
CLIMATOLOGICAL VARIABILITY IN REGIONAL ATR POLLUTION 

J. D. Shannon 
Environmental Research Division 

Argonne National Laboratory 
Argonne, IL 60439 

and 

E. C. Trexler, Jr. 
Office of Fossil Energy 

U.S. Department of Energy 
Washington, DC 20545 

RECEIVED 
JUM 1 9 1995 

OSTI 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

submitted manuscript has been authored 
by a contractor of the U. S. Government 
under contract No, W-31-tO&-ENG-38. 
Accordingly, the U. S. Government retains a 
nonexclusive, royalty-free license to publish 
or reproduce the published form of this 
contribution, or allow others to do so, for 
U. S. Government purposes. MASTER 

DISTRIBUTION Of THIS DOCUi4aiT IS UNLIMITED J - J 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



Climatological Variability in Regional Air Pollution 
Jack D. Shannon and Edward C. Trexler, Jr. 
Environmental Research Division Office of Fossil Energy 
Argonne National Laboratory U.S. Department of Energy 
Argonne, IL 60439 Washington, DC 20545 

ABSTRACT: Effects of climatological and meteorological variability on means and distributions of 
air pollution parameters, particularly those related to regional visibility, are illustrated. Over periods of 
up to a decade climatological variability may mask or overstate improvements resulting from emission 
controls. The importance of including climatological uncertainties in assessing potential policies, 
particularly when based partly on calculated source-receptor relationships, is highlighted. 

Although some air pollution 
modeling studies examine events that have 
already occurred (e.g., the Chernobyl plume) 
with relevant meteorological conditions largely 
known, most pollution modeling studies 
address expected or potential scenarios for the 
future. Future meteorological conditions, the 
major pollutant forcing function other than 
emissions, are inherently uncertain although 
much relevant information is contained in past 
observational data. For convenience in our 
discussions of regional pollutant variability 
unrelated to emission changes, we define 
meteorological variability as short-term 
(within-season) pollutant variability and 
climatological variability as year-to-year 
changes in seasonal averages and 
accumulations of pollutant variables. In 
observations and in some of our simulations 
the effects are confounded because for seasons 
of two different years both the mean and the 
within-season character of a pollutant variable 
may change. Note that climatological and 
meteorological variability do not refer here to 
the variability of climate or meteorology but 
rather to their induced effects on pollutant 
behavior. 

Expressed in relative terms, 
climatological variability usually increases as 
the spatial and temporal scales over which the 
pollutant parameters are averaged decrease. 
Seasonal variability from one year to the next 
tends to be greater than annual variability 
(Shannon et al., 1985). Similarly, the 
climatological variability at a single location 
tends to be greater than the variability averaged 
over a region. Climatological variability can 
enhance or mask the effects of emission trends. 
For evaluation of past data there is frequently 
less interest in examining climatological 
variability for its own sake than in being able 
to quantify and remove climatological 
variability before performing trend analysis. 
Such quantification of climatological 
variability requires the aid of a model or 
models, ranging from relatively simple 

conceptual models (e.g., assuming that wet 
deposition of pollutants varies with aggregated 
precipitation) to regional models that examine 
different aspects of variability. One might 
quantify climatological variability by multiple 
exercise of a model with the climatology from 
a series of individual years while holding 
emissions temporally constant. Results can 
then be used to adjust an observed trend. After 
removing temperature-related effects on ozone 
concentrations, Rao et al. (1995) concluded 
that ozone concentrations have decreased in 
recent years in the northeastern United States. 
Shannon (1992) isolated the 1979-1988 trends 
in regional wet deposition of sulfate associated 
with SO2 emission trends, and deduced that 
emission reductions were dominant during the 
first four years and that climatological 
variability controlled regional variability 
thereafter. 

Climatological variability should be 
considered in evaluating the probable 
effectiveness of potential future emission 
control policies. The primary reason is to 
create a realistic distribution of possible 
pollutant outcomes rather than a single 
deterministic estimate without associated 
uncertainty. In addition, quantification of 
climatological variability is desirable so that 
the likelihood of detecting the pollutant trend 
associated with the control action, perhaps as a 
function of the number of years of 
monitoring, can be assessed. Trexler and 
Shannon (1995) examined the expected 
improvement in visibility from SO2 emission 
reductions mandated by recent legislation. We 
use source-receptor relationships from the 
Advanced Statistical Trajectory Regional Air 
Pollution (ASTRAP) model (Shannon, 1985), 
together with emissions vectors aggregated at 
the state level, observed means and variations 
on various temporal scales of relative humidity 
(RH) and concentrations of particulate species, 
and light attentuation equations for those 
species as functions of RH and concentration, 
in the Visibility Assessment Scoping Model 



(VASM) (Trexler and Laulainen, 1992). To 
generate realistic short-term distributions of 
visual impairment, VASM varies RH and 
particulate concentrations of sulfate, nitrate, 
elemental carbon, organic carbon, fine-particle 
dust, and coarse-particle dust through Monte 
Carlo techniques by assuming lognormal 
distributions for die paniculate species and a 
diurnal curve superimposed on a normal 
distribution for RH. 

A recent series of applications of 
VASM/ASTRAP has examined potential 
future distributions of visual impairment in 
scenic parks in the United States. Although 
the research is still in progress, some 
preliminary results can be shown here. In 
Figure 1, distributions of summer visibility 
impairment in deciviews (dv), an increasingly 
accepted visibility metric that is analogous to 
the logarithmic decibel scale for sound, are 
estimated for Shenandoah National Park in the 
eastern United States for conditions before and 
after the approximately 50% reduction in SO2 
emissions currently underway. The 
distributions, which are quite smooth because 
each curve represents the average of 9,000 (90 
days * 100 years) simulations of 15 daylight 
hours per day, reflect a mean overall 
improvement of about 3 dv. Although this 
improvement may seem small, the typical 
observer can detect a difference of between 1 
and 2 dv in a scenic view. In addition, limits 
exist as to how much improvement can be 
obtained solely by SO2 controls because 
sulfate causes only about one-half of visibility 
impairment in die nonurban East and about 
one-fifdi in the nonurban West, with the 
remainder due to other particulate species, NO2 
gas, and natural Raleigh scattering (Trijonis et 
at., 1990). 
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Figure 1: Mean expected summer distributions 
of visual impairment at Shenandoah National 
Park before and after the emission reductions 
mandated by the 1990 Clean Air Act 
Amendments, as calculated with VASM. 

VASM results indicate a typical mean 
shift of 2-3 dv between sunrise (maximum 
RH) and midafternoon (minimum RH) due to 
the RH difference. Light attentuation by 
hygroscopic particles such as sulfate increases 
exponentially for RH values above 70%; 
visibility thus tends to be worst at sunrise. 
Sometimes researchers have a greater interest 
in the change in the frequency of relatively 
dirty or relatively clean days; by selecting a 
critical deciview value, one can easily estimate 
such changes from die expected distributions. 
Our calculations indicate that the occurrences at 
Shenandoah of visual impairment above 40 dv 
can be expected to be reduced over 50% after 
the emission reductions are completed. 

A particular season will typically 
exhibit a much more irregular distribution of 
visual impairment, because only about 20 to 
40 changes of air mass will occur during die 
season. A set of VASM simulations of visual 
impairment for a single summer are shown in 
Figure 2 for mean prereduction and 
postreduction sulfate concentrations; also 
shown are two cases representing mean sulfate 
conditions 14% higher and 18% lower man die 
expected postreduction mean. This corresponds 
to me range of ASTR AP results calculated 
witii each of 11 summers of meteorological 
data. 
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Figure 2: Single-year simulations from 
VASM of summer distributions of visual 
impairment at Shenandoah before and after 
emission reductions, plus postreduction cases 
of higher and lower mean concentrations of 
sulfate from ASTRAP estimates of 
climatological variability. Widiin-season 
meteorological variability differs for each case. 

A range of about ±15% in the post
reduction seasonal average of sulfate results in 
relatively modest changes in die distribution of 
visual impairment (roughly ±1 dv). This is 
not unexpected because (1) the deciview 
parameter is logarithmic and (2) we have not 



yet included climatological variability of the 
other particulate species. For clarity in 
assessment and policy analysis, expected mean 
distributions as in Figure 1 are the most useful 
modeling output Changes expected after a 
sufficiently long period of averaging can be 
clearly depicted. Observations of visual 
impairment for a single season, on the other 
hand, can be expected to exhibit the 
irregularities illustrated in Figure 2 (Trexler 
and Shannon, 199S). Both presentations are 
useful in demonstrating expected outcomes and 
potential variations about those outcomes. 

An evaluation of visibility should 
examine variations in both mean conditions 
and distributions about those mean conditions. 
In evaluation of acidic deposition, for which 
the most important ecological effects are 
largely controlled by long-term loading, long-
term variability is more emphasized than short-
term variability (Streets et al„ 1985). 
Climatological variability can be the major 
factor controlling year-to-year variability of 
pollutant parameters, particularly when 
emission changes are relatively small. In 
some cases, an apparent trend over a period of 
5 to 10 years can simply be the result of the 
particular sequence of climatological 
conditions. This point is illustrated in Figure 
3, in which ASTRAP simulations for average 
summer atmospheric concentrations of sulfate 
at Shenandoah National Park indicate a 
significant upward trend from 1982 through 
1990, even though the model simulations hold 
emissions temporally constant at 1985 levels. 
The slope of the modeled trend is similar to 
that of the observations, in large part because 
aggregated emissions of SO2 changed little 
during the period. Little direct correlation is 
seen between modeled and observed 
concentrations because of the sharply lower 
observed concentrations in 1986 and 1987. In 
addition to the usual suspects (model 
inadequacies), the discrepancies may be due to 
substate emission changes that are not reflected 
in aggregated totals or to calculations of 
observed seasonal means from limited 
sampling (two days per week at best). 

ASTRAP calculations indicate that 
Ohio and Pennsylvania SO2 sources contribute 
the greatest shares (aggregated by state) of the 
summer sulfate concentrations at Shenandoah. 
Their source-receptor contributions, normalized 
by emission rate, can change significantly 
from year to year (Figure 4). A targeted 
emission control strategy based upon the 1983 
source-receptor relationships might be very 
different than a strategy based upon 1982 
calculations. Such variations indicate mat 
emission control policies should reflect the 
best estimate of source-receptor relationships 

averaged over multiple years, rather than for 
any single, perhaps atypical year. 
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Figure 3: Comparison of the observed trend in 
average summer atmospheric concentration of 
sulfate at Shenandoah with a modeled trend 
from ASTRAP simulations in which 
climatology varies but emissions are held 
constant Equations describing the linear 
trends are shown. 
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Figure 4: ASTRAP estimates of the 
normalized contribution of aggregated SO2 
sources of Ohio and Pennsylvania to average 
summer sulfate concentrations at Shenandoah. 

Models invariably simplify nature. 
Although other meteorological parameters such 
as mixed-layer depth, temperature, or incident 
radiation may influence pollutant variability, 
often by affecting chemical transformation 
rates, here we examine only climatological 
variability related to patterns of a single-layer 
transport wind (resolved over grids of either 
150- to 175-km or 300- to 350-km spacing and 
updated four times daily) and total precipitation 
(resolved over a grid of 100- to 115-km 
spacing and updated 2 to 4 times daily). The 
mean diurnal and seasonal effects of other 
variables, such as RH and temperature, are 
parameterized without year-to-year variability 



in our approach. Because we cannot address all 
relevant meteorological variables in our study, 
we likely underestimate overall climatological 
variability. 

ACKNOWLEDGMENTS: This work 
was supported by the Office of Planning and 
Environment, Office of Fossil Energy of the 
U. S. Department of Energy, under contract W-
31-109-Eng-38. Jeff Camp assisted in model 
revisions for different computer systems. 

REFERENCES 

Rao, ST., Zalewsky, E. and Zurbenko, I.G., 
1995: Determining temporal and spatial 
variations in ozone air quality. J. Air and 
Waste Management Assoc, 45, 57-61. 

Shannon, J.D., 1985: User's Guide for the 
Advanced Statistical Trajectory Regional Air 
Pollution (ASTRAP) Model. U. S. 
Environmental Protection Agency Report 
EPA/600/8-85/016 (NTIS PB85-
236784/XAB). 

Shannon, J.D., 1992: Regional analysis of S 
emission-deposition trends in North America 
from 1979 through 1978. In: Air Pollution 
Modeling and its Application IX (H. van Dop 
and G. Kallos, eds.), Plenum Press, New 
York, 57-64. 

Shannon, J.D., Lesht, B.M., and Samson, 
P.J., 1985: Variability in patterns of acid 
deposition resulting from climatological 
variability. In: Proceedings of the 9tk 
Conference on Probability and Statistics in 
Atmospheric Science, American 
Meteorological Society, Virginia Beach, VA, 
72-79. 

Streets, D.G., Lesht, B.M., Shannon, J.D. and 
Veselka, T.D., 1985: Climatological 
variability: Effect on strategies to reduce acid 
deposition. Environ. Set. and Technol., 19, 
887-893. 

Trexler, E.C. Jr. and Laulainen, N., 1992: 
Techniques for computing and presenting 
annual visibility characterizations for locations 
of interest In: Proceedings of the 86th 
Annual Meeting, 93-RP-135.02, Air and 
Waste Management Association, Pittsburgh. 

Trexler, E.C. Jr., and Shannon, J.D., 1995: 
The impact of climatological variability on 
visibility impairment distributions. In: 
Proceedings of the International Specialty 
Conference on Aerosols and Atmospheric 
Optics: Radiative Balance and Visual Air 

Quality, Snowbird, Utah, Sept 26-30, 1994, 
Air and Waste Management Association, 
Pittsburgh, 681-692. 

Trijonis, J.D., Malm, W.C., Pitcnford, M., 
White, W.H., Charlson, R., and Husar, R., 
1990: Visibility: Existing and Historical 
Conditions - Causes and Effects. NAPAP 
Report 24, National Acid Precipitation 
Assessment Program, Washington, DC. 


