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1 INTRODUCTION

One very desrable feature of the Pennsylvania State Univerdty/Nationd Center for
Atmospheric Research (NCAR) Mesoscale Modd (MMY) is the ability to sdect from a
host of different physics options. Over the past two decades researchers from diverse
aess of sudy have implemented options in the MM5 modd to handle physicd
parameterizations of Cumulus Clouds, planetary boundary layer, amospheric moisture,
land processes and atmospheric radiation.

This range of options is dso a chdlenge for mode egpplication. The meteorologca
modder is faced with sdection of options with no theoreticaly “optima” setting.
Rather, the options chosen are based on the set that produce the “best” model smulation.
Choosing a st of modd options, peforming the modd smulation, and andyzing the
modd output thus determine selection of the find selections options.

This report presents the results of 7 different sets of modd smulations performed for a
winter and summer casein 2001.

2 METHODOLOGY

The methodology for this gpproach is very draightforward. The MM5 modd is applied
to two three-week periods, a winter case (2001 February) and a summer case (2001 July)
and the mode results are compared with available observations and synoptic wegther
charts.

2.1 Modd Sdlection and Application

Bdow we give a brief summary of the MM5 input data preparation procedures we
propose for the episodic and annual modeling exercises.

Modd Sdectionn The most recent verson of the publicly avalable nonhydrostatic
verson of MM5 (verson 35) is used. The MM5 released terrain, pregrid, little r and
interpf processor were used to develop model inputs.

Horizontd Doman Ddfinition:  The computationd is presented in Fgures 2-1. The
domain is a sngle 36km domain with 165 x 129 grid cdls, sdected to maximize the
coverage of the ETA andyds region. The projection is Lambet Conformd with the
“national RPO” grid projection pole of 40°, -97° with true latitudes of 33° and 45°.

Veaticd Doman Definition: The MM5 modeling is based on 34 verticd layers with an
aoproximatey 50 meter deep surface layer. The MM5 verticd domain is presented in
both sgma and height coordinatesin Table 2-1.

Topographic Inputs ~ Topographic information for the MMS5 is developed usng the
NCAR and the United States Geologica Survey (USGS) terrain databases. The 108 and
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36 km grids are based the 5 min (~9 km) Geophysicd Data Center globa data. Terrain
daa is interpolated to the model grid usng a Cressman-type objective andyss scheme.
To avoid interpolating elevated terrain over water, after the terrain databases are
interpolated onto the MM5 grid, the NCAR graphic water body database will be used to
correct elevations over water bodies.

Vegetation Type and Land Use Inputs Vegeation type and land use informeation is
devdoped using the most recently rdeased NCAR/PSU databases provided with the
MMS5 digtribution. The 108 and 36 km grids use the 2 min. (~ 4 km). Standard MM5
surface characteristics corresponding to each land use category will be employed.

Atmospheric Data Inputs. The focus of this sudy is to examine the influence the choice
of “firsd guess’ meteorologica fieds has on the MM5 mode predictions. For the ETA
case, the fird guess fidds are taken from the NCAR ETA archives. For the NNRP case,
the data are extracted from the NCAR archives. Surface and upper-air observations used
in the objective andyses, following the procedures outlined by Stauffer and Seaman a
PSU, are qudity-inspected by MM5 pre-processors using automated gross-error checks
and "buddy" checks. In addition, rawinsonde soundings undergo verticd consstency
checks. The synoptic-scde data used for this initidization (and in the anadyss nudging
discussed below) are obtained from the conventiona Nationa Westher Service (NWS)
twice-daily radiosondes and 3-hr NWS surface observations.

Water Temperature Inputs. The NNRP and ETA database contains a “skin temperature”
fidd. This can be used as a water temperature input to MM5. It is recognized that these
skin temperatures can lead to temperature errors dong coastlines. However, for this sort
of analysis focusing on bulk continental scae trangport, thisissueis likely not important.

FDDA Daa Asamilaion: This smulaion uses an andyss-nudging technique were the
obsarvations are nudged toward a field prepared by objective analyzing surface and aoft
monitor data into the firgd-guess fidds. For these amulaions a nudging coefficient of
2.5x10* was used for winds and temperature and 1x10° for mixing raio. Only 3D
andyss nudging was peformed and thermodynamic varigbles are not nudged within the
boundary layer.

Physcs Options The Base MM5 modd physics options in these smulations are as
follows

Kain-Fritsch Cumulus Parameterization

Blackadar PBL Scheme

Simple Ice Moisture Scheme

RRTM Atmospheric Radiation Scheme

Multi-layer Soil Temperature Model
Sensitivity Smulaion Description:

The saven (7) sengtivity Smulations performed were:
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Eta “Basding’” mode configuration

Hifdda Basdine modd configuration with the FDDA nudging coefficient

doubled.
NoFDDA: Basdline modd configuration without FDDA.
Reisner2: Basdine modd configuration with the Reisne2 moisure scheme

subdgtituted for the smple ice scheme.

ZFAC: Basdine modd configuration with the Penn. State “ZFAC’
modifications to remove dl nudging below 850 mbars.

Plem-Xu: Basdinemodd configuration  with the MM5 35 Pem-Xu PBL
and land surface moddl. Not “INTERPX” modd reinitidization scheme was used
and no soil nudging was performed.

Pem-Xu2: Basdine modd configuration with an updated verson of the
Plem-Xu PBL and land surface modd supplied by John Pleim in July 2002. The
INTERPX modd renitidization scheme was used and soil nudging was performed.
To use the soil nudging necessitated nudging to three hourly observations, instead
of the 12 hourly nudging used in the other smulations.

2.2 Evaluation Approach

The mode evauation approach is based on a combination of quditative and quantitative
andyses. The quditative gpproach is to compare the mode estimated sea level pressure
and radar reflectivity fields with observed vaues from historical wegther chart archives.
The datistica approach is to examine the model bias and error for temperature, mixing
ratio and the Index of Agreement for the windfields.

Interpretation of bulk datistics over a continentd scae domain is problematic. It is
difficult to detect if the modd is missng important sub-regiond features. For this
andyss the daidics ae peformed on a dae by dae bass a Regiond Panning
Organization (RPO) bas's, and on adomain-wide basis.

The observed database for winds, temperature, and water mixing ratio used in this
andyss is the NOAA Techniques Development Lab (TDL) Surface Hourly Observation
database obtained from the NCAR archives. The rain observations are taken from the
Nationd Climatic Data Center (NCDC) 3240 hourly rainfall archives.
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Table2-1: MM5 Vertical Domain Specification.
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Figure2-1: National ETA Computational Grid.
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3 RESULTS

3.1 Model Resource Requirements

The mode resource requirements for the smulations are presented in Table 31. These
times are gpproximate and are total elapsed times based on a dedicated computer. The
times are gpproximate since dl input/output was performed over a shared network onto
an NFS server that was serving al smulations.

3.2 Mode Evaluation Results

The synoptic and datistica evauations for the two episodes usng the difference modd
configuration options are presented in the following sections. The Pem-Xiu
configuration was unable to complete the July smulation. The modd became ungable in
the smulation. For this reason, no datisics are included for the Plem-Xiu smuldion
and the synoptic evduatiion is missng results for periods where the model was not
operational.

3.21 Synoptic Evaluation

One very important metric of mode performance is to quaitatively assess whether how
well the model is able to capture the evolution of synoptic sysems. Sea leve pressure
and radar reflectivity plots for the February and July episodes are presented in Figures 3
1 through 3-12 and 3-13 through 3-24, respectivdly. On each figure, the firgt frame
presents the archived surface chart from weather.unisyscom. The other frames present
the plots for the other smulations with the smulation name under each frame. For the
modd smulaions, the mode edtimate sealevel pressure is the blue line. Shaded aress
on both the modd estimated and analyzed charts denote regions of high radar reflectivity.

Some generd conclusions from these figures are:
The Reser-2 configuration tends to produce the smdlest regions of radar
reflectivity.  All configurations underestimate the extent of the regions of high
radar reflectivity, particularly for the July episode.
The modd generdly captures long wave patterns. None of the configurations has
a tendency to ether lag systems behind the observations, or to advance systems
faster than suggested by the observations.

The NoFDDA smulation is able to capture the genera flow patterns that suggest
that the FDDA scheme is not ingppropriately driving the mode results.
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3.2.2 Statistical Evaluation

The results for the datidticd evauation are presented in this section. The tables present
the dtatigticadl metric for each date, for each Regiond Planning Organization, and for the
entire modding domain (including only the United States). In dl figures a date is
shaded the color corresponding to the smulation which performed the best for that
variable and metric.

Temperature bias scores for the two MM5 mode agpplications averaged over the February
episode are presented in Table 3-2. A graphical depiction of Table 32 is presented in
Figure 3-25. The Pleém-Xiu and Plem-Xiu 2 configurations are superior for the mgority
of the dates. For the nation as a whole, the ETA configuration has a dightly lower
temperature bias than any other configuration. Temperature bias error data are presented
in Table 3-3 and Figure 3-25. The Peam-Xiu 2 configuration shows the lowest
temperature bias over the Midwest and Eastern US and the ETA configuration shows the
lowest bias over the Western States.  For the entire domain, the Pleim-Xiu configuration
has the overall lowest bias.

Mixing ratio bias data are presented in Table 34 and Figure 3-37. Except for a tendencty
for the PFem-Xiu 2 configuration to do better in the south-east, no clear regiona trends
ae evident.  For the overdl domain, the Plem-Xiu 2 configuration has the lowest bias.
Mixing ratio error is presented in Tables 3-5 and Figures 3-38. For the country as a
whole, the ETA, HIFDDA and Pleam-Xiu 2 configurations show dmilar scores. On a
date wise badss the Plem-Xiu 2 configuraion is superior dong the mgority of the
Atlantic seaboard and no cler trends are evident in the ret of the US

Accumulated precipitation bias data for February are presented in Table 3-6 and Figure
3-29. The HIFDDA smulaion performs the best over the mgority of the Midwest and
Wegern US. The Pleém-Xiu 2 configuration performs the best in the mgority of the
Southeast. Averaged over the entire domain, the ZFAC configuration performs best.
Accumulated precipitation error data are presented in Table 3-7 and Figure 3-30. The
HIFDDA dmulaion again peforms best in the Midwest and West, with no clear trends
inthe East. For the whole country, the Pleim-Xiu 2 configuration performs the best.

Wind comparison index of agreement for the February episode are presented in Table 3-8
and Figure 3-31. No clear regiond trends are evident and surprisngly the NoFDDA
gmulation has the highest index of agreemen.

Temperature bias for the July episode is presented in Table 3-9 and Figure 3-32.
Averaged over the country, the HIFDDA configuration appears superior. State wise, the
Pem-Xiu 2 configuration is superior in the mgority of the dates. Table 310 and Figure
3-33 present the temperature error datistics. As was seen with temperature bias, the
Pem-Xiu 2 configuraion is superior over the mgority of the United States and for the
USasawhole.
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Mixing ratio bias is presented in Table 311 and Figure 334. Averaged over the United
States, the HIFDDA and Plem-Xiu 2 configurations have lower overdl eror. On a date
by date bass, the Plem-Xiu 2 is generdly better in the Southeast with no clear trends in
the rest of the county. Mixing ratio error is presented in Table 3-12 and Figure 3-35.
Agan, the HIFDDA and Plem-Xiu 2 configurations are superior on a domain wide basis
and regiondly in the southeedt.

Accumulated precipitation bias data for July are presented in Table 313 and Figure 3 36.
No regiond trends are evident. Averaged over the entire domain, the ZFAC
configuration performs best. Accumulated precipitation error data are presented in Table
3-14 and Fgure 3-37. The ZFAC and NoFDDA smulations perform best throughout
most of the US. For the whole country, the ZFAC configuration performs the best.

The July index of agreement data are presented in Table 315 and Figure 338. No clear

regiond trends ae evident and as with the February case, the NOFDDA smulaion
performs the best on adomain wide basis.
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Table 3-1: MM5 model computational requirements per 6 day smulation. CPU times are on a dual
1GHz P-IlIl computer system running Linux and the Portland Group FORTRAN compiler. Times
areHours:Minutes.

Mode Configuration CPU Time Per Block
ETA 18.48
Hi FDDA 18:23
No FDDA 18:23
Reisner 2 24:50
Pem-Xiu 26:10




Figure 3-1: Analyzed and Modd Egtimated
Surface Synoptic Chartsat 12 Z 3 Feb. 2002.
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Figure 3-4: Analyzed, ETA simulation
estimated and NNRP simulation estimated
surface synoptic chartsat 12 Z 9 Feb. 2002.
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Figure 3-5: Analyzed, ETA simulation
estimated and NNRP simulation estimated
surface synoptic chartsat 12 Z 11 Feb. 2002.
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Figure 3-7: Analyzed, ETA simulation
estimated and NNRP simulation estimated
surface synoptic chartsat 12 Z 16 Feb. 2002.
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Figure 3-9: Analyzed, ETA simulation
estimated and NNRP simulation estimated
surface synoptic chartsat 12 Z 20 Feb. 2002.
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Figure 3-10: Analyzed, ETA smulation
estimated and NNRP simulation estimated
surface synoptic chartsat 12 Z 22 Feb. 2002.
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Figure3-11: Analyzed, ETA smulation
estimated and NNRP smulation estimated

surface synoptic chartsat 12 Z 24 Feb. 2002.

ntensities (Dbz): 208 30M 40W 458 SOM 558

Obsarvation

hil 1Z0
Talia, |3HE) T Sal 24 Felp DL (R0 CET Sat B4 Feh

Wt sigme = O FEB
gL T

i hil
3 TR N

3. 1HE) U Bal 2
o sigme = O FEB
rigL [

E=S L L
RPN |

Bk

THATERS T A= WO W (NN SEOMLS e

FO50 Dot Frwck Kmshminr Smpie e 3 bws 5 Grvels ¥ ae

No FDDA

3-25

L R db il 1ZR0 LT
1. 1HE) U Sal 24 Fele D C0EI0 CET Sat Ba Feh
1 sigme = OFEB
gL [

TR

B SIEE EEmELe s

e e T m, OL b, 50 e

Pleém-Xiu

Bk inifn FL5E Enien - Froch.

ajcdal- PLEIW-EILR HIF: Jid il
AT Tl ol

1
LHEIG CET Bal B4 Fehi

Wiad 21 Falr 01
i 1

0 UTE Wiad 21 Pals 01
i 1



M Wi 21 Fib 1
AT Sa1 24 Fab D)

Bl 1200 LT Wisl 21 Fab 01
sl 24 Fele D (OO0 CET Jat B4 Fehi 311

i A e
B0 iED 40 IR i

0 B & 0 BO &0 W A 0D |

COTULRE UITE-ACm LI¥- SEGEOD  EES- MRS Ll T
BARE TErTEE  FTLL B - D A

- oo T 1—-
B ey, riL -

Bheniled ipofu VRS Brin-Trueh Barkmder Shmple ber B e 38 leeeln, LD me

TP MY SOm———, . A ZEAC
Reisner-2

3-26



e Wil 31 Pals O
=T Moo 5 Fehi 211

v Waad 21 Fals 01

2T M

Figure3-12: Analyzed, ETA smulation
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Figure 3-13: Analyzed, ETA smulation
estimated and NNRP simulation estimated
surface synoptic chartsat 12 Z 3 July 2002.
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Figure 3-14: Analyzed, ETA smulation
estimated and NNRP simulation estimated
surface synoptic chartsat 12 Z 5 July 2002.
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Figure 3-15: Analyzed, ETA smulation
estimated and NNRP simulation estimated
surface synoptic chartsat 12 Z 7 July 2002.
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Figure 3-16: Analyzed, ETA simulation 3 :""~;'_!E L A g 1590 U e 5 4 o T s it o L 3290 U Mo 0 4 o T s
estimated and NNRP simulation estimated : A=

o

surface synoptic chartsat 12 Z 9 July 2002.
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Figure3-17: Analyzed, ETA smulation
estimated and NNRP simulation estimated
surface synoptic chartsat 12 Z 11 July 2002.
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Figure 3-18: Andyzed, ETA
smulation estimated and NNRP
smulation estimated surface synoptic
chartsat 12 Z 14 July 2002.
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Figure 3-19: Analyzed, ETA smulation
estimated and NNRP simulation estimated
surface synoptic chartsat 12 Z 16 July 2002.
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Figure 3-20: Andyzed, ETA
smulation estimated and NNRP
smulation estimated surface synoptic
chartsat 12 Z 18 July 2002.
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Figure 3-21: Andyzed, ETA
smulation estimated and NNRP
smulation estimated surface synoptic
chartsat 12 Z 20 July 2002.
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Figure 3-23: Anayzed, ETA g
smulaion estimated and NNRP : -

smulation estimated surface synoptic

chartsat 12 Z 24 July 2002.
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Figure 3-24: Andyzed, ETA
simulation estimated and NNRP
smulation estimated surface synoptic
chartsat 12 Z 26 July 2002.
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Table3-2: TemperatureBias (K) for Base and Sensitivity Simulations
for 2001 February 2-26.

ETA | HIFDDA | NOFDDA | PX | PX2 | REISNER2 | ZFAC
ALL -0.46 -0.68 -0.29| -0.3|-0.58 -0.87] -0.14
AL -0.87 -1.01 -1.28( 0.18| -0.21] -0.9( -0.969
IAK -1.13 -1.07 -1.31 -1.22| -1.42 -1.21] -1.42
AZ -0.86 -0.98 -1.49| 0.05| -1.05 -0.83 -1.02
AR -0.41 -0.62 -1.02] 0.03] -0.2 -0.6/ -0.29
CA -0.84 -1.01 -0.63( -0.06| -0.42 -0.76| -0.77
CO -0.27 -0.64] 0.53 -1.47] -19 -0.63| 0.97
CT -0.41 -0.57| -0.52] -1.1)-1.09 -1.01) -0.71
DE -0.57 -0.75 -1.18| -0.05| -0.18, -1.01) -0.92
DC -1.72 -1.92 -2.66( -1.17| -1.32 -2.25| -2.14
FL -1.37 -1.44] -1.27( 0.15| -0.07| -1.25) -1.41
GA -0.91 -1.07| -1.61) 0.5] 0.14 -0.93 -1.39
ID -0.17 -0.49 0.71{ -0.99( -1.78 -0.68] 0.81
IL -0.4 -0.61 -0.43( -0.47| -0.57| -1.2[ -0.15
IN -0.56 -0.78 -1.23( -0.35| -0.41] -1.17] -0.73
1A 0.27 -0.03 2.38( -0.31{ -0.43 -0.85 1.95
KS 0.31 0.14 22 042 -01 -0.37, 1.9
KY -0.84 -1.04] -1.92( -0.46| -0.57| -1.05] -1.23
LA -0.86 -1.02 -1.65( 0.32] -0.12 -0.9( -0.94
ME -0.51 -0.75 -0.12) -1.1] -0.9 -1.05 -0.57]
MD -0.69 -0.83 -1.51] -0.09| -0.26) -1.07] -1.04
MA -0.66 -0.81 -0.71 -1.57| -1.37| -1.14] -1.04
MI -0.59 -0.74] -0.33( -1.09| -0.86) -1.25 -0.5
MN 0.41 0.06 2.07| 0.09] -0.06 -0.42] 1.7§
MS -0.69 -0.87 -1.36| 0.41)-0.09 -0.79] -0.74
MO -0.33 -0.51 -0.14{ -0.09| -0.31] -0.86| 0.18
MT 0.49 0.13 1.38| -0.11{ -0.78 0 1.84
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Table3-3: TemperatureError (K) for Base and Sensitivity
Simulationsfor 2001 February 2-26.

eta |hifdda |nofdda [px |px2 |reisner2 |zfac
ALL 213 2.23 2.71) 2.15 1.94 2.32 2.5
AL 2.04 2.1 2.68| 1.85 1.64 2.08] 2.35
AK 1.78  1.75 1.98| 1.86| 1.95 1.86| 1.96
AZ 235 2.33 3.09| 2.48] 2.39 241 2.77
AR 1.84 1.99 2.5 1.75 1.48 1.98| 2.45
CA 2.16) 2.23 2.42| 2.27| 2.18 2.17| 2.36
CO 3.08 3.15 3.64| 3.65| 3.52 3.19 3.38
CT 147/ 1.54 1.97] 2.05| 1.75 1.82] 1.65
DE 2.06) 2.13 2.82| 1.97| 1.64 2.43 2.54
DC 231 2.44 3.17] 1.95 1.75 2.81] 2.81
FL 2471 248 270 1.9 185 2.4 2.68
GA 221 224 3.02| 1.92 1.75 2.25 2.8
ID 2.4 247 2.77| 2.62| 2.83 2.57] 2.61
IL 1.65 1.8 2.09| 1.84 15 2.15 1.92
IN 1.63 1.81 2.08/ 1.8 1.43 1.95 1.81
IA 229 241 3.13| 2.01 1.78 2.69| 2.88
KS 2.01] 2.08 3| 1.96| 1.68 2.2 2.79
KY 1.76/ 1.94 26| 1.8 1.44 1.89| 2.25
LA 233 2.39 2.88| 2.08 1.83 2.38] 2.58
ME 1.91] 2.03 2.33| 2.19 1.86 2.2 2.21]
MD 2l 209 2.64| 1920 1.7 2.3 2.3
MA 1.75 1.85 2.1 2.37| 2.09 2.01 1.94
Ml 1.71 1.81 2| 1.8 1.52 2.17| 1.79
MN 2.36] 245 3.12| 2.25 1.87 2.59 2.86
MS 2.05 2.17 2.67| 1.81] 1.6 2.12 2.35
MO 1.9 202 2.34| 1.71] 1.43 2.21] 2.36
MT 2.85 2.92 3.26| 3.12 2.95 2.87| 3.38
NE 2271  2.36 3.37| 2.29 2 2.52| 3.07
NV 264 2.64 3.26| 2.79| 3.12 2.82| 2.97
NH 243  2.54 2.85| 3.08 2.79 2.55| 2.64
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Figure3-25: TemperaureBiasfor Base and Sensitivity Simulations
for 2001 February 2-26. Statesare Shaded to Reflect the Simulation
with the Best Performance.
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Figure 3-26: TemperatureError for Base and Sensitivity Simulations
for 2001 February 2-26. Statesare Shaded to Reflect the Simulation
with the Best Performance.
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Table3-4: Mixing Ratio Bias (g/kc) for Base and Sensitivity
Simulations for 2001 February 2-26.

Feb ias |leta |hifdda |nofdda |px px2 |reisner2 |zfac

ALL 0.24 0.2 0.17| -0.35| -0.14 -0.06/ 0.24
AL 0.61] 0.57 0.43 -0.69| -0.12 0.03 0.58
AK 0.09] 0.15 -0.05 -0.08| -0.15 0.14} -0.07
AZ 0.4 0.35 0.26[ -0.77| -0.41 -0.820 0.4
AR 0.53 0.5 0.16| -0.33| -0.18 0.04] 0.54
CA 0.25] 0.22 0.12| -0.31| -0.31 0.23 0.17
CO 0.01] -0.05 0.14{ -0.34( -0.24 -0.04| 0.13
CT 0.33] 0.31 0.34] -0.05( 0.08 0.1 0.28
DE 0.32] 0.27 0.1 -0.23| -0.02 0.98 0.26
DC -0.02] -0.09f -0.411 -0.9| -0.65 0.65 -0.1
FL 0.63| 0.66 0.86| -0.59 0.15 0.95 0.51
GA 0.51] 0.45 0.25) -0.82| -0.12 0.7 0.32
ID -0.11| -0.18 0.14] -0.21| -0.22 -0.14 0.07
IL 0.12| 0.08 0.07] -0.48| -0.25 0.01] 0.16
IN 0.03, -0.01f -0.17) -0.7 -0.39 -0.06 0
A 0.1 0.06 0.5 -0.06| 0.02 -0.03| 0.37
KS 0.06/ 0.03 0.34] -0.45| -0.31 -0.06| 0.38
KY 0.47 0.43 0.15) -0.56| -0.23 0.43 0.38
LA 0.39 0.3 -0.07| -0.59| -0.34 0.38 0.41
ME 0.15| 0.13 0.23 0.04| 0.1 0.12] 0.12
MD 0.42| 0.37 0.07} -0.36[ -0.1 0.37] 0.34
MA 0.29] 0.28 0.34) 0.02| 0.11 0.25 0.22
Ml -0.01| -0.03 0.05 -0.3| -0.11 -0.06| 0.01
MN 0.03 0 0.25 0.06[ 0.08 -0.014 0.16
MS 0.56/ 0.49 0.25 -0.68| -0.2 0.54 0.6
MO 0.22] 0.19 0.21] -0.48| -0.32 0.12] 0.34
MT 0.16/ 0.12 0.32] 0.11| 0.1 0.19 0.33
NE 0.1 0.07 0.46[ -0.15| -0.07 0.01] 0.41
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Table3-5. Mixing Ratio Error (g/kg) for Base and Sensitivity
Simulationsfor 2001 February 2-26.

eta [hifdda [nofdda |px |px2 [reisner2 |zfac
ALL 0.62f 0.62 0.73[ 0.77| 0.63 0.66| 0.66
AL 1.000 1.00 1.06( 1.27| 0.96 0.81] 1.02
AK 0.40f 0.40 0.48( 0.45| 0.45 0.36| 0.43
AZ 0.91] 0.88 0.87( 1.12| 0.96 0.92| 0.92
AR 0.82] 0.83 0.86( 1.03 0.82 0.25| 0.88
CA 0.77/ 0.78 0.77] 0.88 0.84 0.75 0.72
CO 0.53] 0.52 0.65( 0.66( 0.61 0.59 0.61
CT 0.49] 0.46 0.57| 0.49| 0.36 0.39| 0.46
DE 0.48  0.47 0.54{ 0.52 0.39 0.99 0.48
DC 0.51] 0.52 0.67( 1.03| 0.78 0.65| 0.57
FL 1.28/ 1.28 1.34| 1.47| 1.14 1.56| 1.21]
GA 1.03 1.03 0.99( 1.32| 0.96 0.92| 1.00
ID 0.51] 0.51 0.65( 0.52 0.50 0.50| 0.55
IL 0.40f0 0.38 0.58( 0.68 0.51 0.43 0.47
IN 0.47] 0.47 0.62( 0.90| 0.64 0.48 0.51
IA 0.33 0.33 0.63[ 0.39| 0.33 0.36| 0.49
KS 0.46| 0.45 0.71{ 0.67| 0.55 0.47| 0.65
KY 0.68) 0.67 0.76( 0.94{ 0.68 0.66| 0.69
LA 1.07, 1.11 1.20{ 1.23 1.10 1.07| 1.08
ME 0.33 0.32 0.43( 0.31] 0.28 0.33 0.33
MD 0.61 0.61 0.65( 0.74{ 0.56 0.61] 0.61
MA 0.45 0.44 0.56( 0.46| 0.38 0.44| 0.42
MI 0.32] 0.32 0.44{ 0.45 0.31 0.36| 0.35
MN 0.25( 0.26 0.39( 0.27| 0.24 0.27| 0.32
MS 1.02l 1.03 1.07| 1.27| 0.99 1.01 1.05
MO 0.53] 0.52 0.67( 0.75 0.59 0.54| 0.64
MT 0.38) 0.37 0.50( 0.40( 0.38 0.39| 0.46
NE 0.35| 0.35 0.61{ 0.42 0.37 0.36| 0.53
NV 0.57] 0.56 0.69( 0.61] 0.56 0.56| 0.59
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Figure3-27: Mixing Ratio Biasfor Base and Sensitivity Simulations
for 2001 February 2-26. Statesare Shaded to Reflect the Simulation
with the Best Performance.
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Figure 3-28: Mixing Ratio Error for Base and Sensitivity Simulations
for 2001 February 2-26. Statesare Shaded to Reflect the Simulation
with the Best Performance.

MM5 Sensitivity Comparisons
February 2001 Mixing Ratio Erreor

Pyz
Reismer2
TEAL




Table3-6: Accumulated Precipitation Bias(cm) for Baseand
Sensitivity Simulations for 2001 February 2-26.

Feb ias |eta |hifdda [nofdda |px px2 |[reisner2 |zfac
ALL -0.59 -1.20 0.83[ -0.80| 0.36 -0.77| -0.25
AL -3.100 -3.34[ -2.05| -3.75| -2.31] -3.07| -2.36
AK 4400 3.94 6.09| 3.87| 3.63 421 3.81
AZ 1.66) 0.85 219 1.27| 2.78 157 1.53
AR -2.211 -2900 -3.62| -2.12| -0.63 -2.33 -2.09
CA -5.31] -5.600 -3.39| -5.08| -3.72 -5.95 -4.21
CO 0.12| -0.16 2.24| 0.01] 0.50 -0.02| 0.40
CT -0.56] -1.21 0.63[ -0.94| 0.98 -0.54| -0.36
DE -3.61 -4.09] -1.67| -3.68| -0.97| -3.49 -3.49
FL 0.93 0.98 0.53[ -0.13| 0.66 0.87| 0.65
GA -1.29) -1.37 1.12| -1.75| -0.64] -1.23| -1.08
ID 1.13] 0.32 4.04[ 0.99 1.48 0.68 1.39
IL 0.100 0.04 -0.97| -0.31| 0.75 -0.03 -0.38
IN -1.15 -1.93 -0.57| -1.54| -0.19 -1.17| -0.93
IA -0.92] -1.09 2.12| -1.18| 0.98 -1.36| -0.81
KS -0.84 -1.44( -0.71] -0.99 0.11 -1.07| -0.53
KY -1.97] -3.78 0.52[ -2.17 0.36 -1.97| -0.89
LA 0.07] 0.61 0.21{ -0.83| 0.69 0.12| -1.06
IME -0.42 -0.78 2.58| -0.37| 1.24 -0.41| -0.35
MD -1.08 -1.46 1.45| -1.22| 1.24] -0.97| -0.62
MA 0.89 0.31 0.81f 0.60| 1.15 0.73 -0.12
MI 0.69 0.35 1.10| 0.20| 0.75 0.33 0.41
MN 0.75) 0.24 4.15| 0.97| 2.10 0.58 1.01
MS -5.01] -5.41 -3.06| -5.45| -2.68 -4.86| -4.68
MO -2.27] -2.95 -3.11] -2.32| -1.00 -2.44| -2.43
MT 1.071 0.70 2.58| 1.24| 1.80 0.87| 1.20
NE -0.05 -0.01 2.67| -0.23| 1.19 -0.35 0.27
NV 0.87] 0.26 1.89| 0.74| 1.19 0.92| 0.82
NH -1.22| -1.38 -1.86| -1.30| 0.16 -1.67| -1.75
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Table3-7: Accumulated Precipitation Error (cm) for Baseand
Sensitivity Simulations for 2001 February 2-26.

Feb r leta |hifdda |nofdda [px [px2 [reisner2 |zfac
ALL 243 2.41 2.99| 2.43 2.31 2.43| 2.45
AL 3.38 3.60 2.54| 3.99 3.02 3.43 2.87
AK 4400 3.94 6.09| 3.87| 3.63 4.21] 3.81
AZ 1.80 1.28 2.35| 1.61] 2.84 1.77| 1.70
AR 461 411 4.07| 4.76| 3.74 4.48 5.12
CA 6.76| 6.82 5.98| 6.59 5.72 7.22| 6.17
CO 0.69 0.57 2.40| 0.63 0.79 0.68 0.77
CT 173 1.85 1.65| 1.87| 1.81 1.65 1.57
DE 3.61 4.09 1.67| 3.68 0.97 3.49 3.49
FL 144 150 1.18| 1.02| 1.40 1.34 1.19
GA 1.85 1.93 1.53| 2.04| 1.66 1.80 1.74
ID 1.600 1.37 4.04| 1.55 1.77 1.49 1.73
IL 213 2.23 1.92( 2.14] 1.76 2.021 1.71
IN 181 2.43 2.14| 2.08 1.71 1.80 1.76
IA 181 2.03 2.99| 2.05| 1.46) 1.93 1.81
KS 1.66) 1.78 1.57( 1.75| 1.36 1.71] 1.73
KY 2.85( 3.85 1.46| 2.97| 2.00 2.78| 2.46
LA 154 153 1.35| 1.49 1.52 1.48] 1.70
IME 112 1.26 2.61| 1.06| 1.29 1.00| 1.01
MD 1.08 1.46 1.45| 1.22| 1.24 0.97| 0.64
MA 1.15 1.03 1.65| 1.01] 1.15 1.18 0.98
MI 1.85 1.90 2.84| 1.83| 1.65 1.77 1.82
MN 112 0.92 4.15| 1.26| 2.12 1.05| 1.25
MS 5.89 6.38 4.71{ 6.28] 4.97 5.77| 5.64
MO 3.060 3.29 3.64| 3.16| 2.67| 2.99 3.10
MT 1.35 1.06 2.63| 1.48 1.94 1.29| 1.47
NE 1.34 0.88 2.80| 1.29| 1.41 1.28| 1.54
NV 154 1.27 2.08| 1.53 1.70 1.55| 1.40
NH 2.44  2.51 2.75| 2.46) 2.50 2.60 2.69
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Figure 3-29: Accumulated Precipitation Biasfor Base and Sensitivity
Simulationsfor 2001 February 2-26. Statesare Shaded to Reflect the
Simulation with the Best Performance.
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Figure 3-30: Accumulated Precipitation Eror for Base and Sensitivity
Simulationsfor 2001 February 2-26. Statesare Shaded to Reflect the
Simulation with the Best Performance.
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Table3-8: Wind Index of Agreement for Base and Sensitivity
Simulations for 2001 February 2-26.

eta |hifdda |nofdda [px |px2 |reisner2 |zfac
ALL 0.59 0.57 0.76| 0.48 0.48 0.59| 0.63
AL 0.53 0.54 0.56| 0.53| 0.52 0.54| 0.73
AK 0.52 0.47 0.44| 0.35| 0.52 0.45| 0.57
AZ 0.55 0.56 0.67| 0.46 0.56 0.53| 0.67
AR 0.52 0.52 0.63| 0.39| 0.36 0.53| 0.44
CA 0.66 0.63 0.81| 0.60[ 0.59 0.62| 0.73
CO 0.45 0.42 0.67| 0.46 0.43 0.46| 0.61
CT 0.42 0.38 0.49| 0.49| 0.60 0.45| 0.39
DE 0.49 0.41 0.52| 0.46| 0.42 0.50| 0.49
DC
FL 0.48 0.46 0.74( 0.46( 0.46 0.46| 0.57
GA 0.67 0.67 0.61| 0.55| 0.57 0.66| 0.59
HI
ID 0.73 0.73 0.91| 0.82[ 0.78 0.80| 0.84
IL 0.54 0.51 0.63| 0.44| 0.50 0.56| 0.68
IN 0.49 0.43 0.49| 0.36[ 0.39 0.56| 0.50
A 0.49 0.46 0.83| 0.43| 0.55 0.49| 0.69
KS 0.45 0.42 0.76| 0.42| 0.43 0.48| 0.58
KY 0.43 0.46 0.43| 0.26 0.30 0.49| 0.37
LA 0.41 0.47 0.72| 0.48 0.52 0.40| 0.64
ME 0.70 0.71 0.87| 0.66 0.71 0.70| 0.78
MD 0.47 0.50 0.44| 0.45[ 0.39 0.43| 0.59
MA 0.51 0.52 0.78| 0.62 0.82 0.51| 0.61
Ml 0.63 0.61 0.78| 0.59 0.63 0.68| 0.63
MN 0.44 0.46 1.29| 0.39| 0.47 0.48| 0.57
MS 0.53 0.52 0.48| 0.58| 0.64 0.53| 0.93
MO 0.61 0.59 1.04| 0.62| 0.66 0.61| 0.88
MT 0.48 0.44 0.67| 0.55| 0.59 0.51| 0.70
NE 0.46 0.42 0.71] 0.42| 0.40 0.48| 0.66
NV 0.53 0.46 0.59| 0.47| 0.53 0.53| 0.74
NH 0.22 0.22 0.29| 0.26 0.29 0.25| 0.24
NJ 0.57 0.65 0.54| 0.59 0.57 0.66| 0.50
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Figure 3-31: Wind Index of Agreement for Base and Sensitivity
Simulationsfor 2001 February 2-26. Statesare Shaded to Reflect the
Simulation with the Best Performance.
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Table3-9: TemperatureBias(K) for Base and Sensitivity Simulations
for 2001 July 2-26.

eta [hifdda |nofdda |px2 |reisner2 |zfac
ALL -0.41f -0.39] -0.98 -0.53 -0.41| -0.57
AL 0.74] 0.71 0.86| -0.03 0.68 1.11
AK -1.40[ -1.45 -1.37| -0.97 -1.30| -1.38
AZ -2.94( -2.72 -3.19 -2.97 -2.98 -3.65
AR 0.55[ 0.63 0.69] 0.58 0.50, 0.61
CA -2.86| -2.85 -2.82 -1.65 -2.75 -2.76
CO -2.22( -2.35 -3.82 -2.52 -2.07| -2.56
CT 0.07f 0.000 -0.65 0.12 0.18 -0.20
DE -0.88[ -0.88| -1.36| -0.21 -0.85| -1.06
DC -0.62[ -0.63 -0.79 -0.90 -0.57| -0.66
FL -0.06[ -0.05| -0.10 -0.41 -0.08 -0.03
GA 0.56[ 0.56 0.65| -0.35 0.50, 0.77
ID -1.62| -1.500 -2.85 -1.53 -1.63 -2.50
IL 0.76 0.76/ -0.07| 0.19 0.67| 0.55
IN 111 111 0.49| 0.49 1.03] 1.01
IA 0.69] 0.7 -0.59 0.11 0.63 0.48
KS -0.86 -0.57| -1.37| -0.37 -0.88 -1.45
KY 0.71f 0.77 0.85 0.14 0.64{ 0.90
LA -0.02| 0.000 -0.15 -0.23 -0.04| -0.06
ME 0.19| 0.1 -0.10/ -0.05 0.48 0.28
MD 0.18 0.18 -0.10, 0.00 0.22| 0.17
MA -0.07( -0.08f -0.57| 0.11 0.05| -0.15
MI 0.08 0.06f -0.55/ -0.16 0.13 0.30
MN 1.21] 1.16 -0.15 0.63 1.03] 1.20
MS 0.72 0.67 0.85| -0.10 0.63 0.98
MO 0.90[ 0.96 0.39] 0.38 0.81] 0.65
MT -1.48( -1.37| -3.01 -1.59 -1.45| -1.83
NE 0.44f 049 -1.17| 0.08 0.44| -0.38
NV -3.90] -3.80] -5.17] -4.01 -3.89 -4.64
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Table3-10: TemperatureError (K) for Base and Sensitivity
Simulations for 2001 July 2-26.

eta [hifdda |nofdda |px2 |reisner2 |zfac
ALL 222 218 2.74| 2.10 2.24(2.44
AL 171 1.68 2.14| 1.71 1.70| 2.05
AK 1.62| 1.66 1.66| 1.14 1.55| 1.63
AZ 3.99| 3.76 4.08| 3.96 4.07| 4.57
AR 164 1.63 1.92| 1.70 1.68| 1.79
CA 3.44| 342 3.61{ 2.91 3.37| 3.49
CO 3.33] 337 4.49| 3.33 3.41( 3.51
CT 170 171 2.27| 1.57 1.67| 1.77
DE 2.13( 2.10 2.97| 1.56 2.12( 2.36
DC 137 1.37 2.27| 1.29 1.30| 1.52
FL 1.72| 1.70 1.93| 1.76 1.73| 1.79
GA 1.62| 157 2.01] 1.75 1.64| 1.81
ID 3.38| 3.28 3.97( 3.34 3.561| 3.93
IL 191 1.90 2.45| 1.84 1.91| 2.00
IN 1.82 1.80 2.25| 1.65 1.79| 1.91
IA 1.79| 1.73 249 1.71 1.81] 2.09
KS 2.18( 2.04 2.90| 1.69 2.21| 2.58
KY 1.68| 1.67 2.20( 1.83 1.69| 1.82
LA 1.80| 1.77 2.08| 1.73 1.83] 1.99
ME 152 1.54 2.18| 1.33 1.54| 1.71
MD 181 1.79 2.56| 1.84 1.78] 1.95
MA 190 1.90 2.38| 1.55 1.89| 1.94
Ml 2.08( 2.06 2.55| 2.01 2.10( 2.12
MN 2.20| 2.16 2.51| 2.00 2.22| 2.26
MS 1.65| 1.60 2.09| 1.78 1.69| 1.95
MO 1.79| 1.76 2.14| 1.58 1.80| 2.02
MT 2.96| 2.89 4.02| 2.93 3.09| 3.26
NE 2.04[ 2.00 2.60] 1.70 2.11| 2.53
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Figure 3-32: TemperatureBiasfor Base and Sensitivity Simulations

for 2001 July 2-26. Statesare Shaded to Reflect the Simulation with
the Best Performance.

Figure 3-33: TemperatureError for Baseand Sensitivity Simulations

for 2001 July 2-26. Statesare Shaded to Reflect the Simulation with
the Best Performance.
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Table3-11: Mixing Ratio Bias (g/kg) for Base and Sensitivity
Simulations for 2001 July 2-26.

eta [hifdda |nofdda |px2 |reisner2 |zfac
ALL -0.97( -0.74 -0.82| -0.76 -0.89 -0.89
AL -2.15| -1.67] -0.81 -0.62 -2.10| -2.51
AK 0.09 0.08 0.09] 0.23 0.08 0.09
AZ 0.35( 0.29] -1.10 0.27 0.41] 0.72
AR -1.93] -1.30] -1.70 -1.26 -1.86| -2.75
CA 0.15| 0.21 0.40| -0.61 0.15 0.53
CO -1.18( -1.12 -0.39 -1.19 -1.10| -0.53
CT -1.36 -1.21f -0.76 -1.11 -1.33 -1.21
DE -0.91f -0.800 -0.50| -1.05 -0.87| -0.70
DC -1.74f -1.56 -1.30] -1.30 -1.66| -1.70
FL -0.89| -0.55 0.46| -0.70 -0.83 -0.60
GA -1.96| -1.60f -0.62 -0.43 -1.89 -2.06
ID -0.25| -0.35 -0.81] -0.62 -0.18 0.33
IL -1.22( -0.91 -2.00 -0.95 -1.17| -1.50
IN -1.74f -151 -2.24| -1.24 -1.69| -1.90
IA -1.97] -1.75 -2.14) -1.32 -1.91) -1.72
KS -0.78[ -0.36| -1.34] -1.37 -0.72| -0.80
KY -1.30 -0.99 -2.12| -0.53 -1.23| -1.58
LA -1.14| -0.58 0.23 -0.75 -1.12| -1.17
ME -0.55 -0.52 -0.32 -0.27 -0.45| -0.55
MD -1.02[ -0.85 -0.57| -0.83 -0.97| -0.86
MA -0.79 -0.72 -0.34 -0.51 -0.76| -0.73
MI -0.74| -0.52( -0.86 -0.40 -0.63| -0.87
MN -0.86 -0.63 -0.88 -1.02 -0.65| -0.88
MS -2.33[ -1.81 -1.22| -0.73 -2.26| -2.68
MO -2.21 -1.72( -2.74 -1.20 -2.14) -2.52
MT -0.83| -0.86/ -1.04| -0.73 -0.78 -0.39
NE -1.27( -1.11 -1.82] -0.95 -1.19 -0.70
NV 0.33] 0.34] -0.01] -0.13 0.40] 0.79
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Table3-12: Mixing Ratio Error (g/kg) for Base and Sensitivity
Simulations for 2001 July 2-26.

eta [|hifdda |nofdda |px2 |reisner2 |zfac
ALL 1.91 1.78 1.99 1.79 1.88| 1.91
AL 2.46 2.08 2.09| 1.82 2.42( 2.81
AK 0.59 0.59 0.60[ 0.63 0.60| 0.58
AZ 2.62 241 2.53| 2.82 2.64| 251
AR 2.35 191 2.30| 2.22 2.31| 3.02
CA 1.44 1.46 1.35 1.60 1.45| 1.39
ol 211 2.01 1.95| 2.40 2.09| 1.86
CT 1.74 1.66 1.70| 1.54 1.72| 1.59
DE 1.38 1.33 1.70| 1.34 1.37| 1.29
DC 1.98 1.84 2.26| 1.60 1.93| 1.91
FL 1.69 1.54 1.70| 1.57 1.67| 1.65
GA 2.34 2.05 2.10| 1.90 2.29( 2.53
ID 1.59 1.60 1.77| 2.22 1.60| 1.58
IL 2.02 1.85 2.52| 1.81 1.99| 2.14
IN 2.20 2.04 252 1.95 2.16| 2.27
IA 2.53 2.39 2.68 1.96 2.49| 2.37
KS 2.30 2.19 2.79| 241 2.28| 2.24
KY 1.83 1.63 2.49| 1.76 1.80| 2.02
LA 2.75 2.42 2.47| 2.47 2.73| 2.88
ME 1.30 1.32 1.33| 1.05 1.29| 1.31
MD 1.62 1.50 1.97| 1.35 159| 1.57
MA 1.39 1.38 1.40| 1.17 1.39| 1.38
Ml 1.55 1.44 1.74( 1.30 1.51| 1.59
MN 1.85 1.75 1.95[ 1.85 1.75| 1.81
MS 2.63 2.18 2.22| 1.86 2.57( 3.00
MO 2.59 2.23 3.06| 1.92 2.53( 2.81
MT 1.64 1.66 1.92| 1.90 1.63| 1.45
NE 2.28 2.14 2.76[ 1.90 2.23| 1.92
NV 2.10 1.99 1.90| 2.43 2.10| 2.21
NH 1.49 1.44 1.41] 1.23 1.49| 1.57
NJ 181 1.73 2.02| 1.60 1.79| 1.64
NM 2.10 1.87 217 2.33 2.10| 2.00
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Figure 3-34: Mixing Ratio Biasfor Base and Sensitivity Simulations Figure 3-35: Mixing Ratio Error for Base and Sensitivity Simulations

for 2001 July 2-26. Statesare Shaded to Reflect the Simulation with for 2001 July 2-26. Statesare Shaded to Reflect the Simulation with
the Best Perfor mance. the Best Perfor mance.
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Table3-13: Accumulated Precipitation Bias(cm) for Baseand
Sensitivity Simulations for 2001 July 2-26.

eta [hifdda |nofdda |px2 |reisner2 |zfac
ALL 151 1.61 0.83 3.29 1.32| 0.41
AL -1.24] 094 2.65 4.95 -1.42| -1.29
AK -5.23( -7.07| -0.62 -3.69 -6.41| -4.72
AZ 4.17( 229 -0.65 6.77 4.11] 1.99
AR 6.88| 7.57 3.24 7.69 6.84 3.73
CA 1.72| 1.63 0.68 2.03 1.64{ 0.98
CO -0.95 -0.76 5.59| -0.29 -1.12| -0.88
CT -1.43( -1.02] 11.10, 0.70 -1.51] -0.08
DE 149 1.19 3.52 0.94 1.15/ 0.04
FL 457 6.61 484 7.42 3.33 3.22
GA 0.50[ 1.05 2.80] 4.91 -0.09| -0.22
ID 2.03] 1.53 0.65 3.22 1.84] 1.93
IL 5.70f 7.05 -3.85 5.86 5.08 0.07
IN -1.26| -1.78 -4.04/ 0.48 -1.98 -2.90
IA 1.33] 0.68 1.28| 2.40 1.19] 1.59
KS 9.90 9.20 1.40, 7.14 10.64] 5.22
KY 496 4.10 -6.14] 9.26 4.72] 1.49
LA 0.02 2.16/ -0.05 3.06 -0.46| -3.07
IME -1.17) -1.41 -1.06 1.75 -1.65 -1.29
MD -2.07( -2.74 -0.12] -2.28 -2.04 -2.91
MA -3.17 -3.14 7.25| -1.04 -3.18 -2.01
MI -0.68[ 0.03 0.95 1.00 -1.04{ -0.97
MN -0.13] 0.35 251 1.17 -0.34 -0.73
MS -2.34 0.13 0.11] 6.93 -2.67| -4.06
MO 5.32| 5.13 -1.42] 7.10 5.53 2.20
MT 1.72| 1.08 1.09] 2.82 1.50| 0.88
NE 0.95( 0.21 1.13 1.72 0.93 0.09
NV 2.34| 2.6] 1.37| 3.65 2.37] 1.36
NH -4.22]  -4.24 0.47] -1.43 -4.48 -3.52
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Table3-14: Accumulated Precipitation Error (cm) for Baseand
Sensitivity Simulations for 2001 July 2-26.

eta |hifdda [nofdda |px2 |reisner2 |zfac
ALL 428 4.21 3.72| 4.68 4.25| 3.37
AL 3.32| 3.48 4,71 5.45 3.29 2.94
AK 5.23| 7.07 0.62] 3.69 6.41] 4.72
AZ 5.99 4.62 2.09] 8.61 6.03| 3.89
AR 6.89| 7.66 393 7.91 6.88 4.17
CA 2.00] 1.93 1.02) 2.34 1.93 1.28
CO 3.24 2.84 6.22 2.71 3.32| 2.52
CT 143 1.05 11.10f 0.70 1.51] 0.59
DE 149 1.19 3.52] 0.94 1.15 0.86
FL 8.49 9.98 8.96) 9.58 7.77| 7.65
GA 6.00[ 5.44 6.88 8.89 5.56| 5.48
ID 2.93| 2.53 1.46| 3.68 2.85 2.77
IL 7.17) 7.6] 455 7.14 6.21] 3.58
IN 7.19 6.34 5.20, 5.65 7.17| 5.23
IA 4,76 4.16 3.49 4.82 4.69| 5.56
KS 10.51| 9.58 4.45 7.33 11.16| 6.4
KY 7.62[ 7.01 6.67| 9.75 7.79 4.9
LA 5.19 6.39 6.04] 4.69 4.56| 5.21
IME 3.23] 3.18 3.40, 3.60 3.45| 2.82
MD 3.44( 357 441 3.81 3.16| 3.48
MA 3.40[ 3.14 7.25 1.91 3.44( 2.22
MI 196/ 1.99 2.62| 2.33 2.05| 1.77
MN 2.21| 2.65 3.27| 2.89 2.20 2.50
MS 5.16| 5.19 5.09| 7.66 5.34{ 4.89
MO 7.44( 7.05 5.72| 8.06 7.62| 4.88
MT 270 2.22 2.36/ 3.38 2.72| 1.96
NE 5.25 4.85 3.72| 3.68 5.38| 3.47
NV 2.60[ 2.76 1.62| 4.09 2.66| 1.66
NH 4.22] 4.24 3.46] 1.67 4.48 3.72
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Figure 3-36: Accumulated Precipitation Biasfor Base and Sensitivi ty Figure 3-37: Accumulated Precipitation Error for Base and Sensitivity

Simulationsfor 2001 July 2-26. Statesare Shaded to Reflect the Simulationsfor 2001 July 2-26. Statesare Shaded to Reflect the
Simulation with the Best Performance. Simulation with the Best Performance.
MM5 Sensitivity Comparisons MM5 Sensitivity Comparisons
July 2001 Precipitation Bias July 2001 Precipitation Error
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Table3-15: Wind Index of Agreement for Base and Sensitivity
Simulations for 2001 July 2-26.

eta [hifdda |[nofdda |px2 |reisner2 |zfac
ALL 0.54 0.53 0.72| 0.56 0.54{ 0.66
AL 0.52 0.59 1.07| 0.61 0.53| 0.49
AK 0.47| 0.46 0.47( 0.61 0.49| 0.59
AZ 0.50, 0.47 0.52( 0.59 0.50| 0.57
AR 0.54 0.50 1.11| 0.60, 0.52| 1.08
CA 0.64 0.60 0.76| 0.49 0.62 0.74)
CO 0.57] 0.57 0.65( 0.48 0.56| 0.61
CT 0.58 0.64 0.70( 0.34 0.57| 0.75
DE 0.39) 0.42 0.33| 0.44 0.40| 0.31
FL
GA 0.67| 0.65 0.79( 0.69 0.68| 0.91
ID 0.99) 0.85 0.79( 0.77 0.99 1.19
IL
IN 0.49) 0.47 0.81f 0.48 0.48| 0.64
IA 0.82) 0.85 0.47| 0.46 0.81] 1.02
KS 0.65 0.67 0.43( 0.62 0.64{ 0.69
KY 0.43] 0.48 0.52( 0.76 0.39| 0.38
LA 0.46| 0.43 0.52( 0.43 0.45| 0.52
IME 0.60, 0.59 0.41{ 0.47 0.60| 0.76
MD 0.67| 0.64 0.49( 0.95 0.65| 0.73
MA 0.40f 0.39 0.61{ 0.93 0.41] 0.38
MI 0.771 0.80 0.76| 0.46 0.81] 0.53
MN 0.54 0.56 1.05| 0.73 0.55| 1.03
MS 0.64 0.64 0.96( 0.60 0.61] 0.80
MO 0.42f 041 0.63[ 0.61 0.40| 0.51
MT 0.63] 0.68 0.81f 0.62 0.62| 0.67
NE 0.94 0.88 0.42( 0.35 0.93 1.02
NV 0.47] 0.47 0.88( 0.48 0.47| 0.55
NH 0.49] 0.46 0.44] 0.43 0.48| 0.46
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Figure 3-38: Wind Index of Agreement for Base and Sensitivity

Simulations for 2001 July 2-26. States are Shaded to Reflect the
Simulation with the Best Performance.
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4 DISCUSSION

As was expected going into this anadysis, ho one modd configuretion is clearly superior
to dl the othes. Each modd configuration has certain srengths and wesknesses.
Sdection of a sngle configuraion to use for a whole year of annud modding becomes a
subjective judgment.

The Plem-Xiu 2 configuration has some desrable attributes. For the February case, the
Pem-Xiu 2 configuration had the lowest temperature error and accumulated
precipitation error, with the second lowest mixing ratio bias and error. For the July
case, the Plem-Xiu 2 configuration has the lowest domain wide temperature error and the
second lowest mixing ratio bias and error.  Of concern however, was the tendency for the
Pem-Xiu 2 configuration to overesimate rainfal during the July case, with the highest
bias and error scores of any tested configuration.



