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INTRODUCTION

Over the past haf decade, emergent requirements for direct numericd smulaion of
urban and regiond scade photochemical and secondary aerosol ar quaity—spawned
largely by the new particulate maiter (PM25) and regiond haze regulations—have led to
intendgfied efforts to condruct high-resolution emissons, meteorologicd and ar qudity
data sats.  The concomitant incresse in computational throughput of low-cost modern
scientific workgtations has ushered in a new era of regiond ar qudity modding. It is
now possble for example to exercise sophisticated mesoscale prognostic meteorological
models and Eulerian and Lagrangian photochemica/aerosol models 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) Mesoscde Modd (MM5) for a smulation from 12
Jduly 2001 through 14 August 2001 for a doman covering the continental United States,
with a higher resolution domain over the eestern U.S.

METHODOLOGY

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

Mode Selection and Application

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

Model Sdectionn  The mogt 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.

Horizontd Domain Definition:  The computationd domain is presented in Fgures 2-1.
The outer domain is a 36km grid with 165 x 129 cdls, sdected to maximize the coverage
of the ETA andyss region. The higher resolution eastern grid is a 12km grid with 245 x
245 grid cdls The projection is Lambert Conforma with the “natiiond RPO” grid
projection pole of 40°, -97° with true latitudes of 33° and 45°.

Veticd Doman Definition: The MM5 modding is based on 34 verticd layers with an
aoproximately 38 meter deep surface layer. The MMS5 verticad domain is presented in
both sgma and height coordinatesin Table 2-1.

Topographic _Inputs:  Topographic information for the MM5 is developed usng the
NCAR and the United States Geologicad Survey (USGS) terrain databases. The 36 km
and 12km grids are based the 5 nmin (~9 km) Geophysicd Data Center globd data. The
teran daa is interpolated to the mode grid using a Cressmantype objective analyss
scheme. To avoid interpolating elevated terrain over water, after the terrain databases are
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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 Vegddion 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 “firs guess’ meteorologica fields has on the MM5 modd predictions. The first guess
fidds are taken from the NCAR ETA 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 conventional National Wegther 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
andyds, focusing on bulk continental scale trangport, thisissue is likely not important.

FDDA Daa Assmilation: This smuldaion uses an andyss-nudging technique where the
observations are nudged toward a field prepared by objective andyzing surface and doft
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 ratio. Only 3D
andydss nudging was peformed and thermodynamic variables are not nudged within the
boundary layer.

Physics Options: The MM5 modd physics options in this smuletion is 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 for 5 %2days with a restart occurring a 127 every
fifth day. To assure continuity in the surface moidture, the mode initid conditions were
updated with the soil conditions from the end of the previous 5 Y2day period usng the
USEPA “INTERPX” processor.

Grid Nedting:  The mode was run with the 12km grid as a one-way nest from the 36km
grid with hourly updated boundary conditions.
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1.1 Evaluation Approach

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

Interpretation of bulk datigics over a continental scade domain is problematic. It is
difficult to detect if the modd is missng important sub-regiond features. For this
andyss the ddidics are peformed on a date-by-date bass a Regiond Planning
Organization (RPO) basis, and on adomain-wide basis.

The obsarved database for winds, temperature, and water mixing ratio used in this
andysis 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.
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Figure2-1: National ETA Computational Grid.
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2 RESULTS

2.1 Modd Evaluation Results

The synoptic and gatistica evauations for amulation are presented in the following sections.

211 Synoptic Evaluation

One very important metric of mode performance is to quditatively assess how well the mode is
able to capture the evolution of synoptic systems. Sea level pressure and radar reflectivity plots
for every 36 hours throughout the episode are presented in Figures 31 through 366. Figure 31
through 366 consst of 22 groups of three plots. The first plot in each group presents the 36km
mode edtimated fieds with the blue lines being 850 mbar heights, the red vectors are wind barbs
and the shaded areas are regions of smulated radar reflectivity. The second plot presents the
same information for the 12km grid. The find plot is the archived surface chat from
wesether.unisyscom with the 850 Mbar heights in bold lines and shaded regions of radar
reflectivity.

Some generd conclusions from these figures are:

The modd tends to generate more mesoscde dructure in the 850 Mbar height fidds,
particularly over the western mountains.

The modd generdly captures long wave patterns. The model has no tendency to ether
lag systems behind the observations, or to advance systems faster than suggested by the
observations at either the 12km or 36km grid scales.

The modd generdly captures the regions of organized radar reflectivity, but the modd
underestimates the geographic extent. The underestimation is approximately the same a
both the 12km and 36km horizonta grid spacing.

2.1.2 Statistical Evaluation

The results for the datiica evaudaion ae presented in this section. The tables present the
datisicdl metric for each date, for each Regiond Planning Organization (RPO), and for the
entire modeling domain (including only the United States). Severd issues relaed to the
quantitative modd performance must be taken into account in assessing the modd performance

The mixing raio (i.e, specific humidity) and temperaiure measurements are typicdly teken a a
2 m shdter height while the mode predictions are derived from the node (middle point) of the
fird level in the MM5 modd, 19 m. Thus, there is an unavoidable mismatch between the height
of the measurement (2 m) and the height of the prediction (19 m). For wind speed and direction
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the comparison is from nomind anemometer height (10m) to the MM5 grid node (19 m). This
introduces differences between the modd estimated fiddld and the observation that are quite
independent of any error in the measurement or modd prediction. In practice, this proves to be
an inherent limitation of a rigorous performance gppraisa of the meteorologicd mode since no
reliable method is presently avalable to transform the prediction and measurement to a common
height.

Additiond care must be exercised in the 12km Western Regiond Air Patnership (WRAP) RPO
evauation snce the mgority of the WRAP lies outsde the 12km modeling domain.

Temperature bias and error results are presented in Tables 31 and 32 for the 36km and 12km
domains, respectively. For the entire domain a 36km resolution the modd has a bias of —0.77
K. At 12km horizontd grid spacing the model has a temperaiure bias of —0.41 K. This is, the
mode is too cool by 0.41 K. The mode has a temperature error of 2.04 K at 36km grid spacing
and 1.64 K at 12km resol ution.

Domain mean temperature plots are presented in Figure 367 and Figure 368 for the 12km and
36km domains, respectively. The modd generdly tracks within a couple of degrees of the
observations. Mean temperature plots for the CENRAP states are presented n Figures 367 and
3-68. Themodd is able to capture overdl trends.

Temperature spatid mean plots for the MANE-VU RPO region are presented in Figures 3-71
and 3-72. The most notable feature is the ability of the modd to accurately capture the fronta
passage on 26 July. Plots for the Midwestern RPO are presented in Figures 3-73 and 3-74.
Agan, the modd is able to accuratdy time the frontd passage on 25 July. VISTAS RPO plots
are presented in Figure 3-75 and Figure 3-76. For dl these regions the seasonal patterns are
generdly captured and nomindly weeklong synoptic patterns are replicated.

Findly, the WRAP RPO mean temperature bias is presented in Figure 377 and 378. For the
WRAP region the modd shows much more difference in the 36km and 12km model estimates.
This is because the mgority of the WRAP area lies outsde the 12km domain so different Sations
are being used in the 12km and 36km spatial mean calculation.

Mixing ratio bias and error (g/kg) results are presented in Tables 33 and 34 for the 36km and
12km domains, respectively. Averaged over the entire domain a 36km, the mode shows a
negative bias of 0.32 g/kg. Over the 12km domain the mode shows a negative bias of 0.92 g/kg.
This meansthat the modd is dightly too dry.

Domain averaged mean mixing ratio are presented in Figures 381 and 382. The modd is too
dry for the mgority of the episode, particularly during the first week of the episode.  The modd
is tending to do dightly better in the 12km domain than in the 36km domain. Mean mixing rdio
for the CENRAP region is presented in Figures 3-81 and 3-82. In the CENRAP region the
mode shows the same low bias as the doman wide andysis early in the episode, but the modd,
particularly a 12km resolution does better during the ret of the episode. The drying period on 8
and 9 Augud is accurady captured both in timing and in magnitude.  Fgures 3-83 and 384
present the spatid mean mixing ratio results in the northeestern MANE-VU sates. The MANE-
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VU region shows less dry bias than other regions early in the episode and the drying period from
25 through 28 July is accurately captured. The Midwestern RPO results are presented in Figures
3-85 and 3-86. As with MANE-VU, the drying period in late July is accurately captured, but the
modd tends to be dightly too dry. The southeastern VISTAS dates are in Figures 387 and 3
88. The VISTAS reaults agree more closdy than the other RPO's, with the modd being dightly
too dry during the early amulation period. Findly, the WRAP results are presented in Figures 3
89 and 390. As with the temperature results, the modd performs less wel 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 g/kg.

Accumulated precipitation bias for the entire domain, and each sate and RPO region for the
12km and 36km domains are presented in Tables 3-5 and 3-6, respectively. The accumulated
precipitation is computed by summing the observed precipitation over the entire period at each
dation, and summing the modd estimated precipitation a the Sation location over the same
period. By using the accumulated precipitation metric we are able to rdax the timing of ranfal
events and to focus on ranfdl trends. For the entire 12km domain, summed over the entire
episode, the modd is overestimating rainfall by 1.29 cm. For the entire 36km domain, the modd
is overestimating precipitation by 1.44 cm.

Weekly observed and estimated total precipitation for the 36km and 12km domains are presented
in FHgures 3-92 and 3-93, respectivdy. The modd is able to accurately replicate the weekly
average precipitation Weekly rainfal comparisons for the CENRAP region are presented in
Figure 3-94 and Figure 3-95. In the CENRAP region the modd is tending to overestimate
ranfdl. Weekly rainfal comparisons for the MANE-VU region are presented in Figure 3-96
and Figure 3-97. Midwestern RPO results are presented in Figure 398 and Figure 399. Both
the MANE-VU and Midwestern RPO results show very close agreement. In the VISTAS dates,
Figure 3-100 and Figure 3-101, the mode is quite accurate during the first haf of the episode,
but does more poorly during the second haf by overetimating the precipitation by
goproximately 25 percent. Figures 3-102 and 3103 present the WRAP results. For the limited
portion of the WRAP in the 12km doman, the higher ranfal in the fird hdf and the dryer
period in the second half is accurately portrayed.

Wind speed index of agreement are presented in Tables 3-7 and 3-9. The 36km and 12km
domains show nearly identicad vaues of 090 and 0.89 for the 36km and 12km domains,
regpectivdly.  Examinaion of Figures 3104 and 3105 reveds no generd trends in the index of
agreement over the course of the episode. Index of Agreement time series plots for the entire
domain, and for each RPO are presented in Figures 3-106 through 3-115.
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Figure 2-1: 36 km Model Predicted 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid
00Z 13 July 2001.

Dataset: PLEIM-XIUZ RIP: dbz Init: 1200 UTC Thu 12 Jul 01
Fest: 12.00 Valid: 0000 UTC Fri 13 Jul 01 (1900 CDT Thu 12 Jul 01)
Reflectivity at sigma = 0.9498

Horizontal wind vectors at gigma = (0.998
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Figure2-2: 12km Predicted 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid 00Z 13

July 2001.
Dataset: PLEIM—XIUZ RIP. dbz nit: 1200 UTC Thu 12 Jul 01
Fest: 12.00 Valid: 0000 UTC Fri 13 Jul 01 (1900 CDT Thu 12 Jul 01)
Refleclivity at sigma = 0.9498
Horizontal wind vectors al =sigma = 0.998
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Figure 2-3: Observed 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid 00Z 13 July

2001.
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Figure 2-4: 36 km Model Predicted 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid
02Z 14 July 2001.

Dataset: PLEIM-XIUZ RIP: dbz Init: 1200 UTC Thu 12 Jul 01
Fest:  48.00 Valid: 1200 UTC Sat 14 Jul 01 (0700 CDT Sat 14 Jul 01)
Reflectivity at sigma = 0.9498

Horizontal wind vectors at gigma = (0.998
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Figure 2-5: 12km Predicted 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 02Z 14
Refleclivity

July 2001.
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Figure 2-6: Observed 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 02Z 14 July
2001.
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Figure2-7: 36 km Model Predicted 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid
00Z 16 July 2001.

Dataset: PLEIM-XIUZ RIP: dbz Init: 1200 UTC Thu 12 Jul 01
Fest:  84.00 Valid: 0000 UTC Mon 16 Jul 01 (1900 CDT Sun 15 Jul 01)
Reflectivity at sigma = 0.9498

Horizontal wind vectors at gigma = (0.998

Sea—level pressure
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Valid: 0000 UTC Mon 16 Jul 01 (1900 CDT Sun 15 Jul 01)
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Figure 2-8: 12km Predicted 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 00Z 16
Refleclivity

July 2001.
Dataset: PLEIM—XIUZ ERIP: dbz
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Figure 2-9: Observed 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 00Z 16 July
2001.
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Figure2-10: 36 km Mode Predicted 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid
127 17 July 2001.

Dataset: PLEIM-XIUZ RIP: dbz Init: 1200 UTC Thu 12 Jul 01
Fest: 120.00 Valid: 1200 UTC Tue 17 Jul 01 (0700 CDT Tue 17 Jul 01)
Reflectivity at sigma = 0.9498

Horizontal wind vectors at gigma = (0.998
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Figure2-11: 12km Predicted 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid 12Z 17

July 2001.
Dataset: PLEIM—XIUZ RIP. dbz Init: 1200 UTC Thu 12 Jul 01
Fest: 120.00 Valid: 1200 UTC Tue 17 Jul 01 (0700 CDT Tue 17 Jul 01)
Refleclivity at sigma = 0.9498
Horizontal wind vectors al =sigma = 0.998
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Figure2-12: Observed 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid 127 17 July

2001.
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Figure2-13: 36 km Model Predicted 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid
00Z 19 July 2001.

Dataset: PLEIM-XIUZ RIP: dbz Init: 1200 UTC Tue 17 Jul 01
Fest:  36.00 Valid: 0000 UTC Thu 19 Jul 01 (1900 CDT Wed 18 Jul 01)
Reflectivity at sigma = 0.9498

Horizontal wind vectors at gigma = (0.998
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Figure 2-14: 12km Predicted 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 00Z 19
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July 2001.
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Figure 2-15: Observed 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 00Z 19 July
2001.
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Figure2-16: 36 km Model Predicted 850 Mbar Heights, SurfaceWind Vectorsand Radar Reflectivity valid
127 21 July 2001.

Dataset: PLEIM-XIUZ RIP: dbz Init: 1200 UTC Tue 17 Jul 01
Fest:  96.00 Valid: 1200 UTC Sat 21 Jul 01 (0700 CDT Sat 21 Jul 01)
Reflectivity at sigma = 0.9498

Horizontal wind vectors at gigma = (0.998
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Figure 2-17: 12km Predicted 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 12Z 21
Refleclivity

July 2001.
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Figure 2-18: Observed 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 12Z 21 July
2001.
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Figure2-19: 36 km Mode Predicted 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid
00Z 23 July 2001.

Dataset: PLEIM-XIUZ RIP: dbz Init: 1200 UTC Tue 17 Jul 01
Fest: 132.00 Valid: 0000 UTC Mon 23 Jul 01 (1900 CDT Sun 22 Jul 01)
Reflectivity at sigma = 0.9498

Horizontal wind vectors at gigma = (0.998

Sea—level pressure
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Figure 2-20: 12km Predicted 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 00Z 23

July 2001.
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Figure 2-21: Observed 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 00Z 23 July
2001.
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Figure2-22: Observed 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid 12Z 24 July
2001.

Dataset: PLEIM—XIUZ RIP: dbz Init: 1200 UTC Sun 22 Jul 01

Fest:  48.00 Valid: 1200 UTC Tue 24 Jul 01 (0700 CDT Tue 24 Jul 01)
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Figure 2-23: 12km Predicted 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 12Z 24
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July 2001.
Dataset: PLEIM—XIUZ ERIP: dbz

Horizontal wind vectors

Fest:

~
us] = < [
il o b o2
I ] o
pan
) )
= o
Bl S RERE A EERE R i b e S taia ta Rl
RS A SRR EEL SRS R RN M\MMM\_.W_M““M__‘
5 D RRRE AR R R Y 4N S A
TN SRR AT Y I T T NG T r Ww
R T T L N \v.\wwﬁ_wn rri~2rr
) B A LR AR R RS SRR RAS o e
B ~ NS - J_JJJJJJ_JJJ_JJJJJJJ\;\.}\VW\\W_nW_w [
T 5 i J_r..l;l..l;[.r:rsj_r‘:rslslslg]gl,\r\)\;.\;\/\;\v\n\( ol
oy R TRy | — = - — o o o T T e o
B Tainh B — T s A o J__r.__ra.laJ.I__Jl,a.)l\f\,\\/Lwﬂﬁﬁ I
. R oy ad rw, T T i o e ST
Sy oty oy s e g e e - == I._IngJo\alg\o\;\»\:\o.\?\__‘ r _ﬂ\__.‘.umkh
Yo Ty oy TR g 1 e Jll.._ — — T e JJpJp]B]BIg\m\q\\./\\v\?\v\ r
R R B s 2T e e S AT T T
N N SR S Rt Sl i SR GRARIR A
BV R A Y Ry She s S e N R P sLabas:
RN NN Jl\.\H_.....\.rl\/» - [P RY sai h.y T e
..h_vpu./.vw oy ey e o A rr P ]ﬁ) — _+ &
L..__,,.,l_va _ \J\\wJ rf,.wr«.a.._. ot iy f 1: T e T e T o S
R A I [= | e S S A A I,
T 3 Sy T T T LI N B N e R
INENNRY & R S s A e L ~ ¥ o sy
IR IR ERY ST N R R T i /xm O LTV A = e e
IR NN RN /USRRNR Y N ; e T B _,/M, MM By T T e
50 V00 " AT LR A e e v rﬂ_ i B
Y SN o R S s St R = M R
L_._ 10 | o oy (R - P I EER I ,_z T e
O SR, 1 ISR == T. \xm}xxww)r_r_
RS N R T I R R RSt el - - L mmeees
44 DI SRR SRR R AR B e e T
o h SN T ) s A TN /r\\iu\“_f AT
A WL STt e s R R T “ T /T“_.f ﬁMM vy
A I o e I I N R A1 R Pl T Ty
S s Y NN e L /JV\JVHD_/\Eu./\é AR
N By 20 i [Nt =1 SRR AR I =] RN PR i ﬂfJ/
RERaVIVAE e e N R i) (L A
V- S/ N e T S-S L P SR
o \\trrrrf‘,xﬂ\ﬁwx” /thJ)\}BHLJJJ)\: L A
o B Y e A I Tl R R Y
. T T N . niliy ET . PN .I,.J]lJJ./“,\J Fo
e R Fw s T T P R S B ¥ T
e e MLl [ ) S L JIJJlIJ_,Jl\\
s A Lol L I A% 71 R oy \KJJJ]lJ\A\aw_r_.q
P ENNEE B P AR B L S S SR - \\.\\\&J)JL}\HHHHﬁ
r-.m-r\._Tl.}f.- SV W ..ﬁmlﬂ‘mm.w. A R itk JlJJl_m\,qa rr ‘..H_,_w
e R R 7 e o N e e = v
B i I - - — T —
RNl S IR | &P .I:Q..L\(\\\ JMiJu.HUJJJ [

G.0000
10 sec

INTERVAL

34 levels,

1020.0
12 km,

BARB VECTORS: FULL BARB = 10 kts

HIGH:
Simple ice
2-31

996.00

hFa LOW

10 20 30 40 50 60 70 80 S01001101201301401501601 701801 9020021 0220230240
CONTOURS: UNITS

Model info: V3.5.0 Kain—Frsch



Figure 2-24: Observed 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 12Z 24 July
2001.
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Figure2-25: 36 km Model Predicted 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid
00Z 26 July 2001.
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Figure 2-26: 12km Predicted 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 00Z 26
Refleclivity

July 2001.
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Figure2-27: Observed 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid 00Z 26 July

2001.
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Figure2-28: 36 km Mode Predicted 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid
127 27 July 2001.

Dataset: PLEIM-XIUZ RIP: dbz Init: 1200 UTC Sun 22 Jul 01
Fest: 120.00 Valid: 1200 UTC Fri 27 Jul 01 (0700 CDT Fri 27 Jul 01)
Reflectivity at sigma = 0.9498

Horizontal wind vectors at gigma = (0.998
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Figure 2-29: 12km Predicted 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 12Z 27
Refleclivity

July 2001.
Dataset: PLEIM—XIUZ ERIP: dbz
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Figure 2-30: Observed 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 12Z 27 July
2001.
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Figure2-31: 36 km Mode Predicted 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid
00Z 29 July 2001.

Dataset: PLEIM-XIUZ RIP: dbz Init: 1200 UTC Fri 27 Jul 01
Fest:  36.00 Valid: 0000 UTC Sun 29 Jul 01 (1900 CDT Sat 28 Jul 01)
Reflectivity at sigma = 0.9498

Horizontal wind vectors at gigma = (0.998

Sea—level pressure
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Figure2-32: 12km Predicted 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid 00Z 29
July 2001.

Dataset: PLEIM—XIUZ ERIP: dbz

Fest:  36.00 Valid: 0000 UTC Sun 29 Jul 01 (1900 CDT Sat 28 Jul 01)
Refleclivity at sigma = 0.9498

Horizontal wind vectors al =sigma = 0.998

Sea—level pressure
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Figure 2-33: Observed 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 00Z 29 July
2001.
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Figure2-34: 36 km Mode Predicted 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid
127 30 July 2001.

Dataset: PLEIM-XIUZ RIP: dbz Init: 1200 UTC Fri 27 Jul 01
Fest:  72.00 Valid: 1200 UTC Mon 30 Jul 01 (0700 CDT Mon 30 Jul 01)
Reflectivity at sigma = 0.9498

Horizontal wind vectors at gigma = (0.998

Sea—level pressure
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Figure 2-35: 12km Predicted 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 12Z 30
July 2001.

Dataset: PLEIM—XIU2 RIP: dbz Init: 1200 UTC Fri 27 Jul 01
Fest: Y2.00

Valid: 1200 UTC Men 30 Jul 01 (0700 CDT Mon 30 Jul 01)
Refleclivity at sigma = 0.9498
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Figure 2-36: Observed 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 12Z 30 July
2001.
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Figure2-37: 36 km Mode Predicted 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid
00Z 1 August 2001.

Dataset: PLEIM-XIUZ RIP: dbz Init: 1200 UTC Fri 27 Jul 01
Fest: 108.00 Valid: 0000 UTC Wed 01 Aug 01 (1800 CDT Tue 31 Jul 01)
Reflectivity at sigma = 0.9498

Horizontal wind vectors at gigma = (0.998
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Figure 2-38: 12km Predicted 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 00Z 1

August 2001.
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Figure 2-39: Observed 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 00Z 1 August

2001.
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Figure 2-40: 36 km Mode Predicted 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid
127 2 August 2001.

Dataset: PLEIM-XIUZ RIP: dbz Init: 1200 UTC Wed 01 Aug 01
Fest:  24.00 Valid: 1200 UTC Thu 02 Aug 01 (0700 CDT Thu 02 Aug 01)
Reflectivity at mgma = 0.988

Horizontal wind vectors at gigma = (0.998
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Figure 2-41: 12km Predicted 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 12Z 2
August 2001.

Dataset: PLEIM—XIUZ RIP. dbz Init: 1200 UTC Wed 01 Aug 01
Fest:  24.00 Valid: 1200 UTC Thu 02 Aug 01 (0700 CDT Thu 02 Aug 01)
Refleclivity at sigma = 0.9498

Horizontal wind vectors al =sigma = 0.998

Sea—level pressure
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Figure 2-42: Observed 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 12Z 2 August
2001.
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Figure2-43: 36 km Mode Predicted 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid

00Z 4 August 2001.
Dataset: PLEIM-XIUZ RIP: dbz Init: 1200 UTC Wed 01 Aug 01
Fest:  60.00 Valid: 0000 UTC Sat 04 Aug 01 (1900 CDT Fri 03 Aug 01)
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Figure 2-45: Observed 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 00Z 4 August
2001.
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Figure 2-46: 36 km Mode Predicted 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid
127 5 August 2001.

Dataset: PLEIM-XIUZ RIP: dbz Init: 1200 UTC Wed 01 Aug 01
Fest:  96.00 Valid: 1200 UTC Sun 05 Aug 01 (0700 CDT Sun 05 Aug 01)
Reflectivity at sigma = 0.9498

Horizontal wind vectors at gigma = (0.998
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Figure 2-47: 12km Predicted 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 12Z 5

August 2001.
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Figure 2-48: Observed 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 127 5 August
2001.
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Figure 2-49: 36 km Mode Predicted 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid
00Z 7 August 2001.

Dataset: PLEIM-XIUZ RIP: dbz Init: 1200 UTC Wed 01 Aug 01
Fest: 132.00 Valid: 0000 UTC Tue 07 Aug 01 (1900 CDT Mon 06 Aug 01)
Reflectivity at mgma 0.9498

Horizontal wind vectors at gigma = (0.998
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Figure 2-50: 12km Predicted 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 00Z 7
August 2001.

Dataset: PLEIM—XIUZ RIP. dbz Init: 1200 UTC Wed 01 Aug 01
Fest: 132.00 Valid: 0000 UTC Tue 07 Aug 01 (1900 CDT Mon 06 Aug 01)
Refleclivity at SLgma 0.998

Horizontal wind vectors al =sigma = 0.998
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Figure 2-51: Observed 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 00Z 7 August
2001.
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Figure2-52: 36 km Mode Predicted 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid
127 8 August 2001.

Dataset: PLEIM-XIUZ RIP: dbz Init: 1200 UTC Mon 06 Aug 01
Fest:  48.00 Valid: 1200 UTC Wed 08 Aug 01 (0700 CDT Wed 08 Aug 01)
Reflectivity at mgma 0.9498

Horizontal wind vectors at gigma = (0.998

Sea—level pressure
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Figure 2-53: 12km Predicted 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 12Z 8
August 2001.

Dataset: PLEIM—XIUZ RIP. dbz Init: 1200 UTC Mon 06 Aug 01
Fest:  48.00 Valid: 1200 UTC Wed 08 Aug 01 (0700 CDT Wed 08 Aug 01)
Refleclivity at SLgma = 0.958

Horizontal wind vectors al =sigma = 0.998
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Figure 2-54: Observed 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 12Z 8 August
2001.
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Figure 2-55: 36 km Mode Predicted 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid
00Z 10 August 2001.

Dataset: PLEIM-XIUZ RIP: dbz Init: 1200 UTC Mon 06 Aug 01
Fest:  84.00 Valid: 0000 UTC Fri 10 Aug 01 (1900 CDT Thu 09 Aug 01)
Reflectivity at sigma = 0.9498

Horizontal wind vectors at gigma = (0.998
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Figure 2-56: 12km Predicted 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 00Z 10

August 2001.
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Figure 2-57: Observed 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 00Z 10 August
2001.
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Figure 2-58: 36 km Mode Predicted 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid
127 11 August 2001.

Dataset: PLEIM-XIUZ RIP: dbz Init: 1200 UTC Mon 06 Aug 01
Fest: 120.00 Valid: 1200 UTC Sat 11 Aug 01 (0700 CDT Sat 11 Aug 01)
Reflectivity at mgma = 0.988

Horizontal wind vectors at gigma = (0.998
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Init: 1200 UTC Mon 06 Aug 01

Valid: 1200 UTC Sat 11 Aug 01 (0700 CDT Sat 11 Aug 01)

at sigma = 0.9498
al =sigma = 0.998

Dataset: PLEIM—XIUZ ERIP: dbz
120.00

Fest:
Horizontal wind vectors

Sea—level pressure

Figure 2-59: 12km Predicted 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 12Z 11
Refleclivity

August 2001.
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Figure 2-60: Observed 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 12Z 11 August
2001.
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Figure2-61: 36 km Mode Predicted 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid
00Z 13 August 2001.

Dataset: PLEIM-XIUZ RIP: dbz Init: 1200 UTC Sat 11 Aug 01
Fest:  36.00 Valid: 0000 UTC Mon 13 Aug 01 (1900 ¢DT Sun 12 Aug 01)
Reflectivity at sigma = 0.9498

Horizontal wind vectors at gigma = (0.998
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Figure 2-62: 12km Predicted 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 00Z 13
August 2001.

Dataset: PLEIM—XIUZ RIP: dbz Init: 1200 UTC Sat 11 Aug 01

Fest:  36.00 Valid: 0000 UTC Mon 13 Aug 01 (1900 CDT Sun 12 Aug 01)
Refleclivity at sigma = 0.9498

Horizontal wind vectors al =sigma = 0.998

Sea—level pressure
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Figure 2-63: Observed 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 00Z 13 August
2001.
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Figure2-64: 36 km Mode Predicted 850 Mbar Heights, Surface Wind Vectorsand Radar Reflectivity valid
127 14 August 2001.

Dataset: PLEIM-XIUZ RIP: dbz Init: 1200 UTC Sat 11 Aug 01
Fest:  72.00 Valid: 1200 UTC Tue 14 Aug 01 (0700 CDT Tue 14 Aug 01)
Reflectivity at sigma = 0.9498

Horizontal wind vectors at gigma = (0.998
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Figure 2-65: 12km Predicted 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 12Z 14
August 2001.

Dataset: PLEIM—XIUZ RIP. dbz Init: 1200 UTC Sat 11 Aug 01
Fest:  72.00 Valid: 1200 UTC Tue 14 Aug 01 (0700 CDT Tue 14 Aug 01)
Refleclivity at sigma = 0.9498

Horizontal wind vectors al =sigma = 0.998

Sea—level pressure
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Figure 2-66: Observed 850 Mbar Heights, Surface Wind Vectors and Radar Reflectivity valid 12Z 14 August
2001.
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Table2-1: TemperatureBiasand Error (K) by

Stateand RPO in the 36km Grid.

36km 36km

Region Bias Error

ALL -0.77 2.04
AL -0.42 1.54
AK -1.01 1.47
AZ -2.38 3.44
AR -0.18 1.65
CA -2.78 3.36
CO -2.12 3.06
CT -0.33 1.64
DE -0.48 1.54
DC -1.50 1.57
FL -0.48 1.64
GA -0.36 1.45
ID -0.74 2.86
IL 0.06 1.66
IN -0.04 1.60
IA -0.15 1.60
KS -1.03 2.00
KY -0.40 151
LA -0.44 1.74
ME -0.19 1.71
MD -0.38 1.75
MA 0.02 1.66
Ml -0.18 1.94
MN 0.40 1.72
MS -0.22 1.59
MO -0.24 151
MT -1.33 2.51
NE -0.57 1.81
NV -2.61 3.79
NH 0.39 2.64
NJ -0.64 1.80
NM -1.99 2.92
NY -0.63 1.91
NC -0.45 1.61
ND -0.23 1.71
OH -0.22 1.63
OK -1.26 2.06
OR -1.64 2.60
PA -0.57 1.72
RI -0.06 1.44

2-75

36km 36km
Region Bias Error
SC -0.60 1.46
SD -0.55 1.89
TN -0.61 1.53
X -1.17 1.78
Ut -1.58 3.18
VT -0.29 2.14
VA -0.71 1.82
WA -0.83 2.10
WV -0.03 1.52
WI 0.14 1.74
WY -2.21 3.14
CENRAP -0.46 1.76
MANE_VU -0.36 1.83
MW -0.05 1.76
VISTAS -0.46 1.60




Table2-2: TemperatureBiasand Error (K) by

State and RPO in the 12km Grid.

12km 12km

Region Bias Error

ALL -0.41 1.64
AL -0.45 1.48
AR -0.3 1.65
CO -1.11 2.3
CT -0.4 151
DE -0.17 1.03
DC -1.22 1.36
FL -0.71 1.6
GA -0.43 1.45
IL -0.03 1.59
IN -0.17 157
IA -0.3 1.6
KS -0.89 1.86
KY -0.36 1.46
LA -0.52 1.62
ME -0.09 1.63
MD -0.28 1.54
MA -0.05 1.57
MI -0.33 181
MN 0.22 1.63
MS -0.29 1.53
MO -0.29 1.49
NE -0.45 1.67
NH 0.4 2.37
NJ -0.64 171
NY -0.48 1.72
NC -0.47 1.53
ND -0.18 1.67
OH -0.3 1.56
OK -1.23 2.02
PA -0.65 1.64
RI -0.08 1.32
SC -0.64 1.46
SD -0.54 1.76
TN -0.59 1.46
X -1.05 1.63
VT -0.43 2.06
VA -0.57 1.7
WV -0.01 1.42
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12km 12km
Region Bias Error
WI -0.08 1.66
CENRAP -0.47 1.67
MANE_VU -0.33 1.69
MW -0.2 1.67
VISTAS -0.51 154




Figure2-67: Moded Estimated and Observed Spatial Mean Temperatures (Deg. C) for 36km Grid.
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Figure 2-68: Moded Estimated and Observed Spatial Mean Temperatures (Deg. C) for 12km Grid.
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Figure2-69: Mode Estimated and Observed Spatial Mean Temper atures (Deg. C) in the 36km grid for the
CENRAP States.
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Figure2-70: Modd Estimated and Observed Spatial Mean Temper atures (Deg. C) in the 12km grid for the
CENRAP States.
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Figure2-71. Mode Estimated and Observed Spatial Mean Temper atures (Deg. C) in the 36km grid for the
MANE-VU States.
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Figure2-72: Modd Estimated and Observed Spatial Mean Temper atures (Deg. C) in the 12km grid for the
MANE-VU States.
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Figure2-73: Modd Egtimated and Observed Spatial Mean Temperatures (Deg. C) in the 36km domain for
the Midwestern RPO States.

40

30

20

10

Temperature (DEG C)

¢
0 792
Time
July 22 July 28 July 3 Aug. 9 Aug.
13 July 16 July 25 July 31 July 6 Aug. 12 Aug.
* Observed
Modeled

Neighborhood Spatial Mean 36lkan in the MW

Figure2-74. Moded Estimated and Observed Spatial Mean Temperatures (Deg. C) in the 12km domain for
the Midwestern RPO States.
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Figure2-75: Mode Estimated and Observed Spatial Mean Temper atures (Deg. C) in the 36km grid for the
VISTAS States.
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Figure2-76: Mode Egsimated and Observed Spatial Mean Temperatures (Deg. C) in the 12km grid for the
VISTAS States.
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Figure2-77: Mode Estimated and Observed Spatial Mean Temper atures (Deg. C) in the 36km grid for the
WRAP States.
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Figure2-78: Mode Estimated and Observed Spatial Mean Temper atures (Deg. C) in the 12km grid for the
WRAP States.
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Table2-3: Mixing Ratio Biasand Error (g/kg) by

Stateand RPO in the 36km Grid.

36km 36km

Region Bias Error

ALL -0.32 1.63
AL -0.49 1.46
AK 0.04 0.67
AZ 0.71 2.63
AR -0.38 1.59
CA -0.48 142
CO -0.43 1.95
CT -0.59 1.36
DE -0.74 1.44
DC -0.84 1.44
FL -0.65 1.52
GA -0.84 1.62
ID -0.31 1.59
IL -0.39 1.84
IN -0.60 1.55
IA -0.52 1.86
KS 0.05 1.84
KY -0.10 1.49
LA -0.14 2.21
ME 0.15 1.31
MD -0.32 1.40
MA -0.38 1.22
Ml -0.24 1.37
MN -0.26 1.77
MS -0.51 152
MO -0.73 1.70
MT -0.27 157
NE 0.04 1.75
NV 0.54 2.07
NH -0.32 1.24
NJ -0.55 1.48
NM 0.07 2.24
NY -0.40 1.34
NC -0.33 1.56
ND -0.55 1.69
OH -0.52 1.45
OK -0.33 2.17
OR -0.07 1.24
PA -0.19 151
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36km 36km
Region Bias Error
RI -0.17 1.05
SC -0.29 1.40
SD 0.04 1.75
TN -0.42 1.40
X -0.19 1.88
uT 0.54 2.02
VT -0.33 1.39
VA -0.89 1.67
WA -0.45 1.09
\AY -0.96 1.69
WI -0.44 1.60
WY 0.08 1.81
CENRAP -0.27 1.85
MANE_VU -0.31 1.36
MW -0.39 1.53
VISTAS -0.58 1.55




Table2-4. Mixing Ratio Biasand Error (g/kg) by

Stateand RPO in the 12km Grid.

12km 12km

Region Bias Error

ALL -0.92 1.86
AL -1.04 1.75
AR -0.94 1.89
CO 0.52 2.25
CT -1.04 1.62
DE -1.01 1.58
DC -1.49 1.91
FL -1.39 2.00
GA -1.17 1.83
IL -1.31 2.23
IN -1.44 2.01
IA -1.24 2.20
KS -0.32 1.94
KY -0.90 181
LA -0.79 2.64
ME 0.01 131
MD -0.99 1.78
MA -0.78 1.41
MI -0.70 1.55
MN -0.83 1.88
MS -1.10 1.84
MO -1.62 2.26
NE -0.23 1.79
NH -0.51 1.33
NJ -1.09 1.72
NY -0.76 1.53
NC -0.88 1.79
ND -0.81 1.75
OH -1.29 1.89
OK -0.74 2.32
PA -0.70 1.68
RI -0.70 1.29
SC -0.65 1.56
SD -0.22 1.74
TN -0.87 1.65
X -0.75 2.04
VT -0.43 1.43
VA -1.31 1.92
WV -1.45 1.97
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12km 12km
Region Bias Error
WI -1.05 1.86
CENRAP -0.83 2.05
MANE_VU -0.70 1.53
MW -1.05 1.84
VISTAS -1.13 1.85




Figure2-79: Moded Estimated and Observed Spatial Mean Mixing Ratio (g/kg) in the 36km Grid.
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Figure 2-80: Moded Estimated and Observed Spatial Mean Mixing Ratio (g/kg) in the 12km Grid.
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Figure2-81: Modd Egimated and Observed Spatial Mean Mixing Ratio (g/kg) in the 36 km Grid for the
CENRAP States.
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Figure2-82: Mode Estimated and Observed Spatial Mean Mixing Ratio (g/kg) in the 12 km Grid for the
CENRAP States.
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Figure2-83: Moded Estimated and Observed Spatial Mean Mixing Ratio (g/kg) in the 36km Grid for the
MANE_VU States.
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Figure 2-84: Modd Egtimated and Observed Spatid Mean Mixing Ratio (g/kg) in the 12km Grid for the
MANE_VU States.
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Figure 2-85: Mode Estimated and Observed Spatial Mean Mixing Ratio (g/kg) in the 36km Grid for the
Midwest RPO States.
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Figure 2-86: Mode Estimated and Observed Spatial Mean Mixing Ratio (g/kg) in the 12km Grid for the
Midwest RPO States.
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Figure2-87: Modd Egtimated and Observed Spatial M ean Mixing Ratio (g/kg) in the 36km Grid for the
VISTASRPO States.
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Figure 2-88: Moded Estimated and Observed Spatial Mean Mixing Ratio (g/kg) in the 12km Grid for the
VISTASRPO States.
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Figure2-89: Mode Estimated and Observed Spatial Mean Mixing Ratio (g/kg) in the 36km Grid for the

WRAP States.
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Figure 2-90: Modd Egtimated and Observed Spatial Mean Mixing Ratio (g/kg) in the 12km Grid for the

WRAP States.
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Table2-5: Accumulated Precipitation Biasand
Error (cm) by Stateand RPO in the 36km Grid.

36km 36km

Region Bias Error

ALL 1.29 2.43
AL 1.34 2.76
AK -0.64 0.79
AZ 1.87 2.71
AR 3.35 3.99
CA -0.13 0.66
CO 0.18 1.16
CT -0.33 1.25
DE 1.64 1.64
FL 2.06 5.11
GA 0.58 2.79
ID 0.08 0.61
IL 1.73 2.72
IN 1.35 2.56
IA 2.01 2.91
KS 3.18 4
KY 2.84 4.02
LA 151 2.89
ME 0.48 1.07
MD 1.23 2.22
MA -0.38 1.12
Ml 0.46 1.3
MN 0.42 2.13
MS 1.77 3.3
MO 2.93 3.9
MT 0.39 1.1
NE 1.4 2.62
NV 0.95 111
NH 0.07 1.1
NJ 1.1 1.71
NM 2.04 2.56
NY 0.29 1.17
NC 1.33 2.64
ND 0.53 2.24
OH 0.96 2.05
OK 1.98 3.11
OR -0.24 0.54
PA 1.44 1.99
RI -0.1 0.66
SC 2.05 3.44
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36km 36km
Region Bias Error
SD 0.63 2.05
TN 2.95 4.17
X 1.75 2.17
uTt 0.77 1.19
VT 0.97 1.55
VA 1.02 2.26
WA -0.61 0.8
\AY 1.24 2.37
WI 0.01 2.19
WY 1.16 1.22
CENRAP 2.25 3.22
MANE_VU 0.73 1.53
MW 0.98 2.25
VISTAS 1.68 3.31




Table2-6: Accumulated Precipitation Biasand
Error (cm) by Stateand RPO in the 12km Grid.

12km 12km

Region Bias Error

ALL 1.44 2.73
AL 1.14 2.87
AR 3.21 4.04
CO 0.47 131
CT -0.32 1.22
DE 2.10 2.10
FL 2.46 5.43
GA 1.02 3.02
IL 1.70 2.83
IN 1.42 2.61
IA 1.78 2.73
KS 2.67 3.45
KY 2.81 4.21
LA 1.73 3.36
ME 0.29 1.10
MD 1.28 2.46
MA -0.38 0.99
MI 0.42 1.29
MN 0.30 1.92
MS 1.92 3.42
MO 2.42 3.25
NE 1.31 2.53
NH 0.02 0.97
NJ 0.24 2.02
NY 0.15 111
NC 1.13 2.25
ND 0.62 2.15
OH 0.88 2.26
OK 1.24 2.44
PA 1.28 1.98
RI 0.60 0.70
SC 2.75 3.94
SD 1.07 2.26
TN 3.12 4.17
TX 1.46 1.86
VT 0.96 1.62
VA 0.73 2.14
WV 1.05 2.55
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12km 12km
Region Bias Error
WI -0.18 2.17
CENRAP 2.02 3.01
MANE_VU 0.58 152
MW 0.94 2.35
VISTAS 1.75 3.40




Figure2-91: Mode Estimated and Observed Mean Weekly Total Precipitation in the 36km Domain.
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Figure2-92: Moded Estimated and Observed Mean Weekly Total Precipitation in the 122km Domain.
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Figure2-93: Moded Estimated and Observed Mean Weekly Total Precipitation in the 36km Domain for the
CENRAP States.
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Figure2-94. Modd Estimated and Observed Mean Weekly Total Precipitation in the 12km Domain for the
CENRAP States.
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Figure2-95: Mode Estimated and Observed Mean Weekly Total Precipitation in the 36km domain for the
MANE_VU States.
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Figure 2-96: Mode Estimated and Observed Mean Weekly Total Precipitation in the 12km Domain for the
MANE-VU States.
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Figure2-97: Moded Estimated and Observed Mean Weekly Total Precipitation in the 36km Domain for the
Midwest RPO States.
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Figure2-98: Mode Estimated and Observed Mean Weekly Total Precipitation in the 12km Domain for the
Midwest RPO States.
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Figure2-99: Moded Estimated and Observed Mean Weekly Total Precipitation in the 36km Domain for the
VISTAS States.
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Figure2-100: Modd Estimated and Observed Mean Weekly Total Precipitation in the 12km Domain for the
VISTAS States.
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Figure2-101: Modd Egtimated and Observed M ean Monthly Total Precipitation in the 36km Domain for the
WRAP States.
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Figure2-102: Modd Egtimated and Observed M ean Monthly Total Precipitation in the 122km Domain for the
WRAP States.
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Table2-7: Wind Index of Agreement by State
and RPO in the 36km Grid.

Region IA

ALL 0.90
AL 0.62
AK 0.69
AZ 0.73
AR 0.62
CA 0.78
CO 0.83
CT 0.47
DE 0.92
FL 0.77
GA 0.71
ID 0.65
IL 0.68
IN 0.57
IA 0.67
KS 0.69
KY 0.56
LA 0.82
ME 0.64
MD 0.49
MA 0.71
Mi 0.73
MN 0.65
MS 0.55
MO 0.68
MT 0.79
NE 0.68
NV 0.75
NH 0.63
NJ 0.56
NM 0.79
NY 0.72
NC 0.64
ND 0.65
OH 0.59
OK 0.64
OR 0.81
PA 0.68
RI 0.49
SC 0.64
SD 0.80
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Region IA

TN 0.60
X 0.79
uTt 0.68
VT 0.60
VA 0.62
WA 0.76
WV 0.56
WI 0.67
WY 0.76
CENRAP 0.82
MANE_VU 0.76
MW 0.79
VISTAS 0.76




Table 2-8: Wind Index of Agreement by State
and RPO in the 12km Grid.

Region IA

ALL 0.89
AL 0.65
AR 0.63
CT 0.47
DE 0.68
FL 0.77
GA 0.73
IL 0.68
IN 0.60
IA 0.69
KS 0.69
KY 0.59
LA 0.69
ME 0.67
MD 0.62
MA 0.74
Ml 0.74
MN 0.65
MS 0.57
MO 0.71
NE 0.68
NH 0.64
NJ 0.55
NY 0.71
NC 0.66
ND 0.65
OH 0.60
OK 0.65
PA 0.67
RI 0.56
SC 0.65
SD 0.70
TN 0.57
X 0.79
VT 0.61
VA 0.63
\AY 0.58
WI 0.68
CENRAP 0.82
MANE_VU 0.75
MW 0.80
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Figure2-103: Wind Speed Index of Agreement for the 36km Domain.
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Figure2-104: Wind Speed Index of Agreement for the 12km Domain.
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Figure2-105: Wind Speed Index of Agreement in the 36km Domain for the CENRAP States.
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Figure2-106: Wind Speed Index of Agreement in the 12km Domain for the CENRAP States.
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Figure2-107: Wind Speed I ndex of Agreement in the 36km Domain for the MANE_VU States.
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Figure2-108: Wind Speed Index of Agreement in the 12km Domain for the MANE_VU States.

= 1.00
]
€
o
i
o
£ 0.75
E
4
5 0.60
g .
[}
(4]
o
&
T o035 - =
<
Il
€
=
A oo
0 702
Time
16 July 22 July 28 July 3 Aug. 9 Aug.
13 July 16 July 25 July 31 July 6 Aug. 12 Aug.

— Index of Agreement

Meteorolegical Time Series 12k in the MANE VU

2-103



Figure2-109: Wind Speed Index of Agreement in the 36km Domain for the Midwest RPO States.
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Figure2-110: Wind Speed Index of Agreement in the 12km Domain for the Midwest RPO States.
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Figure2-111: Wind Speed Index of Agreement in the 36km Domain for the VISTAS States.
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Figure2-112: Wind Speed Index of Agreement in the 12km Domain for the VISTAS States.
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Figure2-113:

Index of Agreement (Wind Speed)
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Figure2-114: Wind Speed Index of Agreement in the 12km Domain for the WRAP States.

Index of Agreement (Wind Speed)

1.00

0.75

0.50

0.25

0.00

1
13 July

Time

§ July 22 July 28 July 3 Aug.

16 July 25 July 31 July 6 Aug

Index of Agreement

Meteorelogical Time Series 12km in the WRAF

2-106

12 Aug.

702



3 DISCUSSION

A key question addressed in this andyss is whether the 36/12 km nested MM5
meteorological fidds contain any dgnificant errors or flaws that might compromise ther
utility for usein supporting future air quaity modeling and andyss.

While this andyss has not reveded the presence of dgnificant flaws in the MM5
data sets, there is no smple way to answer definitively whether the meteorologica fidds
are ‘good enough’. Firdt, there are no commonly accepted performance benchmarks for
prognostic meteorological models that, if passed, would alow one to declare the MM5
fidlds appropriate for use. For complex amospheric modeing problems like the ones
likdy to be addressed with this modding dataset, it is quite doubtful that any st of
quantitative performance criteria will ever be completdy sufficient.  Benchmarks are
needed and useful, but they do not provide the whole answer. Additional performance
evaduation procedures in the form of ‘weight of evidence andyses are adso required to
supplement these smplified datistica measures.

The question of meteorologica data st adequacy depends, a a minimum, upon
the gpecific host emissons and ar qudity modds and the nature of the modeing
episodes being used. Meteorologica fields that might be adegquate for use in an ozone
model over a smple urban setting, for example, may be quite deficient in a seasond PM
episode over the greet lakes region since the specific needs of the air qudity modd and
the particular chemicd and physical processes that must be smulated are different. Thus,
quantitetive datidicd and grephica peformance criteria, though hepful, are inherently
insuffident in ading modders and decison-makers in deciding whether meteorologicd
fidds are adequate for ar qudity modeding. Other congderations must be brought to
bear.

To add ingght into the judgment of MM5 data set adequacy, we have adopted the
process used in severd recently completed ar qudity modding dudies (eg., SAMI,
PFOS, Denwe/San Juan EACS). Thee dudies utilized a formdism employing
meteorologicad modd ‘ performance benchmarks proposed by Emery et d., (2001) which
draw on earlier work by Roth, Tesche and Reynolds (1998) and Tesche et d., (2000,
2003c,d). In paticular, three recent studies (Tesche et a., 2000; 2003b; Emery et 4d.,
2001) formulate a set meteorologica mode performance benchmarks based on the most
recent prognostic meteorologicd mode evaudion literature. The purpose of these
benchmarks is not to assgn a pasing or faling grade to a particular meteorologica
model gpplication, but rather to put its results into a useful decison-making context.
These benchmarks have proven to be hepful to decison-makers in understanding how
poor or good their results are relative to the range of other modd applications in other
areas of the U.S.

Since the mid 1990s, Alpine has performed nearly sx dozen MM5 and RAMS
model performance evaduations over grid scdes ranging from 1.33 km to 36 km (see
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Table 4-1). The reaults of these varied modd evaduations provide a foundation against
which to compare the current modeling results. Using this database as a guide, we
consder the meteorologicd model performance benchmarks suggested by Emery e 4d,
(2002):

Parameter Measure Benchmark
Wind Speed RM SE: < 2m/s
Bias: < +05m/s
|OA: 3 06
Wind Direction GrossError: < 30deg
Bias: < +10deg
Temperature GrossError: < 2K
Bias: < + 05K
|IOA 3 08
Humidity GrossError: < 2g/kg
Bias: < +*1 gkg
|OA: 3 06

Table 42 presents the results of comparing the 12 km datistica results with the proposed
meteorological modeling benchmarks and the results of the higoricd sudies. Sheded
cdls in the table correspond to those meteorologica variables that fdl just outsde of the
benchmark ranges. For this episode on the 12 km grid, the surface temperature bias and
error, mixing ratio bias and error, and wind speed average error, index of agreement, and
RMSE eror dl fdl within the benchmarks. In contrast, the surface wind direction
difference fal somewhat outside of the ad hoc benchmarks.
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Table 3-1: Summary of Prognostic M eteor ological Model Evaluations.

No Study

© 00N UL WN P

WWWWWWWNNRNRNNNNNNNRRRRRRRR R R
O BAEAONPOODNODABDRWNRPLRPOOWOMNOUD™WNERO

DAQM
DAQM

SAMI

SAMI

SAMI

SAMI

SAMI

SAMI

SAMI
COAST '93
COAST '93
COAST '93
COAST '93
TexAQS2000
TexAQS2000
TexAQS2000
TexAQS2000
PFOS-1
PFOS-2
PFOS-3
PFOS-4
PFOS-5
PFOS-7
PFOS-7
PFOS-8
PFOS-9
PFOS-resrch
MoKAN
MoKAN
MoKAN
Pittsbrg SIP
SARMAP
CRC-LMOS
CRC-LMOS
CRC-LMOS
CRC-LMOS

Domain

Rocky Mtns
Rocky Mtnhs
SE U.S.
SE U.S.
SE U.S.
SE U.S.
SE U.S.
SE U.S.
SE U.S.
Cent. U.S.
Cent. U.S.
Cent. U.S.
Cent. U.S.
Cent. U. S.
Cent. U. S.
Cent. U. S.
Cent. U. S.
SE U.S.
SE U.S.
SE U.S.
SE U.S.
SE U.S.
SE U.S.
SE U.S.
SE U.S.
SE U.S.
SE U.S.

Midwest U.S.
Midwest U.S.
Midwest U.S.

East U.S.
West U.S.

Midwest U.S.
Midwest U.S.
Midwest U.S.
Midwest U.S.

Model

MM5
MM5
RAMS
RAMS
RAMS
RAMS
RAMS
RAMS
RAMS
MM5
MM5
RAMS
SAIMM
MM5-T
MM5-M
MM5-NG
RAMS-PNL
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
RAMS
RAMS
MM5
MM5

Ref

OO~ 000 0

Episode

12-20 Jan '97
28-30 Dec '87
24-29 May '95
11-17 May '93
23-31 Mar '93
8-13 Feb '94
3-12 Aug '93
22-29 Jun '92
24Ap-3My '91
4-11 Sept '93
6-11 Sept '93
6-11 Sept '93
6-11 Sept '93

25Aug-1 Sep '00
25Aug-1 Sep '00
25Aug-1 Sep '00

28ug-1 Sep '00
16-24 Apr '99
2-10 May '97
25-30 Aug '97
4-10 Apr '99
17-23 Sep '97
25-28 Aug '98
8-10 May '99
20-28 Apr '98
26Jul-1Aug '99
18-24 Apr '98
8-15 Jul '95
14-21 Aug '98
11-24 Jun '95
31Jul-2 Aug '95
3-6 Aug '90
26-28 June '91
17-19 Jul '91
26-28 Jul '91
17-19 Jun '91

Temp, (deg C)

Bias
0.52
0.31

-1.00
-1.50
-1.30
0.50
-0.40
-1.10
-0.80
0.20
-0.30
-0.50
-0.60
0.20
-0.40
0.30
1.30
0.10
0.20
0.20
-0.40
0.10
0.20
0.20
0.40
0.30
0.30
0.20
2.00
-0.30
0.80
0.20
0.10
0.00
-0.50
-0.30

3-3

Error

1.65
1.63
1.90
2.10
2.20
2.10
1.60
1.80
1.80
1.80
1.90
2.40
1.40
1.60
2.00
1.50
2.50
1.50
1.60
1.70
1.30
1.60
1.50
2.20
1.50
2.40
1.30
1.70
2.30
1.60
2.40
2.90
1.40
1.90
1.60
1.70

Bias

0.80
0.40
0.10
-0.08
0.04
-0.30
-0.60
0.10
-0.10
0.10
2.37
3.60
1.20
-0.50
0.20
-0.30
-0.60
-0.10
0.10
-2.00
0.80
-0.40
0.90
0.30
0.00
-0.30
-0.20
-0.60
2.40
-0.90
0.20
-0.20
-0.10
0.40
-0.10
-0.60

MixR, (gm/Kg)
Error

2.40
0.20
0.80
0.80
0.60
0.40
1.10
1.00
0.70
1.40
12.79
8.60
2.40
1.90
2.30
1.20
1.80
1.20
1.20
2.30
1.50
1.60
1.80
1.40
1.00
1.20
0.90
1.60
2.60
1.30
2.20
1.90
1.20
1.40
1.20
1.50

Surface Winds (m/s)

Error,% RMSE Indx A WDir Dif

52.20
-5.20
35.00
51.00
53.00
63.00
65.00
66.00
60.00
61.40
50.00
10.20
4.20
13.20
19.47
21.20
-5.97
20.90
21.00
30.60
18.10
27.90
51.20
49.80
27.90
33.20
24.00
10.30
47.50
31.60
12.60
22.60
11.90
3.50
5.80
15.60

2.52
2.76
1.90
1.90
2.27
2.76
2.18
1.89
2.35
2.20
1.77
1.12
0.79
1.88
1.96
1.94
1.68
1.94
1.95
1.86
1.80
1.84
1.76
1.69
1.83
1.90
1.79
1.86
1.83
1.88
1.78
2.13
1.82
1.73
1.70
1.65

0.66
0.71
0.76
0.76
0.74
0.72
0.75
0.75
0.81
0.69
0.55
0.57
0.85
0.61
0.44
0.65
0.50
0.78
0.78
0.73
0.80
0.72
0.78
0.77
0.81
0.81
0.78
0.41
0.45
0.48
0.75
0.80
0.69
0.64
0.79
0.77

65.00
2.00
13.00
6.00
100.00
103.00
25.00
20.00
4.00
15.00
65.00
82.00
7.00
14.00
27.00
33.00
7.00
10.00
32.00
32.00
8.00
9.00
32.00
19.00
20.00
22.00
26.00
1.00
4.00
20.00
8.00
3.00
17.00
7.40
14.00
7.00



No
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

Study

OTAG

OTAG

OTAG

OTAG

Cincy SIP
BAMP
BAMP

Den EAC-pro
Den Sum '02
Denver E1
Denver E2
Denver E3
San Juan pro
SJ Sum '02
San Juan E1
San Juan E2
San Juan E3
San Juan E4
WE Energ-12
EPA/MM5
VISTAS-1
EPA/MM5
EPA/MM5

Ad Hoc

Mean in U.S.

Lower Sigma
Upper Sigma

Std. Dev.

Domain

East U.S.
East U.S.
East U.S.
East U.S.
Midwest U.S.
SE U.S.

SE U.S.
Western U.S.
Western U.S.
Western U.S.
Western U.S.
Western U.S.
Western U.S.
Western U.S.
Western U.S.
Western U.S.
Western U.S.
Western U.S.
Midwest U.S.
Entire U.S.
Southeast US

Entire U.S. (36)
Eastern U.S. (12)

Benchmark

Model

RAMS
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5
MM5

Ref

Episode
13-21 Jul '91
13-21 Jul '91
1-11 Jul '88
12-15 Jul '95
18-22 Jun '94
6-11 Sept '93
15-19 Aug '93
15-21 Jul '02
6 Jun-19 Jul '02
16-22 Jul '02
24 Jun-2 Jul '02
8-12 Jun '02
30 Jul-5 Aug '00
4 Jun-23 July '02
4-9 Jun '02
16-19 Jun '02
30 Jun-3 Jul '02
16-19 Jul '02
16 Jun-14 Aug '01
1 Jan -31 Dec '01
2-20 Jan '02
12 July — 14 Aug ‘01
12 July — 14 Aug ‘01

34

Temp, (deg C)

1.60
-0.10
-0.60
-0.20
-0.70
-0.40
-0.30
-1.10
-1.90

0.45

0.65

0.19
-1.03
-0.40
-0.18

0.04

0.90

0.68
-0.20
-0.60
-1.48
-0.77
-0.41

0.50

-0.10
-0.82
0.62
0.72

2.10
2.00
3.30
2.00
2.40
2.10
2.40
2.25
3.00
2.30
2.75
2.39
2.93
2.40
2.20
2.12
2.18
2.15
1.70
2.08
2.38
2.04
1.64

2.00

2.00
1.55
2.45
0.45

MixR, (gm/Kg)

0.00
-0.30
-1.40
-1.50
-1.60
-0.60
-1.50

0.20

0.50
-0.66
-0.17
-0.58
-0.66
-1.20
-0.69
-0.69
-0.71
-0.73
-0.30
-0.19

0.16
-0.32
-0.92

1.00

-0.12
-1.04
0.80
0.92

1.20
1.40
2.00
2.20
2.20
1.00
1.90
1.83
1.90
1.57
159
1.63
2.11
1.80
1.16
1.40
1.28
1.45
1.46
0.97
0.49
1.63
1.86

2.00

1.78
0.00
3.58
181

Surface Winds (m/s)

4.60
23.00
65.60
21.20
82.40
89.40
93.60

-10.38
0.00
-5.70
33.30
65.90

6.00
54.50
20.60
17.80
16.40

5.88
37.93
33.00
30.58
29.03
37.17

31.71

6.75
56.68
24.97

1.61
1.92
3.21
191
2.69
2.36
2.66
2.32
2.34
2.61
2.77
2.59
2.50
2.28
3.10
2.95
3.47
3.29
1.87
2.00
1.94
2.01
1.85

2.00

2.11
1.60
2.62
0.51

0.74
0.73
0.64
0.68
0.80
0.60
0.65
0.82
0.85
0.78
0.80
0.84
0.80
0.88
0.72
0.70
0.70
0.71
0.82
0.86
0.86
0.87
0.86

0.60

0.72
0.61
0.84
0.11

27.00
17.00
8.00
15.00
0.00
22.00
120.00
17.00
27.00
60.00
29.00
38.00
24.00
11.00
0.00
22.00
50.00
30.00
5.00
25.00
4.73
21.44
112

30.00

24.62

0.00
50.43
25.82



Table3-2: Summary of MM5 Performance on the 12km Grid Domain. [Comparisons Relativeto the Ad-Hoc
Performance Benchmarksand Previous Experiencein Regulatory M odeling Studies.]

Temperature, Mixing Ratio, Surface Wind,
Episode degC gm/Kg m/s
Bias Error Bias Error Error RMSE I WD diff
July-Aug ‘01 -0.41 1.64 -0.92 1.86 37.17% 1.85 0.86 37.17
Benchmark <+05 <20 <+10 <20 - <2.00 >0.60 <30
U.S. Average -0.10 2.00 -0.12 1.78 31.7% 2.11 0.72 25

Note:  Shading indicates ingtances where the episode composte datistics fal outsde the Ad Hoc
performance goads for mesoscae meteorologicd models. These goas have no regulatory sgnificance

they are merdly intended to assg in the interpretation and evauaion of dternative prognostic mesoscae
modd smulaionsfor air qudity sudies.
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