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MM5 MODELING REPORT
Alaska MMS5 Modeling for BART
Southern Alaska

1.0 INTRODUCTION

In 1999, the U.S. Environmental Protection Agency (EPA) announced a major effort to
improve air quality in national parks and wilderness areas. The Regional Haze Rule (RHR)
calls for federal agencies and States to work together to improve visibility in certain identified
national parks and wilderness areas — also known as “Class I”” areas. The objective of the RHR
is to achieve natural visibility conditions in these federally protected lands by the year 2064.
The rule requires the States to develop and implement air quality protection plans to reduce the

pollution that causes visibility impairment.

The Alaska Department of Environmental Conservation (ADEC) is developing a plan to protect
visibility and comply with the intent of the Regional Haze Rule. A component of this plan is
the implementation of the federal Best Available Retrofit Technology (BART) rules in Alaska.
On behalf of ADEC, the RMC conducted CALPUFF simulations of Alaskan BART Eligible
sources. The simulations were performed to evaluate whether these eligible sources are subject
to a BART Determination based on predicted impacts to visibility within Alaska Class I areas.
BART Eligible sources are exempt from performing a BART determination if their impacts are
below screening criteria set by ADEC, EPA, and the Federal Land Managers (FLMs). Non-
exempt sources must perform a technology review and propose BART for each emission unit

that comprises the BART Eligible source.

The Western Regional Air Partnership (WRAP) is a consortium of federal, state, and tribal
agencies charged with implementing regional planning processes to improve visibility in all
western Class I areas. The WRAP has formed the Regional Modeling Center (RMC),
consisting of the University of California at Riverside (UCR), ENVIRON International
Corporation, and the University of North Carolina (UNC).

Starting in 2004, the RMC undertook an effort to perform the meteorological modeling
necessary for the development of Section 309 SIPs/TIPs, and begin the analysis for the Section
308 SIPs/TIPs. This effort produced a one-year meteorological simulation of Alaska using the
Fifth Generation Mesoscale Model (MMS5), developed and maintained by the Pennsylvania
State University (PSU) and the National Center for Atmospheric Research (NCAR). The
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modeling was documented in a Draft Modeling Protocol' and a Draft Report>. The RMC used
MMS5 to simulate the calendar year 2002, using two computational domains with 45 and 15 km

grid spacing, respectively.

The RMC used the CALPUFF modeling system to assess the impacts from BART Eligible
sources in Alaska based on one year of 15 km MMS5 data. The CALPUFF model grid spacing
was 2 km, significantly different than the MMS5 grid spacing of 15 km. In addition, because
only one year was simulated, BART exemption simulations performed by WRAP used the
highest modeled visibility impact, not the 98" percentile impact as is recommended under EPA

rules.

Several members of the ad-hoc Alaska BART Coalition (a collection of corporations with
BART-eligible sources) contracted with Geomatrix Consultants (Geomatrix) to perform a
refined MM35 simulation of Alaska, as well as post-process the MMS5 data and prepare
CALMET files in support of future CALPUFF modeling. Geomatrix in turn sub-contracted the
MMS portion of the project to 3TIER, Inc., although Geomatrix participated in the model
application. This report describes the MMS5 modeling 3TIER and Geomatrix performed.

The resulting 3-year MMS5 dataset, with grid spacings of 45, 15 and 5 km, is now available. A
3-year MM5 dataset with an inner 5-km mesh size domain will be a major step towards
allowing ADEC and/or the BART Eligible sources in Alaska to refine the previous RMC
modeling analyses and employ the more robust 98" percentile change to extinction as the
BART exemption criterion. This MM5 dataset (and the use of the 98" percentile change to
extinction) may also be used during the technology review phase of the BART process, given
that the federal rules allow for an evaluation of the degree of visibility improvement associated
with each technology scenario being considered as possibly BART. A separate Air Quality
Modeling Protocol has be developed and submitted to ADEC that covers aspects pertaining to
CALMMS, CALMET, and CALPUFF.

For an overview of the Meteorology of Alaska, or a more detailed description of the MM5
modeling system, refer to the RMC Draft Modeling Protocol and Draft Modeling Report.

! Draft Modeling Protocol, PRELIMINARY WRAP ALASKA VISIBILITY MODELING, October 15‘h, 2004.
Available at http://pah.cert.ucr.edu/aqgm/308/docs/alaska.

? Draft Report, ALASKA MM5 MODELING FOR THE 2002 ANNUAL PERIOD TO SUPPORT VISIBILITY
MODELING, September 2005. Available at http://pah.cert.ucr.edu/aqm/308/docs/alaska.
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2.0 THE METSTAT ANALYSIS PACKAGE

ENVIRON has developed a statistical analysis software package to calculate and plot a
collection of statistical quantities. The package is comprised of a FORTRAN program to
generate observation-prediction pairings and to calculate the statistics, and a Microsoft Excel
macro to generate the plots. The statistics it calculates are described in Section 3.1, and the
METSTAT package itself is further described in Section 3.2, of the RMC’s Draft Modeling
Reportz.

3.0 MMS SETUP

Geomatrix produced a draft Alaska MM5 Modeling Protocol, circulated it to interested parties,
and integrated the responses into a final Alaska MM5 Modeling Protocol’, a copy of which can
be found in Appendix A. A much abbreviated listing of MM5 modeling techniques follows.
Refer to the Alaska MM5 Modeling Protocol (Appendix A) for more information and
discussions. A sample “mmlif” file (MMS control file) is given in Appendix B.

3.1 DATA SOURCES:

e ds090.0, “NCEP/NCAR Global Reanalysis Products” (NNRP), used for boundary
conditions

o ds464.0, “NCEP ADP Global Surface Observations”, and ds353.4, “NCEP ADP
Global Upper Air Observation Subsets”, used to re-analyze the ds090.0 data for
nudging

o ds277.7, “NOAA Optimum Interpolation 1/4 Degree Daily Sea Surface
Temperature (SST) Analysis”, used for sea surface temperature

e National Weather Service Climate Prediction Center “Daily Snow Cover for the
Northern Hemisphere” dataset®, used for snow cover

3.2 MODELING DOMAIN:

e Polar Stereographic projection, centered at 59°N, 151°W (see Figure 1)
e DOI1: 109%90 points, 45 km grid spacing

e DO02: 106x88 points, 15 km grid spacing, one-way nest

3 Alaska MM5 Modeling Protocol, ALASKA MM5 MODELING FOR BART IN SOUTHERN ALASKA.
Geomatrix, 3500 188" Street SW, Suite 600, Lynnwood, WA, May 2007.
* See http://www.cpc.noaa.gov/data/daily _snow
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e DO03: 106130 points, 5 km grid spacing, one-way nest
e 40 sigma levels from the surface to 50 millibars, concentrated near the surface

3.3 PHYsICS OPTIONS:

e Two set-ups, “winter” and “summer”, to allow winter-time diagnosing of sea ice
from SST (requires 5-layer LSM) and summer-time use of the OSU LSM
(recommended by Univ. of Alaska Fairbanks).

e Seaice and snow cover turned off in “summer” set-up.

e Reisner II cloud microphysics

e Grell cumulus parameterization, with no shallow convection

e ETA PBL model

¢ RRTM radiation model

e SST varying in time

e Polar physics option

e Solar slope and topography shadowing effects (5 km domain only)

3.4 NUDGING:

e 3-hourly interval for analysis nudging of the 45 and 15 km domains
e Only temperature and water vapor nudged below the PBL

3.5 MM5 APPLICATION:

¢ Run in independent six-day segments on a Linux cluster (some using OpenMP)
e The first 12 hours and last 12 hours of each run are not used, but were retained

¢ Simulation started on December 15, 2001, to allow for sufficient “spin-up” for
future photochemical or visibility modeling

4.0 DEVIATIONS FROM THE MM5 PROTOCOL

The only deviation from our revised Alaska MM5 Modeling Protocol (May, 2007) involves the
dates chosen to switch from the “winter” to “summer” MMS5 set-ups. The RMC modelers
based their choice of dates on sea ice concentration data, as measured by satellites. They chose
May 30, 2002 as the switch-over day “because most of the domain was free of sea ice by this

time.” Similarly, October 13, 2002 was selected as the day to switch back to the “winter” set-
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up, “because sea ice with a concentration of 100% reached land in the north of the domain on
that day.”

In our Protocol, Geomatrix proposed to select the switch-over days for 2003 and 2004 using
similar criteria. The RMC reports did not specify any objective method for determining these
days; they were presumably subjective determinations based on visual inspection of the plots
available on the internet.” Geomatrix initially selected June 13, 2003 and June 7, 2004 as the
“winter” to “summer” switch-over days, based on visual similarity of the sea ice distribution
near Alaska. Similarly, Geomatrix initially chose October 16, 2003 and October 20, 2004 as
the “summer” to “winter” switch-over days. Because there was little day-to-day variation in
the sea ice coverage near these dates, the actual switch-over dates were selected to coincide
with the beginning of a 6-day MMS5 run, for convenience. Using the “sea ice coverage”
criteria, the first “summer” MMS5 runs were initially 2002052812, 2003061212, and
2004060612; and the first “winter” MMS5 runs were initially 2002101012, 2003101512, and
2004101912,. Recall that the first 12 hours of an MMS5 run are not used, so the actual switch-
over occurred at 00 UTC on May 29, 2002, etc.

After MMS5 was run for all three years and its output transported to Geomatrix’ Linux cluster,
the METSTAT program was run for each month. There was a very noticeable cold bias in the
spring of each year. For example, the average temperature bias for the 5 km domain for May
was -5.03 K in 2002, -4.1 K in 2003, and -4.36 K in 2004. Plots for the 15 km domain of
observed and predicted domain-average temperatures, bias, root-mean-square (RMSE) and
index of agreement (IOA) are shown in Figure 2. Clearly, the simulation after the switch-over
date of May 29, 2002 is much improved. Interestingly, it is difficult to see the switch-over date
in the wind statistics (Figure 3). The humidity statistics (Figure 4) show a positive bias during
the time of the negative temperature bias, despite being specific humidity instead of relative
humidity. A similar low bias existed for May of 2003 and 2004, as well as April of all three

years (not shown).

Instead of using the “sea ice coverage” criterion used by RMC, Geomatrix chose to use a new
criterion that can be paraphrased as “when the 15 km domain-averaged overnight low
temperatures are consistently above freezing.” This criterion is also somewhat subjective, as
the date was chosen by eye, based on the METSTAT plots of temperature. Because there is

only a slow variation from day to day, we selected the closest start date of a 6-day MMS5 run,

> ftp://sidads.colorado.edu/pub/DATASETS/PASSIVE MICROWAVE/POLAR_STEREO/DATA/SEAIC

P:\more-proj\alaska_mmS5-13474\reports\Alaska MM5 Modeling_Report.doc 5


ftp://sidads.colorado.edu/pub/DATASETS/PASSIVE_MICROWAVE/POLAR_STEREO/DATA/SEAIC

again for convenience. This criterion resulted in the selection of the first “summer” runs as
2002042812, 2003040812, and 2004040712.

The cold bias of the MMS5 model for the period was greatly reduced by using the “summer” set-
up. Temperature biases for the 5-km domain for May improved from -5.03 to -0.11 K for
2002, from -4.10 to -0.38 K for 2003, and from -4.36 to -0.31 K for 2004. Although a more
modest improvement, the wind speed bias improved by around 25% for May by using the
“summer” set-up instead of “winter”: from -0.95 to -0.69 m/s for 2002, from -0.91 to -0.77 m/s
for 2003, and from -0.89 to -0.63 m/s for 2004. Wind speed RMSE improved as well, but only
by about 0.15 m/s (less than 10%). METSTAT plots for May 2002 using the revised switch-
over date (April 29, 2002) are shown in Figures 5 to 7.

No readily apparent biases exist for the “summer” to “winter” switch-over in October. In fact,
the two criteria “sea ice coverage” and “freezing overnight lows” both produce nearly the same
switch-over dates. The first “winter” MMS5 runs remain the same, namely 2002101012,
2003101512, and 2004101912.

5.0 SURFACE STATISTICAL ANALYSIS FOR ALASKA

A statistical evaluation of the MMS5 surface fields was performed using the METSTAT analysis
package and the NCAR ds472.0 dataset. This dataset contains hourly observations from
airports and other sites in the U.S. and Canada. Variables of interest include wind
speed/direction, temperature, dew point, and precipitation. METSTAT plots for the entire
36-month modeling period can be found in Appendix C.

Emery® has proposed a series of performance “benchmarks” to assess model performance.
These are not intended as pass/fail criteria, but rather to put the current statistical results in
perspective compared to about 30 other meteorological simulations. Benchmark values are

given in Table 1, along with 3-year average statistics for both the 5 km and 15 km domains.

Additionally, the RMC Draft Modeling Report” introduced a second set of “benchmark” values,
the WRAP Performance Envelope. These were taken from the performance of the WRAP
2002 annual MMS5 simulations of the continental U.S., using only the western sub-domains.

These sub-domains include the Rockies and the Sierra Nevada, which, unlike several of the

® Emery, C.A., E. Tai, and G. Yarwood. 2001. Enhanced Meteorological Modeling and Performance Evaluation
for Two Texas Ozone Episodes. Prepared for the Texas Natural Resource Conservation Commission, by
ENVIRON International Corporation, Novato, CA.
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eastern sub-domains in the continental U.S. MMS5 runs, contain terrain much more similar to

the terrain in Alaska.

These two benchmarks are plotted as lines on a scatter plot. With the benchmark generally
being an “absolute value should be less than™ goal, these plots are often called “soccer” plots.
When the statistic plotted falls within the soccer “goal,” the benchmark “goal” is met. Soccer
plots of wind speed, wind direction, temperature, and humidity for both the 15 km and 5 km
domains are shown in Figures 8 to 11. There has been some variability in the axes of the
soccer plots presented in various WRAP/RMC reports in the past. For example, the Draft
MM5 Modeling Report® did not show wind speed bias or wind direction bias. A new kind of
soccer plot showing the Index of Agreement (IOA) is shown in Figure 12. Because the
benchmark for IOA is to exceed a critical value, here the “goal” is to be outside the inner box --

to miss the goal, as it were.

Most of the points fall within the WRAP Performance Envelope, indicating the current MM5
simulations feature about the same accuracy as the WRAP MMS5 simulations in the
mountainous west. It is clear that the wind speed RMSE is higher in the winter than in the
summer, just as the magnitude of the wind is higher in the winter than in the summer. October
and November feature the largest wind direction bias for the 15 km domain, falling outside of
the WRAP Envelope. Interestingly, the mean wind direction error for the 5 km domain is
larger than for the 15 km domain. This may be due to the relative absence of terrain in the

larger 15 km domain.

The current MMS5 simulations feature a warm bias in the December, January and February, and
a cool bias in the March and April. Although few points meet the benchmark, almost all points
fall within the WRAP Envelope. The humidity performance is excellent, with all points
meeting the benchmark. This is partially due to the lower over-all values of specific humidity

in Alaska, as compared to parts of the continental U.S., where the benchmarks were developed.

Compared to the WRAP RMC 2002 MMS runs for Alaska, the current runs feature overall
similar performance statistics. The wind speed RMSE and wind direction error is higher, yet
the wind speed bias is smaller, compared to the RMC runs (wind speed RMSE is not shown in
the RMC Draft Modeling Report, but is shown in the RMC Draft Modeling Protocol). Wind
direction errors for the RMC runs were generally around 30°, but are generally around 50° for
the current runs. The higher wind speed RMSE and wind direction error might indicate that the

synoptic-scale weather fronts in the current simulations are less well-timed.
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January 2004 is the month with the highest wind speed RMSE of the three-year run. The time
series of wind speed statistics for both the 15 km and 5 km domains for this month are shown
in Figure 13. MMS5 does well at capturing the overall gross features of the wind speed events.
The spurious yet brief high wind speed event in the 5 km domain near the middle of the month
is probably an artifact of the METSTAT program, as there are some missing data (enough that
RMSE was not calculated) for a few hours in the middle of the day. In general, the RMSE of
wind speed increases as the wind speed itself increases. Perhaps of most interest to dispersion
modelers, the periods of low wind speeds generally show a slight under-prediction, which

would lead to a conservative over-prediction of concentrations.

7.0 SUMMARY AND CONCLUSIONS

Geomatrix prepared a meteorological dataset for southern Alaska based on a 3-year simulation
using the MM5 numerical weather prediction model. The simulations were performed
retrospectively using a historical reanalysis of the weather during 2002 through 2004 using grid
mesh sizes of 45, 15 and 5 km. Geomatrix also conducted an evaluation of the simulations

using the METSTAT statistical package. Some conclusions from the evaluation are as follows:

e Model performance was sensitive to the assumed transition from winter to summer
modeling techniques. We found a criterion based on consistent predicted surface
temperatures above freezing to be a better indicator of this transition than the sea-ice

coverage dataset.

e Overall model performance was similar to the WRAP MMS5 simulations for 2002 and to
the statistical benchmark envelope found for other MMS5 studies in the western United
States

e The reduction in mesh size from 15 km to 5 km improved the biases in wind speed,
wind direction, temperature, and humidity predictions. However when paired in time,
the hourly scatter in the predictions was slightly higher for the 5-km mesh size

simulations.

We believe the 3-year MMS5 dataset with an inner 5-km mesh size domain is a major step
towards allowing ADEC and/or the BART Eligible sources in Alaska to refine the previous
BART modeling analyses based on a single year and a less refined grid. In addition, the MM5
dataset should be sufficient to support the use of the more robust 9g™h percentile change to

extinction as the BART exemption criterion as recommended by EPA.
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TABLES




TABLE 1

THREE-YEAR MEAN STATISTICS
Alaska MM5 Modeling for BART

Alaska

Concentrations in [measurement units]

Parameter Statistic 5 km Domain 15 km Domain Benchmark®
. RMSE 2.33 2.38 <2
W“zfmssgeed Bias 20.16 -0.40 <40.5

I0A 0.64 0.69 >0.6
Wind Dir Error 54.1 49.5 <30
(deg) Bias -0.43 6.32 <+10
Error 2.64 2.22 <2
Tem}(’%ature Bias 20.12 031 <205
I0A 0.84 0.91 >0.8
o Error 0.70 0.70 <2
H?g‘ﬁg;ty Bias 031 0.50 <<l
I0A 0.72 0.79 >0.6

(a) Values taken from Emery et al. (2001)’
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ALASKA MM5 MODELING PROTOCOL
Alaska MM5 Modeling for BART
Southern Alaska

1.0 INTRODUCTION

In 1999, the U.S. Environmental Protection Agency (EPA) announced a major effort to improve
air quality in national parks and wilderness areas. The Regional Haze Rule (RHR) calls for
federal agencies and States to work together to improve visibility in certain identified national
parks and wilderness areas — also known as “Class I” areas. The objective of the RHR is to
achieve natural visibility conditions in these federally protected lands by the year 2064. The rule
requires the States to develop and implement air quality protection plans to reduce the pollution
that causes visibility impairment. The Alaska Department of Environmental Conservation
(ADEC) is developing a plan to protect visibility and comply with the intent of the Regional
Haze Rule. A component of this plan is the implementation of the federal Best Available
Retrofit Technology (BART) rules in Alaska.

The Western Regional Air Partnership (WRAP) is a consortium of federal, state, and tribal
agencies charged with implementing regional planning processes to improve visibility in all
western Class | areas. The WRAP has formed the Regional Modeling Center (RMC), consisting
of the University of California at Riverside (UCR), ENVIRON International Corporation, and
the University of North Carolina (UNC).

Starting in 2004, the RMC undertook an effort to perform the meteorological modeling necessary
for the development of Section 309 SIPs/TIPs, and begin the analysis for the Section 308
SIPs/TIPs. This effort produced a one-year meteorological simulation of Alaska using the Fifth
Generation Mesoscale Model (MM5), developed and maintained by the Pennsylvania State
University (PSU) and the National Center for Atmospheric Research (NCAR). The modeling
was documented in a Draft Modeling Protocol® and a Draft Report?>. The RMC used MMS5 to
simulate the calendar year 2002, using two computational domains with 45 and 15 km grid
spacing, respectively.

! Draft Modeling Protocol, PRELIMINARY WRAP ALASKA VISIBILITY MODELING, October 15", 2004.
Available at http://pah.cert.ucr.edu/agm/308/docs/alaska.

? Draft Report, ALASKA MM5 MODELING FOR THE 2002 ANNUAL PERIOD TO SUPPORT VISIBILITY
MODELING, September 2005. Available at http://pah.cert.ucr.edu/agm/308/docs/alaska.

P:\more-proj\alaska_mm5-13474\protocols\Alaska_MM5_Protocol.doc 2


http://pah.cert.ucr.edu/aqm/308/docs/alaska
http://pah.cert.ucr.edu/aqm/308/docs/alaska

On behalf of ADEC, the RMC conducted CALPUFF simulations of Alaska BART Eligible
sources. The simulations were performed to evaluate whether these eligible sources are subject to
a BART Determination based on predicted impacts to visibility within Alaska Class | areas.
BART Eligible sources are exempt from performing a BART determination if their impacts are
below screening criteria set by ADEC, EPA, and the Federal Land Managers (FLMs). Non-
exempt sources must perform a technology review and propose BART for each emission unit
that comprises the BART Eligible source.

The RMC used the CALPUFF modeling system to assess the impacts from BART Eligible
sources in Alaska based on the 15 km MMD5 output data for 2002. The CALPUFF model grid
spacing was 2 km, significantly different than the MM5 grid spacing of 15 km. In addition,
because only one year was simulated, BART exemption simulations performed by WRAP used
the highest modeled visibility impact, not the 98™ percentile impact as is allowed under EPA
rules.®

Several members of the ad-hoc Alaska BART Coalition (a collection of corporations with
BART-eligible sources) contracted with Geomatrix Consultants (Geomatrix) to perform a refined
MMD5 simulation of Alaska, as well as post-process the MM5 data and prepare CALMET files in
support of future CALPUFF modeling. Geomatrix in turn sub-contracted the MMS5 portion of
the project to 3TIER, Inc. This protocol describes the MM5 modeling 3TIER will perform.

Geomatrix will provide the Coalition with a 3-year MM5 dataset (with grid spacings of 45, 15
and 5 km) as well as a modeling report that will include a METSTAT analysis. A three year
MMD5 dataset with an inner 5-km mesh size domain will be a major step towards allowing ADEC
and/or the BART Eligible sources in Alaska to refine the previous RMC modeling analyses and
employ the more robust 98™ percentile change to extinction as the BART exemption criterion.
This MM5 dataset (and the use of the 98™ percentile change to extinction) may also be used
during the technology review phase of the BART process given that the federal rules allow for an
evaluation of the degree of visibility improvement associated with each technology scenario
being considered as possibly BART. A separate Air Quality Modeling Protocol will be
developed and submitted to ADEC that will cover aspects pertaining to CALMM5, CALMET,
and CALPUFF.

® “Thus, we agree with commenters that a State should not necessarily rely on the maximum modeled impact in
determining whether a source may reasonably be anticipated to cause of contribute to visibility impairment in a
Class | area.” 70 Fed.Reg. 39121 (July 6, 2005)
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This protocol draws very heavily from the RMC Draft Modeling Protocol of 2004. The
modeling to be performed by 3TIER will closely follow that of the RMC, with few deviations
from their model application other than the addition of a third nested grid, and extending the
simulation period from one to three years.

For an overview of the Meteorology of Alaska, or a more detailed description of the MM5
modeling system, refer to the RMC Draft Modeling Protocol and Draft Modeling Report.

2.0 MMS5 MODELING

The PSU/NCAR Mesoscale Model (known as MM5) is a limited-area, nonhydrostatic, terrain-
following sigma-coordinate model designed to simulate or predict mesoscale atmospheric
circulation. The model is supported by several pre- and post-processing programs, which are
referred to collectively as the MM5 modeling system. The MM5 modeling system software is
mostly written in FORTRAN, and has been developed at PSU and NCAR as a community
mesoscale model with contributions from users worldwide.

The latest version of the MM5 modeling system (version 3-7-4, released October 16, 2006) will
be used for this project.

2.1 DATA SOURCES

Global topographic data at 10-minute (latitude/longitude) intervals will be used to find the terrain
elevations for the 45 km grid, and 30-second mesh size data will be used for the 15 and 5 km
mesh size grids. Land use will be defined using the 24-category USGS vegetation data
(10-minute mesh size).

The NCAR dataset ds090.0%, “NCEP/NCAR Global Reanalysis Products” (NNRP) will be used
to supply boundary conditions to the model, as well as for “nudging”. The NCAR datasets
ds464.0°, “NCEP ADP Global Surface Observations”, and ds353.4°, “NCEP ADP Global Upper
Air Observation Subsets”, will be used to re-analyze the ds090.0 data to provide “nudging” to
guide the model predictions to more closely mimic the observations.

Two of the more important inputs for MM5 in the arctic are sea ice and snow cover. The RMC
MMD5 simulation used the NNRP dataset, which features a 2.5° by 2.5° resolution

* See http://dss.ucar.edu/datasets/ds090.0
® See http://dss.ucar.edu/datasets/ds464.0
® See http://dss.ucar.edu/datasets/ds353.4
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(latitude/longitude, about 220 km), for both of these parameters. In an effort to increase the
accuracy of the simulation, the NCAR dataset ds277.7” “NOAA Optimum Interpolation 1/4
Degree Daily Sea Surface Temperature Analysis” will be used to supply sea surface temperature.
The sea ice concentration is diagnosed from the sea surface temperature, as discussed below.
This daily dataset features 0.25° by 0.25° (latitude/longitude, about 25 km) resolution.

The National Weather Service Climate Prediction Center “Daily Snow Cover for the Northern
Hemisphere” dataset®, produced by the NOAA/NESDIS Interactive Multisensor Snow and Ice
Mapping System, will be used to provide the model with higher resolution snow cover data.
This dataset is given on a polar stereographic grid with a true latitude of 60°N, with 1024 by
1024 points covering the northern hemisphere. This indicates that at 60°N, the grid spacing is
approximately 0.2°, or about 20 km.

2.2 MMS5 CONFIGURATION

The MM5 modeling system configuration for this project is based on the RMC configuration,
which in turn is based on the work of the Mesoscale Modeling Applications Group at the
University of Alaska Fairbanks (UAF). The UAF group has extensive experience with MM5 at
high latitudes.

221 Modeling Domain

MMD5 will be configured to run one coarse and two nested grids, using the polar stereographic
projection. The central latitude for the projection will be 59°N; the central longitude will be
151°W. The coarse and middle grids correspond to the inner and outer grid of the RMC
modeling. The domains are shown in Figure 1.

The coarse grid (D01) will cover all of Alaska, plus significant portions of Canada, the Pacific
Ocean, the Arctic Ocean, and northeast Russia. It will feature 109 (east-west) by 90 (north-
south) grid cells, using 45 km grid spacing. The middle grid (D02) will cover the populated
areas of Alaska, including the Class | areas. It will be comprised of 106 (east-west) by 88 (north-
south) grid cells, and use 15 km grid spacing. The inner grid (D03) will cover the domain used
in the WRAP CALPUFF simulations used to assess BART Eligible sources. It will be 106
points (east-west) by 130 points (north-south) and have a 5 km grid spacing.

" See http://dss.ucar.edu/datasets/ds277.7.
8 See http://www.cpc.noaa.gov/data/daily _snow
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All three grids will be run simultaneously, but the two nested grids will use “one-way” nesting
option. In this mode, information from each coarser grid influences the finer grid, but there is no
feedback of averaged information from a nested grid to its parent grid.

ID 170 W1B0 WiS0 W140 W130 W 120 W

Figure 1. MM5 Coarse (D01) and Nested (D02 and D03) Domains

2.2.2  Vertical Grid Structure

The vertical extent of the domain will be from the ground up to 50 millibars (mb). The vertical
layer structure will be the same as was used in the RMC modeling: 40 sigma levels from the
surface to a model top. A sigma value of 0.000 corresponds with the model top, and a sigma
value of 1.000 corresponds with the ground. The levels and sigma values are shown in Table 1.
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Table 1. MMS5 Vertical Layers (Sigma Levels)

Level Sigma Level (cont). | Sigma (cont.)
40 0.018 20 0.590
39 0.040 19 0.623
38 0.060 18 0.654
37 0.085 17 0.687
36 0.107 16 0.718
35 0.134 15 0.749
34 0.134 14 0.778
33 0.187 13 0.806
32 0.213 12 0.832
31 0.244 11 0.855
30 0.272 10 0.878
29 0.304 9 0.897
28 0.334 8 0.917
27 0.367 7 0.932
26 0.398 6 0.949
25 0.431 5 0.961
24 0.462 4 0.975
23 0.495 3 0.983
22 0.526 2 0.992
21 0.559 1 0.995

2.2.3  Physics Options

The rationale behind the choices for physics options and four-dimensional data assimilation
(FDDA) choices were discussed in the RMC Draft Modeling Protocol. The annual cycle of sea
ice is one of the more important aspects of modeling near-polar meteorology. MMD5 can
diagnose the sea ice coverage from the sea surface temperature (SST), but only when using the
5-layer land surface model (LSM). MMD5 will be run in two modes, “summer” and “winter”
mode, each with a different choice of LSM. The switch over for 2002 from summer to winter
configuration will be the same as in the RMC configuration: May 30 and October 13. For 2003
and 2004, sea ice cover maps® from the National Snow and Ice Data Center will be consulted to

determine the switch over date from “winter” to “summer.”

° For example, the Daily Total Sea Ice Extent product available at

http://nsidc.org/data/smmr_ssmi_ancillary/area_extent.html
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The choice of physics options is covered in detail in the RMC Draft Modeling Report. Only a
synopsis of the choices is presented here, with no justification or explanation. The selected
physics options are given for winter in Table 2, and for summer in Table 3.

Table 2. Physics Options for Winter

Physics Option Parameterization
Cloud Microphysics Reisner 11
Cumulus Parameterization Grell
Planetary Boundary Layer ETA
Land Surface Model 5-Layer Model
Radiation RRTM
Shallow Convection None
Varying SST with time? Yes
Sea lce Yes
Snow Cover Simple Snow Model

Table 3. Physics Options for Summer
Physics Option Parameterization
Cloud Microphysics Reisner Il
Cumulus Parameterization Grell
Planetary Boundary Layer ETA
Land Surface Model OSuU
Radiation RRTM
Shallow Convection None
Varying SST with time? Yes
Sea Ice No
Snow Cover No

The polar physics option will be selected (IPOLAR = 1) for all three domains. Solar slope and
topography shadowing effects will be included, but only in the 5km domain (LEVSLP = 3,
OROSHAW = 3).

Data from the NNRP reanalysis dataset will be used to supply boundary conditions. SST will be
taken from the ds277.7 data, and will be allowed to vary in time. Snow cover will be taken from
the Climate Prediction Center’s Daily 1024x1024 Northern Hemisphere snow cover dataset.
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2.2.4 Nudging

MMS5 can be configured to use four-dimensional data assimilation (FDDA), commonly called
“nudging”. Nudging can be used to guide the model to more closely mimic observations.
Observations of wind speed/direction, temperature, and humidity taken from automated surface
weather stations can be ingested. It is used to guide, but not force, MM5 toward a particular
solution.

MMD5 can be configured to use two kinds of analysis nudging, so-called “3D” and “SFC”
nudging, where three-dimensional and two-dimensional (respectively) fields of gridded data are
supplied to the model. Additionally, MMD5 can use observational nudging, called “OBS”
nudging, where measurements of winds, temperature and water vapor at specific points are
supplied to the model.

Generally, the input grids used for 3D and SFC nudging are much coarser than the MM5 grid.
For example, the NNRP data is gridded on 2.5° by 2.5° latitude/longitude grid (about 100 by 200
km). To increase the accuracy of these nudging grids, the initial coarse data is often re-processed
by an objective analysis package, such as the MM5 program “little_r”. It takes the coarse data
and deforms the fields in response to the local observations.

The RMC simulation used a 3-hourly interval for both 3D and SFC nudging, using the NNRP
dataset. They did not use OBS nudging, but did incorporate observations into the 15 km nudging
grid by using the MMD5 program “little_r”. The 3-hour interval was used to avoid using hourly
nudging, as this can sometimes lead to model instability.

Our simulation will also use a 3-hourly interval for the analysis nudging of the 45 km and 15 km
domains. The program “little_r” will be used to objectively re-analyze the NNRP data using the
ds464.0 observations and ds353.4 upper-air data. To avoid numeric instability, nudging will be
applied differently inside and outside the planetary boundary layer diagnosed by MM5. Above
the boundary layer, the wind, temperature and water vapor fields will be adjusted, while inside
the boundary layer only temperature and water vapor will be adjusted. Analysis nudging
coefficients, the same as were used in the RMC runs, are given in Table 4.

Selected meteorological observation stations in Alaska are shown in Figure 2, along with the
approximate boundaries of the 5 km domain. Stations with more than 40% of the wind speed
observations missing have been excluded from the plot. The center of the Lambert Conformal
Conic (LCC) projection is 59°N, 151°W.
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The simulation will use a 90-second time step for the 45 km domain, a 30-second time-step for
the 15 km domain, and a 10-second time-step for the 5 km domain.

Table 4. FDDA Analysis Nudging Coefficients (s™)

Variable 45 km 15 km
Wind 2.5x10" 1.0x10"
Temperature 2.5x10™ 1.0x10™
Water Vapor 1.0x10° 1.0x10°

2.3 MM5 APPLICATION

The 2002-2004 simulation will be performed in sequential 5-day segments, each with extra
initial 12-hour spin-up period that overlaps the preceding run. No data will be kept from the
spin-up period, and all output data will be in hourly files. Each 5-day segment is independent of
the preceding segment, allowing them to be run concurrently on modern Linux clusters. The
simulation period will start on December 15, 2001, to allow for sufficient “spin-up” for
photochemical or visibility models that may wish to use this data in the future.

3.0 MMS STATISTICAL EVALUATION

The WRAP RMC Draft Modeling Report presented the METSTAT Analysis Package, developed
by ENVIRON. It is a statistical analysis software package to calculate and graphically present
statistical measures, and has become widely used to evaluate MM5 performance. Benchmarks
for statistical performance have been suggested, primarily based on MM5 simulations of the
lower 48 states.

Geomatrix will perform the standard METSTAT analysis for our Alaska MMD5 simulations,
using the same sub-domains that were presented in the RMC Draft Modeling Report, using the
15 km domain. The 5 km domain will also be analyzed, but without dividing it into sub-
domains. The results will be presented in an MM5 Modeling Report.
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Figure 2. Selected MET Stations, and the Approximate 5km Domain Boundary.
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Appendix B




Sample “mmlif” (MMS5 control) file:

&OPARAM

TIMAX = 8640.,
TISTEP = 90.,
IFREST = _FALSE.,

IXTIMR = 720,
IFSAVE = _FALSE.,

SVLAST = .FALSE.,
SAVFRQ = 180.,
IFTAPE = 1

TAPFRQ
BUFFRQ = 1440.0,
INCTAP = 1,1,1,1,1,1,1,1,1,1,

2 60.0,
IFSKIP = .FALSE.,

CDATEST = "1993-03-13_00:00:00",

IFPRT = O,
PRTFRQ = 720.,
MASCHK = 99999,
IFTSOUT = .FALSE.,
TSLAT ,0.0,0.0,
TSLON = 0.0,0.0,0.0,0.0,0.0,
&END
&LPARAM
RADFRQ
IMVDIF
1VQADV
1VTADV
1 THADV
ITPDIF
1COR3D
1EXSI
IFUPR
LEVSLP
OROSHAW
1BOUDY
IFDRY
ISSTVAR
IMOIAV
1ZOTOPT
1FSNOW
I1SFFLX
ITGFLG
I1SFPAR
1CLOUD
IEVAP
1SMRD
ISTLYR = 10,200,0,0
ISMLYR = 10,200,0,0
RDMAXALB= . FALSE.
RDBRDALB=.FALSE.
IFRAD = 4
ICUPA
IMPHYS
IBLTYP L4,
ISHALLO = 0,0,0,0,0,0,0,0,0,0,
IPOLAR = 1,
ISOIL = 1
&END
&NPARAM
LEVIDN = 0,1,2,3,4,1,1,1,1,1,

I n
o
o
o
o

oo

oo

NRWRORRRRROR

S DR
e
e b
S
e b
N
N

RPRRRPRRO

RPRRRRO O

RPRRPRRRO

RPRRRRR
.« .

RPRRRRR

RPRRPRPRRR

RPRRRRRE

ORRPRRPRRRLRROORFROW

3,3,3
7,7,7
4,4.,4

RPRRRRO

RPRRRRO O

o



0.

oo
o N
o~
o -
o
S
m__/ OO0 00000000O0O0O0O0O0O0o (e eNe]
m
0.7 [eNeoR_NojojojojojojojojojojooloNole) ooo
o
23
w% OO0 00000000O0O0O0O00O0 L L L (e eNe]
m n » " on o o o o o o
" © s~ rn rn rn r r rA A A A A AR A A A & o oo ' "
M OO0O-HOOOO0OO0OO0OO0OOO0OOOOO0OO0OO " o o o oo oo ooo
00 o oo '
w n . " on o o o o o o n
[eoNe] OO0 00000000O0O0O0O00O0o oo oo ' ' (@) (el eoNo]
" o< o o o o o o o o n
o © ' non L non
o oo oo ' o
L o T T N R N L L L L L L L " on non oo oo oo n "
o [eNeoR_NojojojojojojojojojojooloNole) ' non non non ooo
" r reH O oo oo ' o
L. M o o o o o o oo n
" "0 A A or A R rA R A R A A R A A R~ R~ n & O0O00OO0OD0OO0ODO @+ 1O0 @+ 100 @+ 1000 » » n
— = L] rrOO-H1O0OO0OOOCOCOOOOOOOOOOSCOS . »m s n nr r r rnr OO » rOO » rOO » » rOOO
" " PO 00O s .OO ....00 ...,OO ...,0 O
- (o} rO r oo ~ OO0 rO »
L,O..m MO ~ OO -~ 10000000000000 .,O
" n o + = .OOOOOOEEOOEEOOEEO 0
< O = O » = » OO0 » OO »~ OO rO
n rO » n oot " A A A RA A A A A A A A A A A B~ A @ ..4000000 ' oo oo o .,O "
MOAONOY " O0O100000O0O0O0O0O0OO0OOOO © » 0000 » reded » redd » red A » rO OO
~ 00 M m 82 " OO O0O-Hd-Hd00O0 » rOO » OO » rOOO
[N S  Taaaaaonr n n Tt » rFE O O oron
" n " .1_ o r » coocooco !l 1Too I 1OO I 1 O o
o *O * " 1O *A r" A A A A A A A A A A AR A A A B & rODSE ron o OO0 » » + o+ » slWW » sWW » sWW »O » » n n
L%m11041101000000000000000 " SO 10 MOO ,M11%%1055115511000 OO0
o8} OO0OO0OO0OO—-AN OO0 AdddddONNddNNAA A 10O d
L 1 1 1 O B VO T O 1 1l 1 1} {1 L I | T T B 1| I 1 1 1 1 1 1 1 I 1}
1} = (@] =
x X nn=> Q == = [ < on < <A = - [
—) =) L WO e O W L L [a) rxooxz=z4d< L == — [a)] o (%] [an] L
OFFEFFEZZWE>>> > > o<z Jd=z>LJl1ag<nuw = = = — = = >
Z0N0n0nunnkEZ2>0000 o o WZoao 1==Z2==20 <O LL - i o o o o
S ynwoCc=== = = LIWLANNJdIIT=00WLOAOS — = > — = = o oo =z =
WNNNNXVA ||||| - - = INNIHEXOWV S oS LL LL == o - (O] - O -— O = - -



oOoOOo

[oNeNe)
[cNele) " on " on " on
L] oo oo o o
N onon o oo o '
[oNeNe) n no. oo o o o o
o oo o o
" on oo [oXe) oo n n n n
[eNeNe) oo oo 1o 1o 1o (@) o (@) (@)
non "o oo oo oo n n n n
oo oo o o vt o o o o
nonon " on " on oo [oXe) oo n n n n
[cYeole) Vo o "o "o "o ' ' ' '
oo oo 1o o o (@) (@)
n "o oo oo oo n n n n
nomon ocoo0oo0oo0oo0o0o0 r 'OO0 OO0 ' rOO0OOCOOO [cjeojojooloNo)
cooo  TATaTr T r s s w OO0 » rO0O0 » rOO » » » »n »n n  » rn n r n rnon
r OO0 ¢ .00 n ..OO n ..OO n .,0 rO0 00 oo 'O 'O
OO » rOO0O rO r r non » O rO rO
~ OO -~ ,OOOOOOOOOOOOO rOO0 OO oo ~O ~O -~
oo OOOOOOOOA__.A_».OOA__.A_*.OOJUR_JOOOOOO [cjeojojooloNe)
..OOOOOOEEOOEEOOEEO rOO0 00 oo 'O 'O
OO » » » OO » OO0 » rOO rO » » » n » O rO rO
nonon ..4000000 r 1 OO0 + OO0 .0 .,0000 oo ~O ~O -~
[cNeole) P © r» n00 » redH r red e r ned o R A 1R 1 n o
n OCWOO0OHA-HOO » OO » rOO -~ .,000000 [cjeojojojoloNe)
“  Taa"r s ror n Tt et R AOLWD R AR A AR nrA R o~
o r » r T O0OO0OO0OO0OO I OO I 1TOO I 1O ' O0O0O0 » OO 'O 'O v
N onon rOODSE r oron OO » » 1+ 1+ » slUW » slW » sWW »O » » »n »n 1 n O rO rO
0000., O d0MmMOO ,M11%%1055115511000 .,1100E0.VO.,OO rO rO = » n~ »n
cNoNoNoNaXo N COHAAA—TAONN—AANNAA A 10O A0 0NNOOCO0OO0OO0OO0OO0O0OO0OO0OOOOO0
1 LTI L T VI T I T | I n 1} 1 1 1 1 1 1 Inmn 1 1 1 1 I VO VA | O T |
= (@] =
< [aNa) < I <A = - = o o (%)
o xoax=zd< Lo xkF== — o o (%) o - = = —
uUaoa<zZErJdZ2>Ldao<nw = = = - = = OO == = L o
WZo =M= =Z2=2Z20 <0 LL — L o o o ZLo=>FEFF=CO
LWANNJdIT=ooWwWLoOo< — = > = = = o xoez=z -0 <t ) =) - ) -
= INN<CHXO WL LL = [a)] — o -— O -— () - - EZ == m=mO=0O



Appendix C




Alaska 5km 2002-01

10 Observed/Predicted Windspeed | ObsWndSpd PrdWndSpd
8
o 6
E 4
2
e T TP
> R o A\ INIEN
AR A A A AN A SR SR A UA VA AUV A
Bias Windspeed

m/s
AONMRO®

N > o © A\ O o\
R A A A O A A AR AR R AR A UR R VAV VAT

8 RMSE Windspeed | RMSEWndSpd RMSESWndSp RMSEUWndSp
@
j W
0 Ww}r ﬂWﬂ;ﬂ
N > Q © A\ S o\
A R A A A S A S A R AR VR VAU R CATRERE
, __10A Windspeed
0.8 1
0.6 1
0.4 1
0.2 1
O TPy HeF T T TP A AT TP AT AT T T

> o o A\ O o\
AR AC AR A A AR AN AR AR SR AR AU AUATR A VAR UAUACAS

Observed/Predicted Wind Direction [ ObsWndDir PrdWndDir

N > R © A\ S
R A A A O A A A N AR R AR UR R VAV VAT
Bias Wind Direction

deg

N > CRY o A\ S o\
R A R A A SR A SR SRR VR UR AUV



Alaska 5km 2002-01

ObsTemp PrdTemp

Observed/Predicted Temperature

280
275 A
270 A
265
260
255
250 A
245
240
235

230 T T T TP AT T T I

N ™ Q AN ™ oA Q N ™ o N\ Q N
N AR A A T A A A SN U AR U AR TR VA URERE

Bias Temperature

S X D 0 A DO

N QN
AR AR AR ARAR AR T

3 oA Q N ™ o N\ Q N\
RUASREREASN RS AS AT UAVAURUA AT AT AL

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

TR

O TP TP PP T T TP A AT T TP A AT e T

N ™ Q AN ™ oA Q N ™ o N\ Q N
R AR A A T A A S AN AR VR AR VA URERE

N NMEN N
IOA Temperature

1
0.9
0.8 1

O TP AT AT TP TP A AT T T T AT AT T e e e

N ™ Q N 3 oA Q N ™ © A\ Q N\
AR AR AL A AR A N AR A AN S ANV VAR AUACAY



g’kg

g’kg

g’kg

Alaska 5km 2002-01

ObsHum

Predicted/Observed Humidity

PrdHum

45
4
35 -
3 4
25 -
2 4
15
1 4
0.5 -

O TP T T TP A AT T AT AT T T T T e

N ™ A o N\ QN
N AR A A T A A A SN U AR U AR TR VA URERE

WA

HHHHHHHHH\HIH\H\H\HHHHHH\H\H\H\HH\HH\WHHHHHHHHH \HHHHHH'\H TTTTTATTTTTTITTIITTTITTTT TITTTTTTITT I T IT T I T I T T T T T T TTTITTTTTTRYTTET
Wy "

-0.4 -
-0.6

S5 X 9 0 A A A

N © O
A AR A A A RN A S AN A AU AU UK UATA RS

Bias Humidity

RMSEHum

RMSE Humidity |

RMSESHum RMSEUHum

1.4
12 1

1 4
0.8 |
0.6 1
0.4 1
0.2

O TP TP TP PP T T TP A e T T T T TP A AT e T T T

N ™ o Q0 © A\ O N

IOA Humidity

1
0.9 1
0.8 1
0.7 1
0.6 1
0.5
0.4 1
0.3 1

O TP T T TP A AT T AT AT T T T T e

N N R © g\ QO N
AL AR \\’\ \" Q’ \’\ <° \’\ \\’\ \‘b&g‘ﬁ’ W\ \‘5"\\‘1'>\\‘7/>\\‘73’\\‘19\\‘b A\

IOAHum



Alaska 5km 2002-02

10 Observed/Predicted Windspeed | ObsWndSpd PrdWndSpd
8,
@ 6
E 4 A
2,
0 A T
N ™ Q N 3 o A Q N ™ © N\
R NN M A NS S GRS UL e
4 Bias Windspeed
3,
2,
o 7]
0, i
E 0
_2,
-3
N ™ Q N 3 o A Q N ™ © N\
R A R NN M NN NS S GRS UL e
5 RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWNdSp
S A
e 3 WMM’ b M,
2 ¢ ﬁ‘w \ AR ly"‘w.p,/\«"l |
(1) W.‘VF"'M; ! MI,,W“* T ity ‘M ¥ J"flf'\
N ™ Q N 3 o A Q N ™ © N\
R NN M A AN S GRS UL e
, __10A Windspeed
0.8
0.6
0.4
0.2
0 A T T
NSO X D 0N D OO0 XN T DAXL0L0A DO QN X D0 D
DT TD D DD D G AN A A A B A o AV o oo o o ol o
360 Observed/Predicted Wind Direction | ObsWndDIr PraWndbr
NSO X D 0N D OO0 XN T DAXL0L0A DO QN X D0 D
DD TD D DD D G A A A A B B B o AV o oo o o ol o
90 Bias Wind Direction
60 -
30 -
e 0
T 30
-60
-90

NSO X% D 0N D OO0 XN T DAXL0L0A DO QN X D0 D
DD DD B DD D AW A A S AP o A o o oo o



Alaska 5km 2002-02

ObsTemp PrdTemp

Observed/Predicted Temperature

280
275
270 A
265
260
255
250 A
245
240

285 T T T T T T T T T T T T

N YD X D o A QAN oo o> ud 00 A WO O N > @ 0N\ D
R A AN AT S S SN UG U D U DU

Bias Temperature

2 I V v W 'V v V I V v«v\/\\/

4
-6

N VYD X D o A QAN oD o> ud 00 A DO O N ™ @ 0\ D
R A AN A S SN UG U D U DU

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

O AP e P T T T

NYD X D oA QAN oo o> ud 00 A WO O N > @ 0N\ D
A N AN NN SN NN U A

IOA Temperature

O AP e T T T T

N VD X D oA QAN oo o> ud 00 A DO O N a0\ D
A N AN NN NN U A B



Alaska 5km 2002-02

ObsHum PrdHum

Predicted/Observed Humidity

O AP e T T T T

NV X D oA QAN oo o> ud 00 A WO O N > @ 0N\ D
A A N AN NN SN NN U A

Bias Humidity

1 4
0.8
o 0.6
=
o 0.4
0.2
0

mmmmmmmmmumHHHmm\mmmumHmmvmmm\m\mmmmmmumHHHmmm\mmummmmmmumHmmvmu

-0.2

o A > o J\

N VD (XD > QXN DX Lo 0,40 009 O N D o >
A N AN MM SN N NN P U A

RMSEHum RMSESHum RMSEUHum

RMSE Humidity I

1.4
1.2

1 i "

go d Wi
62.2 A Nv‘n‘ ' i AT f l ,:\,A i «M

0.4 vv . ,J;PMW TR, AT

0.2 vy
R

NYD X D oA QAN oo o> ud 00 A WO O N > @ 0N\ D
A N AN NN SN NN U A

IOA Humidity

O AP A T P e

N VD X D oA QAN oo o> ud 00 A DO O N a0\ D
A N AN NN NN U A B



Alaska 5km 2002-03

g Observed/Predicted Windspeed ———— PrawndSpd
0
£
L b
A A A
o) r\:)\‘7/ \ 7o) ‘b\ (b\%fb\/\q)\ ‘b\ \\ \\ \\Q’ \\‘b\\(o‘b\\‘b\\ \\Q’ \‘b%\‘b(b\‘?:?’ ‘?/(b\‘?/(b\‘lf)q)\‘b(b\‘?/(b\‘b%\‘b \‘b
3 Bias Windspeed
2 4
1 4
-1 B
_2 B
-3
YO0 O A U 9 20 A Y D > (O
R N A A N SN A U AUAC AR U ACACHS)
RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWNdSp
10
8 4
9 6
E o4y A, A
: o ME-"“"WMW 2 Ww LW
g *M’{W'VWI‘ VYCRYGN o o AR AT e A ‘wﬁﬂ%*m
A A
) r\:)\‘7/ ) 26) ‘b\%‘b\ r\:)\/\(\:)\ o) ‘b\\ ‘b\\ \\Q’(b\\ W ‘b\)\%“:)\\ W ‘b\\ ‘b\Q’ ‘b\Q’ (b\‘?:?’ {?/(b\‘?/%\‘lf),b\‘b(b\‘?/(b\‘?/%\‘b r\:)\“D
, __10A Windspeed
0.8
0.6
0.4
0.2
L,
A A A
R R ORI IR AR A A A R R AVALR R ASUAVA RS
360 Observed/Predlcted Wind Direction —— Prondbr
300
240
8 180
T 120
60
0
YO0 O A U 9 20 A Y D > (O
R A N A A N SN A U AUAC A AR U ACACHS)
90 Bias Wind Direction
60
30
2 0
T 30
-60
-90

A A
R O A A N R U AU AU LA UAUA A



Alaska 5km 2002-03

ObsTemp PrdTemp

Observed/Predicted Temperature |

N ™ QN ™ oA Q AN P © N\ Q N
R R R N A N N A AL A ACAREAZCHR

Bias Temperature

ot )
v

N ™ QN 3 oA Q N ™ © A\ Q N\
R S A A A A AR AU AUAUR DAL

.2 n
4
_6 B
.8 B
-10

N4

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

O TP TP TP PP T TP A P T T TP A AT T T

N ™ Q N 3 oA Q N ™ © A\ Q N\
R S A A A A AR AU AUAUR DAL

IOA Temperature

0.9
0.8 1
0.7 1

N ™ Q N 3 oA Q N ™ © A\ Q N\
R A A A A AR AU AUAUR DAL



Alaska 5km 2002-03

PrdHum

ObsHum

Predicted/Observed Humidity

g’kg

O TP T T TP A AT T AT AT T T T T e

N ™ QN ™ oA Q AN P © N\ Q N
R R R N A N N A AL A ACAREAZCHR

Bias Humidity

g’kg

N ™ QN 3 oA Q N ™ © N\ Q N\
R A S A A A AN PN A U AUAUADAL AR UAACAS

RMSESHum RMSEUHum

RMSEHum

RMSE Humidity

g’kg

oA INJPEN {x © A\ D o
SANANRSAS KA IR VAU R AR VA

N ™ Q N\ ™
R R A PNA A LA SRR
IOA Humidity

o )0
1
0.9 -
0.8 -
0.7 1
0.6 -
0.5 -
0.4 1
0.3 1

0.1 1

N ™ Q N 3 oA Q N ™ © A\ Q N\
R A A A A AR AU AUAUR DAL




m/s

m/s

m/s

deg

deg

Alaska 5km 2002-04

Observed/Predicted Windspeed

ObsWndSpd PrdWndSpd

O TP PP TP TP TP

© A

Q N 3 oA Q N ™ ©
R R O P PO PR P

Bias Windspeed

»

A )
N2 b}‘l‘})&‘@&‘b

BiasWndSpd

oO—=MNw
!

o
wn =
-

S X b o A

N o A A Q
A S N SR AN AR U KRR DR R DR

RMSE Windspeed

RMSEWndSpd

RMSESWndSp RMSEUWndSp

O=NWrOIO®
|

o b Al MWWW

ERCRC R RGRC R

N > N > ©
R I R T T RN SR

IOA Windspeed

Q N\ ™ o N\ N
RASRURUARURUR RO R ERRURE

I0OAWNdSpd

1
0.8
0.6
0.4
0.2

O TP TP TP TP TP T T A e e

© A

Observed/Predlcted Wind Direction

QAN 3 oA Q N ™ o N\ Q
A O SR AN AR U KRR DR R TR DR

ObsWndDir PrdWndDir

0 i TP T R TR TP T PP e e e

S X b o A

N o A A Q
AR O SR AN AR U KRR DR R R DR

Bias Wind Direction

BiasWndDir

-90

ERCRCRRGRC G 0 20 A

N > N > ©
R I R T RN SR

Q N\ ™ ©
RSO URURUR KA

A\ Q
RURURE



Alaska 5km 2002-04

ObsTemp PrdTemp

Observed/Predicted Temperature

285
280 -
275
270 A
X 265 4
260
255
250
245 T T T T T

N ™ ™ © A Q N ™ o N\
W AT St PO P P PP

Bias Temperature

© A (D 9,0 N D D D
RN R RO NG

ol A 2 A

AV

.2 n
4
_6 B
.8 B
-10

N4

N 5 X% 5. 0 A D 9D,0.N % M 9,0 .,A
IR A AU AR SN

/\
SN

Q N\ ™ © N
RSO UARURURURORCRENRURE

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

< UM AN T A
2\,WW“'J\J U‘\/‘V\lw\ VV»»‘ v VV\,“V"V*\
v

N ™ Q AN 3 oA Q N ™ o N\
R A S N SR AN R U R AR DR

IOA Temperature

\\]
bgl‘zbbgl%&‘b

O TP TP TP T T

N ™ Q AN 3 oA Q N ™ o N\
R R S P PO PR P

Q
A RURURE



g’kg

g’kg

g’kg

Alaska 5km 2002-04

PrdHum

ObsHum

Predicted/Observed Humidity

O TP TP TP TP TP TP T T e e

\a

N ™ Q N 3 oA Q N ™ o N\ Q
AR S O SR AN AR U R RO DR

Bias Humidity

Ay P A )

N DY Q N\ 3 oA Q AN ™ o N\ Q
AN St N NN AN U AR R AR R

RMSESHum RMSEUHum

RMSEHum

RMSE Humidity I

O TP TP TF TP TP AT T T T

N ™ Q N\ 3 oA Q N ™ o N\ Q
A S O SR N AR U R AR DR R U DR

IOAHUM

IOA Humidity

O TP TP TP TP TP TP T T e e

N ™ Q N\ 3 oA Q N ™ o N\ Q
A S O SR AN AR U R AR DR R R DR



m/s

m/s

m/s

deg

deg

Alaska 5km 2002-05

ObsWndSpd PrdWndSpd

Observed/Predicted Windspeed

 prton g et AR

O TP TP T TP AT T T T AT AT T T T e

‘L‘bb‘%%’\ N aV oS IR V. N) A
R A A A A A A A A ARACA LA ALICAACAS)

Bias Windspeed

Vv ‘b % o 0 .\A URN 5,00 Vo> N} A
RN A A N A A A AN A A A AR AL ALCAACAS)
10 RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWNdSp
8 i
5 |
s { I
omWmﬁ%ﬁmmmmmmmmmmmmmmﬁmmwwwwwwm
Vv ‘b % o 0 .\A Q% 520 A VD> \o) A\
R N A A A AN A A A ARACA LA ALICAACAS)
, __10A Windspeed
0.8
0.6
0.4
0.2
Vv ‘b % o 0 .\A SRR 520 A QD VD> \o) A\
T N R A A A S A A A A S A A A A A DA OACA A
360 Observed/Predicted Wind Direction | ObsWndDir PraWndDir
300 -
240 A
180 -
120 -
60 -
Vv ‘b % o 0 .\A URN 5,00 Vo> N} A
T R A A A S A A A A S A A A A AR DAL OACA ALY
90 Bias Wind Direction
60 -
30 A
0 i
_30 n
-60 n

-90

% A A
R G R I AR AR AN AN A A A A A A A A A A A A AU ALA A



Alaska 5km 2002-05

ObsTemp PrdTemp

Observed/Predicted Temperature |

300
295
290
285
280
275
270 A
265
260 -

255 T T TP T T

‘b‘bu%%’\ \Q, CRERY V. N) A
RN R A A A AN A A A ARACA LA AACAS)

Bias Temperature

‘b‘bb&‘)%’\

NN CRERY V. N) A
R R A S A A A AN A A AR AL AL AACAS)

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

\ WW WW\ /\M

1, '\ \)V ‘.’"fﬂl“v"}" i

0 mmHmmHmmHmmmHmmHmmHmmHmmmHHHHHHHHHmm\HHmmHmmHmmHmmmHmmHmmHmmmHmH\HHHHHHHHHH

‘b‘bk%%’\ NZ 5,00
R A S A A A A S A A R UAUA VA A AT OACAC A

IOA Temperature

O TP T T AT T T T T AT T T T T e

‘b‘bu%%’\ \Q, 5,00 VD> N} A\
T N R A A S A A A A S A A A A AR DA OACA ALY



g’kg

g’kg

g’kg

Alaska 5km 2002-05

ObsHum PrdHum

Predicted/Observed Humidity

O TP T T TP A AT T AT AT T T T T e

‘b‘bu%%’\ \Q, CRERY V. N) A
RN R A A A AN A A A ARACA LA AACAS)

Bias Humidity

2
1.5 4
1 4
0.5

o Nl

\w\\\w\H\V’\\HH\H\H\H\HH\‘l\\H\HH\HHUW\\V\AV\H\\HH\H\H\HH\H\HHHHH'\'\HHIH\HH\H\H\HH\\H\HH\H\H'HHHHHHHHHHHHHHHHHHH\HHH

-0.5

DY 3 oA Q N N o N\ Q N\
R R R S A S A A S AN A A R U A A A DA AR DA AL

RMSEHum RMSESHum RMSEUHum

RMSE Humidity I

2.5

| {
15 [\ il f
1] 4 ‘\/" \ \ | /\'n \ \'U 'M\ﬁ’ i,
0-5 W/ W'\-‘\/ Y w v ‘aW» Y " W U\'ﬂ'fw | J

O TP T T AT T T T T AT T T T T e

UZGCTCICICRY &
RN RIS AR ANAMANAY

IOA Humidity

A A
A A U AU AR AV AR AA P

O TP T T TP A AT T AT AT T T T T e

‘b‘bu%%’\ \Q, 5,00 VD> N} A\
T N R A A S A A A A S A A A A AR DA OACA ALY



Alaska 5km 2002-06

8 Observed/Predicted Windspeed | ObsWndSpd PrdWndSpd
0
£
M
9 o A N oo B 20 K oD o N o @D o q© @ oD
O ove%8 %% &% Q,\" AN \’\ AN \’\ N @@WQ‘LQ‘L@‘L@%@%@%@%@%@%
5 Bias Windspeed
0
£

N Y A A \}
R I M R AR AN AR A A SIS A AR AU A A OACAU AR
s RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWNdSp
4,
@ 3
= 2 Mg Pt A
] i B ~ A ) | v
| YN . I e W VR e Y SV
N Y QN A A \}
R I M R ARSI AR A A SIS AN A AR AU A DA U
, __10A Windspeed
0.8 -
0.6
0.4
0.2
O A T T T T T T
N Q N > © g\ N
N R AR R A A A AN AR A A A RO
| ObsWndDir PrdWndDir

Observed/Predicted Wind Direction

L
N b Q A o
Bias Wind Direction

N 5 % D . 60 A D 9,0 N &) A
R RS A S TACENA AN

A\ Q
BNASACHAR AR A AU AR R RS



Alaska 5km 2002-06

ObsTemp PrdTemp

Observed/Predicted Temperature

265 AT
N ™ Q N 3 © A Q N ™ o N\ Q

R M I SRS AN AR A IS AN A AR AU DA AU
5 Bias Temperature
4,

X
N ™ Q N 3 © A Q N ™ o N\ Q
R M I SRS AN AR A IS AN AR AU DA AU
6 RMSE Temperature I RMSETemp RMSESTemp RMSEUTemp
5
4
¥ 3 I ﬁ
A q\‘ \‘AQ\ I
| |
1 W W
O T T

N ™ Q N\ 3 © A Q N ™ o N\ Q
R M I SRS AN AR A IS AN A AR AU DA AU

IOA Temperature

0.1
O PP T PP T AT T

N ™ Q N\ 3 © A Q N ™ o N\ Q
R M I A RSO AN AR A A SIS AN AR AU DA AU




g’kg

g’kg

g’kg

Alaska 5km 2002-06

ObsHum PrdHum

Predicted/Observed Humidity

O TP TP TP TP TP TP T T e e

N ™ Q N 3 © A Q N ™ o N\ Q
R M I SRS AN AR A IS AN A AR AU DA AU

Bias Humidity

N ™ Q N\ 3 © A Q AN ™ o N\ Q
R I M R AR AN A AN A A A A AU ALK DACAS

RMSEHum RMSESHum RMSEUHum

RMSE Humidity I

2.5

’\’.

W“\N

N ™ Q N\ 3 © A Q N ™ o N\ Q
R M I SRS AN AR A IS AN A AR AU DA AU

IOA Humidity

O TP TP TP TP TP TP T T e e

N ™ Q N\ 3 © A Q N ™ o N\ Q
R M I A RSO AN AR A A SIS AN AR AU DA AU



Alaska 5km 2002-07

ObsWndSpd PrdWndSpd

Observed/Predicted Windspeed |

m/s
OoO=NWhOIO®

AT A A CA A A S T 8 8 R B D B B B L I B A S
5 Bias Windspeed
1 4
9 0 g
E -1
-2 B
-3
AT A A CA A A S T B8 8 R B D B B P I B S
4 RMSE Windspeed RMSEWndSpd RMSESWndSp RMSEUWndSp
3
(7]
~ 2 '
E 1 Ii"' J‘U‘ uww‘,\ m ‘Jfﬂh» W
L R, ) NSRS AL R AMARMUN L, M
AT AR A AT A I A e S ,\@,\@,\@k\@,\@,\@,\@,\@,\@/\@/\\%
1 IOA Windspeed
0.8 -
0.6 -
0.4
0.2
L
AN CA AR /\\’\ /\\’\/\ Qﬁ\ A /\\’f”/\\’\/\ ,\\’\,\ /\Q/\@,\@’i\@,\@,\@’,\ﬂ,\@,\@,\a,\@,\{b
360 Observed/Predicted Wind Direction [ ObsWndDir PrdWndDir
300
240
180 |
T 120 |
60 -
e N e U T e O
3 N A A
A ’\\Q/’\ (b’\\ ’\\%’\\%’\\/\’\\ A\ '\\\ AN A Q//\ NAN /\\\%/\\\ AN /\\\ AN 4@/\@/\@\@/\@4\(&\@«@«@/\@/\@ /\\‘b
90 Bias Wind Direction

deg

o A
A AP AN UAAAACAUACAAS

v ‘b > . o A \,\Q\,\\\,\Q,

AT AP A, ANA



Alaska 5km 2002-07

300 Observed/Predicted Temperature ObsTemp PrdTemp
T S N A e e I e e,
X QN o A A
R A A A A A A A AN R R A UA VA A AR
4 Bias Temperature
3,

_1 B
.2 B
_3 B
4
% © A A
R A N A AN A A AR ARRAACA

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

M M L‘M\’M\"Wﬂ, [ A48

O TP T TP AT TP T AT AT T T T e e

% o A A
R A N A A AN A A AR ARAACA

IOA Temperature

O TP T T AT T T T T AT T T T T e

% Son oA A
RN A A A A AN AU AVACAURCARAA A



Alaska 5km 2002-07

PrdHum

ObsHum

Predicted/Observed Humidity

o
<
(=2}
4 4
2 |
O PP TP T T e

AR A SR AR VAR VAT IRGAVAAS

A\

Vv ‘b X o o A SRNAN
R A I PIAMIRASA AN

Bias Humidity

AN A AAARTUAACAVAAUAZCAS

RPN

RMSESHum RMSEUHum

RMSEHum

RMSE Humidity

O TP T T A AT T T T T AT AT T T e e

% oA A
RN R R A A AN AU AVACAURCARAA A

IOAHUM

IOA Humidity

% n o A A
N P AN AN NN AN ACAUAAAVAAKAA A

AT AN AR



m/s

m/s

m/s

deg

deg

Alaska 5km 2002-08

ObsWndSpd PrdWndSpd

Observed/Predicted Windspeed |

VA2 © A N WS RS Vo> o) A
<b\ D <b\ D D <b\ ‘b\ \\ \\ \\ \\%\\%\\%\\ \\ \‘b%\‘b%\‘b "?/%\"?/q)\‘b%\‘b%\‘?/%\‘b%\‘b \‘b

Bias Windspeed

> A A
B A R AN A S AN AN A A U AU AU AL AR S

RMSEWndSpd RMSESWndSp RMSEUWndSp

RMSE Windspeed I

T et ﬁw

0 mmHmmHmmHmmmHmmHmmHmmHmmmHHHHHHHHHmm\HHmmHmmHmmHmmmHmmHmmHmmmHmH\HHHHHHHHHH

A A
Q q)\q/ ) %\63%\ <b\/\tb\ D ‘b\\ q)\\ \\Q’%\\ W %\\(”%\\ N ‘b\\ q)\‘b q)\‘b %\"?9’ {?/%\"?/q)\‘l(?%\‘b %\"?/%\‘?/ q)\‘lz q)\‘b

IOA Windspeed

1
0.8
0.6 1
0.4
0.2 1

O TP TP TP PP T TP A AT T T T TP A A T T T

N A A
B O A AT A AN A A A AR R AU A RO R R R

Observed/Predicted Wind Direction | ObsWndDir PraWndDir

360
300
240
180
120

60

O TP TP TP T TR T TP TP AT T T T T ST

X o A A

Bias Wind Direction

-90

<

A
B N A S A A A A RV UAUA A



Alaska 5km 2002-08

ObsTemp PrdTemp

Observed/Predicted Temperature

265 T T T T

N ™ QN ™ oA Q AN P © N\ Q N
R A N N A AL ACAUR A AR

Bias Temperature

N ™ QN 3 oA Q N ™ © A\ Q N\
R R R I N R S R AS A A S A AU AU A LA DAL A

> ) ?

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

0 ”"“"’M‘Ww“""““WV“‘“WWMWW

N ™ Q N 3 oA Q N ™ © A\ Q N\
R R R R R AR AR A A A S A AU AU A LA DAL A

IOA Temperature

N W A~ oo

—_

O TP T T AT T T T T AT T T T T e

N ™ Q N 3 oA Q N ™ © A\ Q N\
R R R R R AR AR A A S A A G A AU AU A LAV DAL A



g’kg

g’kg

g’kg

Alaska 5km 2002-08

10 . Predicted/Observed Humidity Opstum Prarum
O T T T T
R I R R A A A A R LR RRUAUAL AV ARG UAUA A
.5 Bias Humidity
N
oMW o
s h“ IERALI J\ ‘V w‘v l
A P WW
1
B A A A A A RGNV AU A AUAUR DAV
RMSEHuUmM RMSESHum RMSEUHuUm

RMSE Humidity

2.5

O TP T TP AT T TP AT T T T e

Q A
Q q)\q/ ) %\%%\ <b\/\tb\ D ‘b\\ AN \\Q’%\\ W %\\(”%\\ W ‘b\\ q)\‘b q)\‘b %\"?9’ ‘?/Q)\‘?/q)\‘lf)%\‘b%\‘?/%\‘?/%\‘b q)\‘b

IOA Humidity

O TP T T TP A AT T AT AT T T T T e

A A
R R A A A A R U AU AU LA UAUA A



Alaska 5km 2002-09

10 Observed/Predicted Windspeed ———— PrawndSpd
8,
o 6
E 4
2
(O R AR I IR [ T R R R R IR IR I TR R R AR IR IR AR R AR R R AR IR kL IERT R R AR AR IRt E e e R R R TR SR
N Q N > © g\ N
RN I R A A A A R LA A A A SIS AR A AUV
4 Bias Windspeed
®
£
A A S
R R N N N N 2 AR S AN AR ARV O A IR
RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWNdSp
8
6,
2 | o e I gt A dn o AN
— v M A gvy ¥ g
o NGRS W e AP VRIS RS
N ™ QA A A Q
R M N NI I PN A AN SIS R A AU R AR R
, __10A Windspeed
0.8 4
0.6
0.4
0.2 4
(O R AR I IR [ I R R IR IR I IR R R A R IR IR AR R AR R R AR IR kL RN R R R AR AR IRt E e e R R R TR S R
N Q N > © A\ N
RN I R A A A A R LA A A A SIS AR A AUV
360 Observed/Predicted Wind Direction | ObsWndDir PrdWndDir
(o))
(]
e}
0 R R R T ] o R L T R R T R AR I N LT T e T e e e TR R R T T
A A S
R R N N N N 2 AR A AN AR ARV O A R
90 Bias Wind Direction
(o))
(]
e}

N 5 % D . 0 A 9.9 QN &) A
BN R I R RS RERE PN ANACAASANAN

A\ Q
ENASEC AR OR AR



Alaska 5km 2002-09

ObsTemp PrdTemp

Observed/Predicted Temperature

295
290
285 A
280 -
275
270 A
265

260 T I I T I T T

N ™ Q N 3 © A Q N ™ o N\ \\]
R A A A A NN A A AR AU A A AUR AU

Bias Temperature

N ™ Q N 3 © A Q N ™ o N\ \\]
R A AR A A NS A AR AU A AR UAUAC

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

NI

O TP TP TP TP P TP T e T

N ™ Q N\ 3 © A Q N ™ o N\ \\]
R A A A N S A U AUAC AR UAUAC

IOA Temperature

O TP TP TP T T

N ™ Q N\ 3 © A Q N ™ o N\ \\]
N A N AR A A NS A AR AUAC AR DA



Alaska 5km 2002-09

PrdHum

ObsHum

Predicted/Observed Humidity

g’kg

O TP TP TP TP TP TP T T e e

N ™ Q N 3 © A Q N ™ o N\ \\]
R A A A A NN A A AR AU A A AUR AU

B

Bias Humidity

-1.5
N ™ Q N\ 3 © A Q AN ™ o N\ \\]
A A A A A AR AU A AC AR

RMSESHum RMSEUHum

RMSEHum

RMSE Humidity I

O TP TP TP TP T e e

N ™ Q N\ 3 © A Q N ™ o N\ \\]
R A A A N S A U AUAC AR UAUAC

B)
IOAHUM

IOA Humidity

O TP TP TP TP TP TP T T e e

N ™ Q N\ 3 © A Q N ™ o N\ \\]
N A N AR A A NS A AR AUAC AR DA



m/s

m/s

deg

deg

Alaska 5km 2002-10

ObsWndSpd

PrdWndSpd

VO X b o A URCRURCRCIORCIN 9% © A\
\©©©©©©©¢¢¢¢¢¢¢$$ @&&@&@&&&&&@
3 Bias Windspeed
2
1
0
v o A URCRURCRCIORCIN U > (@ 00\ ® D oD N
@@@@@@@@@%%%%%%%%% @&@@@&@Q&&&&
RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWNdSp
6
5
4 N}\‘ l
3 M W ! M-
2 LAY Vi) '
1 bJW Yl i eV Y
0
% o A U CRCRG 9% © A\ N
@@\©©©©©©&0§0§§§0§0&&&%&%&&&Qﬁﬁ
: I0A Windspeed [——ownaspa |
0.8
0.6
0.4
0.2
@@@@@@@@@&%&%%%&%& @&&%&%&&&&§®
360 Observed/Predlcted Wind Direction | ObsWndDir PrdWndDir

VD o A\ ) RIS 9y O A\ D D D o>
,9\ RO ,9\ NS ,\g\ ,\g\ \\ \\ IO \\ g \\ S \‘?/Q\‘?/Q\‘?/ @Q\qf @ @ SOOI

Bias Wind Direction

-90

R © A SRR RU R RGOS 2 D > @ © o N
,\0\0\ \\Q\\Q\\Q\\Q\\Q\\Q\\ SRR \‘?/Q\‘?/\‘?/ ‘7/@@\‘7/@@@@\ &



Alaska 5km 2002-10

ObsTemp PrdTemp

Observed/Predicted Temperature

284
282
280 A
278
276
274
272
270 A
268
266

264 T T T T AT T T

R © A U RURC R & © A\
,9\ RSN ,9\ NS ,\g\ ,\g\ \\ \\ IO \\ g \\ RO AW \‘?/Q\‘?/ S Ve \‘?/ %\Q\%\Q\%\Q\%\Q\‘b

Q\‘b

Bias Temperature

-3
4
5 |
-6

v > o A Q © 0o W & o @ (© S
,9\,9\ \,\0\,@\@\@\,\0\,\0\ Q\\ \\Q\\ \\Q\\Q\\Q\\ \\Q\\ \\Q\‘DQ\‘DQ\‘D ‘T/Q\‘T/Q\‘b \‘?/ S \‘?/ U7 R A

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

énl\(%‘l‘%ﬁ\;“ VW’” | "'N\/

Oty a RSN R LRt R S T

Vv © A U RO 3% I
L 2 0 T N T e e e s S e e s e e T

IOA Temperature

O J\ N}
&&&&®

Oty a NSNS R LRt R L S S T s

R © A U ERURC R & © A\
,9\ QR ,9\ NS ,\g\ ,\g\ \\ \\ IO \\ g \\ RO A \‘?/Q\‘?/ S Ve \‘?/ %\Q\%\Q\%\Q\%\Q\‘b S



g’kg

g’kg

g’kg

Alaska 5km 2002-10

ObsHum PrdHum

Predicted/Observed Humidity

Oty NSRRI R L S S T

Va2 o\ & CRGRY 9, o A
,9\ RSN ,9\ NS ,\g\ IR Q\\ \\Q\\ \\Q\\Q\\Q\\ \\Q\\ \\Q\‘?/Q\‘?/Q\‘?/ @Q\‘b @Q\%Q\%Q\%Q\%Q\‘b &

Bias Humidity

R © A @ CRGRY Q@ > @© @\ (@ D oD
,9\ RSN ,9\ NS ,\g\ IR Q\\ \\Q\\ \\ AN \\Q\\ \\Q\\ > \‘?/Q\‘?/Q\‘?/ %\Q\%Q\‘b \‘?/ A ‘7/@\‘?/ e A

RMSESHum RMSEUHum

RMSEHum

RMSE Humidity I

1.6
1.4 1
1.2

1 n
0.8 |
0.6 |
0.4 1
0.2

Oty NSNS R AR R L S S T T

VR © A Q CRCRY Y > QX (2 (O O
,9\ NS ,9\ NS ,\g\ IR Q\\ W RS \\ \\ S Q\\ M Q\\ W \‘?/Q\‘?/Q\‘?/ %\Q\%\Q\%Q\%Q\%Q\%Q\%Q\‘b o

IOA Humidity

Oty a NSNS R LRt R L S S T s

VR © A Q CRCRY Y > QX (2 (O O
,9\ NS ,9\ NS ,\g\ IR Q\\ W RS \\ \\ S Q\\ M Q\\ N \‘?/Q\‘?/Q\‘?/ %\Q\%\Q\%Q\%Q\%Q\%Q\%Q\‘b o



Alaska 5km 2002-11

ObsWndSpd PrdWndSpd

Observed/Predicted Windspeed |

12
10
8
n
IS 6
4
2
SRR R R R R S I R R R R R B I R R N N R R R O R R IR R R
R T L S T S S R A A A A A A A A AR A A A A A A S
5 Bias Windspeed
4,
@ 2
E o
-2 4
-4
SRR R R R R I R R R R R B I R B N N R R R O R R IR R R
AR AR R R R H R R RA AR
10 RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWNdSp
8
o 6
© 0 Ll
2 Y vl “\MMA,’“M w
SRR R R R R S I R R R R R B I R R N N R R R O R R IR R R
AR AR R R R R RA AR
, __10A Windspeed
0.8
0.6
0.4
0.2
SRR R R R R R O R R R R e R B I R R N N R R R O R R IR R R
AR AR R R R I RARRAAARARSSS
360 . Observed/Predicted Wind Direction [ ovsvnpr Frowndor
300
240
@ 180
T 120
60 , ‘
SRR R R R R I R R R R R B I R R N R R R R O R R IR OB
AR AR R R R I RA AR
90 Bias Wind Direction
(o2
(0]
T

SRR R R R R I R R R R R B I R R N N R R R R R IR R R
AR ORI R R R R I RARREAARARSSS



Alaska 5km 2002-11

ObsTemp PrdTemp

Observed/Predicted Temperature

285
280 -

275
270 A
265
260 -

255 T TP TP T

™
AT AR OORNE \\"\\ \\“ SO \‘b R \‘9\\%\\% &

Bias Temperature

S X b o A

H
AR \\\\\ \\\‘”\\\\\\

,\\’\ \’<\,\\’\ N ,\\Q/ ,\\‘7/ ,\\‘7‘)’ U ,\\‘7/ ‘7/ ,\\Q/ ‘i\,\\"?/ \\‘L \\"bg

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

N w0 o

O N eyt NN NSRS e

™
AT AR ORI \\"\\ \\“ SO \‘b\\‘v \03\\%\\%\\’29

IOA Temperature

O N eyt NN NSRS e

™
AT AR ORI \\"\\ \\“ SO \‘b R \‘9\\%\\% &



g’kg

g’kg

g’kg

Alaska 5km 2002-11

PrdHum

ObsHum

Predicted/Observed Humidity

O N Es ey NN NN R A L s R e

™
AT AR OORNE \\"\\ \\“ SO \‘b R \‘9\\%\\% &

Bias Humidity

™
A T R R o L R R N R R R B IR BB

RMSESHum RMSEUHum

RMSEHum

RMSE Humidity I

O N eyt NN NSRS e

™
AT AR ORI \\"\\ \\“ SO \‘b\\‘v \03\\%\\%\\’29

IOA Humidity

O N eyt NN NSRS e

™
AT AR ORI \\"\\ \\“ SO \‘b R \‘9\\%\\% &



m/s

m/s

m/s

deg

deg

Alaska 5km 2002-12

ObsWndSpd PrdWndSpd

Observed/Predicted Windspeed |

10

8

6

4

2

B B B e s Ll l B .

AN D (XD 0 AR (9,0 N DD X w0 W0 A b D @ N o (> @ (@ A @D oD

’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\(?/\Q/\q/\q,\q/\%\q/\(b\q/\(b\q/\%\q/\%\q/\ \q/\

6 Bias Windspeed
4 |

2 |

0 n

_2 |

-4

AN VD (XD 0 A DD L0 N DD X 0D 10 A w® D @ N o (@ @ (@A @D oD

’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\(?/\Q/\q/\q,\q/\%\q/\(b\q/\(b\q/\%\q/\%\q/\ \q/\

RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWNdSp

8

6

S i i bl

2 A AR I AR

ANV (X0 0 A D (9,0 N DD X w0 W0 A @ D @ N o (@ (@ ) @ DD

’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\ \q/\

, __10A Windspeed
0.8 -

0.6 -

0.4 -

0.2 -

T B B B B LA

ANV (XD 0 AR (9L N DD X 0D W0 A @D @ N o (> (@ A @D oD

’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\ \q/\
360 Observed/Predicted Wind Direction | ObsWndDir PraWndDir
300 | T
240
180 -
120 -

60

0 T T A e At B

AN VD (XD 0 AR (9,0 N DD X w0 W0 A w® D @ N o (a2 (@ A @D oD

.0 00000 @ S S S S S e et aatatak o aatak et o e

90 Bias Wind Direction

© A\
Aok aaak oo aala¥aS

\Q/\‘bb&ﬁb’\‘b%,@ "?/Q"?;\\"Lq"?ib"?,b“?f)
N

NN
AR UIVFOIOIOIOR)! KON

© D O
O RONONONONNONONN

A D D O AN
ONONG VaaPa®



Alaska 5km 2002-12

ObsTemp PrdTemp

Observed/Predicted Temperature

240 T T T T T T T T T T
N\ VDX D 0 A (D DO N oD a0 a0 LA DD W N q D > 2 0 G\ R D oD o
’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\ \q/\
6 Bias Temperature
5 |
4
3
2 |
1
0
1
2
-3
N\ VDX D 0 A (D DO N aT oD o> a0 a0 LA DD (W N (D > 2 0 G\ R D oD o
’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\ \q/\
. RMSE Temperature I RMSETemp RMSESTemp RMSEUTemp
6
5 \
N T e WA b
3 - A 4 i J ;
;1!‘1 N
2 "‘4 v \J \J :
1
O TP P P PP T T T T TP e
N\ VDX D 0 A (D DO N aT oD o> a0 a0 LA DD (W N Y d? > 2 0 G\ R D oD N
’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\ \q/\
| IOA Temperature
0.9 1
0.8
0.7
0.6 1
0.5 1
0.4
0.3
0.2 1
0.1 1
O~ HTr TP P T P P T P T T
N\ VD (X D 0 A (DD N aD o> a0 a0 LA DD (W N Y d? > 2 0 G\ R D oD o
.0 00000 @ S S S S S e et aatatak o aatak et o e



g’kg

g’kg

g’kg

Alaska 5km 2002-12

ObsHum PrdHum

Predicted/Observed Humidity

Oty NSRRI R L S S T

NvUO XD 0 A D Q\Q\\\(L\%\b‘@\‘b@\q}\% O N @V D ™ (@ 0 A\ D o.)(bQ(b\
’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\ \q/\

Bias Humidity

1.2

1 n
0.8
0.6
0.4 1
0.2 1

0 m
-0.2

N vUODO XD 0N D Q\Q\\\(L\%\b‘@\‘b@\q}\% O N @V D > (@ 0 A\ D o.)(bQ(b\
’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\ \q/\

RMSEHum RMSESHum RMSEUHum

RMSE Humidity I

1.4
1.2

1 4
0.8 -
06
0.4 )
0.2 -

Oty s S N R LRt AR R S S T s

N O (X0 0 A (DD L0 A WL X0 a0 LA S @ @2 > @@ @® @ @@ QS
.0 00000 @S S S S S e et et atata o e atak et o e

R
NN
’\(l> N

IOA Humidity

Oty a NSNS R LRt R L S S T s

AV X B0 A (DO O qpq;\\qg,qibqug»qp\(i\q;b\@@%\%\
N N

NN
R \‘L\(I/\(I/\\Q/\\Q/\\Q/\,\Q} WONONG PP DD D

R
NY N

D\
N W



m/s

m/s

m/s

Alaska 5km 2003-01

10 Observed/Predicted Windspeed ———— PrawndSpd
8 4

6 4

4,

2 4

U SVSVSSSSSSSSS——

> R o A\ INIEN

AT \\’\ 8 \’\Q’ S\ \’\(0 S\ \’\‘b \‘b\\‘?f\\‘ﬁ’ ‘7/\\‘7/ ‘@Q‘bg‘bg‘ﬁ’\\‘&\‘b >

4 Bias Windspeed
3 4

2 4

1 4

0 i

_‘| B

_2 B

-3

N % o A © 4\ QO N
R AL AR \\’\ Q’ \’\\\’fo A \\’\ \‘?f\\‘b \\‘?9’ N\ \‘i"\\‘b Q‘bg‘ﬁ’,\\‘@\\‘b >

6 RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWNdSp
5

;| fh e ATy,

3 1 . \

? il AR e S
L AL U SVVSRSSSSSHER. s

N % A © g\ QO N
AR ARARARARARARARINAN \\@\\\ AN NS VAU URUAARAY

IOA Windspeed IOAWndSpd

0.8
0.6
0.4
0.2

N
AR AC AR A A AR AN AR AR SR AR AU AUATR A VAR UAUACAS

360 Observed/Predicted Wind Direction [ ObsWndDir PrdWndDir
300
240
180
120

60

0

NV X B 6 A SRS 5 1© A DD DN
AR A R R R AN A S AN R AR VR AR ARV URERE

Bias Wind Direction

&

N ™ o A o
A N A S N AN A SN AUV UR VAR

Q N\
AUAUAEAR



Alaska 5km 2003-01

ObsTemp PrdTemp

Observed/Predicted Temperature

275
270 A
265
260
255
250
245

240 T T T T AT

N ™ A o N\ QN
N AR A A T A A A SN U AR U AR TR VA URERE

Bias Temperature

v.,.ml‘,hM.hM r

-2 4

N ™ A o N\ QN
N AR A R A T A A SN AU AR VR A AR VA URERE

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

o ——
N v A © A\ Q o\
AR AR AR AR TSR SR ST VA UAVAUAVATERATVR AR
1 I0OA Temperature [——wontem ]
0.9 -
08 -
07 -
06 -
05 -
0.4 -
03 -
0.2 -
01 -
o ———
N ™ o Q0 © A\ O N
AL AR \\’\ \" Q’ \’\ <° \’\ \\’\ \‘b&g‘ﬁ’ W\ \‘5"\\‘1'>\\‘7/>\\‘73’\\‘19\\‘b A\



Alaska 5km 2003-01

ObsHum PrdHum

Predicted/Observed Humidity

45
4
35 -
3 4
25 -
2 4
15
1 4
0.5 -

O TP T T TP A AT T AT AT T T T T e

N ™ A o N\ QN
N AR A A T A A A SN U AR U AR TR VA URERE

Bias Humidity

(2]
4
—

(=2}

1.4
1.2

1 4
0.8 -
06 -
0.4

2hf L Y

-0.2

g’kg

S5 X 9 0 A ) A

N A © Q N
A AR A A A RN A S AN A AU AU UK UATA RS

RMSESHum RMSEUHum

RMSEHum

RMSE Humidity I

O TP TP T AT T TP AT T T T T e

N ™ o Q0 © A\ O N

IOAHum

IOA Humidity

0.9
0.8 1
0.7 1
0.6 1

O TP T T TP A AT T AT AT T T T T e

N N R © g\ QO N
AL AR \\’\ \" Q’ \’\ <° \’\ \\’\ \‘b\\‘?f\\‘ﬁ’ W\ \‘i"\\‘bg‘bg‘ﬁ’\\‘&\‘b A\



Alaska 5km 2003-02

10 Observed/Predicted Windspeed | ObsWndSpd PrdWndSpd
8 A ,ﬁ'\
o 6 A’
- Q‘ | i \ '
£ ; Y A Nﬂ' Dl Al «‘,I‘b.,‘ W 0 AR ‘a“A ’ /
O T TP TP TP T T T T T T AT AT e e e
N X B 6 A U o® WX 0D 00 A oD O D (@ @
®®®®®®®®®$@&%@&&@&@&&&&&&&&&
4 Bias Windspeed
0
£
N O X B 6 A U o® WX 0D 00 A oD O D (@ D
®®®®®®®®®$@&%@&&@&@&&&&&&&&&
8 RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWNdSp
6,
(4
~ 4,
€ W!W‘« ’MMV\W e
| % MMWV’”’“
3 A = ""vw i “‘v"/\" " WMM

deg

deg

f},\\

1

0

o A Nal

VDS D Q N LU oD o> 90 O A WO LD O N VD O © AN\ o
R A A A MM SN U S

IOAWndSpd

IOA Windspeed

0.8
0.6 1
0.4 1
0.2 1

o A RN

QU &) A 2
A ORI AN AR U S LA LS A g

Observed/Predicted Wind Direction | ObsWndDir PrdWndDir

0 e e R e R HTTrrrerrrererrererrerrrere

N YO X B o A U oD WX 00 W0 A 0D 0O AN @ A P (© A (@
A A AN NN NN U L R
90 Bias Wind Direction

N YD X D o A QXN VoD o™ 9,0 ,0 0,9 QO N DX
A A A AN S NS U U A

© S\
(oqflz q/\"?/ Qfl‘zb



Alaska 5km 2003-02

ObsTemp PrdTemp

Observed/Predicted Temperature

250 T T T T T T T T T T T T

N YD X D o A QAN oo o> ud 00 A WO O N > @ 0N\ D
R A AN AT S S SN UG U D U DU

Bias Temperature

4
-5

N VYD X D o A QAN oD o> ud 00 A DO O N ™ @ 0\ D
R A AN A S SN UG U D U DU

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

O AP e T T T T T

NYD X D oA QAN oo o> ud 00 A WO O N > @ 0N\ D
A N AN NN SN NN U A

IOA Temperature

O AP e T T T T

N VD X D oA QAN oo o> ud 00 A DO O N a0\ D
A N AN NN NN U A B



g’kg

g’kg

g’kg

Alaska 5km 2003-02

PrdHum

ObsHum

Predicted/Observed Humidity

5
4.5
4,
3.5 1
3,
2.5
2,
1.5

1 |
0.5 1

0 A T T T T
B A N NSNS U AR LN A LN

Bias Humidity

1.4
1.2
1,
0.8 -

52 ,mfwwmﬂﬁﬂMN/

0 UL AR R ERRRAR RN AN NN RN NN R RN RN RN AR R NN NN R RN RN RN RRRRRR AR AR UL D 250 AL RS RARARARRRARRRRRRRRRRRE) | (NRRA | LARR LN AR AN
-0.2 1 v ' V v'

-0.4
-0.6

NV D % D 0N D OO0 N0 0N DD QN YA a0 A D
DD DD B DD DT A A S S A A A o o e g

RMSESHum RMSEUHum

RMSEHum

RMSE Humidity |

O AP e T P T T T T

NV XD 0N DD Q0N TD >0 0N DO RN A aX (D 0\ D
DR DD TR TGN AR N N N A N @ @ o g oV o gV oV ol o

IOA Humidity

O AP e T T T T

NGO X D 0N D OO0 XN T DOAXL0L0A DO QN X D0\ D
DD D B DD DR R AW A A S o o VA o o oo o



m/s

m/s

m/s

deg

deg

Alaska 5km 2003-03

12 Observed/Predicted Windspeed ObsWindSpd PrdWndSpd
10

8

6

4

2

LT e

N 3 QN ™ o A Q AN ™ © g\ Q N
N e A A SN AR A U AU AL AL AVR A

4 Bias Windspeed

N 3 QN ™ o A Q AN ™ © 4\ Q N
A A N A A A AR AR R A AU RO AS

6 RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWnNdSp
5,
4 K ‘ X
2 Lot AR, 0
(1)"!\“ W“ﬁ Yy "‘*wq‘ Iy V‘u“. j WMN" Y
N 3 N ™ N
R N R N A A o A A U AVAL AR AVACAS
, __10A Windspeed
0.8
0.6
0.4
0.2
O A T T T T T T T T T T T T T

N 3 QN ™ R Q AN ™ © g\ Q N
A A N A A A AR AR R A AR AS

360 Observed/Predicted Wind Direction ‘ [ bsWdDir v PrdWndDir

300
240
180
120

60 9. A

: A o~ \ Lo L500 o0
0 Hrrrrrrrrrrrrererrereem PP PP I PTIT T T I T P RTT PTPrPrrerrree Prrrrrrerres TP

N 3 QN ™ o A Q AN ™ © g\ Q N
B A A N A A A AR AR R A AU RO AS

Bias Wind Direction

N 3 QN ™ o A Q AN ™ © g\ Q N
0y ey Py "y 20y Oy Py 2 S Ui O, 00 K 0@ 8 @ ¥ P B B B DS

o o



Alaska 5km 2003-03

ObsTemp PrdTemp

Observed/Predicted Temperature

285
280 -
275 A
270 A
265
260 -
255
250
245
240

235 T T TP

Q A
o) fb\q, ) 26) ‘b\%‘b\ ‘b\/\‘b\ o) ‘b\\ o \\Q’(b\\ W ‘b\)@‘b\\ W ‘b\\ (b\‘b (b\‘b ‘b\(ﬁ/ %‘b\%“:}(ﬁbf‘:}%‘b\%‘b\mf‘:}% Q}‘b

Bias Temperature

oo M
ol AT

A A
o) ‘b\q/ ) 26) ‘b\%‘b\ ‘b\/\‘b\ o) ‘b\\ ‘b\\ \\Q’(b\\ W (b\\(o{b\\ W ‘b\\ ‘b\Q’ ‘b\Q’ (b\‘?:?’ {?/(b\‘?/ (b\‘lf),b\‘lz (b\"?/ (b\"?/ rb\‘lx r\:)\“D

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

W MPNMV\/AM/\I\AA
Mw ) vy V Vi \/N V \[ W

/\
) ‘b\q/ ) 26 ‘b\%‘b\ ‘b\/\‘b\ o) ‘b\\ o \\Q’(b\\ W (b\\(o{b\\ W ‘b\\ “o\Q' ‘b\Q’ (b\"?/ "?/ (b\"?/ rb\‘lx ,b\‘lz (b\"?/ (b\"?/ rb\‘lx r\:)\“D

IOA Temperature

9
8
7
6
5
4
3
2
1
0

O TP T T AT T T T T AT T T T T e

A A
R S O A A N R U AU AU LA UAUA A



g’kg

g’kg

g’kg

Alaska 5km 2003-03

ObsHum PrdHum

Predicted/Observed Humidity

5
45
4,
35
3,
25
2,
1.5 |
1,
0.5 -

0
N

3 )

™ Q. X oA ANJPA x © J\ O o\
(bfb\(b‘b\ ‘b\%‘b\%‘b\/\ “:}%‘b\%cb\\ o rg\(bcb\\(b(b\\ (b\\(ofb\\ o ‘b\\%‘b\\qf‘:}% oV ‘b\(&b\(ib‘b\q’ (b\‘lf)(b\‘b oV (b\‘?s)%\‘l%b\‘b o

Bias Humidity

1
0.8
0.6 1
0.4 1
0.2 1

0 m
-0.2 1
-0.4
-0.6
-0.8

-1
N

o o) o

X Q. N oA NIPSN % © N\ O A
v \(b‘b\ ‘b\c)‘b\%‘b\/\ ‘b\%%\qrb\\ o ‘b\\%‘b\\(bfb\\ fb\’\(ofb\\ o ‘b\\%‘b\\q‘b\% oV (b\‘lzq',b\‘l{zb(b\‘b (b\"?(/o(b\‘?/ oV (b\‘l‘zb%\‘l%b\‘b o

RMSESHum RMSEUHum

RMSEHum

RMSE Humidity I

¥ \{ "\A
‘ \

N b‘ QN » o A Q AN P © A\ QO o
> ‘b\(b%\(b‘b\ ‘b\%‘b\%‘b\/\ “:}%‘b\%cb\\ o rg\(bcb\\(b(b\\ (b\\(ofb\\ o ‘b\\%‘b\\qf‘:}% oV ‘b\(&b\(ib‘b\q’ (b\‘lf)(b\‘b oV (b\‘?s)%\‘l%b\‘b o

IOA Humidity

N

o o) 0

™ Q. X oA ANJPA x © J\ O o\
N N A A SRR R AR LAV AA S



Alaska 5km 2003-04

8 Observed/Predicted Windspeed | ObsWndSpd PrdWndSpd
o
£
O T T T T T
Q N 3 oA Q N ™ o N\ Q
AR S O SR AN AR U KRR DR R R DR
5 Bias Windspeed
1
o 0
£
N Y o A A Q
A S N SR AN AR U KRR DR R DR
8 RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWNdSp
6,
o |
E WMW
2] o T I WYy P vy
o R Y v S gl Vg BT W
N ™ Q. N oA Q N ™ o N\ Q
A O SR AN AR U KRR DR R TR DR
, __10A Windspeed
0.8
0.6
0.4
0.2
O T T T T
QAN 3 oA Q N ™ o N\ Q
A O SR AN AR U KRR DR R TR DR
360 Observed/Predicted Wind Direction | ObsWndDir PrdWndDir
300
240
o 180
T 120
60 ‘
0 AR S L aa A E A aE L s e e e e ]
N Y o A A Q
AR O SR AN AR U KRR DR R R DR
Bias Wind Direction

N 5 % 9. 0 A D 9,0 N > 5D L0 A
R A RTINS

Q AN ™ o N\ Q
RSN URRUR DR URTR



Alaska 5km 2003-04

ObsTemp PrdTemp

Observed/Predicted Temperature |

295
290 A
285
280 -
275 A
270 A
265 \/
260
255
250

245 T T T T T

N ™ ™ © A Q N ™ o N\
W AT St PO P P PP

© A (D 9,0 N D D D
RN R RO NG

Bias Temperature

olAhnAAAAAnqunAAMA
A

N 5 X% 5. 0 A D 9D,0.N % M 9,0 .,A
IR A AU AR SN

/\
SN

Q N\ ™ © N
RSO UARURURURORCRENRURE

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

f\ HVVV VY VO ¥

N 5 X% 5. 0 A D 9D,0.N 5 X 9,0
L I A AR AR

Q N\ ™ o N\ N
RSO UARURUR RO CRERRURE

IOA Temperature

O TP TP TP T T

N ™ Q N\ 3 oA Q N ™ o N\ Q
A S O SR AN AR U R AR DR R R DR



g’kg

g’kg

Alaska 5km 2003-04

ObsHum PrdHum

Predicted/Observed Humidity

O TP TP TP TP TP TP T T e e

N ™ Q N 3 oA Q N ™ o N\ Q
AR S O SR AN AR U R RO DR

Bias Humidity

1.5

N DY Q N\ 3 oA Q AN ™ o N\ Q
AN St N NN AN U AR R AR R

RMSESHum RMSEUHum

RMSEHum

RMSE Humidity I

l [} A
| \ ﬁ‘w |. y'\ ! . |
! W WA h vy
| ‘hl 1 \ ol y i‘y‘ AW/‘ “‘ ,"’ M J ) l»‘w ' \wﬁ\“v
RYIVA . Y 1 :
0.2 1Y "' " vj\'\hﬁr. " M L{ |

O TP TP TP TP TP e e e

N ™ Q N\ 3 oA Q N ™ o N\ Q
A S O SR N AR U R AR DR R U DR

IOA Humidity

O TP TP TP TP TP TP T T e e

N ™ Q N\ 3 oA Q N ™ o N\ Q
A S O SR AN AR U R AR DR R R DR



Alaska 5km 2003-05

ObsWndSpd

PrdWndSpd

v ‘b > o . o A " H 0 A o “ A
R A N A A A A A A A A U AR A A AR

Bias Windspeed

m/s

Vv ‘b X o o A 5,0 A o “ A
N I A T A A A S A I R A AR A AU VA ARV AVA RS

Q/

RMSEWndSpd

RMSESWndSp RMSEUWndSp

RMSE Windspeed I

i dman Abnchetn AR

m/s
O=NWhHhOIO®

VA2 N\ZNDN© A q, 5,0 A 9 o - A
RN R A A S A AN A A A A AN AN A A A A AR A VA A
, __10A Windspeed
0.8 |
0.6
0.4
0.2
- I AtaiCe s ClCv Ml M e o B i P
VA2 AZNDN© A q, 5,0 A 9 o - A
R R AR ARANANNAN <,, 9)\\9_)\\9_)\\9)\\9) %\‘b%\‘b@\‘b@‘b%\‘b%\‘b%\‘b%\%%\%%\%%\%%\%
360 Observed/Predicted Wind Direction . [ ObsWndDir PrdWndDir
300
240
8 180
T

120
60

0 LA R L L PP T T T T

U x5O A SRURCIGICICRY & 2 )
R R N A A A A AN A S A R AU A AR AT

Bias Wind Direction

deg

(o\(o\"iz‘bb&‘)%’\

N A A
AR AR A NN 9,\\9)\’5’%,\’»0\\@\\@\\%\‘b%\‘b@\‘i”@\‘%\%%\‘ﬁ’&@m&%@%\% A



Alaska 5km 2003-05

ObsTemp PrdTemp

Observed/Predicted Temperature |

=
YDA X DO N SN NG VD > 2 © {
R R A N A A A A A A A A A U AU A A ARy
4 Bias Temperature

‘b‘bb&‘)%’\

Q/

5,00 VD> \o) A\
T N R A A S A A A A S A A A A AR DA OACA ALY

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

M/&,ﬁl WWW AT WW‘

al

ION X
@\%\%%\@\@\%\b\%\@\"@\"@@\\

IOA Temperature

N W A~ oo

—_

A A
&&@&&&&&ﬁ&&ﬁ@&&&&&

O TP T T AT T T T T AT T T T T e

‘b‘bu%%’\ \Q, 5,00 VD> N} A\
T N R A A S A A A A S A A A A AR DA OACA ALY



Alaska 5km 2003-05

PrdHum

ObsHum

Predicted/Observed Humidity

(o]
<
(o))
Vv ‘b X o o0 A SRR » 0 V. N) A
RN R A A A AN A A A ARACA LA AACAS)
i idi [ —— Bt |
15 Bias Humidity
(@]
<
(o))
‘L‘bk@%’\ ‘b‘bk‘ob’\‘b%@\‘b‘bk‘o‘b'\‘b%
R A A A A A A AN A A A A ACA R VAACHS
. RMSE Humidity I RMSEHuUm RMSESHuUm RMSEUHum
(o]
<
(o))

‘b‘bk%%’\ NZ 5200 Vo> N} A\
A A A A A A A A A A A VA A A

AV RS D B0

IOA Humidity

‘b‘bu%%’\ \Q, 5,00 VD> N} A\
A A A A A A A A A A A VA AR

RN RIPRSRAINAN



m/s

m/s

m/s

deg

Alaska 5km 2003-06

ObsWndSpd PrdWndSpd

Observed/Predicted Windspeed |

O TP TP PP T TP TP TP TP T T e

9 o A SN B 20 K oD o N Y @@ Q>* @ © G @ D o
@@@@@@6@@@\\\\\\ \’\\’\ \"\’\ @@WQ‘LQ‘L@‘L@%@%@%@%@%@%

Bias Windspeed

2
1
0
q
2 |
-3

N Y A A \}
R I M R AR AN AR A A SIS A AR AU A A OACAU AR

RMSE Windspeed | RMSEWndSpd RMSESWndSp RMSEUWNdSp
6
5 4
] ™
2 4
2) 4 W VW‘M’W," N v /AR ‘A."V'qu- v. W‘vv‘

<

N Y QN A \}
R I M R ARSI AR A A SIS AN A AR AU A DA U

IOAWndSpd

1 IOA Windspeed

0.8
0.6 1
0.4
0.2 1
0

Vv SRR R\ RS Q
B 000 %6 %8 & e e e R e e e P P PP PP PP PP

Observed/Predicted Wind Direction | ObsWndDir PrdWndDir

360
300
240
180
120

60

O TP T TP TP T T T

N Y A A \}
R M R AR AN AR A A SIS AN A AR AU A DA AR

Bias Wind Direction

-90

N 5 % D . 60 A D 9,0 N &) A
R RS A S TACENA AN

A\ Q
BNASACHAR AR A AU AR R RS



Alaska 5km 2003-06

ObsTemp PrdTemp

Observed/Predicted Temperature

[T L i :zl e BéE B i
N > AN Q A N
S a¥a®a 666(2)6\/\6\%?)\%«”0\\ A QD\\"?/Q)\\ \\@’@6\ X @\\ @mq}%@&@%@%@(ﬁ)@%@%@%@%b\‘b
Bias Temperature

/\
BNASACE AR AUA A A

<

N ™ Q N\ Q
IR AR AR E SE S AS A A S P

RMSESTemp RMSEUTemp

RMSE Temperature |

RMSETemp
X u

il W WW

O TP TP PP TP TP TP T T T e e e

N ™ SIS Q A
R R I SR SR AN AR A ARSI AN AR AU DA

IOA Temperature

N
PP

O TP TP TP T T

<

N Y QN A \}
R M I A RSO AN AR A A SIS AN AR AU DA AU



g’kg

g’kg

g’kg

Alaska 5km 2003-06

ObsHum PrdHum

Predicted/Observed Humidity

O TP TP TP TP TP TP T T e e

N ™ Q N 3 © A Q N ™ o N\ Q
R M I SRS AN AR A IS AN A AR AU DA AU

Bias Humidity

N DY Q. N\ 3 oA Q AN ™ o N\
R R N R R RN AS AN A A AR A AU AR A

Q
g FePess

©

RMSESHum RMSEUHum

RMSEHum

RMSE Humidity I

‘a\‘J uﬂ\(\l

O TP TP TP TP TP e e e

N ™ Q N\ 3 © A Q N ™ o N\ Q
R M I SRS AN AR A IS AN A AR AU DA AU

IOA Humidity

O TP TP TP TP TP TP T T e e

N ™ Q N\ 3 © A Q N ™ o N\ Q
R M I A RSO AN AR A A SIS AN AR AU DA AU



Alaska 5km 2003-07

8 Observed/Predicted Windspeed | ObsWndSpd PrdWndSpd
6
(4
g 4
2
e
3 N A A
AT A A CA A A S T 8 8 R B D B B B L I B A S
3 Bias Windspeed
2
L
£
AT CA A A St U B B B D R P B B B BB U SH S
RMSE Windspeed | RMSEWndSpd RMSESWndSp RMSEUWndSp
5
4 |
£ 2 i o\ Mo
¢ = iRl o e Nt
1 W \‘ N wiy u‘- v '\VM'VW
0wWWWWwwwwWwwwwwwwwwwwwwwwwwwwww
AT A A CA A A S B8 8 R B D R B P I B A S
1 IOA Windspeed IOAWndSpd
0.8
0.6
0.4
0.2
) N
R N A I A AN AN A A AU
360 Observed/Predicted Wind Direction ObsWndDir PrdWndDir
300
240
3 180 1
T 120 4
60 -
e
™
&&(%N%&&&&W««&&WW&&&&&&&&&&&&&&
90 Bias Wind Direction
60 -
30 -
8 0
T -30
-60
-90

"?/‘bb‘%%’\ 9

R a9
R R A AN ANAGAN

A
A UAUA A A A A



Alaska 5km 2003-07

Observed/Predicted Temperature

ObsTemp PrdTemp

300
295
290
X 285
280
275 A

B

270 T AT T T T

v ‘b X o o A SRS
RPN IARINAY

Bias Temperature

0,00 W@ S
AN AV AVAARAVAAY

AR

AAETCAAC RS
A '\\'\\'\\'\\'\\f\\/\\’\/\ /\ A

RMSE Temperature

A AAAUAVAL AR A AAS

RMSETemp RMSESTemp RMSEUTemp

45
4
3.5
3
2.5

nN

1.5

_

0.5

‘b‘bb&‘)%’\ \J

A\ /\\

IOA Temperature

b
AP A AR e

© A % @ P
A AU AUAA

I0ATemp

O TP T T AT T T T T AT T T T T e

v ‘b X o o A SRS
AT AT AR S

o A A
AN A UAAAACASUAVA A



g’kg

g’kg

g’kg

Alaska 5km 2003-07

., Predicted/Observed Humidity Oostum Prarum
10 |
° W W"’W
6 4
4 4
2 4
% © A A
R A N A AN A A ARV ARAACA)
o5 Bias Humidity
2 4
15
‘I a
0.5 1
0 4
05 1
-1 B
1.5 1
2
% © A A
R A S A AN AN A A ACA A UAVACAS
5 RMSE Humidity I RMSEHuUm RMSESHuUm RMSEUHum

% © A A
R A N A A AN A A AR ARAACA
, __10A Humidity [—omm_]
0.9
0.8 1
0.7 1
0.6
0.5 1
0.4
0.3 1
0.2 1
0.1
% © A A
R A A S N A A AN A A A AU ARAACA



m/s

m/s

Alaska 5km 2003-08

ObsWndSpd PrdWndSpd

Observed/Predicted Windspeed |

O TP TP T TP AT T T AT AT AT T T T e e

VA2 © A N WS RS Vo> o) A
<b\ D <b\ D D <b\ ‘b\ \\ \\ \\ \\%\\%\\%\\ \\ \‘b%\‘b%\‘b "?/%\"?/q)\‘b%\‘b%\‘?/%\‘b%\‘b \‘b

Bias Windspeed

Vv ‘b X © o A ‘b H 00 Vo> \o) A
R S A A A NS AR UAUACAACA RO AUACAS)
5 RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWNdSp
4,
2 Yoo a4 R a2
oAt o U R Y »«WM-
‘7/ \2) A @ H oA Vo> o) A
R S A A A NS AR AR UAVACACACA RO AACAS)
, __10A Windspeed
0.8
0.6
0.4
0.2
N A A
R RO R A I AR A SIS S A AR AAACA AR XXX
360 Observed/Predicted Wind Direction | ObsWndDIr PraWndbr
300 i
240
180
120
60
Vv ‘b X © o A ‘b H oA Vo> \o) A
R A S A A A NS AR UAVACAACA RO AUACAS)
90 Bias Wind Direction
60 -
30 -
0,
-30
.60,
-90

A A
B N A S A A A A RV UAUA A



Alaska 5km 2003-08

ObsTemp PrdTemp

Observed/Predicted Temperature

N DY Q N 3 oA Q N ™ © Q N\
R R AR R AR A A A R ARV AA RS

A

6 Bias Temperature
2|
3,
2,

REPAA /'\{\,AA(\AA nl\/\M-Avf\nm/\/\t/\/\ Aot f\A A
a1 V\I\JUVVVWWWV AV AT
_3,
-4
A A A A A S A A AN AR R AR AUATA X AR
5 RMSE Temperature | RMSETemp RMSESTemp RMSEUTemp
5
4

¥ 3
2 W M J

WY UMMW%MV TR

e T TP

N b‘ QN » o A Q AN P © A\ QO o
2 ‘b\(b‘b\%‘b\ ‘b\%‘b\%‘b\/\ Q>\%Q>\Q)q,\\ A %\\Qz%\\‘b%\,\ %\\‘oq}\ A %\’\%%\’\q%\% A %\"ﬁ’%\‘ib%\‘b ‘b\‘lﬁ)%\‘b &V %\"?3)%\‘19%\‘5 o

IOA Temperature

N

D DD

™ QN x © .0 'NJPAN D © 4\ O o\
v \(b‘b\ ‘b\%‘b\%‘b\/\ Q>\%Q>\Q)q,\\ A %\\Qz%\\‘b%\,\ %\\‘oq}\ A %\,\Q)%\,\q%\% A %\"ﬁ’%\‘ib%\‘b @‘l%)\‘b &V %\"?3)%\‘19%\‘5 o



g’kg

g’kg

g’kg

Alaska 5km 2003-08

ObsHum PrdHum

Predicted/Observed Humidity |

7| PARARN

O TP T T TP A AT T AT AT T T T T e

N ™ QN ™ oA Q AN P © N\ Q N
R A N N A AL ACAUR A AR

B

Bias Humidity

N ™ QN ™ oA Q AN P © N\ Q N
R R N LUV ARA VAT
RMSE Humidity I RMSEHum RMSESHuUm RMSEUHuUm

2.5

O TP TP TP PP T TP A AT T T T TP A AT T

N ™ Q N 3 oA Q N ™ © A\ Q N\
R R R R R AR AR A A A S A AU AU A LA DAL A

IOA Humidity

O TP T T TP A AT T AT AT T T T T e

N ™ Q N 3 oA Q N ™ © A\ Q N\
R R R R R AR AR A A S A A G A AU AU A LAV DAL A



m/s

m/s

m/s

deg

deg

Alaska 5km 2003-09

ObsWndSpd PrdWndSpd

Observed/Predicted Windspeed

0
8
6
4
2
0

N ™ QN 3 oA Q N ™ ©
N A AR A A A NN AU AR

A )
b o0 A D Q>\Q' q\‘&q\‘g’@‘b

Bias Windspeed

oO—=MNw
!

o
wn =
-

N 5 % 5. 0 A D9,
3 VS R DN B e

N 3 o A Q N ™ o N\ N
S o o o o ey oDt o e P o o e o e

RMSEWndSpd

RMSESWndSp RMSEUWndSp

RMSE Windspeed I

: ham e WWwM i

N ™ Q N 3 © A Q N ™ o N\ \\]
R A A A A A A A S U AUAC A AUR AU

9 B

IOA Windspeed

1

0.8
0.6 1
0.4
0.2 1

0

N ™ QN ™ o A Q AN ™ ©

A N
b o0 A D q\‘&q\‘g’@‘b

ObsWndDir PrdWndDir

Observed/Predicted Wind Direction |

N 5 % 5. 0 A D9,
3 VR R DN B e

(W

A ﬂ

N

3 o A Q N ™ o N\ N
S o o o o ey oDt o e PV o o e o Do e

Bias Wind Direction

N ™ Q N\ 3 © A Q N ™ o N\ \\]
R A A A A A A A A A A U AUAC AR UAUAC




Alaska 5km 2003-09

ObsTemp PrdTemp

Observed/Predicted Temperature |

295
290
285 A

280

275
270 A
265

260

N ™ Q N 3 © A Q N ™ o N\ \\]
R A A A A NN A A AR AU A A AUR AU

Bias Temperature

N ™ Q N 3 © A Q N ™ o N\ \\]
R A AR A A NS A AR AU A AR UAUAC

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

JJJM";)V

N ™ Q N\ 3 © A Q N ™ o N\ \\]
R A A A N S A U AUAC AR UAUAC

IOA Temperature

N ™ Q N\ 3 © A Q N ™ o N\ \\]
N A N AR A A NS A AR AUAC AR DA



g’kg

g’kg

Alaska 5km 2003-09

PrdHum

ObsHum

Predicted/Observed Humidity

O A T T T T T T
N ™ Q N 3 © A Q N ™ o N\ \\]
R A A A A NN A A AR AU A A AUR AU
15 Bias Humidity

-1.5
N ™ Q N\ 3 © A Q AN ™ o N\ \\]
A A A A A AR AU A AC AR
5 RMSE Humldlty I RMSEHuUm RMSESHuUm RMSEUHum
1.8
1.6
14 1
1.2
14 ' ‘
0.8 |
\ A |
0.6 | A |
) /
0.2 1

N ™ Q N\ 3 © A Q N ™ o N\ \\]
R A A A N S A U AUAC AR UAUAC

IOA Humidity

O TP TP TP TP TP TP T T e e

N ™ Q N\ 3 © A Q N ™ o N\ \\]
N A N AR A A NS A AR AUAC AR DA



m/s

m/s

deg

deg

Alaska 5km 2003-10

ObsWndSpd PrdWndSpd

Observed/Predicted Windspeed |

I

UANRUR R R A0 W W W WX w2 W0 o WO 14 © G
@@@@@@@@@\\\\\\\\\ @&&@&@&&&&&@
3 Bias Windspeed
2

VD> © A U CRCRY D Vv I O A\ DD DN
,\0\ RSN ,\0\ NS ,\Q\ ,\Q\ \" \" IO \" g \’\ S \‘?/Q\‘?/ WG < @Q\qf OO
RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWNdSp
6
5
: W
3 w
2 2 LA WMMMW
1 "I‘ ‘4‘ /’M Vf;] '\.\‘ M\w.‘v‘ '\f'

o A Q NGRS & © 4\ S
@@\©©©©©©&0§0§§§0§0&&&%&%&&&Qﬁﬁ

IOAWndSpd

IOA Windspeed

0.8
0.6
0.4
0.2

@@@@@@@@@&%&%%%&%& @&&%&%&&&&§®

Observed/Predicted Wind Direction | ObsWndDir PrdWndDir

VD o A\ ) \a) ’\‘b 9y O A\ D D D o>
@@@@@@@@@%%%%%%%%% @&&@&@@@Q&&&

Bias Wind Direction

{7 o\ SRR RN v D
©®\©©©©©©\\\\\\\\\\@&@%0



Alaska 5km 2003-10

ObsTemp PrdTemp

Observed/Predicted Temperature

255 T T T TP AT T

2, o\ & CRGRY 9, o A
@@\QQQQQQ&0@0@@@0@0&&&@&@&&&&&@

Bias Temperature

{7 o\ SRR RN v
©©\©©©©©©®\®\\\®\®\@&&%

PR A A

Q QR

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

|

A

4
e
3 N

il Wik | 110y
‘ | Ml Vi " \ A\¥/ ) LA
1 AR R U ”“'\WM\’“*/WWW

O s s N NN A T R

% © A Q CRCRY Y > QX (2 (O O
@@\©©©©©©§0§000§0§0@&&%&&&&&&&@

IOA Temperature

Oty s S AL LRt R S S T s

% © A Q CRCRY Y > QX (2 (O O
@@\©©©©©©§0§000§0§0@&&%&&&&&&&@



g’kg

g’kg

g’kg

Alaska 5km 2003-10

ObsHum PrdHum

Predicted/Observed Humidity

Oty NSRRI R L S S T

R © A U RURC R & © A\
,9\ RSN ,9\ NS ,\g\ ,\g\ \\ \\ IO \\ g \\ RO AW \‘?/Q\‘?/ S Ve \‘?/ %\Q\%\Q\%\Q\%\Q\‘b Q\‘b

Bias Humidity

v > o A Q © 0o W & o @ (© S
,9\,9\ \,\0\,@\@\@\,\0\,\0\ Q\\ \\Q\\ \\Q\\Q\\Q\\ \\Q\\ \\Q\‘DQ\‘DQ\‘D ‘T/Q\‘T/Q\‘b \‘?/ S \‘?/ U7 R A

RMSEHum RMSESHum RMSEUHum

RMSE Humidity I

Oty R LRt R L S T T

VD © A QU D RO 2 X © A\ )
,\0\ NS ,\0\ NS ,\Q\ ,\Q\ \" \" IO \" g \’\ RO \’\ \‘?/Q\‘?/Q\‘?/ ‘7/,9\‘7/@\‘7/Q\W/Q\‘?/Q\‘?/Q\‘?/Q\‘b o

IOA Humidity

Oty NSNS E AR R L S T

R © A U ERURC R & © A\
,9\ QR ,9\ NS ,\g\ ,\g\ \\ \\ IO \\ g \\ RO A \‘?/Q\‘?/ S Ve \‘?/ %\Q\%\Q\%\Q\%\Q\‘b S



m/s

m/s

deg

deg

Alaska 5km 2003-11

10 . Observed/Predicted Windspeed ———— PrawndSpd
8
6
4
2
i it i a-aiEt Tt Ak A B S
SR R R R R R S R O R R R R R RS T R R U R L R o N T )
R T L S T S S R A A A A A A A A AR A A A A A A S
4 Bias Windspeed
3
2
1
0

NGRS
AR RN

SRR R R R R I R R R R R B I R B N N R R R O R R IR R R
AR AR R R R H R R RA AR
g RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWNdSp
6
4 \M \
s Mﬂ 1 / AV '% J
SRR R R R R S I R R R R R B I R R N N R R R O R R IR R R
AR AR R R R R RA AR
, __10A Windspeed
0.8 1
0.6 1
0.4
0.2 1
SRR R R R R R O R R R R e R B I R R N N R R R O R R IR R R
AR AR R R R I RARRAAARARSSS
360 . Observed/Predicted Wind Direction [——Opswndor Frondbr
300 A
240
180
120
60

R R R R O R R R R e R I I R I N N R R R O R R IR R R
AR R ARSI AN

Bias Wind Direction

SRR R R R R I R R R R R B I R R N N R R R R R IR R R
AR ORI R R R R I RARREAARARSSS



Alaska 5km 2003-11

ObsTemp PrdTemp

Observed/Predicted Temperature

285
280
275
270 A
265
260
255
250 A
245
240

285 T T T PP T

™
AR AT AN SO "\\\ Q

R BN R EE BN RE

Bias Temperature

L WL WA
VWA et W W

ERLRGRGRY b,\(\

A T e R o L R o e e R B BT, ‘b\\‘v ‘9\\%\\%\\@

RMSETemp

RMSESTemp RMSEUTemp

RMSE Temperature |

et

O TP P TP P T T T

™
AATRZATRA NS AN SO "\\\ Q

R BN E BN

IOA Temperature

0.9 1
0.8
0.7 1

O N eyt NN NSRS e

™
AR AR SOOI RS

BB OB BB



g’kg

g’kg

g’kg

Alaska 5km 2003-11

ObsHum PrdHum

Predicted/Observed Humidity

O N Es ey NN NN R A L s R e

™
AR AT AN SOOI RS \\\\\ BN \‘b\\‘v \‘9\\%\\%\\@

N

Bias Humidity

WA

A A

™
AATRZATRA NS AR SO RS \\\\\ BN ‘b\\‘v ‘9\\%\\%\\@

N

RMSESHum RMSEUHum

RMSEHum

RMSE Humidity |

1.6
1.4 1
1.2

1 n
0.8 |
0.6 |
0.4 |
0.2

\/ \'WW W V\wwm ' Wi W

0

™
AATRZATRA NS AN SO RS \\\\\ BN \‘b\\‘v \‘9\\%\\%\\@

N

IOA Humidity

™
AR AR SOOI RS \\\\\ BN \‘b\\‘v \‘9\\%\\%\\@

N



m/s

m/s

deg

deg

Alaska 5km 2003-12

10 . Observed/Predicted Windspeed ———— PrawndSpd
8
6
4
2
I
AN D (XD 0 AR (9,0 N DD X w0 W0 A b D @ N o (> @ (@ A @D oD
’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\(?/\Q/\q/\q,\q/\%\q/\(b\q/\(b\q/\%\q/\%\q/\ \q/\
4 Bias Windspeed
2
0

\q/(bb‘@(o/\%Q\Q\\\(L\%\V@\%@\%\QQ\(L%V‘)Q)/\Q)Q)(bgcg\
’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\(?/\Q/\q/\q,\q/\%\q/\(b\q/\(b\q/\%\q/\%\q/\ \q/\
RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWNdSp
6
5 4
3 M.‘ \ ! '\
4 \ F A
5 WJ’"‘W "F 'hW‘ ] y 1A " i M\ﬂ
g \ il W ‘ W ¥
\q/(bb‘@(o/\%Q\Q\\\(L\%\V@\%@\%\QQ\(L%V‘)Q)/\Q)Q)(bgcg\
’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\ \q/\
, __10A Windspeed
0.8
0.6 | ¥
0.4 1 '
0.2
O TP TP
\q/(bb‘@(o/\%Q\Q\\\(L\%\V@\%@\%\QQ\(L%V‘)Q)/\Q)Q)(bgcg\
’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\ \q/\
360 . _Observed/Predicted Wind Direction | I ———

v, »
LR R RN RN RN NN RN R R RN RN RN RN RN RN RN RN RN RN RN RN RN RN RN

» (D0 A (D DO N T a® X (000 DD D (> (2 d (@@ oD
A A A A N R A RN O A AL OO

N\ V>
NSNS

Bias Wind Direction

/\
N
D00 OO

AV DX B0 A (DO O
N

N a0 oD WX 30 00 WA 6D WD (W D (> (2 d (D@ oD
0500000, S S S At ahatak et e a etk e el



Alaska 5km 2003-12

080 Observed/Predicted Temperature QbsTemp PraTemp
275 -
270 -
265 -
260 -
255 -
250 -
245 -
240 -
235 -
230 |
225 T T T T T T TP e e

A O %00 A DD L0 LN DD (B0 30 WA DD @ AN ) (D gk (0 (0 A\ (D D oD N

.0 00000 @ S S S S S e et atatatak o atatak et o e

8 Bias Temperature
6 |

4 |

2 |

0 |

-2 |

-4

AT O %00 A DD L0 LN DD (B0 30 WA DD @ AN d) (D gk (0 (0 G\ (D D oD N
’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\ \q/\

0 RMSE Temperature I RMSETemp RMSESTemp RMSEUTemp

T
AN VD (XD 0 A D (9L N DD X 0D W0 A @D @ N o (> (@ A @D oD
’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\ \q/\

| IOA Temperature
0.9 - A\

0.8 -

0.7

0.6 -

0.5 -

0.4 1

0.3 -

0.2

0.1
e
ANV (XD 0 AR (9,0 N DD X w0 W0 A @D @ N o (> (@ A @D oD
.0 00000 @ S S S S S e et aatatak o aatak et o e



g’kg

g’kg

g’kg

Alaska 5km 2003-12

.5 . Predicted/Observed Humidity Oostum Prarum
4,
3.5
3 4
2.5 1
2 4
1.5 1
1 4
0.5
O TP PT PP PP
NvUO XD 0 A D Q\Q\\\%\%\V@\%G\%\Q O N @V D ™ (@ 0 A\ D o.)(bQ(b’\
’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\ \q/\
1o Bias Humidity
‘I 4
0.8
0.6
0.4 1
0.2 1
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T I T T T TTTIoTTT \A". TTTTTTTT T T T I I T T IT I T TIT T TI T ITTTT
4
-0.2 V'
-0.4
N vUODO XD 0N D Q\Q\\\%\%\V@\%G\%\Q O N @V D > (@ 0 A\ D o.)(bQ(b’\
’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\ \q/\
» RMSE Humidity I RMSEHum RMSESHuUm RMSEUHuUm
4
(]
\Nr‘
O PP PP
N vUO XD 0N D Q\Q\\\%\%\V@\%G\%\Q O N VD ™ (@ 0 A\ D o.)(bQ(b’\
’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\ \q/\
. __1OA Humidity
0.9 "
0.8
0.7 A
0.6
0.5
0.4 1
0.3
0.2
0.1
O TP PP
N vUODO XD 0 A D Q\Q\\\%\%\V@\%G\%\Q O NN @V ™ (@ 0 A\ D o.)(bQ(b’\
’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\ \q/\



m/s

m/s

m/s

deg

deg

Alaska 5km 2004-01

ObsWndSpd PrdWndSpd

Observed/Predicted Windspeed

O TP TP T TP AT T T T AT AT T T T e

> R o A\ INIEN
AR AC AR A A AR AR AR SR AR AU AUATR A VARAUACAS
10 Bias Windspeed

N v oA © N\ Q o\
R AL AR \\’\ Q’ \’\\’f” A \\’\ \‘?f\\‘b \\‘?9’ N\ \‘?ﬁ"& \\Q/\\QS)\\(&\\% >
8 RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWNdSp
6
: NMMWW
2 W T 1
L SNRS, AR .. LSS o S S M. S
N v A © N\ Q o\
AR HARTIARALATIEARTRRSTRANAS \\\”\\\ ROSRSRURRUAUAVRUAVRERUATR A
. IOA Windspeed [——oawnaspa ]
0.8 -
0.6 -
0.4 -
0.2 -
OO S
> o o A\ O o\
R AL AR \\’\ N \’\Q’ S\ \’\(” S\ \’\‘b \‘?f\\‘b \‘79’\‘7/ \‘?/ ‘ﬁ’\\‘?f\\‘bg‘ﬁ’\\‘&\‘b&
360 Observed/Predicted Wind Direction | ObsWndDir PraWndDir
300 g
240
180
120
60 _
0 ’ :
N v oA © N\ Q o\
AR AR AR AR TSR SR SRRV UAVAUAVATEUATA AR
90 Bias Wind Direction
60
30
0
-30
-60
-90
N v oA © N\ Q o\
AL AR \\’\ \" Q’ \’\ <° \’\ \\’\ \‘b\\‘?f\\‘ﬁ’ N\ \‘i"&\\‘?/\\‘ﬁ’\\‘%‘b >



Alaska 5km 2004-01

ObsTemp PrdTemp

Observed/Predicted Temperature

275
270 A
265
260
255
250 A
245
240
235 A
230 A

225 T T T TP T

N ™ A o N\ QN
N AR A A T A A A SN U AR U AR TR VA URERE

Bias Temperature

N ™ A o N\ QN
N AR A R A T A A SN AU AR VR A AR VA URERE

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

o A ' N—. |
N v A © A\ Q o\
AR AR AR AR TSR SR ST VA UAVAUAVATERATVR AR
1 I0OA Temperature [——wontem ]
0.9 -
0.8 -
07 -
06 -
05 -
0.4 -
03 -
0.2 -
01 -
o ———
N ™ o Q0 © A\ O N
AL AR \\’\ \" Q’ \’\ <° \’\ \\’\ \‘b&g‘ﬁ’ W\ \‘5"\\‘1'>\\‘7/>\\‘73’\\‘19\\‘b A\



g’kg

g’kg

g’kg

Alaska 5km 2004-01

ObsHum PrdHum

Predicted/Observed Humidity

O TP T T TP A AT T AT AT T T T T e

N ™ A o N\ QN
N AR A A T A A A SN U AR U AR TR VA URERE

Bias Humidity

1 n
0.8 1
0.6 1
0.4 1
0.2 1
0 mmmHH\HHHHHHHHHHmmmmm

H\\H\HHH\\H\HHH\\H\H\HHHHHHHHHHHHH' T H T \HrmmHmm\mmm\mummmmmmmm\

-0.4

S5 X 9 0 A A

N A © Q N
A AR A A A RN A S AN A AU AU UK UATA RS

RMSESHum RMSEUHum

RMSEHum

" \, “W"ﬁ, M WM%

O TP TP TP PP T TP A AT T T T TP A AT T

N ™ o A

RMSE Humidity I

IOAHum

IOA Humidity
0.9 -
0.8 1
0.7
0.6 -
0.5 -

O TP T T TP A AT T AT AT T T T T e

N N R © g\ QO N
AL AR \\’\ \" Q’ \’\ <° \’\ \\’\ \‘b\\‘?f\\‘ﬁ’ W\ \‘i"\\‘bg‘bg‘ﬁ’\\‘&\‘b A\



m/s

m/s

deg

Alaska 5km 2004-02

1 Observed/Predicted Windspeed | ObsWndSpd PrdWndSpd
10

8 A ]

6 . A I i '

4 AR o A \ Y \ v M‘r o “'\ \ N e,

2 W, / W A )

O T TP AT P e e

N U X D6 A DD O A T oD o D W0 A D D D N D g* D O A DO
P PR DD R D QN N N N N NN N N @ o gV Vol o gV g o ¥

5 Bias Windspeed

(l/
DDA

N

NVYODO X D 0 A D 90N X 0,00 DD QO N VA X D 0N DD
o D N R N N O

7" @

RMSEWndSpd

RMSESWndSp RMSEUWndSp

RMSE Windspeed I

Y

N VYD X D 0N D D0 AN D000 0D RN D D0 g\
DD DD B DD TN P A A B B @ A o V¥ oV e o

8
6
4
2
0

IOA Windspeed

1
0.8
0.6
0.4
0.2

O TP PP e

N ™ QN ™
RORANIASNP A A IO

o A NIPEN b‘ © g\
NN U U A

Observed/Predicted Wind Direction | ObsWndDir PraWndDir

O TP PP T T T T T T P T e e

N UDO XD 0N D OO0 AN OO0 DO RN A a0 DD
DD DD B DD D P AT G A B 5 AV o o Ve o o ol

Bias Wind Direction

-90

S

3 o A
BN

N ™ QN
AT AP NN

S N X o A\
B AU S US USRS LR U



Alaska 5km 2004-02

ObsTemp PrdTemp

Observed/Predicted Temperature |

e
NV XD 0 A DD L0 0N 0 oD B 0D 00 ol 00O © D @ @D > (@ © G D D

D DD D7D R DTG G R N A o 0N A o o A o oV GV o (Vo oV o

6 Bias Temperature

X

N ™ Q XN 3 o A Q N ™ © N\

0¥ 0% o e e s P PP PP P P

o RMSE Temperature I RMSETemp RMSESTemp RMSEUTemp
X

O N aasaa sy RR N LR N R AN R R R A R A A B

3 o A NIPEN N © g\
AN R U AU

IOA Temperature

NVYDO X D 0 A D D0 N >
DRSO PRI ARANAN Y

O E s aasas sy SRR R R A R A A B

N ™ QN 3 o A Q N ™ © N\
N R R AN NN NN A USSR U

» O
DNONONNE) DI



Alaska 5km 2004-02

ObsHum PrdHum

Predicted/Observed Humidity

45
4 4
35 -
3 4
25 -
2 4
1.5 |
1 4
0.5 -

O Ny aa s as sy R AR A R A A R

N UDO XD 0N D OO0 AN OO0 RN A a0 DD
DD DD D DD TN P A S A B 5 AV o o Ve o o ol

Bias Humidity

(2]
4
—

(=2}

0 HH\HH\H\\HH\HH\HHHH\HH\HHHH\HH\HH\\H\\w\\H'\HHHH\HH\HHHH\HH\HH\\H\HH\HH\HHHH\HH\HH\H\\HH\HHHHHHHHHH\HHH

/\

N YD X D 0N D D0 A oD a0 0 LA DD AN YD g DO D D
A A A N N R N O D

RMSESHum RMSEUHum

RMSEHum

RMSE Humidity I

16
1.4
12

1
0.8
0.6
0.4 v /
0.2 W/\N v W

N UDO XD 0N D OO0 AN OO0 DO RN A a0 DD
DD DD B DD D G A S A B 5 AV o o Ve o o ol

IOA Humidity

g’kg

O Ny aa s as sy R AR A R A A R

RS © A

NVYOD X D 0 A D900 % b DO O N VD a* D0 AN DO
DD DD D DD DD P AT S A B 5 AV o o Ve o o ol



m/s

m/s

m/s

deg

Alaska 5km 2004-03

12 Observed/Predicted Windspeed ObsWndSpd PrdWndSpd
10

8

6

4

2

S —

N ™ Q. XN ™ oA Q AN ™ © A\ Q o\
B A A N A A A AR AR AR A AU RO A RS

3 Bias Windspeed
2 |

1 |

0 |

-1 B

_2 B

-3

N 3 QN ™ o A Q AN ™ © 4\ Q N
A A N A A A AR AR R A AU RO AS

6 RMSE Windspeed | RMSEWndSpd RMSESWndSp RMSEUWndSp
5,
| WM' b M
3 M FNU
2 | e ‘ ‘Mu&\/’\ 'VN\(] MNW ,
R \MJJW Wb ) o AN W Ay TP W
N ™ Q. X oA INJPKN X © J\ ANJPSN
e “D\Q/‘b\(b‘b\ ‘b\%‘b\%‘b\/\ ‘b\%‘b\%cb\\ o rg\(bcb\\(b(b\\ ‘b\)\%“:}\ o ‘b\\%‘b\\qf‘:}% oV ‘b\(&b\(ib‘b\q’ (b\‘lfjfb\‘b oV (b\‘?S’%\Q%b\‘b o
, __10A Windspeed
0.8
0.6
0.4
0.2
N ™ Q. X oA INJPKN X © J\ ANJPSN
e “D\Q/‘b\(b‘b\ ‘b\%‘b\%‘b\/\ ‘b\%‘b\%cb\\ o rg\(bcb\\(b(b\\ ‘b\)\%“:}\ o ‘b\\%‘b\\qf‘:}% oV ‘b\(&b\(ib‘b\q’ (b\‘lfjfb\‘b oV (b\‘?S’%\Q%b\‘b o

| ObsWndDir PrdWndDir

N 3 QN ™ o A Q AN ™ © g\ Q N
B A A N A A A AR AR R A AU RO AS

Bias Wind Direction

-90

N 3 QN ™ o A Q AN ™ © g\ Q N
A A O N A A A AR AR R A ARG A RS



Alaska 5km 2004-03

ObsTemp PrdTemp

Observed/Predicted Temperature |

240 T T T T AT

N ™ QN ™ oA Q AN P © N\ Q N
R R R N A N N A AL A ACAREAZCHR

Bias Temperature

N ™ QN 3 oA Q N ™ © A\ Q N\
R S A A A A AR AU AUAUR DAL

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

W\;ﬁb\/\ﬂ\h i J UM\,W

O TP TP PP T TP P AT T T T T T A AT T T

N ™ Q N 3 oA Q N ™ © A\ Q N\
R S A A A A AR AU AUAUR DAL

IOA Temperature

O TP T T AT T T T T AT T T T T e

N ™ Q N 3 oA Q N ™ © A\ Q N\
R A A A A AR AU AUAUR DAL



g’kg

g’kg

g’kg

Alaska 5km 2004-03

PrdHum

ObsHum

Predicted/Observed Humidity

0 +m

N 3 QN » o A Q AN P o A\ QO o
Vo3 P03 % ) ENARAOA A ANAR (b\’\(”,b\\ ASRIASKOIAT AL ,b\‘?f’,b\fb RURUAVACAS

o o) 0

[ o

Bias Humidity

1
0.8
0.6 1
0.4 1
0.2 1

0 m
-0.2
-0.4

-0.6

N VD

Y

. 0 A\ ® .9

™ Q. X oA INJUA x o\ O o\
N A O A A A A A A N R AR R R AR R AR R R AR AR RS

RMSESHum RMSEUHum

RMSEHum

RMSE Humidity I

0+
N

™ Q. X oA ANJPA x © J\ O o\
N AR A AR AR A AN A A A AN AU U AR R AR AR AR

3

IOA Humidity

N

A

™ Q N 3 oA Q N ™ © Q N\
R R R O A A o AN AR R VARV AUA RS



Alaska 5km 2004-04

10 Observed/Predicted Windspeed | ObsWndSpd PrdWndSpd
8,
o 6
€ 4
2
O T T T T T
Q N 3 oA Q N ™ o N\ Q
AR S O SR AN AR U KRR DR R R DR
3 Bias Windspeed
2,
1 |
£ 0]
.1 |
_2,
-3
N Y o A A Q
A S N SR AN AR U KRR DR R DR
5 RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWNdSp
5
4
(2]
= 3
2 W Wy A A «M ”W
1 ‘“m Jw “\ NALY LV ﬁ‘
N ™ Q. N oA Q N ™ o N\ Q
R R e O P PO R &"9’&‘%"/ &‘ﬁ’& RURURURE
, __10A Windspeed
0.8
0.6
0.4
0.2
O T T T T T
QAN 3 oA Q N ™ o N\ Q
A O SR AN AR U KRR DR R TR DR
360 Observed/Predicted Wind Direction | ObsWndDir PrdWndDir

O e e e e N

N > o A S
R N A S e A S AR RS U U R R R

Bias Wind Direction

deg
o

-90

N 5 % 9. 0 A D 9,0 N > 5D L0 A
R A RTINS

Q AN ™ o N\ Q
RSN URRUR DR URTR



Alaska 5km 2004-04

ObsTemp PrdTemp

Observed/Predicted Temperature

290

280 -
270 A
260 A
250 A
240

230 T T T T T

N ™ ™ © A Q N ™ o N\
W AT St PO P P PP

Bias Temperature

© A (D 9,0 N D D D
RN R RO NG

N 5 X% 5. 0 A D 9D,0.N % M 9,0 .,A
IR A AU AR SN

X © g\
‘?:?’b{?:bb{?/ bgl(?bgb bglz

Q N \)
WO RURURE

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

'* WWWMWM WWM

O TP TP T TP TP TP TP T T e e

N ™ Q N\ 3 oA ™ o N\
L T TR ARASINAN RURURCRURURS

IOA Temperature

Q N \)
RN RURURE

O TP TP TP T T

N ™ Q N\ 3 oA Q N ™ o N\ Q
A S O SR AN AR U R AR DR R R DR



Alaska 5km 2004-04

. Predicted/Observed Humidity ObsHum FraHum
6 |
5 |
o 4
g
o 3
2 |
1 4
O T T T T T
N ™ QN oA Q N ™ o N\ Q
AR S O SR AN AR U R RO DR
BlasHum
18 Bias Humidity
1.6 1
1.4
1.2
‘I |
g 0.8
= 06
0.4
0.2
0 \HHHHHHHHHHHHHHHHHHHHHHH\HHHHHHHHHHHHHHHHHHHWHHH\HH"H TTTTTTT T T I I T T T T T T T T T T T T T T T T T I T T T T T T I I T T I T T T I T TTTTTT
-0.2 4 w
-0.4
N DY Q. N\ oA Q AN ™ o N\ Q
AN St N NN AN U AR R AR R
ot RMSE Humidity I RMSEHuUmM RMSESHum RMSEUHuUm
(o]
g
(o]

O TP TP TP TP T T

S A NN ) © A\ O
CRCRORGRG PO 102 B dh P P @O P (B S

N 5 X N > ©
A I R T RN SR

IOAHUM

IOA Humidity

O TP TP TP TP TP TP T T e e

N ™ QN oA Q N ™ o N\ Q
A S O SR AN AR U R AR DR R R DR



m/s

m/s

m/s

deg

deg

Alaska 5km 2004-05

8 Observed/Predicted Windspeed | ObsWndSpd PrdWndSpd
6

4

2

e S asss—

YDA DD\ N U RGOS % @ Q> (D O A\

3BV DAY B3O @\\@\\@\\@ > @\\(,,\\o,\\@\\@ %\m%\%\m&%\%\%\%\%\%\%\%&

3 Bias Windspeed
2

Vv ‘b % o . 0 A URN CRCER Vo> S») A
RN A A N A A A AN A A A AR AL ALCAACAS)
5 RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWNdSp
4
: M‘W\ ik v o\ «‘Mw
2 W o ST,
. U
:) WW‘ \\! m\q’t\' ™ \‘" \ IV Y
* A © N\
664%4%666&&&@&&%&&&&&&&&&@&&&&&
, __10A Windspeed
0.8 -
0.6
0.4
0.2
"b‘bb&‘)%’\ \‘b &) ’\<b N VD a% D0\ DD DN
R A A N A A A A A AU AUA A A A A A
360 Observed/Predicted Wind Direction | ObsWndDir PraWndDir

O TP A TP T T T AT e

Vv ‘b X o o0 A RS 5,0 A o “ A
R R N A A A A AN A S A R AU A AR AT

Bias Wind Direction

-90

B S A A A S A A A A AR A AR AA A



Alaska 5km 2004-05

295 Observed/Predicted Temperature ObsTemp PrdTemp
R i 4 I N A e i I T e e
YDA D NP O N SN CRGRY D @ > (@ O A\
R AR AR AP RN AN <,,\’\<,,\’\(,J\’w,\’\@\’\@\’\%\‘b%\‘b@\‘b@\‘b%\‘b%\‘b%\%%\%}\%%\%%\%%\%
4 Bias Temperature

X
-8
Vv ‘b % o . 0 .\A NN 520 A VD> \o) A\
R R A S A A A AN A A AR AL AL AACAS)
8 RMSE Temperature I RMSETemp RMSESTemp RMSEUTemp
7
6
5
X 4
2 i I
1 U M vw UM ATY
Vv ‘b % o . 0 .\A NZ 5200 Vo> >
R A S A A A A S A A R UAUA VA A AT OACAC A
| IOA Temperature
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
v ‘b % 5. 0 A SRR 5,00 VD> N} A\
T N R A A S A A A A S A A A A AR DA OACA ALY



g’kg

g’kg

g’kg

Alaska 5km 2004-05

ObsHum PrdHum

Predicted/Observed Humidity

O TP T T TP A AT T AT AT T T T T e

b& A A
R R I R AR AR AN AN A A A A A A A A A A A A A AU ALA A

Bias Humidity

02 Jh.l,l WAl A ‘l‘ l“m,m
AWTRAY VT

DY 3 oA Q N N o N\ Q N\
R R R S A S A A S AN A A R U A A A DA AR DA AL

RMSEHum RMSESHum RMSEUHum

RMSE Humidity I

"o

0 LA

™ A A
B R R R A A A A AN S A A R A AU A AU A

IOA Humidity

O TP T T TP A AT T AT AT T T T T e

b& A A
R R I R R AR AN AN AN A A A A A A A AU A A A AU ALA A



m/s

m/s

m/s

deg

Alaska 5km 2004-06

ObsWndSpd PrdWndSpd

Observed/Predicted Windspeed |

9 o A SR B 20 K oD o N o (@ o @ ©
@@@@@@6@@@\\\\\\ \’\\’\ \"\’\ \‘LQ,\‘?/Q,\‘?/Q,\WQ,\‘?/Q)\%)\%

A )
Q)\‘lx 6(&@(@(0\%

Bias Windspeed

2
1

0

q
-2
-3

S X b o A

N A A \}
R I I R R AR AR AR A A A R U AUAC A AR

oO=MNDwhroO

RMSE Windspeed [ rens eSSy AsEUnndse
ks il Y Mttt A ol
W‘WH a *.‘M. v w/\% W‘J‘J"* V‘WMWR;/ viere R Ruganh

N 5 % 9. 0 A D 9,0 N &)
R RA LR AR A TACENA AN

A a S
BNASACHAR VAR A AR R R RS

IOA Windspeed

1
0.8
0.6 1
0.4
0.2 1

(i

0

9 © A SN B 20 K oD o N o (@ o @ ©
@@@@@@6@@@\\\\\\ \’\\’\ \"\’\ \‘LQ,\‘?/Q,\‘?/Q,\‘?/Q,\%)\%)\%)\%

360

A \}

Observed/Predicted Wind Direction | ObswndDir PrdWndDir

300
240
180
120
60
0 -

S X b o A

N A A \}
R M R AR AN AR A A SIS AN A AR AU A DA AR

Bias Wind Direction

-90

N 5 % D . 60 A D 9,0 N &) A
R RS A S TACENA AN

A\ Q
BNASACHAR AR A AU AR R RS



Alaska 5km 2004-06

ObsTemp PrdTemp

Observed/Predicted Temperature |

[T L i :zl e BéE B i
N > AN Q A N

8 078788708 8 e e P e e P P P PP P B P
8 Bias Temperature

X
A A S
R M I SRS AN AR A IS AN AR AU DA AU
8 RMSE Temperature I RMSETemp RMSESTemp RMSEUTemp
7
6
5
X 4
: W | |
2 iy \ M T
{J (4 /i
1 ‘ V W \/
A A S
R M I SRS AN AR A IS AN A AR AU DA AU
| IOA Temperature
0.9 A
0.8
0.7 A
0.6
0.5
0.4
0.3
0.2
0.1 4
O T A T T T T

<

N Y QN A \}
R M I A RSO AN AR A A SIS AN AR AU DA AU



g’kg

g’kg

g’kg

Alaska 5km 2004-06

ObsHum PrdHum

Predicted/Observed Humidity

O TP TP TP TP TP TP T T e e

N ™ Q N 3 © A Q N ™ o N\ Q
R M I SRS AN AR A IS AN A AR AU DA AU

Bias Humidity

N MMLUVM“

™ o A Q AN P © 4\ Q
N A AU AVA LA

N 5 % D 0N D 9D, N
N I R AR AN

RMSESHum RMSEUHum

RMSEHum

RMSE Humidity I

3.5
3
2.5

|

ah M

0.5

O TP TP P T TP TP TP T T T

N ™ Q N\ 3 © A Q N ™ o N\ Q
R M I SRS AN AR A IS AN A AR AU DA AU

IOA Humidity

O TP TP TP TP TP TP T T e e

N ™ Q N\ 3 © A Q N ™ o N\ Q
R M I A RSO AN AR A A SIS AN AR AU DA AU



m/s

m/s

m/s

deg

deg

Alaska 5km 2004-07

6 Observed/Predicted Windspeed | ObsWndSpd PrdWndSpd
5,
4,
3,
2,
1 4
S A
AT CA A A 2 G B 8 B B D B R B P B P B S
5 Bias Windspeed
1 4
0,
_1 B
-2,
-3
AT CA A A 2 G 8 B B D B R B P B P B S
RMSE Windspeed | RMSEWndSpd RMSESWndSp RMSEUWndSp
5
4,
2| AAJ NM y
21 ”\f M‘ v MMMM‘M}"‘J\‘AMWA“ g ¥
(1)’ R WM}WWWW' “N""lva\\" #W"“’W \J# ﬂ‘V”*"W W
5 X 5. 6 A CRCIN 5 o A\
A\ ’\\Q/’\ N AN AN AN AN ’\\ A\ ,\\\,\ /\Qﬁ\ A\ ,\\\/\ A\ /\\\/\ /\\Q’/\\%/\@\@/\@/\\%/\\%/\\%/\@/\\%,\\%,\
, __IOA Windspeed
0.8
0.6
0.4
0.2
S A
R R R S A A U AU AR AAAD
360 Observed/Predicted Wind Direction [ ObsWndDir PrdWndDir
300
240
180
120
60
L e LSS A
N
I A A A A A O A S A A A AR AR A AR UACRUASROACKNS
ATATATATATATAT AN AT AN ATAT AVAT AV ATAT AV AT AT AR
90 Bias Wind Direction
60
30
0
-30
-60
-90
5 X 5. 6 A QN D 00 W 2D 4O 5 o A\
R T A A S A UAUAAAAA A AT



Alaska 5km 2004-07

ObsTemp PrdTemp

Observed/Predicted Temperature

300
295 \ |
290 { | f‘, ‘ | nA \“ .

285 | vv.\'l\‘\“',vy\\ \ VAAAAAN

280 -

275 T T T AT AT T T

% R o A A
R A A A A A A AN AR ARUAA AR AR AR A

Bias Temperature

| m“d“lhl .,
SR AR ”H Y va”

IO RRETURICRS % . © )
R A N R S A A NN AN A AN A AT A ATV

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

M %MMWMWM |

% o A A
R A N A A AN A A AR ARAACA

IOA Temperature

O TP T T AT T T T T AT T T T T e

% Son oA A
RN A A A A AN AU AVACAURCARAA A



g’kg

g’kg

Alaska 5km 2004-07

ObsHum PrdHum

Predicted/Observed Humidity

O TP T T TP A AT T AT AT T T T T e

% o A A
R A N A AN A A ARV ARAACA)

Bias Humidity

© & © 4\

UGG RO ®
SN AN AV AA A

R IR IANINA

RMSESHum RMSEUHum

RMSEHum

RMSE Humidity I

| |

/

Wy ) P s 0 |
Bk R by, )

O TP T T AT T T T T AT T T T T e

% o A A
R A N A A AN A A AR ARAACA

IOA Humidity

O TP T T T A AT T T AT T T e e e

% o A A
R A A S N A A AN A A A AU ARAACA



m/s

m/s

deg

Alaska 5km 2004-08

8 Observed/Predicted Windspeed | ObsWndSpd PrdWndSpd
6
4 "“ A \ A
2 VV‘\AW‘WW\' "‘\;‘\/\ K ‘4\&*”’“ M\‘; V "t' A MYAT AN
U SRS
N

Q q)\q/ ) <b\ %\%‘b\/\‘b\ ‘b\ \\ \\ \\Q’ \\ %\\(”%\\ <b\<\ \\Q’ \‘b q)\‘b%\‘?:?’ ‘?/Q)\‘?/q)\‘lf)%\‘b%\‘?;\%\‘b%\‘b \‘b

Bias Windspeed

x A A

B R R S A A A A A AU AL ALAUR DAL

5 RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWNdSp
4 |

3 |

S ‘W%W WY W\

1 7 '\ ﬁ, ' ‘u Vl LA

0 mmHmHHHHmHmm\HHmmHmmHmmHmmHHHHmHmmHmmmHmmHmHHHHmHmm\HHmmHmmHmmmHmHHHH\HHHHHHH

A A
Q q)\q/ ) %\63%\ <b\/\tb\ D ‘b\\ q)\\ \\Q’%\\ W %\\(”%\\ N ‘b\\ q)\‘b q)\‘b %\"?9’ {?/%\"?/q)\‘l(?%\‘b %\"?/%\‘?/ q)\‘lz q)\‘b

IOA Windspeed IOAWndSpd

1
0.8
0.6
0.4
0.2

N
A A A A A A A I AR A A A AN A AU A UK A SRR AR

Observed/Predicted Wind Direction ObsWndDIr PraWndbr
i [‘ Ik LKAV el H

\\H\HH\H\HH\H\HH\H\H\HH\H\HH\H\HH\H\HH\H\H\HH\H\HH\H\HH\'W\H\HH\H\HH\H\HH\H\HH\H\H\HH\H\HH\H\HH\H\H\HH\H\HHHHHHHHHHH

x A A
B R R S A R A A A AU AL ALAUR DAL
90 Bias Wind Direction
60 L
38 u,’ o ““‘Jllmr .Lll (] LN .“||w L‘I“ '1'1& I\t i F{l ] L l h'.\’.l .Al il THAY | A hl 1“. ik My, \“J
LT T YA # v |
-60
-90

A A
B N A S A A A A RV UAUA A



Alaska 5km 2004-08

ObsTemp PrdTemp

Observed/Predicted Temperature |

265 T T T T

N ™ QN ™ oA Q AN P © N\ Q N
R A N N A AL ACAUR A AR

Bias Temperature

= 2~/\/\/\/\/\/\/\f\/\/\f\/\/\f\/\/\/\/\/\/\/\/\/\ iy
RN LA AR LI R AR R R AR LY |

N ™ QN 3 oA Q N ™ © A\ Q N\
R R R I N R S R AS A A S A AU AU A LA DAL A

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

C o MMMMMV\MW

O TP TP TP T T T TP A AT T T TP A AT T T

N ™ Q N 3 oA Q N ™ © A\ Q N\
R R R R R AR AR A A A S A AU AU A LA DAL A

IOA Temperature

O TP T T AT T T T T AT T T T T e

N ™ Q N 3 oA Q N ™ © A\ Q N\
R R R R R AR AR A A S A A G A AU AU A LAV DAL A



g’kg

g’kg

g’kg

Alaska 5km 2004-08

ObsHum PrdHum

Predicted/Observed Humidity

D DD > ?

Bias Humidity

N ™ Q N 3 oA Q N ™ © A\ Q N\
R A N AN A N SN A AV AUA LA AR UGS

N > S5 .0 A D 9,0, N
v ARANANANA

Ve % "% %) 3% SASASAN

A DO O N D™D 0N DD N
S S SV VoV VoV P o

RMSESHum RMSEUHum

RMSEHum

RMSE Humidity I

3 1 A

iy
AL ¢l ot O AN

Vf ‘ "‘ | i, A "‘h ‘V' /{1‘ \"ﬁ % “ "A ! J \ A |

0.:3 W M’V‘ uw ‘V‘ W ! V, q J "J 'V,"/\)/\Ju

O TP T T TP AT T TP AT T T T T e

N ™ Q N 3 oA Q N ™ © A\ Q N\
R R R IR R I A AR A A A A N A A AUAURUA LA

IOA Humidity

O TP T T TP A AT T AT AT T T T T e

N ™ Q N 3 oA Q N ™ © A\ Q N\
R R R IR N RIS AR A A A A N A A AUAURUA LA



m/s

m/s

m/s

deg

deg

Alaska 5km 2004-09

ObsWndSpd PrdWndSpd

Observed/Predicted Windspeed |

10
8,
6,
4
2
0

Vv o A N oQ oS R\ ’\‘b Nl a% D 0N\ DO
N R A A R NN AN A A A N A AU AR AT AR SRR

Bias Windspeed

A 1\ Q
0708370 %0 820 o e e o D o Ve P U e T o PPy

RMSEWndSpd

RMSESWndSp RMSEUWndSp

RMSE Windspeed I

> A il ] M \A« ™ W

O TP PePTTPeT FFTTTPTFTA TTPTTTTPTTTFT FETTTTT T Trrr F FP T T e

A A

IOA Windspeed

N
SUAVAR

1
0.8
0.6 1
0.4
0.2 1

O TP TP TP TP TP e e e

o A N X o A\
A A A A R A A AR SR IR KA DRV OAVA

\\]

360
300
240

Observed/Predlcted Wind Direction [ Cosweor Profinebr
180
120§

: l‘ ’ ﬁ,.k‘.. .H"m.“

0 PP TP P TP T AP AT T e T e et

A 1\ Q
00370 %0 820 o e e o D o Ve P U e T o P Py

Bias Wind Direction

<

N ™ QA A\ Q
37676 " 5% 370 o e N o e o o e o o o Y o o o o e



Alaska 5km 2004-09

ObsTemp PrdTemp

Observed/Predicted Temperature

260 T I I T I T T

N ™ Q N 3 © A Q N ™ o N\ \\]
R A A A A NN A A AR AU A A AUR AU

Bias Temperature

X

N ™ Q N 3 © A Q N ™ o N\ \\]

R A AR A A NS A AR AU A AR UAUAC

6 RMSE Temperature I RMSETemp RMSESTemp RMSEUTemp
5
4
X 3
WAR
2 f} Ag T | ,\'
1 N AT
O A T T T T T

N ™ Q N\ 3 © A Q N ™ o N\ \\]
R A A A N S A U AUAC AR UAUAC

IOA Temperature

O TP TP TP T T

N ™ Q N\ 3 © A Q N ™ o N\ \\]
N A N AR A A NS A AR AUAC AR DA



g’kg

g’kg

g’kg

Alaska 5km 2004-09

ObsHum PrdHum

Predicted/Observed Humidity

O TP TP TP TP TP TP T T e e

N ™ Q N 3 © A Q N ™ o N\ \\]
R A A A A NN A A AR AU A A AUR AU

Bias Humidity

3 © A Q AN ™ o N\ \\]
A A AR UAUA A ACA AR

QN
B

N %5 % . 0 A .9
3 VS A DN BN ey e

RMSESHum RMSEUHum

A
«MMM{ il

O TP TP TP T T

RMSEHum

RMSE Humidity I

N ™ Q N\ 3 © A Q N ™ o N\ \\]
R A A A N S A U AUAC AR UAUAC

IOA Humidity

O TP TP TP TP TP TP T T e e

N ™ Q N\ 3 © A Q N ™ o N\ \\]
N A N AR A A NS A AR AUAC AR DA



m/s

m/s

deg

deg

Alaska 5km 2004-10

ObsWndSpd PrdWndSpd

Observed/Predicted Windspeed |

O sy NN NN A T s

V> Do N NSRRI
@@@@@@@@@\\\\\\

Bias Windspeed

@,

v@& @&@w&@&®m&§®

Q

R © A URERURGCRCRORCS Q@ > @ © G @D DD
,\0\ RSN ,\0\ NS ,\Q\ ,\Q\ \" \" IO \" g \’\ S \‘?/Q\‘?/ WG < @Q\qf OO

RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWNdSp

6

5

4 W

3

2 Mt ey J\M “AMM “‘ "

1 VW ' '

o Al A VA MR L Mo 'L A | £ " AL ) AL L T

9 © A @ 5 o A 9 © A\ o

@@\©©©©©©&0§0§§§0§0&&&%&%&&&Qﬁﬁ

: I0A Windspeed [——ownaspa |
0.8
0.6
0.4
0.2

0 JELSRNRSISRSRESSESESSESESNSSSES. ECESSEEERSESSSAAS AR UASSSOSEEERSASSIEESSSASS SIS ASSERARSSEMMMSSSSNAMMSSSEMHSSMSMEMSASMMMUSSMMUSMS!

5,00 9 o A\

@@@@@@@@@&%&%%%&%& @&&%&%&&&&§®
360 Observed/Predlcted Wind Direction | ObsWndDir PrdWndDir
300 | )
240
180
120

60

0
U D © A U CRCRY O O A
,9\ NI ,9\ NS ,\g\ ,\g\ \\ \\ IO \\ g AW \\Q\ JASENR
Bias Wind Direction

V> o\ SRR RN v D
,\0\0\ \,\0\,\0\,@\@\,\0\@\ IORNNE RIS \‘?/Q\‘?/\‘v ‘7/@



Alaska 5km 2004-10

ObsTemp PrdTemp

Observed/Predicted Temperature

285

280 -
275 A

270 A

265
260 -

255 T T T TP AT T

Va2 o\ & CRGRY 9, o A
,9\ RSN ,9\ NS ,\g\ IR Q\\ \\Q\\ \\Q\\Q\\Q\\ \\Q\\ \\Q\‘?/Q\‘?/Q\‘?/ @Q\‘b @Q\%Q\%Q\%Q\%Q\‘b &

Bias Temperature

4
-5

R © A @ CRGRY Q@ > @© @\ (@ D oD
,9\ RSN ,9\ NS ,\g\ IR Q\\ \\Q\\ \\ AN \\Q\\ \\Q\\ > \‘?/Q\‘?/Q\‘?/ %\Q\%Q\‘b \‘?/ A ‘7/@\‘?/ e A

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

qyid
14”\/“\}’

Oty a NSNS R LRt R L S S T s

VR © A Q CRCRY Y > QX (2 (O O
,9\ NS ,9\ NS ,\g\ IR Q\\ W RS \\ \\ S Q\\ M Q\\ W \‘?/Q\‘?/Q\‘?/ %\Q\%\Q\%Q\%Q\%Q\%Q\%Q\‘b o

IOATemp

IOA Temperature

0.9 1
0.8
0.7 1
0.6 1
0.5 1
0.4 1

Oty a NSNS R LRt R L S S T s

VR © A Q CRCRY Y > QX (2 (O O
,9\ NS ,9\ NS ,\g\ IR Q\\ W RS \\ \\ S Q\\ M Q\\ N \‘?/Q\‘?/Q\‘?/ %\Q\%\Q\%Q\%Q\%Q\%Q\%Q\‘b o



g’kg

g’kg

g’kg

Alaska 5km 2004-10

ObsHum PrdHum

Predicted/Observed Humidity

Oty NSRRI R L S S T

R © A U RURC R & © A\
,9\ RSN ,9\ NS ,\g\ ,\g\ \\ \\ IO \\ g \\ RO AW \‘?/Q\‘?/ S Ve \‘?/ %\Q\%\Q\%\Q\%\Q\‘b Q\‘b

Bias Humidity

v > o A Q © 0o W & o @ (© S
,9\,9\ \,\0\,@\@\@\,\0\,\0\ Q\\ \\Q\\ \\Q\\Q\\Q\\ \\Q\\ \\Q\‘DQ\‘DQ\‘D ‘T/Q\‘T/Q\‘b \‘?/ S \‘?/ U7 R A

RMSEHum RMSESHum RMSEUHum

RMSE Humidity I

vWﬁ\

Oty SN LSRRt AR S S T L

’\

VD © A U 5D 20 A LD Vv O J\
O T 0 T 8 T A R S T s e e e S A R A P P Bt s B

IOAHum

IOA Humidity

0.9 1
0.8
0.7 1
0.6 1
0.5 1
0.4 1

Oty a NSNS R LRt R L S S T s

R © A U ERURC R & © A\
,9\ QR ,9\ NS ,\g\ ,\g\ \\ \\ IO \\ g \\ RO A \‘?/Q\‘?/ S Ve \‘?/ %\Q\%\Q\%\Q\%\Q\‘b S



m/s

N

R

m/s
oN A OO

N

0.2
0

R

deg

N

deg

2

Alaska 5km 2004-11

ObsWndSpd PrdWndSpd

Observed/Predicted Windspeed |

™
AT TR AR AR \\"\\ \\“ SO @\\‘v \03\\%\\%\\‘29

Bias Windspeed

AT TR B2 AR \\"\\ \\“ SO @ R \‘9\\%\\% &

RMSE Windspeed I RMSEWndSpd RMSESWndSp RMSEUWNdSp
}m'{ 0y }JM\I\V M\ Mlav '\ J\W 'WWY RM
™
\\‘”\\Q’\\ \\"\\ A R T, \\\\" PPN RIE GG

IOA Windspeed

™
T T 2 o L R A R A B B BB

Observed/Predicted Wind Direction | ObsWndDir PraWndDir

AT TR AR OARNE \\"\\ \\“ SO @\\‘v \‘9\\%\\% &

Bias Wind Direction

™
AT TR AR OARNE \\"\\ \\“ SO @ R \‘9\\%\\% &



Alaska 5km 2004-11

ObsTemp PrdTemp

Observed/Predicted Temperature |

245 T T PP T
R R R R I R R R R R N R R N R R R R R AR R IR O R
AR AR R R R R R I AR
4 Bias Temperature

ARG RS Ot 808 & o800 o o i

N D WO N W WD W Nl @ @@ G @ QoD
NN A A A A AN AR AR \\\(b\\\ \\\(L\\\(b\\\(b\\\(b\\\%\\\%\\\%\\\

RMSETemp RMSESTemp RMSEUTemp

RMSE Temperature |

SRR R R R R O R R R R R B I R I N R R R R O R R IR OB R
AR AR R R R R R ARSI
| IOA Temperature
0.9 1
0.8
0.7 1
0.6 1
0.5 1
0.4 1
0.3
0.2 1
0.1 1
SRR R R R R R R R R R B I R R N N R R R O R R IR OB R
AR ORI R R R R H R I AR



g’kg

g’kg

g’kg

Alaska 5km 2004-11

ObsHum

Predicted/Observed Humidity

PrdHum

O N Es ey NN NN R A L s R e

™
AT AR OORNE \\"\\ \\“ SO \‘b R \‘9\\%\\% &

02 ] W’" \

-0.4

™
A T R R o L R R N R R R B IR BB

Bias Humidity

RMSEHum

RMSESHum RMSEUHum

., __RMSE Humidity |

1 |
0.8
0.6 q

M
e T

0.2

O N ey NN NN R R e R e

™
AT AR ORI \\"\\ \\“ SO \‘b\\‘v \03\\%\\%\\’29

IOA Humidity

0.9 1
0.8 1
0.7 1
0.6 1

O N eyt NN NSRS e

™
AT AR ORI \\"\\ \\“ SO \‘b R \‘9\\%\\% &

IOAHum



m/s

Alaska 5km 2004-12

1p . Observed/Predicted Windspeed ———— PrawndSpd
10
8
6
4
2
00 e e
AN D (XD 0 AR (9,0 N DD X w0 W0 A b D @ N o (> @ (@ A @D oD
’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\(?/\Q/\q/\q,\q/\%\q/\(b\q/\(b\q/\%\q/\%\q/\ \q/\
6 Bias Windspeed
4
2
0

N "?/\‘b\

IR TR
IO Q)

% o 2 20 00 A DD (B N (¥ (@ > (© {2 D D
A A A A N R A RN O A LML ORS

RMSEWndSpd

RMSESWndSp RMSEUWndSp

RMSE Windspeed I

MKVW'

0wwwwwwwwwwwwwwwwwmwwhwwwwwwwwww

AT O X0 0 A DD L0 N DD (B0 0 A DD @ AN ) (D gk D (0 A\ D D oD N

’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\ \q/\

, __10A Windspeed
0.8

0.6

0.4

0.2

O T T T T T AT T P PP e

A O X0 0 A DD L0 N DD (B0 0 WA DD @ AN ) (D gk (0 (0 G\ (D D oD N

’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\(b\q/\ \q/\

360 Observed/Predicted Wind Direction | ObsWndDir PraWndDir
300 |

240 -

180 -

120 -

60 -

(o JELTNASEL. ASNESNES ;A | ¢ SSESSUSSSE o .4 B SSMSSL L SUE. NESSLUHSSMME AMSNNSSS. .

A O %00 A DD L0 N DD (B0 30 WA DD @ AN ) (D gk (0 (0 A\ D D D N

’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q’\ ’\q/\ ’\q/\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \(b\ \Qp/\Qﬁ’\Qﬁ’\(?/\Q/\q/\q,\q/\%\q/\(b\q/\(b\q/\%\q/\%\q/\ \q/\

90 Bias Wind Direction
60 -

30 -

0

.30 n

_60 n

-90

A O %00 A DD L0 N DD (B0 0 A DD @ AN ) (D gk (0 (0 G\ (D D oD N

.0 00000 @ S S S S S e et aatatak et atak et o e



Alaska 5km 2004-12

ObsTemp PrdTemp

Observed/Predicted Temperature

280
275 A
270 A
265
260
255
250 A
245
240 T T T AT AT T

N VD (X D0 A (DD L0 N LoD a8 a8 W a® D N (b (> (@ (® d (@D e
.0 00000 @ S S S S S e et atatatak o atatak et o e

Bias Temperature

N VD (X D0 A (DD L0 N LoD a8 a0 W o@D N (b (> (@ q® q (@D e
.0 00000 @S S S S S e et aatatak o e atak et o e

RMSETemp

RMSESTemp RMSEUTemp

RMSE Temperature |

O—=MNWhrhoIoONX®WOO

U RO I RO RO UG (&(ﬁwwdb%vq?(&@\qib{ﬁb%gq/\%\
N NNV NV N N

A LD
D00 e e e e e e e e s e e s

Q)
ORONON

IOA Temperature

0.1

Oty a NSNS R LRt R L S S T s

N XD 6 A (DO ,O
0% 00 0w

LRIV

N VoD
SRR
A o

> 0 00 A 0D O R A V@D o> (20 G\ DD e
N NN N NNV Y VUV VUV U U OO



g’kg

g’kg

g’kg

Alaska 5km 2004-12

ObsHum PrdHum

Predicted/Observed Humidity

0+

A\ X B0 A @ N o

R

9 0O WX o o (X 00 w0 A D u® D D @ @ i © (N R D
@@@@@@@@@@@@@@@@@é@%@@@@@@@@@

Bias Humidity

1.
1.

G VN

0.8
0.6 1
0.4 1
0.2 1

0 m
-0.2 1
-0.4

-0.6

AV X B0 A @ X

R

9 2O W W WD (B 10 30 S w® D @ N o (g (0 G R G oD o
D005 @ 2 S a et aaaaakak et aas

RMSESHum RMSEUHum

RMSEHum

RMSE Humidity I

0% g

WO M‘Wf

N\
NN AN AU

UGG ISR @@@¢@@¢¢§@@@Q§
N N N N N N

o 20 QA

OIS

IOA Humidity

N

RN

Y>> B O A D OO \%\\caqpq;\\(bfz,qibqy(g»(&\(i\(ib@@q/\%\
N N N N

NN
@@@@@@@ RONON OOV

0.8 A
OROFONONONONON



	Cover
	Table of Contents
	Alaska MM5 Modeling Report
	Introduction
	METSTAT Package
	MM5 Setup
	Deviations from the MM5 Protocol
	Statistical Analysis
	Summary and Conclusions
	Tables
	Figures

	Appendix A: MM5 Protocol
	Appendix B: Sample mmlif file
	Appendix C: METSTAT Plots
	hrly_5km_2002_01_full.pdf
	hrly_5km_2002_02_full.pdf
	hrly_5km_2002_03_full.pdf
	hrly_5km_2002_04_full.pdf
	hrly_5km_2002_05_full.pdf
	hrly_5km_2002_06_full.pdf
	hrly_5km_2002_07_full.pdf
	hrly_5km_2002_08_full.pdf
	hrly_5km_2002_09_full.pdf
	hrly_5km_2002_10_full.pdf
	hrly_5km_2002_11_full.pdf
	hrly_5km_2002_12_full.pdf
	hrly_5km_2003_01_full.pdf
	hrly_5km_2003_02_full.pdf
	hrly_5km_2003_03_full.pdf
	hrly_5km_2003_04_full.pdf
	hrly_5km_2003_05_full.pdf
	hrly_5km_2003_06_full.pdf
	hrly_5km_2003_07_full.pdf
	hrly_5km_2003_08_full.pdf
	hrly_5km_2003_09_full.pdf
	hrly_5km_2003_10_full.pdf
	hrly_5km_2003_11_full.pdf
	hrly_5km_2003_12_full.pdf
	hrly_5km_2004_01_full.pdf
	hrly_5km_2004_02_full.pdf
	hrly_5km_2004_03_full.pdf
	hrly_5km_2004_04_full.pdf
	hrly_5km_2004_05_full.pdf
	hrly_5km_2004_06_full.pdf
	hrly_5km_2004_07_full.pdf
	hrly_5km_2004_08_full.pdf
	hrly_5km_2004_09_full.pdf
	hrly_5km_2004_10_full.pdf
	hrly_5km_2004_11_full.pdf
	hrly_5km_2004_12_full.pdf




