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1. INTRODUCI’ION 

The complete evaluation of an atmospheric 
transport and diffusion model typically includes a study of 
the model’s operational performance. Such a study very 
often attempts to compare the model’s calculations of an 
atmospheric pollutant’s temporal and spatial distribution 
with field experiment measurements. However, these 
comparisons tend to use data from a small number of 
experiments and are very often limited to producing the 
commonly quoted statistics based on the differences 
between model calculations and the experimental 
measurements (fractional bias, fractional scatter, etc.). 
This paper presents initial efforts to develop a model 
evaluation system geared for both the objective statistical 
analysis and the subjective visualization of the inter- 
relationships between a model’s calculations and the  
appropriate field measurement data. 

The system is now being applied within the 
Regional Atmospheric Sciences (RAS)  Division at 
Lawrence Livermore National Laboratory, which houses 
the Atmospheric Release Advisory Capability (ARAC). 
The ARAC program uses atmospheric dispersion models 
developed by the RAS Division to provide the 
Departments of Energy and Defense with a real-time 
emergency response system (Sullivan, et.al. 1993). The 
ARAC program has conducted numerous model evaluation 
studies over the last 20 years (Foster and Dickerson, 1990) 
to study the performance of the ARAC’s core diagnostic 
wind field model, MATHEW (Sherman, 1978). and particle- 
in-cell diffusion model. ADPIC (Lange, 1978). Results of 
these studies were typically represented by forming ratios 
between the observed tracer measurements and the 
appropriate model calculations (usually point-to-point in  
space and time). The percentages of these ratios which fell 
within a given factor were then plotted as a function of 
factors ranging from 1 to 100. Not surprisingly, a general 
trend was identified showing that the models did 
comparatively we11 in simple terrain and meteorological 
conditions (e.g. 50%-60% of the ratios usually within a 
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factor of 21, and less well in areas with complex terrain and 
meteorology (e.g. 20%-30% of the ratios usually within a 
factor of 2). 

Although these studies yielded a general sense of 
the overall MATHJ%/ADPIC performance characteristics 
under a variety of conditions, a general lack of graphical 
and statistical analysis tools hindered a more thorough 
study and understanding of the differences in model 
performance as they are applied to various source, 
meteorological, and topographical situations. Even 
though results from these studies are presented within a 
common framework, a strict adherence to a common set of 
evaluation protocol was not maintained during the 20-year 
span over which these studies were conducted. Also, some 
of the measurement data used in the earlier studies are no 
longer available for use with current model versions. 
These shortcomings, along with a significant recent 
increase in RAS Division model research and development 
activity, have led to efforts to design and implement a 
more formal evaluation system. 

The primary application of this new system is  
targeted for use with the current and future versions of the 
ARAC program’s operational model suite. The principal 
goals of the system are to track statistical changes in 
model performance as new transport and diffusion 
algorithms are implemented, and to provide an analysis 
framework which permits users to arrive at a better 
understanding of the reasons for these changes. This 
particular application is meant to serve the needs of both 
quality control of the ARAC production codes and of 
detailed scientific investigation. 

2 CONCEPTUAL SYSIEM DESIGN 

Figure 1 illustrates a very high-level depiction of 
the six major functional areas of the evaluation system. 
External to the primary system domain is a Data and Model 
Inpur Archive. This archive stores the necessary field 
experiment data needed to complete the evaluation studies. 
The archive is designed to hold consistently-formatted 
meteorological and concentration measurements (as well 
as solutions to analytical functions), information about 
the data measurement devices, and tracer source term 
characteristics. Also external to the primary domain is a 
Model Results library. This library is designed to hold 
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Figure 1. Major functional areas of the proposed Model Evaluation System. 

commonly formatted (e.g. netCDF) meteorological and 
tracer concentration fields of interest from one or more 
transport and diffusion models. 

The six major internal functional domain 
components are conceptually designed as: 
1. Evaluation StatiodMeasurement Libraries which hold 

the measurement information pertinent for the current 
study. Station data includes the latitudellongitude 
location, terrain elevation height, and number of 
measurement levels. Data stored for each 
measurement sensor device includes the height of the 
device above the surface, the type of instrumentation 
being used, the numerical uncertainty in the 
measurements, and (if applicable) the integration or 
averaging period of the measurement and (for tracer 
samplers) the material being measured. Flags may 
also be associated with each station, sensor, or 
measurement which can indicate the quality of the data 
or which can include or exclude the station, sensor, or 
measurement from subsequent processing as part of 
the evaluation study. An editing interface is required 
for complete data manipulation. 

2 .  Evaluation Calculation Library which holds the 
meteorological or dispersion related model 
calculations pertinent for the current study. These 
calculations may be stored in regular rectilinear two- 
or three-dimensional grids of varying cell and array 
size, which may optionally be nested. An editing 
interface will permit simple grid-wide arithmetic 
operations. 

3. 

4. 

5 .  

6 .  

Element and Pairing Definition which offers various 
temporal and spatial relaxation algorithms for pairing 
the measurements with the appropriate calculations. 
It is designed to be a highly user-interactive 
component which permits measurement selection on 
either an individual basis or as a member of some pre- 
defined set (e.g. those within the highest 25 percent 
of measured values). The selected measurements would 
then be paired, point-to-point or as n* peak value, to 
appropriate calculations (using one of multiple 
interpolation methods) under a set of user-specified 
restrictions which could permit a temporal lag or an 
angular or constant linear spatial difference. 
Statistics Calculations which presents commonly 
used statistics (e.g. fractional bias, fractional scatter, 
correlation coefficient) of the differences between the 
paired measurements and calculations. Tests for 
statistical distributions, data transformations, and 
calculations of confidence intervals are included. 
Statistics Archive which stores results of a study for 
potential recall and use in combination with future 
studies. Results may be stored as functions of 
meteorological or physical characteristics (e.g. 
atmospheric stability class, type of terrain, distance 
from source). 
Graphical Displays which provide graphically 
oriented visualizations of the data comparisons (e.g. 
spatial figure of merit, cross-sections, cloud 
centerline) geared for both objective and subjective 
evaluation. 



Implementation and use of this system is 
currently underway with significant elements of the Dam 
and Model Input Archive, Statistics Calculations, and 
Graphical Displays components completed. Presently, the 
system operates on a VAXNMS network and interfaces 
with model calculations from ARAC's ADPIC dispersion 
code. The extension of this current implementation to 
generalize the model calculation interface, and to further 
develop the various functional areas, is now being studied 
in the context of an overall redesign of the ARAC 
operational system. 

The Data and Model Input Archive currently 
contains the meteorological data, source tern, and 
tracer/pollutant concentrations from the following seven 
data sets: 
1. 1956 Prairie Grass - 56 experiments conducted i n  

Nebraska open fields. 
2. 1963 Roller Coaster - Two explosive releases 

conducted-at the Department of Energy's Nevada Test 
Site (source term information omitted). 

3. 1980-81 EPRI Plains - Three experiments conducted at 
the Kincaid Power Plant in Illinois. 

4. 1983-86 MATS - 25 experiments conducted at the 
Savannah River Laboratory in South Carolina. 

5 .  1986 ATMES - Radionuclide deposition and aic 
concentration measurements following the Chernobyl 
accident. 
1986 DOPPTEX - Eight experiments conducted around 
the Diablo Canyon Nuclear Power Plant in California. 
1991 ASCCYI' - Twelve experiments conducted around 
the Rocky Flats Plant in Colorado. 

6. 

7. 

These data (from over 100 separate experiments) 
cover a wide range of transport scales (ranging from a few 
tens of meters to a few thousands of kilometers), a wide 
range of terrain conditions, and all atmospheric stability 
classes. Specialized cases of nocturnal drainage, coastal, 
and diurnal transition flows are represented. Source 
characteristics include both surface and elevated releases, 
thermal and momentum plume rise, explosive and fire 
related (as well as passive) releases. Additional data sets 
are currently being added to the data base. 

With. the current limited development of the 
Element and Pairing Definition area, a single strict 
measurement-calculation pairing protocol was established. 
This protocol calls for point-to-point pairings with no 
spatial, and usually no temporal, averaging beyond that 
inherent in the original archived experimental data. 
(Tracer measurement averaging periods of the experiment 
data sets processed to date, for example, vary from a few 
minutes to several hours.) This methodology 
significantly differs from that typically used within a 
regulatory setting, where concern is often focused on 
reproducing only the higher measurements over a wide area 
and over comparatively longer time periods. The selected, 
more restrictive, protocol however is predicated on the 

emergency rcspunse nature of the ARAC program 
application (where relatively short-term exposures to 
toxic material at specific locations may play a critical role 
in decision making), and on the desire to quantify changes 
in evaluation results using different wind field andor 
different dispersion model versions (where a less 
restrictive methodology might mask effects of some model 
modifications). 

4. SAMPLE RESULTS 

Figures 2a and 2b illustrate examples of a tool 
designed for the visualization of the relationship of tracer 
concentration measurements to contoured model-calculated 
concentrations from two versions of the ADPIC model. 
Experiment number 41 of the Prairie Grass data set is used 
in this example. The spatial relationship is represented by 
depicting measurement locations as white rings overlaid 
onto contours of calculated tracer concentration. The 
colors (or gray scale values in this case) used for the 
contours represent the same concentration magnitude 
range as the corresponding color (or gray scale) used to fill 
those rings associated with non-zero measurement 
locations. (Therefore, the model matches the measured 
data to within the range represented by the color wherever 
a ring overlays a contour of the same color.) Among the  
additional displays the user may generate with this tool is  
a 2D concentration cross-section which is created by the 
user successively clicking on a series of measurement 
rings. This has been done for the outer (fourth) arc of 
sampler rings (those rings connected with the white line), 
thus generating the plot giving measured and calculated 
concentration versus distance along that arc in the lower 
right comer of Figures 2a and 2b. (Curves representing the 
measured data an those with the higher peaks.) 

Figure 2a illustrates results from a version of 
ADPIC which solves the 3D. incompressible, Eulerian 
advection-diffusion equation using a hybrid Eulerian- 
Lagrangian modeling method (Lange, 1989). In this 
particular example. as is generally the case, this version of 
ADPIC displays greater amounts of horizontal plume 
spread than is indicated by the measurements. Figure 2b 
illustrates the same experiment run with a more recent 3D 
Lagrangian stochastic h d o m  displacement (Monte Carlo) 
version of ADPIC (Ermak, et.al., 1995). It has been found 
that generally this newer version better matches plume 
spread as reflected by the tracer measurements, and as 
shown in Figure 2. The improved results are also 
illustrated by the objective statistics produced by another 
of the system's tools. In this particular experiment the 
fractional bias was reduced from 0.79 to 0.05, the 
fractional scatter from 1.70 to 0.63, and the correlation 
improved from 0.86 to 0.90. (Because the model very 
accurately reproduced the advection wind direction for this 
particular experiment, the statistical measures are 
somewhat better than usual.) 

While the system has been designed to give users 
detailed analysis capabilities of individual experiment or 
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Figure 3. Example evaluation result summary format. 

experiment set results, a summary format is needed to track 
overall performance of various versions of the model 
codes. Although the evaluation tools generate a wide 
range of summary statistics, for consistency with the 
result format of previous studies (i.e. use of ratio analysis), 
the primary summary format selected for use in the current 
studies is that shown in Figure 3. In this example the 
combined experiment results using the EPRI Plains data set 
are shown as trends in the percentages of model 
calculations which fall within a factor 2, 5, 10, and greater 
than 10 of the measurements as they have changed over 
five recent versions of the ARAC production models. 
These values are expressed as percentages of all non-zero 
measurements found in the data where either the 
measurement or calculation exceed some minimum value. 
While the long-term goal is, of course, to increase the 
percentages falling within the lower factors, shorter-term 
minor degradation may be accepted if the corresponding 
modifications have offsetting benefits (such as decreased 
model run-time). Significant unexpected changes in these 
curves would require investigation prior to incorporating 
the version into the ARAC production system. 

Note that care is taken in Figure 3 to represent 
both the number of “zero-paired measurements” (those 
non-zero measurements paired with a calculation value of 
zero) and the number of ‘‘zero-paired calculations” (those 
non-zero calculations paired with a measurement value of 
zero), both expressed as a percentage of the number of the 
non-zero measurements. The latter case is given by the 
dotted line in figure 3. Remembering that the model 
results are be used by emergency response managers as aids 
for potential evacuation decisions, monitor placement, 
etc., these percentages are considered a critical component 
to the overall evaluation results. As can be seen from 
Figure 2, the decrease in the “zero-paired calculations” 
(where the black-filled rings overlay the model contours) 
from Figure 2a to 2b tells much about the nature of the 
statistical improvement between the two model versions. 
The user may investigate the statistical nature of these 
“zero-paired” samples independently from the rest of the 
paired population by using one of the evaluation system’s 
tools. 

5. SUMMARY 

A model evaluation system has been designed, 
and partially implemented, for the principle goal of 
tracking changes in performance of the operational 
production models used by the Atmospheric Release 
Advisory Capability. The system is used for both quality 
control procedures and for scientific investigation of new 
model features and algorithms. The system offers ‘both 
objective statistical comparison methods and graphical 

. visualization of the inter-relationships between model 
results and field measurement data. It has been applied . 
using data from over 100 separate field experiments. 
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