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1 Introduction

In order to ultimately improve vishility in the southeastern US, the Visgbility Improvement State and Tribdl
Association of the Southeast (VISTAYS) (http:/Amww.visas-sesarm.org/) isin the midst of an extensive
modeling effort. A 12-month modeling period is deemed necessary to cover an adequate range of vishility
impairment. The meteorological component of the modeling is performed by Baron Advanced Meteorologica
Systems (BAMS) using the PSU/NCAR mesoscale modd (MMD5) (http://mww.mmm.ucar.edw/mm5S/mm5-
home.html). This document evauates and documents the results of that modeling.

A greet ded of effort was expended to determine the optima MM5 configuration to be implemented for the
annud run. The modeding protocol
(http://mvww.baronams.com/projects'VISTASreports/'VISTAS TASK3a draft.pdf) examines these sengtivity
testsin detail before offering the desred model configuration and eva uation/presentation methodologies. The
reeder is referred to that document for the details of mode implementation.

2  Brief Description of the Meteorological Modeling Approach

The meteorological moded used in this sudy is the PSU/NCAR Mesoscale Modde (MM5 version 3.6.1+,
Grell et d., 1994, MPP version), the same version of the code that was used in the sengtivity modeling. At the
time the annual modeling began, the latest released version of the MM5 code was 3.6.2. Mogt of the v3.6.2
changes areincluded in the v3.6.1+ verson of the code. If NCAR documentation is complete, the only
modification not included involves the treetment of seaice, achange likely to have negligible effect over the
southeastern US. The v3.6.1+ code a0 includes an adapted version of EPA’s MPP P-X code, an essentia
feature that does not readily port into later MM5 versions. The latest v3.6.2 MMS5 preprocessors could readily
be employed, so we did so.

The modding domains are shown in figure 1.



Recdl from the sengitivity testing that the configuration that produced the most desirable results was px-
acm8. This configuration is implemented for the annud run with the following physics options

Soil:

PBL:

Radiation:

Cloud:

Microphysics:

Analyss nudging:
Aloft:

Plem-Xiu land surface modd
Asymmetric Convective Mixing
Rapid Radiative Transfer Modd (RRTM)
Kain-Fritsch 2 cumulus parameterization
Reisner 1 (mixed phase)

36km: t (2.5E-4/s), q (1.0E-5/s), uand v (2.5E-4/s)
12km: t (1.0E-4/9), q (1.0E-5/s), u and v (1.0E-4/s)

Surface:

Observational nudging:
Snow effects:
SST:

36km: uandv (25E-4/s), T and g not nudged
12km: uandv (1.0E-4/9), T and q not nudged
Not used

Turned onvialFSNOW =1

EDAS 24-hr averaged skin temperatures

Figure 1. VISTAS 36-km/12-km MM5 modding domains are shown.



Note that the decision to use sea surface temperatures (SST' s) derived from the EDAS skin temperatures
was not an arbitrary one. At the time this modeling effort began, most of the other RPO’ s were planning to use
NCEP SST’sto avoid problems that might arise from gpplying skin temperatures as SST's. The 1996 annua
modeling effort conducted by Olerud et al (2000) suffered from very high inland lake temperatures asthe MM5
system erroneoudy applied land skin temperatures to areas such as the Great Sdt Lake. Fortunately the 3.6.2
verson of the MM5 preprocessor INTERPF treats skin temperatures in a more appropriate manner, forcing a
24-hour average of skin temperaturesiif they are being used as a surrogete for SST’s. The downside of using the
NCEP SST fiddsisthat they have a very coarse resolution of 2.5x2.5 degrees (~270x270 km). Alternatively the
EDASfidds are available a 40-km resolution. Figures 2 and 3 show the resultant ground temperatures
(equivdent to SST’s over water) afew hoursinto test runs using the dternate SST initidizations. The
differences between the two approaches are clearly seen in the Gulf of Mexico. Note how appropriately warm
the SST’ s are dong the Mexican coast in the EDAS run, while the NCEP run is markedly colder and more
“blocky”. Similar improvements are seen in the Greet Lakes and in the Gulf of Cdifornia Overdl the EDAS
approach seems to be the better approach.

Thetime-varying preprocessing is performed in Sx-day chunks (starting at 00Z) using fields created by
TERRAIN using the “BotSoil” option from the input ~4km terrain databases. The EDAS andysesfiles are
processed through pregrid and mapped to the MM5 grids viaregridder. The fields are“improved’ in
LITTLE R by incorporating the surface, ship, and upper ar observations that are available from NCAR. The
LITTLE R output fields are then interpolated to the MM5 sigma coordinates by INTERPF. MM5 itsdf isrunin
5.5-day segments with a 12-hr overlgp from segment to segment. In order to alow sufficient spin-up time for
subsequent air qudity runs, the modding initiated at 00Z Dec 17, 2001, continuing through 127 Jan 1, 2003.
With the exception of TERRAIN (which was executed on an SGI machine), MM5 and dl its
preprocessors/postprocessors were run on a 2.8GHz Xeon Linux cluster, with the core modd run on 32
processors viaMPP. Complete details regarding model setup and implementation, including namelist examples,
are available in the aforementioned modeling protocol.
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Figure 2. Ground (sea surface) temperatures resulting from an EDAS skin temperature MM5 initidization.
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Figure 3. Ground (sea surface) temperatures resulting from an NCEP SST MMS5 initidization.



3 Results

The amount of data produced in an annual MM5 simulation is foreboding. One needs to consider avariety
of primary and secondary meteorologica variables, and often these variables need to be examined spatidly,
verticaly, and tempordly. Obvioudy we need to find away to summarize the results, while concurrently
dlowing sufficient detail so that possibly important hourly/diurnd variations are not glossed out. To accomplish
this we have divided the analyses into two main categories: 1) Segment andyses, 2) Monthly analyses.

A. Segment Analyses

The segment analyses examine the usesble portion of each 5.5-day segment in considerable detail, focusing
on surface data, doft data, and statistical data. We examine surface datain 6-hourly spatid animations, with
observations overlaid when gpplicable. This alows usto determine qualitatively if the modd is replicating the
observed spatid pattern, and dso if modd performance has a noticegble diurnd variation. These animations are
available for every Regiond Planning Organization (RPO) region (and sometimes sub-RPO region) as
appropriate. Figure 4 shows the observing stations color-coded by RPO; the rectangular region plotted for each
RPO includes dl of its observing stes. The variables plotted as spatiad animations include temperature, mixing
ratio, wind vectors, cloud fraction, aternative cloud fraction, relative humidity, precipitation, and planetary
boundary layer (PBL) height. Of the above variables only PBL height is plotted without observations of some
sort.

The number of surface spatial images produced for each segment exceeds 2000, accumulating to over
160,000 images for the span of the entire year. Rather than include a Sizeable number of thoseimagesin this
document, the reader is referred to the annual modeling website to access the animations via convenient pull-
down menus (http://www.baronams.com/projectsVISTAS/'sdlect annua_product.html). Instead, we will show
here only a sampling of the types of images that are available on the website, usng March 15, 2002, as our
sample day. Figure 5 shows the temperature spatia plot for the 12-km VISTAS region for 18Z on our sample
day. The synoptic conditions are quite well captured, with cooler temperatures located in the northwestern part
of the region and warmer temperatures located in the southwestern part of the region. Close examination reveds
asubtle cold bias, illustrated best by the light-red-colored observations in southern Georgia and FHorida,
overlaid on cooler orange-colored model temperatures. Figure 6 shows awind plot for the same hour. The
modd picks up the cold front in southern lllinois quite well, as it does the strong warm advection in the
Cardlinas. Thisresult istypicd of the qudity of the modd performance.

We aso produce time series of key meteorological variables at over 30 sites of interest. Figure 7 shows
such atrace for Fittsburgh, PA (KPIT), for the five-day segment encompassing March 15, 2002. For adtelike
KPIT, whose devation places it modt redidticaly in an aoft mode layer, we include the doft model data, as
well as datafrom modd layer 1. For this segment, the modd performs rdatively well for most of the
meteorologica variables. However, a noticeable cold bias is seen on the afternoons of March 13 and 14, leading
to a sgnificant overesimation of rdlative humidity during those periods. Again, this performance is rather
typica of the mode as awhole. We produce time series plots at both 36-km and 12-km (when gpplicable)
resolutions, as well as figures with both resolutions plotted againgt the observationsto dlow for easy intrascde
comparisons.



The find surface data product type iswhat we cal a“combination” plot, which is smply a spatiad modd
field juxtaposed with the most gppropriate observationd image. Figure 8 shows the 24-h CPC accumulated
precipitation/model precipitation ending at 12Z March 16, 2002. The model does anice job in predicting both
the magnitude and the spatia extent of the precipitation field. Figure 9 displays the surface analyss field atop
the 36-km model pressure/wind fidds for 12Z March 15, 2002. In both images the pressure contours are colored
blue, precipitation is shown via color shading, and wind barbs are colored black. Certain features (fronts, station
data) are only available in the surface andysis. Note that on a synoptic scale the mode does quite well
replicating the observed festures. Figure 10 compares visible satellite imagery over the southeastern U.S. with
the 12-km MMD5 predicted clouds for 18Z on our sample day. Once again the mode does a credible job, though
certain aress (e.g., Alabama) exhibit flawed performance. Figure 11 shows infrared satellite imagery compared
with 36-km modd clouds for 12Z on our sample day. Most of the synopticaly induced cloud shidds are
captured, though there appears to be a genera overestimation of cloud coverage in the modd. This could be
caused by the inability of the satdllite to resolve low clouds in its imagery. These combination plots are
produced once aday for vishble satellite imagery/modd clouds (18Z) and 24-h CPC accumulated
precipitation/modd precipitation (127), and twice aday (00Z, 127) for surface analyssSmodd pressure-winds-
precipitation and infrared satdllite imagery/modd clouds.

Evaluation Sites by RPO

{VISTAS: Dk blue; MANE-VU: Green; MIDWEST: Lt blue; CENRAP: Yellow; WRAP: Red)
112

1

1 148
Figure 4. Surface observing network color-coded to represent Regional Planning Organization areas. Dark blue diamonds
are in the VISTAS RPO, green diamonds are in the MANE-VU RPO, light blue diamonds are in the MIDWEST RPO,
yellow diamonds are in the CENRAP RPO, and red diamonds are in the WRAP RPO. Gray diamonds represent sites out
of the US portion of the modeling domain.
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Figure 5. The surface spatia temperature plot over the 12-km VISTAS region is shown for 18UTC March 15, 2002.
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Figure 6. The surface spatia wind plot over the 12-km VISTAS region is shown for 18UTC March 15, 2002. The pastel

color scale indicates the mode-predicted wind speeds, while wind vectors are displayed in black for the model and blue
for the observations.
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Figure 7. The surface time series trace for Pittsburgh, Pennsylvania is displayed for the March 12-17, 2002 modeling
segment. The elevation for this site verticaly matches model layer 2 better than layer 1 (i.e. sfc), so both moddl layers are
included in the trace when applicable.
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Figure 8. The 24-h accumulated precipitation (ending at 12UTC March 16, 2002) refashioned from the Climate Prediction
Center anaysesis displayed next to the 12-km MM5 estimates far the same time period.
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Figure 9. The surface anayss (from Unlsys) for 12UTC March 15, 2002 is dlsplayed atop the 36—km MM5 analyses for
the same time period. Note that the model precipitation scale does not match the Unisys scale, and also note that the
Unisys precipitation characterization is only for the US.

11



Figure 10. The GOES east vishle satellite imagery is jt with the 12-km MMS5 tota cloud characterization for '
18UTC March 15, 2002.

Figure 11. The GOES east infrared satellite imagery is juxtaposed with the 36-km MMD5 total cloud characterization for
12UTC March 15, 2002. Note that low clouds may be difficult to see using infrared imagery.
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The second segment andyses type is doft products. These productsinclude spatial analyses, sounding plots,
and profiler plots. It isimpracticd to examine every one of the 34 mode layersin detail, so we have decided to
focus on three levels doft for our patid andyses. The three Sgma-layers are layer 9 (~500m), layer 17
(~1600m), and later 22 (~3400m). This dlows usto visuadize modd performance 1) in the PBL, 2) near the top
of/just above the PBL, and 3) in the free troposphere. These doft spatid plots are very smilar in nature to the
corresponding plots produced at the surface, though plots for only temperature, mixing retio, and winds are
produced at a 12-hr temporad resolution. Figure 12 shows thewind plot for sgmalayer 17 vaid a 12Z March
15 for the 12-km grid. The spatid performance doft istypicdly outstanding, indicating that the modd
replicates the observed synoptic pattern. This result is expected considering that we are gpplying nudging in our
modd runs.

We ds0 produce a couple of different soundings to examine the ability of the mode to capture vertica
variations. These plots are made for every rawinsonde site in the VISTAS dates, plus a sampling of Sites across
the country. Not only do we produce full surface-to-100 mb soundings, but we aso zoom in on the lower
portions of the atmosphere to examine the surface-to-500 mb soundings, asin figure 13. These sounding plots
are caled skewT’ s because the temperature scale (solid white line) is skewed and labeled on top of thefigure.
The pressure lines are dso white but are labeled on the left of the plot. The red/pink linesin these plots
represent observed/modeled temperatures, while the blue/cyan lines represent observed/modeled dew point
temperatures. Observed/modeled wind barbs are offset to the right and are colored yellow and green,
respectively. This Greensboro, NC sounding is rather typical in that the modd temperature and winds match the
observations better than do the dew point trace, and also in that the performance generaly improves with
height. Thisis again expected congdering that temperature and moisture are not being nudged in the PBL, and
that the srength of moisture nudging is much lessthan it is for temperature or winds.

Figure 14 shows an example of the find doft evauation product, the profiler plot. These plots compare
modd predicted winds with profiler-derived winds over the lowest 2500 meters of the atmosphere. Each plot
contains 12 hours of data, with the hour labeled near the plot bottom. The wind barbs follow the meteorologica
gsandard, with afull barb representing a 10-kt wind, ahdf barb representing a 5-kt wind, and afull flag
representing a 50-kt wind. Modd winds are colored green, and the observed winds are colored white. Profilers
yield results at amuch finer vertica and tempord resolution than do standard rawinsondes. The profiler data are
not used to nudge MM5, and in fact cannot effectively be used in that cgpacity without additiona quality
control to remove/correct erroneous data. This Raleigh, NC profiler plot shows typical performancein that the
model generaly maiches the profiler winds, but not perfectly. In this case the mode winds are biased by ~20
degrees counterclockwise. Unfortunately it is difficult to know if this bias indicates amodd flaw or an issue
with the profiler data being representative. It islikely that there are physical mechanismsin the red world of
which the model is unaware, which in this case are not being compensated for via nudging.
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Figure 12. The layer 17 (~1600m) spatial wind plot over the 12-km VISTAS region is shown for 12UTC March 15, 2002.
The pastd color scae indicates the model-predicted wind speeds, while wind vectors are displayed in black for the model
and blue for the observations.
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Figure 13. The 500-mb skewt plot for Grsboro, NC (72317) is shown for 0OUTC March 16, 2002
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Figure 14. The Raleigh, NC (RALN
15, 2002.
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Each modeling segment also contains a variety of satistica products. Table 1 shows the surface summary
satistica table (dl hours) for the 12-km VISTAS region for the modeling segment containing our sample day.
Mogt of the variable names, while cryptic, are unambiguous and require no further explanation. We should note
that CLD refersto the MCIP2.1 variable “CFRAC”, while CLD2 refers to the maximum of MCIP2.1 variables
“CFRACH", “CFRACM”, and “CFRACL". The latter variable precisdy matches the manner in which the
observationd cloud coverageis caculated, and is generaly preferred for the purpose of meteorologica
andysis. We should dso note that “bias’ for wind direction should be ignored in favor of “dbias’, the
appropriate bias caculation for a non-continuous function line wind direction. Also, “jtot” Smply represents the
number of model/obs pairs that go into the setigtical calculations. While the sample table includes dl vaid
hours within the modeling segment, we aso produce tables that include only the 00-11Z hours (to highlight
nighttime performance) and 12-23Z hours (to highlight daytime performance). These Satidticd tables are
available for dl valid RPO regions and RPO aggregates (i.e. US, Full).

Each modding segment also contains afull suite of satistical time series plots, both at the surface and aoft.
Table 1 revedled adight pogitive moisture bias for the March 12-17, 2002 modeling segment, and figure 15
shows that the bias occurs primarily at night and during the first three days of the segment. Figure 16 quantifies
the good wind speed performance we normally see aoft. Note that we include the number of valid mode/obs
pairsin these plots, thus alowing us to better interpret occasiond Satistic spikes that sometimes occur due to
missing observationd data One of the characteristics noted in the sengitivity modding was a persistent warm
bias doft, especidly at layer 22. As expected we note the same signature in the annual modeling, with biases
typicdly ranging from 0.5C-2.5C. It islikely that much of the bias stems from the averaging technique
employed (height-weighted, not density-weighted), so the gpparent bias should at least be noted but not
emphasized. Precipitation gatistical time series (not shown) are aso routinely produced, but only for the * Full”
regions. For adescription of the Satistical metrics shown below, the reader is referred to Olerud (2003a),
available a http://www.baronams.com/projects/VISTASreportsVISTAS TASK1.pdf.

Total stats obsmean|modmean|bias |abserr|r2 |ia rmse nbias jtot
TMP-1.5m_(K) 289.46  289.10 -0.36 1.870.859 0.951] 2.37394| 0.00116| 30729
QV_(gkog) 9.57] 10.03 0.47 1.0 0.775 0.927] 1.40093 -0.07477| 30247
RH_(%) 80.80 86.26 5.46 9.42 0.530 0.813 12.98462 -0.09797| 30246
WSPD-10m_(m/s) 2.93 323 029 1.29 0.410 0.767 1.62495-99.00000 29488
SPD-lyrl (m/s) 2.93 3.83 0.90 1.510.380 0.735 1.89940-99.00000 29488
CLD_(%) 53.95 54.00 0.05 26.82 0.330 0.764] 36.76081-99.00000 29792
CLD2 (%) 53.95 58.22 4.28 26.36 0.307] 0.760 39.19626-99.00000 29792
TMP-lyrl (K) 289.46  289.22 -0.24 1.870.854 0.949 2.39892 0.00074| 30729
Wdir_stats obsmean|modmean|bias |abserr [ubias |vbias |uerr verr newtot |dbias
WDIR_(deg) 190.871 183.85 -7.02 25.40-0.089 0.314 1.15182 1.26613| 29484 2.879

Table 1. Surface summary statistics are shown for the March 12-17, 2002 modeling segment for the 12-km VISTAS

region.
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Stats for Mixing Ratio, 12km, VISTAS, v02_aaa, segment: mari2_02
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Figure 15. The surface statistical time series plot for water vapor mixing ratio is shown for the March 12-17, 2002
modeling segment for the 12-km VISTAS region.
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Stats for Wind Speed, 12km, v02_aaa, lyri7, segment: mari2_02
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Figure 16. The MM5 sigma layer 17 satistica time series plot for wind speed is shown for the March 12-17, 2002
modeling segment for the 12-km VISTAS region.

B. Monthly Analyses

Above we included only asampling of the enormous number of segment analyses plots available. To access
modd performance in a more complete manner, we have aggregated datainto monthly periods. Before
examining these resultsin detail, a couple of points about our Satistica processing methodology need to be
made. The firg involves the manner in which eevation discrepancies between the observations and the model
are treated. We have rather arbitrarily decided that if the eevation of an observationd dte is more than 500
meters different than the modd eevation, then that observing Ste is deemed unrepresentative and is not
included in the Satigtical anadlyses. Mount Washington, NH (KMWN) is such a gation. Even with automated
qudlity control of the observationa data, KMWN 4till occasionaly stands out as an unrepresentative sitein the
MANE-VU spatid andyses plots of temperature and especidly winds. If the elevation of aste iswithin 500 m
of the modd eevation, weinclude it in our processing, but not without attempting to account for biases that
surely arise solely due to the elevation difference. These biases can be quite large, since people (and therefore
arports and other typicd observing Stes) tend to be located in valeys. Thereis no easy way to ded with these
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elevation differences, but to ignore their effect is probably worse than cruddy accounting for them. Our
methodology is to gpply a sandard atmosphere adjustment (6.5C/km) to the elevation differences. Figure 17
shows the magnitude of these adjustments that we subtract from the model temperatures before comparing with
the observations. Note that for much of the western U.S., except aong the coastline, the mgority of Stesare
adjusted by afactor larger than the “benchmark” standard for temperature bias. This eevation effect is rather
small for mogt of the rest of the country. To illustrate the effect this bias adjustment could make, assume that a
dation islocated at an elevation of 750 m above mean sealevel, but the model eevation is 1250 m. The lapse
rate adjusment for that ste would be -3.25C, and that factor would be subtracted from the standard bias
cdculaion. Soif the Site reports atemperature of 17C while the model predicts 13C, the reported bias would be
—0.75C, not —4.0C.

Another factor to consder in satistically evaluating mode performance is the presence of observed cam
winds. A cam wind report does not mean that the wind speed isidentically 0.0 kts; rather, it meansthat the true
wind speed isless than the instrument threshold. The lowest non-zero wind speed reported is 3 kts. The actual
wind speed could thusbe 0, 1, or 2 kts. Since the modd will never completely “cam out”, this ingrument
threshold issue introduces a positive wind speed bias to a perfect model smulation. This can play a significant
role in the southeastern US, especidly at night and in the summer, when stagnant high- pressure systems
routinely cause numerous calms to be reported. In an attempt to quantify the magnitude of this effect, we have
introduced two additional wind speed metrics to our summary table. The variable “WSPD-no_cadms’ quantifies
wind speed dtatistics when al cam reports are thrown out. This gpproach, however, introduces a negative speed
bias, since the < 3 kt winds are removed only in the observations. Probably aless biased approach isto smply
assign al.5 kt wind speed to al calm reports. The variable “WSPD-min_cam” quantifies the result when that
approach is applied.

We have produced monthly summary stetistical tables for al applicable RPO’'s and for both grids. Since the
precipitation satistics are commiserate with only two grid/scale combinations — 12-km Full and 36-km US—
those are the only tables that include said information. In order to gain athorough Satigtica overview of model
performance throughout the year, tables 2-13 show the January-December 12-km Full Satidtics. Likewise tables
14-25 show the same for the 36-km US dtatistics. Recall the meteorologica statistical benchmarks reported by
Emery (2001):

Wind speed: RSME <=2m/s Biass<=+/-05m/s, A >=0.6
Wind direction: GrossError  <=30deg, Bias<=+/- 10deg.

Temperature: GrossError <=2K, Bias<=+/- 0.5 K, IA>=0.8
Humidity: GrossError <=2 g/kg, Bias<=+/- 1gkg, I1A>=06

Note that the benchmarks were developed not to provide a pass/fail sandard to which al modeling results
should be held, but rather to put the resultsinto an historical context. We aso note that only afew of the
numerous Satistical measures that we show are actudly included in the above benchmarks. If a particular
relevant metric falsto fal within the benchmarks, that metric will be colored red for easy identification. Even
though layer 1 temperature and wind speed are included in the tables, they exist only to put the more relevant
1.5-mtemperature/10-m speed Satigtics in context, so those metrics will not be compared to the benchmarks via
color-coding.
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Figure 17. Model/obs elevation differences are converted to temperatures and plotted for the US portion of the 36-km
grid. The temperatures are calculated assuming a standard atmosphere lapse rate of 6.5C/km, and practicaly indicate the
temperature biases that might result solely by ignoring eevation-induced temperature effects. All of the observing sites
are shown, including those sites that we ignore when calculating statistics due to their elevations being more than 500m
different than the corresponding model elevations.

12-km statistical tables

Table 2 reveds asgnificant cold bias for the 12-km Full region. Thisis not asurprising result consdering
the results of our sengitivity testing. Note that though the biasis not close to the benchmark, the error (abserr)
barely fals beyond its benchmark. The index of agreement (ia) metric is far better than the benchmark. As
noted above, the hitorical context of the benchmarks primarily involves summertime modeling on a smaller
scale — both spatialy and especidly tempordly — than what we are doing here. Generdly speaking, the
increased spatid coverage and longer Statistical aggregate time suggest that ia should away's eesily exceed the
benchmarks listed above, and indeed no iavaue in any of the following tables are colored red. MM5 cold bias
is commonly seen for wintertime smulations, and should not necessarily be considered evidence of aflaw in
this particular modding exercise. The other metrics show overdl good datigtica performance. Even though
precipitation Satistics are shown for six threshold levels, meteorologists generdly consider only the measurable
precipitation level (0.01 inches). We would expect that objective andlysis of the observed precipitation would
“smear” the spatid extent of measurable precipitation, possibly introducing a perceived dry biasinto the 0.01
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datigtics. Thisissue should be less significant at higher thresholds. However, at higher thresholds the number of
vaid model/obs pairs may decrease to adatisticaly indggnificant level. Accordingly the 0.01 and 0.05 inch
thresholds will receive most of our attention. For January we find only a very dight positive precipitation bias at

those thresholds.

Total stats

obsmean

modmean

bias

abserr

r2

ia

rmse

nbias

jtot

TMP-1.5m_(K)

277.89

276.87

-1.03

2.05

0.910

0.973

2.70059

0.00364

480126

QV_(gkg)

4.46

4.63

0.17

0.58

0.936

0.983

0.83009

-0.06401

472271

RH_(%)

72.10

77.66

5.56

12.

250470

0.812

15.92663

-0.11393

472217

WSPD-regular_(m/s)

3.51

3.76

0.25

1.31

0.496

0.808

1.67567

-99.00000

466042

WSPD-nocams (m/s)

4.14

4.04

-0.10

1.14

0.444

0.805

1.50113

-0.08546

395406

WSPD-mincam _(m/s)

3.63

3.76

0.13

1.19

0.502

0.823

1.54222

-0.35402

466042

SPD-lyrL (m/s)

3.63

4.47

0.84

1.43

0.485

0.793

1.80626

-0.64790

466042

CLD_(%)

43.14

37.00

-6.14

24.52

0.414

0.792

35.41226

-99.00000

466016

CLD2 (%)

43.14

40.98

-2.15

23.

30]|0.411

0.805

35.95408

-99.00000

466016

TMP-lyrl (K)

277.89

277.39

-0.50

1.97

0.906

0.974

2.58621

0.00173

480126

Wdir_dgats

obsmean

modmean

bias

abserr

ubias

vbias

uerr

verr

newtot| dbias

WDIR (deg)

255.83

254.29

-1.54

19.

51|0.039

0.048

1.14482

1.21661

466042

1.667

Pcp

threshold (in)| Acc

BIAS

THREAT

ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.8665

1.0776

0.6672

0.5387

0.2285

0.7145

0.7002

0.8314

151526

338883

30719

44870

0.05 0.9187

1.0396

0.6962

0.6238

0.1948

0.7792

0.7684

0.8371

105380

414627

20501

25490

0.10 0.9342

1.0168

0.6881

0.6330

0.1915

0.7804

0.7753

0.8221

82119

446660

17770

19449

0.25 0.9555

0.9315

0.6602

0.6266

0.1754

0.7474

0.7705

0.7681

48901

491933

14764

10400

0.50 0.9665

0.9319

0.5626

0.5412

0.2536

0.6800

0.7023

0.6956

24395

522640

10676

8287

1.00 0.9851

0.8378

0.4887

0.4804

0.2799

0.5976

0.6490

0.6033

8042

549542

5288

3126

Table 2. January 2002 statistical table for the 12-km Full region is shown.

Table 3 shows that the cold bias, while smdler, gtill exists for February 2002 for the 12-km Full region.
Mog of the other statistics show exceptiond performance, though the model does exhibit adight postive
precipitation bias. Very smilar results are seen in March 2002 (table 4). By April 2002 (table 5) the cold bias
has practicaly gone. We do note that precipitation biases a higher threshold levels sart to become significantly
positive. Precipitation biases for May (table 6) are lower at the 0.01 and 0.05 thresholds, while most of the other
non-precipitation satistics reved excelent mode performance. The summer months (tables 7-9) reveal good
performance for temperature, humidity, and wind speed, but the average directiona error has crept up to near or
dightly above the benchmark vaue. Thisis not surprisng given the weak synoptic forcing prevaent during the
summer months, meaning that forces that the model does not handle as well often drive the actua wind
direction. The other satistical concern involves clouds and precipitation. The model seems to overestimate
clouds by abit, and precipitation becomes significantly biased, but only at higher thresholds. Theimplication is
that the moded does a reasonable job in predicting the overal amount of precipitation coverage, but is aso too
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effident in producing rainfal when it occurs. Thisis undoubtedly a convective precipitation problem. Table 10
shows that the summertime precipitation bias has disappeared by September 2002, replaced by a dry bias at the
lowest thresholds. All of the other benchmark statistical measures are met, though wind speed biasis a the
upper limit of the benchmarks. Table 11 reveals that October 2002 is another dry-biased precipitation month,
while we aso see evidence that the wintertime cold bias is regppearing. November (table 12) iswell modeed
gatigticaly except for the cold bias of —0.79C, while December (table 13) is even more cold-biased (-1.06C).

Total stats

obsmean

modmean

bias

abserr

r2

ia

rmse

nbias

jtot

TMP-1.5m_(K)

278.10

277.43

-0.67

1.76

0.915

0.976

2.33970

0.00234

439420

QV_(gkg)

3.93

391

-0.03

0.57

0.909

0.976

0.78907

-0.00807

432003

RH_(%)

65.77

67.39

1.62

12.29

0.542

0.854

16.02342

-0.04847

431961

WSPD-regular_(m/s)

4.05

4.25

0.20

1.33

0.609

0.865

1.70182

-99.00000

425678

WSPD-nocdms (m/s)

4.69

4.59

-0.10

1.20

0.564

0.859

1.57635

-0.07560

367594

WSPD-mincam (m/s)

4.16

4.25

0.09

1.23

0.615

0.874

1.59099

-0.30071

425678

SPD-lyrl (m/s)

4.16

4.99

0.83

1.45

0.605

0.851

1.83938

-0.57027

425678

CLD (%)

37.15

30.80

-6.35

24.40

0.368

0.766

35.60085

-99.00000

429885

CLD2_(%)

37.15

34.84

-2.32

2341

0.375

0.785

35.93363

-99.00000

429885

TMP-lyrl (K)

278.10

277.74

-0.36

1.80

0.908

0.974

2.36523

0.00123

439420

Wdir_dats

obsmean

modmean

bias

abserr

ubias

vbias

uerr

Verr

newtot

dbias

WDIR (deg)

272.22

27451

2.29

18.57

-0.079

-0.054

1.16272

1.26860

425678

2.329

Pcp

threshold (in)| Acc

BIAS

THREAT

ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.8833

1.0906

0.6637

0.5577

0.2353

0.7361

0.7161

0.8340

117691

333894

23429

36210

0.05 0.9186

1.1384

0.6574

0.5909

0.2550

0.7826

0.7428

0.8482

79895

389690

14299

27340

0.10 0.9377

1.1153

0.6596

0.6107

0.2462

0.7947

0.7583

0.8407

61719

417651

11695

20159

0.25 0.9617

1.0924

0.6419

0.6142

0.2512

0.7929

0.7610

0.8181

35114

456524

7809

11777

0.50 0.9751

1.0677

0.5661

0.5503

0.3000

0.7328

0.7099

0.7474

16637

481835

5622

7130

1.00 0.9873

0.8432

0.4215

0.4150

0.3519

0.5414

0.5866

0.5465

4719

500027

3916

2562

Table 3. February 2002 statigtical table for the 12-km Full region is shown.
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Total stats

obsmean

modmean

bias

abserr

r2

ia

rmse

nbias

jtot

TMP-1.5m (K)

280.91

280.26

-0.65

1.76

0.942

0.983

2.32739

0.00225

483897

QV_(gkg)

5.38

5.38

0.00

0.67

0.936

0.983

0.96168

-0.00419

475077

RH_(%)

69.00

71.47

2.47

11.43

0.617

0.880

15.20245

-0.05256

475043

WSPD-regular_(m/s)

4.13

4.30

0.16

1.34

0.596

0.865

1.73173

-99.00000

467848

WSPD-nocams _(m/s)

4.70

4.58

-0.12

1.22

0.576

0.866

1.60036

-0.06625

411953

WSPD-mincam (/9

4.23

4.30

0.07

1.25

0.606

0.874

1.63098

-0.28051

467848

SPD-lyrl (m/s)

4.23

5.02

0.79

1.46

0.595

0.853

1.87119

-0.53366

467848

CLD_(%)

48.42

42.79

-5.63

24.89

0.410

0.797

35.58189

-99.00000

473232

CLD2 (%)

48.42

47.55

-0.88

23.60

0.405

0.806

36.45646

-99.00000

473232

TMP-lyrL_(K)

280.91

280.41

-0.50

1.77

0.940

0.983

2.32967

0.00170

483897

Wdir_gtats

obsmean

modmean

bias

abserr

ubias

vbhias

uerr

verr

newtot

dbias

WDIR (deg)

252.38

245.63

-6.75

20.02

-0.112

0.002

1.21584

1.32478

467848

1.883

Pcp

threshold (in)| Acc

BIAS

THREAT

ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.8473

1.0718

0.6892

0.5217

0.2113

0.6939

0.6857

0.8453

191726

287817

35081

51374

0.05 0.8977

1.0883

0.7138

0.6122

0.2008

0.7791

0.7595

0.8698

144388

363713

21622

36275

0.10 0.9131

1.1050

0.7105

0.6294

0.2087

0.8000

0.7725

0.8744

120658

396180

17334

31826

0.25 0.9240

1.1188

0.6468

0.5867

0.2562

0.7746

0.7395

0.8322

78801

444170

15891

27136

0.50 0.9356

1.1182

0.5179

0.4779

0.3537,

0.6809

0.6467

0.7227

39140

490425

15015

21418

1.00 0.9684

0.9143

0.4062

0.3902

0.3952

0.5383

0.5613

0.5529

12229

535891

9887

7991

Table 4. March 2002 statistical table for the 12-km Full region is shown.
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Total _stats

obsmean

modmean

bias

abserr

r2

ia

rmse

nbias

jtot

TMP-15m_(K)

288.08

287.89

-0.19

1.57

0.943

0.984

2.03842

0.00058

471754

QV_(gkg)

8.06

8.04

-0.02

1.01

0.901

0.973

1.37537

0.00944

464645

RH_(%)

68.59

69.02

0.43

11.

03| 0.600

0.877

14.54039

-0.02005

464619

WSPD-regular_(m/s)

3.87

4.05

0.18

1.31

0.567

0.849

1.68699

-99.00000

452937

WSPD-nocams (n/s)

4.44

4.33

-0.11

1.18

0.532

0.847

1.55713

-0.07088

394419

WSPD-mincam_(m/s)

3.97

4.05

0.08

1.22

0.576

0.859

1.57709

-0.29562

452937

SPD-lyrl (m/s)

3.97

4.75

0.78

1.44

0.560

0.835

1.81917

-0.55694

452937

CLD_(%)

42.90

39.07

-3.84

25.35

0.361

0.775

35.39671

-99.00000

461606

CLD2 (%)

42.90

43.78

0.87 | 24

.80

0.356

0.782

36.59769

-99.00000

461606

TMP-lyrl (K)

288.08

287.84

-0.23

1.70

0.934

0.982

2.18773

0.00072

471754

Wdir_dats

obsmean

modmean

bias

abserr

ubias

vbias

uerr

Verr

newtot

dbias

WDIR (deg)

209.00

193.43

-15.57

21

.59

-0.136

0.128

1.21178

1.32356

452937

1.209

Pcp

threshold (in)| Acc

BIAS

THREAT

ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.8076

1.0262

0.6342

0.4363

0.2338

0.6096

0.6075

0.7863

182679

259687

49644

55730

0.05 0.8354

1.1194

0.5856

0.4483

0.3007

0.6404

0.6190

0.7828

127452

330107

35373

54808

0.10 0.8506

1.1779

0.5467

0.4363

0.3464

0.6450

0.6075

0.7698

98728

367153

29523

52336

0.25 0.8798

1.2975

0.4620

0.3905

0.4404

0.6314

0.5617

0.7261

56542

425366

21331

44501

0.50 0.9218

1.4147

0.3914

0.3524

0.5198

0.6205

0.5211

0.6793

27536

477396

12999

29809

1.00 0.9662

1.3585

0.2433

0.2303

0.6603

0.4399

0.3744

0.4615

5950

523284

6942

11564

Table 5. April 2002 datistical table for the 12-km Full region is shown.
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Total stats

obsmean

modmean

bias

abserr

r2

ia

rmse

nbias

jtot

TMP-1.5m (K)

290.70

290.81

0.11

1.55

0.927

0.978

2.00841

-0.00046

488277

QV_(gkg)

9.39

9.09

-0.30

1.15

0.884

0.968

1.52606

0.03946

478958

RH_(%)

69.69

67.29

-2.40

10.96

0.595

0.872

14.67426

0.02610

478929

WSPD-regular_(m/s)

3.67

3.93

0.27

1.35

0.528

0.834

1.72826

-99.00000

463927

WSPD-nocams _(m/s)

4.30

4.24

-0.06

121

0.486

0.830

1.59112

-0.08440

396047

WSPD-mincam (m/s)

3.78

3.93

0.15

1.24

0.537

0.846

1.60626

-0.33737

463927

SPD-lyrl (m/s)

3.78

4.63

0.85

1.50

0.516

0.813

1.89495

-0.61710

463927

CLD_(%)

38.63

35.77

-2.87

25.27

0.320

0.756

35.53267

-99.00000

476003

CLD2 (%)

38.63

40.09

1.45

25.34

0.314

0.761

37.09673

-99.00000

476003

TMP-lyrl _(K)

290.70

290.72

0.01

1.73

0.908

0.972

2.25051

-0.00014

488277

Wdir_dgats

obsmean

modmean

bias

abserr

ubias

vbias

uerr

verr

newtot

dbias

WDIR_(deg)

206.94

181.02

-25.92

24.11

-0.164

0.115

1.25923

1.40530

463927

1.080

Pcp

threshold (in)| Acc

BIAS

THREAT

ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.8340

0.9283

0.6749

0.4938

0.1630

0.6564

0.6612

0.7770

195088

276929

55993

37988

0.05 0.8521

1.0003

0.6389

0.5019

0.2204

0.6684

0.6684

0.7798

148148

334127

41832

41891

0.10 0.8583

1.0352

0.6011

0.4836

0.2619

0.6589

0.6519

0.7641

120906

364870

37328

42894

0.25 0.8762

1.1044

0.5184

0.4349

0.3495

0.6306

0.6062

0.7185

75403

420541

29549

40505

0.50 0.9033

1.2099

0.3998

0.3488

0.4783

0.5654

0.5172

0.6311

36459

474799

21308

33432

1.00 0.9563

1.3192

0.3034

0.2847

0.5908

0.5114

0.4432

0.5398

10760

530531

9172

15535

Table 6. May 2002 statistical table for the 12-km Full region is shown.
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Total stats

obsmean

modmean

bias

abserr

r2

rmse

nbias

jtot

TMP-1.5m_(K)

296.64

296.72

0.08

1.44

0.881

0.964

1.86762

-0.00033

471541

QV_(gkg)

13.30

13.15

-0.15

1.44

0.725

0.920

1.89633

0.00405

461949

RH_(%)

72.31

71.57

-0.75

9.56

0.591

0.876

12.56255

-0.00780

461910

WSPD-regular_(m/s)

2.92

3.29

0.38

1.32

0.436

0.786

1.67923

-99.00000

444811

WSPD-nocams (n/s)

3.66

3.59

-0.06

1.12

0.401

0.792

1.48413

-0.08254

354602

WSPD-mincam _(m/s)

3.07

3.29

0.22

1.17

0.450

0.807

1.50996

-0.41357

444811

SPD-lyrL (/9

3.07

3.91

0.84

1.42

0.430

0.769

1.79058

-0.72151

444811

CLD_(%)

30.69

34.39

3.70

26.76

0.204

0.682

35.47783

-99.00000

459618

CLD2 (%)

30.69

39.99

9.30

28.21

0.204

0.685

38.29418

-99.00000

459618

TMP-lyrl (K)

296.64

296.69

0.05

1.70

0.842

0.947

2.17950

-0.00026

471541

Wdir_dats

obsmean

modmean

bias

abserr

ubias

vbias

uerr

verr

newtot

dbias

WDIR (deg)

190.75

177.00

-13.74

29.29

-0.152

0.269

1.26252

1.38427

444811

1.992

Pcp

threshold (in)| Acc

BIAS

THREAT

ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.7755

0.9138

0.6134

0.3794

0.2038

0.5491

0.5501

0.7276

195087

229708

73022

49923

0.05 0.7767

1.0503

0.5372

0.3529

0.3178

0.5274

0.5217

0.7165

141983

283458

56166

66133

0.10 0.7788

1.1554

0.4730

0.3187

0.4009

0.5058

0.4833

0.6922

108783

317778

48376

72803

0.25 0.8040

1.4082

0.3460

0.2467

0.5604

0.4603

0.3958

0.6191

56808

383576

34951

72405

0.50 0.8608

1.7966

0.2320

0.1802

0.7069

0.4164

0.3053

0.5266

23033

448451

20707

55549

1.00 0.9414

2.5649

0.1274

0.1121

0.8429

0.3560

0.2016

0.4029

4687

510957

6946

25150

Table 7. June 2002 dtatistical table for the 12-km Full region is shown.
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Total stats

obsmean

modmean

bias

abserr

r2

rmse

nbias

jtot

TMP-1.5m_(K)

298.81

298.76

-0.06

1.45

0.845

0.952

1.87971

0.00014

487170

QV_(gkg)

15.27

15.10

-0.17

1.57

0.665

0.901

2.05339

0.00492

478167

RH_(%)

73.17

72.91

-0.26

9.27

0.582

0.872

12.17288

-0.01525

478139

WSPD-regular_(m/s)

2.54

2.93

0.38

1.28

0.376

0.753

1.62831

-99.00000

456961

WSPD-nocams (n/s)

3.35

3.23

-0.11

1.07

0.330

0.756

1.42205

-0.06657

347258

WSPD-mincam _(m/s)

2.73

2.93

0.20

111

0.389

0.779

1.43773

-0.41674

456961

SPD-lyrL (/9

2.73

3.50

0.77

1.35

0.369

0.742

1.69625

-0.73414

456961

CLD_(%)

26.37

31.74

5.37

27.26

0.134

0.625

35.75912

-99.00000

473107

CLD2 (%)

26.37

37.08

10.71

29.06

0.139

0.633

38.65865

-99.00000

473107

TMP-lyrl (K)

298.81

298.75

-0.06

1.73

0.797

0.928

2.19164

0.00012

487170

Wdir_dats

obsmean

modmean

bias

abserr

ubias

vbias

uerr

verr

newtot

dbias

WDIR (deg)

222.63

203.14

-19.49

31.93

0.000

0.358

1.21420

1.32984

456961

1.568

Pcp

threshold (in)| Acc

BIAS

THREAT

ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.7420

0.9319

0.6036

0.3189

0.2197

0.4865

0.4836

0.7272

222407

197539

83444

62608

0.05 0.7300

1.0806

0.5090

0.2857

0.3505

0.4505

0.4445

0.7018

158414

254768

67312

85504

0.10 0.7307

1.1879

0.4407

0.2562

0.4366

0.4285

0.4079

0.6692

120096

293476

59356

93070

0.25 0.7569

1.4958

0.3029

0.1874

0.6121

0.3764

0.3156

0.5802

59791

368606

43254

94347

0.50 0.8266

2.0711

0.1711

0.1154

0.7834

0.3080

0.2069

0.4487

20260

447587

24894

73257

1.00 0.9318

3.4324

0.0636

0.0500

0.9227

0.2088

0.0952

0.2652

2623

524776

7269

31330

Table 8. July 2002 gtatistical table for the 12-km Full region is shown.
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Total stats

obsmean

modmean

bias

abser

rf r2

rmse

nbias

jtot

TMP-1.5m_(K)

297.71

297.68

-0.04

141

0.866

0.960

1.85205

0.00008

490592

QV_(gkg)

14.47

14.21

-0.26

1.49

0.693

0.909

1.97951

0.01051

481892

RH_(%)

74.14

73.09

-1.05

9.39

0.589

0.874

12.36538

-0.00380

481863

WSPD-regular_(m/s)

2.59

3.00

0.42

1.29

0.372

0.745

1.64195

-99.00000

462138

WSPD-nocams (n/s)

3.37

3.29

-0.08

1.06

0.333

0.757

1.41078

-0.08320

354549

WSPD-mincam _(m/s)

2.77

3.00

0.24

1.12

0.386

0.773

1.44531

-0.45255

462138

SPD-lyrL (/9

2.77

3.60

0.83

1.38

0.358

0.730

1.72670

-0.78282

462138

CLD_(%)

28.95

32.65

3.70

26.76

0.189

0.670

35.27541

-99.00000

476106

CLD2 (%)

28.95

37.91

8.96

28.12

0.191

0.676

37.87040

-99.00000

476106

TMP-lyrl (K)

297.71

297.74

0.02

1.71

0.818

0.939

2.19548

-0.00016

490592

Wdir_dats

obsmean

modmean

bias

abser

r| ubias

vbias

uerr

Verr

newtot

dbias

WDIR (deg)

110.50

135.85

25.35

30.52

-0.086

0.290

1.21190

1.32377

462138

1.738

Pcp

threshold (in)| Acc

BIAS

THREAT

ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.7482

0.8859

0.5595

0.3261

0.2363

0.4889

0.4918

0.6766

181007

242460

86534

55997

0.05 0.7523

1.0274

0.4737

0.2932

0.3657,

0.4564,

0.4534

0.6517

126184

299638

67440

72736

0.10 0.7593

1.1264

0.4096

0.2603

0.4514

0.4295

0.4131

0.6179

94535

335199

58464

77800

0.25 0.7952

1.3602

0.2926

0.1979

0.6072

0.3787

0.3304

0.5343

47945

402146

41791

74116

0.50 0.8644,

1.6680

0.1977

0.1494

0.7360

0.3396

0.2599

0.4404,

18911

470333

24034

52720

1.00 0.9473

1.9173

0.1125

0.0976

0.8461

0.2575

0.1778

0.2951

3786

532358

9043

20811

Table 9. August 2002 statistical table for the 12-km Full region is shown.
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Total stats

obsmean

modmean

bias

abserr

r2

rmse

nbias

jtot

TMP-1.5m_(K)

295.09

294.96

-0.13

141

0.905

0.973

1.81645

0.00039

476372

QV_(gkg)

12.69

12.23

-0.46

1.31

0.825

0.949

1.73622

0.02804

467739

RH_(%)

74.86

72.05

-2.81

10.

02]0.584

0.870

13.40506

0.02058

467717

WSPD-regular_(m/s)

2.69

3.19

0.50

1.31

0.457

0.788

1.65562

-99.00000

451873

WSPD-nocams (n/s)

3.53

3.54

0.01

1.08

0.419

0.800

1.41941

-0.11001

344231

WSPD-mincam _(m/s)

2.88

3.19

0.31

1.14

0.473

0.813

1.45720

-0.47861

451873

SPD-lyrL (/9

2.88

3.82

0.95

1.44

0.438

0.764

1.80178

-0.82303

451873

CLD_(%)

32.74

32.19

-0.56

25.00

0.288

0.732

34.68699

-99.00000

460857

CLD2 (%)

32.74

37.16

4.41

25.

2910.291

0.743

36.41303

-99.00000

460857

TMP-lyrl (K)

295.09

295.23

0.14

1.81

0.843

0.950

2.35419

-0.00055

476372

Wdir_dats

obsmean

modmean

bias

abserr

ubias

vbias

uerr

Verr

newtot

dbias

WDIR (deg)

86.12

108.62

22.50

27.

24 1-0.225

0.249

1.17785

1.30454

451873

2.484

Pcp

threshold (in)| Acc

BIAS

THREAT

ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.7973

0.8291

0.5570

0.3891

0.2108

0.5429

0.5602

0.6544

139609

297101

73743

37287

0.05 0.8216

0.9114

0.4963

0.3721

0.3044

0.5275

0.5423

0.6340

96280

353734

55592

42134

0.10 0.8382

0.9384

0.4571

0.3552

0.3521

0.5127

0.5242

0.6081

74599

384524

48085

40532

0.25 0.8687

0.9700

0.3816

0.3119

0.4390

0.4697

0.4755

0.5441

44365

431484

37167

34724

0.50 0.9062

1.0036

0.3123

0.2694

0.5250

0.4251

0.4244

0.4768

23315

473073

25587

25765

1.00 0.9524

0.9859

0.2434

0.2246

0.6056

0.3643

0.3668

0.3888

8397

513246

13201

12896

Table 10. September 2002 statistical table for the 12-km Full region is shown.
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Total stats

obsmean

modmean

bias

abserr

r2

rmse

nbias

jtot

TMP-1.5m_(K)

287.55

287.06

-0.48

1.43

0.949

0.986

1.82413

0.00165

494315

QV_(gkg)

9.05

8.61

-0.43

0.96

0.930

0.980

1.30642

0.05585

485751

RH_(%)

79.12

76.52

-2.60

10.56

0.488

0.827

14.51381

0.02483

485734

WSPD-regular_(m/s)

2.84

3.28

0.44

1.27

0.485

0.803

1.61567

-99.00000

473203

WSPD-nocams (n/s)

3.61

3.61

0.00

1.06

0.448

0.813

1.40056

-0.10252

372607

WSPD-mincam _(m/s)

3.01

3.28

0.28

1.12

0.500

0.826

1.43520

-0.43255

473203

SPD-lyrL (/9

3.01

3.89

0.88

1.38

0.475

0.785

1.73316

-0.74139

473203

CLD_(%)

53.80

49.66

-4.14

24.97

0.420

0.798

34.21059

-99.00000

477460

CLD2 (%)

53.80

56.68

2.88

2291

0.420

0.810

35.15409

-99.00000

477460

TMP-lyrl (K)

287.55

287.27

-0.28

1.60

0.932

0.982

2.05254

0.00092

494315

Wdir_dats

obsmean

modmean

bias

abserr

ubias

vbias

uerr

Verr

newtot

dbias

WDIR (deg)

16.35

26.54

10.19

24.40

-0.144

-0.030,

1.12207

1.21988

473203

2.365

Pcp

threshold (in)| Acc

BIAS

THREAT

ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.8026

0.8851

0.6429

0.4317

0.1666

0.6007

0.6031

0.7377

201122

253161

71522

40193

0.05 0.8360

0.8813

0.5965

0.4563

0.2024,

0.6090

0.6266

0.7029

137196

336001

57989

34812

0.10 0.8504

0.8643

0.5488

0.4375

0.2357

0.5831

0.6087

0.6606

102992

378320

52918

31768

0.25 0.8760

0.7899

0.4406

0.3690

0.3070

0.4948

0.5391

0.5474

55292

440507

45708

24491

0.50 0.9110

0.6908

0.3192

0.2796

0.4078

0.3771

0.4370

0.4091

23629

491971

34127

16271

1.00 0.9607

0.6572

0.1878

0.1743

0.6013

0.2479

0.2969

0.2621

5149

538586

14499

7764

Table 11. October 2002 statistical table for the 12-km Full region is shown.

31




Total stats

obsmean

modmean

bias

abserr

r2

ia

rmse

nbias

jtot

TMP-1.5m (K)

280.90

280.12

-0.79

1.72

0.922

0.977

2.21495

0.00277

479161

QV_(gkg)

5.42

5.18

-0.23

0.66

0.926

0.979

0.90901

0.04068

471466

RH_(%)

74.26

73.05

-1.21

11.

81

0.438

0.813

15.76113

0.00046

471439

WSPD-regular_(m/s)

3.40

3.82

0.42

1.34

0.542

0.830

1.71160

-99.00000

462666

WSPD-nocams _(m/s)

4.12

4.16

0.04

1.15

0.502

0.835

1.51639

-0.12069

381354

WSPD-mincam (/9

3.53

3.82

0.29

1.21

0.553

0.846

1.55902

-0.42682

462666

SPD-lyrl (m/s)

3.53

451

0.98

1.49

0.535

0.809

1.87939

-0.73215

462666

CLD_(%)

45.82

37.87

-7.95

24,

67

0.424

0.795

35.43811

-99.00000

467013

CLD2 (%)

45.82

43.10

-2.73

22.

91

0.428

0.813

35.53258

-99.00000

467013

TMP-lyrL_(K)

280.90

280.52

-0.38

1.85

0.898

0.972

2.38565

0.00131

479161

Wdir_gtats

obsmean

modmean

bias

abserr

ubias

vbhias

uerr

verr

newtot

dbias

WDIR (deg)

277.08

277.80

0.72

20.

66

0.027

-0.020

1.15565

1.25453

462666

2.515

Pcp

threshold (in)| Acc

BIAS

THREAT

ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.8769

0.9480

0.6846

0.5639

0.1649

0.7120

0.7212

0.7916

146380

333922

38526

28912

0.05 0.9096

0.9321

0.6686

0.5911

0.1694

0.7255

0.7430

0.7742

99891

398342

29134

20373

0.10 0.9208

0.9069

0.6362

0.5744

0.1824,

0.7035

0.7296

0.7414

75817

428568

26440

16915

0.25 0.9445

0.8604

0.5935

0.5551

0.1947

0.6707

0.7139

0.6929

44395

472936

19675

10734

0.50 0.9571

0.7312

0.4682

0.4447

0.2450

0.5389

0.6156

0.5521

20675

503583

16774

6708

1.00 0.9779

0.5857

0.2346

0.2267

0.4856

0.2948

0.3696

0.3013

3704

531950

8590

3496

Table 12. November 2002 datistical table for the 12-km Full region is shown.
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Total stats

obsmean

modmean

bias

abserr

r2

ia

rmse

nbias

jtot

TMP-1.5m (K)

276.76

275.70

-1.06

1.95

0.908

0.971

2.56867

0.00379

490016

QV_(gkg)

4.13

4.12

-0.01

0.54

0.922

0.979

0.77691

-0.02104

480644

RH_(%)

73.55

76.81

3.26

11.

85

0.457

0.817

15.42577

-0.07090

480593

WSPD-regular_(m/s)

3.68

3.96

0.28

1.37

0.523

0.824

1.75923

-99.00000

472282

WSPD-nocams _(m/s)

4.33

4.27

-0.07

1.21

0.477

0.822

1.59735

-0.09683

400659

WSPD-mincam (/9

3.79

3.96

0.17

1.25

0.531

0.838

1.62973

-0.37147

472282

SPD-lyrl (m/s)

3.79

4.68

0.88

1.49

0.517

0.809

1.89879

-0.66217

472282

CLD_(%)

47.06

37.81

-9.25

24.93

0.422

0.794

36.50302

-99.00000

475867

CLD2 (%)

47.06

42.34

-4.72

22.98

0.430

0.813

36.21823

-99.00000

475867

TMP-lyrL_(K)

276.76

276.21

-0.55

1.89

0.903

0.973

2.44788

0.00191

490016

Wdir_gtats

obsmean

modmean

bias

abserr

ubias

vbhias

uerr

verr

newtot

dbias

WDIR (deg)

269.54

273.18

3.64

19.78

0.017

-0.062

1.22383

1.22865

472282

3.167

Pcp

threshold (in)| Acc

BIAS

THREAT

ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.8719

0.9854,

0.6815

0.5550

0.1834

0.7113

0.7138

0.8047

155162

338324

37659

34853

0.05 0.9272

0.9768

0.7395

0.6697

0.1397

0.7959

0.8021

0.8404

117008

407773

22222

18995

0.10 0.9416

0.9751

0.7472

0.6931

0.1338

0.8111

0.8187

0.8447

97741

435189

17976

15092

0.25 0.9521

0.9389

0.7128

0.6728

0.1406

0.7841

0.8044

0.8069

67294

471593

16102

11009

0.50 0.9534,

0.8980

0.5857

0.5543

0.2193

0.6806

0.7133

0.7010

37253

502394

15886

10465

1.00 0.9735

0.7084

0.4464

0.4326

0.2556

0.5196

0.6040

0.5273

12104

538885

10852

4157

Table 13. December 2002 statistical table for the 12-km Full region is shown.
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36-km statistical tables

Tables 14-25 show the monthly summary Satistica tables for the 36-km US region. The overdl
performance is generdly smilar to that seen for the 12-km Full Satigtics. The wintertime cold biases are not
quite as strong, but they till exist. The wind direction errors are dso dightly larger, presumably due to the
incluson of more difficult Stesto mode (e.g. western mountain sites). Wind speeds tend to be lower with
respect to the observations (i.e. lower bias number) a 36-km than was the case at 12-km. Thisis dueto the
higher nudging strength gpplied a 36-km, which hasthe practicd effect of reducing wind speeds while
deflecting the model winds toward the observations. Findly, the cloud (CLD2) summer high biasis dampened
considerably from what is observed at 12-km resolution.

Total stats

obsmean

modmean

bias

abserr

r2

ia

rmse

nbias

jtot

TMP-1.5m_(K)

276.06

275.33

-0.73

2.09

0.907

0.974

2.79742

0.00261

946480

QV_(gkg)

3.85

3.99

0.14

0.56

0.918

0.978

0.81239

-0.06870

935823

RH_(%)

70.82

74.27

3.44

12.03

0.518

0.843

15.80381

-0.08749

935716

WSPD-regular_(m/s)

3.54

3.50

-0.04

1.32

0.524

0.814

1.72335

-99.00000

918366

WSPD-nocams (n/s)

4.22

3.79

-0.43

1.20

0.478

0.802

1.60926

0.00338

770354

WSPD-mincam_(n/s)

3.67

3.50

-0.17

1.21

0.530

0.826

1.60455

-0.24553

918366

SPD-lyrl (m/s)

3.67

4.18

0.51

1.40

0.450

0.797

1.84380

-0.54357

918366

CLD_(%)

42.82

33.74

-9.07

26.44

0.377

0.760

36.90822

-99.00000

913447

CLD2 (%)

42.82

38.09

-4.73

24.98

0.377

0.782

36.84609

-99.00000

913447

TMP-lyrl (K)

276.06

276.14

0.08

1.99

0.907

0.975

2.67626

-0.00037

946480

Wdir_dats

obsmean

modmean

bias

abserr

ubias

vbias

uerr

Verr

newtot

dbias

WDIR_(deg)

264.82

259.87

-4.95

25.19

0.080

0.113

1.25187

1.29823

918366

2.476

Pcp

threshold (in)| Acc

BIAS

THREAT

ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.8249

1.0210

0.5781

0.4312

0.2748

0.6058

0.6025

0.7404

48455

118152

16993

18365

0.05 0.8921

1.1151

0.5631

0.4858

0.3167

0.6831

0.6539

0.7620

28092

152080

8774

13019

0.10 0.9219

1.1637

0.5486

0.4967

0.3413

0.7104

0.6638

0.7665

19163

167036

5837

9929

0.25 0.9615

1.1017

0.5535

0.5290

0.3203

0.7247

0.6920

0.7488

9642

184544

3235

4544

0.50 0.9798

1.0355

0.5207

0.5087

0.3270

0.6860

0.6744

0.6970

4432

193453

1927

2153

1.00 0.9922

0.8983

0.4498

0.4457

0.3443

0.5856

0.6166

0.5890

1291

199095

901

678

Table 14. January 2002 statistical table for the 36-km US region is shown.




Total stats

obsmean

modmean

bias

abserr

r2

rmse

nbias

jtot

TMP-1.5m (K)

276.77

276.25

-0.52

1.96

0.907|0.975

2.65000

0.00183

865039

QV_(gkg)

3.53

3.55

0.

02

0.58

0.874|0.966

0.81379

-0.04582

854281

RH_(%)

64.85

66.53

1.

68

12.78

0.547|0.858

16.69427

-0.06509

854194

WSPD-regular_(m/s)

4.01

3.89

-0.12

1.37

0.613/0.859

1.78559

-99.00000837617

WSPD-nocams _(m/s)

4.71

4.24

-0.47

1.27

0.578(0.850

1.70210

0.01323

713258

WSPD-mincam (/9

4.12

3.89

-0.23

1.26

0.620]0.867

1.68347

-0.20926

837617

SPD-lyrl (m/s)

4.12

4.59

0.

47

1.43

0.560(0.850

1.88236

-0.48598

837617

CLD_(%)

35.11

28.38

-6.73

24.41

0.363|0.755

35.27850

-99.00000839881

CLD2 (%)

35.11

32.50

-2.62

23.39

0.369(0.779

35.42045

-99.00000 839881

TMP-lyrL_(K)

276.77

276.90

0.

13

1.95

0.901|0.973

2.66067

-0.00055

865039

Wdir_gtats

obsmean

modmean

bias

abserr

ubias|vbias

uerr

verr

newtot

dbias

WDIR (deg)

283.05

279.59

-3.46

24.27

-0.01710.077

1.28521

1.35146

837617

2.566

Pcp

threshold (in)| Acc

BIAS | THREAT

ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.8525

0.9578] 0.5749

0.4584

0.2539

0.6205

0.6287

0.7146

36377

119141

14525

12377

0.05 0.9053

1.1405| 0.5585

0.4927

0.3275

0.6979

0.6601

0.7671

21851

143294

6636

10639

0.10 0.9322

1.2237| 0.5545

0.5099

0.3518

0.7420

0.6754

0.7932

15395

154657

4013

8355

0.25 0.9644,

1.2517| 0.5419

0.5200

0.3678

0.7655

0.6842

0.7914

7688

168233

2027

4472

0.50 0.9828

1.2082| 0.4975

0.4878

0.3928

0.7224

0.6557

0.7336

3101

176187

1126

2006

1.00 0.9936

0.9948) 0.3988

0.3956

0.4284

0.5655

0.5670

0.5687

770

180489

584

577

Table 15. February 2002 statistical table for the 36-km US region is shown.

35




Total stats

obsmean

modmean

bias

abserr

r2

ia

rmse

nbias

jtot

TMP-15m _(K)

278.72

278.15

-0.57

1.90

0.936

0.983

2.60455

0.00200

954172

QV_(gkg)

4.44

4.45

0.01

0.63

0.924

0.980

0.92272

-0.02995

941638

RH_(%)

65.84

68.32

2.48

11.58

0.638

0.890

15.35492

-0.06849

941570

WSPD-regular_(m/s)

4.22

3.99

-0.24

1.38

0.606

0.860

1.80846

-99.00000

921790

WSPD-nocams _(m/s)

4.83

4.28

-0.55

1.30

0.579

0.851

1.74057

0.03515

806024

WSPD-mincam (/9

4.32

3.99

-0.33

1.29

0.614

0.866

1.72353

-0.15606

921790

SPD-lyrl (m/s)

4.32

4.69

0.37

1.43

0.554

0.852

1.89848

-0.41354

921790

CLD_(%)

44.56

35.62

-8.94

25.31

0.412

0.783

35.65981

-99.00000

926303

CLD2 (%)

44.56

40.19

-4.38

23.81

0.410

0.801

35.71257

-99.00000

926303

TMP-lyrL_(K)

278.72

278.54

-0.18

1.80

0.942

0.985

2.42655

0.00057

954172

Wdir_gtats

obsmean

modmean

bias

abserr

ubias

vbhias

uerr

verr

newtot

dbias

WDIR (deg)

273.61

270.52

-3.09

24.53

0.015

0.030

1.32654

1.39867

921790

2.697

Pcp

threshold (in)| Acc

BIAS

THREAT

ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.8267

1.0198

0.6305

0.4632

0.2341

0.6356

0.6332

0.7811

59710

107264

16738

18253

0.05 0.8720

1.1866

0.5879

0.4885

0.3178

0.6997

0.6563

0.8096

36878

139236

8675

17176

0.10 0.8979

1.3045

0.5590

0.4882

0.3666

0.7374

0.6561

0.8263

26139

155201

5496

15129

0.25 0.9403

1.3553

0.5393

0.5019

0.3912

0.7762

0.6684

0.8252

14102

175815

2988

9060

0.50 0.9652

1.2754

0.4742

0.4549

0.4261

0.7076

0.6253

0.7319

6346

188583

2324

4712

1.00 0.9869

1.0177

0.4083

0.4018

0.4251

0.5783

0.5733

0.5850

1820

197508

1291

1346

Table 16. March 2002 statistical table for the 36-km US region is shown.
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Total stats

obsmean

modmean

bias

abserr

r2

ia

rmse

nbias

jtot

TMP-1.5m (K)

286.16

286.00

-0.16

1.66

0.936

0.983

2.24593

0.00050

929547

QV_(gkg)

6.82

6.82

0.00

0.92

0.902

0.974

1.29698

-0.00510

919347

RH_(%)

65.36

66.02

0.67

10.76

0.667

0.902

14.31827

-0.03816

919278

WSPD-regular_(m/s)

4.15

3.93

-0.21

1.34

0.612

0.863

1.74615

-99.00000

892333

WSPD-nocams _(m/s)

4.73

4.22

-0.51

1.26

0.584

0.854

1.68282

0.03235

782189

WSPD-mincam (/9

4.24

3.93

-0.31

1.25

0.621

0.870

1.66103

-0.15123

892333

SPD-lyrl (m/s)

4.24

4.61

0.37

1.40

0.562

0.855

1.83303

-0.39942

892333

CLD_(%)

42.55

34.17

-8.39

25.90

0.361

0.762

36.09765

-99.00000

903391

CLD2 (%)

42.55

38.54

-4.01

24.98

0.355

0.777

36.57596

-99.00000

903391

TMP-lyrL_(K)

286.16

286.06

-0.10

1.73

0.934

0.982

2.28581

0.00028

929547

Wdir_gtats

obsmean

modmean

bias

abserr

ubias

vbhias

uerr

verr

newtot

dbias

WDIR (deg)

218.87

219.95

1.08

25.42

0.030

0.015

1.32221

1.40175

892333

2.539

Pcp

threshold (in)| Acc

BIAS

THREAT

ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.8084;

0.9982

0.5969

0.4217

0.2518

0.5930

0.5932

0.7469

55447

102558

18789

18656

0.05 0.8484

1.1845

0.5447

0.4328

0.3497

0.6427

0.6042

0.7703

35439

130384

10570

19057

0.10 0.8711

1.3047

0.4992

0.4163

0.4118

0.6594

0.5878

0.7674

25113

145145

7610

17582

0.25 0.9135

1.5165

0.4157

0.3710

0.5127

0.6683

0.5412

0.7389

12033

166504

4251

12662

0.50 0.9549

1.5555

0.3597

0.3392

0.5654

0.6417

0.5065

0.6760

4953

181679

2374

6444

1.00 0.9859

1.4007

0.2714

0.2658

0.6341

0.5033

0.4200

0.5125

1027

191666

977

1780

Table 17. April 2002 dtatistical table for the 36-km US region is shown.
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Total stats

obsmean

modmean

bias

abserr

r2 ia

rmse

nbias

jtot

TMP-1.5m (K)

289.31

289.43

0.12

1.60

0.931

0.981

2.10449

-0.00050

958163

QV_(gkg)

7.91

7.68

-0.23

1.07

0.890

0.970

1.44575

0.02491

947550

RH_(%)

64.05

62.34

-1.72

10.64

0.684

0.907

14.30719

0.00226

947477

WSPD-regular_(m/s)

4.03

3.93

-0.10

1.40

0.560

0.847

1.81702

-99.00000

911895

WSPD-nocams _(m/s)

4.64

4.21

-0.43

1.30

0.530

0.838

1.73692

0.00811

791445

WSPD-mincam (/9

4.13

3.93

-0.21

1.30

0.569

0.855

1.72139

-0.20846

911895

SPD-lyrl (m/s)

4.13

4.60

0.47

1.49

0.515

0.834

1.93289

-0.46539

911895

CLD_(%)

36.37

29.96

-6.40

24.97

0.319

0.744

35.40861

-99.00000

931303

CLD2 (%)

36.37

33.85

-2.51

24.78

0.311

0.755

36.39382

-99.00000

931303

TMP-lyrL_(K)

289.31

289.35

0.04

1.75

0.919

0.976

2.29601

-0.00024

958163

Wdir_gtats

obsmean

modmean

bias

abserr

ubias

vbhias

uerr

verr

newtot

dbias

WDIR (deg)

217.14

217.14

0.00

28.17

0.020

0.026

1.40364

1.50237

911895

2.332

Pcp

threshold (in)| Acc

BIAS

THREAT

ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.8152

0.9412

0.5960

0.4301

0.2298

0.5945

0.6015

0.7249

55064

109575

20898

16428

0.05 0.8541

1.1208

0.5521

0.4433

0.3269

0.6397

0.6142

0.7544

36311

136195

11823

17636

0.10 0.8742

1.2297

0.5151

0.4314

0.3836

0.6572

0.6027

0.7581

26982

149584

8611

16788

0.25 0.9079

1.4068

0.4342

0.3841

0.4821

0.6558

0.5550

0.7286

14267

169104

5314

13280

0.50 0.9413

1.4939

0.3309

0.3050

0.5849

0.5772

0.4675

0.6201

5860

18425

8

3590

8257

1.00 0.9797

1.4468

0.2626

0.2547

0.6483

0.4954

0.4060

0.5089

1460

196405

1409

2691

Table 18. May 2002 datistical table for the 36-km US region is shown.
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Total stats

obsmean

modmean

bias

abserr

r2

ia

rmse

nbias

jtot

TMP-1.5m (K)

295.48

295.48

0.00

1.57

0.905

0.972

2.07234

-0.00007

9243881

QV_(gkg)

11.37

11.22

-0.15

1.42

0.809

0.947

1.88997

-0.00201

913811

RH_(%)

65.90

65.46

-0.44

9.66

0.713

0.918

12.88463

-0.02752

913725

WSPD-regular_(m/s)

3.46

3.37

-0.09

1.38

0.485

0.808

1.79191

-99.00000

874547

WSPD-nocams _(m/s)

4.16

3.65

-0.50

1.26

0.455

0.799

1.69961

0.03324

728033

WSPD-mincam (/9

3.59

3.37

-0.22

1.26

0.496

0.820

1.67297

-0.23146

874547

SPD-lyrl (m/s)

3.59

3.99

0.40

1.42

0.442

0.801

1.85255

-0.50409

874547

CLD_(%)

28.63

26.95

-1.68

24.07

0.246

0.706

33.91846

-99.00000

898454

CLD2 (%)

28.63

30.99

2.37

24.85

0.237

0.713

35.81057

-99.00000

898454

TMP-lyrL_(K)

295.48

295.49

0.00

1.79

0.884

0.963

2.32985

-0.00012

924881

Wdir_gtats

obsmean

modmean

bias

abserr

ubias

vbhias

uerr

verr

newtot

dbias

WDIR (deg)

193.94

192.30

-1.63

32.18

-0.007

0.067

1.39309

1.48954

874547

3.031

Pcp

threshold (in)| Acc

BIAS

THREAT

ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.7824

0.9828

0.5708

0.3755

0.2669

0.5444

0.5460

0.7205

56558

96360

21940

20592

0.05 0.8079

1.2337

0.4989

0.3634

0.3973

0.5737

0.5330

0.7435

37382

120528

12896

24644

0.10 0.8219

1.3960

0.4398

0.3329

0.4758

0.5750

0.4995

0.7319

27327

133312

10012

24799

0.25 0.8594

1.6809

0.3368

0.2724

0.5982

0.5567

0.4281

0.6755

13952

154027

6703

20768

0.50 0.9088

2.0457

0.2393

0.2071

0.7125

0.5134

0.3432

0.5882

5611

172005

3929

13905

1.00 0.9662

2.4301

0.1435

0.1343

0.8228

0.4039

0.2368

0.4305

1106

187744

1463

5137

Table 19. June 2002 Satistical table for the 36-km US region is shown.
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Total stats obsmean|modmean| bias |abserr| r2 ia rmse nbias | jtot
TMP-1.5m (K) 297.91 | 297.76 |-0.14| 1.60 |0.872|0.962| 2.11752 | 0.00041 |955148
QV_(gkg) 13.39 13.24 |-0.15| 1.58 |0.751|0.930| 2.11797 | -0.00406 [944939
RH_(%) 67.31 67.50 | 0.19| 9.64 |0.682|0.907|12.80378|-0.03968 |944878
WSPD-regular_ (m/s) | 3.04 2.95 [-0.09| 1.34 [0.400|0.762| 1.73542 |-99.00000899474
WSPD-nocams (nV/s)| 3.78 322 |-056| 1.21 |0.356|0.746| 1.64473 | 0.05924 |72395]]
WSPD-mincdm (m/s)| 3.19 295 |[-0.24| 1.20 [0.410|0.777| 1.60245 |-0.22406 |899474
SPD-lyrl (m/s) 3.19 353 |0.33| 1.35 |0.356|0.759| 1.75191 | -0.50492 |899474
CLD_(%) 24.62 24.44 1-0.18| 24.38| 0.156 | 0.640 |34.00370|-99.00000926991
CLD2 (%) 24.62 28.38 | 3.75 | 25.64 | 0.151 0.648|36.11977{-99.00000926991
TMP-lyrl (K) 297.91 | 297.81 |-0.10| 1.83 |0.847|0.949| 2.36812 | 0.00023 |955148
Wdir_gtats obsmean|modmean| bias |abserr | ubias|vbias| uerr verr  [newtot|dbias
WDIR (deg) 204.25 | 201.88 |-2.37| 34.47]0.030| 0.142| 1.34061 | 1.42832 |8994742.280
Pcp
threshold (in)| ACC | BIAS | THREAT| ETS | FAR | HK HSS | POD | HITS | ZEROES | MISSES | FALSES
0.01 0.7476|0.9451| 0.5523 |0.3223]0.2677|0.4851| 0.4875 |0.6921| 62895| 88091 | 27983 | 22996
0.05 0.7587[1.2031] 0.4515 [0.2879|0.4304{0.4739| 0.4471 |0.6853(40113| 113117 | 18422 | 30313
0.10 0.7730/1.4150) 0.3813 |0.2548/0.5288|0.4679| 0.4061 |0.6667|28260| 127859 | 14128 | 31718
0.25 0.8184{1.9454] 0.2615 [0.19040.6862|0.4534( 0.3199 |0.6105( 12986 | 152299 | 8285 | 28395
0.50 0.8826|2.6541| 0.1634 |0.1306{0.8066|0.4131| 0.2310 |0.5132| 4631 | 173621| 4393 | 19320
1.00 0.9576(3.3732| 0.0868 [0.0779)0.8965|0.3139| 0.1445 |0.3492| 814 |192585| 1517 | 7049

Table 20. July 2002 gatistical table for the 36-km US region is shown.
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Total stats

obsmean

modmean

bias

abserr

r2 ia

rmse

nbias

jtot

TMP-1.5m (K)

296.55

296.44

-0.11

1.58

0.888

0.967

2.09779

0.00032

960510

QV_(gkg)

12.52

12.27

-0.24

1.48

0.790

0.941

1.97364

0.00548

950621

RH_(%)

67.96

67.18

-0.78

9.72

0.694

0.911

12.90850

-0.01967

950558

WSPD-regular_(m/s)

3.05

2.99

-0.06

1.35

0.425

0.771

1.74270

-99.00000

906887

WSPD-nocams _(m/s)

3.81

3.26

-0.55

1.21

0.393

0.763

1.63919

0.05181

725907

WSPD-mincam (/9

3.20

2.99

-0.21

1.21

0.437

0.788

1.60231

-0.24946

906887

SPD-lyrl (m/s)

3.20

3.57

0.37

1.36

0.379

0.768

1.76247

-0.54113

906887

CLD_(%)

26.25

24.33

-1.91

24.51

0.181

0.657

34.36785

-99.00000

931042

CLD2 (%)

26.25 28.01

1.

76

25.46

0.173

0.666

36.13303

-99.00000

931042

TMP-lyrL_(K)

296.55 | 296.59

0.

04

1.86

0.858

0.953

2.41966

-0.00022

960510

Wdir_gtats

obsmean| modmean

bias

abserr

ubias

vbhias

uerr

verr

newtot

dbias

WDIR (deg)

167.86 | 171.10

3.

24

33.78

0.009

0.102

1.32762

1.

42218

906887

3.122

Pcp

threshold (in)

ACC

BIAS | THREAT | ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01

0.7562

0.9062| 0.5188 |0.3209

0.2815

0.4785

0.4858

0.6512

53092

99635

28441

20797

0.05

0.7872

1.1566| 0.4367 |0.3012

0.4332

0.4871

0.4630

0.6556

33316

125680

17505

25464

0.10

0.8074;

1.3391] 0.3731 |0.2696

0.5253

0.4808

0.4246

0.6356

23160

139898

13276

25631

0.25

0.8532

1.7417) 0.26/79 |0.2088

0.6674

0.4606

0.3455

0.5793

10848

161475

17877

21765

0.50

0.9084;

2.1723| 0.1836 |0.1549

0.7734

0.4187

0.2683

0.4921

4162

179299

4295

14209

1.00

0.9668

2.4277| 0.1036 |0.0951

0.8675

0.2963

0.1738

0.3217

774

194492

1632

5067

Table 21. August 2002 statistical table for the 36-km US region is shown.
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Total stats

obsmean

modmean

bias

abserr

r2

ia

rmse

nbias

jtot

TMP-1.5m (K)

293.58

293.42

-0.16

1.58

0.912

0.975

2.06790

0.00048

929086

QV_(gkg)

10.83

10.46

-0.37

1.29

0.846

0.956

1.71890

0.02128

919288

RH_(%)

69.16

66.62

-2.54

10.45

0.658

0.897

13.97618

0.00755

919236

WSPD-regular_(m/s)

3.02

3.10

0.08

1.34

0.458

0.792

1.71472

-99.00000

883516

WSPD-nocams _(m/s)

3.82

341

-041

1.18

0.425

0.788

1.57921

0.01471

696986

WSPD-mincam (/9

3.18

3.10

-0.08

1.19

0.470

0.810

1.56122

-0.30124

883516

SPD-lyrl (m/s)

3.18

3.71

0.53

1.39

0.408

0.780

1.79446

-0.61312

883516

CLD_(%)

29.50

25.83

-3.67

23.12

0.302

0.731

33.43845

-99.00000

899879

CLD2 (%)

29.50

29.86

0.36

23.20

0.301

0.747

34.53160

-99.00000

899879

TMP-lyrl (K)

293.58

293.81

0.23

1.93

0.870

0.960

2.54493

-0.00089

929086

Wdir_gtats

obsmean

modmean

bias

abserr

ubias

vbhias

uerr

verr

newtot

dbias

WDIR (deg)

163.97

165.42

1.45

32.11

-0.032

0.139

1.28408

1.40265

883516

3.668

Pcp

threshold (in)| Acc

BIAS

THREAT

ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.8003

0.8586

0.5336

0.3779

0.2468

0.5309

0.5485

0.6467

44672

111738

24405

14635

0.05 0.8407

1.0137

0.4776

0.3733

0.3579

0.5463

0.5436

0.6509

28470

135839

15270

15871

0.10 0.8623

1.0778

0.4339

0.3531

0.4167

0.5381

0.5219

0.6287

20626

147912

12180

14732

0.25 0.9000

1.1628

0.3456

0.2972

0.5223

0.4916

0.4582

0.5554

10320

165585

8260

11285

0.50 0.9389

1.1899

0.2671

0.2419

0.6120

0.4247

0.3896

0.4617

4356

179144

5079

6871

1.00 0.9770

1.0315

0.2235

0.2148

0.6403

0.3591

0.3536

0.3711

1294

189660

2193

2303

Table 22. September 2002 statistical table for the 36-km US region is shown.
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Total stats

obsmean

modmean

bias

abserr

r2 ia

rmse

nbias

jtot

TMP-1.5m (K)

285.40

285.08

-0.32

1.55

0.943

0.985

2.03521

0.00108

964996

QV_(gkg)

7.50

7.16

-0.33

0.87

0.928

0.980

1.20843

0.04233

955278

RH_(%)

74.45

71.76

-2.70

10.68

0.610

0.879

14.57492

0.02312

955236

WSPD-regular_(m/s)

3.03

3.12

0.09

1.30

0.473

0.802

1.67285

-99.00000

923832

WSPD-nocams_(m/s)

3.80

3.43

-0.37

1.15

0.444

0.800

1.53473

0.00948

737154

WSPD-mincam (/9

3.19

3.12

-0.07

1.16

0.486

0.820

1.52445

-0.28620

923832

SPD-lyrl (m/s)

3.19

3.70

051

1.34

0.430

0.791

1.73976

-0.57562

923832

CLD_(%)

50.27

40.31

-9.96

25.83

0.419

0.787

35.86313

-99.00000

931672

CLD2 (%)

50.27

46.22

-4.05

23.51

0.419

0.808

35.72335

-99.00000

931672

TMP-lyrL_(K)

285.40

285.47

0.08

1.72

0.925

0.980

2.30551

-0.00034

964996

Wdir_gtats

obsmean

modmean

bias

abserr

ubias

vbhias

uerr

verr

newtot

dbias

WDIR (deg)

356.76

358.78

2.02

29.70

-0.017

-0.010

1.23321

1.29759

923832

3.563

Pcp

threshold (in)| Acc

BIAS

THREAT

ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.8122

0.8706

0.6085

0.4336

0.1872

0.5933

0.6049

0.7077

58955

105082

24354

13574

0.05 0.8581

0.9508

0.5610

0.4534

0.2626

0.6139

0.6239

0.7011

36627

136674

15618

13046

0.10 0.8849

0.9993

0.5264

0.4484

0.3100

0.6190

0.6191

0.6895

25835

152891

11633

11606

0.25 0.9210

0.9882

0.4400

0.3958

0.3853

0.5641

0.5671

0.6075

12534

173476

8099

7856

0.50 0.9514

0.8581

0.3354

0.3131

0.4561

0.4449

0.4769

0.4667

4958

187183

5666

4158

1.00 0.9803

0.6871

0.2018

0.1949

0.5877

0.2761

0.3262

0.2833

1004

196990

2540

1431

Table 23. October 2002 statistical table for the 36-km US region is shown.
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Total_stats

obsmean

modmean

bias

abserr

r2

ia

rmse

nbias

jtot

TMP-1.5m (K)

279.74

279.25

-0.49

1.79

0.915

0.977

2.37599

0.00170

934494

QV_(gkg)

4.76

4.59

-0.17

0.67

0.893

0.971

0.94236

0.01688

924789

RH_(%)

70.91

69.36

-1.55

12.34

0.509

0.843

16.52333

-0.00149

924726

WSPD-regular_(m/s)

3.41

3.57

0.16

1.38

0.511

0.817

1.79044

-99.00000

902729

WSPD-nocams _(m/s)

4.17

3.89

-0.28

1.22

0.481

0.817

1.63401

-0.03680

738455

WSPD-mincam (/9

3.55

3.57

0.01

1.25

0.521

0.831

1.64849

-0.34529

902729

SPD-lyrl (m/s)

3.55

4.21

0.66

1.47

0.466

0.801

1.91359

-0.64066

902729

CLD_(%)

42.57

33.28

-9.29

25.15

0.409

0.778

35.89886

-99.00000

905626

CLD2 (%)

42.57

38.15

-4.42

23.44

0.414

0.801

35.60152

-99.00000

905626

TMP-lyrL_(K)

279.74

279.89

0.15

1.96

0.891

0.971

2.62297

-0.00060

934494

Wdir_gtats

obsmean

modmean

bias

abserr

ubias

vbhias

uerr

verr

newtot

dbias

WDIR (deg)

283.05

278.32

-4.73

27.07

0.017

0.089

1.30490

1.34806

902729

2.845

Pcp

threshold (in)| Acc

BIAS

THREAT

ETS

FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.8568

0.9102

0.5941

0.4771

0.2179

0.6291

0.6460

0.7119

40966

126490

16580

11414

0.05 0.9081

0.9997

0.5827

0.5159

0.2636

0.6806

0.6807

0.7362

25072

152420

8984

8974

0.10 0.9318

1.0067

0.5733

0.5265

0.2736

0.6918

0.6898

0.7312

17896

164233

6579

6742

0.25 0.9598

0.9568

0.5415

0.5163

0.2816

0.6674

0.6810

0.6874

9290

178294

4225

3641

0.50 0.9753

0.8611

0.4589

0.4455

0.3202

0.5752

0.6164

0.5854

4093

186530

2899

1928

1.00 0.9888

0.6679

0.2512

0.2470

0.4986

0.3311

0.3961

0.3348

736

192520

1462

732

Table 24. November 2002 Statistical table for the 36-km US region is shown.




Total stats

obsmean

modmean

bias

abserr

r2

ia

rmse

nbias

jtot

TMP-1.5m (K)

275.83

275.14

-0.69

1.93

0.905

0.973

2.59378

0.00247

958013

QV_(gkg)

3.88

391

0.03

0.55

0.901

0.974

0.77852

-0.04232

947441

RH_(%)

73.34

75.58

2.24

11.92

0.460

0.821

15.53317

-0.05973

947352

WSPD-regular_(m/s)

3.58

3.68

0.09

1.41

0.511

0.818

1.82360

-99.00000

926398

WSPD-nocams _(m/s)

4.31

4.00

-0.31

1.26

0.475

0.813

1.68927

-0.03069

770288

WSPD-mincam (/9

3.71

3.68

-0.04

1.28

0.519

0.831

1.69570

-0.31577

926398

SPD-lyrl (m/s)

3.71

4.34

0.63

1.50

0.458

0.800

1.96714

-0.60378

926398

CLD_(%)

45.18

34.24

-10.94

25.85

0.412

0.777

36.91812

-99.00000

927290

CLD2 (%)

45.18

39.01

-6.17

23.73

0.422

0.803

36.17173

-99.00000

927290

TMP-lyrL_(K)

275.83

275.89

0.06

191

0.898

0.973

2.55529

-0.00029

958013

Wdir_gtats

obsmean

modmean

bias

abserr

ubias

vbhias

uerr

verr

newtot |dbias

WDIR (deg)

263.56

257.97

-5.58

26.09

0.101

0.108

1.34565

1.34846

926398 3.811

Pcp

threshold (in)| Acc

BIAS

THREAT| ETS | FAR

HK

HSS

POD

HITS

ZEROES

MISSES

FALSES

0.01 0.8502

0.8932

0.6244 10.4908|0.1853

0.6416

0.6585

0.7277

50306

121397

18823

11439

0.05 0.9058

0.9930

0.6346 {0.5586(0.2207

0.7150

0.7168

0.7738

33048

149892

9663

9362

0.10 0.9282

1.0277

0.6335 |0.5785|0.2348

0.7412

0.7329

0.7864

25052

162420

6805

7688

0.25 0.9558

1.0133

0.6225 [0.5910(0.2377

0.7473

0.7429

0.7724

14717

178322

4336

4590

0.50 0.9716

0.9856

0.5760 |0.5576|0.2637

0.7111

0.7160

0.7257

7800

188424

2948

2793

1.00 0.9859

0.8220

0.4762 [0.4685/0.2850

0.5825

0.6380

0.5878

2592

196522

1818

1033

Table 25.

December 2002 tatistica table for the 36-km US region is shown.

45




Statistical discussion

Temperature

Now that we have a genera overview of modd performance, let’ s turn our atention to how specific
datistica quantities vary throughout the year. To do thiswe will focus on the VISTAS region, cleanly
comparing results a the 36-km and 12-km resolutions. Figure 18 shows how monthly temperature biases vary
throughout 2002. Note that biases are generdly smdl, never exceeding +/- 0.8C. Nonetheless the model shows
a clear predilection towards being too cold in the winter months, and the problem is exacerbated at 12-km.
Presumably the increased temperature nudging strength doft (2.5 E-4/svs. 1.0 E-4/s) enables the coarser grid to
be dightly less biased. Modd biases for the May- August period are practicaly 0.0 at both resolutions. The
seasond aggregation of temperature biases quantifies the same result in abar chart (figure 19).

1.5m Temperature (C) Bias

0.1

-0.1 - = 5
o =7 X

o 7 V% N — 12 km
o514 L/~ T~ ——36 km
07 A A\
-0.8
-0.9

Jan
Feb
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Bias

Month

Figure 18. VISTAS region monthly temperature biases are plotted for both 12-km and 36-km resolutions.
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1.5m Temperature (C) Bias
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Figure 19. Seasonally aggregated VISTAS region temperature biases are shown for both the 36-km and 12-km grids.
" All months are in 2002, so the winter (djf) bar graph represents a discontinuous time period.

To examine the temperature biases in greater detail, consider the day (127-23Z) and night (00Z-117) bias
traces for the 12-km grid in figure 20. Clearly modd performance for the daytime period is the primary reason
for the wintertime cold bias. The daytime cold bias is persastent from month to month, but in the summer the
model isonly reatively weakly biased. The nighttime trace reveds that over the entire year the modd is
unbiased, being dightly low biased in the winter and dightly warm biased in the summer. There could be at
least four physical mechanisms that could lead to a daytime cold bias: 1) Too cold soil initid conditions, 2) Too
moist soil initid conditions, 3) Too many daytime clouds, and 4) Poor treatment of snow related processes.
Once we examine the full suite of summary Satistica products we will have a better idea of whet isredlly going
on. In the grand scheme of things the modd temperature performance appears to be line with what we expect
given the gtate of the art in MM5 gpplications. Figure 21 indicates Smilar temperature biases for the VISTAS
region at 36-km resolution, though the magnitude of the wintertime biases are damped.

Figure 22 displays the January 2002 aggregate temperature biases for each station within the 12-km domain.
Mog of the Stesin the VISTAS states display the cold bias, but the biases are definitely larger for Stesin the
northern VISTAS dates, especidly so for Stesin western NC and VA. Given the significant snowfdl thet fell
in this area early in the month, it ssemslikely that less than optimum trestment of snow/snow met might
contribute to the cold biases.

To complete our statigtical andyses of temperature, we have included a series of “Bakergrams’ in figures
23-26 for the 12-km VISTAS region. These images place dally satisticsinto atile plot in a caendar-like layout.
In thisway we can effectively summarize performance for the entire year in one plot. Figure 23 shows the
temperature bias Bakergram. Note how smal the biases are in the summer, while the wintertime cold biases are
easly seen. The temperature errors (figure 24) and RM SE (figure 26) are aso grestest in the winter. Figure 25
indicates that the modd skill in predicting temperature isfairly high every day of the year.
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Figure 20. Monthly temperature biases for the 12-km VISTAS region are plotted. The “day” period is defined to be 127-
23Z, while “night” is defined to be 00Z-11Z.
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Figure 21. Monthly temperature biases for the 36-km VISTAS region are plotted. The “day” period is defined to be 127-
23Z, while “night” is defined to be 00Z-11Z.
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Figure 22. Site-specific temperature biases (K) for January 2002 are displayed for each site in the 12-km grid. Note that
the PAVE date label (January 1, 0) is honsensical and should be ignored since it is only a placeholder.
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Figure 23. The 2002 12-km VISTAS “Bakergram” for temperature biases are plotted. The data are shown in a calendar-

like layout so that the upper left cell represents the bias on the first day of January.
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Figure 25. The 2002 12-km VISTAS “Bakergram” for temperature index of agreement is plotted. The data are shownin a
calendar-like layout so that the upper left cell represents the bias on the first day of January.
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Figure 26. The 2002 12-km VISTAS “Bakergram” for temperature root mean square error is plotted. The data are shown
in a calendar-like layout so that the upper left cell represents the bias on the first day of January.
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Mixing Ratio

Figure 27 shows the mixing ratio bias trace over for 2002 for both modd resolutions for the VISTAS
region. The model exhibits adight postive biasin January, especidly at 36-km resolution. Considering that the
average observed mixing ratio in January is on the order of 4 g/kg, this bias is more significant that an
equivaent biasin July, when average observed mixing ratios are on the order of 15 g/kg. Might this postive
moisture bias be the root cause of the temperature cold bias? Probably not, since the cold bias was larger in the
12-km grid, not the 36-km grid where the moisture bias is more sgnificant.

Another striking observation about the mixing ratio bias traces is the low biases noted in the fall months,
shown wel in figure 28. These vaues easily fal within the benchmark expectation of + 1.0 g/kg, but it is
curious that the model shows that Signature. Figures 29-30 show that the modd is systemically dry-biased
during the afternoon for non-winter months. Usudly one associates such a feature with too much mixing (or too
efficient mixing) in the modd, thus bringing dry ar from aoft to the surface. For most of the year the mode is
dightly moist biased & night, but in the fdl the night shows adight dry bias. The combination leadsto the
overal dry bias noted for that season. Figure 31 displays the site- specific moisture biases for September over
the 12-km grid. Virginiaand western North Carolina show the largest dry bias, while many areas (eastern NC,
northern FL, MI) show amoist bias. Such spatid discrepanciesin model performance over smdl areas suggest
that either the modd isfailing to capture smdler-scae variations properly, or that the modd isintroducing
amdler-scae variations where none exist. One of the striking differences between eastern North Carolina (moist
bias) and western North Carolina (dry bias) isthe soil types prevaent in those areas. Perhaps there are issues
with the soil moisture/temperature initidizations that lead to the performance differences over smal areas?
Figure 32 shows the September “Bakergram” for moisture bias over the 12-km VISTAS region. These plots
disolay hourly biasesin atile plot format, with the day of the month increasing from Ieft to right, and the UTC
hour of the day increasing from top to bottom. Recall that the model is run in 5-day segments such that every
fifth day at 13Z results from a new segment are introduced. The first new segment in September starts on the
34 Moisture hiases tend to significantly worse at the beginning of a segment than they are & the end of a
segment, indicating that there does indeed seem to be sail initidization issues that are affecting the modd.

The annua Bakergrams for mixing ratio (figures 33-36) clearly indicate the autumn dry bias. Because
mixing ratio nonlinearly increases with temperature, larger errors are found in the summer. The index of
agreement (IA) metric (figure 35) can be alittle mideading at timesin that it determinesthe skill in replicating
the observationd variations. So in the heat of summer there is rdaively little difference in mixing ratio across
the VISTAS region, meaning that 1A could become low even when the mode error is smdl. Therefore the most
disconcerting mixing ratio saidic isthefdl dry bias, even though the errors are lower in the fdl than in the
summer, and the IA is higher in the fdl then in the summer.

52



Qv (g/kg) Bias

0.4

0.2

\ug

c X = E\ N s 3 — 12 km
-0.2 S s % == S = o = /)8
s < ’\\ // —36 km
-0.6

Month

Bias
Sept

A

Figure 27. VISTAS region monthly mixing ratio biases are plotted for both 12-km and 36-km resolutions.
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Figure 28. Seasonally aggregated VISTAS region mixing ratio biases are shown for both the 36-km and 12-km grids.
All months are in 2002, so the winter (djf) bar graph represents a discontinuous time period.
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Figure 29. Monthly mixing ratio biases for the 12-km VISTAS region are plotted. The “day” period is defined to be 12Z-
23Z, while “night” is defined to be 00Z-117.
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Figure 30. Monthly mixing ratio biases for the 36-km VISTAS region are plotted. The “day” period is defined to be 12Z-
23Z, while “night” is defined to be 00Z-117.
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Figure 31. Site-specific mixing ratio biases (g/kg) for September 2002 are displayed for each site in the 12-km grid. Note
that the PAVE date labd (January 1, 0) is nonsensical and should be ignored since it is only a placeholder.
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Figure 32. The September 2002 12-km VISTAS “Bakergram” for mixing ratio biases (g/kg) is plotted. The hourly biases
are shown in a calendar-like layout so that the upper |eft cell represents the 00Z bias on the first day of the month.
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Figure 33. The 2002 12-km VISTAS “Bakergram” for mixing ratio bias is plotted. The data are shown in a calendar-like
layout so that the upper left cell represents the bias on the first day of January.
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Figure 34. The 2002 12-km VISTAS “Bakergram” for mixing ratio error is plotted. The data are shown in a calendar-like

layout so that the upper left cell represents the bias on the first day of January.
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Figure 35. The 2002 12-km VISTAS “Bakergram” for mixing ratio index of agreement is plotted. The data are shown in a

calendar-like layout so that the upper left cell represents the bias on the first day of January.
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Figure 36. The 2002 12-km VISTAS “Bakergram” for mixing ratio RMSE is plotted. The data are shown in a calendar-

like layout so that the upper left cell represents the bias on the first day of January.
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Relative Humidity

With the January cold/dry bias, we would expect that relative humidity would be high biased. Figure 37
indicates that isindeed the case. Generdly, however, rdaive humidity is unbiased. Thefal dry bias noted
above doesresult in alow RH bias (figure 38) that is especialy noticeable in November. The mode tends to be
positively biased during the daytime and negatively biased at night (figure 39). Spatidly (figure 40) the modd
is actudly dightly high biased just north of the VISTAS states, but the heart of the region from Virginiato
Missssppi is biased low. The November relaive humidity bias Bakergram (figure 41) shows some segment
initidization Sgnatures, but not as decisively as was seen in the mixing ratio September Bakergram (figure 32).
Completing our suite of rdative humidity plots are the annua Bakergrams (figures 42-45).
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Figure 37. VISTAS region relative humidity biases (%) are plotted for both 12-km and 36-km resolutions.
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Figure 38. Seasondly aggregated VISTAS region relative humidity biases are shown. All months are in 2002,
S0 the winter (djf) bar graph represents a discontinuous time period.
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Figure 39. Monthly RH biases for the 12-km VISTAS region are plotted. The “day” period is defined to be 127-23Z,
while “night” is defined to be 00Z-11Z.
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Figure 40. Site-specific RH biases (%) for November 2002 are displayed for each site in the 12-km grid. Note that the
PAVE date labdl (January 1, 0) is nonsensica and should be ignored since it is only a placeholder.
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Figure 41. The November 2002 12-km VISTAS “Bakergram” for relative humidity biases (%) is plotted. The hourly
biases are shown in a calendar-like layout so that the upper |eft cell represents the 00Z bias on the first day of the month.
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Figure 42. The 2002 12-km VISTAS “Bakergram” for relative humidity biasis plotted. The data are shown in a calendar-
like layout so that the upper l€ft cell represents the bias on the first day of January.
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Figure 43. The 2002 12-km VISTAS “Bakergram” for relative humidity error is plotted. The data are shown in a calendar-
like layout so that the upper left cell represents the bias on the first day of January.
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Figure 44. The 2002 12-km VISTAS “Bakergram” for relative humidity index of agreement is plotted. The data are
shown in a calendar-like layout so that the upper I€eft cell represents the bias on the first day of January.
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Figure 45. The 2002 12-km VISTAS “Bakergram” for relative humidity root mean square error is plotted. The data are
shown in a calendar-like layout so that the upper Ieft cell represents the bias on the first day of January.
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Wind Speed

Let us now focus on wind speed performance, sarting with the sandard include-dl-cdms-as-zero approach.
Figure 46 shows that the model is positively biased with regard to wind speed for dl months and for both grids.
The biasis especidly acute a 12-km resolution, presumably due to the weaker nudging applied to the winds at
that scale. The greatest bias occurs in November, while the smallest bias occursin March. Both are surprising
results. The seasond bar chart (figure 47) shows a general increase in speed bias from spring to autumn. Figures
48-49 reved that the bulk of the speed bias occurs at night, quite likely in part to the presence of numerous calm
observations. The ste-gpecific spatid bias plot for this month is shown in figure 50. The northern third of the
region is generdly unbiased with regard to wind speed, while most of the VISTAS states exhibit awesk to
moderate pogitive bias, pesking in North Carolina. Figure 51 shows that the speed biases are indeed primarily a
nighttime phenomena, and figure 52 shows that weak wind speeds lasting amost the entire day is not
uncommon in the southeast. Note that November 15 was chosen to be arepresentative day, not an extreme calm
day. The annual wind speed Bakergrams are shown in figures 53-56.
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Figure 46. VISTAS region wind speed (regular) biases (m/s) are plotted for both 12-km and 36-km resolutions.

WS reg (m/s) Bias

0.70

0.60

0.50 ]
a 0.40 - @12 km
@ 0.30 36 km

0.20

Hil Bl =

0.00 . . T

djf* mam jia son

Figure 47. Seasonally aggregated VISTAS region wind speed (regular) biases are shown for both the 36-km and 12-km
grids.
" All months are in 2002, so the winter (djf) bar graph represents a discontinuous time period.
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Figure 48. Monthly wind speed (regular) biases for the 12-km VISTAS region are plotted. The “day” period is defined to
be 127-23Z, while “night” is defined to be 00Z-11Z.
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Figure 49. Monthly wind speed (regular) biases for the 36-km VISTAS region ae plotted. The “day” period is defined to
be 127-23Z, while “night” is defined to be 00Z-11Z.
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Figure 50. Site-specific wind speed (regular) biases (%) for November 2002 are displayed for each site in the 12-km grid.
Note that the PAVE date label (January 1, 0) is nonsensical and should be ignored since it is only a placeholder.
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Figure 51. The November 2002 12-km VISTAS “Bakergram” for wind speed (regular) biases (%) is plotted. The hourly
biases are shown in a calendar-like layout so that the upper left cell represents the 00Z bias on the first day of the month.
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Figure 52. The November 15, 2002 12-km VISTAS daily averaged wind speed (with observations overlaid) is plotted.
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Figure 53. The 2002 12-km VISTAS “Bakergram” for wind speed (regular) bias is plotted. The data are shown in a
calendar-like layout so that the upper left cell represents the bias on the first day of January.
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Figure 54. The 2002 12-km VISTAS “Bakergram” for wind speed (regular) error is plotted. The data are shownin a
calendar-like layout so that the upper left cell represents the bias on the first day of January.
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Figure 55. The 2002 12-km VISTAS “Bakergram” for wind speed (regular) index of agreement is plotted. The data are
shown in a calendar-like layout so that the upper left cell represents the bias on the first day of January.
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Figure 56. The 2002 12-km VISTAS “Bakergram” for wind speed (regular) root mean square error is plotted. The data are
shown in a calendar-like layout so that the upper left cell represents the bias on the first day of January.
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So what happens satistically if we consder only non-zero wind speed observations? Figure 57 shows that
the resultant biases are practicaly non-existent a 12-km, while adight low biasis evidenced at 36-km. Figure
58 consolidates the data into seasond bins. So clearly the mgority of the wind speed (regular) high biases gem
from comparing mode winds, which have no threshold issues, with observations, which obvioudy do. Figures
59-60 break the datainto day/night periods.
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Figure 57. VISTAS region wind speed (no cams) biases (m/s) are plotted for both 12-km and 36-km resolutions.
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Figure 58. Seasonally aggregated VISTAS region wind speed (no cams) biases are shown for both the 36-km and 12-km
grids.

All months are in 2002, so the winter (djf) bar graph represents a discontinuous time period.
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Figure 59. Monthly wind speed (no calms) biases for the 12-km VISTAS region are plotted. The “day” period is defined
to be 127-237, while “night” is defined to be 00Z-11Z.
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Figure 60. Monthly wind speed (no calms) biases for the 36-km VISTAS region are plotted. The “day” period is defined
to be 127-237, while “night” is defined to be 00Z-11Z.

We have dready discussed how not including cam reports probably introduces alow bias into the wind
speed caculations. Figures 61-63 show the results we obtain by substituting a value of 1.5 knots (mid- point
between 0.0 and lowest observed report of 3 knots) for each of the calm reports. A generd positive biasis
noted, especidly at night and at 12-km resolution, but the magnitude of the biases are reduced by ~0.2 nvs.
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Figure 61. VISTAS region wind speed (minimum calms) biases (m/s) are plotted for both 12-km and 36-km resolutions.
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Figure 62. Seasonally aggregated VISTAS region wind speed (minimum calms) biases are shown for both the 36-km and
12-km grids.
" All months are in 2002, so the winter (djf) bar graph represents a discontinuous time period.
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Figure 63. Monthly wind speed (minimum calms) biases for the 12-km VISTAS region are plotted. The “day” period is
defined to be 127-237, while “night” is defined to be 00Z-11Z.
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Wind Direction

Let us now consder wind direction performance. Figure 64 shows the monthly wind direction errors over
the VISTAS region for both model domains. The performance of the two gridsis very smilar, and surprisingly
enough the 12-km grid has adightly lower error. The increased nudging strength at 36-km might have been
expected to yield alower direction error. We know that all wind direction errors do not have the same effect of
ar quaity modding. A 90 degree direction error a light winds speeds might have aless deleterious effect than
a40 degree error at moderate wind speeds. A better way of treating wind direction discrepancies between the
model and the observationsis to calcul ate the magnitude of the error wind vector. This gpproach properly trests
winds as vectors and alows us to quantify the combined effect of speed and direction errors. Figure 65 shows
the resultant plot. Asarule the two grids track very smilarly, with the 36-km domain yidding dightly superior
results, undoubtedly due to the presence of stronger nudging. Also note how the result for November does not
stick out as an outlier, even though wind speed performance exhibited its highest bias during that month. The
wind direction bias and error annua Bakergram plots are displayed in figures 66-67, followed by the annua
Bakergram for the magnitude of the error wind vector.
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Figure 64. VISTAS region wind direction errors are plotted for both 12-km and 36-km resolutions.
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Figure 65. The magnitude of the error wind vector for the VISTAS region is plotted for both 12-km and 36-km
resolutions.

Wind Direction Bias

(2002, VISTAS: 12km, v02_aaa, 10m)
I 27.50 1
22.50

o 17.50

12.50

7.50

2.50

Days

-2.50

-7.50

-12.50

-17.50

22.50

-27.50 N
deg

12
Min=-8.90 at [a,zbédfﬁ;L 17.61 at (10,22)
Figure 66. The 2002 12-km VISTAS “Bakergram” for wind direction bias is plotted. The data are shown in a calendar-
like layout so that the upper l€eft cell represents the bias on the first day of January.
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Figure 67. The 2002 12-km VISTAS “Bakergram” for wind direction error is plotted. The data are shown in a calendar-
like layout so that the upper left cell represents the bias on the first day of January.
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Figure 68. The 2002 12-km VISTAS “Bakergram” for magnitude of the error wind vector is plotted. The data are shown
in a calendar-like layout so that the upper left cell represents the bias on the first day of January.
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Clouds

Since the dternative cloud fraction variable “CLD2” is deemed more meteorologically consstent with the
cloud observations than is the MCIP-derived variable “CLD”, we will focus our attention there. Figures 69-70
show a strong seasond variation to cloud bias. For most of the year clouds are relaively unbiased. However,
through the summer months a noticeable positive bias appears, especidly at 12-km. Figures 71-72 show that
mogt of the bias occurs at night. 1t is difficult to know if this nighttime biasisindeed red, snce cloud
observations a night might not be as accurate as they are during the daytime. Figure 73 shows that the bias for
July iswidespread with little spatid variation. The Bakergram (figure 74) reved s thet the nighttime biasis more
or less a congtant feature. If the observations are accurate, it appearsthat MM5 is lacking akey cloud
disintegration process that occursin the red world. Figures 75-76 show the average observed and modeled
cloud coverage in a Bakergram format. Note that the observations show a digtinct diurnd variation in that cloud
coverage is greatest in the afternoon and smallest in the late overnight periods. Another evident cycle occurs at
the synoptic scale and can be seen on an approximately 10-day time scae. The model does a nice job replicating
the synoptic scae variations, but the diurnd variations are completely out of phase. Since the nocturnd biasis
more sgnificant a 12-km than it is at 36-km, one must consider the possibility that the interna cloud
parameteri zations need to be adjusted to run as successfully at finer scale resolutions. The full suite of annud
Bakergram products for clouds is shown in figures 77-80.
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Figure 69. VISTAS region dternative cloud biases are plotted for both 12-km and 36-km resolutions.
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Figure 70. Seasondlly aggregated VISTAS region dternative cloud biases are shown for both the 36-km and 12-km grids.
" All months are in 2002, so the winter (djf) bar graph represents a discontinuous time period.
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Figure 71. Monthly aternative cloud biases for the 12-km VISTAS region are plotted. The “day” period is defined to be
127-23Z, while “night” is defined to be 00Z-11Z.
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Figure 72. Monthly aternative cloud biases for the 36-km VISTAS region are plotted. The “day” period is defined to be
127-23Z, while “night” is defined to be 00Z-11Z.
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Alternate Clouds Bias (Composite)
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Figure 73. Site-specific cloud (alternative) biases (%) for July 2002 are displayed for each site in the 12-km grid. Note
that the PAVE date label (January 1, 0) is nonsensical and should be ignored since it is only a placeholder.
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Cloud Bias

{(julo?, VISTAS: 12km, v0Z_aaa)

27.50

0
22.50
17.50 I
]
12.50 =
7.50 H
H
2.50 = g
; N £
2.50 5
-7.50
3 ™
12.50 e
-17.50
-22.50
23
-27.50
% 1 Days 3

Min=-12.42 at (28,7), Max= 36.52 at (4.14)
Figure 74. The July 2002 12-km VISTAS “Bakergram” for cloud (alternative) biases (%) is plotted. The hourly biases are
shown in a calendar-like layout so that the upper left cell represents the 00Z bias on the first day of the month.
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Average Observed Clouds
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Figure 75. The July 2002 12-km VISTAS “Bakergram” for observed cloud coverage (%) is plotted. The hourly vaues are

shown in a calendar-like layout so that the upper left cell represents the 00Z bias on the first day.
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Figure 76. The July 2002 12-km VISTAS “Bakergram” for modeled cloud coverage (%) is plotted. The hourly values are
shown in a calendar-like layout so that the upper left cell represents the 00Z bias on the first day.

79



Cloud Bias
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Figure 77. The 2002 12-km VISTAS “Bakergram” for cloud coverage (alternative) bias is plotted. The data are shown in a
calendar-like layout so that the upper left cell represents the bias on the first day of January.
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Figure 78. The 2002 12-km VISTAS “Bakergram” for cloud coverage (aternative) error is plotted. The data are shown in
a calendar-like layout so that the upper left cell represents the bias on the first day of January.
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Cloud 1A
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Figure 79. The 2002 12-km VISTAS “Bakergram” for cloud coverage (alternative) index of agreement is plotted. The
data are shown in a calendar-like layout so that the upper left cell represents the bias on the first day of January.
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Figure 80. The 2002 12-km VISTAS “Bakergram” for cloud coverage (aternative) root mean square error is plotted. The
data are shown in a calendar-like layout so that the upper left cell represents the bias on the first day of January.
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Precipitation

To begin our precipitation analys's, consder the monthly obs/mode accumulated precipitation plots for the
12-km grid shown in figures 81-92. For most of the year the modd does anicejob in replicating the observed
precipitation field. However, the mode appears to noticeably overestimate the amount of precipitation in the
summer months, especidly in June and July (figures 86-87). Interestingly enough in the fal the model
underestimates precipitation amounts, coinciding with the dry bias noted in the mixing ratio datigtics (figure
28).

The summertime accumulation bias could result from at least two mode inadequacies. Oneis that the mode
could fire off convection (or just regular rain for that matter) too often, possibly most every afternoon. The
second possihility isthat the model triggersrainfal at gpproximately the correct frequency, but the model could
overesimate the intendty of the rainfal. The firgt possibility isthe more serious modd flaw from an air quality
perspective, since the presence/absence of rain affects pollution concentrations more than predicting 2 inches of
rain when only 1 inch actualy occurred. To addressthisissue, consider the Satistical time series plots for
precipitation shown in figures 93-98. Figure 93 shows the precipitation statistics for the 0.01-inch threshold
levd a 12-km resolution, and reveds that the modd is dightly biased high for the firgt third of the year. During
the summer the modd is dightly low biased, reaching a yearlong minimum in September. By December the
mode has essentialy become unbiased. When examining these Satigtica plots, remember that the process of
gridding observed precipitation could cause the spatial extent of precipitation coverage — epecialy at lower
thresholds - to be dightly larger than what it redlly is. Thiswould introduce an artificid negative precipitation
bias. At the same time, we are assuming that any precipitation that falsin a cell covers the entire cell, which
may or may not be true. This effect could cause an atificia high precipitation bias. With those cavests out of
the way, it isinteresting that the precipitation bias trace is Smilar to the mixing ratio bias trace (figure 27). The
threat score indicates that the model shows considerable skill in predicting measurable precipitation year-round,
with the expected dight declinein skill over the summer months. The 36-km results (figure 94) show unbiased
datigtics for the first haf of the year, followed by adight negative bias that mantainsitsdf the entire second
haf of the year.

Figure 95 shows the 12-km precipitation statistics at the 0.05-inch threshold. The results are not dl that
different from the 0.01-inch threshold results, though the summertime threst scores are dightly lower. Figure 96
reved s that the 36-km precipitation (0.05-inch) is dightly biased high for the first eight months of the year, after
which it becomes essentialy unbiased. At the higher threshold leve of 0.25-inch, figures 97-98 show that the
modd exhibits a Sgnificant summer increase in precipitation bias.

These gatigticsindicate that the modd suffers from the more benign weakness mentioned above, namely

overestimating the predicted amount of precipitation whenit actualy occurs. Perhaps the modd precipitation
efficiency istoo great? More research needs to be made on thistopic.
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Figure 81. The January 2002 12-km accumulated precipitation from the Climate Prediction Center is juxtaposed with the
MM5 accumulated precipitation.
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Figure 82. The February 2002 12-km accumulated precipitation from the Climate Prediction Center is juxtaposed with the
MM5 accumulated precipitation.
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Figure 83. The March 2002 12-km accumulated precipitation from the Climate Prediction Center is juxtaposed with the

MMS5 accumulated precipitation.

Monthly Total Precipitation {(Obs) Monthly Total Precipitation (MMS5)

{apr02, Full: 12km, v02_aaa) {apro2, Full: 12km, v02_aaa)

177

29(:!6000 177
7.00
35.00
4.50
4.00
3.30
3.00
2.50
2.00
1.50

1.00
030
0.10

Y. 0.00
1 2t Ugoo g
1 168in 1 168
April 30,2002 12:00:00 RAVE April 30,2002 12:00:00

by

Min=0.00 at (1,1), Max=9.39 at (112,138) HER Min= 0.00 at (1,1), Max=14.69 at (114,140)

Figure 84. The April 2002 12-km accumulated precipitation from the Climate Prediction Center is juxtaposed with the
MM5 accumulated precipitation.
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Figure 85. The May 2002 12-km accumulated precipitation from the Climate Prediction Center is juxtaposed with the
MM5 accumulated preci pitation.
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Figure 86. The June 2002 12-km accumulated precipitation from the Climate Prediction Center is juxtaposed with the

MM5 accumulated precipitation.
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Figure 87. The July 2002 12-km accumulated precipitation from the Climate Prediction Center is juxtaposed with the

MM5 accumulated precipitation.
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Figure 88. The August 2002 12-km accumulated preci pltatl on from the Climate Prediction Center is juxtaposed with the

MM5 accumulated precipitation.
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Figure 89. The September 2002 12-km accumulated precipitation from the Climate Prediction Center is juxtaposed with

the MM5 accumulated precipitation.
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Figure 90. The October 2002 12-km accumulated preci pltatl on from the Climate Prediction Center is juxtaposed with the

MM5 accumulated precipitation.
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Figure 91. The November 2002 12-km accumulated precipitation from the Climate Prediction Center is juxtaposed with

the MM5 accumulated precipitation.
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Figure 92. The December 2002 12-km accumulated precipitation from the Climate Prediction Center is juxtaposed with

the MM5 accumulated precipitation.
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Figure 93. The 0.01 in threshold precipitation bias and threst score for the 12-km domain is shown for modeling year
2002.
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Figure 94. The 0.01 in threshold precipitation bias and threat score for the 36-km US region is shown for modeling year
2002.
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Figure 95. The 0.05 in threshold precipitation bias and threat score for the 12-km domain is shown for modeling year
2002.
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Figure 96. The 0.05 in threshold precipitation bias and threat score for the 36-km US region is shown for modeling year
2002.
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Figure 97. The 0.25 in threshold precipitation bias and threat score for the 12-km domain is shown for modding year
2002.
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Figure 98. The 0.25 in threshold precipitation bias and threat score for the 36-km US region is shown for modeling year
2002.
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4

Summary and Conclusions

Generdly spesking, MM5 performed quite well at both 36-km and 12-km resolutions. Synoptic
features were routingly accurately predicted, and the modd showed considerable skill in
replicating the date variables. Mot of the time the modd gatigtics easly fell within the expected
“benchmarks’.

The modd shows evidence of being adversdly affected by poor soil initidization at times. Thisis
particularly evident for September and November, and it might cause the autumna dry bias
evidenced both in the mixing retio Satigtics and dso in the precipitation Satigics. At the time of
our modeling, the P-X LSM only dlowed three soil initidization options: 1) Table look-up, 2)
EDAS, and 3) interppx. Sengitivity testing showed that interppx can produce more severe cold
biases, so0 we chose the EDAS option. Unfortunately that option initiaizes soil moisture from a
layer 100-200 cm deep, whereas the P-X LSM extends downward only 100 cm. In the future
improved modd performance might be attained by more wisdy initidizing soil moisture.

The modd is noticeably cold biased in the winter months. This was expected based on our
sengtivity modding, and it gppearsto be related to the manner in which soil temperatures are
initialized.

The summertime diurnal cloud cycle gppears to be out of phase with the observed cycle. The
mode maximizes cloud coverage at night and minimizes cloud coverage in the afternoon, while
the observations indicate that the exact opposite should occur.

The mode noticeably overestimates the amount of summertime precipitation, but not the spatid
coverage of measurable precipitation.

While no modding is perfect, the results of this effort should produce credible inputs for
ubsequent air quaity modding.
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