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Before discussing the subject, I feel first obliged to define a mesoscale simulation 
model for inert pollutants. For simplicity, consider only carbon monoxide and assume 
virtually all emissions are from mobile sources. First, the model should prescribe 
the location and intensity of emission sourcesand their time variation. Second, at-
mospheric transport and diffusion must be treated. Third, receptor locations must 
be prescribed and representative CO concentrations computed. In the latter lies the 
difficulty: What constitutes a representative mesoscale pollutant concentration? 

Qualitatively, the mesoscale is synonymous with the "neighborhood" scale; EPA (1) 
considers pollutant levels on this scale to be "representative of those areas of uniform 
land use.., in which a captive population... is exposed." For large metropolitan areas, 
a concentration representative of average CO levels over an area of 1 km2  and larger is 
a reasonable if arbitrary definition of the mesoscale. Other areas with relatively small 
urban cores may require a reduction in the representative mesoscale. The microscale 
generally ranges from 10 m to the lower limit of the mesoscale. (What is representa-
tive from the perspective of spatial scale may be compounded by complexities when an 
attempt is made to reconcile length and time scales; however, this problem is usually 
more geimane to microscale analyses.) 

In addition to providing area-average concentrations, mesoscale models should also 
provide some indication of the peak value or variance. To do this, the mesoscale model 
must also be able to simulate microscale dispersion phenomena such as those that occur 
near freeways or in street canyons. The microscale capability is particularly impor-
tant when mesoscale model predictions are compared with observational data. Obser-
vational data are most often obtained from stations located to measure only hot-spot 
concentrations. Only with the use of a model able to accommodate microscale and 
mesoscale (2-tiered) phenomena can the areawide significance of observational data 
be properly interpreted. 

OBJECTIVES OF MESOSCALE MODELING 

Mesoscale (and microscale) modeling has 3 objectives: 

Prediction of the absolute pollutant concentration attributable to a specific emis-
sion source; 

Prediction of relative changes in pollutant concentrations from changes in emis-
sion rates or meteorological conditions; and 

Combination of the first and second objectives. 

Interestingly enough, most applications of mesoscale models fall into the second 
category, yet most (if not all) model -evaluation studies are of the first kind. In view 
of the large relative changes in vehicular CO emission rates and the long-term data 
records now available in some cities, it would be particularly beneficial to test the 
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performance of mesoscale models in simulating such changes. 

PURPOSES OF MESOSCALE MODELifiG 

Another way to consider mesoscale models is by the specific purposes to which they 
may be put. Three such purposes stand out: 

Short-term forecasting; 
Impact assessment of new emission sources; and 
Impact assessment of changes to existing emission sources. 

The first purpose is sufficiently restrictive that it would appear to apply only to 
emergency episode conditions. (The Fairbanks, Alaska, air quality control region is 
the only area in the United States likely to ever encounter episodic CO concentrations.) 

Impact assessment of new emission sources is pending in the form of the proposed 
indirect source and parking management regulations. At first glance, the indirect 
source and parking regulations appear to be restricted to the microscale because the 
local CO concentration induced by the facility must be compared with the national am-
bient air quality standards. Yet this comparison has to include existing "background 
(i.e., mesoscale) concentrations. Furthermore, the 8-hour ambient standard is more 
likely to be jeopardized than the 1-hour standard; on the 8-hour time frame; mesoscale 
concentrations are likely to be significantly greater than the local CO contribution by 
the facility under review. 

Impact assessment of changes to existing emission sources is particularly impor-
tant, as in the preparation of air quality maintenance plans. Here, mesoscale models 
have to predict changes in areawide CO levels that might result from combinations of 
changes in vehicle volumes, speeds, and emission rates. 

MODEL EMPHASIS AND IMPROVEMENTS 

Special attention should be devoted to the evaluation and improvement of mesoscale 
CO models for the simulation of 8-hour concentrations. In addition, specific attention 
should be given to improvements in model versatility and resolution in the following 
areas. 

Meteorology. There should be enhanced representation of the near-surface wind 
field, through input of stream lines or trajectories or of a receptor-oriented wind vec-
tor, as examples. The vertical dispersion coefficient should be specified on the basis 
of surface characteristics (e.g., land use, topography). 

Emission rates. Mesoscale models should include the latest EPA factors for 
hot and cold start ratio, altitude, temperature, and so forth. Microscale submodels 
should ideally include emissions by operating mode (i.e., idle, acceleration-deceleration, 
and cruise) and location on the roadway link. 

Traffic data. Better speed and volume resolution should be incorporated, par-
ticularly in the urban core where low speeds (under 24 km/h) occur. 

Microscale submodels. Dispersion routines should be available for simulation 
from a number of common roadway configurations: at-grade roadway, cut section, fill 
section, and viaduct. 

One last improvement to most models that could (and should) be made immediately 
is better user documentation. Improved user manuals should include a summary of the 
model formulation, assumptions, and limitations; program listing; input data coding 
forms; user notes; and complete applications. 



165 

COSTS AS A CONSTRAINT 

Most mesoscale CO models are relatively inexpensive to operate in terms of computer 
dollars. This is particularly true when these costs are weighed against the total cost 
of acquiring and encoding the meteorological and emission data and of evaluating the 
performance of the model against monitoring data. However, cost is a major factor 
when poor meteorological or traffic input data are used. When such data are used, the 
computational exercise becomes an end in itself providing worthless output. The real 
net cost is then measured in terms of either the human health and welfare endangered 
or the unnecessary and inconvenient controls imposed because of an incorrect assess-
ment. 
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