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INTRODUCTION TO MMIF FOR AERMOD

MMIF supports AERMOD in three ways

1. WRF + MMIF + AERMOD
“Direct” or “AERMOD Mode”

2. WRF + MMIF + AERMET + AERMOD
“AERMET Mode”

3. WRF + MMIF + AERCOARE + AERMOD
For use over water



AUGUST 12, 2015
OPTIMIZED USE OF MMIF FOR AERMOD IN COMPLEX TERRAIN

THE SITUATION
• The Monongahela River Valley in Allegheny County, SE of Pittsburgh 

• Several sources of SO2 in the area, mostly near the valley floor

• Liberty SO2 monitor (on hill) measured 1-hr SO2 NAAQS violations

• Non-attainment area (NAA) designated, SIP revision required
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• Test many dispersion models against SO2 observations

• Hope for a clear winner

THE APPROACH – A “MODEL SHOOT-OUT”

OBS WRF

CALWRF
MMIF

CALMET

CALPUFF

AERMET

AERMOD
SCICHEM
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WRF DOMAIN

• Five nested 
domains: 36, 12, 4, 
1.333 and 0.444 km 
spacing

• Useable domain 
spans NAA plus 
some Sources
outside NAA

• One year used for 
Model Shoot-Out

• Three-year WRF 
production run
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444m WRF 
TERRAIN

• WRF terrain is 
smoothed for 
numerical 
stability reasons

• Approximately 
130m difference 
between valley 
floor and Liberty 
site

KAGC (Airport)

Liberty

1430 1435 1440 1445
LCC Easting (RPO projection)

160

165

170

175

180

LC
C

 N
or

th
in

g 
(R

PO
 p

ro
je

ct
io

n)

200 m
210 m
220 m
230 m
240 m
250 m
260 m
270 m
280 m
290 m
300 m
310 m
320 m
330 m
340 m
350 m
360 m
370 m
380 m
390 m
400 m

7



AUGUST 12, 2015
OPTIMIZED USE OF MMIF FOR AERMOD IN COMPLEX TERRAIN

TWO MET SITES, TWO SOURCES, & 444m GRID
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KEY FEATURES OF THE APPROACH

• Receptors at SO2 Site, plus 
rings at 100, 200… 500m

• One MMIF extraction point and 
AERMOD run for each facility

• Run MMIF 

• Optionally run AERMET

• Run AERMOD

• Output to POSTFILEs

• Sum POSTFILEs, perform 
Cox-Tikvart-style statistics

• Hourly and Max-Daily statistics

Sensitivity Runs:

• How tall a MET “tower”?

• Emulate a 10m tower
• Not much in each PFL file

• Emulate a tall multi-level tower
• 10 levels: FLM CALPUFF levels
• 17 levels: WRF levels to 250m
• Not (yet) MMIF Guidance levels

• WRF domain resolution
• 4km, 1.3km, or 444m

• WRF vs. re-diagnosed PBL
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COLOR-CODED 
STATISTICAL 
PERFORMANCE
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SELECTED STATISTICS – MAX DAILY VALUES 
AT LIBERTY SITE (ug/m3)
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12

QQ PLOTS: OBS + AERMET + AERMOD

• Traditional AERMET + AERMOD under-predicts the high range
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QQ PLOTS USING MMIF 10m & 250m TOWERS
MMIF + AERMET + AERMODMMIF + AERMOD
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SELECTED STATISTICS – MAX DAILY VALUES 
WRF RESOLUTION (ug/m3)
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Comment:

Draft MMIF Guidance 
(EPA-HQ-OAR-2015-0310-0008) 
doesn’t mention which mixing 
height should be used.

Draft MMIF Evaluation
(EPA-HQ-OAR-2015-0310-0009) 
doesn’t mention which mixing 
height was used (it was WRF).

The following plots should tell us 
if more work is needed.

Note: No OBS here, just models…

1. WRF produces PBLH

• Quantized to WRF levels

• Each PBL scheme gets to 
define PBLH – no common 
method or diagnosis

2. MMIF (optionally) re-
diagnoses Mixing Height

• Critical bulk Richardson 
number method

3. AERMET’s model 

• Mechanical at night, 
Convective during the day

THREE SOURCES FOR MIXING HEIGHT
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WRF VS. AERMET 
CONVECTIVE MIXING HEIGHTS
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WRF VS. AERMET 
MECHANICAL MIXING HEIGHTS
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MMIF VS. AERMET 
CONVECTIVE MIXING HEIGHTS
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MMIF VS. AERMET 
MECHANICAL MIXING HEIGHTS
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SO2 DISTRIBUTION STATISTICS FOR
DIFFERENT MIXING HEIGHTS (ug/m3)
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• MMIF + AERMOD can give results on par with OBS + AERMOD

• A 250m MET tower is not necessarily better than a 10m tower
• Depends on which statistic you value

• Finer WRF resolution doesn’t necessarily give better statistical 
performance (1.3km vs. 444m, 4km was too coarse in this case)

• Using too coarse of a WRF resolution under-predicts maximum 
SO2 concentrations

• Using WRF, MMIF, or AERMET mixing heights gave similar 
statistical performance of SO2 distributions

• MMIF in AERMET and AERMOD modes give similar results

CONCLUSIONS FOR THE LIBERTY SITE
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• Overall, this work supports proposed changes to Appendix W 
regarding MMIF

• Requiring that MMIF use AERMET mode (vs. AERMOD mode): 
• Assumes AERMET’s surface layer similarity is better than WRF’s
• Precludes the use of MMIF in locations where AERMET’s assumptions 

aren’t appropriate (e.g. over water)
• Would benefit from more testing, e.g. sites in MMIF Eval. document

• Suggestion: expand MMIF Guidance document about when MMIF 
in AERMOD mode would be acceptable

• Suggestion: more clarity in MMIF Guidance document on MMIF’s 
PBL_recalc setting

• Would benefit from more testing, e.g. sites in MMIF Eval. document

COMMENTS
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THANK YOU
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