Review of Nine Rural Air Quality Models
for AMS Steering Committee

by

Robert N. Meroney
Professor
Fluid Mechanics and Wind Engineering Program
Colorado State University

Member of Peer Review Panel

Fluid Mechanics and Wind Engineering Program
Civil Engineering Department
Colorado State University
Fort Collins, Colorado 80523

May 1982



1.0
2.0

3‘0

4.0
5.0

6.0

Table of

ABSTRACT ¢ ¢ « ¢ ¢ o o o
LIST OF TABLES « ¢ ¢ ¢ &« «
LIST OF FIGURES + + . + . .
LIST OF SYMBOLS « & ¢ & & «
INTRODUCTION & & ¢ & & « &
PROCEDURES '« ¢ ¢ o ¢ o o &
2.1 General Considerations

2.2 Qualitative Evaluation
2.3 Statistical Evaluation

Contents

. - . . . - .

by a Workbook
by Field Data

RESULTS OF WORKBOOK COMPARISON . . +. + &
3.1 Performance by Application Element .

3.2 OQverall Evaluation . .

. . L] - . L *

RESULTS OF STATISTICAL COMPARISON . . . .

RESPONSE TO AMS QUESTIONS .

. . - - . - .

CONCLUSICNS AND RECOMMENDATIONS . . « o .

REFERENCES ¢ o« ¢ ¢ o« ¢ o &

- - - - . . -

APPENDIX 1 = APPLICATION CLASSIFICATION
EVALUATION FORMS . . . . .

APPENDIX 2 = SUMMARY STATISTICAL TABLES
ET. AL. (1982), TABLES 4a-1
pp42"62..cc'.ootooa-.oooi

- . L] . - -

- L] - - . .

Approach .,
Comparison

* - L .

. - . L]

-
.
.

L L] .
L4 * .
- L] .
- . L]

Ll

L

-

- . - L] - - * .

AND MODEL

. - . * L] - L *

FROM LONDERGAN
THROUGH 9c,

APPENDIX 3 = WORKSHEETS FOR WORKBOOK CCMPARISON OF
TEN AIR-QUALITY MODELS ¢ « ¢ ¢ o ¢ & o o &

ini

fv

65

68

91



ABSTRACT

Nine air quality models have been evaluated for technical perfor-
mance characteristics including model physics, assumptions, range of
application, state~of-the-art techniques, Iinherent IImitations, and
clarity of documentation. Model performance statistics have been exam=-
ined to confirm or revise initial impressions found during the prelim-
inary evaluation. This work has been performed for the American
Meteorological Steering Committee responsible to the U. S. Environmental
Protection Agency, Office of Alr Quality Planning and Standards under

their mission to evaluate rural air quality simulation models.
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1.0 [INTRODUCTION

The Prevention of Significant Deterioration and nonattainment pro-
visions of the 1977 Amendments fto the Clean Air Act explicitly require
the use of air quality models. To decide in an objective manner which
models should be included in EPA's "Guideline on Air Quality Models",
EPA has undertaken a systematic evaluation of rural modeis. AMS through
a steering committee Is coordinating a peer review of ten air quality
models (COMPTER, CRSTER, MPSDM, MPTER, MULTIMAX, PLUME5, SCSTER, TEM-8,
3141 and 4141).1‘8 This report represents an evaluation of the above
models by a peer review panel member.

The review has been accomplished in three parts =~ a qualitative
comparison of modeling approaches on *echnical‘grounds,ja an evaluation
of statistical results from model/field concentration va!ues,m and a
considera?jon of a set of questions posed by the Woods Hole Confer-
ence." Chapter 2.0 discusses in some detail the foundation for such

evaluation.



2.0 PROCEDURES

This chapter discusses the historical framework for model evalua-
ticn (Section 2.1), the modified workbook comparison techniques (Section
2.2), and the details and limitations of the field comparison data (Sec-
tion 2.3).

2.1 Gener nsideration

A great deal of confusion continues to exist as to what evidence or
process Is adequate to establish evaluation, verification, validation,
or calibration of an air quality modei; Turner (1979) attempts to clar-
Ify any semantic differences between these 'i*‘erms.]5 Specifically he
defines Performance Evaluation as:

Determining the performance of a model

for different conditions through a

particning of the data.
Egan et. al. (1981), Hilst (1978), and Fox (1981) summarize various
workshops prepared to consider the problems of air quality model
vaiidafion.’i-}z Most participants identified problems in the areas of
intent of use, reliability of data sets used to evaluate models, and the
statistical nature of the actual comparison between models and fileid
data.

The Woods Hole Conference recommended basing performance evaluation
on the magritude of differences between observed and predicted concen=-
trations. The reccmmended performance measures were the bias (average),
the variance (noise), and the gross variability (gross error) of the
differences. Correlaticn measures in space and time were also con-
sidered helpful. Nappo (1980) and Venkatram (1981) emphasize that
dispersion models predict averages of ensembles of observations made

over those atmospheric conditions which have been assumed and parameter=-

ized, rather than single observations made by a particular monifor.zo’zi



Model validations based on comparison of predicted with observed concen-
trations without taking Into account such natural variability of the
observations may not be very meaningful. Rao and Visalli (1981) among
others emphasize the importance of extreme value theory to qualitatively
and quantitatively evaluate the performance of modeis‘m?9 Such estimates
are important as long as regulatory needs specify limitations on first
or second highest expected values.

Indeed VWoods Hole participants felt "strongly" +that scientific
judgement (ie. scientific performance == or recognition of cause-and-
effect relationships) might prove to be the only efective method to dis~-
tiguish between models (Fox (1981)). This leads to the "qualitative"
type of evaluation provided by the use of a modified "Workbook" approach
found in Chapter 3.0 and the response to Woods Hole Questions (Appendix
1) found in Chapter 5.0.

Despite the variety of emphasis within the recent liberature it Is
clear that the engineering and scientific concensus recommends a bal-
anced approach which includes both "scientific" as well as "operational®
criteria. Indeed recent articles by Wilson, Cox, and Mackay (1982) and
Trout (1982) both recommend that air quality models be examined with
respect to their regulatory characteristics, ability to reproduce moni-

tor data, and physically correct foundafions.‘é’}7

Wilson, et. al.
(1982) provide a decision flow diagram for evaluating a proposed air
qual ity model. It is the intent of the next report sections to speak to

such procedures.

2.2 Qualitative Evaluation by a Yorkbook Approach

I+ is not necessarily possible or prudent to judge one model
"petter" or "worse" than another in an overall sense. Each air quality

model represents the synthesis of many submodules each potentially



different. These submodules deal with such details as source/receptor
relationships, Input sources and meteorological conditlions, advection or
dispersion processes, plume frajectories, and removal processes, terrain
corrections, etc. For a given application the combination of submodules
in one air quality model may produce more or less reliable results then
another air quality model in a different application environment,
Nonetheless it shall be assumed that If a given model contains a set of
modules each which appear more "scientifically sophisticated,”" more "up
to date", and speak to a wider range'of atmospheric and terrain situa~
tions then it should be judged "better" in that the user Is more likely
to receive reliable guidance through its use.

The EPA (1978) has recommended the use of a "Workbook for Compari-
son of Air Quality Models" fo guide the approval of alternate models to
those included in the official "Guideline on Air Quality Modets."18
This workbook describes a technique for the qualitative comparison of
model ing approaches on  technical grounds. The  procedure s
application-specific; that 1is, the results depend upon the specific
sltuation to be modeled. Normally the user identifies both the applica=-
t+ion of interest and an asscciated EPA "reference model." This reference
model serves as a standard of comparison against which the user gages
the "study model" being evaluated. The models are compared by the way
in which each model treats twelve submodules of atmospheric dispersion
called "application elements." These "elements" represent physical and
chemical phencmena that govern atmospheric pollutant concentrations,
The importence of each element to the application is defined in terms of
an importance rating. The iIndividual comparisons, together with their
asscciated importance ratings, form the basis upon which the final com-

parative evaluation of the two models is made. Figure 1 reproduced from



the workbook displays a block diagram for the procedure for the compari-
son of air quality simulation models. Figure 2 indicates how the indi-
vidual application elements interact +to predict concentrations. The
workbook contains tables of importance ratings for different application
situations, tables to guide +the user when examining each application
element, and forms upon which to register comments and conclusions,

The workbook approach is applied herein to the Intercomparison of
the ten rural alr-quality models with certain revisions. First, each
alr quality model (CCMPTER, CRSTER, MPSDM, MPTER, MULTIMAX, PLUMES,
SCESTER, TEM-8, 3141, and 4141) Is chosen in sequence as the reference
model and intercompared with all other models. Second, the range of
possible applications for all the models was examined In terms of the
workbook classification scheme (see Figure 3), and a set of possible
common applications identified. Third, since all comparisons were gen=-
eric rather than specific no application element category was deemed
"eritical." Fourth, even application elements deemed "irrelevant" to a
given application wvere evaluated for qualitative submodule standing.
Finally, although the workbock only stipulates a study model is BETTER
t+han, COMPARABLE to, or VWORSE than a reference model, I chose +to
categorize model behavior as

1) a LOT BETTER than (B2},
2) a LITTLE BETTER than (Bl),
COMPARABLE to (C),
3) a LITTLE YIORSE than (W1), or
4) a LOT WORSE than (¥2)
some reference model. This division was used because differences
between models were often slight or subtle. A complete set of evalua-

tion forms are included here for reference (see Figures 4 to 8). An



BEGIN

{

1. CLASSIFY APPLICATION

¥

2. DOCUMENT STUDY
MODEL EQUATION

y

3. CHECK COMPATIBILITY
OF STUDY MODEL
WITH APPLICATION

|

Y

4. CLASSIFY STUDY

y

REFERENCE MODEL

5. IDENTIFY 6. REVIEW AND MODIFY

IMPORTANCE RATINGS
IF NECESSARY

7. DETERMINE TREATMENTS
2 OF ELEMENTS

MODEL

BY BOTH MODELS

|

8. COMPARE TREATMENTS OF
EACH ELEMENT BASED ON
RELATIVE LEVEL OF DETAIL

i

9. COMBINE TREATMENT COMPARISONS
WITH IMPORTANCE RATINGS

!

RESULT:
COMPARATIVE EVALUATION

Note: Numbers in the boxes refer to the steps in the comparison procedura
P
as given in Table 2.1.

Figure 1.

Procedure for the Comparison of Air

Quality Simulation Models




9. CHEMISTRY AND
REACTION MECHANISM

(SECONDARY PRODUCTION)
(CHEMICAL REMOVAL)

TRANSPORT CHARACTERISTICS

PREDICTED

4. PLUME BEHAVIOR
11. BACKGROUND 5. HORIZONTAL WIND FIELD
BOUHDAKY 6. VERTICAL WIND FIELD
AND INITIAIL R e
CONDITIONS 7. HORLZONTAL DISPERSION
8. VERTICAL DISPERSION
EMISSTON CHARACTERISTICS
1. SOURCE-RECEPTOR RELATIOHSHIP 12. TEMPORAL
2. EMISSION RATE CORRELATIONS
3. COMPOSITION OF EMISSIONS
Hote:

Figure 2.

Pollutant Concentrations

CONCENTRATION

10.

PHYSICAL REMOVAL
(DRY DEPOSITION)

(PRECIPITATION
SCAVENGING)

Temporal cor-elations relate the time variations of all other application elements.

Application Elements as Major Factors Affecting



INDE X
NUMBERS
INSERT APPROPRIATE
NONE NUMBERS IN THE
QEG”‘ BOXES PROVIDED:
HEM
PRIMARY L CHEIICAL 2
Y PHYSICAL 5
CHEMICAL & PHYSICAL A
1 A. poLLUTANT / L
CHARACTERISTICS NONE 5
CHEMICAL
SECONDARY 6
N\~ PHYSICAL 7
CHEMICAL B PHYSICAL |
LONG-TERM
Y 8. AVERAGING -~ ! B
' TIME N_SHORT~TERM | )
POINT
l
LIMITED / AREA ]
2
Y C. SOURCE / \ LINE 3

CHARACTERISTICS
\ MULTIPLE/COMBINATION

SHORT-RANGE

——

COMPLEX

N _LONG-RANGE

Y 0. TRANSPORT / 2
' CHARACTER!ST!CS\ SIMPLE /SHORT-RANGE 3
4

N LONG-RANGE

Form the application index by transferring the four index numbers 1into
the corresponding boxes below:

\___.‘_AP?UCAT?OH Al sl [c] 0

INDEX

Figure 3. Application Classification Form



Study Model:

References:

Abstract:

Classification:

Application Index: Reference Model:

Application Description:

Model Applicabilitv: Applicable Not Applicable

Figure 4. Evaluation Form: Part A:
Abstract and References
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Study Model:
Equations:

Figure 5. Evaluation Form: Part A (reverse):
Equations ‘



1

Application Index:

Application Importance Rating

Element Initial Modified?

Source~Receptor Relationship
Emission Rate

Composition of Emissions

Plume Behavior

Horizontal Wind Field

Verfical Wind Field

Horizontal Dispersion

Vertical Dispersion

Chemistry and Reaction Mechanism
Physical Removal Processes
Background, Boundary, Initial Conditions

Temporal Correlations

qWith the exception of the designation of IRRELEVANT elements, it is expected
that at most one CRITICAL designation and possibly one other modification
may be made.

‘Figure 6. Evaluation Form: Part B:
Importance Ratings



Application Element:

Application Index:

Application Element:

Reference Model:

Treatment:

Reference Model:

Treatment:

Study Model:

Importance Rating:

Comparative Evaluation:

Treatment:

Figure 7.

Study Model:

Importance Rating:

Comparative Evaluation:

Treatment:

Evaluation Form:

Part C:

Treatment of Elements

¢l



Application Index:

Reference Model: Study Model:

Importance Rating
of Application

Number of Treatments

Comparative Rating
of

Elements Total BETTER COMPARABLE WORSE Study Model
CRITICAL
HIGH
MIDIUM
LOW
IRRELEVANT —— XXX XXX XXX
Total (Should equal 12)

TECHNICAL EVALUATION

Figure 8. Evaluation Form: Part D: Technical Comparison

€l
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additional form (Figure 9) is introduced to permit overall Intercompari-
son of the various models,

Chapter 3.0 contains the results of the workbook comparison, Appen=-
dix 2 reprecduces the work copies of the forms produced during the
evaluation of each model.
2,3 gStatistical Fvaluation by Field Data Comparison

TRC Environmental Consultants, Inc., working under contract to EPA,
has assembled an air quality data base, setup and run the dispersion
models, and produced statistical comparisons of observed and predicted

10 This is +the first time statistical tests of this sort

air quality.
have been applied to a group of models by EPA.

Other studies such as Londergan et. al. (1980) have examined model
reliability by statistical means. |In this case seven models recommended
by EPA for evaluating air quality impacts of stationary sources were
considered: RAM, RAMR, CRSTER, PAL, PTMTP, TEM5 and VALLEY.'* Model
performance statistics were developed for six separate sets of field
data (Hanford 67, Green Glow, NRTS, TMI, and Ocean Breeze) for near
grond releases for flat rural terrain, for six separate sets of statis-
tics (Dry Gulch, Shoreline, Woodlot, St. Lous, Rancho Seco, and
Paramount) for near ground releases with surface roughness, for four
separate sets of statistics (Hanford 67, Ranchc Seco, Karlsruhe, and
Fort Wayne) for elevated releases from a fixed height, énd for three
separate sets of statistics (Goodyear, Benecia, and Garfield) for
elevated buoyant releases. The authors ccmpared mean predicted values
to mean observed values (and maximum ten values predicted to maximum ten
values observed) rather than examine difference statistics.

The Londergan et. al. (1980) report results, taken fogé?her, demon=~

strate that the standard EPA dispersion models are not reliable within a
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APPLICATION ELEMENT:

COMPTER
CRSTER

MULT IMAX
PLUMES
SCESTER

MPSDM
MPTER
TEM 8

3141/4141

COMPTER

CRSTER

MPSDM

MPTER

MULT IMAX

PLUMES

SCESTER

TEM 8

314174141

Ratings: B2:
B1:

Wl:
We:

Figure 9.

A lot better

A Tittle better
Comparable

A little worse
A lot worse

Application Element
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factor of Z for predicting concentrations for characteristic dispersion

conditions at most !ocaﬂons.M

Model performance was highly uneven,
and included systematic departures from observed dispersion behavior
even for flat rural conditions,

The more recent results, Londergan et. al. (1582), produced for the
current intercomparison are more limited in application scope.30 Only
one site was examined In detail. The data for the Clifty Creek plant in
the Ohio River Valley for the years 1975 and 1976 were selected as the
most suitablie part of the American Elec%ric Power Corporation (AEP) data
set for evaluating rural models.

The Clifty Creek plant, operated by the Indlana~Kentucky Electric
Corporation, is a coal-fired, base-load faci*ifyA!ocafed along the Ohio
River in southern Indiana. Three 208-meter stacks were used +throughout
the study period to vent plant emissions. Terrain surrounding the plant
includes low ridges and rolling hills. Hill and ridge tep elevations do
not exceed stack height

Hourly air quality data were measured by continuous 802 monitors at
six stations ranging from 3 to 15 kilometers from the Clifty Creek
plant., Hourly meteorological data ccmpiled in the stancard format frem
the Meteorological Preprocessor Program (CSRTER) were utilized as input
infcrmation. All data were interpolated to 7 meters for input Yo the
models, which subsequently used their respective, interval wind-profile

algorithms to extrapolate fo stack-height values. All programs were

modified to accept hcurly 502 emissions data.
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Table | lists the statistical comparisons recommended by the AMS Woods
Hole workshop. The methods used to accomplish these comparisons are
detailed in Londergan et. al. (1982). 1| will assume +that all values
produced are mathematically correct, the methodology appropriate and the
results significant. I+ is obvious that the statistics contain a mass
of information. Due To time and resource constraints | have limited my
examination of the data to the summary tables.

TRC and EPA agreed because of the particular application selected
(Clifty Creek) that MPTER, CRSTER, and‘PLUME5 would predict equivalent
concentration values. Therefore, evaluation statistics were prepared
for only eight models including MPTER. In addition modifications were
made to several of the computer codes +to permlf use of +the CRSTER
preprécessor program and obtain model predictions appropriate for com=
parison wi?h‘observed concentrations,

Although the modification of the subject programs may have been
practically necessary; | find the adjustments unfortunate, since one
disengages the original submodules whose '"scientific" evaluation sug-
gested one model was preferable to another. [f is also significant that
many of the more sophisticated adjusiments for terrain height and inver-
sion height become effective only as terrain height exceeds stack height
- an option not examined by the Clifty Creek data set.

Finally, although the purported intent of the exercise is to cri-
tique model skeletons and submodules the data only reflect the total
operation of the program. It is certainly pcssible a given submodule
.element is superior in one program to another, yet the fotal model per=
formance may not refle¢+ this fact.

Chapter 4.0 sﬁmmarizes the results of statistical model compari=

sons, The comparisons are created using the form displayed in Figure 9.



Table 1.

Summary of Data Sets for Rural Model Evaluation with Clifty Creek Data Base
(Suggested by Woods Hole Report.)

A.

Peak Concentration
Cowpacisons

(A-1)

(A-2)

(A-la)

{A-3b}

{h-4a)

(A-4b)

(A-5)

Compare highest observed value
for each event with highesat
prediction for same event (palred
in time, not location)

Compare highest observed value
for the year at each monitoring
statlon with the highest
prediction for the year at the
same statfon (palced In location,
not time)

Compare waximum observed value
for the year with highest
predicted values representing
different time or space palring
{fully uvopalred; paired in
locatioun; palred In time; palred
in space and tlime)

Compare maximum predicted value
for the year with highest
obgerved values for varlous
paleings, as in (A-3a)

Compare highest N [=25) observed
and highest N predicted values,
regardless of time or location

Compare highest N (=25) observed
and highest N predicted values,
tequrdless of tiwme, for a given
monitoring locatfon. (A total of
six data sets.}

Same oog {(A-43), but tor subsets
ot events by meteotoloyical
conditions {stability and wind
speed} .

u.

All-Coucentrations {B~1})
Cumparisons

(8-3)

(B-4)

Compare obuserved and predicted values
at a ylven station, patred in time {a
total of slx data setsg).

Compare observed and predicted values
at all stations, palred in time and
location (one data set).

Same as (B-3), Lut for subsels Of
events by meteorological conditions
{stability and wind speed).

8l
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A rating scale similar to the workbook scale was used, ie., B2, B!, C,
W1, and W2, Appendix 2 reproduces the summary data tables form Londer=-

gan (1982) - Tables 4a-1 to Table 9c.
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3.0 RESULTS OF WORKBOOK CCMPARISONS

The procedures followed during this "scientific" evaluation which
emphasizes model structure rather than results is described in the EPA
(1978) Workbook. Modifications to the normal approach followed for this
evaluation are discussed in Section 2.2,

In addition two summary tables are provided which permit rapid
intercomparison of the subject air quality models. Table 2 compares the
models in the same format suggested by Londergan et. al. (1980), (see
Table 3-1, pp 21). This table emphasizes source-receptor features of
each model, regions for applications, dispersion coefficients, and wind
shear treatment., Differences in source-receptor relationships were not
tested during the statistical study since all models were modified +to
calculate at the six specific moniter locations required by a Clifty
Creek simulation. Table 3 summarizes program options. Program documen=

t+ation is reviewed in Table 4,



Table 2.1 Features of Air Quality Models

-

Allowed Numben

Model Sources Receptors Region(s) for Dispersion Reference Wind Profile Exponents
Poiut Arca Line Application Coefficients Height (m) A B c 1] E F G
COMPUTER 30 X ® 200 urban or rural, Pasquil-Gifford 7 0.10 0.15 0.20 0.25 0.30 0.30 0.30
polar, flat or uneven & Pasquil accel
rectangular terrain
us
CRSTLR 19 X X 180 urban or rural Pasquil-Gifford 7 0.10 0.15 0.20 0.25 0.30 0.30 -
polar coord flat or uneven
grid
5 radius US
HESDH 35 X X 128 US urban or rural ASME or 10 or US 0.09 0.11 0.12 0.14 - 0.20 -
(35 monitors) flat or uneven us A or US
Pasquil Accel
HMPTER 250 x x 180 veceptor rural uneven Pasquil-Gifford us 0.07 0.07 0.10 g.15  0.35 0.35 -
polar coord or terrain Pasquil Accel® or US (Zo ~ 0.03 m)
Exp Depletion
MULTIMAX 100 X X 300 urban or rural Pasquil-Gifford 7 oxr US 0.10 0.15 0.20 0.25 0.30 0.30 -
polar or rect flat or uneven
grid or US
10 loca~-
tions with o
PLUMES 15 stocks  x X polar or urban or rural Pasquil-Gifford 10 % 0.10 0.15 0.20 0.25 0.30 0.30 0.30
colected square Pasquil Accel®
at each arrays
location
SCESTER 60 X P 600 urban or rural Pasquil-Gifford 7 or US 0.10 0.15 0.20 0.25 0.30 0.30 0.30
polar, rect or flat or uneven or US
UsS (15 rings)
TEH-8 300 50 X 2500 max flat level rural Pasquil-Gifford 10 0.10 0.15 0.20 0.25 0.30 0.30 -
50 x 50 terrain Exp. Depletion
3141/ 19 b3 X 180 urban or rural Pasquil-Gifford 7 G.10 0.15 0.20 0.25 0.30 0.30 0.30
4141 calcu~ polar coord flat or uneven Briggs Accel O

tated

5 radius US

o Modification of bolh '5; & a,, weighted as square

1Y Modification to bLoth ”g & . vertical distance adjustment
#* Modification of o only, weighted as square

gS ~ Arbitrary or User Specified

Extrapolates to other heights HS under different situations of stable layer penetration

¥4



Table 3. Model Options

Svurce Condtions Plume Rise and Dispersion Terrain and Mixing Layer Height Adjustments
Variable Variable Plume Rise Wind Includes Mixing Stuble Percira-
MUDEL Poiut  Area Line Source Variuble Stack Howentum Plume Accelerated Flares Shear Preprocessor Layer Terrain ‘ferrain Layer Fumi- tion of
Streagth Height  Down- Rise Rise a Adjust-  Program Height Follow- lumpact  Pene- gation Mixed
wash ment ing tration Layer
CONPTER J J J J J N J 816D
CRSTER J J J J J J* J FGb
NEsH J J J J J J J (v I () v J
NETER 4 J J J J J J J SI1GD
MULTIMAX J J J g J kA
PLUCS J J J J J J J J v J v Y
SCSTEK J J J J J J N FGD J
16D
SICh
TEN-8 J J v J J J ¥ J J
Ju/ais J J J J J SIGD ?
Depletion Mechanisms Receptor Characteristics ro
Back~ ™
Chewi= Depo= Scav=  Deple~ ground Run Max 2nd Hax
MODEL  cal sition cuging tion Concen- Auto- 10 min 30 min 1 hr 3 hr 24 hr Variable Average Annual Conc. Conc.
tration grid
Adjust=
went
COMPTER J 4 J I J J J v
CRSTER J J J J J J J N
neson J ¥ J J J J J ¥ ¥ ¥
MPTER J J 4 J J 4 4 J v v
HULT 1HAX J J J { 4 J J
PLUES J J J 4 J J J v J
SCSTER J J J J J J J v
1EH-8 v J J J J { v J
314174141 J N J J V ¥ J
Notes: * Uses CRSTER Preprocessor Program

160 Intermediate ground displacement (H-c¢AZ)

SIGD  Strutitication adjusted intermediate ground dxsplacement (M-a2 + F AZ) where F = f(stability)
Rila Recoptor-beight adjustement 2% = % /2, Z £ K-10

FaD  Full grownd displocoment (= AZ) “recept

v ferrain adjustment depending on location wrt W and top or base of stable layer



Table 4. Documentation

Rating of Documentation

Limitations Assumptions Accuracy Verification Sensitivity Easy to Stands Clear

MODEL Clearly Stated Stated Study Study Use Alone Writing
Stated Included Style

COMPTER v v

CRSTER J J J v c J J ¥

MPSDM J J J J ¥

HPTER J J J J J

MULTIMAX S S J c J J

PLUMES v/C

SCSTER R R J J J

TEM-8 J J J J N

3141/4141 J R R J J J

Notes: Spread through report

S

v Comparison to field Data

C Comparison to other semi-empirical model results
R Referenced in other articles or reports

€¢
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3.1 e nce b i ement

There are twelve application elements identified by the workbook.
They are:

- Source-Receptor Relationships,

- Emission Rate,

- Composition of Emissions,

= Plume Behavior,

- Horizontal Wind Field,

-~ Vertical Wind Field,

-~ Horizontal Dispersion,

- Vertical Dispersion,

- Chemistry and Reactlon Mechanisms,

- Physical Removal Processes,

- Background, Boundary, Initial Conditions, and

- Temporal Correlations.

One might note here that the Clifty Creek data +tfreatment essentially
eliminates any possiblity of comparison of the models features related
to five of these categories, ie. source-receptor relationships, emission
rate, ccmposition of emissions, chemistry and reaction mechanisms, and
physical removal processes.

The EPA (1978) workbook provices numerous tables to subclassify
model physics, assumptions and capabilities. A table subcafegory has
been noted for every mccel for each factcr identified under each appli-
cation element heading. These codes are summarized in Table 5 of this
repor+, and reflect notations found in Tables 5.1 to 5.15 of the work-
book. A quick examination of Table 5 suggests that the foundation phy-
sics in most of the air-quality models studied depend on nearly identi-

cal algorithms. This suggests any magnitude differences which exist
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Table 5. Application Element Comparison Chapter 5 EPA Workbook for Comparison of Air Quality Models

@ P z
APPLICATION 2 = o~ S ™ o o
ELENENTS s % § E =2 g £ £ & e 3
: 2 £ 2 & & 2 : & &8 &%
e %) 5] S =2 & g b & & o
Source Receptor Relationship
Horiz. Source Location 5.1 a pl p3 pl pl pl pl p3 pl p3
Release Height b pl pl pl pl pl pl pl p2 pl
fownwind Crosswing c pl pl pl pl pl pt pl pl pl
Source Orientation d - - - - - - - -
Receptor Location e lor 3 lor lor 1lor 1or lor 2 3
3 3 3 3 3 3
Receptor Height (Ten) £ 2 2-7 2 2 2 2 2 7 2-7
Emmission Rate 5.2
Spatial s pl pl pl pl pl pl pl p-1 pl
A-2
Temporal t 1 3 1 1 5? 1 1 5 3
Composition of Emissions 5.1
Chemical cc - - - - - - 1 - -
Size Distribution s 7 7 7 7 7 7 7 7 7
Plume Behavior 5.4 43 ba 4a 4a 4a 4a 4a 4a b4a
Horizontal Wind Field 5.5
Horiz. Location 4 4 4 4 4 4 4 I 4
Height 6 6 6 6 6 6 6 6 6
Time 2b 2b 2b 2b 2b 2b 2b 4 or 2b
2b
Vertical Wind Field 5.6 ba ba b4a 4a 4ba 4a 4a 4b 4a
Horizontal Dispersion 5.7 ba b4a b4a b4a 4a 4a 4a 4a 4a
Stability 5.8 2b 2b 2b 2b 2b 2b 2b 2b 2b
Surface Z 5.9 3 3 3 3 3 3 3 3 3
Basis for © 5.10 3 3 3 3 3 3 3 3 3
Vertical Dispersion 5.7 4a 4a 4a 4a ba 4a 4a 4a 4a
Stability 5.8 2b 2b 2b 2b 2b 2b 2b 2b 2b
Surface Zo 5.9 3 3 3 3 3 3 3 3 3
Basis for o 5.10 3 3 3 3 3 3 3 3 3
Chemistry & Reaction Mechanism 5.12 7 7 7 7 7 7 6 7 7
Physical Ramoval Processes 5.13
Dry Deposition 4 4 4 2b 4 2b 2b 2b 4
Precip. Scaveng. 3 5 S 5 5 5 5 5 5
Background; BC, IC 5.14 a 3 3 2 4 2 3 2 3 3
Upper BC. b 1 1 1 1 1 1 1 2 1
Lower BC. < 2 2 2 2 2 2 2 3 2
Temporal Correlations 5.15 la ic la 1c lc la la 3 lc
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Table 6. APPLICATION ELEMENT: _Source Receptor Relationship
Application: 1143/1243

Importance: M/M

Ref. < =
Model g o - w = w0 é 09 3
Study < 5 a - 5 3 0 = -
Mode]l a3 S s s 2 = b = ™
CRSTER W2 Tl w2 | w2 | owe Wl w2 | W2 | ¢
MPSDH c B | "¢ |c¢c C C | Bl | B2
MPTER c B2 C - C o c B1 B2
MULT IMAX C B2 | ¢ c c c Bl | B2
PLUMES C |81 |c¢C c |¢c ) C | Bl | B
SCESTER C B2 C C C C i B1 B2
TEM 8 W1 B2 (W1 | Wl | w W1 W1 B B2
3141/4141 W2 | ¢ W2 | W2 | w2 W1 W2 | W2 )
Ratings: B2: A lot better
Bl1: A little better
C : Comparable
Wi: A Tittle worse

W2:

A lot worse
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between program predictions are the result of matters of detail rather
than overall model approach. Indeed it is somewhat discouraging to find
results scatter so widely considering the class family resemblances.
ource Receptor Relati :

There are six factors considered:

- Horizontal location of sources,

- Release heights,

- Downwind and crosswind distances,

- Orientation of area and line sources,

=~ Horizontal location of receptors, and

- Height of receptors.

Model interccmparison as shown on Table 6 suggests +that COMPTER,
MPSDM, MPTER, MULTIMAX, PLUMES , and SCSTER are nearly equivalent.
CRSTER, 3191, and 4141 models are |imited by the requirement for co-
location of sources. TEM=8 is limited to flat terrain.

ission Rate:

Spatial and temporal resolution is considered in evaluating emis~
sion rate. COMPTER, MPSDM, MPTER, PLUME5, and SCSTER are comparable as
noted in Figure 7. MULTIMAX and TEM-8 are somewhat less desirable
because they are limited to constant (temporal) emission rates. CRSTER,
3141, and 4141 specify monthly veriations in emission rate rather than
hourly.

Composition of Emissions:

None of the models are very ambitious with respect to freatment of

chemiczally reacting gases or particles which may be depleted by scaveng~-

ing or fallout Nonetheless PLUMES stands out as a model which includes

special features to handle NO2 and decaying compounds (see Table 8).
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Table 7. APPLICATION ELEMENT: Emission Rate
Application: 1143/1243 ‘Importance: M/M
Ref. < =
Model . o =3 © & =
— L = o — L = o) ~
Study B A a = = 5 b = o
Model 3 & S & 2 = A b -
M -
COMPTER :3] C C B1 C C B] B1
CRSTER W1 - W1 W1 c W1 W1 B] C
MPSDM -
C B] C B1 C C B] Bl
MPTER -
’ C B1 | ¢ Bl C C B1 | B
MULT IMAX Wio|oc Wi ow ) Wil wi| Bl | ¢
UM -
PLUMES C B1 C C B1 C B1 B]
SCESTER c B1 C C B1 c - B1 B2
TEM 8 W1 W1 W1 W1 W1 W1 W1 - W1
3141/4147 W1 C W1 W1 C W1 W2 | Bl -
Ratings: B2: A lot better
B1: A little better
C : Comparable
Wl: A Tittle worse

W2 :

A lot worse




Table 8. APPLICATION ELEMENT:

29

Composition of Emissions

Applications: 1143/1243 Importance: L or I
Ref. >¢ =
Model o o < - oz —_
;&- Lt = o »-2-3 d & fon] S:.
Study | B R = 5 2 = s
Model =} 5 % % g Bf b'; g ™
COMPTER - C C C C W1 C C C
CRSTER C - C C C W1 C C C
MPSDM C C - C C W1 C o C
MPTER C C C - C Wi C C C
MULTIMAX C C C C - W1 C C C
PLUMES B1 Bl B1 B1 B1 - B1 B1 B1
SCESTER C C C C C W1 - C C
TEM 8 C C C C C W1 C - C
3141/4141 C C C C C W1 C C _
Ratings: B2: A lot better
Bl: A little better
C : Comparable

W1:
W2 :

A little worse
A lot worse
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Treatment of Plume Behavior:

This element considers whether a validated plume model is used and
whether it accounts for downwash, momentum effects, fumigation, or vari-
able plume rise. All of the models calculate an effective stack height
for emissions based on the Briggs bucyant plume rise formulations. MUL-
TIMAX, TEM-8, and MPSDM use distance dependent plume rise formulations.
The other models use final plume rise for calculating effective stack
height at all distances from the source. It appears that an option
exists to use variable plume rise in COMPTER, CRSTER, PLUME5, SCSTER,
and MPTER. Some models permit adjustments for momentum rise and other
adjust for tip downwash. Table 9 suggests PLUMES and MPSCM are supe-
rior.

Treatment of Horizontal Wind Field:

Treatment of Vertical YWind Fiefd:

All models treat these elements similarly (Tables 10 and 11).



Table 9. APPLICATION ELEMENT:
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Plume Behavior

Application: 1143/1243 Importance: M/H
Ref. >< =
Mode] Sl x| _ | .| S| w8 5
Study o = = o —_ S 9 o =
Model 3 44 =4 & = = S & =
o (o = = = Q. w) f oy
COMPTER - C W2 C- C- W2 C W1 C
CRSTER C - W2 C- C W2 C W1 Wl
MPSDM B2 B2 - B1 B2 W1 B2 C B2
MPTER C+ C+ W1 - C+ W2 C+ W1 C+
MULT IMAX C+{ C W2 C- - W2 C Wi C+
PLUME 5 B2 B2 B1 B2 B2 _ B2 B1 B2
SCESTER C C W2 C- C W2 _ W1 C
TEM 8 Bl B1 C Bl B1 W1 Bl _ B1
314174141 c C- C- W2 B1 W2 C W1 -
Ratings: B2: A lot better
Bl: A little better
C : Comparable
W1 A Tittle worse
W2: A lot worse
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Table 10. APPLICATION ELEMENT: Horizontal Windfield
Application: 1143/1243 Importance: M/M

:Sleg'l = <
cde oc <C o —
Study g“f & = . = @ = - e
Model = 2 e b o = % - =
COMPTER - C C C C C C C C
CRSTER C - C C C C C C C
MPSDM C C - C C C C C C
MPTER C C C - C C C C C
MULTIMAX C C C C - C C C C
PLUME5 C C C C C - C C C
SCESTER C C C C C C - C C
TEM 8 C C C C C C C _ C
3141/414) C C C C i C C C o -
Ratings: B2: A lot better
Bl: A little better
C : Comparable
Wl: A little worse
W2: A lot worse




Table 11. APPLICATION ELEMENT:
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Vertical Wind Field

Application: 1143/1243 Importance: L or I
Ref. i = o <
Model b & = o = o - o3 <
Study = 5 a = 5 = o = =
Model ] S = S 2 = 3 = -
COMPTER - C C C C C C C C
CRSTER C - C C o C C C C
MPSDM C C - C c C C C o
MPTER cClc | C | -p Cp e Pl
MULTIMAX c C C o - c c C c
PLUMES ¢ c C C C| - c c C
SCESTER C C C C C C - C C
TEM 8 C C C C C C C - C
3141/4147 C C o C C C C C _
Ratings: B2: A lot better
Bl: A little better
C : Comparable
Wi: A little worse

W2

A Tot worse
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eatment ori ica is ion:
The Pasquill-Gifford dispersion coefficients are used by each model
except MPSDM, In MPSDM, the ASME dispersion coefficients are used in
the Gaussian equation. TEM-8, 3141, and 4141 enhance the dispersion
ccefficients To cerrect concentrations to effective averaging times of
one hour. Tabulated Pasquill=Gifford and ASME coefficients are based on
data most of which are averaged over ten minutes.
‘Several models enhance dispersion coefficients for entrainment dur-
ing vertical plume rise. COMPTER, MPSDM, PLUME5, 3141, and 4141 enhance
a“%. MPSDM, PLUMES5S, 3141, and 4141 enhance G’y.
PLUMES and SCSTER correct dispersion for wind shear effects.
Overall PLUMES appears to be most flexible. MPSDM, MPTER,
3141/4141, and COMPTER are somewhat less desirable as noted in Tables 12

and 13,



Table 12. APPLICATION ELEMENT:

Application: 1143/1243
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Horizontal Dispersion

Importance: M/H

Ref. e ;
Model =5 o = . & =
Study & e = & - S % 03 >~
Model & 2 2 = = = S & =
(2 2 = = = Q. wy Fer [ag]
COMPTER - C W1 Wi C W2 C C W1
CRSTER C - W1 W1 C W2 C C W1
MPSDM B1 B1 - C B1 W1 B1 B1 C
MPTER B1 B1 C - B1 Wi B1 Bl C
MULTIMAX C C W1 W1 - W2 C C W1
PLUMES B2 B2 B1 B1 B2 - B2 B2 B1
SCESTER C C W1 W1 C W2 - C Wl
TEM 8 C C W1 W1 C W2 C - Wi
314174141 B1 B1 C C B1 Wi B1 B1 -
Ratings: B2: A Jot better
B1: A little better
C : Comparable
Wi: A little worse

W2

A lot worse




Table 13. APPLICATION ELEMENT:
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Vertical Dispersion

Application: 1143/1243 Importance: H/H
Ref. >< -
Model & o = w0 & -~
= o = o lend Lt = o2 ~
Q. o fam ) i | ol = vy P
Study 5 & & 5 3 = =] = =
Model < © = = = o bt = o
COMPTER - Bl W1 C B1 Wi B1 B1 C
CRSTER W1 - W2 W1 C W2 C C Wi
MPSDM B1 B2 - B1 B2 Wl B2 B2 B1
MPTER C B1 W1 - B1 W1 B1 B1 C
MULTIMAX Wl c W2 Wl - W2 C C W1
PLUMES B1 B2 B1 B1 B2 - B2 B2 B1
SCESTER Wi C W2 Wl C W2 - C W1
TEM 8 W1 C W2 Wl C W2 C - Wl
3141/4141 C B1 W1 C B1 Wi B1 B1 -
Ratings: B2: A lot better

B1: A little better
C : Comparable

Wl: A Tittle worse
W2: A lot worse
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hemi eaction echanisms:
si em rocesses:

Most models are only suitable for long or short term +transpert of
Inert gases such as 502 or CO2 or particulates of size less than 20 .
The exception (Table 14) is PLUMES which includes an option to consider
exponential decay mechanisms and/or ozone limiting procedures.

MPTER, PLUME5, SCSTER, and TEM-8 include an exponential decay
option with a prespecified half-life, This option is suitable to adjust
for dry deposition

Tables 14 and 15 reflect these model improvements.

kground unda nd Initia nditions:

This element accounts for mechanisms to adjust for variations in
mixing layer and terrain height. Some models account for mixed layer
penetration, all but TEM-8 make some adjustment for receptor location
and - terrain variation. PLUMES and SCSTER permit terrain impact under
certain conditions. MPSDM and PLUME5 contain the most desirable combi=-

nation of conditions (see Table 16).



Table 14. APPLICATION ELEMENT:
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Chemistry and Reaction Mechanisms

Application: 1143/1243 Importance: L or I
Ref. >< =+
Model o P s w0 & -~
— ] = o — L — 03 ~.
Study & s & = = 5 ! = s
Model 3 3 & < 2 o b b p
COMPTER - C C C C W1 C C C
CRSTER C - C C C W1 C C C
MPSDM C C - C C W1 C C C
MPTER C C C - C W1 C C C
MULTIMAX C C C C - W1 C C C
PLUMES B1 B1 B1 | BI B1 - C C C
SCESTER C C C C c W1 - C c
TEM 8 C C C C C W1 C - C
3141/4141 C C C C C Wl C C -
Ratings: B2: A lot better
Bl: A little better
C : Comparable
Wi: A little worse
W2: A lot worse
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Table 15. APPLICATION ELEMENT: Physical Removal Processes
Application: 1143/1243

Importance: L/L

Ref. o P g

Model ot oc = o & =

}5: Ll = (a4 — wd | fen] ~.

Study = & & — = 5 bl = =

Model oS 5 S & 2 = A = P
COMPTER - C C W1 C W1 W1 W1 C
CRSTER c - C W1 C Wl W1 W1 C
MPSDM C C - W1 C W1 Wi W1 C
MPTER B1 B1 B1 - B1 C C C B1
MULTIMAX c c C W1 - W1 W1 W1 C
PLUMES B1 B1 B1 C B1 - C c B1

SCESTER Bl B1 B1 C B1 C - C B1

TEM 8 B1 B1 B1 C Bl C C - B1
3141/414] c C C Wl C W1 W1 W1 -

Ratings: B2: A lot better

B1: A little better
C : Comparable

Wi: A little worse
W2: A lot worse
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Background, Boundary,

Initial Conditions
Table 16. APPLICATION ELEMENT:

Application: 1143/1243

Importance M/M

A R P
Study = 5 & = = = o0 = =
Mode 3| 8 = = = = | & e S
COMPTER - B1 Wl C C W1 C B1 C
CRSTER Wi - W2 C W1 W1 W2 C W1
MPSDM B1 | B2 - B1 B1 C B1 B2 B1
MPTER C C W1 - Wl W1 C C C
MULTIMAX C B1 W1 B1 - W1 C B1 C
PLUMES B1 | BI C B1 B1 - B1 Bl B1
SCESTER c B2 W1 o C W1 - B2 C
TEM 8 Wl | C W2 C W1 Wl W2 - Wl
314174141 c B1 W1 c C W1 o B1 _

Ratings: B2: A lot better

Bl: A little better
C : Comparable
Wi: A little worse
W2: A Tot worse
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onsjderatio e e jon:

The highest degree of correlation exists when +ime varying input
conditions are used (source strength, and fields, temperature profiles,
etc.).

COMPTER, CRSTER, MPSDM, and MPTER permit running averages of
hourly model results to calculate 3 hour and 24 hour averages. Table 17
reflects the value of these features in COMPTER, MPSDM, MPTER, and
PLUMES.
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Table 17. APPLICATION ELEMENT: Temporal Correlations
Application: 1143/1243 Importance: L/M
Ref. o > » =
Model E e = o« = w0 L o <
Study = 5 & - = 35 o = =
Model 3! & = & 2 = 2 N
COMPTER - B1 C C B1 o C B1 B1
CRSTER Wl - W1 W1 C W1 Wl B2 C
MPSDH C Bl - C B1 C C B1 B1
MPTER C B1 C - B1 C C B1 B1
MULTIMAX W1 C W1 W1 - W1 Wl C C
PLUMES C B1 C C B1 - C B1 B1
SCESTER C B1 C C Bl C - B1 B1
TEM 8 W1 W2 W1 W1 C W1 W1 - W2
3141/4141 W1 C W1 Wl C Wl Wl | B2 -
Ratings: B2: A lot better

Bl: A little better
C : Comparable

Wl: A little worse
W2: A lot worse
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3.2 Qverall Fvaluation
All of the elements can be considered together when a specific
application is specified. There are two situations for which all models
may be reasonably applied. These include application index cases:

1143: Inert primary pollutants released over long periods from
mulTiple source locations. Pollutents will be fTransported
over simple (flat or rolling rural) terrain to short range
(<60 km) receptors.

1243: Inert primary pollutants released over short +term periods
from nmultiple source locations. Pollutants will be trans-
ported over simple (flat or rolling) terrain to short range
(<60 km) receptors.

In such situations 3 elements are irrelevent. For Case 1143 one finds
one element is of high importance, six are of medium Importance, and two
are of low importance. For Case 1243 three elements are of high impor=
tance, five elements are of medium importance, and one is of low impor=-
tance. Specific weighting is indicated on each Table 6 to 17, By
assigning values of 1 to 5 to ratings B2 through W2 and considering ele-
ment Importance Tables 18 and 19 have been prepared for Cases 1143 and
1243 respectively. The air quality models are listed below in preferred

order, le.:

RATE
- PLUMES 1
- MPSDH 2
- MPTER 3
- CCHPTER 4
- SCSTER 5
- 3141/4141 6 or 7
- MULTIMAX or TEM-8 8 or 9
- CRSTER 10

This represents the conclusion of a subjective "scientlific" evaluaticn.,
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Table 18. APPLICATION ELEMENT: Total Comparison
Application: 1143
Ref. < -
Mode1l e o S w0 & =
Study 5= = 5 & - S = © =
Model 5 =2 2 = = 3 S &= =
(5] W = = = . [¥s) o o
COMPTER -
B2 | Wl C B1 W2 | C+ | Bl C+
CRSTER - -
W2 W2 | W2 Wl W2 | W2 W1
MPSDM -
B1 B2 B1 B2 W1 B2 B2 Bl
MPTER -
o B2 | Wl B1 W1 Bl B2 | B2
MULTIMAX -
W1 Bl W2 | Wl W2 C C c-

PLUM .

LUMES B2 B2 B1 B1 B2 B2 B2 | B2
SCESTER c- B2 w2 |w c W2 B Bl Bl
Ten 8 Wil o lwe lwe |c w2 lw | T | ¢
314174141 C- B1 W1 W2 c+ W2 W1 c -

Ratings: B2: A lot better
B1: A little better
C : Comparable
Wli: A little worse

We:

A lot worse
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Table 19. APPLICATION ELEMENT: Total Comparison

Application: 1243

Ref. o -
Mode i} o , = w & =
— ) = o = " — 2 ~
Study = 9 & = 5 5 2 = =z
Model 3 3 & = 2 = A s -
COMPTER -
E B2 | w2 | c- | B w2 | c+ | Bl | C+
CRSTER -
W2 w2 | w2 | w w2 i oWl oc- | w
MPSDH -

S0 B2 | B2 Bl | B2 w2 | B2 | B2 | B2
MPTER ¢+ | B2 | W Tl B2 w2 | 81| B2 | B2
MULTIMAX Wi Bl | W2 | w2 w2 | Wi | ¢ W1
PLUMES B2 |82 | B2 |82 |82 | ~ | 82| 82| B2
SCESTER c- 182 lw tw |8 | w!l ~ | &l ¢
TEM 8 W lcr [we |w |c w2l v - | ¢
314174141 c- |81 |we |w | e w2l ¢ | ¢ -

Ratings: B2: A lot better
Bi: A little better
C : Comparable
Wl: A little worse
WZ: A lot worse
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4,0 RESULTS OF STATISTICAL COMPARISONS

Section 2.3 discussed the background for the statistical evalua-
tion. That evaluation resulted in the summary of results found in
Appendix 2. These summary tables review results of comparisons
requested in Table 1.

Data from the years 1975 and 1976 have been examined and a compara-
tive assessment of +the behavior of each air quality model is incor-
porated into Tables 20 through Z8. The models perform according to the

following ranking:

E; ) E; 22) m Comax ) Cpmax —

o

[¢3}

I hr 3 hr 24 hr | hr 3 hr 24 hr | hr 3 hr 24 hr 3

COMPTER 3 2 2 1 1 1 2 3 1 1
CRSTER 2 1 1 2 2 2 2 1 1 1
MPSOM 2 2 2 2 2 2 3 3 1 2
MPTER 2 1 1 2 2 2 2 1 1 1
MULTIMAX 1 2 3 3 3 3 1 2 2 3
PLUMES 2 1 1 2 2 2 2 1 1 1
SCSTER 1 2 3 3 3 3 1 2 2 3
TEM-8 1 2 3 3 3 3 1 2 2 3
314174141 2 3 4 3 3 3 4 4 2 4
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Table 4 & 5-1 (Reference 10)

. C -C (High 25) 1 hr. averaging time
Table 20. APPLICATION ELEMENT: “o D 1975 (1976)
A1l Stations
Ref. >< -
Model = o = o & =
= b 5 & — S 9 2 ~
Study S 4, & = = = S & =z
MOdG] (] [ = = = Q. W b o
W1 B1 W1 W2 Wi W2 | Wi C
COMPTER =€)y fy L) M) ) )] W)
B1 B1 c W2 C W2 Wl C
CRSTER (c) - 1 (c) (W1) (W1) | (W2)
W1 W1 W1 W2 W1 W2 W W1
MPSOM (B1) | (C) = 1 (C) ((C) {(C) [(C) | (wW2)
' Bl | C | BI w2 ¢ [we [ w | ¢
MPTER (c) (C) - (W1) (W1) | (W2)
B2 B2 B2 B2 _ B2 C B1 B2
MULTIMAX (B1) | (B1) | (C) | (B1) (81) (W1) C
B1 C B1 C W2 W2 W1 C
PLUMES (C) (C) (W1) - 1 (C) | (W)
B2 B2 B2 B2 C B2 B1 82
SCESTER (B1) | (B1) | (C) | (BY) (C) - L)
Bl | Bl B1 B1 W1 B1 Wl C
TEM 8 (B2) | (B2) | (B2) | (B2) | (B1) | (B2) | (B1) - | (B2)
C c C C W2 C W2 C
314174141 (C) (W2) -

Ratings: B2: A lot better
Bl: A little better
C : Comparable
Wi: A little worse
W2: A Tot worse
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Table 4 & 5 - 1 (Reference 10)

Table 21. APPLICATION ELEMENT: C, - C. (High 25) 3ohr. dveraging time
PPLI ON 0 p 1975 (1976)

A11 Stations

SN ke . =
Model e o < o e =
b Ll = o bt L | fen] N
o b [ i o = vy ~—
Study = 4 2 & = = 3 = =
Model © ) = = = a. A — ™
W1 c W1 C W1 C Wi B1
COMPTER - (W1) (c) (c)
Bl B1 C Bl C c C B2
CRSTER - 1 (C) (C) (B1)
C W1 W1 c W1 C W1 B1
MPSDM (1) | (C) - 1 (c) (C) (B1)
) B1 C B1 B1 C c c B2
MPTER (€) - 1 (C) (B1)
M X c W1 C Wi - W1 C Wi B1
ULTIMA () ) (c) (©)
B1 C B1 C B1 } C C B2
PLUME5 ©) ©) (81)
C C C C c C C B
SCESTER -
B1 C B1 C ‘Bl C C B2
TEM 8 (C) | (WI)| (W1) ] (W1) | (C) (W1) - C
314174141 (g; W2 | Wl w2 | Wi W2 | Wl (g§ )

Ratings: B2: A lot better
B1: A little better
C : Comparable
Wl: A little worse
W2: A lot worse
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Table 4 & 5 - 1 (Reference 10)

C_-TC_ (High 25) 24 hr. averaging time
Table 22. APPLICATION ELEMENT: © P T975 (1976)

A1l Stations

Ref. < -~

Model it o = w = =
— i = o oy td [ [en} ~

Study & 5 a = r 5 o = ps
Model Fat 5 = & 2 = & i -
COMPTER - W C | W B1 W1 B1 B1 B2
CRSTER Bl - Bl | C B2 | C B2 | B2 | B2
MPSDM C W1 - W B1 Wi B1 B1 B2
MPTER B1 C Bl - | B2 | ¢C B2 | B2 | B2
MULTIMAX LI IR I A I A I I §§
PLUMES B1 c | Bl|cC B2 - B2 | B2 | B2
Bl

SCESTER Wl W2 Wl | W2 C W2 - C (c)
B1

TEM 8 W1 W2 Wil w2 | ¢ W | C - 1O

W1 W1 W1
314174141 W2 W2 W2 | W2 (C) W2 ) 1) -

Ratings: B2: A lot better
Bl: A little better
C : Comparable
Wi: A little worse
W2: A lot worse
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Table 6 & 7 - 1, 2 (Reference 10)
1 hr. averaging time

Table 23. APPLICATION ELEMENT: (Cy - Cp) Paired in time 1975 (1976)

Tg Hi?hest Concentrations
Al

2 Concentrations
Ref. < =
Model & P s w0 & -
— tid = o — Lt - o2 ~
Study = % > e = 5 bl = =
Mode 3 S = = 2 = A — po
COMPTER - B1 B1 B1 B2 B1 B2 B2 | B2
CRSTER W1 - C C Bl C B1 B1 B1
MPSDM W1 C - C B1 C B1 B1 B1
MPTER Wl C C - Bl C B1 B1 B1
MULTIMAX W2 W1 W1 W1 - Wl C C C
PLUMES Wi C C C B1 - Bl B1 B1
SCESTER W2 W1 W1 W1 C W1 - C C
TEM 8 W2 W1 W1 W1 C W1 C - C
314174141 W2 W1 W1 W1 C W1 C C -
Ratings: B2: A lot better
Bl: A little better
C : Comparable
Wl: A little worse

W2:

A lot worse
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Table 6 & 7 - 1,2 (Reference 10)

Co - C_ Paired in Time 3 hr. averaging tir
Table 24. APPLICATION ELEMENT: P 1975 (1976)
1) Highest Concentrations
2) A1l Concentrations

Ref. > g

Model 5 o ::?_"_( 0y g o

o tad = o e Lot o fon) .

Study I G|l El5 512 =%

Mode] S| 8|l gl |23 |53

COMPTER - B1 B1 B1 B2 B1 B2 B2 B2

CRSTER W1 - C C B1 C B1 B1 B1

MPSD1 W1 C - C B1 C B1 B1 B1

MPTER W1 C C - B1 C B1 B1 B1

MULTIMAX W2 | Wil W1 W1 - W1 o C C

PLUMES5 W1 C C C B1 - B1 B1 B1

SCESTER W2 | Wl W1 C W1 - C C
i

TEM 8 W2 | Wl W1 W1 C W1 c - C

314174141 W2 W1 W1 W1 C W1 C o -
! |

Ratings: B2: A lot better
Bl: A little better
C : Comparable
Wl: A little worse
W2: A lot worse
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Table 6 & 7 - 1,2 (Reference 10)

c -¢C Paired in Time 24 hr. i i
Table 25. APPLICATION ELEMENT: © P To75 (1976) "8 ¢
}; Highest Concentrations
2} All Concentrations
Ref. % =
Model é o = o g o g » NS
Model o & = = 2 o A = ™
COMPTER - B1 B1 B1 B2 B1 B2 B2 B2
CRSTER Wl - C c B1 C B1 B1 B1
MPSDM Wl C - C B1 C B1 Bl Bl
MPTER Wi C C - B1 C Bl B1 B1
MULTIMAX W2 W1 Wi W1 - Wl C C C
PLUMES W1 C C C B1 - B1 B1 B1
SCESTER W2 W1 W1 W1 C W1 - C C
TEM 8 W2 W1 W1 W1 C W1 C - C
314174147 W2 Wl W1 W1 C Wil C C -

Ratings: B2: A lot better
B1: A little better
C : Comparable
Wi: A little worse
W2: A lot worse
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Tables 8 & 9 (Reference 10)

C - C

Table 26. APPLICATION ELEMENT: _ max  Pmax {16553V 563ging time
Ref. < =
Model ‘é o - 5 g o é . g
Study sl 5|81 E 518122z
Model 3 ) & & 2 = S & =
COMPTER - lec (§§ c (W lc |w | W | B
CRSTER c - (2; c | W |c |w | w | B
w510 |8 8 ||
MPTER c | c (§§ lw e | wlw o osl
MULT IMAX B1 | BI (g§) Bl | - 181 | c | c | B
PLUMES ¢ ¢ | (g; c lw ! o lw w8
SCESTER B | Bl L phl B¢ |8 .| | B
TEM 8 Bl | BI (gf) Bl | ¢ | Bl | C A7)
31414141 L L A S I T ) - -

Ratings: B2: A lot better
Bl: A Tittle better
C : Comparable
Wi: A little worse
W2: A lot worse
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Tables 8 & 9 (Reference 10)

Co - Cp 3 hr averaging time
Table 27. APPLICATION ELEMENT:  max  ‘max 1975 (1976)
Ref. . = - =
Model Hl Sl sl el 2 212wl =
Study = @ & = o 5 0 = s
= P - S L = <r
Model 3 3 = = = 5 b i -
Bl C c | ¢ | B
COMPTER =W b Y wn Y T amy e | )
B2 B1 81 | 81 | B2
CRSTER Bl L -yl | @ |@© |
Wl W2 W2 | Wil W2 | Wl | Wl
MPSD!H (B1) | (C) = 1{c) t(c) | (c) i(c) [(c) | (B1)
B2 B1 81 | Bl | B2
MPTER BB C il -1 % |© 1w (©
c Lw Bl w | _ [ w
MULTIMAX enl©) | © | © ¢ ¢ LCc |8
B2 B1 B1 Bl | B2
PLUMES Bl Cley | C 1@ | - 1@ | (@)
C o owiloBl W[ o |ow ¢ | B
SCESTER (W1)] (c) | (C) | (c) (c) -
c w8l ] W Wl
TEM 8 RO EOREOR I IORE - B
Wil w2 | ¢ | we W2
314174141 © [l el | Yy | WM

Ratings: B2: A lot better
Bl: A little better
C : Comparable
Wi: A Tittle worse
W2: A lot worse
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Tables 8 & 9 (Reference 10)

Ca - Cp 24 hr averaging time

Table 28.  APPLICATION ELEMENT:  MaX max 1975 (1976) -
Ref. >< =
Model & o s o & =
iy - = o — L o o ~
Study s |51l Egls5is5] 2l =1z
Mode] S &l |2, &8 |a|E&
COMPTER - C C C B1 C B1 Bl B1
CRSTER C . C C B1 C Bl Bl B1
MPSDH ¢ c - C B1 o B1 B1 B1
MPTER C C C - B1 C B1 B1 | B1
MULTIMAX Wi Wl W1 W1 - W1 C C c
PLUMES C C C C Bl _ B1 B1 Bl
SCESTER W1 Wl oWl Wl W _lc C
TEM 8 W1 W1 W1 Wi C W1 C - C
314174141 T R O T ) N Wio| ¢ c )

Ratings: B2: A lot better
Bl: A Tlittle better
C : Comparable
Wi: A Tittle worse
W2: A lot worse
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Table 29.  APPLICATION ELEMENT: Statistical Summary
- S f S S S >4 [ j=
JE g £ £ e < < £ ey Ko
REf. — o PR p— o w - F gm <M
Model lg } a I 2N A o &NIQT Lf: EN
(b ] <D (] (€] D (5 (85 L2
Study ' ) ‘ ‘ : ‘ '
Model = = =
o Ll e e e lhe 1 ° e
COMPTER 29 27.5, 22 12 12 12 25.5] 28 20
CRSTER 27.50 19.5{ 14 21 21 21 25.51 19 20
MPSDM 27 24.5¢ 22 21 21 21 30 28 20
MPTER 27.5{ 19.5| 14 21 21 21 25.51 19 20
MULTIMAX 16 25 31.5] 30 30 30 16.5] 23.57 29
PLUMES 27.5/ 19.5] 14 21 21 21 25.5]1 19 20
SCESTER 15.5] 23 31.5} 30 30 30 16.5] 24.5 29
TEM 8 15.5] 23.5] 31.5{ 30 30 30 16.51 24.5] 29
314174141 27 34.5! 31.5¢ 30 30 30 34.5] 30.57 29

QOverall - COMPTER,
1 hr. - COMPTER,

24 hr. - COMPTER,

CRSTER, MPTER, and PLUME5 did best (Also MPSDM)

MULTIMAX, SCESTER, and TEM 8 did best

CRSTER, MPTER, AND PLUMES did best (also MPSDit)
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Overall the models appear to operate in the preferred order:

RATE
- CCMPTER, CRSTER, MPTER, and PLUMES 1
- MPSDM 2
= MULTIMAX, SCSTER, and TEM-8 3
- 3141/4141 4

Model performance results noted in Section 5 of Londergan et. al.
(1982) appear correct upon review. The following observations are per-
tinent.

- A consistent tendency ftoward underprediction (positive average

differences) is evident in results for all averaging periods for
all models except 3141 and 4141,

- Differences decrease and correlations increase as one increases
averaging periods,

- For stability classes A and B differences generally Indicate
overprediction, whereas for stable classes E and F the differ—
ences indicate underprediction.

- Results from 1975 and 1976 are not always consistent.

- The volume of statistics is excessive.

- Many of the statistics are as noted "relatively unimportant,
repetitious, and redundant."

Finally | would have liked to also see comparisons in the manner of

the eerlier Londergan et., al. (1680) repor'!".14 Differences can scme-
+imes also be deceptive. Roth absolute and relative measures are valu-

able.
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5.0 RESPONSE TO AMS QUESTIONS

Peer review panei leaders provided the test of "Questions to be
Addressed by Reviewers of Air Quality Models" contained in Appendix 1.
Questions on individual models (Numbers 1 to 13) have been consicered
during +the preparation of Summary Tables 2 and 3 and the Workbook exer-
cise discussed in Chapter 3.0. "Questions in All Models Within a
Category™ are considered during the model ranking procedures imposed in
Chapter 3.0 and 4.0. Rather than speak further to individual model
characteristics | prefer +o mention several improvements which can be
easily implemented but are missing for all air-quality models reviewed.

djustments ero ics:

Effluent plumes released near the ground or from short stacks on
large buildings may be strongly perturbed by building aerodynamics
effects. Concentrations may initially increase because gases are
deflected downward. On the other hand surface concentrations in other
areas may decrease significantly due to accelerated dispersion assocf*
ated with higher mixing rates downwind of structures, The current set
of models do not consider this feature of atmospheric transport.

Review articles on this subject have been proposed by Hosker (1981)
and Meroney (1982)‘22’23 Fackrell (1981) has recently reviewed the
efficiency of a variety of proposed models. (He notes no one model s

particularly outstaending relative to the o?hers.)26

Nonetheless algo-
rithms are simple and easy to implement. Other recent measurements by
L1 and Mercney (1982) illuminate the effects of near building furbutence
on downwind peek To mean concentration ratios. 24 Wilson, Britter, and
Meroney (1982) discuss recent results in plumes impacting buildings,
terrain, and algorithms to evaluate stack height to building heighf

effec*i's.z5
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mprovements in + sian Plume :

The Gaussian plume model will probably continue fo dominate as a
major tcol in air quality analysis. It seems unfortunate, however, that
known improvements in the prediction of standard deviations, Cf”y and

<T;, take so long +to bDbe incerporated in working models. There is now
ample evience that different variations of cf”y and G“‘Z with distance
and stability should be used for:

a) ground level versus elevated releases, and

b) rural versus urban versus compiéx terrain dispersion.

In addition recent advances suggest boundary layer parameters of U,, W,,
Zi’ Zo and L may be used through similarity theory to improve estimates
of G“'y and ?‘;. (Rather than provide a long list of references |
refer the reader to Appendix J and Section 3.,3.2 of Egan et. al.

(1981).)12
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6.0 CONCLUSICNS AND RECCMMENDATIONS

This review exercise has been very illuminating. I find that a
great deal of effort and ingenuity has been directed toward creating
effective air quality models suitable for requlatory and engineering
decisions. Monetheless it is scmewhat discouraging to find such a small
improvement over the years in confirmable reliability. Sometimes the
entire decision exercise seems more |ike a fantasy game -- an exercise
in "Dungeons and Dragons" where the meteorologist has magic powers and
the air quality model is some magic spell with a success based on a roll
of the dice.

Perhaps it is time To readjust our expectations. Certainly it s
time +to press for realistic regulatory laws which do not legislate con-
ditions which extreme value statistics and the physics of atmospheric
transport suggest are unrealistic. Today's dilemma of meeting air qual-
ity standards by creating air quality models of increasing complexity
but unconvincing reliability is a monster of our own choosing. In
essence | object to the continued emphasfs on an "adversary" approach to
meeting our regulatory problems.* This approach has resulted in deci-
sions being made and scientific program being guiced by lawyers with
limited technical qualifications. Dialogue between the effluent pro-
ducer and regulating scientific staff is disccouraged by the entire pro-

cess,

¥ As a sice note it is interesting tc observe 35,000 lawyers gradueated
in the USA last year compared +to less +han 5,000 in Japan. Per
10,000 peopie the USA currently has 20 lawyers, 40 accountants, and
70 scientist and englineers, whereas Japan has 1 lawyer, 3 accountants
and 400 scientists and engineers. Worse yet their zero-sum activi-
ties create a great deal of static +hat further handicap the rela-
tively few producers.
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As a final set of recommendations | would propose the following:

-~ It is time to include non-Gaussian models in any air quality
intercomparison process.

~ The total statistics examined in this exercise is monolithic.
IT is time fTo eliminate those calculations which are uninforma=-
tive, redundant, or replicative.

~ Any future User's Manual must include a clear statement of
assumptions, limitations, and accuracy. Validation data should
always include a sensitivity study to the effects of different
options and runs agalinst a sel of prespecified scenarios to be

specified by EPA,
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Questions to be Addressed by

Reviewers of Air Quality Models

Questions on Individual Models:

I

9.
to.

11.

For the applications intended for this category of models, does
the model address all the source/receptor relationships that
are germane?

To what degree are the underlying assumptions valid for a
typical application?

Are the assumptions correctly formulated in the model?

Does the model use  techniques that are currently
state-of-the-art?

Are there technically better or more theoretically sound tech=-
niques?

Does the model make the best use of *typically available data
bases?

Are there obvious technical improvements required In the model?

Is the wusefulness of4fhe model consistent with the resources
required to operate it?

What are the inherent attributes and |imitations of the model?

Is the statistical performance of the model in terms of bias,
noicse, variebility and correlation generally acceptable or
within the state-of-the-art?

For typical uses, can an objective statement be made about
uncertainty asscciated with the modeil estimates?

What are the attributes and limitations of the model's perfor-
mance?

Are there specific aspects on the application of these models
in which they may prcduce misleading results, i.e., scme models
may predict fairly well at close distances but beccme unreli-
able et longer distances? :
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Questions on All Models Within a Category (Based on Theoretical and
Performance Characteristics):

1.

What are the general attributes and limitations of models in
this category?

How do models within this category compare to one another?

is @ specific model or models clearly superior to +the other
models?

Can these models be ranked individually, or in the groups? |If
so, how should they be ranked?
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APPENDIX 2

(SUMMARY STATISTICAL TABLES FROM LONDERGAN
ET. AL. (1982), TABLES 4a-1 THROUGH 9c,
pp 42-62)



TABLE 4a-1.

DIFFERENCE OF OBSEHRVED AND PUEDICTED AVERAGES OF Tub

25 HIGHEST 50, CONCENTHATION VALUES (UNPATRED IN TIHE O LOCATIG)

CLIFTY CREEK (1475) AVERAGING TIME: 1 HOUR
Average - -
Observed . Difference of Averages (C, - C,,} For Each Model tng/w' )
value Cg 4
Data Sets {pg/et ) HPTER HESDM COMPTER SCSTER
1. ALl statious/all
events (A - 4a) 740.8 -206.9 (-403.1, -170.7) -423.6 (-643.5, -203.7) -339.6 (-454.8, -224.4) -69.3 (-185.8, 47.2)
2. By station/all
eventy (A - 4bL)
Station 1 508.9 -86.1 (-146.5, -25.7) -7.1 ( ~75.7, 61.3) -172.1 (-228.3, -115.9} 26.8 ( -38.4, 92.0)
Station 2 535.¢ ~310.0 (-397.5, -222.5) -200.2 {-309.7, -90.7) -333.6 (~418.0, -249.2) -141.8 {-214.2, -69.4)
Statiun 3 580.0 -355.0 {-460.2, -229.8) -411.0 {~597.5, -224.5) -428.8 (~-554.8, -302.8) ~140.1 (--271.1, ~9.1)
Station 4 550.0 ~117.8 (-193.4, =-42.2) -38.0 (~128.6, 52.6) -141.8 (-214.8, -68.8) 22.7 ( -40.5, 85.9)
Station $ 225,94 -89.4 (-251.5, 72.17) ~337.7 (~566.1, ~109.3) -266.3 (-414.2, -116.4) 23.0 (-101.0, 147.0)
Station b 512.6 60.8 ( -56.2, 177.8) 44.0 ( -67.9, 155.9} 24.6 ( ~90.7, 139.9) 62.2 ( -54.8, 179.2)
3. by metvosological
cundition (A - 5}
4, Wind lpeed
€2.,5% w/sec 651.5 -210.2 (-303.4, -117.0) -517.1 (-737.5, -296.7} -268.5 (~359.4, -177.6) -95.8 (-190.7, ~-0.9)
2.5 to 5 wm/sec 652.0 -369.3 (-492.2, -246.4) -118.0 (-232.6, -3.4}) -420.6 (-543.3, -291.9) ~111.9 (-230.1, 6.3)
>5 m/sec 489.9 -66.0 (-130.9, -5.1) 167.0 ( 111.8, 222.2) -129.5 {~189.2, ~-69.8) 259.1 ( 200.6, 317.6)
b. Stability Group
Class A s b 481.3 ~481.7 (-574.7, -1380.7) -552.4 (~767.9, -316.9) ~522.1 (~616.0, -428.2) ~358.0 (-443.9, -272.1)
Class C 678.9 ~247.9 (-367.0, -~148.8) -335.8 (~500.0, -171.6) ~311.0 (~428.08, -193.2) 20.4 ( -85.8, 126.6)
Cluss D 586.6- 28,1 ( -19.0, 75.2) 243.9 ¢ 209.1, 228.7) -32.8 { -75.4, 9.8} 350.5 ( 312.0, 369.0)
Claus B & ¥ Jyd.0 56.2 ( -49.2, 161.6) 361.8 ( 257.4, 465.8) -207.9 (-315.9, -99.9) 325.7 ( 223.2, 418.2)
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TABLE 4a-2,
25 HIGHEST $0) COUCENTRATION VALUES (UNPAIRED IN TIME OR LOCATIOHW)

DIFFERENCE OF ODBSERVED AND PREDICYED AVERAGES OF THE

CLIFTY CREEK (1975) AVERAGING TIME: 1 HOUR
Averaye - -
Observed Difference of Averages (C, ~ Cp)} For Each Model (ug/w)
Value C,
Data Seta (pa/ed ) 3141 4141 TEM-BA HULT IMAX
1. A} statlons/sll
cvents (A - 4a) 790.8 233.68 ( 131.2, 336.4) 233.8 ( 131.2, 336.4) -160.8 (-309.8, -11.8) -48.9 (-167.8, 70.0)
2. By station/all
events (A - 40}
Statlon 1 508.9 190.3 ( 145.8, 234.8) 109.3 ( 145.8, 234.8) 18.2 ¢ -53.1, 89.5) 32.8 {( -33.8, 99.4)
Station 535.0 1072.6 { 51.4, 163.8) 107.6 { 51.4, 163.8) 1.5 ( -89.5, 92.5) ~110.3 (-187.7, -3z.9)
Station 3 580.0 312.0 ( ~2.6, 226.6) 112.06 { -2.6, 226.6) -140.5 {-344.6, 61.6) -110.3 (-243.8, 23.2})
Station 4 550.0 161.9 ( 100.8, 223.0) 161.9 ( 100.8, 223.0) -82.9 (~157.4, ~8.4) 43.5 ( -22.7, 10%.7)
Station S 225.9 -14.1 ( -89.8, 61.6) -14.1 ( -89.8, 61.6) -22.3 { -95.6, 51.0) 30.3 ( -86.2, 146.8)
Station 6 512.6 206.6 { 107.0, 306.2) 206.6 ( 107.06, 306.2) 121.0 ¢ 3.3, 238.17) 65.0 ( -51.4, lul.4)
3. By umeteorulogical
condition (A - 5)
a. Wind Speed
<2.5 m/scc 653.5 130.5 ( 54,7, 222.3) 138.5 ( 54,7, 222.3) -133.4 (~-223.1, ~-43.7) -82.5 (~179.9, 14.9)
2.5 to 5 m/sec 652.0 lud.7T ( 82,9, 286.5) 184.7 { 82.9, 286.5}) -42.2 {~202.8, 1l86.4) -77.1 (-196.8, 42.6)
>S5 w/uec 469.9 J04.5 { 251.4, 1365.6) 304.5 ( 251.4, 365.6) 275.0 { 121.2, 420.8) 218.0 ( 162.1, 273.9)
b, Stabllity Group
Class A & 1 481.3 ~-60.6 (~121.0, -0.2) ~60.6 (-121.0, ~0.2) ~181.5% (~-274.3, -~88.7}) ~337.8 (~426.1, -249.5)
Claus © 678.9 251.2 ( 147.3, 355.1) 251.2 ( 142.3, 355.1) ~192.9 {-355.4, -30.4) 54.2 (| -%2.3, 160.7)
Clava b Su6.6 415.4 ( 377.0, 4513.8) 415.4 ( 3771.0, 435.8) 315.2 ( 311.2, 439.2) 313.0 ( 276.2, 349.8)
Class E & F 398.0 336.9 ( 234.8, 439.0) 246.6 ( 144.2, 349.0) 389.3 ( 2687.3, 491.4) 1720.3 ( 66.9, 273.7)
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TABLE 4b-1,

CLIFYY CHEEK (1975}

DIFFEHENCE OF OBSERVED AND PREDICTED AVERAGES OF THE
25 HIGHEST 803 CONCENTRATION VALUES (UNPATHED IH TIHE OR LAOCATION}

AVERAGING TIHE:

3 HOUR

hverage — -
Uhgerved Difference of Averayes {Cgy - Cp} For Each Model {py/m*)
Value €, Y
Data Sets g/l ) MITER HPSM COMPTER SCSTER
1. AL} stations/all
events (A - 4a) 476.3 -43.7 t -99.5, 12.1} ~-83.3 (~191.3, 24.7) ~95.6 (~153.0, ~38.2) 62.9 ( 6.0, 119.8)
2. by station/all
events (A - 4L}
Station } 122.6 ’12.2 { -27.4, 51.8} 8.8 { 41.8, 115.8} ~27.1 ¢ ~6%.7, 15.5) 114.6 { 79.3, 158.7)
Station 2 286.6 ~106.6 {-174.1, =39.}} ~14.3 ¢ -63.3, .70 ~141.6 (-203.4, ~79.8} ~312.2 { ~17.7, 53.3)
Station 3 115.9 ~87.5 (~159.3, -15.7} ~156.0 (~244.0, -68.0) ~16k.6 (~237.8, ~-85.4}) 20.5 { ~50,7, 91.7)
station 4 313.3 =-17.7 ¢ -10.7, 35.3) 51.7 (3.4, 00,0} -66.0 (-115.8, ~16.2} 61.5 ¢ 30.3, 132.7M)
Station 5 125.6 25,7 ¢ -4D.2,  91.6} ~108.7 (-233.4, 16.0}) ~49.0 {~111.6, 131.6) 57.8 § 6.9, 108.7)
Station 6 257.9 94,7 ( 33.2, 156.2) 70.9 ( 13.7, 120.1) 5.2 { 4.3, 136.1) 95.3 { 33.4, 156.8)
3. By meteorologlceal
condition {h ~ 5}
a., Wiad Speed
€2.5 w/vec 316.2 ~28.5 ( -97.4, AD.4) -181.7 (~300.8, ~62.6) ~-80.2 (-147.8, ~12.6) 33.2 ( ~34.4, 100.9)
2.5 to 5 n/uce 410.5 “63.6 {~121.3, ~5.9} 12.6 ( -40.9, 66.1} ~114.2 (~173.6, -54.0) 41.3 ¢ ~11.2, 93.4)
25 m/uec ug. 1 -8.8 { ~65.0, 47.4) 113.9 { 62.8, 165.1}) -65.1 (-121.2, -9.0) 179.3 ( 126.6, 232.0)
L. titabllity Group
Clasu A b & 228.3 ~183.4 {-255.0, ~111.8}) -134.9 (-298.}, ~-T1. N} ~209.4 (~282,1, -136.7} ~132.9 (-203.0, -62.8)
Claus C 359.4 -82.1 (-147.3, ~-16.9) ~152.2 {(~271.68, ~32.6) ~128.4 (~197.8, ~-59.0) 37.2 ( -20.8, 95.2)
Class b 385.5 3.2 ¢ ~3.6, 78.0) 131.8  49.2, 1M4.4}) ~22.4 { ~63.), 18.3) 197.7 ( 150.9, 236.5)
Clavs £ & F 196.9 44.7 ( ~10.6, 100.0) 164.1 § 1b4.6, 212.6}) -66.6 (-128.8, ~4.4) 164.6 ¢ 16,3, 2)02.9)

s, b o
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TAULE 4bL-2.

DIFFERENCE OF OBSENVED AHD PREDICTED AVERAGES OF T

25 HIGHEST S0 CONCENTHATION VALUES (UNPAIRED 1N TIHME OR [OCATION)
CLIFFY CHELK {1975)

AVERAGING TIME:

3 HOUR

Averaqe — -
Obsecved Difference of Averayes (Cy - €y} For Each Model (ug/wn')
Value C,
Data Sets fpgsut ) 3141 4141 TEM-~BA HULTIMAX
1. A1 stavions/all
events (A - 4a) 476.3 179.4 ( 133.5, 225.3) 179.4 ( 133.5, 225.3) 39.6 ( -41.4, 120.6) 74.6 { 17.6, 131.6)
2. By station/all
events (A - 4bL)
Station } 322.6 162.0 ( 127.7, 196.3) 159.5 ( 125.6, 193.4) 91.0 ( 43.2, 138.8) 113.5 ( 74.3, 1s52.7)
Statlon 2 246.6 60.1 ( 13.9, 106.3) 60.1 ( 13.8, 106.3) 26.4 ( -20.7, 73.5) ~0.6 ( -65.6, 64.4)
dtation 3 315.9 91.9 ( 25.9, 157.9) 91.9 ( 25.9, 152.9) -20.4 (-125.3, H84.5) 30.7 ( -40.4, l0l.8)
Station 4 313.3 119.4 ( 73.7, 165.1) 118.8 ( 73.}, 164.5) 20.0 ( -25.9, 65.9) 86.9 ( 36.8, 137.0)
station 5 125.6 1T (4 -7.7, 71.1) 3.7 ¢ -7.17, 7i.1}) 27.1 { -10.7, 64.9) 60.3 { 11.2, 109.4)
Station 6 257.9 120.3 ( 6€5.3, 175.3) 120.3 ( 65.3, 175.3) 6l.6 ( 6.2, 117.0) 96.0 ( 34.9, 157.1)
3. by metecrological
condltion (A - 5}
a. Hind Speed
€2.5 w/bec 316.2 92.6 ( 39.3, 145.9) 92.0 ( 38.8, 145.2) 9.7 ( ~41.9, 61.3) 40.8 ( -26.3, 101.9)
2.5 Lo 5 m/uec 410.5 144.7 ( 99.5, 189.9) 144.7 ( 99.5, 189.9) 26.0 ( -59.2, 111.2) 55.0 ( 2.4, 107.86)
>5 m/sec ju6.1 195.4 ( 144.8, 246.0) 195.4 ( 144.8, 2406.0) 214.1 ( 147.2, 281.0) 154.1 ¢ 302.0, 206.2)
b. Stablliity Gioup
Claus A & B 228.3 ~-37.4 ( -96.7, 21.9) -37.4 ( -96.7, 21.9) -72.9 (-l41.1, -4.7) ~126.1 (-195.7, =-56.5)
Claus C 359.0 112.6 ¢ 61.3, 163.9) 112.6 { 61.3, 163.9) -27.5 {~114.0, 59.0) 52.9 { -4.6, 110.4)
Claus D 345.5 251.2 ( 2)14.0, 2u8.4) 250.6 ¢ 213.3, 242.9) 214.4 ( 167.8, 2061.0) 193.5 ( 155.1, 231.9)
Class & & ¥ 196.9 166.) ¢ 11u6.3, 213.9) 118.8 ¢ 0.3, 161.3) 193.5 ( 145.9, 241.1) Y6.9 ( 46.4, 1247.4)

A
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TALLE Sa-1.

DIFFERENCE OF OBSERVED AND PHUDICTED AVERAGES OF 'THt
25 HIGHEST S0 COHCENTRATION VALUES (UHPAIKED IN TIME OR LOCATION)

CLIFYY CHEEK (1976} AVERAGING TIME: 1 HOUR
Average - —
Ubaerved Difference of Averages (Cgo ~ €p) For Each Hodel {ug/n')
Value C,
Data Sets wasel ) HETER HESHH COMPTER SCHTER
1. ALl staetiuns/all
eventa (A ~ 4a) 111.8 ~-313.0 (~169.3, ~256.7) ~233.2 {~326.2, ~140.2) ~374.9 (~427.8, -322.0) ~135.1 (~205.2, -65.0)
2. by station/all
cvents (A ~ 4b}
Station ) 561.7 18.7 { -41.6, 719.0) 3.1 { -84.6, 130.8) ~81.7 (~147.8, -15.6) 121.6 { 67.1, 176.1)
Station 2 658.9 ~123.0 (~201.0, ~45.0) 12.4 ( ~-57.9, 82.7) ~-169.8 (-248.0, -91.6}) 25.5 { ~57.4, 108B.4}
Station 3 450.2 ~578.5 (-643.0, -514.0) ~410.7 (-507.2, -314.2) -665.8 (~723.0, ~600.6) ~341.6 (~414.7, -268.5)
Sratfon 4 546.7 ~143.6 {-211.8, ~75.4} ~82.2 (~162.0, 2.6) -161.9 {-227.0, -96.8) -29.2 { -92.6, 34.2)
Station & 321.3 8.1 {~124.5, 180.7) -287.6 (-423.5, ~151.7) ~201.9 (~352.4, ~51.4} 133.0 ( -6.6, 272.6)
Station 6 496.8 ~35.7 (-113.9, 42.5) ~1.5 ¢ -70.1, 55.1) -60.6 (-133.}, 11.9} ~34.0 (-112.4, 44.4)
3. by meteorological
condition (A - §)
4, Wind Speed
T <2.8 mfuec 669.0 ~284.5 (-365.9, ~201.1}) ~331.7 (~435.3, -228.1) -353.4 (~428.2, ~274.6) ~157.6 (~246.4, -68.8)
2.5 t¢ 5 m/uec 667.5 ~284.8 {-350.3, ~219.3} -24.4 ( ~19.17, 30.9) -379.6 (-445.6, -313.6} ~61.9 (-134.3, 10.5)
>4 m/ses 456.5 ~141.9 (-237.5, ~46.3) 137.6 { 86.3, 188.9) -162.6 {-273.0, -92.2} 140.4 ( 55.8, 225.0)
L. Stabillity Group
Class A & B 541.4 ~-462.0 {-548.2, ~375.8) ~329.3 (~426.9, ~2)1.70) ~511.6 {~593.0, ~430.2) ~352.6 (-439.1, ~266.1)
Class C 6314 «~308.0 (~381.7, ~234.31 ~261.5 (~360.4, ~362.6}) ~405.0 (~400.9, ~329.1) ~31.0 (~)02.9, 28.9)
Claps b 672.4 154.9 ¢ 113.9, 195.9) J06.9 ( 251.%, 362.7) 103.2 ( 63,0, 143.4) 422.2 { 362.0, 4062.4)
Class B & ¢ 343.5 ~28.4 ( -b0.9, 24.1) 323.6 ( 201.6, 365.0) -296.6 (~3b1.1, ~240.)} 259.7 ¢ 214.3, 300.1)
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TABLE Sa-2.
25 HIGUHEST S0 CORCENTRATION VALUES (UNPAIRED IN TIHE OR LOCATIOH)

DIFFERENCE OF OBSERVED AHD PREDICTED AVERAGES OF TUE

CLIFTY CREEK (1976} AVERAGING TIME: 1 HBOUR
Average - -
Observed Difference of Averages (Co - C) For Bach Model (ug/w’)
pata Beta v?ﬁ;;ﬁf‘{ 3141 T4l TEH-BA WOLTINAX
1. All stations/all
events (A - 4a) 111.8 206.2 { 152.1, 260.3) 206.2 ( 152.1, 260.3) 38.9 ( -46.0, 123.8) -119.8 {~193.4, -46.2)
2. By wstation/all
events (A - 40)
Statton } 581.7 282.1 { 237.4, 326.8) 282.1 ( 237.4, 3126.8) 197.7 ( 123.6, 271.8} 134.2 ( 79.6, 188.4)
Gtation 2 658.9 242,06 { 178.7, 305.3) 242.0 ( 178.7, 305.3) 302.6 ( 224.2, 381.0) 72.9 ( ~15.1, 160.9)
Statfon 3 450.2 -75.8 (-133.1, -18.5) ~15.8 (~133.1, ~-18.%5) 6.5 { -95.9, 108.9) ~316.9 (-393.4, -~240.4)
Statfon ¢ 546.7 142.9 ¢ 97.1, 188.7) 142.9 ( 97.1, 188.7) 36.1 ( ~39.1, 111.3) ~14.0 { -76.1, 48.1)
Station S 321.3 125.3 ( 31.6, 219.0) 125.3 ( 31.6, 219.0) 76,0 ( ~14.1, 166.1) 132.4 { ~-4.4, 269.2)
Statiun 6 496.8 147.6 ¢ 101.5, 1931.7) 147.6 ( 101.5, 193.7) 62.5 ( ~27.1, 152.1) =27.2 (~110.1, 55.7)
3. by metevrological
condition (A - 5)
a. Wind Speed
<2.5% w/uec 669,.0 6.1 ( 74.1, 218.1) 146.1 { 74,1, 218.1) -42.6 (-138.7, 53.5) ~154.0 {(-247.3, -60.7)
2.5 to 5 a/bec 667.5 185.8 ¢ 136.7, 234.9) 185.8 ( 136.7, 234.9) 282.1 ( 227.7, 336.5) ~22.1 { -93.2, 43.0)
>% m/pec 458.5 259.4 ( 194.6, 324.2) 259.4 { J94.6, 324.2) 306.3 ( 223.06, 389.6) 136.6 { 62.8, 210.4)
b. Stabllity Group
Class A & b 541.4 -17.6 { -u8.7, 53.5) ~17.6 ( -88.7, 53.5) -18.7 {~115.4, 78.0}) ~348.6 (-434.8, -262.4)
Class C 631.4 191.1  120.8, 253.4) 191.1 ( 128.8, 253.4) 1.2 ( -96.2, 96.6) 16.3 ( ~47.3, 79.9)
Clags b 672.4 522.%1 ( 483.3, 560.9) 522.1 { 483.3, 560.9) 454.4 ( 393.6, 515.2) 399.7 { 356.7, 440.7)
Class £ ¢ ¥ 343.5 277.4 { 238.3, 316.5) 184.6 { 144.8, 224.4) 28%.1 ( 223.6, 334.6) 96.3 ( 52.8, 139.4)
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TABLE 5bL-1.

DIFFERENCE OF OUSERVED AHD PREDICTED AVERAGES OF THE

25 RIGHEST 509 CONCLHTRATION VALUES (UNPAIRED IN TIME Ok LOCATION)

CLIFTY CREEK (1976} AVERAGING TIME: 3 HOUR
Average - -
Observed Difterence of Averages (C, - Cp) For Each Model tug/w?)
Value C,
bata Sets gt ) HPTER MPSIY COMPTER SCSTER
. ALl stations/aldl
events (A - 4a) 440.9 ~54.2 (~105.4, -13.0}) -45.4 (~103.6, 12.8) ~127.0 (-184.2, -69.8} 66.7 ( 22.3, 111.1)
2. by statlon/all
events (A - 4L)
Station 1 312.7 49.5 ¢ 2.4, 96.6) 113.1 ¢ 71.9, 154.3) -6.6 { -58.4, 45.2}) 154.4 ( 113.1, 195.7)
Station 2 371.6 $6.1 ¢ 1.5, 1i0.7) 97.3 { 47.0, 1417.6) 4.1 { -39.1, 67.3) 123.0 { 70.8, 175.2)
Station 3 252.8 ~191.5 (-261.9, ~121.1} -209.8 (~283.0, ~136.6} ~279.5 (~352.1, -206.9) ~65.9 (-124.1, ~7.7}
Statlon 4 360.2 24.0 { -32.0, 40.0} 49.4 ¢ -15.0, 1131.8} ~9.6 ( -64.1, 44.9) 109.2 ( 58.0, 160.4)
station § 177.1 62,5 ( -10.2, 135.2) ~58.8 (-119.0, 7.4) -36.3 {~109.2, 16,6} 104.5 ( 42.1, 166.9)
Station 6 287.8 8.0 { 29.1, 126.9) 90.0 ( 56.2, 123.8) 65.1 ( 16.8, 113.4) Ju.7 ¢ 29.9, 1271.5)
J. By mereorulogical
condition (A - 5}
a. Wimd Lpeed
2.5 m/vec 338.6 -38.5% ¢ ~87.9, 10.9) ~120.3 (-182.8, ~-S57.8) ~-87.6 (~136.8, -38.4) 29.2 ( -11.5, 69.9)
4.5 to 5 w/sed 445.5 -61.6 (-120.5, -2.7) 25.6 ( ~29.8, H1.0) ~130.1 {~196.6, ~-63.6}) 6.7 { -1.8, 95.2)
25 m/sec il6.0 6.0 ( ~46.0, 58.0) 129.4 { 84.4, 174.4) ~42.6 ( -97.7, 12.5) 156.0 ( 109.3, 202.7)
b, Stabilivy Group
Cluss A & B8 265.6 -163.¢ (~225.0, ~101.0) ~165.7 (-238.7, -92.7} ~192.5 (-258.4, -126.6) ~103,3 {(-155.8, -50.8)
Clasu C 164.3 -89.4 (~151.1, -21.7} ~13k (-128.5, -11.7} ~150.9 (-219.4, -82.4) 22.5 ¢ -26.0, 171.0)
Cilass b 443.1 107, ¢ 69.0, 145.2) 187.9 { 153.9, 221.9} 42,6 (2.1, 83.}1) 236,1 { 203.1, 26%.1)
Class £ & F 217.9 47.1 ( -4.8, 99.0) 165.8 { 149.0, 222.6) ~71.9 {~131.3, ~12.5}) 182.8 { 146.8, 218.8)

9/



TAULLE 5bL-2.

DIFFERENCE OF OBSERVED AND PREDICTED AVERAGES OF THE

25 HIGHEST S0 CONCENTRATION VALUES (UNPALRED 18 TIHE OR LOCATION)

CLIFTY CHEEK (1976} AVERAGING TIiME: 3 HOUR
Average - -
Ohserved Ditference of Averages (C, - Cp) For Each HModel (ug/m’)
Value C
bata Sets fug/w' ) 3141 4141 TEM-BA HULTIHAX
1. ALl stationu/all
eventy (A - 4a) 460.9 190.3 { 154.7, 225.9) 190.3 ( 154.7, 225.9) 147.4 ( 93.6, 201.2) 86.2 { 42.0, 130.4)
2. By station/sll
cvenlys (A ~ 4bL}
Station 1 312.7 209.0 ( 175.1, 242.9) 205.8 ( 172.0, 239.6) 180.6 ( 141.7, 219.5) 147.1 ( 106.2, 18u8.0)
Station 2 313.6 179.4 ( 136.1, 222.7) 179.4 ¢ 136.1, 222.7) 186.8 ( 141.0, 232.6) 143.6 { 91.6, 195.6)
Sgatiun 3 252.8 12.5 ¢ -31.0, 56.0) 12.5 { -31.0, 56.0) 11.8 { -49.9, 131.5) ~-53.0 (-109.3, 3.3
Station 4 360.2 156.6 ( 110.8, 202.4) 156.6 ( 110.8, 202.4) 122.6 ¢ 69.8, 175.4) 119.8 ¢ 72.3, 161.3)
Station 5 177.1 96.9 ( 47.9, 145.9) 96.9 ( 47.9, 145.9) 78.4 ( 35.9, 120.9) 104.8 ( 43.8, 165.8)
Station 6 287.8 130.1 ¢ 96.6, 163.6) 130.1 ( 96.6, 163.6) 93.5 ( 58.0, 128.2) 4l.e ( 31.7, 131.5)
3. by meteorvlugical
condlition (A ~ 5)
a. Wind Speed
€2.5 m/uec 338.6 111.3 ¢ 74.3, 148.3) 11,3 ¢ 74.3, 148.3) 36.4 ( -19.2, 92.0) 40.0 ( ~-0.3, 80.3)
2.5 to 5 w/sec 445.5 170.8 ¢ 132.3, 209.3) 170.8 ( 132.3, 209.3) 202.2 { 160.4, 244.0) 65.2 { 17.6, 112.8)
25 m/sec 116.0 191.8 ( 146.4, 237.2) 191.8 ( 6.4, 237.2y 231.6 { 185.3, 277.9) 147.0 ( lo0.8, 193.2)
b, Stability Gooup
Class A & B 263.8 9.3 ( -33.9, 52.5) 9.3 { -33.9, 52.5) -4.9 { -65.7, 55.9) -93.5 {-144.3, -42.7)
Class C 364.3 113.1 ( 71.8, 154.4) 113.1 ¢ 71.8, 154.4) 108.5 ( 60.8, 156.2) 4.9 { ~-2.5, 92.3)
Clags © 443.1 3u6.3 ( 274.9, 331.7) 306.3 ( 274.9, 337.7) 271.3 ( 228.0, 314.6) 236.4 ( 203.4, 269.4)
Clagu £ & ¥ 211.9 163.0 ( 148.0, 218.0) 138.7 ( 10X.6, 175.4) 200.0 ( 163.), 236.9) 1U6.3 ( 64.6, 148.0)
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TALBLE Bas. COMPARISON OF MAXTHUM OHSLRVED AHD
HAXIMUM PREDICTED CONCENTRATION VALUES
CLIFTY CREEK (1975) AVERAGING TIME: ) HOUR
filghest observed Highest predicted Dlfference of hverage of Average of Averaye
value over all value over all maximun values maximum values maximun valuen difference
events and locations eventa and locations observed at predicted at
each station each station
¢ nax Cpmax Co ~ C Co c, ¢ - c‘,
Model (nyg/m’) (ng/u ) wa/nd !’ (pg/ut ) (ug/u ) {ug/w
MPITER
(CRSTER,
PLUNLS) 1672.7 1492.5 180.2 994.5 1207.9 -213.4
MISLM 1672.7 2940.0 ~1267.3 994.5 1592.0 ~597.5
ConpPres 1672.7 1529.0 143.7 994.5 1228.0 -233.5
SCHTER 1672.17 1374.4 298.2 994.5 1027.3 ~32.8
314} 162,71 727.8 944.9 994.5 591.3 463.2
414) 1672.7 727.8 944.9 994.5 591.3 403.2
TiM-BA 1672.7 1793.2 ~120.5% 994.5 1043.0 -48.5
HULTIMAX 1672.7 1383.7 269.0 994.5 1020.3 ~25.8
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TABLE 8b.,

CLIFTY CREEK

COMPARISON OF MAXTMUM OBSERVED AND
MAXIMUM PREDICTED CONCENTRATION VALUES
(1925} AVERAGING TIMEs 3 HOUR

- T Highest abaserved itighest predicted Dlfference of Average of Average of Average
value over all value over all maximum values waximum values maxbmum values difference
events and locations events and locatlons observed at predicted at
each station each station
Cnax Cpmax Co - C Co p C, - C
Model (pg/mt} tng/m'y (g /nd r pg/ud ) (rg/ud ) (;zg/m‘s'
MPTER
{CKHSTENR,
PLUMLYS) 794.0 41,1 52.9 543.3 5§40.3 - 3.0
MiBLM 194.0 1560.9 ~166.9 543.3 633.3 -150.0
COMPTER 794.0 760.9 33.1 543.3 602.3 ~59.0
SCSTER 194.0 702.3 91.7 543.3 476.3 -67.0
314l 194.0 450.3 343.7 543.3 314.7 228.6
4141 794.0 450.3 343.7 543.3 314.7 228.6
TEM- A 194.0 939,2 -145.2 543.3 5086.3 35.0
MULTIMAX 194.0 692.6 101.4 543.3 465.5 7.8
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TABLE 8e. COMPARISON OF MAXIMUM OBSERVED AND
MAXIMUM PREGICTED CONCENTRATION VALUES

CLIFTY CHEEK {1975}

AVERAGING TIME: 24 HOUR

Wighest observed
value over all
eventy and locations

Highest predicted
value over all
events and locatlions

Difference of
maxiaum values

hveraye of
maximum values

ubiserved at
each station

Averaqe ot
maximun values
predicted at
each station

Average
ditrerenc

e

Cnax C nax Co - C Ea Cp Co - Ci,

Muodel (ng/nd ) wg/a* ) (wa/ut Y (ug/ud } (ng/ut ) (ng/m?
MPTER

(CRYTER,

¢LUKES) 209.5 171.1 38.4 151.8 135.5 16.3
HESIA 209.5% 195.2 14.3 151.8 130.1 21.7
COMPTER 209.5 241.6 -32.1 15%.8 171.2 -19.4
HUSTER 209.5 106.6 102.9 151.8 83.1 68.7
1141 209.5 96.8 112,17 151.8 74.6 17.2
4141 209.% 96.8 112.7 151.8 74.6 17.2
TEM-UA 209.5 142.1 67.3 151.8 $2.4 59.4
MULTIMAX 209.% 104.9 104.6 151.8 85.17 66.1
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TABLE 9a. COMPARISON OF MAXIMUM OBSERVED AND
MAX THUM PREDICTED COHCENTRATION VALUES
CLIFTY CHEEK (1976) AVERAGING TIME: 1 HOUR

ftighest obsegved
value over all
events amd locations

itighest predicted Difference of hverage ot
value over all wax lmum values maximum values
events and locations observed at

each statlon

Average of
maximum values
predicted at
each statjon

Average
difference

C puox Comax Co -~ C Eo Ep Co - €
Hodeld tug/ut ) (ug/ut ) (wy/n ? wg/ul ) (ng/nd ) (ny/m! Y
MI“FLER
(CRSTER,
PLUMLS) 950. 4 1422.4 -471.6 858.1 1118.1 ~-260.0
HESL 850.8 1512.1 ~-561.3 854.1 1152.9 -294.4
COMPTER 950u.8 1436.8 -488.0 858.1 1160.3 ~302.2
BCSTER 950.8 1422.2 ~471.4 858.,1 1023.3 ~-165.2
3lal 94%0.8 441.3 109.5 458.1 626.2 231.9
4141 950.8 841.3 109.5 856.1 626.2 231.9
Trri-BA 950.8 1309.9 -359.1 458.1 953.0 44.9
MULCIMAX 9%0.8 1398.7 ~447.9 856.1 1025.9 -167.8

88



TABLE 9b. COMPARISON OF MAXIMUM OUSERVED AND
HAXIMUH PREDICTED CONCENTRETION VALUES
CLIFYY CREEK (1976} RVERAGING TIME:s 3 HOUR

Highest observed Highest predicted pifference of Average of Average of hvetage
value over all value over all maximum values maximum values max Lmum values difference
evueiites atul locatlions events and locations observed at predicted at
each station each stution
C puax Cypax €y~ C Eo Ep Co ~ €
Hudel {uy/u' § twg/nd ) twg/nd ? twg/ud } g/} {u u/m’i)
MITER
{CRSTER, ’
FLUBES } 623.7 856.0 -232.3 525.6 579.5 ~-53.9
MESine 623,% 947.1 -323.4 525.6 562.0 ~36.4
CuMirTER V3 Wy ] 1008.4 ~384.17 525.6 660.4 ~-140.8
LCSTPER 623.7 657.0 -33.3 525.6 488.2 37.4
314} 623.7 453. 4 170.3 525.6 324.1 201.5
4141 623.1 453.4 170.3 525.6 324.1 201.5%
TLM-8A 621.1 163,17 -140.% 525.6 §43.0 B82.6

MULT LHMAX £23.7 616.0 7.6 §25.6 463.2 62.4
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TABLE 9c. COMPARISON OF MAXIMUM UBSERVED AND
MAXIHUM PREDICTED CONCENTRATION VALULS

CLIFYY CREEK (1976)

AVERAGING TIME: 24 HOUR

Hiighest predicted

Ditference of Avegage of Average of Average

Highest olbserved
value over all value over all maxjnum values maximum values maximumns values dlfterence
events and lovations events and locations observed at predicted at
each statlon each station
Cpax Cymax Co - C C, Cp Co - CY
Model (pg/u') (ng/u') tng/ad f (ug/u’ ) twy/nt ) {ng/m?
METER
{CUSTER,
FLUMES) 1e1.2 248.7 -67.5 132.8 133.3 -0.5
MESDN 141.2 178.7 2.5 132.8 107.1 25.1
COMPTER 161.2 274.9 -93.7 132.8 159.6 -26.8
SOSTER 1.2 201.8 -22.5 l132.8 100.1 32.7
3141 181.2 129.1 52,2 132.8 74.3 58.5
4141 101.2 129, 52.1 132.8 15.% 57.3
TLM- A 181.2 102.2 719.0 132.8 4.8 568.0
MULTIMAX 141.2 196.0 -14.8 132.8 99.2 33.6
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APPENDIX 3

(WORKSHEETS FOR WORKBOOK COMPARISON OF
TEN AIR-QUALITY MODELS)



	CER_Meroney_0001
	CER_Meroney_0002
	CER_Meroney_0003
	CER_Meroney_0004
	CER_Meroney_0005
	CER_Meroney_0006
	CER_Meroney_0007
	CER_Meroney_0008
	CER_Meroney_0009
	CER_Meroney_0010
	CER_Meroney_0011
	CER_Meroney_0012
	CER_Meroney_0013
	CER_Meroney_0014
	CER_Meroney_0015
	CER_Meroney_0016
	CER_Meroney_0017
	CER_Meroney_0018
	CER_Meroney_0019
	CER_Meroney_0020
	CER_Meroney_0021
	CER_Meroney_0022
	CER_Meroney_0023
	CER_Meroney_0024
	CER_Meroney_0025
	CER_Meroney_0026
	CER_Meroney_0027
	CER_Meroney_0028
	CER_Meroney_0029
	CER_Meroney_0030
	CER_Meroney_0031
	CER_Meroney_0032
	CER_Meroney_0033
	CER_Meroney_0034
	CER_Meroney_0035
	CER_Meroney_0036
	CER_Meroney_0037
	CER_Meroney_0038
	CER_Meroney_0039
	CER_Meroney_0040
	CER_Meroney_0041
	CER_Meroney_0042
	CER_Meroney_0043
	CER_Meroney_0044
	CER_Meroney_0045
	CER_Meroney_0046
	CER_Meroney_0047
	CER_Meroney_0048
	CER_Meroney_0049
	CER_Meroney_0050
	CER_Meroney_0051
	CER_Meroney_0052
	CER_Meroney_0053
	CER_Meroney_0054
	CER_Meroney_0055
	CER_Meroney_0056
	CER_Meroney_0057
	CER_Meroney_0058
	CER_Meroney_0059
	CER_Meroney_0060
	CER_Meroney_0061
	CER_Meroney_0062
	CER_Meroney_0063
	CER_Meroney_0064
	CER_Meroney_0065
	CER_Meroney_0066
	CER_Meroney_0067
	CER_Meroney_0068
	CER_Meroney_0069
	CER_Meroney_0070
	CER_Meroney_0071
	CER_Meroney_0072
	CER_Meroney_0073
	CER_Meroney_0074
	CER_Meroney_0075
	CER_Meroney_0076
	CER_Meroney_0077
	CER_Meroney_0078
	CER_Meroney_0079
	CER_Meroney_0080
	CER_Meroney_0081
	CER_Meroney_0082
	CER_Meroney_0083
	CER_Meroney_0084
	CER_Meroney_0085
	CER_Meroney_0086
	CER_Meroney_0087
	CER_Meroney_0088
	CER_Meroney_0089
	CER_Meroney_0090
	CER_Meroney_0091
	CER_Meroney_0092
	CER_Meroney_0093
	CER_Meroney_0094
	CER_Meroney_0095
	CER_Meroney_0096
	CER_Meroney_0097

