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Abstract. Nearly all models for calculating atmospheric dif-
fusion include parameters to describe the horizontal and vert-
ical diffusion rates. This study was designed to determine
the amount of disagreement among three methods for estimating
these parameters and to modify procedures for computing the
Pasquill stability classes from surface observations to im-
prove agreement. Two years of hourly surface observations
and tower measurements including gustiness classes were used.
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Lapse rates and stability classes were computed. The degree
of agreement between these measures of diffusion was calcu-
lated and the conditions under which poor agreement occurred
were determined. The method of computing the Pasquill classes
was modified and results examined. The modified version gave
better agreement between computed stability classes and the
other methods and gave a more realistic distribution of un-
stable, neutral and stable classes.

Introduction

Nearly all models or formulae for calculating dispersion of gases or small
particles in the atmosphere contain parameters designed to describe the rate at
which the plume or puff spreads and mixes with ambient air in the vertical and
horizontal directions. 1In the commonly used Gaussian plume model, for instance,
the horizontal and vertical diffusion rates are specified by the standard devia-
tions of the distribution of material, ¢ in the horizontal and g in the verti-
cal. It was shown by Cramerl and confirmed by experience that thise parameters
are closely related to and can be best estimated from the measured standard devi-
ations of the horizontal and vertical wind direction fluctuations, g_ and ¢,. For
emissions from an elevated source and short travel distances, g g o.x and 6
0, oo where x is the downwind distance from the source. y :

In practice it is often necessary to calculate dispersion for locations or
times for which no measurements of g, or g, are available. 1In these cases, diffu-
sion parameters are usually estimateg from related measurements such as tempera-
ture lapse rate or wind gustiness. Lacking these measurements, Pasquill stability
classes determined from surface observations by methods described by Turner? are
widely used. Numerous investigators have recently conducted studies of the differ-
ences resulting from use of these various methods.

Luna and Church3 using data from Augusta, Georgia were among the first to re-
late calculated Pasquill classes to measured lapse rate and turbulence data. They
found that almost any value of O or g, could belong to any stability class. Pend-
ergast and Crawford™ using Savannah Riéer data showed that large differences in
selection of Pasquill stability classes could result from selection of different
height intervals over which to calculate lapse rates from temperature measurements
Both Fulle® and Portelli® found generally poor agreement between lapse rates as

measured by radiosondes and Pasquill classes calculated from surface observations
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at ‘several western and Canadian locations respectively. Letizia, et al.7 con-
ducted a comprehensive comparison of g, and lapse rate as measures of atmospher-
ic stability using two years of data f%om a tower in western Washington. They
found pdor agreement between the two methods, poorest during low and best dur-
ing high wind speeds. They found that ¢, indicates a much greater frequency of
unstable conditions than does lapse rate. None of the above studies compared
stability class with actual diffusion measurements but it is judged.on the basis
of other studies that diffusion would be best described by wind fluctuation
measurements. Thus, these reports cast considerable doubt on the practice of
estimating diffusion from lapse rate measurements alone.

The Brookhaven wind gustiness classification is a function of both wind
speed and lapse rate8 and has been shown to be a good predictor of measured dif-
fusion at that location? and elsewhere. However, it is based on the magnitude
and frequency of the horizontal wind fluctuations as measured by a specific wind
sensor at a specified height and must be modified for use with other instruments
or other elevations. :

The Pasquill stability classification, particularly as adapted by Turner2
for computer use (STAR program) has been widely used but few comparisons of
these computations with actual diffusion measurements have been reported. Thus,
the system has not been adequately tested but the lack of good agreement with
wind fluctuation measurements suggests similar disagreement with diffusion meas-
urements even when the method is confined to those sampling periods and distances
for which it was designed,l0 . '

As part of a study of meteorology and diffusion in coastal zonesll, an in-
vestigation_ of the transport and diffusion climatology of the U.S. east coast is

. being made.l? The STAR program was used to calculate stability classes from

hourly synoptic data at fifteen coastal stations from Maine to Florida. The re-

sults (Figure 1) showed a mughl}arger percentage of neutral cases than expected,
a result previously reported ™’ for other locations. :

The purpose of this study is to compare calculated Pasquill stability
classes with Brookhaven gustiness and lapse rate measurements, to identify those
conditions under which agreement is poor and to determine if better agreement
can be obtained by modifying the criteria used for determining the stability
classes from surface data. A Zrevious minor modification to the scheme was re-
ported by Ludwig and Dabberdt* who achieved improvement by using opaque cloud
cover for categorizing daytime solar radiation,

Comparison of Classification Schemes

‘The Pasquill stability classification scheme as described by Turner2 is
diagrammed in Figure 2 to show the input parameters and the decision-making path-
ways which lead to the determination of stability classes. Note that all hours
with total sky cover less than 7000 feet (2134 m) are automatically classified
as neutral (4 or 5) and that the range of pathways is greater during the day
than at night. The Brookhaven gustiness classification is diagrammed in Figure 3
as a function of lapse rate and 108-m wind speed. The boxes represent the mean
plus and minus one standard deviation in each coordinate direction.®

The U. S. Nuclear Regulatory Commission15 assigned lapse rate ranges to
each stability class and these values have been adopted by other users. Using
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these values for the Pasquill classes, both they and the gustiness classes are
related to temperature difference in Figure 4. Note the narrow lapse rate ranges
assigned to the unstable and slightly unstable classes and the ranges of physi-
cally different lapse rates assigned to the neutral and slightly stable classes.
Perhaps a better comparison between the Brookhaven and Pasquill classes is

shown in Figure 5 where the classes are referenced to the value of ¢_ at 1 km.
The values for the Brookhaven classes are taken from Singer and smit{ 9 and

those for the Pasquill classes from the curves given by Turner. 16 .
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?igure 2. ‘Flow'diagram of the STAR A
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Figure 3. Diagram showing the relation-
ship of the Brookhaven gustiness classi-
fication to lapse rate and wind speed.
The boxes represent the mean plus and
minus one standard deviation in each
direction. The arrow shows the adiab-
atic lapse rate.
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Methods

Data taken at Brookhaven National Laboratory over a two-year period from
April 1950 to March 1952 were used for this study. The data set includes hourly
mean wind and temperature measurements from six levels of the 125-m meteorolog-
ical tower, hourly wind gustiness at a height of 108 m and hourly surface observ-
-ations. The latter were used with a selected portion of the STAR program to
determine the stability class for each hour. Lapse rates were calculated for
four height intervals, 11-125 m, 11-46 m, 46-125 m and 0-11 m. - Since the 11-
125-m height interval gave the best agreement with the gustiness classes, it
was chosén for comparison with. the stability classes. These lapse rates were
divided into the five classes shown at the bottom of Figure &.

Although the stability, gustiness and lapse rate classes are not directly
comparable, the degree of general agreement between them was determined by joint
frequency distributions and other statistical methods. The data were then ana-
lyzed to determine the conditions under which poor agreement occurred. The pro-
cedures for computing the stability classes were then modified in several physi-
cally plausible steps and the changes resulting from each modification or combin-
ation of modifications were examined. The modifications found useful were in-
corporated into a modified STAR program which was then used to recompute stabil-
ity classes from the Brookhaven data. These results were then related to the
gustiness and lapse rate classes to determine the amount of improvement in agree-
ment. The modified program was also applied to the coastal sites shown in Fig-
ure 1 and the amount of change in classification documented.

Results
The Brookhaven data were first examined to determine how the hours were

distributed among the stability, gustiness and lapse rate classes. As shown in
Figure 6, about 45% of all hours were classified as neutral (4 and 5) by the
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STAR program with fewer unstable than stable hours. The gustiness classifica-
tion was dominated by B, and D as shown earlier. The hours were nearly evenly
“ divided among three broad lapse rate classes, superadiabatic, subadiabatic and

inversion, while the two narrow 0.29C classes, adiabatic and isothermal, had
few hours as expected,

The distribution of the Pasquill classes within the gustiness classes was
examined next and is shown in Figure 7. With A and B, gustiness, most hours are
in the three unstable classes but a substantial number are classed as neutral
and a few even stable. With B; gustiness, most cases are unstable or 'neutral
but the 587 neutral is not realistic. The C cases cluster around neutral and
-slightly stable as expected. The majority of the D cases is in the three stable
classes but 227 are neutral and .about 8% unstable which is not good agreement.

In general, the agreement between the two classifications is fair but in need
of improvement.

The distribution of the Pasquill classes within the lapse rate classes is
shown in Figure 8. With superadiabatic lapse rates, only about 507 of the hours
are in the unstable classes, about 45% are neutral and the remainder aré stable
which indicates poor agreement. The near adiabatic cases are centered omn the
neutral .classes but.show a spread,across .all classes. .The subadiabatic cases
also are found in all classes but most are. neutral and about 247 stable. The
near isothermal cases generally range across the neutral and stable classes with
about 5% in the unstable classes. The inversion cases peak at the more stable
classes as they should but about 15% are classed as neutral and 8% as unstable.
The over-all agreement here is similar to that with the gustiness classes.
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ated except that precipitation hours
were classified neutral. Daytime low

20 7
overcast cases were assigned the minimum 1
daytime radiation-index of 1 and allowed i _IJ_
to be either slightly unstable or neut- 0 '

2 4 6 8 2 4 6 8 2 4 6 8:
PASQUILL CLASSES _i

20 N

2 4 6 8 2 4 6 8-

=

80 SUPER- NEAR suB-
| ADIABATIC ADIABATIC  ~ - ADIABATIC_

PERCENT OF CASES

ral depending on the wind speed. ‘Night.
cases were placed by wind speed into
~either the neutral or the slightly

stable class. These changes are dia- Figure 8. Distribution of Pasquill

grammed in Figure 9. These modifica- stability classes by Brookhaven lapse
tions changed the class of 6.2% of all rate classes.

cases or 21.17% of low overcast and pre-
cipitation hours. Most daytime cases
changed from neutral to slightly un-.
stable and most night cases from neutral
to slightly stable.

Examination of non-overcast nighttime hours suggested that the original
separation of cases into only two groups with no consideration of cloud height
was too coarse and did not account for the variability in outgoing long wave
radiation and subsequent amount of surface cooling and degree of inversion.

JAccordingly, the nighttime .cases.were further subdivided by cloud amount and
-ceiling height into five rather than two groups with final choice of stability
class within each group determined by wind speed (Figure 9). When this change
was added to the first modification, 15.9% of all cases or 30.1% of all cases
subject to change were reclassified. Some neutral cases became slightly stable,
most slightly stable cases became stable and stable cases became either slightly

. or extremely stable. It was also found oo rartons o sascus 8-755-78
that nocturnal stable conditions often e e ,
. &2 PRECIS =Que NGt ar
persisted longer than the one hour after
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added to those described previously, . ' o A
17.9% of all cases and 39.2% of poten- Figure 9. Flow diagram of the modified

tially affected cases were reclassified. ?ortlons.of the STAR program for comput-
ing stability class.



This change is appropriate only for sites such as Brookhaven which have prolong-
ed and intense nocturnal inversions.

Other sources of error were examined but the number of cases involved was
not great enough to warrant corrective changes. For instance, about 37 of all
daytime cases are stable as measured by a positive lapse rate while about 47 of
all night cases have superadiabatic lapse rates. These possibilities are ex-
cluded from the original scheme but no means were found to correctly classify
these cases without wrongly classifying a greater number. It was also found
that one hour before sunset was not the best dividing point between day and
night in many instances but was for the majority of cases so was retained. The
effects of advection and geostrophic wind were also examined but no way was
found to use them to improve the classification of cases.

The modified program changed 17.9% of all Brookhaven cases. The actual
number of cases changed in the original and new classifications is shown in
Table 1 with changed cases underlined.. Most cases changed from neutral to
slightly stable or within the stable classes. Table 2 summarizes the per cent
of cases in the original and modified stability classes for all data and for each
gustiness and... lapse rate class. The net effect of these changes is to give
somewhat better agreement between stability class and both gustiness and lapse
‘rate class although an appreciable percentage of the cases still do not agree.
The modified program except for the day-night change after sunrise was applied
to data from the 15 coastal stations shown in Figure 1 and changed from 7.8 to
26.07% of the hours at these stations. The per cent of cases in the original
and modified stability classes is shown for each station in Table 3. More than
20% of the hours was changed at three stations and more than 10% at seven addi-
tional stations. The most frequent change is a reduction in the number of
neutral and an increase in the number of stable hours. Unfortunately, no diffu-

sion or wind fluctuation data are available with which to assess the validity
of either classification.

Table 1. Distribution of Stability Classes with Original and Modified Program.

Original Modified Class _

Class 1 2 3 .. 4 5 ) 7 8
1 116 ) 0 0 0 o 0 0
2 0 1084 o 18 0 0 0 69
3 0 0 1674 28 5 24 26 40
4 0 0 169 3294 77 87 32 0
5 0 o .. 0 0 2373 - 854 0 0
6 0 0 0 0 27 895 414 0
7 0 0 0 0 33 405 1383 386
8 0 0 o 0 1 0 0 1531

;1




Table 2. Per cent of Brookhaven Cases .in:- Pasquill Stability Classes with
Original (above) and Modified (below) Program.

Stability Class

Cases 1 2 3 4 5 6 7 8
All 0.7 7.8 11.9 22.9 21.3 9.2 15.5 10.8
0.7 7.2 12.1 - 20.8 16.4 15.6 13.0 14.3
A 8.3 45.0 20.6 13.9 9.4 0.6 2.2 0.0
9.1 48.5 27.3 7.9 1.2 5.5 0.6 0.0
B, 7.8 44.3 29.6 14.9 . 1.7 0.5 1.0 0.2
7.8 .44.3  31.1 13.2 1.0 1.5 0.5 0.7
B, 0.9 11.6 21.7 40.4 18.3 4.9 1.8 0.5
0.9 11.4 22.7 38.7 15.5 7.9 2.2 0.7
C " 0.0 0.4 2.1 27.9 48.8 14.8 6.0 0.1
0.0 0.2 2.0 25.6 43.7 19.8 8.4 0.5 .
D 0.0 2.9 4.3 5.2 16.7 12.3 33.2 25.3
0.0 1.8 3.6 3.1 9.6 22.6 26.1  33.3
Super- 0.7 20.7 28.7 . . 42.5 3.6 1.3 0.5 0.1
adiabatic 2.5  20.5 29.4 41.7 2.8 2.1 0.7 0.2
Adiabatic - 0.5 4.5 14.1 47.9 23.1 4.9 4.4 0.7
0.5 4.1 15.3  45.3 20.4 8.2 4.9 1.3
Sub- 0.1 -1.5. 4.1 22.7 47.7 14.7 7.8 1.4
adiabatic 0.1 1.4 5.2 19.1 40.3 22.8 8.6 2.4
Isothermal 0.0 1.8 3.3 9.9 28.0 23.7 27.8 5.7
0.0 1.6 4.3 6.8 17.5 340 28,2 7.6
Inversion 0.0 4.0 4,5 3.8 11.1 8.9 35.6 32.1
0.0 2.5 3.4 1.6 5.1 18.5 27.0 41.9
- Conclusions

In a substantial number of hours, poor agreement was found between calcula-
ted stability classes and measured gustiness and lapse rate classes using the
original stability classification method. The modified method gives modest
improvement with Brookhaven data but should be tested with data from other loca-
tions before more general application. Most importantly, both versions need to
be tested against actual diffusion data and wind fluctuation measurements.  Even
if the modified method is shown to give consistently better results than the
original, measurements of wind fluctuation should be considered the preferred
method for estimating diffusion parameters.

Acknowledgements

The submitted manuscript has becen authored under contract EY-76-C-02-0016
with the U. S. Department of Energy. 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.



: .J‘,

Table 3. Per cent of Cases at Coastal Stations in Pasquill Stability Classes
with Original (above) and Modified (below) Program.

Stability Class

Station _ 1 2 3 4 - 5 . 6 . 7 8
portland, ME. 0.0 2.9 11.3 27.0 28.2 13.9 12.0 4.7.
0.0 2.9 11.7 26.6 23.9 15.1 13.3 6.5

Boston, MA. 6.1 1.7 7.6 31.9 43.5 10.3 3.7 1.2
0.1 1.7 7.6 31.8 39.3 13.5 4.4 1.5

Bedford, MA. 0.8 5.9 10.&4 - 25.4 °23.9 8.8 12.6 12.3
0.8 5.9 11.4 24.4 18.8 14.3. 8.5  16.0

Belmar, NJ 1.5 9.4 11.2 19.9 19.2 9.3 16.7 12.8
1.5 9.4 13.6 17.6 14.1 16.1 11.1 16.6

Lakehurst, NJ 0.6 5.3 11.4 24.7 21.1 8.6 15.0 13.2
0.6 5.3 12.7 23.5 15.8 15.0 ‘9.7 17.5

Atlantic City, NJ 0.3 3.0 9.9 28.6 30.8 13 10.2 3.7
0.3 3.0 10.1 28.4 25.6 16.2 11.5 5.0

Wallops Island, VA 0.5 8.0 16.3 36.1 21.3 -84 7.1 2.3
0.5 7.9 17.2 35.3 17.1 11.3 7.5 3.3

Norfolk, VA. 0.2 4.5 11.3 26.3 28.8 15.2 11.3 2.5
0.2 4.4 11.4 26.2 24.3 15.9 14.2 3.3
Cape Hatteras, NC 0.0 2.2 10.6 29.7 35.5 14.2 6.5 1.4
: 0.0 2.2 10.5 29.8 30.3 17.4 8.0 1.8
Wilmington, NC 0.5 6.3 13.3 23.4 18.7 13.7 14.3 9.8
‘ 0.5 6.2 :13.4 23.5 15.2 13.4 14.5 13.3
Charleston, SC 0.5 5.7 13.7 23.1 18.7 15.7 15.4 7.4
A 0.5 5.6 13.5 23.3 14.6 14.6 18.5 9.5
Brunswick, GA 1.7 12.1 14.4 14.0 10.3 7.2 18.2 22.0
1.7 11.9 14.6 14.1 7.4 10.9 10.6 28.8

Cape Kennedy, FL 0.5 1.0 17.9 13.2 13.1 13.0 19.9 11.6
0.4 10.6 17.3 14.0 10.0 13.1 17.8 16.6

Orlando, FL 0.8 6.6 13.4 21.4° 16.7 15.8 18.1 7.2
0.8 6.5 ~13.1 21.7 12.6 15.9 20.2 9.2

Miami,  FL 0.1 5.0 14.3 23.0 18.8 19.2 16.7 2.9
0.1 4.9 13.9 23.5 1&.4 17.6 21.6 4.0




10.

11.

12.

13.

14,

15.

16.

References

H. E. Cramer, "A Practical Method for Estimating the Dispersion of Atmos-
pheric Contaminants," Proc. First Natl. Conf. on Applied Meteorology,
Hartford, Conn. pp. C-33 to C-55, Amer. Meteor. Soc., Boston, Mass., 1957.

D. B. Turner, "A lefu51on Model for an Urban Area," J. Appl. Meteor. -
3. 83-91, 1964,

"R. E. Luna and H. W. Church, "A Comparison of Turbulence Intensity and
. Stability Ratio Measurements to Pasquill Stability Classes " J. Appl.

Meteor. 11: .663-669, 1972.

M. M. Pendergast and T. V., Crawford, '"Actual Standard Deviations of Verti-
cal and Horizontal Wind Direction Compared to Estimates from Qther Measure-
ments," Presented Amer. Meteor. Soc. Symposium on Atmospheric lefu51on
and Air Pollution, Santa Barbara, CA, 1974.

D. Fulle, "A Comparison of Three Stability Classification Systems using
Surface and Radiosonde Data for Four Cities in the Western United States,"
Presented Amer. Meteor. Soc. Third Symposium on Atmospheric Turbulence,
Diffusion and Air Quality, Raleigh, N. Car., 1976.

R. V. Portelli, "A Comparative Study of ‘Experimeritally Measured Atmospheric
Stability and 'Star Program' Predictions,'" Presented Amer. Meteor. Soc.
Third Symposium on Atmospheric Turbulence, Diffusion and Air Quality,
Raleigh, N. Car., 1976.

A. P. Letizia, J. F. Silvey and S. L. Williams, "A Comparison of Sigma Theta
and Delta T as Measures of Atmospheric Stability,' Presented Amer. Meteor.

Soc. 4th Symp. on Meteorological Observations and Instrumentation, Denver,
Colo., 1978.

I. A. Singer and M. E. Smith, "Relation of Gustiness to Other Meteorological
Parameters,' J. Meteor. 10: 121-126, 1953.

I. A. Singer and M. E. Smith, "Atmospheric Dispersion at Brookhéven National

_Laboratory," Internat. J. Air & Water Poll., 10: 125-135, 1966.

F. Pasquill, "Atmospheric Dispersion Parameters in Gaussian Plume Models,
Part II: Possible Requirements for Change in the Turner Workbook Values,"

-Report EPA-600/4-76-030b, NTIS,-Springfield, va., 1976.

G. S. Raynor, P. Michael, R. M. Brown and S. SethuRaman, '"Studies of Atmos-
pheric Diffusion from a Nearshore Oceanic Site," J. Appl. Meteor. 14:
1080-1094, 1975.

G. S. Raynor and J.V. Hayes, "A Study of the Transport and Diffusion Climatol-
ogy of the U.S. East Coast,'" Presented Amer. Meteor. Soc. Conference on
Coastal Meteorology, Virginia Beach, va., 1976.

M. E. Smith, "Deficiencies in Data and Analyses for Environmental Impact
Statements,' Pres. 67th Ann. Mtg. Air Poll. Control Assn., Denver, Colo.,1974.

F. L. Ludwig and W. F. Dabberdt, "Comparison of Two Practical Atmospheric
Stability Classification Schemes in an Urban Appllcatlon " J. Appl. Meteor.
15; 1172-1176, 1976.

U.S. Nuclear Regulatory Commission, ''Safety Guide 23, Onsite Meteorological
Programs,' U.S. Nuclear Regulatory Commission, Washington, D.C., 1972.

D. B. Turner, 'Workbook of Atmospheric Dispersion Estimates, "Pub. No. 999-
AP-26, U.S. Public Health Service, Cincinnati, Ohio, 1969,

— /6 —.



Figures

Figure 1. Distribution of stability classes at fifteen coastal stationms.
Abbreviations refer to classes tabulated in Figure 2.

Figure 2. Flow diagram of the STAR program for computing stability class.

Figure 3. ~Diagram showing the relationship of the Brookhaven gustiness
classification to lapse rate and wind speed. ‘The boxes repre-
sent the mean plus and minus one standard deviation in each
direction. The arrow shows the adiabatic lapse rate.

Figure 4. The relationship between the Brookhaven gustiness classifica-
tion and the Pasquill stability classification as divided by
NRC into lapse rate classes and two division of lapse rate
classes.

Figure 5. The relationship between the Brookhaven gustiness classes and
the Pasquill stability classes and cy at 1 km.

" Figure 6. ‘Distribution of Brookhaven.data.by Pasquill, gustiness and
lapse rate classes.

Figure 7. Distribution of Pasquill stability classes by Brookhaven
: gustiness classes.

Figure 8. Distribution of Pasquill stability classes by Brookhaven
lapse rate classes. '

Figure 9. Flow diagram of the modified portions of the STAR program for
: computing stability class. :

Tables
Table 1. Distribution of stability classes with original and modified
.Jprogram.
Table 2. Per cent of Brookhaven cases in Pasquill stability classes

with original (above) and modified (below) program.

Table 3. © Per cent of cases at coastal stations in Pasquill stability
‘ . classes with original (above) and modified (below) program.






