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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, inherent limitations, and 

clarity of documentation. Model performance statfstlcs have been exam-

ined to confirm or revise initial impressions found during the prelim­

tnary 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 to 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 r~odels", 

EPA has undertaken a systematic evaluation of rural models. AMS through 

a steering committee is coordinatfng a peer review of ten air quality 

models (COMPTER, CRSTER, MPSD~1, ~1PTER, MULTIMAX, PlUfv1E5, SCSTER, TEt-1-8, 

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 pf modeling approaches on technical grounds, 18 an evaluation 

of statistical results from model/field concentration values, 10 and a 

consideration of a set of questions posed by the Woods Hole Confer­

ence.11 Chapter 2.0 discusses in some detail the foundation for such 

evaluation. 
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2.0 PROCEDURES 

This chapter discusses the historical framework for model evalua-

tion <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 General Consjderatjons 

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 model. Turner (1979) attempts to clar­

ify any semantic differences between these terms. 15 Specifically he 

defines Performance Evaluation as: 

Determining the performance of a model 
for different conditions through a 
partfcning of the data. 

Egan et. al. (1981), Hilst (1978), and Fox (1981) summarize various 

workshops prepared to consider the problems of air quality model 

11-13 . validation. Most partacipants 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 field 

data. 

The Woods Hole Conference recommended basing performance evaluation 

on the magnitude of differences between observed and predicted concan-

trations. The recommended performance measures were the bias (average), 

the variance (noise), and the gross variability (gross error) of the 

differences. Correlation measures in space and time were also con-

sfdered 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 monitor. 20, 21 



3 

Model validations based on comparison of predicted with observed concen-

trations without taking into account such natural varJabil ity of the 

observations may not be very meaningful. Rao and Visal li (1981) among 

others emphasize the importance of extreme value theory to qualitatively 

and quantitatively evaluate the performance of models. 19 Such estimates 

are important as long as regulatory needs specify limitations on first 

or second highest expected values. 

Indeed Woods 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 dls­

tfguish between models (Fox (1981)). This leads to the "qual itatlve" 

type of evaluation provided by the use of a modified "~lorkbool<" approach 

found in Chapter 3.0 and the response to Woods Hole Questions (Appendlx 

1) found in Chapter 5.0. 

Despfte the variety of emphasis within the recent llberature it Is 

clear that the engineering and scientific concensus recommends a bat-

anced approach which includes both "scientific" as wei I 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-

. 16 17 tor data, and physically correct foundations. ' Wilson, et. al. 

(1982) provide a decision flow diagram for evaluating a proposed air 

quality model. It is the intent of the next report sections to speak to 

such procedures. 

2.2 Qual itattye Evaluation by a Workbook Approach 

It fs not necessarily possible or prudent to judge one model 

"better" or "worse" than another in an overall sense. Each air quality 

model represents the synthesis of many submodules each potentially 
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different. These submodules deal with such details as source/receptor 

relattonships_ input sources and meteorological conditions, advection or 

dispersion processes, plume trajectories, 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 appl icatfon environment. 

Nonetheless it shall be assumed that ff a given model contains a set of 

modules each which appear more "scientifically sophisticated," more "up 

to daten, and speak to a wider range of atmospheric and terrain situa­

tions then it should be judged "bettern in that the user Is more likely 

to receive reliable guidance through its use. 

The EPA ( 1978) has recommended the use of a "~/orkbook for Com pari­

son of Air Quality Models" to guide the approval of alternate models to 

those included in the official "Guideline on Air Quality Models.n 18 

This workbook describes a technique for the qualitative comparison of 

modeling approaches on technical grounds. The procedure Is 

application-specific; that is, the results depend upon the specific 

situation to be modeled. Normally the user identifies both the appl ica­

tion of interest and an associated 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 

cal led "application elements." These "elements" represent physical and 

chemical phenomena that govern atmospheric pollutant concentrations. 

The importence of each element to the application is defined in terms of 

an importance rating. The lndtvtdual comparisons, together with their 

associated importance ratings, form the basis upon which the final com­

parative evaluation of the two models is made. Figure 1 reproduced from 
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the workbook displays a block diagram for the procedure for the compari­

son of air quality simulation models. Figure 2 indfcates 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 lntercomparison of 

the ten rural air-quality models with certain revisions. First, each 

air quality model (C0t~1PTER, CRSTER, MPSDM, MPTER, MULTIMAX, PLUME5, 

SCESTER, TEt-t-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 alI the models was examined in terms of the 

workbook classification scheme (see Figure 3), and a set of possible 

common applications identified. Third, since alI comparisons were gen­

erfc rather than specific no application element category was deemed 

"critical." Fourth, even application elements deemed "irrelevant" to a 

given application were evaluated for qualitative submodule standing. 

Finally, although the workbook only stipulates a study model is BETTER 

than, COr:tPARABLE to, or ~·JORSE than a reference model. chose to 

categorize model behavior as 

1) a LOT BETTER than (82), 

2) a LITTLE BETTER than (81), 

COf·IPARABLE to (C), 

3) a LITTLE ~/ORSE than (W1), or 

4) a LOT WORSE than (W2) 

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 
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,.----------4 l. CLASSIFY APPLICATION 

2 • DOCL:U:!IT STtJDY 
MODEL EQUATIONS 

1 

3. CHECK COMPATIBILITY 
OF STL'DY MODEL 

WITH APPLICATIO~ 

4. CLASSIFY STL"DY 
MODEL 

5. IDENTIFY 
REFERENCE 'MODEL 

1. DETER..~INE TREATHENTS 
OF ELE.'1.ENTS 

BY BOTH MODELS 

8 • COHP ARE TREATMENTS OF 
EACH ELEMENT BASED ON 

REL~TIVE LEVEL OF DETAIL 

6. REVIEW AND MODIFY 
IMPORT~~CE RATI~GS 

IF ~ECESSARY 

9. COMBINE TRE.ATXE!IT COMPARISONS~~-----....,~ 
WITH IHPORT~~CE RATI~GS 

RESULT: 
COHPA.ItATIVE EVALUATION 

Note: :ium.bers in the boxes refer to the steps in the cocparison proccdura 
aa given in Table 2.1. 

Figure 1. Procedure for the Comparison of Air 
Quality Simulation Models 



11. BACKGHOllNll 
HOlJtlDAi<Y 
AU D I rJ IT 1 A 1 
COtHHTH1NS 

EMISSION CHARACTERISTICS 

1. SOUKCE-IU::CEPTOR RELATlOUSHIP 
2. EHISSION RATE 
3. CUHPO$IT10N OF EMISSIONS 

9. Cl!EHISTRY Al~D 

REACTION HECHANISM 

(SECO~~DARY PRODUCTION) 

(CilEHICAL RE~10VAL) 

TRANS PORT CH.ARP.t::TERIST I CS 

4. PLUME BEHAVIOR 

5. HORIZONTAL WIND FIELD 

6. VERTICAL WIND FIELD 

7. HOlUZONTAL IJISPERSION 

8. VERTICAL DISPERSION 

12. TEHPORAL 
CORRELATIONS 

PREDICTED 
CONCENTRATION 

10. PHYSICAL REHOVAL 
(DRY DEPOSITION) 

(PRECIPITATION 
SCAVENGING) 

Uote: Temporal cor··elations relate the time variations of all other application elements. 

Figure 2. Application Elements as Major Factors Affecting 
Pollutant Concentrations 

" 
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INDEX 
NUMBERS 

INSERT APPROPRIATE 
NONE NUMBERS iN THE 

BOXES PROVIDE o: 
PRIMARY 

CHEMICAL 
2 

PHYSICAL 
3 

CHEMICAL 8 PHYSICAL
4 EJ A. POLLUTANT 

CHARACT £ R ISTICS NONE 5 
CHEMICAL 

6 SECONDARY 
PHYSICAL 

7 
CHEMICAL 8 PHYSICAL

8 

LONG-TERM 

[] B. AVERAGING 
TIME SHORT-TERM 

2 

POINT 

LIMITED AREA 
2 EJ C.. SOURCE LINE 
3 

CHARACTERISTICS 
MULTIPLE /COMBINATION 

4 

SHORT-RANGE 
COMPLEX 

LJ LONG-RANGE 
2 D. TRANSPORT 

CHARACTER IS TICS SHORT-RANGE 3 SIMPLE 
LONG-RANGE 

4 

Form the applic~tion index by transferring the four index numbers into 
the corresponding boxes below: 

APPLICATION 
-----......IJ~~~""' I N 0 EX E ~ E E I 

Figure 3.. Application Classification Form 
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Studv Model: 

References: 

Abstract: 

Classification: 

Application Index: Reference Model: 

Anolication Description: 

Model Aonlicabilitv: Applicable 0 Not Applicable 0 

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

Equations: 

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

Application 

Element 

Source-Receptor Relationship 

Emission Rate 

Composition of Emissions 

Plume Behavior 

Horizontal Wind Field 

Vertical '.J'ind Field 

Horizontal Dispersion 

Vertical Dispersion 

Chemistry and Reaction Hechanism 

Physical Removal Processes 

Background, Boundary, Initial Conditions 

Temporal Correlations 

Importance Rating 

Initial Modifieda 

~.J'ith the exception of the designation of IP~ELEVANT elements, it is expected 
that at most one CRITICAL designation and possibly one other modification 
may be made. 

·Figure 6. Evaluation Form: Part 8: 
Importance Ratings 



Application Index: ____ _ 

~QQlication Element: A~plication Element: 

Reference Hodel: Reference Hodel: 

Treatment: Treatment: 

....., 
Study Model: Study l-1odel: N 

Importance Rating: Importance Rating: 

Comparative Evaluation: Comparative Evaluation: 

Treatment: Treatment: 

Figure 7. Evaluation Form: Part C: Treatment of Elements 



Application Index Reference Hodel -------------------- Study Hodel.;;_:-----------

Importance Rating Comparative Rating 
of Applic.:1tion Number of Treatments of 

[lemcnts Total BETTER COHP AH.ABLE l~ORSE Study Hodel 

CRITICAL 

HIGH 

!·!::,:t~t 

-" 
w 

LOtv 

IRRELEVANT XXX XXX XXX ---
Total (Should equal 12) 

TECHNICAL EVALUATION 

Figure 8. Evaluation Part 0: Technical Comparison 
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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 reproduces the work copies of the forms produced during the 

evaluation of each model. 

2.3 Statistical Evaluation by Fjeld 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 

air qual ity. 10 This is the first time statistical tests of this sort 

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: RAt~1, RAtvlR, CRSTER, PAL, PTr,tTP, TEf~5 and VALLEY. 14 Mode I 

performance statistics were developed for six separate sets of field 

data (Hanford 67, Green Glow, NRTS, ~11, 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, Rancho Seco, Karlsruhe, and 

Fort Wayne) for elevated releases from a fixed height, and for three 

separate sets of statistics (Goodyear, Benecia, and Garfield} for 

elevated buoyant releases. The authors compared 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 together, demon­

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

,...... 
X ~ 

0:: c:::c: 0:: ...-
LU 0:: :?::: V) LU ~ 
1- LU ~ 0:: ....... LU 1- OJ .......... a.. 1- a LU :?::: (/") ...-
~ (/") (/") 1- ::::> LU ..- o:::::t ..:::... 
0 0:: a.. a.. _J u LU ...-u u :?::: :?::: a.. V) 1- M 

COHPTER -

CRSTER -

MPSDM -

ivtPTER -

MULTH4AX -

PLUMES - I 
SCESTER -

TE~1 8 -

3141/4141 -

Ratings: 82: A lot better 
Bl: A little better 
c : Comparable 
~Jl : A little worse 
t·J2: A 1 ot ~·Jorse 

Figure 9. Application Element 
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factor of 2 for predicting concentrations for characteristic dispersion 

conditions at most locations. 14 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. (1982), produced for the 

current intercomparison are more limited ln application scope. 10 Only 

one site was examined tn detail. The data for the Clifty Creek plant in 

the Ohio River Val ley for the years 1975 and 1976 were selected as the 

most suitable part of the American Electric Power Corporation (AEP) data 

set for evaluating rural models. 

The Clifty Creek plant, operated by the Indiana-Kentucky Electric 

Corporation, is a coal-fired, base-load facility located 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 rot ling hi I Is. Hi I I and ridge tap elevations do 

not exceed stack height 

Hourly air quality data were measured by continuous so2 monitors at 

six stations ranging from 3 to 15 kilometers from the Clifty Creek 

plant. Hourly meteorological data compiled in the standard format frcm 

the Meteorological Preprocessor Program <CSRTER> were utfl ized as input 

information. AI I data were interpolated to 7 meters for input to the 

models, which subsequently used their respective, interval wind-profile 

algorithms to extrapolate to stack-height values. 

modified to accept hourly so2 emissions data. 

AI I programs were 
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Table I I ists the statistical comparisons recommended by the AMS Woods 

Hole workshop. The methods used to accomplish these comparisons are 

detailed in Londergan et. al. (1982). I wil I assume that alI values 

produced are mathematically correct~ the methodology appropriate and the 

results significant. It is obvious that the statistics contain a mass 

of information. Due to tJme and resource constraints I 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 permit use of the CRSTER 

preprocessor program and obtain model predictions appropriate for com­

parison with observed concentrations. 

Although the modification of the subject programs may have been 

practically necessary; find the adjustments unfortunate, since one 

disengages the original subrnodules whose "scientific" evaluation sug­

gested one model was preferable tq another. It is also significant that 

many of the more sophisticated adjustments 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 possible a given submodule 

.element is superior in one program to another, yet the total model per­

formance may not reflect this fact. 

Chapter 4.0 summarizes the results of statistical model compari­

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



Table 1. 

A. l'cak Concent tat hm 
Cun•l••u: 1 U(Jho 

Summary of Data Sets for Rural Model Evaluation with Clifty Creek Data Base 
(Suggested by Woods Hole Report.) 
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foe e<ach event with hlyhcat Compar: ltwns 
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-------------------------------------
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A rating scale similar to the workbook scale was used, ie., 82, 81, C, 

Wl, 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 COMPARISONS 

The procedures followed during this "scientific" evaluation \>lhich 

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 

Jntercomparison of the subject air quality models. Table 2 compares the 

models fn 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 alI models were modified to 

calculate at the six specific monitor locations required by a Clifty 

Creek simulation. Table 3 summarizes program options. Program documen­

tation is reviewed in Table 4. 



Table 2. I Features of Air Quality Models 
__ .._ ___ ._ .. ____________ ,. __ < __ .. 

Uodel 

CONPUTER 

CHSTl:R 

tlf'Sllf'l 

t·!P'fER 

tlULTWAX 

I)LUUES 

SCESTER 

T~M-8 

3141/ 
4141 

Allm-.·cd Numhct 
Sourct!S Receptor~ Region(s) for 

Application Point c\r<!J I.illk! 

50 

19 

35 

250 

100 

10 loca­
tions with 

X 

X 

X 

X 

X 

IS stocks x 
coJettetl 
at each 
location 

60 X 

300 

19 
cal cu .. 
Ia ted 

50 

X 

;~ 200 

X 180 
polar coord 

grid 
5 radius US 

urban or rural, 
flat or uneven 
terrain 

urban or rural 
flat or uneven 

x 128 US urban or rural 
(35 monitors) flat or uneven 

X 180 receptor 
polar coord or 

X 300 
polar or rcct 
gritl or US 

!» 

rural uneven 
terrain 

urban or rural 
flat or uneven 

x polar or urban or rural 
squ,lrc 
arrays 

x 600 urban o.r rural 

X 

X 

polar, rcct or flat or uneven 
US ( 15 rings) 

2500 max 
50 X 50 

flat level rural 
terrain 

180 urban or rural 
polar coord flat or uneven 
5 radius US 

<;·-- ttod i fi~i 0
2

, as square 

l'.l tlodificatiou to both & o , vertical distance adjustment 
~ z 

w.J: ttodi!ication of o
2 

only, weighted as square 

US "" Arbitrary or Us<!r SJlCt:ifi(~tJ 

Dispersion 
Coefficients 

Pasquil-Gifford 
& Pasquil accel 

Pasquil-Gifford 

AStlE or 
US A 
Pasquil Accel 

J>asqu il·Gif ford 
Pasquil Accel <> 
Exp Depletion 

Pasquil-Gifford 

Pasquil-Gifford 
Pas<luil AccelO 

Pasquil·Gifford 

Pasquil-Gifford 
Exp. Depletion 

Pasquil-Gi fford 
Briggs Accel <> 

Reference 
Height (m) 

7 

7 

10 or US 

us 

7 or US 

10 -/; 

1 or US 

10 

1 

-:: Extrapolates to otfwr heights US under different situations of stable layer penetration 

0.10 0.15 

0.10 0.15 

0.09 0.11 
or US 

0.20 

0.20 

0.12 

0.07 0.07 0.10 
or US (Z N 0.03 

0-

0.10 0.15 0.20 

0.10 0.15 0.20 

0.10 0.15 0.20 
or US 

0.10 0.15 0.20 

0.10 0.15 0.20 

···------·---------·----

0.25 0.30 0.30 0.30 

0.25 0.30 0.30 

0.14 0.20 

0.15 0.35 0.35 

0.25 0.30 0.30 

N __, 

0.25 0.30 0.30 0.30 

0.25 0.30 0.30 0.30 

0.25 0.30 0.30 

0.25 0.30 0.30 0.30 



Table 3. Model Options 
- ---
Source Condtious Plwue Rise and Dispersion Terrain and tli xing l.ayt:r lh:i ght Adjustments 

---- .. ~- .. <~· ,,., ... - ... - - .. - .... -~,.-,..~-------'- ........... - .. ... ~------·-~--···~,··· ...... __ ., ...... -.. ,.. .... -~----·-·-·. ~ .... -----.. -~ ......... 
V.triallle Variallle Plume Rise Wind Includes tlixing Slt~blt:: l't!n:t.r;•· 

tiODt;f. t'uiut An.: a J.iu~ Soun:t! Varit.&ble Stack ttuu1entum Plume Accelerated Flares Shear Prca,roccssor Layer Terrain Tt!rraiu I.aycr f'umi- lion of 
Sl rt•Ut;lh Ucight Down- !Use Rise a Adjust• l,rognun Ueigbt Follow· llllJiilCL l,enc- gat ion tlixcd 

wash mcut ing t.ration I.aycr ------ -----·~-.. -· .. -.. ·~·. ·~·--·-,. _ .... ----· . ....... ~·-·--- .. ~··---

COtll)'fi::R .J .J .J .J .J .J* .J SIGO 
CkSTU< .J .J .J .J .J .J-lt .J FGU 
tWSU!I J .J .J .J .J .J .J IGD IGU .J .J 
twn.tt .J .J .J .J .J .J .J .J SlGO 

tu!l.nta:\X .J J .J .J .J* .J lUI A 
l't.u:u:s .J .J .J .J .J .J .J .J v .J .J .J 
SCS'l'l::k .J J J .J .J .J J FGD .J 

IGO 

SIGD 
'fEM-8 .J .J .J .J J .J .J .J J 
3141/4141 ,I .J .J J J J SIGD ? 

....... _. --------- ... ______ 
Dt·p let ion tlcH.:han bi111t> Receptor Characteristics 

--- .... -·-·~··-·-- -h· _..., ___ ,. ---... -· ·- N 
Back· N 

Ctu .. wi .. Dcpu· :Scav- Ut~t•lc· t;rouud Run tlax 2nd tlax 
t10Ut::f. Cill 2lil iun cugirag Liuu Cuunm• Auto- 10 min 30 min 1 hr 3 br 24 hr Variable Average Annual Cone. Couc. 

l a .• 1. iou grid 
Adjust-
lln:ul 

CotJPl'ER .J J .J .J .J .J .J .J 
Cl<SlU( .J J J .J .J .J .J .J 
tn'Si.IU .J .J .J .J .J .J .J .J .J J 
tWf£1( .J .J .J .J J .J .J .J .J .J 
tlUI.'t'UlAX .J J .J .J .J .J J 
Jll.but:5 .J .J J .J .J .J .J .J .J .J 
~CS'I'I.:H .J .J J .J .J J J .J 
u:ta-a J .J .J .J .J J .J .J 
3141/4141 .J .J .J .J .J .J .J 
~ ... -...... -- -.. - - -~~ ·----··-·,--·--------·-----· ... 
Nutt:::.: ·.': lhu.~s CHsn:u Ptt!proces~wr Program 

HiD lnlt:!nu•••lii;lc: gr<11uuJ displacement (U-cAZ) 
SIGO Slr<tl it ic.tl~vn ... Jj•~~tt:d int.er~tedia~c ground displace111ent (li·AZ + f'1'AZ) where F.r = f(stability) 
kilt\ Rt~l:t·t•l~Jr-lttH-ghl ···1JU:>lt!IIICUl. z• = zn.•cc , .. /2, z ~ 11-10 
Hill full gtvt.&hi da~•i>LH·ctut~ut (U- AZ) 1 
v 'h·rr;.iu ;&Jiju:;luu~ul dt•ta•mling on lot:<;liou wrt Jl and top or base of stable layer 



Table 4. Documentation 

Rating of Documentation 

timitations Assumptions Accuracy Veri fi..cation Sensitivity Easy to Stands Clear 
NO DEL Clearly Stated Stated Study Study Use Alone Writing 

Stated Included Style 

CONPTER .J .J 
CRSTEH .J .J .J v c .J .J .J 
~JPSDN .J .J .J .J .J 
HPTER .J .J .J .J .J 
~fiJLTINAX s s .J c .J .J 
PLUNES V/C N 

w 

SCSTER R R .J .J .J 
TEN-8 .J .J .J .J .J 
3141/4141 .J R R .J .J .J 

Notes: s Spread through repo~t 
v Comparison to field Data 
c Comparison to other semi-empirical model results 
R Heferenced in other articles or reports 
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3.1 Performance by Appl ;cation Element 

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 Reaction Mechanisms, 

- Physical Removal Processes, 

- Background, Boundary, Initial Conditions, and 

- Temporal Correlations. 

One might note here that the Clifty Creek data treatment essentially 

eliminates any possibl ity of comparison of the models features related 

to five of these categories, ie. source-receptor relationships, emission 

rate, composition of emissions, chemistry and reaction mechanisms, and 

physical removal processes. 

The EPA (1978) workbook provices nu~erous tables to subclcssify 

model physics, assumptions and capabilities. A table subcategory has 

been noted for every model for each factcr identified under each appl i­

cation element heading. These codes are summarized in Table 5 of this 

repor7, and reflect notations found ir. 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 afr-qual rty models studied depend on nearly identi­

cal algorithms. This suggests any magnitude differences which exist 
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T.1ble 5. ~pplication Element Comparison Chapter 5 EPA Workbook for Comparison of Air Quality Models 

_. 
<1.1 

~ 
-.:r 

. -\PPLICATIO~ ..... ~ 
...0 t.:J ~ 11"1 c.: -.:r 

ELE~1ENTS <1.1 ro ~ t..! ::;:: c.: ~ r..l tr..l co -..... ~ ~ £--< 0 w ~ ::.: ..... ..!.. ...0 ...0 U') U') ..... ...:1 :::l U') 

tJ -.:r 
ro :::1 0 ~ p.. 

~ ;:::l ...:I u -..... U') u u ::;:: ::;.-: c.. U') ~ M 

Horiz. Source Location 5.1 a pl p3 p1 p1 p1 pl p3 pl p3 
Release Height b p1 pl p1 pi pl p1 p1 p2 pl 
Du~nwind Ccosswiu' c pl pl pl pl pl pl pl pl pl 
Source Orientation d 
Receptor Location e 1 or 3 1 or 1 or or or or 2 3 

3 3 3 3 3 3 
Receptor Height (Ten) f 2 2-7 2 2 2 2 2 7 2-7 

Emmission Rate 5.2 
Spatial s pl pl p1 pl pl pl pl p-1 pl 

A-2 
Temporal t 1 3 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 4a 4a 4a 4a 4a 4a 4a 4a 4a 

Horizontal Wind Field 5.5 
Horiz. Location 4 4 4 4 4 4 4 4 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 4a 4a 4a 4a 4a 4a 4a 4b 4a 

Horizontal Dispersion 5.7 4a 4a 4a 4a 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 for0 a 5.10 3 3 3 3 3 3 3 3 3 

Vertical Dispersion 5.7 4a 4a 4a 4a 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 for0

<J 5.10 3 3 3 3 3 3 3 3 3 

Chemistry & Reaction tlechanism 5.12 7 7 1 1 7 7 6 7 7 

Physical ~~movaL Processes 5.13 
Dry Deposition 4 4 4 2b 4 2b 2b 2b 4 
Prec1.p. Scaven~. 5 5 5 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. c 2 2 2 2 2 2 2 3 2 

Temporal ~~rrelations S.lS la lc 1a 1c lc la la 3 1c 
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Table 6. APPLICATION ELEMENT: Source Receptor Relationship 

Application: 1143/1243 Importance: M/M 

Ref. ...-
>< <::::t' 

Hodel a::: <C a::: ...-
LU a::: :E lO LU <::::t' 
f- LU ~ a::: - l...L.J f- 0:) ........... 

Study a.. f- a w f- 4 (/') ...-
~ (/') (/') f- .....J ::::::> w 4 <::::t' 

Model 0 a::: a.. a.. 2 .....J u LL.J ...-u u :E 4 ..c.. a.. (/') f- (""') 

COi·tPTER - B2 c c c c c Bl B2 

CRSTER - \v2 \v2 Wl W2 ~12 c W2 vl2 

MPSD~·1 c B2 - c c c c Bl B2 

NPTER c B2 c - c c c Bl B2 

-~1UL TINAX c 82 c c c c Bl 82 

PLUNES 81 c - c Bl Bl c c c 

SCESTER B2 c c c c - Bl 82 c 

TEH 8 Wl B2 Wl Wl Wl Wl Wl - 82 

3141/4141 W2 c t~2 H2 W2 Wl W2 W2 -

Ratings: B2: A lot better 
Bl: A little better 
c : Comparable 
Wl: A 1 i ttle worse 
H2: A lot worse 
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between program predictions are the result of matters of detail rather 

than overal I model approach. Indeed it is somewhat discouraging to find 

results scatter so widely considering the class family resemblances. 

Source Receptor Relationships: 

There are slx factors considered: 

- Horizontal location of sources, 
- Release heights, 
- Downwind and crosswind distances, 
- Orientation of area and ltne sources, 
- Horizontal location of receptors, and 
- Height of receptors. 

Model interccmparison as shown on Table 6 suggests that COMPTER, 

tv1PSOM, r•1PTER, MULTHtJAX, PLUf'-1E5 , and SCSTER are nearly equivalent. 

CRSTER, 3191, and 4141 models are limited by the requirement for co-

location of sources. TEM-8 is limited to flat terrain. 

Emission Rate: 

Spatial and temporal resolution is considered ln evaluating emis-

s ion rate. COt:iPTER, MPSOM, MPTER, PLUr·1E5, and SCSTER are comparab I e as 

noted in Figure 7. MULTIMAX and TE~-1-8 are somewhat less desirable 

because they are limited to constant (temporal) emission rates. CRSTER, 

3141, and 4141 specify monthly variations in emission rate rather than 

hourly. 

Composition of Emissions: 

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

chemically reacting gases or particles which may be depleted by scaveng-

ing or fallout Nonetheless PLU~E5 stands out as a model which includes 

special features to handle N02 and decaying compounds (see Table 8). 
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Table 7. APPLICATION ELEMENT: Emission Rate 

Application: 1143/1243 Importance: M/M 

Ref. ....-
X ~ Model ~ c:( ~ ....-

LLJ ~ ::i: LO LLJ ~ 
1- LLJ :E: ~ ......... LLJ 1- o:. ............ Study 0.. 1- 0 LLJ 1- ::i: (/') ....-
~ (/') (/') 1- _J :::::> LLJ ~ Model 0 c:.::: 0.. 0.. :::::> _J u ....-u u z ~ ::!: 0.. (/') M 

CONPTER -
81 c c 81 c c 81 81 

CRSTER Wl - W1 W.l c Wl t~l 81 c I 
MPSDM -

Bl I c 81 c 81 c c 81 

MPTER - fJ c 81 c 81 c c 81 
' - I MUL TH4AX W1 c vll Wl Wl W1 81 c 

PLUMES -c 81 c c 81 c 81 

-:l SCESTER c 81 c c 81 c - 8.1 2 

I 
TE~1 8 W1 W1 W1 W1 Wl Wl Hl - \~1 

3141/4141 t~1 c Hl Wl c Wl W2 81 -

Ratings: 82: A lot better 
Bl : A little better 
c : Comparable 
~11 : A little worse 
~·12; A 1 ot v1orse 
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Table 8. APPLICATION ELEMENT: Composition of Emissions 
Applications: 1143/1243 Importance: L or I 

Ref. ,._. 

Model 0::: c:::::r 
0::: .-w 0::: t.t) w c:::::r 1- w ~ w 1- o:> -.......... 

Study 
0.. 1- a :E: V') .-
:E V') (/') :::> w :E: c:::::r 

Model 
0 a:::: 0.. ....J u LJ.J u u :E: 0.. (/') 1- l 

C0f·1PTER - c c c c \~1 c c c 

CRSTER c - c c c Wl c c c 

MPSDi4 c c - c c Wl c c c 
. 

i4PTER c c c - c Wl c c c 
I 

MULTif;lAX c c c c - W1 c c c 

PLUMES 81 Bl Bl 81 81 - Bl 81 81 

·-
SCESTER c c c c c Wl - c c 

TEr1 8 c c c c c I Wl c - c 

3141/4141 c c c c c Wl c c -

Ratings: 82: A lot better 
81: A little better 
c : Comparab 1 e 
~11 : A little worse 
L·J2: A 1 ot v10rse 
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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 Brfggs buoyant plume rise formulations. MUL­

TIMAX, TEM-8, and r-lPSOM use distance dependent plume rise formulations. 

The other models use ffnal plume rise for calculating effective stack 

height at all distances from the source. It appears that an option 

exists to use var i ab I e pI ume rise in COMPTER, CRSTER, PLUf~E5, SCSTER, 

and r~IPTER. Some models permit adjustments for momentum r Jse and other 

adjust for tip downwash. Tab I e 9 suggests PLUr·1E5 and tv1PSDr·1 are supe­

r for. 

Treatment of Horizontal Wind Fjeld: 

Treatment of Vertical Nfnd Fjeld: 

AI I models treat these elements similarly <Tables 10 and 11). 
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Table 9. APPLICATION ELEMENT: Plume Behavior 

Application: 1143/1243 Importance· M/H 

Ref. X I ...-
..ey-

Nadel 
0::: c::x: 0::: ...-
w 0::: :E L.O w ..ey-

Study t- w ~ 0::: ........ w t- 0:) ............. a.. t- a w t- :E V") ..-

Model ~ V") V") t- _J ::::::> w ..ey-
0 0::: a.. a.. ::::::> _J u ....-u u z :E z a.. V") (V) 

I i 

CGr·1PTER - c W2 C- C- ~~2 c Wl c 

CRSTER c - W2 C- c W2 c Wl Wl 
I 

MPSDr4 82 82 - Bl 82 Wl 82 c 82 

i4PTER C+ C+ Wl - C+ W2 C+ Wl j 
l 

MULTINAX C+ c W2 C- - W2 c Hl C+ 

PLU~1E 5 82 82 81 82 82 - 82 Bl 82 

SCESTER c c W2 C- c W2 - Wl c 

TEN 8 81 Bl c Bl Bl I Wl Bl I Bl -

3141/4141 c C- C- W2 Bl W2 c Hl -
I 

Ratings: 82: A lot better 
Bl: A little bettet .. 
c : Comparable 
~~1 : A 1 i ttl e ltiO r s e 
W2: A lot v1orse 
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Table 10. APPLICATION ELEMENT: Horizontal Windfield 
Application: 1143/1243 Importance: M/M 

Ref. >< I ,..... 
Model 0::: c:::( 

t::::t" 

I 
0::: .....-

Study 
La.J 0::: ::::: 1.0 La.J t::::t" 
1- La.J -.;-' 0::: - La.J 1- O:) ............ 

Model 
a_ 1- i5 La.J ::::: V1 ,..--

6 i V1 (/) 1- ~ La.J :2: oo::t c::::: o_ o_ _J u La.J ' .--u u :::::: ::::: o_ V1 1- ('I") 

CQr·iPTER - c c c c c c c c 

CRSTER c - c l c c c c c I c 
I 

I 
~1PSDM c c - c c c c 

I 
c c 

I 

I I 8 i"1PTER c c c - c c c c 
t 

I 
i 

I MULTU.·1AX c c c c - c I c c I c 
! 

~~ 
I I 

i 

PLUME 5 c c c I c I c c I c I c 
I I 

I I I 
I I 

I 

I SCESTER c I c c c c c c c 
! -

I l 
I I I TEr·1 8 c c c c c ! c c c I I I -

I I 
i 

I 

I I 

3141/4141 c c c I 
c ' c c c c I I -

Ratings: 82: A lot better 
Bl: A little better 

c Comparable 
W1: A little \vorse 

W2: A lot worse 
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Table 11. APPLICATION ELEMENT: Vertical Wind Field 

Application: 1143/1243 : L or I 

Ref. X 
...-
<::j"' 

0::: c::t: 0::: ...-Model Ll.J 0::: :E: 1..0 Ll.J <::j"' 
1- Ll.J ~ 0::: - Ll.J 1- ()j .......... 

Study 
0.. 1- 0 Ll.J 1- :E: V) ...-
::£: V) V) 1- ....J => Ll.J <::j"' 

Model 0 0::: 0.. 0.. => ....J u ...-
u u :E: ~ ::E: 0.. V) I M 

C0t·1PTER - c c c c c c c c 

CRSTER c - c c c c c c c 

MPSDr1 c c - c c c c c c 

i4PTER c c c - c c c c c 

MUL TifvlAX c c c c - c c c c 

PLUME5 c c c c c c c c -
I 

SCESTER c c c c c c - c c 

TEM 8 c c c c c I c ,. c l. -

3141/4141 c c c c c c c c -

Ratings: 82: A lot better 
Bl: A little better 
c . Comparable 
W1: A l i t t 1 e \·10 r s e 
H2: A 1 ot v10rse 
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Treatment of Horizontal and Vertical Dispersion: 

The Pasquil 1-Gifford dispersion coefficients are used by each model 

except f•tPSor.1. In MPSDM, the ASME dispersion coefficients are used in 

the Gaussian equation. TEM-8, 3141, and 4141 enhance the dispersion 

coefficients to correct concentrations to effective averaging times of 

one hour. Tabulated Pasquil 1-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, PLUME5, 3141, and 4141 enhance cr-y. 

PLUME5 and SCSTER correct dispersion for wind shear effects. 

Overall PLUME5 appears to be most flexible. MPSDM, MPTER, 

3141/4141, and COMPTER are somewhat less desirable as noted in Tables 12 

and 13. 
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Table 12. APPLICATION ELEMENT: Horizontal Dispersion 

Application: 1143/1243 Importance: M/H 

Ref. ...-
o:::::r Model 0:: Ct': ....-

LL..J Ct': LO LL..J o:::::r 
l- LL..J 2:: Ct': LL..J l- Oj ............ Study 0... f- a w z V) ..--z V) V) 1- :::> LL..J :E: o:::::r r-1ode 1 0 ~ 0... 0... _J u w r-u u ::s 4 a... V) f- ("'''") 

CONPTER - c Wl Wl c W2 c c Wl 

CRSTER c - Wl Wl c W2 c c Wl 

MPSOi4 81 81 - c 81 Wl Bl Bl c 

HPTER 81 81 c - 81 Wl 81 81 c 
I 

MULTINAX c c Wl Wl - H2 c c Wl 

PLUNE5 82 82 81 Bl 82 - 82 82 Bl 

SCESTER c c Wl ~~1 c W2 - c ~n 

TEN 8 c c Wl Wl c W2 c - Wl 

3141/4141 81 Bl c c Bl w·1 81 Bl -

Ratings: 82: A lot better 
81: A little better 
c : Comparable 
Wl : A 1 i t t 1 e vm r s e 
~~2: A 1 ot v1orse 
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Table 13. APPLICATION ELEMENT: Vertical Dispersion 
Application: 1143/1243 Importance: H/H 

Ref. ...-
X <:::r 

Model 0:: .:::X: c:: ...-
l.I.J 0:: :a: t.O l.I.J ~ 
I- l.I.J ~ c:: ........ l.I.J I- O:J ........... 
0.... I- 0 l.I.J I- :a: V) ...-

Study 'E V) V) 1- _J ::::> w <:::r 
0 c:-:: 0.... 0.... ::::> _J u ....-

Model u u :s :::: :s 0..... V) M 

COf.lPTER - Bl Wl c Bl Wl 81 81 c 

CRSTER Wl - W2 Wl c W2 c c Wl 

MPSDM 81 82 - 81 82 Wl 82 82 81 

i1PTER c 81 Wl - 81 Wl 81 81 c 

fv1UL T Hv1AX Wl c W2 Wl - W2 c c Wl 

I I 
PLW~E5 Bl 82 81 81 82 - 82 82 l Bl 

SCESTER Wl c W2 Wl c W2 - c Hl 

TEfv1 8 \-11 c ~ Wl c I W2 c - Wl 

3141/4141 c 81 Wl c 81 Wl 81 81 -

Ratings: 82: A lot better 
81: A little better· 
c : Comparable 
Hl: A little v1orse 
~.J2: A lot worse 



37 

Chemistry and Reaction Rate Mechanisms: 

Physical Removed Processes: 

~-lost mode Is are on I y sui tab I e for f ong or short term transport of 

inert gases such as so2 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 limjtfng procedures. 

MPTER, PLUMES, 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 1S reflect these model improvements. 

Background, Boundary, and Initial Conditions: 

This element accounts for mechanisms to adjust for variations in 

mixing layer and terrain height. Some models account for mixed layer 

penetration, all but TEr··1-8 make some adjustment for receptor location 

and terrain variation. PLUMES and SCSTER permit terrain impact under 

certain conditions. MPSDM and PLUMES contain the most desirable combi­

nation of conditions (see Table 16). 
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Table 14. APPLICATION ELEMENT: Chemistry and Reaction Mechanisms 

Application: 1143/1243 Importance: L or I 

Ref. ...-
o::::t 

Model a::: a::: ..--
LL.I a::: LO LL.I o::::t 
1- LL.I ~ LL.I 1- o:> ............. 

Study 0.. 1- Cl 

I 
::E: V') ...-

~ V') V') ::::> LL.J ::E: o::::t 
Model 0 0:: 0.. _J u LL.I ...-

u u ::E: 0.. V') 1- M 

COt,lPTER - c c c c Wl c c c 

CRSTER c - c c c W1 c c c 

MPSOt~ I 
c c - c c \~1 c c c 

i~PTER c c c - c W1 c c c 

~lULTir.tAX c c c c - W1 c c c 

PLU~1E5 81 81 81 81 81 - c c c 

SCESTER c c c c c Wl - c c 

TEN 8 c c c c c I Wl c - c 

3141/4141 c c c c c yJl c c -

Ratings: 82: A lot better 
81: A little better 
c : Comparable 
~11 : A little worse 
~42: A 1 ot v10rse 
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Table 15. APPLICATION ELEt4ENT: Physical Removal Processes 

Application: 1143/1243 Importance: L/L 

Ref. X -~ 
Model et: <:( et: -w et: :£: 1.0 w ~ r- w :;:.: et: ......... u.J r- 0:) ............ 

Study a.. r- a w ::: V') 

z V') V') r- :::::> w :s 
Model 0 et: a.. a.. -.1 u w -u u :::::: :::::: a.. V1 r- M 

COf·1PTER - c c \-11 c Wl Wl Wl c 

CRSTER c - c Wl c Wl Wl L~l c 

MPSD~1 c c - \:Jl c l~l Hl Wl c 

i4PTER 81 Bl 81 - 81 c c c Bl 

r·1UL TIHAX c c c Wl - W1 Wl Wl c 

PLUMES Bl Bl 81 c Bl c c Bl -

SCESTER Bl Bl 81 c 81 c c 81 -

TE~1 8 81 Bl Bl c Bl c c 81 -
3141/4141 c c c Wl c l~l Wl Wl -

Ratings: B2: A lot better 
Bl: A little better 
c . Comparable . 
Wl : A little \-JOrse 
H2: A 1 ot \'Jorse 



Table 16. APPLICATION ELEMENT: 

Application: 1143/1243 

Ref. 
ivtode 1 0:::: 

LJ..J 0:::: 
I- w 

Study 0... I-

~ 
V) 

Model 0:::: u u 

CONPTER - Bl 

CRSTER Wl -

r~1PSDf·1 Bl B2 

i4PTER c c 

MULTINAX c 81 

PLUMES 81 81 

SCESTER c 82 

TEN 8 Wl c 

3141/4141 c Bl 

Ratings: B2: 
81 : 
c 
vJl : 

H2: 
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Background, Boundary, 
Initial Conditions 

Importance M/M 

>< 
<C 
::E: L(') 

::E ~ w 
Cl I- ::E: 
(/) -l => 
0... => -l 
~ :;;::: a.. 

Wl c c Wl 

W2 c Wl Wl 

- Bl Bl c 

Wl - Wl Wl 

Wl 81 - Wl 

c Bl 81 -

Wl c c vll 

W2 c Wl Wl 

Wl 
I 

c c Wl 

A lot better 
A little better 
Comparable 
A little worse 
A lot \·Jorse 

...-

"""' 0:::: ...-
w -.::::t' 
I- Oj .............. 
V) .....-
LJ..J -.::::t' 
u ...-
V) I M l 

c Bl c 

W2 c Wl 

Bl 82 Bl 
---4 

c c c 

c Bl c 

Bl Bl Bl 

82 c -

W2 Wl -

c 81 
I -
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Consideration of Temporal Correlation: 

The highest degree of correlation exists when time varying input 

conditions are used (source strength, and fields, temperature profiles, 

etc.). 

COivlPTER, CRSTER, MPSDr,1, and r.-iPTER perm it running averages of 

hourly model results to calculate 3 hour and 24 hour averages. Table 17 

ref I ects the va I ue of these features in CO~lPTER, MPSDM, MPTER, and 

PLUtv1E5. 
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Table 17. APPLICATION ELEMENT: Temporal Correlations 

Application: 1143/1243 Importance: L/M 

Ref. -X <:::t 

Model 
a:: c:::r:: a:: ..-
LJ.J a:: :::: LO LJ.J o::::t' 
1- LJ.J :E: ........ LI.J 1- 0:;) ........... 

Study a.. 1- a ::E: (./) .--
~ (./) (./) :::::> LI.J o::::t' 

t4ode 1 0 a::: a.. -l u .--
u u :::: a.. (./) M l 

CQr·1PTER - 81 c c 81 c c 81 81 

CRSTER W1 - Lll ~11 c \~1 I W1 82 c 

MPSOi·1 c 81 - c 81 c c 81 81 

NPTER c 81 c - 81 c c tj1 81 I 

MULTINAX Wl c Wl Wl - W1 W1 c c 

PLUMES c 81 c c 81 - c 81 81 

--
c 81 c c 81 c 81 81 I 

SCESTER -

TE~1 8 Wl W2 Wl Wl c Wl Wl - W2 

3141/4141 Wl c Wl W1 c Wl Wl 82 -

Ratings: 82: A lot better 
81: A little better 
c ; Comparable 
Wl: A little worse 
W2: A lot v1orse 
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3.2 Oyeral I Evaluation 

AI I of the elements can be considered together when a specific 

application is specified. There are two situations for which alI models 

may be reasonably applied. These include application index cases: 

1143: Inert primary pollutants released over long periods from 

multiple source locations. Pollutants wil I be transported 

over simple (flat or rolling rural) terrain to short range 

(<60 km) receptors. 

1243: Inert prrmary pollutants released over short term periods 

from multiple source locations. Pollutants wil I be trans-

ported over simple (flat or col ling) terrain to short range 

(<60 km) receptors. 

In such situations 3 elements are irrelevant. 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, i e.: 

- PLU!·1E5 
- MPSDr'i 
- r.1PTER 
- CO:·lPTER 

SCSTER 
- 3141/4141 
- ~1UL T I MAX or TErv!-8 
- CRSTER 

1 
2 
3 
4 
5 
6 or 7 
8 or 9 

10 

This represents the conclusion of a subjective "scientific'' evaluation. 
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Table 18. APPLICATION ELEMENT: Total Comparison 

Application: 1143 

R~f. X 
Model a:: c:( 

w a:: ::E: I.{') 

Study w ~ a:: ........ w 
1- a w 1- ::E: 

Model (/) (/) 1- ....J => 
0:::: a.. a.. => ....J u z ::a:: ::E: a.. 

COHPTER -
82 Wl c 81 W2 

CRSTER -
W2 W2 W2 Wl \~2 

MPSDi1 -
81 82 81 82 Wl 

NPTER -c 82 Wl Bl Wl 

MULTif·lAX -
Wl Bl t~2 Wl t~2 

PLU~1E5 -B2 B2 Bl Bl 82 

SCESTER 
C- B2 \~2 Wl c W2 

TEN 8 Wl 
... 

W2 W2 c W2 

3141/4141 
C- Bl Wl W2 c+ W2 

Ratings: 82: A lot better 
81: A little better 
c Comparable 
Wl : A 1 i t t 1 e \·10 r s e 
vJ2: A 1 ot \vorse 

,...... 
o:::::r a:: ,...... 

w o:::::r 
t- O:l .......... 
V') ,...... 
w :E: o:::::r u w ,...... 
(/) 1- M 

C+ 81 C+ 

-W2 Wl 

B2 B2 Bl 

Bl B2 B2 

c c c-

B2 B2 B2 ---

- 81 81 

-
~11 c 

-Wl c 
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Table 19. APPLICATION ELEMENT: Total Comparison 

Application: 1243 

Ref. 
r4ode l c:t:: 

w 1..0. 
J- ::E: 0:::: w 

Study 0.. a LJ.J :?:: 
~ V) 

~ :::::> 
Model 0 0.. -J u ::E z a.. 

CONPTER -
82 \>J2 C- Bl W2 

CRSTER -W2 1~2 W2 Wl W2 

MPSOi4 -82 82 81 82 W2 

MPTER -C+ 82 \~1 82 W2 

-NUL Tii4AX 
Wl 81 W2 V/2 W2 

PLUMES -82 82 82 82 82 

SCESTER c- 82 W2 W1 Bl W2 
' 

TEM 8 I 
Nl C+ W2 \~2 c W2 

3141/4141 C- Bl W2 W2 81 W2 

Ratings: 82: A lot better 
Bl: A little better 
c : Comparable 
yJ1: A little worse 
W2: A lot vJorse 

,...-
<::t' 

c:t:: .-
w <::t' 
J- O:l .......... 
V) ,...-
w o::::t' 
u ....-
V) M 

C+ Bl C+ 

W2 C- Wl 

82 82 82 

81 82 I 82 

Wl c Wl 

82 82 I 82 

- 81 c 

t -\>11 c 

c c -
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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-

ttve assessment of the behavior of each air quality model is incor-

porated into Tables 20 through 28. The models perform according to the 

following ranking: 

c- c (25) 
0 p 

h'r 3 hr 24 hr 

COMPTER 

CRSTER 

MPSDrJt 

MPTER 

~1ULTIMAX 

PLUME5 

SCSTER 

3 

2 

2 

2 

2 

TEM-8 1 

3141/4141 2 

2 

2 

2 

2 

2 

3 

2 

1 

2 

3 

3 

3 

4 

hr 3 hr 24 hr 

2 

2 

2 

3 

2 

3 

3 

3 

2 

2 

2 

3 

2 

3 

3 

3 

2 

2 

2 

3 

2 

3 

3 

3 

c - c 
0 max Pmax --n::s 

S­
QJ 

hr 3 hr 24 hr b 

2 

2 

3 

2 

2 

1 

4 

3 

3 

2 

1 

2 

2 

4 

1 

2 

1 

2 

2 

2 

2 

1 

3 

3 

3 

4 
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Table 4 & 5-1 {Reference 10) 

Table 20. APPLICATION ELEMENT: c;;- c; (High 25) l hr. averaging time 
1975 (1976) 
All Stations 

Ref. ,..... 
X ~ 

Model a::: c::::r: a::: ,..... 
LI.J a::: :E: t.t) t.W ~ 
t- t.W ~ a::: ...... Lu t- Oj ...._ 
a.. t- Cl t.W t- ::E V') ,..... 

Study ::E: V') V') t- -J ::::::> LIJ 4 ~ 
0 t:::: a.. a.. :::::> -J u LI.J ,..... 

fvlodel u u ::E :E.: :E: a.. V') t- ("'''") 

Wl 81 Wl W2 Wl W2 Wl c 
COHPTER - (C) (W1) (C) (Hl) (C) (Wl) {W2) 

81 81 c W2 c W2 Wl c CRSTER (C) - (C) (Wl) (Wl) (W2) 

Wl Wl Wl W2 Wl W2 Wl Wl 
MPSDM (81) (C) - (C) (C) (C) (C) (W2) 

81 c 81 W2 c t~2 Wl c 
i4PTER {C) (C) - (Wl} (Wl) {W2) 

82 82 82 82 - 82 c Bl 82 
MULTH4AX (81) (81) (C) (81) (Bl) (Wl) c 

Bl c 81 c W2 W2 W1 c 
PLUMES (C) (C) (Wl ) - (C) (W2) 

82 82 82 82 c 82 I Bl 82 
SCESTER (81) (81) (C) (Bl) (C) - (~11 ) 

81 81 81 81 Ul 81 Wl c 
TEM 8 (82) (82) (82) {82) (Bl) (82) (81) - (82) 

c c c c W2 c W2 c 
3141/4141 (C) (W2) -

Ratings: 82: A lot better 
81: A little better 
c : Comparable 
Wl : A little worse 
W2: A lot worse 
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Table 4 & 5 - 1 {Reference 10) 

Table 21. APPLICATION ELEMENT: s;- c; {High 25) 3 hr. averaging time 
1975 (1976} 
All Stations 

..--
X <::::t 

ex: 
<:( 

1.0 
ex: ..-

:E: w <::::t w ex: ~ w ..... 0:) ........._ 

Study 
..... w :E: V') ..--
V') ..... :::::> w :E: <::::t 
0:: 0.. _.J u w .--

Model u :E: 0.. V') ..... (""") 

CGr·1PTER 
Wl c Wl c Wl c Wl Bl - (Wl} (C) (C) 

Bl Bl c Bl c c c B2 CRSTER - (C) {C) (Bl) 

c Wl Wl c Wl c L~l Bl 
MPSDM (Bl) {C) - (C) (C) (Bl) 

I 

B1 c Bl Bl c c c B2 
i~PTER (C) - (C) {Bl) 

! 

MULTIMAX c Wl c Wl - Wl c Wl Bl 
(C) (C) {C) (C) 

PLU~1E5 Bl c Bl c Bl c c B2 
(C) (C) - ( Bl } 

c c c c c c I c Bl 
SCESTER -

Bl c B1 c Bl c c B2 
TEN 8 {C) (Wl} {Wl) {Wl) (C) I (Wl) - c 

3141/4141 Wl W2 L~·l W2 Wl W2 Wl W2 
(C) {C) -

Ratings: B2: A lot better 
Bl: A little better 
c : Comparable 
Wl : A little worse 
vJ2: A lot v1orse 
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Table 4 & 5 - 1 (Reference 10) 

Table 22. APPLICATION ELEMENT: 
c

0 
- cP (High 25) 

-------

Ref. X 

Model 0:::: c:::c 
Ll.J 0:::: :i:: I..() 

t- w :E: ....... 
Study a... t- 0 

z:: V1 V1 

Nodel 0 c.:-:: I a.. 
u u 

I 
z I 

CONPTER - W1 c W1 81 I W1 

CRSTER 81 - 81 c 82 c 

I I 

~1PSDM c Wl - W1 81 I Wl 
-

i4PTER 81 c 81 - 82 c 
I 

I MULTIMAX Wl W2 W1 I W2 - W2 
! 

I I I PLUMES Bl c 1 B1 c 82 -

~I 
I 

I I I SCESTER Wl W2 W2 I c W2 
I ! 

I I 
Wl W2 I Wl W2 c I W2 TEf·1 8 I 

I 

W2 I W2 i-12 Wl W2 3141/4141 (C) 

Ratings: 82: A lot better 
81: A little better 
c : Comparable 
Wl: A 1 i ttl e \vorse 
L.J2: A 1 at \·Jorse 

I 

I 
I 
I 

24 hr. averaging time 
1975 (1976) 
All Stations 

,..... 
"d" 

0:::: ,..... 
Ll.J "d" 
t- o:> ........_ 
V1 ,..... 
w "d" u ,..... 
V1 M 

81 81 82 

82 82 82 

81 81 82 
I 

82 82 82 

c c I 81 
! (C) 

82 82 I B2 
I 

I Bl 
- c I (C) 

Bl I c - {C) 

Wl Wl 
(C) (C) -
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Table 6 & 7- 1, 2 (Reference 10) 

Table 23. APPLICATION ELEMENT: (C - C ) Paired in time 0 p . 

1 hr. averaging time 
1975 (1976) 

Ref. X 

Model 0:: 
c:t: 
:E: 

LJ..I "';::"" 0:: ,..... 
Study 1- C5 

f 
LJ..I 1-

l U1 U1 I- _J 

t1ode l c:: i 0.. 0.. :::::> 
u z :E: z 

CQr·lPTER - 81 81 81 82 
I 

CRSTER I 

I 
W1 - I c c 81 

MPSDM l Wl c - c 81 

I I 

i~PTER I 
W1 c I c - 81 

I 
! 

I MULTINAX W2 Wl Wl Wl -

PLU~1E5 W1 I c c c 81 

! 
I 

SCESTER W2 Wl Wl Wl c 

TEN 8 W2 I Wl I Wl Wl c 
I 

3141/4141 
I 

~-~2 l Wl I Wl I W1 c 
i I 

Ratings: 82: A lot better 
81: A little better 
c : Comparable 
Wl: A little \vorse 
W2: A 1 o t \·Jorse 

1 ~ 
LO 

81 

c 

c 

I c 

Wl 

-
! 

Wl 

I Wl 

Wl 

~{rhest Concentr 
Concentrati c 

-<:r 
0:: .--
LJ..I <:r 
1- o:> ........_ 
U1 .-- I LJ..I :E: <:r 
u LJ..I ,.... I 
U1 1- (""') 

82 82 82 

81 81 81 

81 81 81 

' 
81 81 81 

c c c 

81 81 81 

I 

- c c 

c I c -

c c I -

ations 
ns 
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Table 6 & 7- 1,2 (Reference 10) 

C - C Paired in Time 
Tab 1 e 24. APPLICATION ELEMENT: __ 0 

.... p . 
3 hr. averaging tir 
1975 (1976) 

Ref. 
Model a:: 

LI.J a:: 
f- LI.J 

Study a.. f-
I :iE V) 

~1ode 1 0 a:: 
u u 

CGr·1PTER - 81 81 81 82 

CRSTER W1 I - c c 81 

I 
MPSOi1 Wl c I 

I - c 81 
-

I 
! 

iv1PTER Wl c I c - 81 
I 

! 

I NULTIHAX W2 Wl Wl Wl -

PLUNE5 Wl c I c c 81 

l SCESTER W2 Wl Wl Wl c ! 
I 

I i 

I W2 \~1 I Wl Wl c TEN 8 I 
I 

I I 
3141/4141 W2 Wl ! Wl Wl c I ! 

I 

Ratings: 82: A lot better 
81 : A little better 
c Comparable 
W, • 

I • A little worse 
H2: A 1 at \•JOrse 

g 

81 

c 

c 

c 

I Wl I 
- I 

Wl 

I Wl 
I I 

Wl 

Highest Concent 
All Concentrati 

,_.. 
c::::t 

a::. r-
LI.J c::::t 
f- o:> ........... 
V) ,_.. 
LI.J ::::: c::::t u LI.J r-
V) f- ("') 

82 82 82 

81 Bl 81 

81 81 Bl 

81 81 81 

c I c Gl 
I 

81 81 I Bl 
j-

c I c -
i 

c - l c 

c c -

rations 
ons 
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Table 6 & 7- 1~2 (Reference 10) 

c - c 
Table 25. APPLICATION ELEMENT: o P 

Paired in Time 24 hr. averaging ti 
1975 ( 1976) 

ons lJ ~1 1hest Concentrati 
Concentrations 

,..... 
Ref. X o:::r 

<:::( 0::: .--
Model 0::: ::E f.() lJ.J o:::r 

lJ.J 0::: - J- o:) ............ 
J- lJ.J V") 

I Study V) J- lJ.J a: 0... <......> I .--
Model <......> :E. V) I I ("""') l 

COi·lPTER - 81 81 81 82 
I 

I 81 82 82 82 

CRSTER Wl I - c c 81 c 81 81 81 

~1PSDM Wl c - c 81 c 81 81 I 81 
! 

I ' 
I 

HPTER Wl c c 81 c 81 81 81 I - I l I 
! 

I I 
j 

I I MULTIHAX W2 Wl Wl Wl - Wl c I c c 
t I I I 
I l 

I 
I I 

PLUME 5 Wl I c c c 81 81 81 I 81 I I - I I i I 

SCESTER W2 I t41 Wl Wl c Wl l c I c I -
I 
I 

Wl Wl Wl c I Wl c I c TEt4 8 W2 -

3141/4141 W2 Wl Wl Wl c Wl c c -

Ratings: 82: A lot better 
Bl: A little better 

c = Comparable 
Wl: A little \•Jorse 
tv2: A 1 ot vmrse 
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Tables 8 & 9 (Reference 10) 

Table 26. APPLICATION ELEMENT: 
1 hr averaging time 
(1975) 1976 

Study 
Nodel 

CGr·1PTER 

CRSTER 

MPSD~1 

Ref. 
Model 

c 

I 
I ~ 

cr: 
u 

c 

--------

B1 
(C) c Wl c Wl Bl 

(~1 c Wl c I Wl l41 I Bl I 

W1 Wl ~ Wl W2 l W1 . H2 J H21 
1 

C I 
( c ) ( c ) ( c ) ( w 1 ) I ( c ) ( H l ) I (\~ 1 ) ( B 1 ) I 

~------~~ ~~-~~~~-~~~~ 
i~PTER c c I ( 1 - Wl I c Wl ! \41 I Bl ! 

MULTIMAX 

PLU~1E5 

SCESTER 

TEM 8 

3141 

c c l Bl I I 
I (c) c W1 I - Wl II t~l I 81 I 

I Bl ! 

Bl 81 82 
(81) 

c 
(Wl) 

Bl c 

Wl W2 

Ratings: 82: A lot better 
81: A little better 
C : Comparable 
Wl: A little worse 
W2: A lot worse 

I I 
B2 

82 

Wl W2 W2 
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Tables 8 & 9 (Reference 10) 

c - c 
0max Pmax 

Table 27. APPLICATION ELEMENT:--------

3 hr averaging time 
1975 (1976) 

Study 
r~ode 1 

CQr·1PTER 

CRSTER 

~1PSDH 

PLUMES 

SCESTER 

Ref. 
t1ode 1 

Wl I 81 
i (W1) 

I 81 1 82 
I - ! {C) 

Wl 

c 

c 
(Wl) 

81 
(C) 

Wl 

0:: 
w 
I­
V) 
w 
u 
V) 

C C Bl 
(tv 1 ) ( w 1 ) ( c ) 

c I 81 81 82 
i {C) {C) (81) 

I 82 I I 81 ,. I Bl ! Bl i B2 l 
81 c I (c) I c (c) - ·,, (c) I (c) I (c) I 

I I I i 

c ! Wl I 81 I Wl I Wl I I 
( Wl ) (C) I (c) I ( c ) I c (c) I - i c 

81 

1 c I Wl ! 81 ! Wl II I Wl I l l 
J--T-Er4_s ___ ---t-l_(w_l-r) l_(_c_)_l <Ci I (C) c j (C) 1 c 1. il81 

I 
w1 i w2 r-c . w2 I 1 I w2 ~- t-n I vll . _ 

3141 I 41 4 1 ( c ) i ( w 1 ) l ( 8 1 ) l ( c ) I \~ I ( c ) 

Ratings: 82: A lot better 

81: A little better 

C : Comparable 
Wl: A little worse 
L42: A 1 ot \vorse 
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Tables 8 & 9 (Reference 10) 

c - c 
0max Pmax Table 28. APPLICATION ELEMENT: ----------------

Ref. 
Model 

~ 
t.(') 
w 

Study a z 
Vi ::::;) 

~1ode 1 0... I :E: 
-.J 

I 0... 

-

COHPTER - c c c Bl c 

CRSTER c - c c Bl 

i 

l MPSDi·1 c c c Bl c 

I 
I 

r~PTER c c c - Bl c I 
I ~l I I 

I 

MULTINAX Wl Wl Wl I Wl - Wl 
I t 

l ! 
I l 

I 
l 

PLUMES c c I c 
f 

c 81 I -

SCESTER Wl I Wl Wl Wl I c Wl 
I 

TE~1 8 Wl Wl Wl lil c f vn 
I 

I 

Wl \41 c Wl 

Ratings: 82: A lot better 
81: A little r 
c : Comparable 
Hl: A little worse 
H2: A lot worse 

24 hr averaging time 
1975 (1976) 

..-
<::t' 

c::x::: 
lJ.J 
1- 0:;) 
Vi ...-
lJ.J <:::1" 
u ...-
Vi M 

Bl Bl Bl I 

i 

Bl Bl Bl 

81 Bl 81 

c I c c 

81 Bl 81 
I 

- c c 

c c 
I -

c c -
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Table 29. APPLICATION ELEMENT: Statistical Summary 
----------------

1: $... $... $... $... l: ~ 1: ~ Ref. ..s:::: ..s:::: ..s:::: ..s:::: 

Model 
...- M <:::t ...- M <:::t 

luo..E,.... Lo.E M lwo.E~ luo.. I<._.) a.. luo.. 
N N 

[u- a. 0.. 

Study u u 
Model 

I t I I • I 

l'o= II~ !uo lu0 lu0 0 f<)o lt__)
0 

'(___) u ,U 

COHPTER 29 27.5 22 12 12 12 25.5 28 20 

CRSTER 27.5 19.5 14 21 21 21 25.5 19 20 

MPSDH 27 24.5 22 21 21 21 30 28 20 

i4PTER 27.5 19.5 14 21 21 21 25.5 19 ~ 
NUL T Ii·1AX 16 25 31.5 30 30 30 16.5 23.5 29 1 

PLUt·1ES 27.5 19.5 14 21 21 21 25.5 19 20 I 
I 

SCESTER 15.5 23 31.5 30 30 30 l 16.51 24.5 29 
f 

l 
TEN 8 15.5 23.5 31.5 30 30 I 30 16.5 24.5 29 l 

3141/4141 27 34.5 31.5 30 30 30 34.5 30.5 29 

Overall - COMPTER, CRSTER, MPTER, and PLUMES did best (Also MPSDM) 

1 hr. - COMPTER, MULTIMAX, SCESTER, and TEM 8 did best 

24 hr. - COMPTER, CRSTER, MPTER, AND PLUME5 did best (also MPSDM) 
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Overal I the models appear to operate in the preferred order: 

Cor4PTER, CRSTER, MPTER, and PLUt,1E5 

- MPSDt'1 

MULTI MAX, SCSTER, and TErvi-8 

- 3141/4141 

2 

3 

4 

Model performance results noted in Section 5 of Londergan et. al. 

( 1982) appear correct upon rev i e\'1. 

tinent. 

The follo\'ling observations are per-

- A consistent tendency toward underprediction (positive average 

differences) is evident in results for alI averaging periods for 

alI models except 3141 and 4141. 

Differences decrease and correlations increase as one increases 

averaging periods. 

For stability classes A and 8 differences generally indicate 

overprediction, whereas for stable classes E and F the differ­

ences indicate underpredtction. 

- Results from 1975 and 1976 are not always consistent. 

- The vol~me of statistics is excessive. 

- Many of the statistics are as noted "relatively unimportant, 

repetitious, and redundant." 

Finally I would have I iked to also see comparisons in the manner of 

the earlier Londergan et. al. (1980) report. 14 Differences can scme-

tiw.es also be deceptive. Both absolute and relative measures are valu-

able. 
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5.0 RESPONSE TO AMS QUESTIONS 

Peer review panel 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 considered 

during the preparation of Summary Tables 2 and 3 and the Workbook exer-

cise discussed in Chapter 3.0. "Questions in All Models vlithin 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 to mention several improvements which can be 

easily implemented but are missing for all air-quality models reviewed. 

Adiustments for Air Pollution Aerodynamics: 

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 associ­

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 Fackrel I (1981) has recently reviewed the 

efficiency of a variety of proposed ~odels. (He notes no one model is 

particularly outstanding relative to the others.> 26 Nonetheless algo-

rithms are si~ple and easy to implement. Other recent measurements by 

Li and Meroney (1982) illuminate the effects of near building turbulence 

on downwind peak 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 height 

effects. 25 
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Improvements in the Gaussian Plume Model: 

The Gaussian plume model wil I probably continue to dominate as a 

major tool in air quality analysis. It seems unfortunate, however, that 

known improvements in the prediction of standard deviations, a- and 
y 

cr;, take so long to be incorporated in working models. There is now 

ample evience that different variations of a-y and rz with distance 

and stability should be used for: 

a) ground level versus elevated releases, and 

b) rural versus urban versus complex terrain dispersion. 

In addition recent advances suggest boundary layer parameters of U*, W*, 

Z and L may be used through similarity theory to improve estimates 
0 

of a- and a- . (Rather than provide a I ong I i st of references 
y I Z 

refer the reader to Appendix J and Section 3.3.2 of Egan et. al. 

( 1981 ) • ) 12 
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6.0 CONCLUSIONS AND RECOf·1MENDATIONS 

This review exercise has been very illuminating. find that a 

great deal of effort and ingenuity has been directed toward creating 

effective air quality models suitable for regulatory and engineering 

decisions. Nonetheless it Is somewhat discouraging to find such a small 

improvement over the years in confirmable rei iability. Sometimes the 

entire decision exercise seems more like a fantasy game-- an exercise 

in "Dungeons and Dragons" where the meteorologist has magic powers and 

the air quality model is some magic spel I with a success based on a roll 

of the dice. 

Perhaps it is time to readjust our expectations. Certainly it is 

tfme 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 increaslng complexity 

but unconvincing rei iabil ity is a monster of our own choosing. In 

essence I object to the continued emphasis on an "adversary" approach to 

meeting our regulatory problems.* This approach has resulted in deci-

sions being made and scientific program being guided 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 side note it is interesting to observe 35,000 lawyers graduated 
in the USA fast year compared to less than 5,000 tn Japan. Per 
10,000 people the USA currently has 20 lawyers, 40 accountants, and 
70 scientist and engineers, 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 that further handicap the rela­
tively few producers. 
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As a final set of recommendations I 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 to 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 against a set 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 f4odels: 

J. For the applications intended for this category of models~ does 
the model add~ess alI the source/receptor relationships that 
are germane? 

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

3. Are the assumptions correctly formulated in the model? 

4. Does the model 
state-of-the-art? 

use techniques that are currently 

5. Are there technically better or more theoretically sound tech­
niques? 

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

7. Are there obvious technical improvements required Jn the model? 

8. Is the usefulness of the model consistent with the resources 
required to operate it? 

9. What are the inherent attributes and limitations of the model? 

10. Is the statistical performance of the model in terms of bias~ 
noise~ varicbil ity and correlation generally acceptable or 
within the state-of-the-art? 

11. For typical uses, can an objective statement be made about 
uncertainty associated with the model estimates? 

12. What are the attributes and I imitations of the model's perfor­
mance? 

13. Are there specific aspects en the application of these models 
in which they may produce misleading results, i.e., scme models 
may predict fairly wei I at close distances but become unrel i­
able at Ianser distances? 
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Questions on AI I Models Within a Category (Based on Theoretical and 
Performance Characteristics): 

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

2. How do models within this category compare to one another? 

3. Is a specific model or models clearly superior to the other 
models? 

4. Can these models be ranked individually, or in the groups? If 
so, how should they be ranked? 
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APPEUDIX 2 
(SUMMARY STATISTICAL TABLES FROM LONDERGAN 
ET. AL. (1982), TABLES 4a-1 THROUGH 9c, 

pp 42-62) 
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!:ilat.hm 5 125.6 31.7 t -1.1, 71.1) 31.7 ( -1.1, 11.1} 27.1 t -10.7, 64.9) 60.3 ( 11.2, 109.4) 
"""'J 

Stat!un 6 257.9 120.3 ( 65.3, 1"15.3. 120.) ( 65.3, 175.3) {11.6 ( 6.2, 117.0) 96.0 c H.9, 151.1) N 

l. by lllt:lt:utult.xJlcal 
cuu,Ut.iou (h - 5) 

.t. Hlud St•..:\!tl 

< 2. 5 1u/u..:c 316.2 92.6 ' 39. 1, l.c$.9) 92.0 ( 38.8, 145.2) 9.7 { -41.9, 61. 3) 40.8 ( -26.3, 101.9) 

2. 5 lu 5 1n/ uec 410.5 lU.l ( 99.5, 109.9) 1H.l ( 99. 5, 189.9. 26.0 ( -59.2, 111.2) 55.0 ( 2.4, 107. 6) 

> 5 At/u.:c 3UO.l 195.4 ( 1U.8, 246.0) 195.4 ( 1U.8, 246.0) 214.1 ( H7.2, 281.0) 154.1 ( 102.0, 206.2J 

b. 6tuhllity c,oul> 

Cbt~ti A ' U 228.1 -37.4 '-96.7, 21.9) -37.4 ( -96.7, 21. 9) -12.9 (-141.1, -4.7) -126.1 (-HI5.7, -56.5) 

ClcUHi C 359.0 112.6 ( 61.3, 163. 9) 112.6 ( 61. ), 163.9) -27.5 (-114.0, 5~.0) 52.9 ( -4.tl, 110. 4) 

Cl4tid 0 Jd5.5 251.2 c 214.0, 2UO. 4) 2!)0.6 c 2ll.l, 2UJ.9J 214.4 ' ltJ7.ts, :.Hil.O) un.s t 155.1, :.U1.9J 

Ch:;u t; "•· 1!16.!1 166.1 c lltJ.), :tl J. 9) 110.8 ' 'IO.l, 167.J) 1!1l.5 ( H5.9, Hl.l) ~6-9 ( 46.4, 14.7.4) 

-----------
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1'AlU.& 5a-).. DU'i:'t:H.t:UC& Ok' OUl:H::UVEO AUD l'Ht::DlC'l't:l> AVt:UAGt:S C.W 'l'tU:: 
l5 UIGUI::ST S0 2 CutiCt:r~'l'HA'l'WU VAI.Ut:a (Uilf'AIHI::D lN 'l'IHI:: Olt UlCA'l'iOU} 

CLU"fY CHJ::EI< (1916} AV&::H/\GlUU '1'1Hl::t l UOUH 

(JlHH:tvcd Dlffen:nce of AvucttJeu (C0 - Cp) J:'oc t=acn t1odel c~~;m•) 
Va1ut: C() 

---lli!~~t!._ _______ ll! •.u'!!J SCU1'£-:ft 

l. All ut~l hmt>/d l 
f:Vt:llltt (A .. hJ 7H.8 -lll.O (-169.1, -256.7) -2ll.2 (-326.2, -140.2) -174.9 (-427.8, -122.0) -llS.l (-205. 2, -65.0) 

---·------
2. by utat.lon/dl 

tVtlll6 (A - 4t>t 

Stc.thm l 581 .. 1 u.1 t -u.o, 79.0) :U .. l c -84.6, 130.8) -01.1 C-Ul.8, ..,).5.6) Ul.6 ( 67.1, 176.1) 

:.#t..tt ton 2 6!l8.9 -123.0 (-201.0, -45.0) 12.4 ' -57.9, 82.7) -169.8 (-248.0, -91.6) 25.5 ' .. 51.4, 108.4. 

Slutlon l 450.2 -57B.S t-643.0, -514.0) -410.7 t-507.2, -314.2) -665.8 (-121.0, -60U.6) -341.6 (-414.7, -268.5) 

~t..ttlon 4 546.7 -lU.6 t-211.8, -15.4) -82.2 (-167 .o, 2.6J -161.9 (-221. o, -96.8) -:t9.2 ( -92.6, H.2) 

Slot hm !. 121.) 2U.l t-124.5, 180. 7t ~:zu7.6 t-423.5, -151.7) -201.9 t-l52 •• , -51.4) lll.O C -6.6, 272.6) ......, 
+::a 

:H<&thm 6 496.8 -35.7 (-113.9, U.S} -1.5 c -70.1, 55.1) -60.6 (-1ll.l, U.!l) -lt.o t-u:z. 4, H.4) 

J. uy mutco,ol<i<;lcal 
cvuJHlon tA - 5) 

4. W!ht.l S!it:t:t..li 

<. 2.5 111/tic:C fl69.0 -264.5 C-365.9, -203.ll -311.1 C-435.1, -228.11 -353.4 (-426.2, -27U.6) -157.6 C-246.4, -68.8) 

2.5 to 5 •n/auc 66"1. !> -264.6 t-lSU.l, -219.3) -H •• ( -19.1, 30.9) -119.6 (-445.6, -lll.6) -til. 9 t-1 H.l, 10. 5) 

> 5 m/t>t:C 456.5 -Hl.9 t-211 .. 5, .... 6.1) 131.6 ( 66.), 186.9) -lff2.6 (-213. u, -92. 2) 140 •• ( ss.a, :l25.0) 

-
b. Stout Uty Gcoup 

Ch&IO A .. U 541.4 ~462.0 ·-546.2, -315.8) -329.1 (-426.9, -2)1.1) -511.6 '-591.0. -4)0.2) -J52.6 (-419.1, -266.1) 

Cht.iti C t.H.4 •lU&.O (-lU1.7. -214.ll -261.~ (-lGU.4 1 -162.6) -•os.o (-400.9 1 -129.1• -n.o t-102.9 1 28.9) 

Clilli~ U 6'12 •• 154.9 ( lll.9, 195. 9) 106.9 t 151.1, l62.1) 101.2 ' 63.0, 1U.4l 422.2 C lU2.0. 4b2. 4) 

Cl.at.~ t; " t' Hl.!) -2lj.f c -uo.9, H.l) l21.6 t :.wt.6. lb~.C.) -2~6.6 (-1~1.1, -240.1) :t~9.1 c :u9.l, 300.1) 

-----·-·•"-



'l'MU.E 5a-2. OH'Ift::UEUCE OF 0f)S£flVI::O Atm Pttt::UIC1't::U AVt:RAGl::S OF 'l'UE 
2~ UIGII£5'1' 502 COUCt:IUHA'l'tOU VALut:S (UtWAUU::U W TIME Olt t.OCAT10U) 

c1.1 t'T1 cm;t:r. t u 16) AVl::MGWtl 'l'lHt::; 1 uouu 

Uithff:nce ot Avcu<jes (C0 - C1)) for t::llCh Hodel (ll<J/In1
) 

1. All lil...atlunu/411 
e Vf.mtu (A - 44) 171.8 206.2 ' 152.1, 260. )) 206.2 t 1~2.1~ 260. 3) 38.9 ( -46.0, 123.8) -11~.0 C-193.4, -46. 2) _ ....... _ 

2. nv utatiun/all 
cvunt.ao (A - 4ti) 

Sl4ltOu 1 581.7 282.1 t 231.4, 326.6) 282.1 ( 231 .... 326.8) 191.1 ( 123.4, 211.0t 134.2 ( 79.6, 108.6) 

tit .. lhm 2 658.J 2u.o ' 11a.1, 305.3) 242.0 '178.1, 305.3) 302.6 c 224.2, 361. 0) 12.9 c -15.1, 160. 9) 

Sl.atlun 3 450.2 -15.8 (-1ll.1, -u. 5) - '15 • & ( -13 3 • 1 ' -la.!H 6.5 c -9~.9, 108.9) -)16.9 (-393.4, -240.4) 

Statton 4 546.1 142.9 t 97.1, 188.7) 142.9 ' 97.1. 188.1} 36.1 c -3~.1, 111. 3) -u.o c -76.1, 48.1) 

titaUon 5 121. J 125.3 ' 31.6, 219.0) 125.3 ( 31.6, 219.0) 16.0 ( -U.1, 166.1) 132 •• ( -4.4, 269. 2) ......., 
0'1 

Shtioo 6 ·&96.8 lt7.6 • 101.5, 193.7) 141.6 ( 101.5, l9l.7l 62.5 ' -21.1, 152.1) -27.2 (-110.1, 55.7) 

------
). by fht:lt:OfOlU<J1Cal 

condiLton (A - 5) 

a. Wind S(H~ud 

<. 2. !> 111/ucc 66!1.0 146.1 ( 74.1, 216.1) 146.1 ( H.1, 218.1) -42.6 (-l38.7, 5).5) -154.0 (-241.3, -60.7) 

2. 5 to 5 ••/ouc 667.5 1a;.u t U6.7, 234.9) Hl5.8 ( 136.1, 2H.~) 282.1 ' 221.1, 336.5) -22.1 ' -93.2, 49.0) 

> ~ fll/tlt:C 451.1.5 259.4 ' 194.6, lH. 2) 259.4 C U4.6, 324.2) 306.3 ' 223.0, ltl!i.£) 1)6. 6 ( 62.8, 210. 4) 

b. SLab1l1ty Gfoup 

Clew:. A &. b 5U.4 -11.6 & -68.1, 53.5) -11.6 ( -88.1, 53. 5) -18.1 C-115.4, 76.0) -J40.6 l-434.8, -262.4) 

Chuu C 611.4 Ul.1 l 12U.8, 253.4) 191.1 c 128.8, 253.4) 1.2 ( -96.2, ~o. 6) 16.3 ( -47.3, 19.!1) 

t~lauu u 672.4 522.1 l Ul.l, 560.9) 522.1 c 48l.l, 560.9) (54.4 t 393.6, 515.2) 399.7 ' 356.7, H0.7) 

Ch:.;~ t::' 1'' lU.5 271.4 f 210.), 316. 5) ltU.6 I lH.O, 224. 4) :un.t c 22l.6, lJU.6) 96.3 ( 52.8, ll9.0) ________ ... _____ 



'l'AHt.t:: 5b-l. DU'f't:IU:UCt: Ot' OUSI::IWI::O AUO t'IH::UJC'J't:U AVt.:I<AGt:S Ut' 'l'UG 
25 UWlU-;!i'l' so 2 COUCt.:ln'HA'flOU VAJ.Ut:S (UUPAHU::o IN T1MI:: Olt l.UCA1'H1Ul 

CLH'TY CJU::t-:K (1976) AVt:HAGIWt 'l'HU::; l UOUH 

Oifhtence of Aveta1}eu CC0 - Cp) t'oc Each Model (!19/m• • 

SCS'ft:ft 

1. All ::>lcllhiiHi/dl 

UVt.:lllb (A - 4.1) ·1110.9 -54.2 (-105.4, -l.O) -45.4 (-101.6, 12.6) -127.0 (-184.2, -69.8) 66.1 c 22.3, 111.1) 

------- --·-,-· 
2. b;t fit .. Uou/oll 

evt:ntd (A - 4t.., 

:.itd.ion 1 112 .. 1 49.5 c 2.4, 96.6) lll.l c 11.9, 154.3) -6.6 ( -58.4. 45.21 154.4 ' 111.1, 195.1) 

Stat ion 2 l1l.6 56.1 ( 1.5, uo.n 91.3 ' 47.0, 1Cl.6) U.l C -39.1, 61.1) lll.O ( 10.6, 115.2) 

!lt.atlon l 152.8 -191.5 (-261.9, -121.1) •209.& (-2Ul.O, -1l6.6l -279.5 (-352.1, -206.9) -65.9 (-124.1, -7.1} 

:H.,.tlon 4 J()0.2 H.O f -32.0, 00 .. 0) u.• ( ~u.o, 113 .. 8) -9.6 ( -64.1, U.9) 109.2 ( 58.0, 160.4) 

St.atlon 5 111.1 62,5 ( -10.2, us. 2) -55.8 t-119.0, 1.4l -36.1 C-109.2, 16.6. 1U4.5 t 42.1, 166.9) 
.......; 

Station 6 261.8 u.o c 29.1, 126.9) 90.0 c 56.2, 123.8) 29.9, 127.5) 
O"l 

65.1 c 16.8, Ul.f) 7U.7 ( 

-
J. uv ~etUOiul~J1Cal 

cc,m)lt.lon (A - 5) 

4. W iwJ :.tput:d 

< 2.5 111/t..t:C 138.6 -38.5 ( -81.9, 10.9) -120.3 (-162.8, -51.£H -61.6 (-ll6.8, -38.4) 29.2 c -u.s, ta9.9) 

:.t.5 tu 5 111/tit:C us.s -61.6 (-120.5, -2.7) 25.6 t -29.8, til. U) -DO.l (-196.6, -63.6) 46.7 ' -1.8, 95.2) 

> 5 tn/:.occ ll6.0 6.0 c -46.0, 5U.OJ 129.4 ( 84. 4, lH.t) -42.6 ( -97.1, 12.5) 156.0 { 109.3, 202.1) 

-
h. St .abi 1 't 'i lJff.)Ul» 

Cl .. UiS A " u 26J.8 -161.0 «·225.0, -101.0) •165.1 ·-2lU.7, -92. 7) -192.5 (-258.4. -126.6) -101.1 (-155.8, -so. 8) 

Ch~&t c l6Ll -6!1.4 (-151.1, -n.n -n.1 4-12u.s, -11.1} -150.9 t-219.4, -82.·U 22.5 • -26.0, 71.0) 

Cl.:te»t1 u Hl.l 101.1 ( 69.0, H5.2) U7.9 t 1Sl.9, 221. 9J 42.6 c 2.1. 83.1) 216.1 t 201.1, 269.1) 

Clolsu t: " t• 211.9 41.1 ( -•.e, ~9.0) 165.6 ( 14!1. o, 222.6) -71.9 (-lll.l. -12. 5) JUl.8 C HG.tt, 21U.U) 

------.. 



1'AI..ILE 5ll- 2. Dl Fi'l::Hf::UCt-= OF OflSEHVl::O AUU I'Ul::IHC1't.:f) AVt;RAGES Or' 1'111:: 
25 lllGIII::S·r so2 COUCl::rrrJtA1'l0U VALUI::S (UIU'Alfil::(J JU 'l'!Ht:: Oil t.OCI\'rlOU) 

Cl.It"l'¥ Ckt::EK ( l ~'r/6) AVEHAGWG 'fJHt::a ) UOUH 

Avccaqe 
Oh!H.:CV~d Dltteumce of Avecagea (C0 - c1>) ··or: t:ach HOdt:1 C~g/m'J 

L All 1.1t.at lunu/all 
evunt.u (A - 4a) 400.9 190.3 ( 154.7, 225.9) 190.3 c 154.1, 225. 9) 147.4 ( 93.6, 201. 2) 66.2 ( n.o, 130 ... , 

- -
2. Uy utalicm/ d 1 

t.:'Jt:UlU (A - 4!J) 

:iutlon 1 l12.1 209.0 c 175.1, 242.9) 205.8 ( 172.0, 239.61 160.6 ( 141.7, 219. 5) U7.1 ( 106.2, .lOU.O) 

St.otlou l J11.6 11!1.4 ( 116.1, 222. 7) 179.4 c 136.1, 222.1) 186.8 ( 141.0, 232.6) 1U.6 C 91. 6, 195.6) 

St.allon 3 252.8 12.5 t -31.0, 56.0) 12.5 C -ll.O, 56.0) u.s I -t9.9, 73.5) -53.0 (-109.3, 3.3) 

Stat lor. 4 lb0.2 156.6 t 110.8, 202 • ., 156.6 ' 110.8, 202.4) 122.6 c 69.8, 115. 4) 119.8 c 72.3, 16 7 .l) 

:H. ... Uon 5 117.1 !t6.9 ' 47.9, 145.9) 96.9 c H.9, H5.9) 78.4 ( 35.9, 120.9) 104.0 ' n. a, 165.6) ....... 
....... 

Sl4tlon 6 207.8 130.1 ( 96.6, 163.6) 130.1 ( 96.6, 163.6) 93.5 ( 58.0, 120.2) IH.6 ( ll.7 # 131.5) 

l. Uy meteocoloqlcAl 
c<n1ultiou (A - 5, 

"• WluJ St•t.:t.:J 

<2.5 11•/l.lt.:C 318.6 lll.J ' n .. J, 146.3) 111.3 ( 74.3, 146.3) 36.4 ( -19.2, 92.0) 40.0 ( -0.3, 80. 3) 

2.5 to 5 •u/tu:c H5.5 no.e t ll2.3, 209.3) 110.6 ( 132.3, 2u!J .3) 202.2 ' 160. 4, 244. 0) 65.2 ( 11.6, 112. 6) 

) 5 fll/~t.:<..: :uo.o 191.8 ( H6.4, 231.21 191.6 { 146.4, 231. 2} 231.6 ( 165.3, 217.9~ 147.0 ( 100.0, 193.2) 

h. 5LaL&llly Ucou~ 

Chsu A " u 263.8 9.3 ' -33.9, 52.5) 9.3 ( -ll.9, 52. 5) -4.9 ( -65.7, 55. 9) -!U. 5 t-lH. 3, -42.7) 

Clal:i.a C 3t.4.l 113.1 ( 11.6, 154.4) 113.1 ' 71.8, 154.4) 10U.5 t 60.8, 156.2) U.9 ( -2.5, 92.3) 

Chua u HJ.l 306.3 ( 2H.9, 337.7) J06.J C 2H.9, lll. 7) 211.3 ( 22U.O, 314.6) 2l6.4 ( 203.4, 269. 4) 

Clo:JIJ t:; f. l-' 21'1.9 1a1.o 1 Ha.o, 2lti.O) l3U.7 ( 101.6, U5.tl) 200.0 c 161.1, 236. 9) 106.3 ( 6-t.o, UU.O) 
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TAUU~ 84. COHi'AIUSOU OF MAX !HUH OUSt:UVt:tl AtlU 

MAX 1 HUH l'lU;J) u.:·n:u COUCJ::U'l'IIA'l'l OU VA l.Ut:S 

CLUwn; Cltl::EK ( l!DSJ 1\Vt::UAGHIG '1'1Ht;t 1 uuuu 

lllyhest observed Hlyheat predicted Dlffeunce of Avera<Je of Avera•Je of Avec atJO 
v.tlue ovt:c all value avec all lllaltlnns111 values max1muns values m.:~.ximum valuen dittecence 

eventu <Uhl lo;;at lana eventu and location& ohueCV!itd at pceaicted at. 
each otatlon e.lch station 

Cc.)lldX CpmU Co- Cr Co cP Co-~, 
t1ode l h•4J/Ut*) (lll)/111. } h•g/J (~Jg/uc') (j.jg/n/) (j.j9/lll. 

---------------
Hl''ft:.:H 
( C Jc!j'ft::ll, 

l'L\Jl\LS} 1672.7 1492.5 180.2 994.5 1207.9 -211.4 00 
01 

t-tl•bllH un.l 2940.0 -1267.1 994.5 15!12.0 -591.~ 

Ct1t·wn:u 1612.1 1529.0 lU. 1 994.5 1228.0 -213.5 

SC!.o'l'l~M 16'/l •. , llH.4 290.2 994.5 1027.3 -32.8 

JlU lb12.'1 727.0 9H.9 !I!H.5 591.1 403.2 

uu 1612.1 127.8 9C4.9 994.5 59l.l 403.2 

'1'1.11-UA 1672.7 1n1.2 -120.5 99f.S 1041.0 -4fL5 

tuu:r&HAX 1612.1 ll8l.l 289.0 994.5 1020.) -25.6 

--·---



'l'AULE 8b. COHl'AiHSOtl 01:' MAX IHllH OUta.:IIVt..:IJ Atm 
HIIXlHUH l'JU·:OIC'rt:n COUCt:U'i'HA'l'IOU VAI.Ul::S 

CLIYTI Clll::l::K (1975) AVt:ltAGIUG TUU::a 1 noun 

------------lii9t•elit observed lllghest p'udlcteJ ·nlffer:ence of Aver:a<Je of Avt!r:aqe of Aver:a9e 
valu.: over all v.:alue over all m.sxlmu111 values 1uax I mum va.lues maxituum valueu diffeunce 

c v..:ul b awl hx:ul ions t:vents and locution& ol>served at vcedicted at 
each atati(m each station 

CtJlll.UC cii'u Co- cf Co cP Co- Cr 
H<.x.h:l h~<J/11•1 , (P9/m•) (ti<J/nl (.,.<J/nc') ht<J71ll' J (tl<j/111 1 

------------------------
Hl''!'l::U 
tCH!iTt:;U• 
l'l.IH1t.:~) .194.0 Hl.l 52.9 543.3 540.3 - 3.0 (X) 

0"1 

tU•:;.iiiM "IH.O 1560.9 -166.9 50.3 693.1 -150.0 

Ct~t-Wl't:U ·1'H..O 760.9 n.t 50.3 602.) -59.0 

t;c:.;n;u JH.O 702.) 9l.7 50.} 476.3 -67.0 

.lHl HLU 450.3 30.7 sn.l 314.7 228.6 

·UH Ht.O 450.) Hl.7 50.3 314.7 220.6 

'l'LM- liA H4.0 919.2 -145.2 54l.J 500.1 35.0 

Hlll.'I'UlAX H4.0 692.6 lOt. 4 5H.l 465.5 17.8 

-----------



----·----·lUqlu:lil ohaccvcd 

value over all 

Mwel 

t-\l'Tt:tt 
H.:U:..tTt:R, 
,. 1.U!il::5. 

ttl':.l!Jti 

t:OHPTt:R 

;;csn::u 

HH 

UH 

'ft.J1-tiA 

ttlll.'l'IHAX 

t: v..:1.tu oud locations 

c,pax 
(vCJ/nt• ) 

209.5 

209.!> 

209.5 

209.5 

:.to9.$ 

20!.1.~ 

:.w!i.5 

209.5 

'l'AUU! Oc. COHl'AlUSOU Ot' ttAXIHUH OUSt::HVt::U AUO 

MI\XlHUH I'HI::Uit:'l'l::O COUCJ:.:U'fllt.'l'lUU VAI.IH::S 

CI.H''I''i Clti::EK (l975J AVJ:.:H/\GWG 1'1H~t 24 IIUUii 

Uigheat predicted 
V4<lue ovec all 

event& And looatlona 

C(JliAX 
(&•CJ/tn') 

111.1 

195.2 

241.6 

106.6 

96.8 

96.8 

142.1 

104.9 

Olt terence of 
J:11ax lmum values 

Co- cf 
(tHJ/11/ 

30.4 

14.) 

-J2.1 

102.9 

112.1 

112.7 

61.3 

104.6 

Avu a«Je ot 
auutimum values 

Otll:i(:(Vt:d at 
each utatlon 

Co 
·~9/nl) 

151.8 

151.8 

151.8 

151.8 

151.8 

151.8 

151.8 

151.8 

Aver:a<Je ot 
maximtun values 

pu:u1ct.ed at 
each utation 

135.5 

lJO.I 

111.2 

63.1 

14.6 

H.6 

92.4 

65.1 

Average 
dit terence 

c - c 
(~q/m'f 

16.3 

21.1 

-19.4 

68.7 

11.2 

11.2 

59.4 

66.1 

ex:> 
""'-.J 



'l'AlH,£ 9a. C(JM!'J\IHSON Of MAXIMUM oma:uvt::U AUU 
MAX I HUH l•ltlmlC"l'lm COU<.:t.:tfJ'HATIOU VJ\l.tl£5 

Cl,lf'f¥ C.::IH:t::K (1916) AVl::IH\GlUG TUU:.:: l IIOUU 

---------iiT.Jlteat- ohst:cvcd Jliqhest pred1ct~d &JHfeu:nct: of Avcc.::HJO ot Avetil<Je of Average 
Vu I Ut: (JVt:t <i 11 value avec all maximum values maximum valu~:s maximu111 values dl fh:cence 

e \It: lit:.; an.l locul ions t:Vc:ht~ and hx..:ations observed at predicted at 
cuch utation each st«tlon 

CJIIuX 

Hod~:l hHJ/ll•l ) 
Cp~nax 

(l.l9/lll') 
Co- Cr 
{ltt.J/Ifl 

Co 
(llt.J/ul) 

Cp 
{litj/llf ) 

Co- Cr 
(II':J'/m' 

l'tl"nm 
(CH:i'l't::U, 

{•l.UHt:;S& 950.{1 H22 .. 4 -411.6 u5a.l 1110.1 -260.0 CX> 
CX> 

kl'!il•l'l 9!10.8 1512.1 -561. J U!:>ti.l 1152. g -294.U 

t:urwrt::n 9~0.6 14)0.8 -4tltl.O U50.1 1160.3 -302.2 

UC~'l't;U 950.8 H22.2 -471.4 058.1 102.l.l -165.2 

)141 9!.0.8 UH.l 109.5 &58.1 626.2 2)1.9 

HH 9SO.tl 841.) 109.5 050.1 626.2 231.9 

TCI·l-UA 9!..0.0 1309.9 -)59.1 U5H.l 953.0 94.!.1 

MUI.'l'IMAX 9!>0.8 1396.7 -441.9 tl5U.1 10:.15.9 -167.8 
----·-"" ,_., _______ 



Hu,h:l 

tWrt~lt 

((;IWTI:.:It, 
l·l.llt~F;5) 

Hl'SllH 

CUMVrtm 

:JC!l't'lm 

HH 

41U 

1'ut~a~ 

MUL'l'Ui.AX 

OIJtiUVCll 

vuhu.: over all 
t:v~;;nt~:> .:uul lu<.:.:ttione 

£.2l.l 

G2J.7 

t.:.U .1 

(.23.1 

62l.7 

6H.l 

621.1 

(12J.7 

1'Aut.£ 9b. COHl'AIU!iON 01•~ MAXIMUM OUSEUV£D AtH> 
MAX IHIJH Ntl::tHC'l'I;;U CUUCEN'l'Hh"l'lOll VAUI£S 

Cf,H"A''I' Cld::l.::t( (19U») AVEUJHHUG 1'1H!:':& l UUUlt 

11J91tcst vrcJ1cled ___ v1 t ference ot 
vdue OV(ff all tualdnuun 'llaluto~a 

eveutt.i and l<.JCatJooJJ 

856.0 

9H.l 

1008 •• 

651.0 

451.4 

451.4 

161.1 

616.0 

Co- cf 
(lJ<J/rJ 

·2l2.l 

-)23.( 

-lst.l 

-:U.3 

110.) 

170.3 

-HO.l 

1.6 

Aver:a9e of 
•uaxlmum values 

observed at 
each Gtcst.ion 

525.6 

525.6 

525.6 

525.6 

525.6 

525.6 

525.6 

525.6 

Avucage of 
maximum valuea, 

t>redictcd at 
each t>tLttion 

519.5 

562.0 

660 •• 

486.2 

JH.l 

324.1 

Ul.O 

461.2 

Aver: age 
ditfecence 

-53.9 

-)6.4 

-140.8 

37.4 

201.5 

:201.5 

82.6 

6:.t.4 

co 
\.0 



1'1\tU.E 9c. COHl'l\lllSOU Ot' HAXJMUti (JlJ!)t:HVEU 1\.NU 
HII.XJHIIH i'ut:UlC'l'l::ll CONCI:;UTnA'l,OU VAl.UES 

<.:1 • .1 t~l'll' CUI::EK ( l ~ "/6) 1\V&::ItAGlNG 'l'lHE1 24 BotHt 

...,...------lilljllt:St Olll>t.!(VCd Ulqhest predicted Oltfecence of 1\vecage of AveliHJe of 1\.vecaqc 
value over: all value ovuc All muxhmm valut:ti IU<utin•um valueG max imwn valuea dlthrence 

c Vt:utb iallt1 l<,.;c.t Ions evcuts lind locations obtscr:vcd At p,cd1cted at 
each station each station 

CcJnax c1,max Co - cf Co cP. C0 - ~ 
Hodel (lHJ/1111 ) h•9/•n1

, (pg/su' h•q/u/, (IIIJ711/ ) <I•<J/111. 

-
tWfl::R 

lCitS'l't::R, 
i•LUMt::5) 11!1.2 246.1 -n.s 132.8 lll. J -o.s 1...0 

0 

tH•fWtt ltH.2 178.7 2.5 132.8 107.1 25.7 

<.:u .. w·nm lULl 214.9 -93.7 132.8 15~.6 -26.8 

SC!.l'l'l::H ltll. 2 201.8 -22.5 ll2.8 100.1 32.7 

lU1 1Ul.2 119.1 52.2 132.8 74.3 58.5 

UH liH. 2 129.1: 52.1 132.8 75.S 57.) 

'rl.M~UA 1 Ul. 2 102.2 79.0 132.8 H.e su.o 

HUL'l'HtAX Ull.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) 
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