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Original Scope of Project

ÅUpdate CALMET/CALPUFF performance 
evaluations originally conducted from 
1994-1997 for Version 5.8.

ïCAPTEX (1983)

ïGreat Plains (1980)

ïSavannah River (1975)

ÅUse evaluations to update CALPUFF 
implementation guidance to include 
IWAQM Phase II recommendations.



Issues Regarding Previous 

Evaluations
ÅPrevious evaluations of CALPUFF limited in scope.  

ïLRT evaluations largely focused upon performance 
metrics similar to near-field dispersion models such 
as ISC or AERMOD.

ïEvaluations were more subjective without a focus 
upon performance evaluation methods used for LRT 
models.

ïNear-field evaluation(s) only evaluated CALPUFF 
peroformance using CTDM profile data, which is not a 
method we use to capture ñcomplex windsò, was 
necessary to develop full 3-D winds for this purpose. 

ÅNecessary to develop a new methodology for evaluating 
LRT models.



Near-Field Evaluation Procedure

Å Various methods, including graphical and statistical measures, are used 
for evaluating model performance for near-field regulatory applications, 
such as AERMOD

Å For regulatory design concentrations, evaluation procedures are focused 
on predicting the peak of the concentration distribution, unpaired in time 
and space

Å Graphical methods include quantile-quantile (Q-Q) plots in which quantiles 
of one distribution (e.g., observed concentrations) are plotted against 
quantiles of another distribution (e.g., estimated concentrations). The 
observed and predicted concentration distributions are ranked irrespective 
of time and space, and plotted as ranked pairs. 

Å Statistical measures for regulatory model evaluations have historically 
been based on the Cox-Tikvart methodology, which uses a Robust 
Highest Concentration as the basis for comparing observed and predicted 
concentrations

Å The Cox-Tikvert methods uses the Fractional Bias (FB) as the statistical 
measure of agreement between the observed and predicted 
concentration;
ï The FB is bounded between -2 and +2, with a value of 0 (zero) indicating perfect 

agreement.  An absolute value of less than 0.667 for FB indicates agreement within a 
factor of 2



Robust Highest Concentration

Å The test statistic that is used in the comparisons of model 
performances, is a robust estimate of the highest concentration 
(RHC) using the largest concentrations within a given data 
category. The robust estimate is based on a tail exponential fit to 
the upper end of the distribution and is computed as follows:

where:

M   = number of values exceeding a threshold value;

Mo = number of values used to characterize the "upper end"

of the distribution;

N   = minimum of M, Mo;

X   = average of the N-1 largest values; and

X(N) = Nth largest value.
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Composite Performance Measure

Å A composite performance measure (CPM) is a weighted linear combination 
of the individual fractional bias components.  A CPM is computed for each 
model and data base.  Within the operational evaluation component, each 
of the results for the various averaging periods receives equal weight.  For 
the scientific component, each of the results for the various diagnostic 
conditions receives equal weight.  Because the operational evaluation 
component is deemed to be the more important of the two, it receives twice 
the weight of the scientific component.  The algebraic expression for the 
composite performance measure is:

where:

(AFB)r,s = Absolute Fractional Bias for diagnostic

condition r at station s;

(AFB)3 = Absolute Fractional Bias for 3-hour averages;

and

(AFB)24 = Absolute Fractional Bias for 24-hour averages.
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Near-Field Complex Terrain

ÅLovett, NY SO2 Study (1988) ïEPA 

OAQPS

ÅWestvaco, MD SO2 Study (1980) ïEPA 

Region 5

ÅClifty Creek SO2 Study (1983) ïEPA 

Region 6



Lovett Near-Field Complex Terrain

ÅCALMET 3-D Windfields Developed
ï3 Level Tower (10m, 50m, 100m) simulated as 3 surface stations 

with corresponding anemometer heights

ïUpper air data from Albany, NY

ï125 meter grid spacing using SRTM-1 (terrain) and NLCD92 
(landuse).

ÅVarious CALPUFF configurations tested 
ïP-G

ïAERMOD turbulence

ïPlume Half-Height Adjustment

ïCALPUFF Strain Based Adjustment

ïAERMOD surface and profile data



Models Evaluated

ÅCALPUFF1: P-G Dispersion/Plume Half Height 
Adjustment

ÅCALPUFF2: AERMOD Turbulence/Plume Half 
Height Adjustment

ÅCALPUFF3: P-G Dispersion/CALPUFF Strain 
Based Adjustment 

ÅCALPUFF4: AERMOD Turbulence/CALPUFF 
Strain Based Adjustment

ÅCALPUFF5: AERMOD Profile Data/Plume Half 
Height Adjustment

ÅAERMOD



Robust Highest Concentration

MODEL RHC FB

OBSERVED 186.6311

CALPUFF1 270.8253 -0.3680971

CALPUFF2 331.6904 -0.5597270

CALPUFF3 215.2584 -0.1424635

CALPUFF4 498.7271 -0.9107528

CALPUFF5 170.9368 8.7783627E-02

AERMOD 190.7868 -2.2021424E-02

MODEL RHC FB

OBSERVED 51.77021

CALPUFF1 79.97595 -0.4281830

CALPUFF2 50.02875 3.4213837E-02

CALPUFF3 80.18578 -0.4306824

CALPUFF4 88.91008 -0.5280038

CALPUFF5 45.19529 0.1356138

AERMOD 52.19456 -8.1632826E-03

3-Hour 24-Hour



Composite Performance Measure (CPM)

Model               CPM              +/- C.I.            +/- C.I.

90%               95%  

CALPUFF1  0.5956156      0.1279936      0.1526180    

CALPUFF2  0.6005593      0.1707581      0.2036100    

CALPUFF3  0.4763652      0.1209624      0.1442342    

CALPUFF4  0.7884353      0.2348641      0.2800492    

CALPUFF5  0.4381725      0.1008167      0.1202127    

AERMOD    0.4234109      9.8021805E-02  0.1168801 



Model Comparison Measure (MCM)

Model - Model                              MCM                        +/- C.I. 

90%   

CALPUFF1-CALPUFF2          -4.9436688E-03         0.3247000    

CALPUFF1-CALPUFF3           0.1192504                 0.1709258    

CALPUFF1-CALPUFF4          -0.1928197                 0.3939179    

CALPUFF1-CALPUFF5           0.1574431                 0.3376502    

CALPUFF1-AERMOD              0.1722047                 0.2679147    

CALPUFF2-CALPUFF3           0.1241941                 0.3194914    

CALPUFF2-CALPUFF4           0.1878760                 0.4113917    

CALPUFF2-CALPUFF5           0.1623868                 0.3563375    

CALPUFF2-AERMOD              0.1771484                 0.3353530    

CALPUFF3-CALPUFF4          -0.3120700                 0.3897073    

CALPUFF3-CALPUFF5           3.8192749E-02          0.3319159    

CALPUFF3-AERMOD             5.2954316E-02          0.2619038    

CALPUFF4-CALPUFF5          0.3502628                  0.4839298    

CALPUFF4-AERMOD             0.3650244                  0.4344430    

CALPUFF5-AERMOD             1.4761567E-02          0.2106818 



3-Hour Q-Q Plot - Lovett



24-Hour Q-Q Plot - Lovett



Evaluation Paradigm for Long 

Range Transport Models

ÅLRT models play a unique role in air quality 
modeling.  This class of models plays several 
roles.
ïEmergency response modeling

ïClass I increments and visibility

ÅRequires additional level of skill to reflect time 
and space considerations of LRT model use
ïStatistical measures should examine spatiotemporal 

pairing ability of LRT models.

ÅOriginal CALPUFF evaluations largely qualitative 
with limited (if any) focus on spatiotemporal 
pairing 



Evaluation Goal

ÅDevelop meteorological and tracer databases for 

evaluation of long range transport models.

ÅDevelop a consistent and scientifically objective 

method for evaluating long range transport 

(LRT) models used by the EPA.

ÅPromote the best scientific application of models 

based upon lessons learned from evaluations 

and reflect this in EPA modeling guidance.



Statistical Measures

ÅPearsonôs 

Correlation 

Coefficient

ÅNormalized Mean 

Square Error

ÅFractional Bias
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Statistical Measures

ÅFigure of Merit in 

Space

ÅKolmogorov-Smirnov 

Parameter

ÅModel Rank
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Other Measures

ÅPercentage of observations within factor of 

two of observed (FA2)

ÅPercentage of observations within factor of 

five of observed (FA5)

ÅFactor of Exceedance ïmeasure of 

overprediction.



Mesoscale Tracer Experiments

ÅGreat Plains Tracer Experiment (OKC80) 
ï1980 (EPA OAQPS and EPA Region 6)

ÅSavannah River Laboratory Tracer 
Experiment (SRL) ï1975 (EPA OAQPS 
and EPA Region 10)

ÅCross-Appalachian Tracer Experiment 
(CAPTEX) ï1983 (EPA OAQPS)

ÅEuropean Tracer Experiment (ETEX) ï
1994 (EPA OAQPS)



Great Plains Mesoscale Tracer 

Experiment

ÅRegional-scale experiment designed to 

test new atmospheric tracer system using 

perfluorocarbon tracers (PFT).

ïPerfluorodimethylcyclohexane (PDCH)

ïPerfluoromonomethylcyclohexane (PMCH)

ÅMeasurements on arcs at distance of 100 

km and 600 km.

Å2 PFT Releases, July 8 and July 11 - 1980



Synoptic Meteorology

Å As noted in Ferber et al (1981), the sampling began on the 600 kilometer 
arc around 0200 LST on July 9, 1980.  Forecast trajectories based upon the 
12Z July 8, 1980 rawindsonde release time indicated that the tracer release 
starting at 1300 LST July 8, 1980 would arrive at the 600 kilometer arc at 
approximately 0700 LST on July 9, 1980.  Sampling was to commence five 
hours prior the forecasted arrival of the tracer.  When sampling commenced 
at 0200 LST July 9, 1980, peak concentrations had already arrived when 
sampling had commenced.  The sampling along the 600 kilometer arc likely 
missed some of the tracer material since the peak concentrations were 
observed during the first 3-hour averaging period when sampling 
commenced.

Å A low-level nocturnal jet had formed during the evening and early morning 
hours of July 8-9, 1980, transporting the tracer material faster to the north 
and west than was anticipated by results of the 12Z forecast trajectories.  
The monitored plume extended from approximately Firth, Nebraska to 
Hamilton, MO.  By approximately 1700 LST July 9, 1980, monitored values 
of the tracer material dropped to background concentrations.Strong 
nocturnal low-level jet developed overnight on July 8-9, 1980, transporting 



Synoptic Meteorology ïJuly 8-9, 1980



Model Experiment Design
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Å Two Dispersion Models

1. CALPUFF:
ï CALMET Meteorology

Å Observation only

Å Hybrid (MM5 + Obs)

Å NOOBS=1 (Obs surface, MM5 aloft)

Å NOOBS=2 (No Observations, only 
MM5)

ï MM5CALPUFF Meteorology

ï All Dispersion Options

Å P-G Turbulence

Å AERMOD Turbulence 

Å CALPUFF Turbulence

ï Puff-Splitting on 600 km simulation, none for 
100 km

ï 100 km and 600 km arcs of receptors, 0.25
increments, 361 total receptors for each. 2 
Domains: 100km, 600 km arcs

ï 20 km CALMET for 600 km

ï 4 km CALMET for 100 km

2. FLEXPART Lagrangian Particle Model

Model Receptor Arcs



MM5 Configuration

ÅMM5 Version 3.7.4 

Å3 nested domains
ï108 km 

ï36 km

ï12 km

Å34 vertical layers

ÅICBC: NCEP/NCAR 
Reanalysis Data 
available every 6 
hours at 2.5 x 2.5

ÅPhysics:
ïKain-Fritsch II 

Cumulus

ïETA PBL 

ïNOAH LSM

ïRRTM Radiation

ïSimple Ice 
Microphysics



CALPUFF - 600 km Arc 


