

A series of field tests carried out in the Czech Republic formed the basis of several short-range 
atmospheric dispersion modelling exercises (Thiessen et al. 2022), as described in Section 2.1. Section 
2.2 describes several mid-range atmospheric dispersion exercises based on monitoring data at 
locations in Slovenia and Canada. The short-range exercises are relevant to situations in which 
radioactive material is dispersed within an urban area (e.g., using a radioactive dispersal device). The 
mid-range exercises are relevant to situations in which radioactive material is transported to an urban 
area from a distant location (e.g., a nuclear power plant accident).
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2.1 Short-range atmospheric dispersion exercises

A set of short-range atmospheric dispersion exercises were developed and undertaken during the 
EMRAS II, MODARIA I, and MODARIA II programmes, based on a series of field tests conducted 
in the Czech Republic. These exercises are described in detail in a separate article in this issue 
(Thiessen et al. 2022; see also Prouza et al. 2010; Thiessen et al. 2011; IAEA 2021; 2022; in 
preparation). In each field test, a radiotracer (99mTc or 140La) was dispersed by means of a small 
explosion, and measurements of ground deposition of the radiotracer were made, as well as of detailed 
meteorological data before and during the dispersion event. Participants were provided with 
information about the initial conditions and the meteorological measurements and were asked to 
predict the surface contamination (ground deposition) of the radiotracer downwind of the dispersion 
point.

In all, data from seven tests were used in these exercises. Data from the first two tests were made 
available to participants to use for calibration purposes, if desired. An additional four tests at the same 
location were used for model testing (two during EMRAS II and two during MODARIA I), with the 
participants blind to the measurements of deposition until after predictions were submitted. A seventh 
test, carried out at a different location and under different initial conditions, was used for model testing 
during the MODARIA II programme. 

Participants did not directly model the explosions, but started with estimated dimensions of the 
initial cloud and partitioning of the source term within that cloud. As described by Thiessen et al. 
(2022), model predictions for a given field test sometimes varied from each other with respect to the 
direction of the plume and the amounts of deposited activity. Such differences are potentially 
explained by differences in the models (e.g., computational approach, domain or grid size, use of 
average vs. time-varying meteorological data) or differences in assumptions and choice of parameter 
values made by participants (e.g., dry deposition velocity, atmospheric stability class, characterization 
of the initial cloud). For the first six tests, the meteorological station was located 20 m or less from the 
dispersion point, but for the seventh field test, the meteorological station was 110 m from the 
dispersion point. Even though this distance is relatively small in the larger context of regional 
meteorological stations, participants found it necessary to compensate for this distance in order to 
produce reasonable predictions, due to effects of the meteorological microscale.

2.2 Mid-range atmospheric dispersion exercises

Two sets of monitoring data were available to the Working Groups for use in mid-range 
atmospheric dispersion exercises.  The first of these was a set of measurements of a chemical pollutant 
(SO2) released from the Šoštanj thermal power plant in Slovenia, together with measurements of SO2 
concentrations in air at several monitoring stations surrounding the power plant (Mlakar et al. 2015). 
The power plant and the meteorological and monitoring stations were located in an area with complex 
terrain and meteorology, including frequent temperature inversions.

Automatically measured release data, monitoring data, and detailed meteorological data were 
available for a 3-week period as half-hour average values. From these data, three shorter time periods 
were selected for modelling purposes; these periods varied in the difficulty of modelling expected. 
Cases 1 and 2 were used as exercises during the MODARIA I programme, and Case 3 during 
MODARIA II (Table 1). A fourth exercise based on the entire 3-week time period was carried out 
during MODARIA II, using prognostic meteorological information (weather forecasting), rather than 
the diagnostic (measured) meteorological information used in the first three exercises. The first two 
exercises (Cases 1 and 2) based on data from the Šoštanj thermal power plant are described in detail 
in a separate article in this issue (Boznar et al. 2022), and all four exercises are described in detail in 
the relevant Working Group reports (IAEA 2022; in preparation).

The second set of monitoring data available for a mid-range atmospheric dispersion exercise was a 
series of measurements of 41Ar downwind of a research reactor at Chalk River (Canadian Nuclear 
Laboratories) in Canada, together with meteorological data. This situation also had complex terrain. 
Model predictions were compared with measurements for a 15-day period and for shorter time periods 
(e.g. 1 or 2 days). The results and findings of this exercise are described in detail in the Working Group 
report (IAEA in preparation). A key difference between the Šoštanj exercises and the Chalk River 
exercise is that for Chalk River, only one meteorological station and one monitoring station were 
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available, while for Šoštanj, both meteorological data and monitoring data were available at each of 
six locations. 

Each of these mid-range exercises, in effect, required simulation of time-dependent tracer 
concentrations in air at one or more point locations corresponding to monitoring stations. The time-
dependence of the measurements of concentrations in air in these two exercises is in contrast to some 
of the other dispersion exercises, which have included measurements of deposition, effectively 
integrating the effects of dispersion over the relevant time period.

One approach used by some participants in the exercises (IAEA 2022; Boznar et al. 2022) involved 
making predictions for the point location, plus the surrounding "cells" in the modelling grid 
(horizontally in all directions, S-N and E-W), so as to account for the possibility that the predicted 
plume differed slightly in direction from the actual plume (Grašič et al. 2011). A corresponding 
adjustment was made with respect to time, so as to account for the possibility that the predicted plume 
was slightly behind or ahead of the actual plume.

Both the Šoštanj and Chalk River exercises demonstrated the importance of adequate 
meteorological stations for modelling complex meteorology and complex terrain, in terms of both the 
number of stations and the availability of equipment that can provide vertical profiles of wind and 
temperature. In addition, the meteorological (e.g. wind field) models and atmospheric dispersion 
models must be suited to the complexity of the terrain (Boznar et al. 2022).

3. Hypothetical atmospheric dispersion exercises

Modelling exercises based on hypothetical scenarios facilitate comparison of results between 
different models, while providing possible explanations for any differences between results. This 
approach allows exploration of various situations for which data sets are not available, and, in the 
absence of accidents or incidents, are not expected to become available. Two such modelling exercises, 
based on short-range atmospheric dispersion scenarios and using decision support models, were 
conducted during the MODARIA programmes (Table 1): an initial exercise based on a simple scenario 
during MODARIA I (IAEA 2022); and a follow-on exercise based on more complicated scenarios 
during MODARIA II (IAEA in preparation). These exercises were designed to compare two decision 
support systems, CERES®CBRN-E (France) and LASAIR (Germany). Both of these systems are 
designed to provide rapid results in the case of an emergency (e.g., a dirty bomb situation); full 
descriptions of the models are provided in the MODARIA I Working Group report (IAEA 2022).

The exercise developed during the MODARIA I programme was for a dense urban area, covering 
part of Paris, France. A defined release of an unspecified radionuclide was assumed to have occurred 
at a specified location, with specified meteorological conditions (the specific radionuclide was not 
identified in the exercise for security reasons). Two release scenarios were defined: (1) a continuous 
release for 10 min from a 5-m stack; and (2) a release due to 1 kg of explosive. Model results were 
compared at 5 downwind locations (120 to 1430 m from the release point) and at 5-min intervals (0-
30 min from the time of the release). The two models differed in the grid resolution, assumed heights 
of buildings, and for the second scenario, the height of the initial plume from the explosion; however, 
it is assumed that the height of the plume has only minor effects on the results, since the assumed 
volumes of the initial cloud are rather similar. For the first (stack) scenario, the model results were 
within about 10% of each other for some receptor locations and time points, with the largest 
differences being about a factor of 30. For the more complicated explosion scenario, some model 
results were within about 20% of each other, with the largest differences being about a factor of 400. 
One difficulty with the explosion scenario was how to account for obstacles (buildings) in the vicinity 
of the explosion.

A follow-up exercise was developed during the MODARIA II programme, in this case, based on a 
location in Munich, Germany. A specific goal was to investigate the effects of urban buildings on the 
dispersion of a radionuclide either from a 10-min continuous release or from 200 g of an explosive 
(the specific radionuclide was not identified in the exercise for security reasons). Three scenarios were 
defined: (1) a very simple scenario with one building; (2) a slightly more complex scenario with two 
buildings and a street canyon (the space above the street and between the buildings), with the 
dispersion point in the street canyon between the two buildings; and (3) a complex scenario (taken 
from a map) with several large buildings, including one with an enclosed courtyard. The second 
scenario was performed with two different wind directions; otherwise the meteorological parameters 
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were the same for all scenarios. The third scenario was performed with several different release points, 
upwind of the courtyard entrance and inside the courtyard. Receptor locations were set every 10 m out 
to 1300 m downwind of the release point.

In general, model predictions of deposition were more similar between models than predictions of 
radioactivity concentrations in air, and model predictions for a continous release were closer to each 
other than were predictions for an explosion. The influence of buildings on the predicted dispersion 
was obvious, although the influence seemed to be limited to the area in the vicinity of the buildings 
(within a factor of 3-10 times the typical building length); this influence might be different with 
different meteorological conditions (e.g., different wind speeds), or with more buildings considered 
by the models.

4. Modelling exercise based on Fukushima data

A rather different modelling exercise was developed based on measurements made in Japan 
following the 2011 accident at the Fukushima Daiichi Nuclear Power Plant and on experiments 
undertaken by Japan Atomic Energy Agency (JAEA). This exercise did not involve modelling of 
atmospheric dispersion; instead, it started with a generalized situation in terms of existing deposited 
material (approximately 3 y after the accident, thus excluding effects from short-lived radionuclides) 
and involved predictions of external doses to the representative person and other exposed individuals 
in the absence of remediation and with specified remedial actions.

During the MODARIA I programme (IAEA 2022), the first stage of the Fukushima exercise 
included two endpoints: (1) prediction of external dose rates at specified locations; and (2) prediction 
of external doses to the representative person and other exposed individuals, accounting for time spent 
in various urban environments (indoors inside wooden houses, indoors inside concrete buildings, 
outdoors in unpaved areas, and outdoors in paved areas). Both sets of predictions assumed the absence 
of any remedial actions.

During the MODARIA II programme (IAEA in preparation; Takahara et al. 2022), modelling 
endpoints included comparison of deterministic and probabilistic calculations of external doses to the 
representative person comparison of predicted doses with observed distributions of doses to actual 
population groups (indoor workers, outdoor workers, pensioners), and some initial investigation of the 
predicted effectiveness of remedial actions in terms of reduction of predicted doses to the 
representative persons. Continuation of this exercise is planned for the Harmonized MEthods for 
Radiological Environmental Impact Assessment (MEREIA) programme, which will follow 
MODARIA II.

5. Review of dispersion models

Early in the MODARIA I programme, a number of participants expressed interest in developing a 
review of models that could be used to assess public exposures from acute releases of radioactivity, 
such as those occuring due to an accident at a nuclear power plant. The Working Group eventually 
developed a set of spreadsheets summarizing each of 31 models from Europe, North America, and 
Japan, and describing the main features, attributes, and capabilities of each model (IAEA 2022). The 
review focused on computer codes designed to predict atmospheric dispersion, deposition, and 
environmental transport of radionuclides.

6. General findings from the exercises

As has been the case throughout the history of model validation exercises, exercises such as those 
conducted by the Urban Working Groups of the MODARIA I and II programmes have provided highly 
valuable opportunities for participants to discuss and explain differences in modelling approaches, in 
selection of parameter values, and in modelling results, in order to improve the model results.

For the short-range atmospheric dispersion exercises, comparison of model results was facilitated 
by use of contour plots of predicted and measured deposition, as opposed to predicted or measured 
concentrations at point locations. The models used in these exercises have differed in their 
computational approaches, resolutions, and values for key parameters. Some models use mean values 
of meteorological data, while others use time-dependent data; some models are limited to one set of 
meteorological data, while others can make use of meteorological data from more than one location. 
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Ideally, meteorological data should be obtained as close as possible to a dispersion point, but that will 
not always be possible. Challenges remain in terms of modelling the effects of buildings (obstacles) 
or unstable meteorological conditions.

Due to limitations in the available data, the mid-range atmospheric dispersion exercises compared 
predicted and measured time-dependent concentrations in air rather than predicted and measured 
deposition; deposition tends to function as a time-integrated endpoint, which is typically easier to 
model. This reliance on time-dependent data at pre-defined points led to comparisons of measurements 
with predictions for the specified locations and time points, as well as for adjacent cells and time 
points, to account for uncertainties in the predictions of time-dependent concentrations at specific 
locations.

Both kinds of atmospheric dispersion exercises demonstrated the importance of good 
meteorological data, obtained as close as possible to a dispersion point. When possible, meteorological 
data from more than one location should be included in the modelling, using not only a dispersion 
model but also an appropriate flow model. Modelling of situations with complex terrain requires 
measurements of vertical profiles of wind and temperature. For fixed facilities (e.g., a nuclear power 
plant), modelling capabilities and meteorological measurements can be fitted to the given site and 
terrain.

The initial stages of the Fukushima exercise involved the modelling of external doses to the 
representative persons, based on measurements of ground deposition and external dose rate, as well 
as survey data on amounts of time spent in various urban environments. The dose predictions, so far, 
are based on the absence of remedial actions in the time since the measurements were made. 
Anticipated later stages of this exercise will involve prediction of the effects of specific remedial 
actions in terms of the reduction in predicted external doses to the representative person. Such 
predictions, compared with measurements (where possible), can assist in planning appropriate types 
of remedial actions for the various urban environments.

A general conclusion from the Urban Working Groups is that improvement of model capabilities 
will lead to improvements in assessing various contamination scenarios (real or hypothetical), and in 
turn, to improved decision-making and communication with the public following a nuclear or 
radiological emergency.
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