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Abstract 
 

Main functions of the Numerical Environment System, as a part of the IT-Based Laboratory project 
implemented by Japan Atomic Energy Research Institute, became available for test use purposes 
although the development of the system is still underway. This system consists of numerical models of 
meteorology and atmospheric dispersion, database necessary for model simulations, post- and 
preprocessors such as data conversion and visualization, and a suite of system software which provide 
the users with system functions through a web page access. The system utilizes calculation servers such 
as vector- and scalar-parallel processors for numerical model execution, a EWS which serves as a hub of 
the system. This system provides users in the field of nuclear emergency preparedness and atmospheric 
environment with easy-to-use functions of atmospheric dispersion simulations including input 
meteorological data preparation and visualization of simulation results.  

 
The performance of numerical models in the system was examined with observation data of 

long-range transported radon-222. The models in the system reproduced quite well temporal variations 
in the observed radon-222 concentrations in air which were caused by changes in the meteorological 
field in the synoptic scale. By applying the NES models in combination with the idea of 
backward-in-time atmospheric dispersion simulation, seasonal shift of source areas of radon-222 in the 
eastern Asian regions affecting the concentrations in Japan was quantitatively illustrated.  
 



 
Introduction 
 

The first and second generations of the nuclear emergency response system, SPEEDI1),2) (System for 
Prediction of Environmental Emergency Dose Information) and WSPEEDI3)4) (Worldwide version of 
SPEEDI), respectively, developed by Japan Atomic Energy Research Institute (JAERI) have been 
operative for about fifteen years and use state-of-the-art computing technology of the time of 
development. They predict local to regional consequences of an accidental atmospheric release of 
radioactive materials from nuclear installations. The meteorological models and the atmospheric 
dispersion models comprised in the systems use vector computing technique5) to shorten the response 
time of the system. A GUI interface, data communication through network and graphical outputs are the 
essential elements which make the system fully operational and useful.  

 
The third generation, SPEEDI-MP, also makes full use of computing technology. Firstly, its kernel 

consists of a suite of a three dimensional meteorological models and a concentration/radiological dose 
models, which are computationally costly and typically run on a vector-parallel computer. Secondly, the 
system is supported by peripheral functions such as the standardized input/output access to the large 
scale database for meteorological variables, topographical data and calculation results of meteorology, 
concentration and radiological doses, the easy-to-use functions for visualization of calculation results, 
the user-friendly GUI interface for operation, etc.  

 
In many studies on atmospheric environment, sophisticated numerical models that simulate transport 

processes of contaminants in air by solving equations governing the physical processes in the 
atmosphere have become common in recent one or two decades. It is one of the reasons of this trend that 
high performance computers became more available to researchers in this field, who are end users of 
computers. However, it is still time-consuming to develop, implement and run the models for  
researchers skilled in this field. 

 
Since the numerical models of atmospheric transport and the support functions of SPEEDI-MP  are 

useful not only for emergency response purposes but also for other atmospheric environmental 
researches, they are restructured by JAERI to form a multi-purpose, IT based “Numerical Environment 
System (NES)”, which is a part of the IT Based Laboratory (ITBL).  

 
This paper describes the outline of this system and an application of the system to the estimation of 

source information of Radon-222 with a backward-in-time atmospheric transport model for regional 
scale. Radon-222 is a naturally occurring radioactive noble gas. It is released rather uniformly from the 
ground surface into the atmosphere. The purposes of this study include validation of models comprised 
in NES and demonstration of usefulness of the system in addition to discussion on the possibility of 
estimating source information with backward model from the viewpoint of nuclear-environmental 
science.  
 
 



Outline of Numerical Environment System 
 
System 
 

The Numerical Environment System conceptually has three layers, the hardware layer, the network 
and data-sharing layer and the application layer. The hardware layer consists of a WS which serves as a 
hub of conceptual network, multiple calculation servers such as a vector-parallel processor and a scalar 
parallel processor, each of the computers is linked to the others with the inter- or intranet (Fig.1). The 
network and data sharing layer enables sharing calculation resource and database by users. On the 
application layer, end users can work with the system with a GUI interface through web pages without 
being conscious of the other layers. 

 
The calculation servers presently used are a scalar-vector processor, Fujitsu AP-3000, with four 

nodes and a vector-parallel processor, Fujitsu VP-5000, with 64 nodes. While the former is the private 
computer of NES, the latter is the central computer of JAERI used in common and typical calculations 
are done with four nodes. Although it is planned to use the ITBL processors as a calculation server, it is 
not implemented yet so far.  

 
These calculation servers are connected with the NES server, which is an EWS, with a relatively high 

speed network. The conceptual design of NES assumes that a numerical simulation with a model is 
carried out on one single calculation server and there will be no data communication between the 
calculation server and the NES server during the simulation. On the other hand, the design allows a 
sequence of simulations to be carried out on different calculation servers. The network between the 
calculation server and the NES server is used to transfer input and output data of the models. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.1 Conceptual diagram of hardware and network of Numerical Environmental System 
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Since the system is presently in a test phase, access to the NES through CGI-driven web page is 
allowed only for users inside JAERI though the intranet. The system will be open to collaborators 
outside JAERI after completion of the test phase. 
 
 
Standard models 

 
The Numerical Environment System presently comprises two numerical models which are thought 

to be used in a variety of applications (Table 1). One is the nonhydrostatic meteorological model, MM56). 
The other one is the atmospheric dispersion model, GEARN3)7), which was originally comprised in the 
WSPEEDI.  

 
The meteorological model was developed by Pennsylvania State University and National Center for 

Atmospheric Research of the United States and is a state-of-the-art meteorological numerical model for 
mesoscale atmospheric phenomena. Since this model has long been serving as a community model, 
many atmospheric researcher uses to diagnose and prognosticate meteorological field. This model 
solves momentum equations and conservation equations for heat, humidity and other physical quantities 
described in a terrain-following sigma coordinate system. No additional modification was made to the 
original model dynamics and physics. Output data from the model include wind components, turbulent 
diffusivity, humidity, temperature, precipitating water (rain or snow), cloud water, etc., all or a part of 
which are used by the atmospheric dispersion model as input data. The model code is verctorized and 
parallelized.  

 
The atmospheric dispersion model is of the Lagrangian-particle type. A large number of particles, 

usually tens to one hundred of thousands of particles representing objective contaminants, are released 
from a release points and their movements following the wind and turbulent fields are traced. Each 
particle has an attribute, or “mass”, corresponding to the source strength at the time of release and 
concentrations can be calculated by integrating the mass of particles in a grid cell over a certain time 
period.  
 
 

Table 1 Models and Functions of NES from user’s viewpoint. 

MM5 (PSU/NCAR) Standard model 
GEARN (JAERI) 
HIRAT (Nagoya-U) 

 
Model 

User-installed model 
b-GEARN (JAERI/Nagoya-U) 
GMT8) Visualization 
AVS 

Function 

Data handling NetCDF 

 
User-installed models 
 

According to the design of NES, it is possible for users to install their own model in the system for 



private use and/or common use. This user-installed model can share data with the standard models. 
However, this feature has not been fully implemented so far. The calculations with following two 
models used in this study were executed off-line, that is the model runs were manual although the 
input/output data were shared with the system. 

 
The first additional model is an atmospheric dispersion model of the Eulerian type. This model 

solves the atmospheric diffusion equation with the finite difference scheme HIFI9). The other one is a 
backward-in-time atmospheric dispersion model of the Lagrangian type. The model is identical with 
GEARN described above except that it simulates atmospheric dispersion in the inversed direction of 
time10).  
 
 
Data access and Postprocessors 
 

Preprocessing and postprocessing of input/output data are the most troublesome parts of numerical 
simulation. One of the key concepts of NES is to reduce this kind of efforts by researchers by providing 
easy access to necessary functions in wide demand.  

 
The share of the data, i.e., model-to-model and model-to-utility links, is realized by employing the 

Unidata Network Common Data Format (NetCDF), which is a machine-independent interface for 
array-oriented scientific data. NES acquires input meteorological data from a meteorological service 
center on online and real-time basis and converts them into data files in NetCDF which can be accessed 
by all of the models and postprocessors. Other data necessary to model runs such as terrain and 
climatological values of sea surface temperature are available within the system.  
 

Two commonly-used visualization tools are available in NES (Table 1). Usage of both tools 
themselves is flexible and it is possible to customize figures from very simple ones to highly 
sophisticated ones. However, visualization of data by NES is rather standardized to realize the 
easy-to-use feature of the system. NES can output various file types of figure data files such as  PS, 
JPEG, GFA, etc. of various figure types such as wind vectors, contour maps of scalar variables, volume 
rendering of iso-surface, etc.  

 
 

User interface 
 

One of the characteristics of NES is that it provides remote users with an easy access to the system 
through web pages. All of the operations including preprocessing the input data, specification of 
calculation conditions, model recompilation after modification, execution of model calculation, drawing 
figures with interactive and/or semi-automatic operations (Fig. 2). One of the advantages of using the 
web pages for the purpose of system operation is that it is not necessary for a user to prepare any special 
software such as X server even when drawing figures interactively.   

 



Fig.2 An example of NES operation to draw a figure of meteorological field through a browser. 
 
 
Validation of models 
 

The meteorological model MM5 has been successfully used in many studies. Performance of the 
atmospheric dispersion model GEARN has also been preferably examined with field tracer experiment 
data7). Although the calculation results from the combination of MM5 and the atmospheric dispersion 
model HIRAT has been compared with observation data10), we repeated here the comparison with 
calculation conditions different from that of the previous comparison.  

 
The data which the calculation results are compared with are the radon-222 concentration in the 

surface air measured at Hachijo Island, Japan during April and May, 2001. Simulation conditions are; 1) 
Calculation domain is 7,200 km square divided into 100 *100 grid points; 2) Assumed radon release are 
uniform and constant at the rate of 25 mBq m-2 s-1; 3) Meteorological data used are the global analysis 
data from Japan Meteorological Agency given at 6-h interval; 4)HIRAT inputs three-hourly 
meteorological data from MM5. The differences in the simulation condition are the stronger source 



strength and the simulation results of radon-222 concentration are biased by 0.3 Bq m-3 to account for 
the large scale background concentration which can in principle not be simulated by the model. 

 
Comparison result is shown in Fig.3. The model reproduced variations of several day cycle quite 

well. Abrupt increases and rather gradual decreases in concentration level are caused by changes in the 
synoptic flow pattern. Thus, it can be said that the models comprised in NES are of good performance in 
simulating the synoptic meteorological conditions and transport of contaminants in this scale.  
 

 
Application to Source Information Estimation  
 
Basic idea 
 

The idea of estimating source information from measured concentration of contaminants in air10) is 
schematically depicted in Fig.4. Suppose that a time series of concentration of a contaminants in air is 
observed at a certain place (receptor) and there are a number of possible places and time windows from 
which the radionuclide comes from. If the release may take place at multiple place (such as SO2 gas 
emission from coal-burning power plants) or the release has a horizontal extent (such as radon-222 
exhalation from the ground surface, the case we will see in this study), source information estimation 
can be reworded as ‘which portion of the measured concentration is attributed to a release from certain 
place and during a certain time period? ’(middle part of Fig.4), and the mathematical expression is 
shown by the equation in the figure. The problem can be solved by evaluating the dilution factor r by 
numerical simulations of atmospheric dispersion. 
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Fig.3 Comparison of radon-222 concentration in the surface air at Hachijo Island between 
calculation (MM5+HIRAT) and observation. 
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Fig.4 Schematics of source-receptor relation. 
 

The backward-in-time atmospheric transport simulation with b-GEARN is an idea to locate and to 
quantitatively characterize possible sources of airborne contaminants observed at a place of interest, 
such as natural radionuclides or man-made radionuclides from an accidental nuclear facilities or a 
nuclear test. In a backward simulation a pseudo release is assumed at the location where contaminants 
are observed, the atmospheric transport is simulated in the reversed direction of time to evaluate the 
dilution factor..  
 
 
Results and discussions 

 
In the following discussions, concentrations and dilution factors are daily mean values for both 

observation and simulation. Examples of the results from the backward simulations are shown in Fig. 5, 
in which horizontal distribution of time-integrated dilution factor (T-IDF) is depicted for a 
low-concentration episode (left: 10 April, 2001) and a high-concentration episode (right: 16 April, 
2001). Noisy patterns at the edges of distribution are due to statistical errors in the dispersion calculation 
and have no significance. The colored contours show the source area from which radon-222 observed at 
Hachijo Island on the days of interest, 10 and 16 April, respectively, was released. The larger the dilution 
factor is the more the source area contributes to the measured concentration. It is obvious that the low 
concentration corresponds to air flow from the ocean while the high concentration corresponds to longer 
fetches over the Asian continent.  

contribution from a 
certain time period  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 Horizontal distribution of dilution factor integrated over 10 days from the objective days. Contour 

values are in the unit of day m-3. Colors are painted only over lands where radon exhales at a 
significant rate. 

 
One can calculate the time-space-integrated dilution factor (TS-IDF), which is proportional to 

measured concentration as expressed by the equation in Fig.4 if the radon exhalation rate is uniform and 
constant10). This calculation is equivalent to the horizontal integration of time integrated dilution factor, 
for instance, depicted in Fig.5. Day-to-day variations of TS-IDF are compared with observed daily mean 
concentration in Fig.6. High and low concentration episodes are represented well by TS-IDF calculated 
from dilution factors with the combination of MM5 and b-GEARN. However, the TS-IDF during the 
low concentration period is very small while observed concentration has certain valued between 0.5 and 
1.0 Bq m-3. This discrepancy can be attributed to neglect of the large scale background concentration of 
radon-222 in this simulation, which was, on the other hand, taken into consideration in the simulation 
with HIRAT shown before. 

 
Seasonal variations in source area distribution that affecting radon-222 concentrations at Hachijo 

Island can be inferred from the present simulation results. Distributions of T-IDF averaged over periods 
of early spring, late spring, rainy season and summer of 2001 are depicted in Fig.7. These distributions 
can be used to deduce how seriously or significantly a release in Asian regions affect the air 
concentration of contaminants in Japan. In early spring, inland areas of the Asian continent have 
substantial contribution while their contribution decrease with progress of season. In summer, the main 
contributors are the areas along coastlines of the Pacific Ocean including Japan, implying that low 
concentrations in these period, which was actually observed.  
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Summary  
 

The main functions of the IT-based NES has become available. Although the development of the 
system is still underway and hence not all of the functions originally planned has not come into 
operation, the system was successfully applied to long range atmospheric radionuclide transport 
simulations.  

 
The predictability numerical models in NES for long-range transport in the Asian region was 

favorably examined by comparing simulation results with observation data of radon-222 concentration. 
Several-day cycle variations in the observed concentration data caused by changes in synoptic 
meteorological field were quite nicely reproduced with the models.  

 
By applying the NES models in combination with the idea of backward-in-time atmospheric 

dispersion simulation, seasonal shift of source areas of radon-222 affecting the concentrations in Japan 
were quantitatively illustrated. Such the utilization of the system in wide research areas will improve not 
only the system software and models in the system but also the for nuclear emergency preparedness of 
Japan. 

 
Since installation of meteorological models, preparation of input data, and development of pre- and 

post processors are time consuming and in some cases expensive, this system largely reduces time and 
effort of users of researchers by providing them with an IT-based laboratory in which functions and 
resources necessary for researchers are available. This system is quite promising in a sense that 
state-of-the-art numerical models of atmospheric environment become available not only for modelers 
themselves but also for other researchers such as experimenters who have limited knowledge and 
experience in usage of supercomputers and numerical simulations.  

 
 
 

 
 
 
 
 
 
 
 
 

 
 
Fig. 6 Daily values of time-space integrated dilution factor compared with observation data. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Fig.7  Seasonal variation of source area affecting the air concentration at Hachijo Island in 2001.  
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