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Figure 3-80: Model Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity
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Figure 3-92: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for May-June 2001 for the CENRAP States.
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Figure 3-94: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for September-October 2001 for the
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Figure 3-98: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for March-April 2001 for the MANE-VU
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Figure 3-99: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for May-June 2001 for the MANE-VU
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Figure 3-100: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for July-August 2001 for the MANE-VU
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Figure 3-101: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for September-October 2001 for the
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Figure 3-102: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for November-December 2001 for the
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Figure 3-103: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for January -February 2002 for the MANE-
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Figure 3-104: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for January-February 2001 for the
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Figure 3-105: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for March-April 2001 for the Midwestern
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Figure 3-106: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for May-June 2001 for the Midwestern
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Figure 3-107: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for Ju;y-August 2001 for the Midwestern
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Figure 3-108: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for September-October 2001 for the
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Figure 3-109: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for November-December 2001 for the
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Figure 3-110: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for January-February 2002 for the
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Figure3-111: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for January-February 2001 for the
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Figure 3-112: Modd Estimated and Observed Spatial Mean Temperatures (Deg. C) for March-April 2001 for the VISTAS
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Figure 3-113: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for May-June 2001 for the VISTAS States.
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Figure 3-114: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for July-August 2001 for the VISTAS
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Figure 3-115: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for September-October 2001 for the
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Figure 3-116: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for November-December 2001 for the
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Figure 3-117: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for January -February 2002 for the
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Figure 3-118: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for January -February 2001 for the WRAP
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Figure 3-119: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for March-April 2001 for the WRAP
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Figure 3-120: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for May-June 2001 for the WRAP States.
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Figure 3-121: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for July-August 2001 for the WRAP
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Figure 3-122: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for September-October 2001 for the
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Figure 3-123: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for November-December 2001 for the
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Figure 3-124: Model Estimated and Observed Spatial Mean Temperatures (Deg. C) for January -February 2002 for the WRAP
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Figure 3-125: Episode Average Mixing Ratio Bias (9/KQ). ..ccooveeeerereveerrereeeennns
Figure 3-126: Episode Average Mixing Ratio Error (g/kg)
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Figure 3-133: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for January-February 2002.............cccoveueen. 3116
Figure 3-134: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for January -February 2001 in the CENRAP
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Figure 3-135: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for March-April 2001 in the CENRAP States.
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Figure 3-136: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for May-June 2001 in the CENRAP States..3-
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Figure 3-137: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for uly-August 2001 in the CENRAP States.
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Figure 3-138: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for September-October 2001 in the CENRAP
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Figure 3-139: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for November-December 2001 in the
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Figure 3-140: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for January -February 2002 in the CENRAP
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Figure 3-141: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for January -February 2001 in the MANE_VU
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Figure 3-142: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for March-April 2001 inthe MANE_VU
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Figure 3-143: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for May-June 2001 in the MANE_VU States.
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Figure 3-144: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for July-August 2001 in the MANE_VU
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Figure 3-145: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for September-October 2001 in the
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Figure 3-146: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for November-December 2001 in the
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Figure 3-147: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for January -February 2002 in the MANE_VU
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Figure 3-148: Model Estimated and Observed Spatial Mean Mixi ng Ratio (g/kg) for January -February 2001 in the Midwest
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Figure 3-149: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for March-April 2001 in the Midwest RPO
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Figure 3-150: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for May-June 2001 in the Midwest RPO
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Figure 3-151: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for July-August 2001 in the Midwest RPO
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Figure 3-152: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for September-October 2001 in the Midwest
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Figure 3-153: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for November-December 2001 in the
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Figure 3-154: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for January -February 2002 in the Midwest
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Figure 3-155: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for January -February 2001 inthe VISTAS
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Figure 3-156: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for March-April 2001 in the VISTAS States.
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Figure 3-157: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for May-June 2001 inthe VISTAS States....3-
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Figure 3-158: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for July-August 2001 in the VISTAS States.
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Figure 3-159: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for September-October 2001 in the VISTAS
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Figure 3-160: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for November-December 2001 in the
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Figure 3-161: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for January -February 2002 in the VISTAS
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Figure 3-162: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for January -February 2001 in the WRAP
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Figure 3-163: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for March-April 2001 in the WRAP States..3-
Figurzclasé 164: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for May-June 2001 in the WRAP States.......3-
Figur1e3:1} 165: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for July-August 2001 in the WRAP States...3-
Figuri33?-166: Model Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for September-October 2001 in the WRAP
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1 INTRODUCTION

Ove the past hdf decade, emergent requirements for direct numericd Imulation of
urban and regiond scade photochemical and secondary aerosol ar quaity—spawned
largely by the new paticulate matter (PM2s) and regiond haze reguldions—have led to
intengfied efforts to congruct high-resolution emissons, meteorologicd and ar qudity
data sats  The concomitant incresse in computational throughput of low-cost modern
scientific workdations has ushered in a new era of regiond ar qudity modding. It is
now posshle for example to exercise sophisticated mesoscale prognostic meteorological
modds and Eulerian and Lagrangian photochemicd/aerosol modds for the full annud
period, smulating ozone, sulfate and nitrate deposition, and secondary organic aerosols
(SOA) across the entire United States (U.S.) or over discrete subregions.

This report describes an gpplication of the Pennsylvania State University/Nationa Center
for Atmospheric Research (NCAR) Mesoscale Modd (MM5) for a smulation from 15
December 2000 through 28 February 2002 for a domain covering the continental United
States.

2 METHODOLOGY

The methodology for this gpproach is very sraightforward. The MM5 modd is applied
for the annua period and the modd results are compared with available observations and
synoptic weether charts.

2.1 Mode Sdlection and Application

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

Modd Sdection The most recent verson of the publicly avalable non-hydrostatic
verson of MM5 (verson 35) is used. The MM5 rdeased terrain, pregrid, little r and
interpf processor were used to develop modd inputs.

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

Veticd Doman Defintion:.  The MM5 modeing is based on 34 verticd layers with an
goproximately 50 meter deep surface layer. The MMS5 verticd domain is presented in
both sgma and height coordinatesin Table 2-1.

Topographic _Inputs.  Topographic information for the MM5 is developed using the
NCAR and the United States Geologicad Survey (USGS) terrain databases. The 36 km
grid is based the 5 min (~9 km) Geophysical Daa Center globa data. Terrain data is
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interpolated to the modd grid usng a Cressmantype 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 Vegedion type and land use information is
developed using the most recently released NCAR/PSU databases provided with the
MMS5 digribution. 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 “fird guess’ meteorologicd fidds has on the MM5 modd predictions. The fird guess
fidds are taken from the NCAR ETA archives. Surface and upper-air observations sed
in the objective andyses, following the procedures outlined by Stauffer and Seaman a
PSU, are qudity-inspected by MM5 pre-processors usng automated gross-error checks
and "buddy" checks. In addition, rawinsonde soundings undergo vertica consstency
checks. The synoptic-scde data used for this initidization (and in the andysis nudging
discussed below) are obtained from the conventionad Nationd Weather 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 adong coastlines.  However, for this
andysds, focusing on bulk continental scale trangport, thisissue s likely not important.

FDDA Daa Assmilaion: This smuldion uses an andyss-nudging technique were the
observations are nudged toward a field prepared by objective analyzing surface and aoft
monitor data into the fird-guess fidds. For these smulaions a nudging coefficient of
2.5x10* was used for winds and temperature and 1x10° for mixing ratio. Only 3D
andyss nudging was peformed and thermodynamic variables are not nudged within the
boundary layer.

Physics Options: The MM5 modd physics options in this smulations are as follows:

Kain-Fritsch Cumulus Parameterization
Pem-Xiu PBL and Land Surface Schemes
Simple Ice Moisture Scheme

RRTM Atmospheric Radiation Scheme
Multi-layer Soil Temperature Model

Modd Timing: The modd was run in the 5 periods presented in Table 22. Within each
of these periods the modd was run for 5 Y2days with a restart occurring & 127 every
fifth day. To assure continuity in the surface moigture, the modd initid conditions were
updated with the soil conditions from the end of the previous 5 Y2day period using the
USEPA “INTERPX” processor.
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2.2 Evaluation Approach

The mode evduation gpproach is based on a combination of quditative and quartitative
andyses. The qualitative gpproach is to compare the mode estimated sea level pressure
and radar reflectivity fields with observed vaues from higorica wegther chart archives.
The datistical gpproach is to examine the model bias and error for temperature, mixing
ratio and the Index of Agreement for the windfidds.

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 ddidics ae paformed on a dae by dae bass a Regiona Panning
Organization (RPO) basis, and on adomain-wide basis.

The obsarved 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 rainfal archives.
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Table2-1: MM5 Vertical Domain Specification.

k(MM5) sigma press(mb) height(m) depth(m)

34 0.000 10000 15674 2004
3 0050 14500 13670 1585
7, 0100 19000 12085 1321
31 0150 23500 10764 1139
30 0.200 28000 9625 1004
29 0.250 32500 8621 900
28 0300 37000 7720 817
27 0350 41500 6903 750
26 0400 46000 6153 693
25 0450 50500 5461 645
24 0500 55000 4816 604
._ 23 0550 50500 4212 568
2 0.600 64000 3644 536
z 21 0650 68500 3108 508
T 20 0.700 73000 2600 388
19 0.740 76600 212 282
E 18 0.770 79300 1930 274
: 17 0.800 82000 1657 178
16 0820 83300 1478 175
U 15 0840 85600 1303 172
14 0860 87400 1130 169
O 13 0.880 89200 961 167
n 12 0.900 91000 7% 82
1 0910 91900 712 82
Ll 10 0920 92800 631 81
9 0930 93700 550 80
> 8 0940 94600 469 80
= 7 0950 95500 389 79
: 6 0.960 96400 310 78
5 0970 97300 232 78
@ 4 0980 98200 154 39
ﬁ 3 0985 98650 115 39
2 0990 99100 77 38
‘:ﬂ 1 0995 99550 38 38
ﬂ 0 1000 100000 0 0
a.
Ll
f))
-
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Figure2-1: National ETA Computational Grid.

Table2-2: Starting and Ending Datefor Each Computational Period in the MM 5 Simulation.

Period Number Starting Date Ending Date
1 127 16 December 2000 127 5 April 2001
2 127 16 March 2001 127 5 July 2001
3 127 14 June 2001 127 2 October 2001
4 127 17 September 2001 127 4 February 2002
5 127 15 January 2002 127 21 March 2002
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3 RESULTS

3.1 Modd Evaluation Results

The synoptic and datidical evduations for smulation are presented in the following
Sections.

3.1.1 Synoptic Evaluation

One very important metric of modd performance is to quditatively assess how well the
modd is able to capture the evolution of synoptic syssems. Sea level pressure and radar
reflectivity plots for every 5 Y2days throughout the episode are presented in Figures 3-1
through 380. On each figure, the first frame presents the modd estimated fields with the
blue lines being 850 mbar heights, the red vectors are wind barbs and the shaded areas
ae regions of smulated radar reflectivity. The bottom plots are the archived surface
chat from wegther.unisyscom with the 850 Mbar heights in bold lines and shaded
regions of radar reflectivity.

Some generd conclusions from these figures are:

The mode tends to generate more mesoscde structure in the 850 Mbar height
fields, particularly over the western mountains.

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
fagter than suggested by the observations.

The modd generdly captures the regions of organized radar reflectivity, but the
mode underestimates the geographic extent.

3.1.2 Statistical Evaluation

The results for the datisticd evauation are presented in this section. The tables present
the datisticdl metric for each dae, for each Regiond Planning Organization (RPO), and
for the entire modeding domain (including only the United States.

Temperature bias results are presented in Table 31 for each state and RPO, for both two
month periods and for the entire episode. For the United States for the entire episode, the
model has a bias of -0.6 K. This is, the mode is too cool by 0.6 K. A graphica
depiction by date of the episode average results is presented in Fgure 381. The modd
tends to perform better in the Midwestern and Eastern US than in the West.
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Temperature error results are presented in tabular and graphicd for in Table 3-2, and
Figure 382, respectively.  For the entire United States for the entire episode, the model
has an error of 2.08 K. The mode is showing lower error in the Midwestern and Eastern
US than in the Wes. Domain mean temperature plots for two month periods are
presented in Figures 3-84 through 3-89. The modd generdly tracks within a couple of
degrees of the obsarvations, with the modd tending to overestimate nighttime winter
temperatures by a couple of degrees. Mean temperature plots for two month periods in
the CENRAP dates are presented in Figures 3-90 through 3-96. The modd is able to
capture overdl trends very wel and can pickup the passage of wintertime synoptic
patterns very accurately.

Temperature spatial mean plots for the MANE-VU RPO region are presented in Figures
3-97 through 3-103. Plots for the Midwestern RPO are presented in Figures 3-104
through 3110. VISTAS RPO plots are presented in Figure 3111 through Figure 3-117.
For dl these regions the seasond patterns are generdly captured and nomindly week
long synoptic patterns are replicated.

Findly, the WRAP RPO mean temperature bias are presented in Figure 3118 through 3
124. For the WRAP region the modd is performing less wdl than the other regions.
While the modd is able to capture generd seasond and synoptic trends, for nearly the
entire period the modd is overestimating nighttime temperatures by a couple of degrees
C.

Mixing ratio bias (g/kg) results are presented in Table 33 and Figure 3125. Averaged
over the entire US, for the entire period, the modd shows a negative bias of 0.19 g/kg.
This means that the mode is dightly too dry. On a two month average, the modd is
tending to perform with lower bias in the winter months than other seasons. No clear
trends are revedled examining the episode average results on a Sate by Sate basis.

Mixing ratio error (g/kg) results are presented in Table 3-4 and Figure 3-126. The
episode and domain averaged mean is 0.97 gkg. The mode shows lower error in the
winter months than the summer months and lower bias in the northern portion of the
domain than the southern. It is possible that the lower bias in the northern region and in
the winter is aresult of the overdl lower mixing ratio in these cooler regions and times.

Domain averaged mean mixing ratio for two-month periods in the episode are presented
in FHgures 3-127 though 3-133. The mode reaults track the observations very closdy in
January through March, but the modd is too dry, particularly during mid-day during the
res of the year. Mean mixing rétio for the CENRAP region is presented in Figures 3
134 through 3140. In the CENRAP region the modd tracks the observations closdly and
shows very accurate synoptic patterns. The model is however dightly too dry coming out
of synoptic drying periods. Figures 3-141 through 3-147 present the gspatid mean
mixing ratio results in the northeestern MANE-VU dates. For the mgority of the year
the modd results track the observations very closdy. For certain periods the mode is dry
by a couple of g/kg. The Midwestern RPO results are presented in Figures 3-148 through
3-154. As with MANE-VU, the results generdly track well, with the modd tending to be
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dightly dry. The southeastern VISTAS dates are in Figures 3155 through 3161. The
VISTAS reaults agree very closdy, with the modd being only dightly too dry on a
handful of days Findly, the WRAP reaults are presented in Figures 3-162 through 3-
168. As with the temperature results, the modd performs less well in the WRAP dates
than any of the other RPO’s. For the mgority of the year the modd istoo dry by 1 to 2

okg.

Accumulated precipitation bias for the entire domain, and each state and RPO region are
presented in Table 3-5. The accumulated precipitation is computed by summing the
observed precipition over the entire period & each dation, and summing the moded
edimated precipitation a the dation location over the same period. By usng the
accumulated precipitation metric we are able to rdax the timing of rainfal events and to
focus on ranfadl trends. For the entire domain summed over the entire episode, the
model is overestimating ranfdl by 155 cm. Accumulated precipitation error is
presented in Table 3-6. The domain averaged episode totd error is 3.5 cm.

Monthly observed and estimated totd precipitation are presented in Figure 3-172. The
modd is able to replicate the observations farly accurady in the spring, fdl and winter.
In the summer months the modd is tending to overesimate ranfdl. Monthly ranfdl
comparisons for the CENRAP region are presented in Figure 3173. Again, the largest
erors are in the summer. Monthly rainfal comparisons for the MANE-VU region are
presented in Figure 3-174. In the MANE-VU region the modd replicates the observed
data closdy throughout the year. Midwestern RPO results are presented in Figure 3175
and show generd agreement, except in the summer when the modd is tending to be too
wet. In the VISTAS dates (Figure 2176) the familiar pattern of better results in seasons
other than summer are once again observed. In Figure 3-177 the WRAP region shows
generdly pretty good agreement, with the moded somewhat too wet in the summer
months

Wind speed index of agreement are presented in Table 36. Over the entire domain for
the year the reaults are very consstent at between 0.85 and 0.88 with an annua mean of
0.86. Examingtion of Figure 3-178 reveds tha the index of agreement is generdly
higher in the Midwest and West than in the East.  Index of Agreement time series plots
for the entire domain, and for each RPO are presented in Figures 3-179 through 3-220.
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Figure 3-1: Mode Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind Vectors
and Radar Reflectivity valid 00Z 02 January 2001.
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Figure 3-2: Mode Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind Vectors
and Radar Reflectivity valid 12Z 07 January 2001.
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Figure 3-3: Mode Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind Vectors
and Radar Reflectivity valid 00Z 13 January 2001.
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Figure 3-4: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind Vectors
and Radar Reflectivity valid 12Z 18 January 2001.
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Figure 3-5: Mode Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind Vectors
and Radar Reflectivity valid 00Z 24 January 2001.
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Figure 3-6: Mode Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind Vectors
and Radar Reflectivity valid 12Z 29 January 2001.
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Figure 3-7: Mode Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind Vectors
and Radar Reflectivity valid 00Z 04 February 2001.
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Figure 3-8: Model Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind Vectors
and Radar Reflectivity valid 12Z 09 Frbruary 2001.
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Figure 3-9: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind Vectors
and Radar Reflectivity valid 00Z 15 February 2001.
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Figure 3-10: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 20 February 2001.
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Figure 3-11: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 26 February 2001.
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Figure 3-12: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 03 March 2001.
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Figure 3-13: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 09 March 2001.
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Figure 3-14: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 14 March 2001.
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Figure 3-15: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 20 March 2001.
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Figure 3-16: Mode Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface
Vectorsand Radar Reflectivity valid 12Z 25 March 2001.
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Figure 3-17: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 31 March 2001.
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Figure 3-18: Moded Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 05 April 2001.
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Figure 3-19: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 11 April 2001.
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Figure 3-20: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 16 April 2001.
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Figure 3-21: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 22 April 2001.
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Figure 3-22: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 27 April 2001.
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Figure 3-23: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 03 May 2001.
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Figure 3-24: Moded Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface
Vectorsand Radar Reflectivity valid 12Z 08 May 2001.
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Figure 3-25: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 14 May 2001.
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Figure 3-26: Mode Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 19 May 2001.
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Figure 3-27: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 25 May 2001.
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Figure 3-28: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 30 May 2001.
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Figure 3-29: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 05 June 2001.
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Figure 3-30: Moded Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 10 June 2001.

U2 RIF: dbz it
Valid: 1200 UTC Sun L0 Jun 01 {07
sk sigmns = 0.968

UTE Sat O Jun 01
cOT Zun 10

Datasat: PLEINM

4 [C5] fira
Medml info: VAS0 Exin-Frach Sanple s 3 k. 349 levale 100 mec

Surfoge data plat for 127 10 JUN 01

%ﬁg ! b ‘gbw .

) . - T
ST e ¥
5 =

Intensities (Dbz): 208 308 408 452 50% 558 Fronts at 12Z

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o
<
<
o
Ll
2
=

3-33




Figure 3-31: Moded Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 16 June 2001.
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Figure 3-32: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 21 June 2001.
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Figure 3-33: Mode Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface
Vectorsand Radar Reflectivity valid 00Z 27 June 2001.
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Figure 3-34: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 02 July 2001.
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Figure 3-35: Modde Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 08 July 2001.
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Figure 3-36: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 13 July 2001.
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Figure 3-37: Mode Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface
Vectorsand Radar Reflectivity valid 00Z 19 July 2001.
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Figure 3-38: Moded Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface
Vectorsand Radar Reflectivity valid 12Z 24 July 2001.
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Figure 3-39: Mode Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 30 July 2001.
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Figure 3-40: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 04 August 2001.
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Figure 3-41: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 10 August 2001.
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Figure 3-42: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 15 August 2001.
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Figure 3-43: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 21 August 2001.
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Figure 3-44: Mode Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 26 August 2001.
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Figure 3-45: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 01 September 2001.
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Figure 3-46: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 06 September 2001.
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Figure 3-47: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 12 September 2001.
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Figure 3-48: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 17 September 2001.
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Figure 3-49: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind

Vectorsand Radar Reflectivity valid 00Z 23 September 2001.
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Figure 3-50: Moded Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 127 28 September 2001.
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Figure 3-51: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 04 October 2001.
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Figure 3-52: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 09 October 2001.

Datasal: PLEIM-X1U2Z RIF: dbz nats BR00 LT Bun OF Ock O]
Fes 35,00 Valid: 1200 UTC Tue 09 Ock 0L {0900 COT Tue 08 Cot F1)
Feflecdivity sk sigma = 0,958

lari 1 =imd =igm FRE:

Ir

i 0 b N
L 20 3 40 G0 BO . TD AR 80

1 i3F IED 40 IEG 150

CONTUURS: UKITS=hPa LOW= 100G G 13 [NTHHTAL=
AEH CETTOEE: UL B 1 ikw

4 [C5] fira
Medml info: VAS0 Exin-Frach Sanple s 3 k. 349 levale 100 mec

Surface data plet for 127 9 0CT 01

B

T i, r
[0 3@12?@10 i AR ) 45’
X ¥
: 05 4 77
143 '8 o i
29t T psy, o ¥ 4,
X ]

B 3 4 36? &7 a6
1

7 5 54

Intensities (Dbz): 208 308 408 458 508 SAE

Fronts ot 127

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

3-55




Figure 3-53: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 15 October 2001.
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Figure 3-54: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 20 October 2001.
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Figure 3-55: Moded Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 26 October 2001.
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Figure 3-56: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 31 October 2001.
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Figure 3-57: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 06 November 2001.
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Figure 3-58: Modd Predicted (top) and Observed (bottom) 850 Mbar Heghts, Surface
Vectorsand Radar Reflectivity valid 12Z 11November 2001.
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Figure 3-59: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 17 November 2001.
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Figure 3-60: Mode Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface
Vectorsand Radar Reflectivity valid 12Z 22 November 2001.

Datasat: PLEIM-X1UZ RIF: dhz Imit: 1200 LUTC Wed 21 Mow 01
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Figure 3-61: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 28 November 2001.
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Figure 3-62: Modde Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 03 December 2001.

Datasel: PLEM-XTUZ RIF: dhz Init: 1200 UTC Sat 01 Dec 01
Fr= 1800 Valid: 1200 UTC Mon 05 Dec 0L (080D CET Mon 03 Dec O1)
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Figure 3-63: Mode Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface
Vectorsand Radar Reflectivity valid 00Z 09 December 2001.
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Figure 3-64: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 14 December 2001.
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Figure 3-65: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 20 December 2001.

Datasat: PLEIM-XIUZ RIF: dhz mat: 1200 UT Sun 18 Dec 01
Fest: 84.00 Valid: GO0 UTC Thu 20 Dec Ol (1803 CET Wed 18 Dec 1)
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Figure 3-66: Mode Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface
Vectorsand Radar Reflectivity valid 12Z 25 December 2001.

Datasel: PLEM-XTUZ RIF: dhz Imit: 1200 UTE Fri 21 Dec 01
Fest: @600 Valid: 1200 UTC Tue 25 Dec O1 (G300 CET Tue 25 Dec 1)
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Figure 3-67: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 31 December 2001.
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Figure 3-68: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 05 January 2002.
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Figure 3-69: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 11 January 2002.

Datasat: PLEIM-X1UZ RIF: dbz mit: 120 UTC Sat 05 lan 02
Fest: 133000 Valid: 0000 UTC Fri 11 Jan G2 (1800 CET Thu 1D Jan &Z)
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Figure 3-70: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 16 January 2002.

Datasal: PLEIM-X1UZ RIF: dbz Imag: 1200 UTC Tue 15 lan 02
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Figure 3-71: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 22 January 2002.

Datasael: PLEM-XTUZ RIF: dhz [nit: 1200 UTC Zun 20 Jan 02
Fest: 3800 Valid: 000F UTC Tue= 22 Jan 02 (1803 CET Mon 21 Jan &2)
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Figure 3-72: Mode Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 27 January 2002.
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Feflecdivity sk sigmna = 0.953

lori 1 =ind =g PR

L

I
Lo 20 an R af BO 0 ar 90 100 110 15k 130 140 1IEG 180

CONTUURS: UKITS=hPa LOW= OFLOC G 1S [NTHHTAL=
AEH VECTIHES: FULL BAFS 1 ikw

Medml info: VAS0 Exin-Frach .".'|:.|l...|:I e M km M :dl.ull:: 1) war e
Surface dgmglot far 127 37 JAN 02
\ oy Bl W ot T (o
_2322 S
4 257 | 1
r é‘.. b 212&213

=

N7

| o J ™ 7
Al 7 2? 70

Intensities (Dbz): 208 308 408 458 508 SAE Fronts at 12Z

7

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

3-75




Figure 3-73: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 02 February 2002.

Datasal: PLEIM-XTUZ RIF: dhz Inat: 1200 UTC Wed 30 lan 02
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Figure 3-74: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 07 February 2002.
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Figure 3-75: Mode Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface
Vectorsand Radar Reflectivity valid 00Z 13 February 2002.

Datasat: PLEIM-X1UZ RIF: dbz Imit: 1200 UTC Sat 06 Peb 02
Valid: (00D UTC Wed 13 Feb G2 (18040 CET Tue LE Feb O2)
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Figure 3-76: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 18 February 2002.

Datasal: PLEIM-X1UZ RIF: dbz nit: 1203 UTE Thu 14 Peb 02
Fest: o8.00 Valid: 1200 UTC Mon L8 Feb ©F (0800 CET Mon L& Feb 02)
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Figure 3-77: Mode Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 24 February 2002.

Datasat: PLEIM-X1UZ RIF: dhz itz 1200 UTS Tos 16 Feb 02
Fest: 108000 Valid: 030 UTC Sun 24 Feb 02 (1600 CST Sat 23 Feb (2)
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Figure 3-78: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 01 M ar ch 2002.

Datazat: PLEIM-X1UZ RIF: dbz nit: 1200 UTE Sun 24 Feh 02
Valid: 1200 UTC Fri ©1 Mar 02 (0e00 C5T Fri 01 Mar 2]
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Figure 3-79: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 00Z 07 March 2002.
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Figure 3-80: Modd Predicted (top) and Observed (bottom) 850 Mbar Heights, Surface Wind
Vectorsand Radar Reflectivity valid 12Z 12 March 2002.

Datasai: PLEIM-X1UZ RIF: dbz Imat: 1200 UTC Mom 11 Mar 02
Fest: 24.00 Valid: 1200 UTC Tue 12 Mar 02 (DEOO CET Tue 12 Har &2)
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Table3-1: TemperatureBias(K) by Stateand Time Period for the 2001 Annual MM 5 Simulation.

Region Jan-Feb| Mar-Apr| May-Jun| Jul-Aug| Sep-Oct| Nov-Dec|Jan-Feb| Mean
ALL 084 -093 -073 -077] -019  -0.16 0.6 -0.6
AL -0.64 -0.36] -0.27 -0.29 0.19 0.36 0.01] -0.14
AK -1.27]  -0.94 -1.3  -0.96 -071 -047] -0.04 -0.81
AZ 1.2 -168 -237 292 1.2l -017| -0.08 -1.37
AR 077 -0.31 029 -0.12 0.36 0.34] -0.24| -0.06
CA 008 -111] -1.76 -169 -0.66 0.16 0.44] -0.65
co -1.61] 3.2 269 245 124  -079] -147 -191
CcT -151  -1.09 -021 -0.16 -0.15 -0.16] -0.67| -0.56
DE 054  -031 -041 -0.49 0.13 0.32] -0.33 -0.23
DC 2.04 -136 -1.23 -1.23 1.4 1.4/  -1.39 -1.44
FL 028 049 -087 -066] -0.36 0.2 0.26| -0.23
GA 043 -0.35 -0.19 -0.49 0.21 0.51 0.16| -0.08
|_ ID -1.12]  -2.48 157  -1.44 05  -0.35 -0.§ -1.18
IL -1.21]  -0.48 004 0.5 019 007 -0.82 -0.33
z IN 105 045 -00d 001 o007 -027 109 04
T IA -1.01 -093 -019 -0.13 0.18f -0.24] -0.97| -0.47
KS -0.67 -0.36 -055 -0.74 0.07 0 -0.5 -0.39
E Ky 111 053 017 031 o008 014 068 037
LA 003 -034 -0571 -051 0.08 0.35] -0.08 -0.15
: ME -089) -156 -003 -016 -002] -058 -0.83 -0.58
u MD 054 -039 -031 -0.29 0.03 0.15| -0.18 -0.22
MA -1.36)  -1.090 03§ 0.0 -006 -004 -0.65 -0.51
o M -1.19]  -0.64  -0.34 -0.28 0.1 0.4 -0.83 -0.51
a MN -0.75 -0.8 019 0.34 0.16f -058 -1.02| -0.36
MS -0.25] -0.08 -011 -0.15 0.66 0.96 0.33 0.19
MO -1.13]  -0.45  -0.09 -0.22 0.11 001 -0.78 -0.36
98] MT -1.38)  -256 211 -2.22 1.3 -1.04 -1.99 -1.8
> NE -0.88) -0.460 -057 -0.29 0.33 0.13| -0.41] -0.31
(- NV -1.91 -2.84  -314 -3.19 09 -079] -0.87] -1.95
NH 09 -0.85 0.63 0.5 0.66 0.25| -0.67| -0.05
: NJ -1.43  -0.88  -0.60 -0.49 0.02] -013] -0.78 -0.62
u NM -1.271  -1.32] 232 2160 -0.83 026 -0.51 -1.24
NY -1.35]  -1.13 052 -057 -0.26] -048 -1.11 -0.77
ﬂ NC -0.62) 05 -0.79 -058 0.12 0.16] -0.51] -0.38
q ND -04 083 -009 -033 -022 -0.39 -0.7] -0.42
OH -1.33  -0.49 004 -0.15| 004 -014 -067 -0.4
¢ OK 051 -037] 045 -1.09 -023  -0.02 -0.4 -0.44
OR -1.07  -1.61 -1 -1.94 065 074 -1.33 -1.28
n- PA -1.61 -0.69 024 -046 -021 -038 -1.31 -0.7
Ll RI -1.27]  -0.86 066 002 -0.05 -0.14 -0.4 -0.48
SC 04 -043 -069 -0.74 0.02 0.3 0.01] -0.27
m SD 0280 -057] 034 -0371 -007] 065 -0.99 -0.47
: TN -1 -071  -029 -0.69 0.01 0.13| -0.55 -0.44
X -0.48) -0.36 -1.0§ -1.27] -0.18 0.12 0.11] -0.44
uT -1.66] -254 251 -2.79 -0.85  -0.16] -0.61 -1.59
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Region Jan-Feb| Mar-Apr| May-Jun| Jul-Aug| Sep-Oct| Nov-Dec|Jan-Feb| Mean
VT -1.87] -1.7] -0.25  -0.46 -0.31 -1.02 -1.73] -1.05
VA -0.92 -0.68 -0.5 -0.63 -0.27 -0.11 -0.8 -0.57
WA -0.88 -1.19 -0.96 -0.8 -0.35 -0.47 -1.1] -0.82
AY -1.16 -0.83 0.21 0.16 0.08 0.11 -0.93 -0.34
\WI -1.56 -1.15 0.22 -0.03 -0.02 -0.61 -1.43 -0.65
WY -0.72 -2.77 242 -2.78 -1.26 -0.86 -2.1 -1.84
CENRAP -0.69 -0.54] -0.37  -0.43 0.07 -0.09 -0.51] -0.37|
MANE_VU -1.3 -1.01 -0.29 -@-29 -0.08 -0.28 -0.92] -0.6
MW -1.3 -0.7] -0.0§ -0.12 0.06 -0.35 -0.98 -0.49
\VISTAS -0.48 -0.49 -0.§ -0.51 -0.01 0.24 -0.22| -0.28

Figure 3-81: Episode AverageT emperature Bias (Deg. C).
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Table3-2: TemperatureError (K) by Stateand Time Period for the 2001 Annual MM5 Simulation

Region Jan-Feb| Mar-Apr| May-Jun| Jul-Aug| Sep-Oct| Nov-Dec| Jan-Feb Mean
ALL 2.18 2.06 2.06 2.07 2 2.01 2.16 2.08
AL 1.86 1.82 1.75 1.63 1.95 2.19 1.88 1.87
AK 1.79 1.59 1.51 1.33 1.19 1.65 1.69 1.54
AZ 2.46 2.8 3.38 4.05 3.2 2.54 2.54 3
AR 1.72 1.65 1.64 1.6 1.8 1.81 1.85 1.72
CcA 2.41 2.34 2.95 2.84 2.67 2.23 2.61 2.58
cO 3.43 3.93 3.48 3.38 3.12 3.12 3.55 3.43
CT 2.23 1.85 1.57 1.53 1.76 1.68 1.81 1.78
DE 1.84 1.78 1.52 1.53 1.44 1.64 1.92 1.67
DC 2.29 1.71 1.49 1.49 1.66 1.58 1.75 1.71
FL 2.18 1.94 2.02 1.87 1.86 1.94 1.93 1.96
._ GA 1.93 1.81 1.75 1.66 1.92 2.11 1.81 1.86
ID 3.08 3.3 3 3.38 2.9 2.77 2.93 3.05
z IL 1.88 1.56 1.59 1.64 1.54 1.47 1.75 1.63
wl IN 1.75 1.58 1.48 1.47 1.46 1.65 1.83 1.6
IA 2.03 1.76 1.59 1.58 1.69 1.69 2.01 1.76
E KS 1.87 1.73 1.73 1.82 1.78 1.03 2 1.84
KY 1.81 1.59 1.61 1.56 1.57 1.8 1.77 1.67
: LA 2.01 1.91 1.86 1.75 2.03 2.4 2.34 2.04
U ME 2.08 2.31 1.71 1.63 1.67 1.67 1.87 1.85
MD 2.07 1.79 1.68 1.66 1.99 2.04 1.95 1.88
o MA 2.27 1.99 1.8 1.63 1.85 1.74 1.94 1.89
MI 1.85 1.73 1.9 1.79 1.55 1.54 1.72 1.73
ﬂ MN 2.07 2.01 1.76 1.77 1.65 1.8 2.02 1.87
MS 1.91 1.83 1.77 1.63 1.97 2.33 1.91 1.91
L MO 1.86 1.58 1.5 1.55 1.72 1.64 1.86 1.67
> MT 3.27 3.22 2.88 3.23 2.8 3.21 3.56 3.17
i NE 2.14 1.84 1.89 1.85 1.83 2.21 2.33 2.01
NV 3.23 3.37 3.93 4.43 3.53 2.89 2.9 3.47
: NH 2.87 2.95 2.55 2.54 2.63 2.3 2.63 2.64
u NJ 2.36 1.73 1.67 1.71 1.92 1.83 1.92 1.88
NM 2.55 2.37 3.11 2.99 2.5 2.36 2.53 2.63
m NY 2.22 1.92 1.72 1.81 1.84 1.79 2.07 1.91
q NC 2.03 1.85 1.84 1.64 1.87 2.09 2.08 1.91
ND 2.03 1.95 1.62 1.8 1.82 2.21 2.33 1.97
OH 1.81 1.54 1.57 1.53 1.51 1.54 1.56 1.58
¢ OK 1.71 1.68 1.66 1.89 1.83 1.87 1.96 1.8
n_ OR 2.41 2.48 2.6 2.95 2.66 2.28 2.34 2.53
T PA 2.19 1.69 1.63 1.65 1.66 1.65 2.05 1.79
RI 1.8 1.62 1.52 1.32 1.39 1.34 1.33 1.47
m SC 1.83 1.76 1.73 1.56 1.72 1.95 1.84 1.77
SD 2.31 2.02 1.79 2.03 1.89 2.22 2.29 2.08
: N 1.86 1.68 1.69 1.59 173 1.98 1.97 1.79
X 1.74 1.67 1.83 1.83 1.71 1.82 1.91 1.79
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Region Jan-Feb| Mar-Apr] May-Jun| Jul-Aug| Sep-Oct| Nov-Dec| Jan-Feb Mean
UT 3.15 3.21 3.46 3.93 2.94 2.54 2.89 3.16
VT 2.6 2.36 1.96) 1.96) 2.1 2.05 2.61 2.23
VA 2.2 2.02 1.9 1.82 2.07 2.24 2.17 2.06
WA 1.99 2.06 2.06 2.26 2.02 1.84 1.98 2.03
A% 2.13 1.91 1.77 1.59 1.86 2.15 2.28 1.96
WI 2.18 2 1.68 1.69 1.54 1.58 1.98 181
WY 3.24 3.31] 3.17 3.7 2.89 3.18 3.97 3.35
CENRAP 1.91 1.79 1.74 1.75 1.74 1.86 2.01 1.83
MANE_VU 2.25 1.98 1.75 1.74 1.84 1.78 2.03 191
MW 1.92 1.73 1.7 1.67 1.53 1.55 1.78 1.7
VISTAS 2.03 1.86 1.84 1.7 1.88 2.08 1.98 191

Figure 3-82: Episode AverageTemperatureError (Deg. C).

3.07 to 347
W 267 to0 307
227 t0 267
1187 to 227
147 to 187

3-87




Figure 3-83: Moded Estimated and Observed Spatial Mean Temperatures (Deg. C) for January-February

2001.
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Figure 3-84: Moded Estimated and Observed Spatial Mean Temperatures (Deg. C) for March-April 2001.
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Figure 3-85: Modd Egtimated and Observed Spatial M ean Temperatures (Deg. C) for May-June 2001.
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Figure 3-86: Mode Estimated and Observed Spatial Mean Temperatures (Deg. C) for July-August 2001.
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Figure 3-87: Modd Egtimated and Observed Spatial Mean Temperatures (Deg. C) for September-October

2001.
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Figure 3-88: Modd Egtimated and Observed Spatial M ean Temperatures (Deg. C) for November -December

2001.
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Figure 3-89: Moded Estimated and Observed Spatial Mean Temperatures (Deg. C) for January-February

2002.
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Figure 3-90: Moded Estimated and Observed Spatial Mean Temperatures (Deg. C) for January-February
2001 for the CENRAP States.
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Figure 3-91: Modd Estimated and Observed Spatial Mean Temper atures (Deg. C) for March-April 2001 for

the CENRAP States.
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Figure 3-92: Modd Egtimated and Observed Spatial Mean Temperatures (Deg. C) for May-June 2001 for the

CENRAP States.
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Figure 3-93: Modd Estimated and Observed Spatial Mean Temperatures (Deg. C) for July-August 2001 for

the CENRAP States.
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Figure 3-94. Moded Estimated and Observed Spatial Mean Temperatures (Deg. C) for September-October
2001 for the CENRAP States.
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Figure 3-95. Modd Egtimated and Observed Spatial M ean Temperatures (Deg. C) for November -December
2001 for the CENRAP States.
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Figure 3-96: Modd Egimated and Observed Spatial Mean Temperatures (Deg. C) for January-February
2002 for the CENRAP States.
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Figure 3-97: Mode Estimated and Observed Spatial Mean Temperatures (Deg. C) for January-February
2001 for the MANE-VU States.
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Figure 3-98: Modd Estimated and Observed Spatial Mean Temperatures (Deg. C) for March-April 2001 for

the MANE-VU States.
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Figure 3-99: Mode Estimated and Observed Spatial M ean Temperatures (Deg. C) for May-June 2001 for the
MANE-VU States.
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Figure 3-100: Modd Estimated and Observed Spatial Mean Temperatures (Deg. C) for July-August 2001 for
theMANE-VU States.
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Figure 3-101: Modd Estimated and Observed Spatial Mean Temperatures (Deg. C) for September-October
2001 for the MANE-VU States.
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Figure 3-102: Modd Esimated and Observed Spatial Mean Temperatures (Deg. C) for November-December
2001 for the MANE-VU States.
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Figure 3-103: Modd Estimated and Observed Spatial Mean Temperatures (Deg. C) for January-February
2002 for theMANE-VU States.
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Figure 3-104: Modd Egtimated and Observed Spatial M ean Temperatures (Deg. C) for January-February
2001 for the Midwestern RPO States.
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Figure 3-105: Moded Estimated and Observed Spatial Mean Temperatures (Deg. C) for March-April 2001
for the Midwestern RPO States.

40 a
T30 H .
] ~ 3
= L
=) L
— 20
o L
& L
= L
= L
& 10 H
b L
& L
=
S 0

—10
0 1464
Time
Mar. 16 Mar. 26 Mar. 5 Apr. 15 Apr. Apr.
1 Mar. 11 Mar. 21 Mar. 31 Mar. 10 Apr. 20 Apr. 30 Apr.
Modeled
* Observed

Spatial Mean 36km in the MW

Figure 3-106: Modd Egtimated and Observed Spatial Mean Temperatures (Deg. C) for May-June 2001 for
the Midwestern RPO States.
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Figure 3-107: Modd Estimated and Observed Spatial Mean Temperatures (Deg. C) for Ju;y-August 2001 for
the Midwestern RPO States.
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Figure 3-108: Modd Estimated and Observed Spatial Mean Temperatures (Deg. C) for September-October
2001 for the Midwestern RPO States.
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Figure 3-109: Modd Egimated and Observed Spatial Mean Temperatures (Deg. C) for November-December
2001 for the Midwestern RPO States.
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Figure 3-110: Modd Egtimated and Observed Spatial M ean Temperatures (Deg. C) for January-February
2002 for the Midwestern RPO States.
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Figure3-111: Modd Estimated and Observed Spatial Mean Temperatures (Deg. C) for January-February
2001 for the VISTAS States.
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Figure3-112: Moded Estimated and Observed Spatial Mean Temperatures (Deg. C) for March-April 2001
for the VISTAS States.
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Figure 3-113: Mode Estimated and Observed Spatial Mean Temperatures (Deg. C) for May-June 2001 for
the VISTAS States.
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Figure 3-114: Modd Estimated and Observed Spatial Mean Temperatures (Deg. C) for July-August 2001 for
the VISTAS States.
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Figure 3-115: Modd Estimated and Observed Spatial Mean Temperatures (Deg. C) for September-October
2001 for the VISTAS States.
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Figure 3-116: Mode Estimated and Observed Spatial Mean Temperatures (Deg. C) for November-December
2001 for the VISTAS States.
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Figure3-117: Modd Estimated and Observed Spatial Mean Temperatures (Deg. C) for January-February
2002 for the VISTAS States.
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Figure 3-118: Modd Egtimated and Observed Spatial M ean Temperatures (Deg. C) for January-February
2001 for the WRAP States.
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Figure 3-119: Mode Egtimated and Observed Spatial Mean Temperatures (Deg. C) for March-April 2001
for the WRAP States.
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Figure 3-120: Mode Estimated and Observed Spatial Mean Temperatures (Deg. C) for May-June 2001 for
the WRAP States.
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Figure3-121: Modd Estimated and Observed Spatial Mean Temperatures (Deg. C) for July-August 2001 for

the WRAP States.
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Figure 3-122: Mode Estimated and Observed Spatial Mean Temperatures (Deg. C) for September-October
2001 for the WRAP States.
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Figure 3-123: Mode Egtimated and Observed Spatial Mean Temper atures (Deg. C) for November-December
2001 for the WRAP States.
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Figure 3-124: Modd Egtimated and Observed Spatial Mean Temperatures (Deg. C) for January-February
2002 for the WRAP States.

40
T30 H
U -
= L
=) L
o L
2 F ]
£ L A
:oog 1| Hatad
& E 4 :
=
& o
—10 L
o 1416
Time
6 Jam. 16 Jan. 26 Jan. S Feb. 15 Feb. 25 Feb.
1 Jan. 11 Jan. 21 Jan. 31 Jao. 1G Feb. 20 Feb.
Modeled
* Obszerved

Spatial Mean 38km in the WRAF

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

3-108




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Table3-3: Mixing Ratio Bias (g/kg) by Stateand Time Period for the 2001 Annual MM 5 Simulation.

Region | Jan-Feb | Mar-Apr | May-Jun | Jul-Aug | Sep-Oct | Nov-Dec | Jan-Feb [ Mean
ALL -0.16] -0.29 -0.37 -0.2 -0.27 0.01 -0.06 -0.19
AL -0.21 0.2 -0.35 -0.22 -0.29 0.48 0.06 -0.05]
AK -0.05 0.02 0.08 0.11 0.1 0.12 0.11 0.07,
AZ -0.41 0.05 0.72 1.23 0.69 -0.04 -0.17 0.3
AR -0.34 -0.12 -0.3 -0.42 -0.26 0.34 0.08 -0.15]
CA -0.3 -0.41] -0.6 -0.26 -0.37 -0.24 -0.58 -0.39
CO -0.22 -0.65] -0.43 -0.35 -0.37 -0.26 0.08 -0.31
CT 0.04 -0.27 -0.68 -0.62 -0.51 -0.02 0.03 -0.29
DE -0.1 -0.27 -0.68 -0.5 -0.12 0.23 -0.06 -0.21
DC -0.58 -0.34] -0.77 -0.75 -0.81 -0.07 -0.11 -0.49
FL 0.37 0.28 -0.03 -0.03 -0.06 0.3 0.23 0.15
GA -0.23 0.34 -0.38 -0.15 -0.18 0.44 0.16 0
ID -0.24 -0.68 -0.47 0.25 -0.15 -0.05 -0.05] -0.2
IL -0.22 -0.59 -0.48 -0.43 -0.41 -0.11 -0.16 -0.34
IN -0.32 -0.76| -0.63 -0.35 -0.14] 0.09 -0.09 -0.31
IA -0.03 -0.57 -0.91 -0.67 -0.52 -0.24 -0.13 -0.44
KS -0.25] -0.65] -0.26 -0.23 -0.45 -0.13 -0.15] -0.3
KY -0.26 -0.32 0.08 0.17 0.03 0.52 0 0.03
LA -0.08| 0.01 0.13 0.15 0.07 0.59 0.2 0.15
ME 0.08 0.06 -0.21 0.26 -0.12 0.08 0.1 0.04
MD -0.11 -0.26 -0.64 -0.26 -0.32 0.26 0.03 -0.19
MA 0.05 -0.05] -0.46 -0.18 0.03 0.19 0.07 -0.05]
MI -0.1 -0.43 -0.62 -0.15 -0.18 0.03 0.04 -0.2
MN -0.02 -0.33 -0.53 -0.56 -0.47 -0.22 -0.05] -0.31
MS -0.19 0.14 -0.29 -0.22 -0.37 0.5 0.06 -0.05]
MO -0.3 -0.51 -0.42 -0.47 -0.22 0.08 -0.13 -0.28
MT 0.01 -0.4 -0.24 0.2 0.1 0.1 0.11 -0.02
NE -0.09 -0.61] -0.06 -0.38 -0.36 -0.18 -0.04] -0.25|
NV -0.22 -0.34] 0.14 0.82 0.27 0.02 -0.21 0.07
NH 0.1 -0.02 -0.47 -0.19 -0.13 0.02 0.02 -0.1
NJ -0.04 -0.29 -0.65 -0.47 -0.28 0.14 0.06 -0.22
NM -0.31 -0.39 0.34 0.1 -0.24 -0.24 -0.17 -0.13
NY 0 -0.28 -0.61 -0.36 -0.26 0.01 0.06 -0.21
NC -0.2 0.18 0.48 0.09 -0.18 0.29 0.07 0.1
ND -0.02 -0.53 -0.62 -0.88 -0.37 -0.17 -0.01 -0.37
OH -0.23 -0.69 -0.67 -0.26 -0.29 0.05 -0.03 -0.3
OK -0.46) -0.65] -1.02 -0.64] -0.8 -0.15 -0.32 -0.58
OR -0.37 -0.47 -0.41 0.27 0.1 -0.05 -0.17 -0.16|
PA -0.05] -0.31] -0.42 -0.18 -0.22 0.09 -0.01 -0.16|
RI 0.05 -0.08 -0.53 -0.03 -0.05 -0.01 0.04 -0.09
SC -0.22 0.33 0.19 0.27 -0.25 0.24 0.13 0.1
SD 0.05 -0.47 -0.36 -0.29 -0.28 -0.1 -0.03 -0.21
TN -0.29 -0.27 -0.02 -0.14] -0.35 0.47 0.02 -0.08]
TX -0.36] -0.22 -0.46 -0.26 -0.54] -0.14 -0.07 -0.29
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Region | Jan-Feb | Mar-Apr | May-Jun | Jul-Aug | Sep-Oct | Nov-Dec | Jan-Feb [ Mean
UT -0.19 -0.56) 0.23 0.88 0.12 -0.1 -0.04] 0.05
VT -0.01 -0.12 -0.53 -0.2 -0.19 0.07 0.06) -0.13
VA -0.29 -0.35] -0.53 -0.78 -0.59 0.05 -0.13 -0.37
WA -0.42 -0.44] -0.51] -0.1 -0.11 -0.1 -0.22 -0.27
A% -0.12 -0.31] -0.47| -0.92 -0.49 0.25 0.01 -0.29
WI -0.08, -0.35] -0.55] -0.48 -0.42 -0.23 -0.04 -0.31]
WY 0.04 -0.44 -0.37 0.66 -0.07 0 0.14 -0.01
CENRAP -0.2 -0.38 -0.48 -0.42 -0.44 -0.08 -0.07 -0.3
MANE_VU 0 -0.19 -0.51] -0.23 -0.2 0.08 0.04 -0.14
MW -0.16] -0.51] -0.59 -0.32 -0.29 -0.05 -0.04] -0.28|
VISTAS -0.1 0.08 -0.09 -0.18 -0.25 0.31 0.08 -0.02

Figure 3-125: Episode Average Mixing Ratio Bias (g/kg).
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Table3-4. MixingRatio Error (g/kg) by State and Time Period for the 2001 Annual MM 5 Simulation.

Region | Jan-Feb | Mar-Apr | May-Jun | Jul-Aug | Sep-Oct | Nov-Dec | Jan-Feb | Mean
ALL 0.59 0.89 1.35 1.52 1.1 0.71 0.62 0.97
AL 0.8 1.05 1.36 1.4 1.14 0.94 0.84 1.08
AK 0.43 0.43 0.49 0.66 0.54 0.41 0.44 0.49
AZ 0.92 1.06 1.71 2.64 1.62 0.9 0.65) 1.36
AR 0.7 0.99 1.48 1.6 1.17 0.86 0.86 1.09
CA 0.93 0.98 1.34 1.37 1.32 0.96 1.06 1.14
CO 0.56 1.04 1.64 1.92 1 0.61 0.47 1.03
CT 0.35 0.61 1.16 1.33 1.02 0.57 0.46 0.79
DE 0.35 0.62 1.05 1.23 0.88 0.6 0.51 0.75
DC 0.66 0.78 1.33 1.42 1.15 0.65) 0.58 0.94
FL 1.14 1.21 1.47 1.36 1.25 1.16 1.11 1.24
GA 0.8 1.05 1.46 1.48 1.19 0.96 0.79 1.1
ID 0.54 0.95 1.28 1.64 1.02 0.61 0.48 0.93
IL 0.45 0.94 1.32 1.6 1.07 0.61 0.57 0.94
IN 0.51 1.02 1.28 1.32 0.92 0.68 0.67 0.91
IA 0.35 0.93 1.55 1.7 1.16 0.62 0.44 0.96
KS 0.48 1.02 1.31 161 1.01 0.6 0.43 0.92
KY 0.56 0.85) 1.22 1.34 1.02 0.83 0.82 0.95)
LA 0.96 1.06 1.82 2.04 1.6 1.23 0.99 1.39
ME 0.28 0.45 1 111 0.9 0.46 0.31 0.64
MD 0.48 0.77 1.24 1.28 1.11 0.67 0.56 0.87
MA 0.34 0.53 1.07 1.13 0.98 0.59 0.4 0.72
MI 0.33 0.7 1.18 1.2 0.85) 0.53 0.4 0.74
MN 0.29 0.69 1.34 1.58 0.97 0.51 0.36 0.82
MS 0.83 1.06 1.4 1.39 1.13 0.95 0.9 1.09
MO 0.52 0.99 1.26 1.47 1.06 0.69 0.61 0.94
MT 0.4 0.67 1.12 1.4 0.85) 0.45) 0.42 0.76
NE 0.38 0.91 1.23 1.63 0.95 0.54 0.38 0.86
NV 0.57 0.9 1.5 2.18 1.21 0.62 0.56 1.08
NH 0.34 0.52 1.05 1.12 1.08 0.5 0.35 0.71
NJ 0.43 0.71] 1.25 1.38 1.01 0.65) 0.53 0.85)
NM 0.7 1.05 1.97 2.09 1.23 0.67 0.54 1.18
NY 0.34 0.62 1.11 1.25 0.94 0.54 0.43 0.75
NC 0.79 0.99 1.37 1.41 1.21 0.91 0.78 1.07
ND 0.28 0.73 1.24 1.53 0.8 0.44 0.36 0.77
OH 0.45) 0.93 1.26 1.21 0.99 0.66 0.61 0.87
OK 0.72 1.07 1.7 2.07 1.37 0.74 0.68 1.19
OR 0.66 0.78 1.1 1.21 0.94 0.57 0.51 0.82
PA 0.42 0.77 1.2 1.33 0.99 0.63 0.55) 0.84
RI 0.33 0.55) 1.01 1.06 0.82 0.47 0.41 0.66
SC 0.78 0.99 1.29 141 1.21 0.92 0.8 1.06
SD 0.33 0.76 1.24 1.58 0.85) 0.43 0.34 0.79
TN 0.65 0.91 1.26 1.31 1.05 0.84 0.83 0.98
TX 0.89 1.12 1.62 1.83 1.37 0.9 0.82 1.22

3-111



-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

Region | Jan-Feb | Mar-Apr | May-Jun | Jul-Aug | Sep-Oct | Nov-Dec | Jan-Feb | Mean
UT 0.51 0.96) 1.47 2.05 1.04 0.61 0.45) 1.01
VT 0.32 0.53 1.09 111 0.94 0.47 0.35) 0.69
VA 0.64 0.88 1.4 1.59 1.21 0.79 0.67 1.03
WA 0.6 0.72 0.95 0.99 0.79 0.54 0.48 0.72
A% 0.49 0.83 1.3 1.62 1.07 0.76) 0.64 0.96)
WI 0.31 0.7 1.2 1.38 0.94 0.56) 0.41 0.79
WY 0.41 0.76 1.4 1.77 0.97 0.49 0.43 0.89
CENRAP 0.57 0.95 1.48 1.72 1.17 0.71 0.59 1.03
MANE_VU 0.37 0.62 1.12 1.23 0.97 0.57 0.45 0.76)
MW 0.38 0.8 1.23 1.32 0.94 0.59 0.49 0.82
VISTAS 0.81 1.02 1.39 1.43 1.18 0.94 0.85) 1.09

Figure 3-126: Episode Average Mixing Ratio Error (g/kg).
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Figure 3-127: Modd Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for January-February 2001.
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Figure 3-128: Modd Egtimated and Observed Spatial Mean Mixing Ratio (g/kg) for March-April 2001.
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Figure 3-129: Modd Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for May-June 2001.
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Figure 3-130: Modd Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for July-August 2001.
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Figure 3-131: Modd Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for September-October

2001.
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Figure 3-132: Modd Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for November -December

2001.
25 -
T 20 n u
] C ,
. - a
(o] L i
~ 15 H H
o C 2
2 C ,
& C ]
10 H H
oa — _
g 14 B
A 7
= 5 H _ ]
o b 7

o] 1464
Time
& Nov. 18 Nov. 26 Nov. & Dec. 16 Dec. 26 Dec.
1 Now. 11 Now. 21 Now. 1 Deec. 11 Dec. 21 Deac. 31 Dec.
Modeled
* Observed

Spatial Mean 36km in the ALL

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

3-115




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Figure 3-133: Modd Egimated and Observed Spatial Mean Mixing Ratio (g/kg) for January-February 2002.
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Figure 3-134: Modd Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for January-February 2001

in the CENRAP States.
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Figure 3-135: Modd Egtimated and Observed Spatial Mean Mixing Ratio (g/kg) for March-April 2001in the

CENRAP States.
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Figure 3-136: Modd Egtimated and Observed Spatial Mean Mixing Ratio (g/kg) for May-June 2001 in the
CENRAP States.
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Figure 3-137: Modd Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for uly-August 2001 in the

CENRAP States.
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Figure 3-138: Modd Egimated and Observed Spatial M ean Mixing Ratio (g/kg) for September-October
2001 in the CENRAP States.
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Figure 3-139: Modd Egimated and Observed Spatial Mean Mixing Ratio (g/kg) for November-December
2001 in the CENRAP States.

Mixing Ratio (G/KG)

25 C .
20 H H
15 H ]
10 H
5 FAE
c "'Tﬂ.wi
¢
0 1464
Time
8 Nov. 18 Nov. 26 Nov. & Dec. 18 Dec. 26 Dec.
1 Nov. 11 Now. 21 Now. 1 Dec. 11 Dec. 21 Dec. 31 Deec.
Modeled
* Observed

Spatial Mean 36km in the CENEAP

Figure 3-140: Modd Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for January-February 2002

in the CENRAP States.
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Figure 3-141: Modd Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for January-February 2001
inthe MANE_VU States.
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Figure 3-142: Modd Egtimated and Obsea ved Spatial Mean Mixing Ratio (g/kg) for March-April 2001in the
MANE_VU States.
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Figure 3-143: Modd Egtimated and Observed Spatial Mean Mixing Ratio (g/kg) for May-June 2001 in the
MANE_VU States.
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Figure 3-144: Mode Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for July-August 2001 in the
MANE_VU States.
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Figure 3-145: Mode Egtimated and Observed Spatial Mean Mixing Ratio (g/kg) for September-October
2001 inthe MANE_VU States.
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Figure 3-146: Modd Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for November -December
2001 in the MANE_VU States.
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Figure 3-147: Modd Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for January-February 2002
inthe MANE_VU States.
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Figure 3-148: Modd Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for January-February 2001
in the Midwest RPO States.
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Figure 3-149: Modd Egtimated and Observed Spatial M ean Mixing Ratio (g/kg) for March-April 2001 in the
Midwest RPO States.
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Figure 3-150: Moded Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for May-June 2001 in the
Midwest RPO States.
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Figure 3-151: Mode Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for July-August 2001 in the
Midwest RPO States.
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Figure 3-152: Modd Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for September -October
2001 in the Midwest RPO States.
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Figure 3-153: Modd Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for November -December
2001 in the Midwest RPO States.

25 a

o 20 B
2 L i
>~ = B
(O] L _
~ 15 H =
I L _
= L ,
g C ]
10 H H

=) = -
= 7
s 3
= 5 L
"

0
0 1464
Time
8 Nov. 18 Nov. 26 Nov. & Dec. 18 Dec. 26 Dec.
1 Nov. 11 Now. 21 Now. 1 Dec. 11 Dec. 21 Dec. 31 Deec.
Modeled
* Observed

Spatial Mean 36km in the MW

Figure 3-154: Modd Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for January-February 2002
in the Midwest RPO States.
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Figure 3-155: Modd Egimated and Observed Spatial Mean Mi xing Ratio (g/kg) for January-February 2001
in the VISTASRPO States.
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Figure 3-156: Modd Egtimated and Observed Spatial M ean Mixing Ratio (g/kg) for March-April 2001in the

VISTAS States.
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Figure 3-157: Moded Egtimated and Observed Spatial Mean Mixing Ratio (g/kg) for May-June 2001 in the
VISTAS States.
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Figure 3-158: Mode Egtimated and Observed Spatial Mean Mixing Ratio (g/kg) for July-August 2001 in the

VISTAS States.
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Figure 3-159: Modd Egtimated and Observed Spatial M ean Mixing Ratio (g/kg) for September-October
2001 in the VISTAS States.
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Figure 3-160: Mode Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for November -December
2001 in the VISTAS States.
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Figure 3-161: Modd Egsimated and Observed Spatial Mean Mixing Ratio (g/kg) for January-February 2002
in the VISTAS States.
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Figure 3-162: Modd Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for January-February 2001

inthe WRAP States.
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Figure 3-163: Modd Egtimated and Observed Spatial M ean Mixing Ratio (g/kg) for March-April 2001in the

WRAP States.
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Figure 3-164: Modd Egtimated and Observed Spatial Mean Mixing Ratio (g/kg) for May-June 2001 in the

WRAP States.
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Figure 3-165: Mode Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for July-August 2001 in the

WRAP States.
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Figure 3-166: Modd Egtimated and Observed Spatial M ean Mixing Ratio (g/kg) for September-October
2001in the WRAP States.
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Figure 3-167: Modd Egtimated and Observed Smatial Mean Mixing Ratio (g/kg) for November-December
2001in the WRAP States.
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Figure 3-168: Modd Estimated and Observed Spatial Mean Mixing Ratio (g/kg) for January-February 2002

inthe WRAP States.
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Table 3-5: Accumulated Precipitation Bias (cm) by State and Time Period for the 2001 Annual MM5

Simulation.

Domain | Jan-Feb | Mar-Apr | May-Jun | Jul-Aug | Sep-Oct | Nov-Dec | Mean
ALL 0.16 0.73 2.28 5.15 0.52 0.47 1.55
AL -1.63 -3.56 1.79 6.47 2.57 -1.55] 0.68
AK -0.73 -0.33 -6.33 -3.15] -1.6 2.31 -1.64]
AZ 2.49 2.47 3.18 9.8 2.99 1.15 3.68
AR -2.91 -0.79 2.15 10.21 -1.26 -1.63 0.96
CA -2.86 -0.68 0.23 2.11 0 -2.08 -0.55
CcO 0.68 0.7 3.25 0.85) 0.13 0.47 1.01
CT 0.41 0.56 -1.14] 0.78 -0.71 1.41 0.22
DE 0.33 -0.84] -2.28 8.51 -0.35] 0.38 0.96
FL 0.55 1.46 7.84 18.73 10.68 1.63 6.82
GA -0.79 0.61 1.29 9.76 2.71 -0.17 2.23
ID 0.96 1.17 1.67 3.27 0.98 4.01 2.01
IL 0.8 0.83 1.79 6.27 -0.51 1.05 1.71
IN 0.14 2.17 4.97 3.75 -0.56 1.93 2.07
IA 0.99 0.86 0.39 4.88 -1.42 0.83 1.09
KS 0.22 1.17 1.59 6.92 0.65) 0.32 1.81
KY 0.3 2.05 10.05] 14.59 0.23 1.26 4.75
LA -1.34] -2.68 0.82 6.67 0.64 -1.31 0.47
ME 0.48 0.9 0.69 2.03 -1.87 0.9 0.52
MD 1.65) 1.08 -0.55 0.05 -0.92 0.73 0.34
MA 1.06 2.27 -0.68] 0.1 -0.68] 0.93 0.5
MI 1.34 0.42 0.52 2.25 -0.36 1.58 0.96
MN 1.42 0.3 1.03 3.05 -0.25] 0.72 1.05
MS -3.55 -2.13 4.26 10.77 2.04 -1.56 1.64
MO -0.53 1.26 -0.44 8.12 -0.95 -0.12 1.22
MT 1.3 1.85 3.25 3.21 0.91 1.77 2.05
NE 1.08 -0.08 4.11 3.01 -1.52 0.72 1.22
NV 1.07 1.85 1.57 5.41 1.55 1.9 2.22
NH -0.67 2.08 -0.94 -0.19 -2.97 1.3 -0.23
NJ 0.84 -0.9 -1.58 3.9 1.12 0.95 0.72
NM 1.13 1.9 5.31 6.54 0.76 0.04 2.61
NY 1.21 1.46 -0.41 0.66 -1.16 1.73 0.58
NC 0.3 1.4 9.48 8.95 -0.35] 0.19 3.33
ND 0.75 0.75 1.05 2.29 0.75 0.59 1.03
OH 0.54 1.21 3.04 5.08 0.14 2.68 2.12
OK 0.14 0.47 0.39 5.7 0.08 -0.11 1.11
OR 0.14 0.81 0.24 0.81 0.5 0.7 0.53
PA 0.7 0.42 1.97 2.58 -0.74 1.06 1
RI -0.73 0.13 -3.31 -1.7) -1.49 2.32 -0.8
SC -0.28] 2.35 7.78 15.1 1.02 0.23 4.37
SD 1.61 0.94 1 2.81 0.19 0.97| 1.25
TN -2.68 0.38 4.89 13.01 0.41 -1.98 2.34
TX 1.38 1.53 3.37 6.48 3.27 -0.41 2.6
uT 1.2 0.91 3.1 4.6 1.17 1.56 2.09
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Domain | Jan-Feb | Mar-Apr | May-Jun | Jul-Aug | Sep-Oct | Nov-Dec | Mean
VT 0.76) 1.11 -1.02 -0.51 -1.99 1.7 0.01
VA 0.85 1.19 4.13 4.5 -0.5 0.93 1.85
WA 0.33 -0.04 0 -0.4 -1.06 1.83 0.11
AY 1.75 3.45 4.75 1.27 -0.01 2.57 2.3
WI 0.49 0.79 -2.35] 0.59 -1.2 0.21 -0.25]
WY 1.37 1.87 3.37 6.46 1.44 1.3 2.63
CENRAP 0.35 0.65 1.75 6.23 0.51 -0.14 1.56)
MANE_VU 0.76 0.99 0.28 1.41 -1.15 1.29 0.6
MW 0.63 1.14 1.86 3.9 -0.45] 1.54 1.44
\VISTAS -0.67 0.37 5.34 10.33 2.07 0.03 2.91

Figure 3-169: Annual Accumulated M ean Precipitation Bias (cm).
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Figure 3-170: Accumulated Precipitation Error (cm) by Stateand Time Period for the 2001 Annual MM5

Simulation.
Domain | Jan-Feb | Mar-Apr | May-Jun | Jul-Aug | Sep-Oct | Nov-Dec | Jan-Feb
ALL 2.11 2.49 4.42 6.37 2.97 2.79 3.53
AL 2.69 5.77 4.39 7.12 4.1 3.58 4.61
AK 3.31 1.92 6.33 3.15 1.6 2.31 3.1
AZ 2.8 2.73 3.39 10.66 3.44 1.55 4.09
AR 3.82 2.03 5.4 10.75 4.09 3.2 4.88
CA 4.74 2.63 1.04 2.57 0.94 4.76 2.78
co 0.97 1.88 3.53 2.86 0.85 0.85 1.82
CT 1.52 0.81 4.06 2.95 1.07, 1.62 2
DE 1.17 0.84 3.19 8.51 0.45 2.34 2.75
FL 1.87 3.8 9.77 20.6 12.16 2.96 8.53
GA 1.87 2.77 5.24 10.98 3.9 1.53 4.38
h ID 1.54 2.04 2.22 3.67 1.77, 4.38 2.6
IL 1.58 1.74 4.17 7.05 3.35 2.41 3.38
z IN 1.57 2.57 5.8 6.4 2.73 2.77 3.64
LLl IA 1.29 1.94 4.26 6.35 3.2 1.24 3.05
KS 1.25 2.17 4.87 7.48 2.66 0.89 3.22
E KY 1.53 2.51 10.22 14.84 3.57 3.63 6.05
LA 2.85 5.26 8.76 8.43 5.1] 5.49 5.98
:’ ME 1.35 1.78 2.52 3.05 2.44 1.29 2.07
u MD 1.65 2.05 3.08 3.96 1.81 2.6 2.52
MA 1.18 3.24 3.17 2.47 1.63 1.04 2.12
o M 1.79 1.31 3 3.56 2.95 2.22 2.47
a MN 1.47 2.52 3.62 4.55 1.84 1.17 2.53
MS 4.68 5.44 6.57 11.48 6.54 4.67 6.56
Wl MO 2.1] 2.25 4.76 8.82 3.35 1.53 3.8
MT 1.44 2.16 3.53 3.48 1.51] 2 2.35
> NE 1.18 2.02 5.26 4.98 2.11 0.86 2.73
(- NV 1.67 2.2 1.61 5.43 1.77, 2.3 2.5
NH 2.15 2.58 2.87 2.47 3.66 2.3 2.67
: NJ 1.73 2.28 2.61 4.84 1.81] 1.6 2.48
u NM 1.39 2.15 5.33 7.31 1.39 0.66 3.04
NY 1.71 2.19 2.77 3.04 2.38 2 2.35
ﬂ NC 1.22 2.43 9.59 9.35 2.4 1.39 4.4
q ND 0.77 1.04 2.4 3.24 1.34 0.68 1.58
OH 0.99 1.66 4.09 5.78 2.61 2.77 2.98
¢ OK 2.37 1.5 5.05 6.52 4.2 1.62 3.54
OR 1.6 3.5 2.04 1.56 2.38 6.83 2.98
(a8 PA 1.14 1.79 3.19 4.14 2.09 184 2.36
Ll RI 0.84 2.13 7.07 1.7 1.68 2.32 2.62
SC 1.47 3.08 7.94 15.13 4.57 1.3 5.58
m SD 1.82 1.68 2.53 3.84 1.06 1.1 2.01
TN 3.56 2.07 6.04 14.32 3.64 3.91 5.59
: X 2.96 2.58 5.8 7.34 5.06 3.18 4.49
uT 1.85 2.1] 3.1] 5.32 1.69 2.57 2.77
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Domain | Jan-Feb | Mar-Apr | May-Jun | Jul-Aug | Sep-Oct | Nov-Dec | Jan-Feb
VT 1.05 2.18 2.34 2.98 3.02 2.07 2.27
VA 1.39 1.99 5.37 5.49 1.56 1.53 2.89
WA 2.62 3.71 2.93 2.19 3.22 7.43 3.68
AY 191 3.67 5.18 6.16 1.57 2.8 3.55
WI 0.84 2.06 4.16 3.63 2.84) 1.13 2.44
WY 1.4 2.02 3.71 6.5 1.73 1.48 2.81
CENRAP 2.25 2.37 5.25 7.31 3.79 2.22 3.87
MANE_VU 1.45 2.08 2.97 3.45 2.31 1.84 2.35
MW 1.34 1.89 4.3 5.51 2.88 2.31 3.04
\VISTAS 2.32 3.5 6.94 11.56 4.58 2.84 5.29

Figure 3-171: Annual Accumulated Mean Precipitation Error (cm).
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Figure 3-172: Modd Egtimated and Observed Mean Monthly Total Precipitation for 2001.
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Figure 3-173: Modd Egtimated and Observed Mean Monthly Total Precipitation for 2001 in the CENRAP

States.
15
— / —]
12 - —
§ ol * ]
g [ \ ﬂ ]
o IE—
E 6 A # |
3 - —
0
0 12 24 36 48 60 72 84 96 1081201321441561681 801922042 1 622824 RE 2264276288
Time
28 Feb, 30 Apr. 30 June 31 Aug3 31 Oct, 31 Dec.
31 Jam. 31 Mar. 31 May 31 July 0 Sep. 34 Naov,
Modeled
* Obszerved

Spatial Mean 36km in the CENRAP

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

3-138




Figure 3-174: Mode Egtimated and Observed Mean Monthly Total Precipitation for 2001 inthe MANE_VU

States.
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Figure 3-175: Modd Egtimated and Observed M ean Monthly Total Precipitation for 2001 in the Midwest
RPO States.
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Figure 3-176: Modd Egtimated and Observed Mean Monthly Total Precipitation for 2001 in the VISTAS

States.
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Figure3-177: Modd Estimated and Observed Mean Monthly Total Precipitation for 2001 in the WRAP
States.
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Table3-6: Wind Index of Agreement by Stateand Time Period for the 2001 Annual MM 5 Simulation.

Region | Jan-Feb | Mar-Apr | May-Jun | Jul-Aug | Sep-Oct | Nov-Dec | Jan-Feb | Mean
ALL 0.88 0.85 0.85 0.88 0.85) 0.85) 0.88 0.86
AL 0.7 0.72 0.77 0.72 0.61 0.74 0.8 0.72
AK 0.63 0.37 0.46 0.52 0.49 0.6 0.46 0.5
AZ 0.73 0.72 0.65) 0.72 0.82 0.68 0.74 0.72
AR 0.73 0.64 0.66 0.74 0.63 0.72 0.82 0.71
CA 0.87 0.77 0.8 0.81 0.82 0.74 0.8 0.8
CO 0.68 0.78 0.71 0.8 0.72 0.72 0.79 0.74
CT 0.53 0.58 0.53 0.58 0.58 0.52 0.46 0.54
DE 0.45 0.77 0.8 0.94 0.84 0.8 0.72 0.76
FL 0.76 0.58 0.57 0.68 0.59 0.66 0.66 0.64
GA 0.65) 0.63 0.54 0.54 0.56 0.69 0.6 0.6
ID 0.69 0.74 0.76 0.79 0.61 0.61 0.68 0.7
IL 0.68 0.61 0.65 0.69 0.56 0.58 0.63 0.63
IN 0.69 0.62 0.52 0.68 0.61 0.66 0.58 0.62
IA 0.73 0.63 0.7 0.62 0.52 0.48 0.67 0.62
KS 0.72 0.7 0.71 0.73 0.76 0.67 0.8 0.73
KY 0.69 0.47 0.57 0.5 0.47 0.54 0.56 0.54
LA 0.85) 0.64 0.76 0.75) 0.64 0.63 0.78 0.72
ME 0.45 0.56 0.5 0.47 0.57 0.46 0.54 0.51
MD 0.56 0.56 0.58 0.47 0.61 0.52 0.35 0.52
MA 0.53 0.63 0.59 0.32 0.54 0.45) 0.51 0.51
MI 0.64 0.64 0.58 0.72 0.62 0.69 0.64 0.65)
MN 0.62 0.72 0.73 0.64 0.76 0.59 0.69 0.68
MS 0.75 0.67 0.65) 0.7 0.51 0.53 0.75 0.65)
MO 0.7 0.67 0.63 0.76 0.71 0.64 0.63 0.68
MT 0.75 0.73 0.73 0.83 0.82 0.6 0.78 0.75
NE 0.81 0.8 0.73 0.84 0.77 0.74 0.8 0.78
NV 0.63 0.74 0.76 0.66 0.74 0.74 0.76 0.72
NH 0.23 0.37 0.28 0.24 0.39 0.12 0.27
NJ 0.41 0.53 0.56 0.55) 0.54 0.48 0.56 0.52
NM 0.84 0.77 0.71 0.75 0.76 0.81 0.87 0.79
NY 0.64 0.74 0.64 0.6 0.69 0.55) 0.65) 0.64
NC 0.61 0.61 0.59 0.57 0.56 0.66 0.66 0.61
ND 0.57 0.66 0.68 0.84 0.71] 0.61 0.79 0.69
OH 0.62 0.55) 0.49 0.58 0.61 0.73 0.69 0.61
OK 0.53 0.69 0.56 0.6 0.7 0.66 0.67 0.63
OR 0.73 0.73 0.74 0.84 0.7 0.78 0.73 0.75
PA 0.52 0.72 0.56 0.61 0.66 0.65) 0.67 0.63
RI 0.47 0.65 0.67 0.52 0.66 0.6 0.57 0.59
SC 0.6 0.72 0.49 0.59 0.46 0.55) 0.56 0.57
SD 0.71 0.84 0.66 0.83 0.71 0.71 0.77 0.75
TN 0.66 0.6 0.59 0.59 0.44 0.59 0.69 0.59
TX 0.86 0.7 0.73 0.76 0.72 0.79 0.85 0.77
uT 0.69 0.73 0.77 0.68 0.71 0.6 0.75 0.7
VT 0.63 0.51 0.51 0.51 0.51 0.37 0.38 0.49
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Region | Jan-Feb | Mar-Apr | May-Jun | Jul-Aug | Sep-Oct | Nov-Dec | Jan-Feb | Mean
VA 0.74 0.57 0.62 0.6 0.63 0.63 0.64 0.63
WA 0.68 0.66) 0.78 0.79 0.7 0.75 0.75 0.73
WV 0.54 0.57 0.56) 0.52 0.58 0.56) 0.48 0.54
\WI 0.56) 0.54 0.6 0.56) 0.66) 0.55) 0.64 0.59
WY 0.77 0.63 0.84 0.76) 0.64 0.65) 0.7 0.71
CENRAP 0.93 0.82 0.87 0.88 0.82 0.85) 0.92 0.87
MANE_VU 0.5 0.68 0.57 0.62 0.7 0.49 0.6 0.59
MW 0.75 0.73 0.63 0.8 0.69 0.68 0.72 0.71
\VISTAS 0.83 0.8 0.76) 0.73 0.73 0.78 0.82 0.78

Figure 3-178: Wind Index of Agreement for Base and Sensitivity Simulationsfor 2001 February 2-26. States
are Shaded to Reflect the Simulation with the Best Performance.

07381008  (9)
§ [l 0676t00.738 (13)
[ 061410 0.676 (10)
[Jos52t00614 (7)
[J049 to0552 (9)

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

3-142




Figure 3-179: Wind Speed | ndex of Agreement for January-February 2001.
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Figure 3-180: Wind Speed Index of Agreement for March-April 2001.
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Figure 3-181: Wind Speed Index of Agreement for May-June 2001.
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Figure 3-182: Wind Speed Index of Agreement for July-August 2001.
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Figure 3-183: Wind Speed I ndex of Agreement for September-October 2001.
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Figure 3-184: Wind Speed Index of Agreement for November-December 2001.
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Figure 3-185: Wind Speed I ndex of Agreement for January-February 2002.
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Figure 3-186: Wind Speed Index of Agreement for January-February 2001 in the CENRAP States.
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Figure 3-187: Wind Speed Index of Agreement for March-April 2001 inthe CENRAP States.
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Figure 3-188: Wind Speed Index of Agreement for May-June 2001 in the CENRAP States.
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Figure 3-189: Wind Speed Index of Agreement for July-August 2001 in the CENRAP States.
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Figure 3-190: Wind Speed Index of Agreement for September-October 2001 in the CENRAP States.
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Figure 3-191: Wind Speed Index of Agreement for November-December 2001 in the CENRAP States.
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Figure 3-192: Wind Speed Index of Agreement for January-February 2002 in the CENRAP States.
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Figure 3-193: Wind Speed Index of Agreement for January-February 2001 in the MANE_VU States.
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Figure 3-194: Wind Speed Index of Agreement for March-April 2001 in the MANE_VU States.
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Figure 3-195: Wind Speed Index of Agreement for May-June 2001 in the MANE_VU States.
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Figure 3-196: Wind Speed Index of Agreement for July-August 2001 in the MANE_VU States.
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Figure 3-197: Wind Speed Index of Agreement for September-October 2001 in the MANE_VU States.
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Figure 3-198: Wind Speed Index of Agreement for November-December 2001 in the MANE_VU States.
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Figure 3-199: Wind Speed Index of Agreement for January-February 2002 in the MANE_VU States.
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Figure 3-200: Wind Speed Index of Agreement for January-February 2001 in the Midwest RPO States.
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Figure 3-201: Wind Speed Index of Agreement for March-April 2001 in the Midwest RPO States.
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Figure 3-202: Wind Speed Index of Agreement for May-June 2001 in the Midwest RPO States.
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Figure 3-203: Wind Speed Index of Agreement for July-August 2001 in the Midwest RPO States.
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Figure 3-204: Wind Speed I ndex of Agreement for September-October 2001 in the Midwest RPO States.
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Figure 3-205: Wind Speed Index of Agreement for November-December 2001 in the Midwest RPO States.
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Figure 3-206: Wind Speed Index of Agreement for January-February 2002 in the Midwest RPO States.
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Figure 3-207: Wind Speed Index of Agreement for January-February 2001 in the VISTAS States.
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Figure 3-208: Wind Speed Index of Agreement for March-April 2001 in the VISTAS States.
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Figure 3-209: Wind Speed Index of Agreement for May-June 2001 in the VISTAS States.
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Figure 3-210: Wind Speed Index of Agreement for July-August 2001 in the VISTAS States.
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Figure 3-211: Wind Speed Index of Agreement for September-October 2001 in the VISTAS States.
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Figure3-212: Wind Speed Index of Agreement for November-December 2001 in the VISTAS States.
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Figure 3-213: Wind Speed I ndex of Agreement for January-February 2002 in the VISTAS States.
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Figure 3-214: Wind Speed Index of Agreement for January-February 2001 in the WRAP States.
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Figure 3-215: Wind Speed Index of Agreement for March-April 2001 in the WRAP States.
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Figure3-216: Wind Speed Index of Agreement for May-June 2001 in the WRAP States.
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Figure 3-217: Wind Speed Index of Agreement for July-August 2001 in the WRAP States.
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Figure 3-218: Wind Speed Index of Agreement for September-October 2001 in the WRAP States.
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Figure 3-219: Wind Speed Index of Agreement for November-December 2001 in the WRAP States.
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Figure 3-220: Wind Speed Index of Agreement for January-February 2002 in the WRAP States.
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4 DISCUSSION

Andyss of the results of a modd smulation of 14 months in duration over the entire
Continental United States is a daunting task. To fully didtill these results into a dngle
concluson is nearly impossble. The range of uses to which these modeling results may
be applied further complicates this andys's

The synoptic evaudion has shown the modd is generdly replicating synoptic patterns.
The datidicad evaudion for temperature has shown that the mode is performing
reasonably well with bias scores of around 1 K and error scores around 2 K. Mixing ratio
andlyss show biases of less than 0.5 g/kg and errors around 1 g/kg. Precipitation results
show tha the modd generdly replicaes the observation, but is overesimating
precipitation in the summer months. Wind speed index of agreement shows typica
values of aound 0.75, condgtent with what has higoricdly been found in MM5
modding sudies.



