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Project Overview

 Examine the spread in meteorological
solutions and link to spread in CMAQ

 Examine the accuracy of various
meteorological options in MM5

* Highlight areas of good and poor
model performance to aid model
development
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Model Configuration

e 12 km East US domain
e Executed for Jan and Jul, 2002

e 5-day run segments with FDDA
analysis nudging (T not in PBL)
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Project Overview
Simulation Matrix

Physics

LSM P-X NOAH NOAH P-X NOAH NOAH
PBL ACM M-Y-J MRF ACM M-Y-J MRF
Convective K-F K-F K-F Grell Grell Grell
Micro-physiCS | Reisner Il | Reisner Il | Reisner Il | Reisner Il | Reisner Il | Reisner Il
Radiation RRTM RRTM RRTM RRTM RRTM RRTM
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Statistical Analysis

Surface-Based
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Subset Statistics
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Monthly Temperature

Collective Monthly Temperature Bias (K)

Ense”;ebl:f] ENS-1 ENS-2 ENS-3 ENS-4 ENS-5 ENS-6
Month T T T | T | T | T | Monthly 2-m Temperature
january -2.08 0.04 1.21 -2.35 -0.25 1.2 35
july 006 | 035 ' 0.89 -0.32 0 0.3 s
? 25 * & ENS-1
E o m ESN-2
g 2 L e ENS-3
2 - ENS-4
Collective Monthly Temperature MAE (K) é Lo X ENS-5
% 1 .ENS'G
Ensemble  -\s)  ENS2 ENS3 ENS4 ENS5  ENS-6 g
Run 05
Month T T T T T T . I ‘ ‘ -
january 275 | 202 | 2.13 |/ 298 | 2.05 | 2.15 8828 2 s A N'I"'S ; °:’K) s 2 2s s 88
ean blas
july 1.5 1.61 | 1.85 2 1.67 | 1.87
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January Temperature Bias

Ensemé’lﬁ ENS-1 ENS-2 ENS-3 ENS-4 ENS5 ENS-6
Region T T T T T T
florida -0.86 0.93 1.23 -0.86 0.88 1.16
midatlantic -2.32 0.21 1.37 -2.3 0.25 1.37
northeast -3.28 -0.54 0.71 -3.16 -0.44 0.73
south -1.44 0.32 1.41 -1.46 0.31 1.38 5
greatlakes 3.07 | -0.17 1.12 296 | -0.02 1.14 il
midwest -2.51 0.15 1.64 -2.5 0.21 1.65 35
lowerrockies 275 | 0.01 108 | -268 | o001 1.07 3 — = ’, X .* ¢ ENS-L-Jan
| ¢ ®m ESN-2-Jan
upperrockies -3.24 -0.36 0.9 -3.22 -0.36 0.89 25 * ° ENS-3-Jan
January Temperature Mean Absolute Error 5 o - o ENS-4-Jan
L, I x ENS-5-Jan
EnsemRbL'; ENS-1 ENS2 ENS-3 ENS-4 ENS5 ENS-6 |15 ® ENS-6-Jan
Region T T T T T T !
florida 1.87 1.92 2.1 1.99 1.97 2.15 03
midatlantic 2.55 1.94 2.18 3.01 1.94 2.18 0 ‘ ‘ ‘ ‘
35 25 -1.5 0.5 05 15 25 35
northeast 3.14 1.87 1.77 8.5l 1.86 1.77
south 2.18 1.86 2.23 2.36 1.93 2.26
greatlakes 3.16 1.82 1.75 3.25 1.88 1.77
midwest 2.92 2.32 2.47 3.05 2.36 2.47
lowerrockies 3.25 2.78 2.99 3.59 2.79 2.99
upperrockies 3.96 3.06 2.9 4.1 3.07 2.9
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July Temperature Bias

Ensem;lﬁ ENS-1 ENS-2 ENS-3 ENS-4 ENS5 ENS-6
Region T T T T T T
florida -0.39 0.78 1.12 -0.92 0.63 0.23
midatlantic -0.13 0.8 1.19 -0.59 0.26 0.32
northeast 0.27 0.58 1.07 0.29 0.28 0.75
south -0.35 0.6 1.07 -0.84 0.09 0.11
greatlakes 0.18 -0.09 0.63 0 -0.45 0.1 45
midwest 0.1 0.13 0.72 -0.06 -0.14 0.38 4
lowerrockies -0.78 -0.38 0.2 -0.95 -0.53 -0.07 35
upperrockies -0.53 -0.31 0.25 -0.41 -0.38 0.12 3 ¢ ENS-1-dul
B ENS-2-Jul
July Temperature Mean Absolute Error 25 ENS-3-Jul
Ensemble 2 03 i* v ENS-4-u!
Run ENS-1 ENS-2 ENS-3 ENS-4 ENS-5 ENS-6 Lo >& ﬂéﬁg X ENS-5-Jul
* ® ENS-6-Jul
Region T T T T T T 1
florida 1.63 1.6 1.85 1.91 1.67 1.85 0.5
midatlantic 1.38 1.57 1.79 1.99 1.6 1.78 0 : : ; ; : :
northeast 1.6 1.65 1.88 2.24 1.68 1.89 35 25 15 05 0.5 15 25 35
south 1.44 1.51 1.76 1.83 1.59 1.75
greatlakes 1.44 1.55 1.72 1.95 1.68 1.8
midwest 1.47 1.59 1.82 2.01 1.66 1.82 BIAS
lowerrockies 1.92 2.16 2.4 2.27 2.12 2.41
upperrockies 1.88 2.28 2.63 2.31 2.23 2.58
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Collective Monthly Wind Speed Bias (m/s) Monthly 10-m Wind Speed
1.6
Ensemble ENS-1 ENS-2 ENS3 ENS-4 ENS5 ENS-6
Run 1.4
L
Month WS WS WS WS WS WS < 5 . *
§ | * + ENS-1
january -0.28 -0.27 0.32 -0.34 -0.25 0.31 w ! mESN-2
"g 0s EMS-3
july -0.37 -0.63 -0.22 -0.5 -0.67 -0.32 F EMNS-4
_ _ 2086 x ENS-5
Collective Monthly Wind Speed MAE (m/s) E o * ENS-5
ENS ENS-2 ENS-3 ENS-4 ENS-5 ENS-6 =
Ensemble Run -1 0.2
Month WS WS WS ws WS WS 0 ' ' ' '
-1 075 -05 025 0 025 05 075 1
january 1.25 1.23 1.35 1.27 1.24 1.35 Mean Bias (K)
july 1.13 1.15 1.22 1.36 1.18 1.25
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January YWWind Speed Bias
Ensemble Run | ENS-1 | ENS-2 ENS-3 ENS-4 ENS-5 ENS-6

Fegion WS WS WS WS WS WS
flarida -0.2 -0.43 -0.12 -0.2 -0.46 -0.15
midatlantic -0.12 -0.22 0.47 -0.18 -0.19 0.46
nartheast -0.27 -0.15 0.46 -0.32 -0.1 0.47
south -0.32 -0.48 0.14 -0.4 -0.49 0.12
greatlakes -0.2 0.0z 0.66 -0.25 0.07 0.66
midwest -0.31 -0.27 0.35 -0.35 -0.25 0.35
lowerrockies -0.58 -0.8 -0.16 -0.57 -0.81 -0.16
upperrockies -0.71 -0.22 0.1 -0.73 -0.22 0.09
January Wind Speed Mean Absolute Error
Ensemble Run | ENS-1 0 ENS-2 EMNS-3 EMNS-4 EMNS-5 EMNS-6 25
Fegion WS WS WS WS WS WS
flarida 1.21 1.19 1.22 1.21 1.21 1.23 5 -
midatlantic 1.11 1.06 1.24 1.15 1.07 1.24 . .
northeast 1.31 1.33 1.46 1.31 1.34 1.46 ", - & EMNS-1-Jan
south 1.21 1.21 1.29 1.26 1.23 1.29 . 1.5 ¥ ® ESN-2-Jan
greatlakes 1.12 1.14 1.33 1.14 1.14 1.34 % o &;.:x * ., ENS-3-Jan
midwest 1.22 1.17 1.27 1.24 1.17 1.28 1 g ENS-4-Jan
lowerrockies 1.61 1.64 1.68 1.67 1.64 1.68 * ENS-5-Jan
upperrockies 1.93 1.74 1.79 1.96 1.74 1.79 ® ENS-6-Jan
0%
0 T T
=15 -1 -0.5 ] 0.5 1 1.5
BIAS
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July Wyind Speed Bias
Ensemble Run | ENS-1 | ENS-2 EMNS-3 ENS-4 EMNS-5 EMNS-6

Region WS WS WS WS WS WS

florida -0.5 -0.57 -0.4 -0.75 -0.85 -0.62

midatlantic -0.24 -0.41 -0.06 -0.5 -0.51 -0.17 2

northeast -0.08 -0.44 -0.02 -0.2 -0.5 -0.09 .

south -0.51 -0.71 -0.32 -0.63 -0.76 -0.43 =f .,

greatlakes -0.22 -0.51 0.01 -0.39 -0.59 -0.1 1.5 !

midwest -0.36 -0.69 -0.18 -0.43 -0.71 -0.22 o ‘ ‘4 + ENS-1-Jan

lowerrockies 1.1 -1.42 -1.09 -1.08 -1.34 108 | w e = ESN-2-Jan

upperrackies -0.91 -1.2 -0.83 -0.89 -1.11 -0.79 L 1 T ENS-3-Jan
July wWind Speed Mean Absolute Error ENS-4-Jan

Ensemble Run | ENS-1 | ENS-2 | ENS-3 | ENS4 | ENS5 | ENS6 « ENS-5-Jan

Region WS WS WS WS WS WS 05 > ENS-6-Jan

florida 1.13 1.12 1.17 1.34 1.21 1.28

midatlantic 0.99 0.99 1.1 1.25 1.04 1.13

northeast 1.04 1.08 1.15 1.27 1.08 1.18 0 . ; ;

south 1.12 1.16 1.19 1.29 1.21 1.24 -1.5 -1 -0.5 0 0.5 1 1.5

greatlakes 1.01 1.01 1.16 1.29 1.07 1.19 BIAS

midwest 1.11 1.16 1.23 1.38 1.19 1.25

lowerrockies 1.66 1.72 1.66 1.76 1.71 1.67

upperrackies 1.62 1.63 1.56 1.85 1.6 1.56
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Regional Wind Direction Error (January)
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Precipitation dependent temperature bias

Wodel Precipitation  |Ohserved Precipitati

Casel

January Temperature Bias July Temperature Bias
Ensemble . ENS-1 ENS-2 ENS-3 ENS-4 ENS-5 ENS-6 Ensemble . ENS-1 EnG-2 ENS-3 EnNS-4 ENS-5 ENS-6
Base -2 .08 0.04 1.21 -2.35 -0.25 1.20 Base -0.08 0.35 0,89 -0.32 0.00 0.30
Casel -2.11 0.81 1.19 -2.39 0.05 1.19 Casel 0.00 033 0.84 -0.12 013 0.56
Case? -2 65 010 1.22 -3.09 -0.07 052 Case? 056 1.70 1.82 -1.48 0.50 -0.38
Cased -1.06 085 1.46 -1.35 086 1.46 Cased 228 244 1.96 27 2.01 2.29
Cased -1.58 1.1 215 -1.64 1.87 2.30 Cased 210 276 2.93 1.07 1.54 1.07
Precip-Based 2-m Temperature Bias (January) Precip-Based 2-m Temperature Bias (July)
3.00
2.00
£ 100 3
i ENS1 M Base o M EBase
@ 0.00 - B Casel i B Casel
E ENS2 ENS3 O Case2 § O Case2
£ -1.00 W Case3 & W Case3
= O Cased a O Cased
§ 200+ 5
[ ]
-3.00 {]
-4 .00
Simulation Simulation
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Diurnal Temperature Statistics
January, 2002

Mean Diurnal Temperature (Jan)

282

280
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276

Mean 2-m Temperature

274

272

Hour (UTC)
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Mean 2-m Temperature
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300

298
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Diurnal Temperature Statistics
July, 2002

Mean Diurnal Temperature (July)

Hour (UTC)
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Diurnal Wind Speed Statistics
January, 2002

Mean Diurnal Wind Speed (January)

Mean 10-m Wind Speed (m/s)
(%)

1 7 13 19
Hour (UTC)
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Mean 10-m Wind Speed (m/s)

Diurnal Wind Speed Statistics
July, 2002

Mean Diurnal Wind Speed (July)
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Diurnal Temperature Statistics
Over Water July, 2002

Mean Diurnal Temperature Overw (July)
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Diurnal Wind Speed Statistics
Over Water July, 2002

Mean Diurnal Wind Speed Overwater (July)

Hour (UTC)
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Monthly Spatial Statistics
January, 2002
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Absolute Error Scale

Excellent agreement between
observations and model

Good agreement between
observations and model

Fair agreement between
observations and model

Poor agreement between
observations and model
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| 2-m Temparature Bias (K,
January, 2002
Sirmulation 1

2-m Temperature Bias (K)
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Mean Min-Daily
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2-m Temperature
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Mean Max-Daily
Difference

2-m Temperature (K)
January 2002
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Mean Bias
10-m Wind Speed (m/s)
January, 2002

RESEARCH & DEVELOPMENT
Building a scientific foundation for sound environmental decisions




2 70-m Wind Direction MA
. - January, 2002

10-m Wind Direction M

e Simulation 1 : January, 2002

Mean Absolute Error

10-m Wind Direction
(deg)

January, 2002

EHB8s883°

E388588a°

e Y

0-m Wind Direction MA
January, 2002
_ Simulation 2

. i . =
» . . . -,
. g Ta g w_ ",
L]
L] - % i
"u
B ¥ w8 = % _' . = e "
- "- " 3 - " s e -
" - . .
:_c = e
. . e L .
' ]
. - = . -
* s gtn w
" . . = sl
¥ = o
al” . X
" 3
“&msmmnhﬂnﬂnl I-vnualmf‘ml‘r: Product
r L
- "a e "
. " L
=

EEEE RN

IR SR
10-m Wind Direction MA
January, 2002

e Simulation 6

E3ZEssEae

EEREEEEEE N

T} Preduct

Building a scientific foundation for sound environmental decisions



Monthly Spatial Statistics

July, 2002
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Mean Min-Daily
Difference

2-m Temperature
(K)
July, 2002
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10-m Wind Darection

July, 2002
Mean Absolute Error
10-m Wind Direction
(deg)
July, 2002 2
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summary of Surface-Based

Statistics
e 2-m temperature predictions in winter contain more error in

general than July; should AQ models be considered more
uncertain in winter?

 Schemes have diverse diurnal performance and show
systematic bias linked with PBL evolution

e Most runs do no capture daytime high temps in winter

 P-X has a large cold-season cold bias, but performs best in
warm seasons

« NOAH/MYJ performed best in winter in terms of temp bias,
but does have a substantial diurnal bias

 FDDA does constrain simulated wind to observations,
although wind speed bias does exist; good for transport.
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Summary of Surface-Based

Statistics
 Place holder

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



Statistical Analysis

Precipitation
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Solar Radiation Analysis

Comparison of model insolation and
SurfRAD observations
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Daily Wind Profiles
Comparisons
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RAOB Profiles and Layer Stats
January, 2002
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Potential temperature profiles for each MM5 simulation
averaged for Jan, 2002 at KGSO at 1200 UTC
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RAOB Profiles and Layer Stats
July, 2002
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Disclaimer

The research presented here was performed under the Memorandum of
Understanding between the U.S. Environmental Protection Agency (EPA)
and the U.S. Department of Commerce’s National Oceanic and Atmospheric
Administration (NOAA) and under agreement number DW 13921548. This
work constitutes a contribution to the NOAA Air Quality Program. Although it
has been reviewed by EPA and NOAA and approved for publication, it does
not necessarily reflect their policies or views.
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