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EXECUTIVE SUMMARY

The Regional Atmospheric Modeling System (RAMS) is an atmospheric numerical model
developed by scientists at Colorado State University and the ASTER Division of Mission
Research Corporation for simulating and forecasting meteorological phenomena. RAMS v3a
and v4.3 are being used by the Savannah River National Laboratory (SRNL) as an operational
tool for weather forecast and emergency response for the Savannah River Site (SRS).
ATmospheric, Meteorological, and Environmental Technologies (ATMET) is now the proprietor
of RAMS. The latest upgrade (v6.0) was officially released on January 11, 2006. ATG plans to
eventually replace the RAMS v3a and v4.3 with the RAMS v6.0 for operational site forecasting
if the newest version provides a significant improvement in the numerical forecast. A study to
compare the three model (v3a, v4.3 and v6.0) results with respect to surface stations observations
was conducted and is the subject of this report. Two cases were selected for simulation by these
three RAMS models. One simulation started at 0 Z on April 3, 2007 and represents a warm
weather case (high temperature of 26° C and low temperature of 16° C) at SRS, while the other
simulation started at 0 Z on April 7, 2007 and represents a cold weather case (high temperature
of 9° C and low temperature of -1° C) at SRS. The wind speeds, wind directions, temperatures
and the dew point temperatures predicted by the three RAMS models were interpolated to 46
surface observation locations. The interpolated results were compared with the observation data.
Statistically, the differences between the three model results were very small. For the present
configurations, the predictions from RAMS v6.0 are no better than the older models with the
exception of wind direction. The proposed path forward would be to fine tune the RAMS v6.0
model input parameters to improve the predictions. This should also provide insights into
current weaknesses in all RAMS versions.
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1. INTRODUCTION

The Regional Atmospheric Modeling System (RAMS) [1] is an atmospheric numerical
model developed by scientists at Colorado State University and the ASTER Division of
Mission Research Corporation for simulating and forecasting meteorological phenomena.
RAMS v3a and v4.3 are being used by the Savannah River National Laboratory (SRNL)
as an operational tool for weather forecast and emergency response for the Savannah
River Site (SRS). ATmospheric, Meteorological, and Environmental Technologies
(ATMET) is now the proprietor of RAMS. The latest upgrade (v6.0) was officially
released on January 11, 2006 (http://bridge.atmet.org/users/software.php). ATG plans to
eventually replace the RAMS v3a and v4.3 with the RAMS v6.0 for operational site
forecasting if the newest version provides a significant improvement in the numerical
forecast. A study to compare these three model (v3a, v4.3 and v6.0) results with respect
to the surface stations observations was conducted and is the subject of this report. Two
cases were selected for simulation by the three RAMS models. One simulation started at
0 Z on April 3, 2007 and represents a warm weather case (high temperature of 26° C and
low temperature of 16° C) at SRS, while the other simulation started at 0 Z on April 7,
2007 and represents a cold weather case (high temperature of 9° C and low temperature
of -1° C) at SRS. The wind speeds, wind directions, temperatures and the dew point
temperatures predicted by the three RAMS models were interpolated to 46 surface
observation locations. The interpolated results were compared with the observation data.
The results of this study will provide input for decisions regarding migration to RAMS
v6.0.

2. RAMS v6.0 UPGRADES

The major changes of the RAMS v6.0 are listed below [4].

A. Code structure changes

RAMS v6.0 uses explicit variable types to help eliminate bugs, and no longer uses the
monolithic “A” array. The sizes of subroutines were reduced by dividing the subroutine
into multiple subroutines with smaller sizes for ease of maintenance. The Fortran 90
module concept was also implemented.

B. File format changes

All intermediate and output files are now written in the Hierarchical Data Format
(HDF5).

C. New features
A new Four Dimensional Data Assimilation (FDDA) observational data assimilation

scheme was implemented (not used in this study), which is based on “direct” nudging to
the observations. The Kain-Fritsch cumulus parameterization, which is a modified
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version of the Fifth-Generation Penn State/NCAR Mesoscale Model (MMS5)/ Weather
Research Forecasting (WRF) scheme, was added to the upgraded RAMS v6.0. The new
RAMS v6.0 has added abilities to start a new run from the state file of a previous run,
while also allowing the user to modify the grid structure for this new run.

D. Modified schemes

There are additional options to control the FDDA analysis nudging. The Land
Atmosphere Ecosystem Feedback version 2 (LEAF2) is updated to version 3 (LEAF3).
LEAF3 uses the Normalized Difference Vegetation Index (NDVI) for computing leaf
area index, vegetation fractional cover, vegetation albedo, and roughness height. The
vegetation categories of LEAF2 which came from the Biosphere-Atmosphere Transfer
Scheme (BATS) and the Land Data Assimilation System (LDAS), are consolidated from
30+ to 20 categories, and the parameter values were composited between BATS, LDAS,
Simple Biosphere Model Version 2 (SiB2), and other values.

3. RAMS MODEL SIMULATION CHARACTERISTICS

The same geometrical domain and grid cell sizes are used in the three model simulations
(RAMS v3a, v4.3 and v6.0). The horizontal domain (800 x 760 km) centered at the SRS
covers the states of South Carolina and Georgia, as shown in Figure 1. The horizontal
grid cell size is uniform and is kept at 20 km. The vertical domain size is 16.9 km and is
divided into 30 cells with variable cell sizes. The cell vertical size near the ground
surface is ~ 45 m, which gradually increases to ~ 1 km near the top of the model domain.
This provides finer resolution near the ground to capture boundary layer structure. Two
cases were selected for simulation. One simulation started at 0 Z on April 3, 2007 and
represents a warm weather case (high temperature of 26° C and low temperature of 16° C)
at SRS, while the other simulation started at 0 Z on April 7, 2007 and represents a cold
weather case (high temperature of 9° C and low temperature of -1° C) at SRS. The
simulations for both cases generated a 48-hour forecast, but the first 12-hours of the
simulation were discarded for the model to ‘spin up’ a realistic boundary layer. The
initial and boundary conditions used the analyzed dynamic meteorological fields
generated by the North American Model (NAM) large-scale models, available from the
National Center for Environmental Prediction (NCEP).

4. OBSERVATION DATA

The observed surface data are obtained from 45 National Weather Service (NWS)
stations and the SRS Central Climatology tower, as shown in Figure 1. The NWS station
data, at 10 meter above ground level, are 2-minute averages taken at the beginning of the
hour and are available at 1-hour increments. The SRS Central Climatology tower data, at
18 meter above ground level, are 15-minute averages and are available at 15-minute
increments. The various evaluation and visualization utilities that come with the RAMS
installations, were used to interpolate the RAMS output data to the location of the
observation stations. These include the Visualization and Analysis Package (VAN) [5]
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for the RAMS v3a output, RAMS/HYPACT Evaluation and Visualization Utilities
(REVU) v2.3.1 [6] for the RAMS v4.3 output, and REVU v2.5 [7] for the RAMS v6.0
output.

5. STATISTICAL MEASURES

For both of these two simulation cases, the RAMS models simulated 48 hours and
generated output field variables at a one-hour time interval. The output data for the first
12 hours were discarded. Therefore, there were 37 output times used for this study.
Because there are 46 observation stations, the number of data points is 1702 (37x46) for
each simulation case, or 3404 (2x1702) data points for both simulation cases.

For every observation station, wind speed, wind direction, temperature, and dew point
temperature were examined. For each of these variables, simulated and observed surface
data were compared. The mean relative error between simulated and observed values for
each of the model versions is given by

(Sé’?j,i _Oc,j,i) (D

_m 1 M N
e :MXNZ-:I

j=1 i

where S is the simulated value, and 0 is the observed value. The superscript m represents
which model is used (RAMS v3a, RAMS v43, or RAMS v60). The subscript C
represents which weather case is used (warm or cold). The subscript j represents the
observation station with M being the total number of observation stations (46). The
subscript 1 is the time steps with N being the total number of time steps (37). The value
of N might be less than 37 if there were observation data missing.

The overall (cold and warm weather) mean relative error is defined as

0" = {5 + 5 ) @

Similarly, the mean absolute error is determined by averaging the sum of the absolute
difference between the simulated and observed values for all the data points, and is
defined as

S«[,T,]j,i _Oc,j,i" (3)

The overall (cold and warm weather) mean absolute error is given by:
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The standard deviation of the differences is given by:

J: i=1

o7 = { Ve ) GO c,.)—fﬂ;- )

The overall (cold and warm weather) standard deviation of the differences is given by:

M
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Because the wind direction overlaps from 0° to 360°, the wind direction error for an
individual data point is calculated as:

J_ 370 ls—0|<180° -
B |S 0|(360 5o for |s—o|>180"

6. RESULTS

The horizontal wind speeds, wind directions, air temperatures, and dew point
temperatures were compared between the observed and the RAMS models at 46
observation locations (Figure 1).

6.1 Comparisons as a Function of Space and Time

Figures 2 through 8 show the comparisons at 7 selected observation locations: SRS,
KAGS (Bush Field Airport, Augusta, GA), KDNL (Daniel Field Airport, Augusta, GA),
KMCN (Macon, GA), KATL (Atlanta, GA), KCAE (Columbia, SC), and KCHS
(Charleston, CS), respectively. The panels on the left side of each figure correspond to
the warm weather (April 3) case, while the panels on the right side indicate the results for
the cold weather (April 7) case.

6.1.1 Wind Speed

Wind speed is a physical property that changes value rapidly with time. The observed
data is measured at a point location, while the data predicted by the RAMS is a grid
volume averaged quantity. In addition, the NWS station data are 2-minute averages and
the SRS Central Climatology tower data are 15-minute averages, leading to quickly
changing values for observed wind speed. As a result, the observed wind speeds show
significant irregularities, as shown in Figures 2 through 8. However, the RAMS models
calculate the mean wind speeds which inherently are characteristically smooth (due to
spatial and temporal averaging), as shown in Figures 2 through 8. Therefore, the RAMS
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models do not predict the high frequency variations as measured by the observation
stations. However, the RAMS models (in particular, RAMS v3a) match the trend of the
observed wind speed quite well.

6.1.2 Wind Direction

The agreement for wind direction between the RAMS models and the observations is
very good, as shown figures 2 through 8, especially for the April 7 case (more
discussions in Section 6.2). Figure 5 shows the RAMS v3a prediction of the wind
direction at 15:00 on April 8 for the Station KMCN drops to 7.7 deg, while the observed
wind direction is around 310 deg. It should be noticed that the wind direction of 360 deg
is equivalent to 0 deg. Therefore, the actual error between the RAMS v3a prediction and
the observation at 15:00 on April 8 is less than 60 deg. The same is true for the Station
KATL (Figure 6).

6.1.3 Temperature

Figures 2 through 8 indicate that RAMS models predicted the diurnal variations of the
temperatures. However, RAMS v3a model tended to capture the minimum temperatures
more accurately, while RAMS v4.3 and v6.0 were closer to simulating the observed
maximum. Both RAMS v4.3 and v6.0 tend to overpredict the temperatures, especially
for the April 3 case.

6.1.4 Dew Point Temperature

Among the three RAMS models, RAMS v3a had better agreement with the observed dew
point temperatures. Note that similar to temperature trends, for dew p[oint temperatures,
RAMS v4.3 and v6.0 tend to agree more closely with each other than RAMS v3a. This is
likely due to the similarity in surface parameterizations (LEAF2 and LEAF3) employed
in the later RAMS versions, but not used in RAMS v3a.

6.2 Statistical Comparisons

Figures 9 through 12 show the mean absolute errors for the wind speed, wind direction,
temperature, and dew point temperature as a function of forecast time, respectively.

There were no clear patterns that the absolute errors increase or decrease with the forecast
time. Again, RAMS v4.3 and v6.0 tend to track more closely with each other in time.

The absolute error of the wind direction is divided into bins of 15° each. Figure 13 shows
histogram plots for the three RAMS models, while Table 1 indicates the percentage of
data points in which the absolute wind direction error is less than 15, 45, and 75°. RAMS
v6.0 performed the best, followed by RAMS v4.3, and the RAMS v3a.

Table 2 shows the mean errors and the standard deviations for the separated cases and the
combined cases. The statistics are broken up into different time intervals: 12 to 24 hours,
12 to 36 hours, and 12 to 48 hours. In practice, the RAMS forecasts from hours 24 to 48
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are not as critical to the operational forecast because a new forecast cycle is generated
every 12 hours. Figures 14 through 17 present the mean errors and the standard
deviations for the RAMS models (data from 12 hours to 48 hours) with error bars
denoting +c. Figure 14 shows that for wind speed predictions, the RAMS v3a model is
better than the RAMS v4.3 and v6.0 models. Figure 15, presenting the wind direction
statistics, shows the RAMS v6.0 model had the best results. Figure 16 presents the
temperature predictions. In both cases, RAMS v3a underpredicts the temperatures, while
RAMS v4.3 and v6.0 overpredict the temperatures. For warm weather, the RAMS v3a
model performed better while for cold weather, the RAMS v6.0 had the best performance
for temperature predictions. Overall, the RAMS v4.3 was slightly better than the other
versions (Figure 16). Dew point temperature predictions (Figure 17) indicate also that
RAMS v4.3 is slightly better than the other versions. For both of these cases, RAMS v3a
overpredicts dew point temperatures, while RAMS v4.3 and v6.0 both underpredict dew
point temperatures. The temperatures and dew point temperatures indicate RAMS v3a
predicts a cooler, moister atmosphere near the surface, while RAMS v4.3 and v6.0
predict a warmer, dryer atmosphere than observed.

Typically, the RAMS data from 12 hours to 24 hours are more critical for operational
weather forecasting. Figures 18 through 23 show the statistics of RAMS data from 12
hours to 24 hours which are more relevant to the SRS operational weather forecast. A
histogram of wind direction shown in Figure 18 for the data from 12 hours to 24 hours,
indicates better wind direction predictions for RAMS v60. Between the RAMS v3a and
v4.3, RAMS v4.3 agreed more closely with observations. Figure 20 shows all of the
three RAMS models predicted wind direction for the April 7 case more accurately than
for the April 3 case. This is due to less variability in observed wind direction for April 7
than for April 3, as shown by the histogram of observed wind directions for all the 46
stations and over the 12 to 24 forecast time (Figure 21). This also leads to a significantly
smaller standard deviation in error for the April 7 case (Figure 20).

As expected, overall the RAMS models had better wind speed, wind direction,
temperature and dew point temperature predictions for the shorter period of predictions
(12 hours to 24 hours) than for the longer period of predictions (12 hours to 48 hours).

7. CONCLUSIONS

Two cases were selected for simulation by the RAMS v3a, RAMS v4.3 and RAMS v6.0
models. One simulation started at 0 Z on April 3, 2007 represents a warm weather case
(high temperature of 26° C and low temperature of 16° C) at SRS, and the other
simulation started at 0 Z on April 7, 2007 represents a cold weather case (high
temperature of 9° C and low temperature of -1° C) at SRS. The wind speeds, wind
directions, temperatures and the dew point temperatures predicted by the three RAMS
models were interpolated to 46 observation locations. The interpolated results were
compared with the observation data. For the present configurations, the upgraded physics
models of the RAMS v6.0 were not explored. As expected, the statistical differences
between the three model results were very small. The predictions from RAMS v6.0 are
no better than the older models except for wind direction predictions. Since wind
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direction is extremely important for emergency response applications at the SRS, this
finding is encouraging. Since it is planned to use RAMS v6.0 in an operational setting,
the proposed path forward is to fine tune the RAMS v6.0 model input parameters to
improve the predictions. This should also provide insights into current weaknesses in all
RAMS versions. More comparisons over a much longer time period would be needed to
determine which model version performs best at different times of year.
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Table 1. Percent of the Data Points with Absolute Wind Direction Errors within the Stated Angle

Angle (deg) RAMS3a RAMS43 RAMS60
15 35.9 38.9 414
45 79.8 82.2 83.7
75 94.2 94.3 95.0
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Table 2. Mean Errors and Standard Deviations

April 3, 2007 Case April 7, 2007 Case Combined
Wind Speed (m/s)

12 hrsto 24 hrs 12 hrs to 36 hrs 12 hrs to 48 hrs 12 hrs to 24 hrs 12 hrs to 36 hrs 12 hrs to 48 hrs 12 hrs to 24 hrs 12 hrs to 36 hrs 12 hrs to 48 hrs
avg std avg std avg std avg std avg std avg std avg std avg std avg std
error error error error error error error error error error error error error error error error error error

RAMS3a  -0.07 1.43 0.03 1.63 0.15 1.63 -0.10 1.53 0.29 1.60 -0.04 1.66 -0.09 1.48 0.16 1.62 0.06 1.64
RAMS43 0.25 1.56 0.72 1.76 0.68 1.75 -0.43 1.58 0.46 1.81 0.17 1.80 -0.08 1.61 0.60 1.79 0.43 1.79
RAMS60  -0.12 1.52 0.42 1.73 0.29 1.76 -0.59 1.67 0.39 1.89 0.05 1.87 -0.35 1.61 0.40 1.81 0.17 1.82

Wind Direction (deg)

RAMS3a 5.52 55.44 1.28 47.42 5.98 42.59 4.03 23.06 3.95 31.14 6.12 33.66 4.68 40.47 2.60 40.23 6.04 38.59
RAMS43  -0.80 5472  -4.79 46.73 -2.43  43.74 -6.47 21.84 -5.10 26.03 -7.79  30.90 -4.00 39.75 -4.94  37.95 -4.98 38.26
RAMS60 151 56.41 -1.61 46.95 1.72 42.85 -2.64 20.64 -1.46 24.66 -0.75  28.90 -0.83 40.36 -1.54 37.63 0.55 36.89

Temperature (C)

RAMS3a  -1.40 2.08 -0.46 2.24 -0.86 2.24 -2.43 111 -1.27 2.12 -1.93 2.29 -1.91 1.75 -0.86 2.22 -1.39 2.33
RAMS43 0.57 2.43 1.75 2.53 1.69 2.45 -0.73 1.55 0.77 2.40 0.32 2.26 -0.07 2.14 1.27 251 1.02 2.46
RAMS60 0.62 2.44 2.40 2.94 2.19 2.74 -1.13 1.52 1.04 2.86 0.19 2.79 -0.24 2.22 1.73 2.98 1.20 2.94

Dew Point Temperature (C)

RAMS3a 0.10 2.44 0.52 2.24 1.12 2.38 241 1.88 1.59 2.36 1.37 2.32 1.24 2.47 1.05 2.36 1.24 2.35
RAMS43  -0.48 2.58 -0.63 2.56 -0.37 2.73 1.01 1.90 -1.11 3.08 -1.46 2.78 0.25 2.39 -0.87 2.83 -0.91 2.81
RAMS60  -0.75 2.26 -0.97 2.32 -0.79 251 -0.35 1.50 -2.24 2.75 -2.32 2.55 -0.56 1.93 -1.60 2.62 -1.54 2.64

-10 -
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Figure 1. Model Domain Map and the Observation Stations
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Figure 2. Model Comparisons at Station SRS
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Figure 3. Model Comparisons at Station KAGS
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Figure 4. Model Comparisons at Station KDNL
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Figure 5. Model Comparisons at Station KMCN
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Figure 7. Model Comparisons at Station KCAE
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Figure 11.
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Figure 13.
Histogram for Wind Direction Absolute Errors
(Forecast Hours 12 to 48 for all Stations and for Both Cases)
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Figure 14. Mean Errors and Standard Deviations (+c) for Wind Speed Predictions
(Forecast Hours 12 to 48 and all Stations)
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Figure 15. Mean Errors and Standard Deviations (+c) for Wind Direction Predictions
(Forecast Hours 12 to 48 and all Stations)
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Figure 16. Mean Errors and Standard Deviations (+c) for Temperature Predictions
(Forecast Hours 12 to 48 and all Stations)
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Figure 17. Mean Errors and Standard Deviations (+6) for Dew Point Predictions
(Forecast Hours 12 to 48 and all Stations)
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Figure 18.

Percentage

Histogram for Wind Direction Absolute Errors

(Forecast Hours 12 to 24 for all Stations and for Both Cases)
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Figure 19. Mean Errors and Standard Deviations (+c) for Wind Speed Predictions
(Forecast Hours 12 to 24 and all Stations)

ot
.
o0

g
()
|
|
|
|

S
ol

04/d3/07 wfsa
{ To

" | rRambed P | ¢ [Tothl
S3a RAPXSGG oﬂ% 107 RAMF! iy

[
S
L=a)
<
~J
o

Speed Error (m/s)
(==

o

4/Q7/07
-1.2

-26-



WSRC-STI-2007-00467
August 30, 2007

Figure 20. Mean Errors and Standard Deviations (+c) for Wind Direction Predictions
(Forecast Hours 12 to 24 and all Stations)
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Figure 21.

Histogram for Observed Wind Direction
(46 Observation Stations, Hours 12 to 24)
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Figure 22. Mean Errors and Standard Deviations (+c) for Temperature Predictions

(Forecast Hours 12 to 24 and all Stations)
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Figure 23. Mean Errors and Standard Deviations (+c) for Dew Point Predictions
(Forecast Hours 12 to 24 and all Stations)
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