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Introduction

* 5-6 August 2014

* Upper level monsoonal moisture and
low level southeasterly flow combined
to produce heavy rainfall over parts of
western South Dakota

* Most of the rain fell between 03 UTC
and 06 UTC

* Flash flooding occurred in the Rapid
City area, where approximately 3-4
inches fell

Figures a-d show the background
conditions associated with the case.

a) 24-h accumulated precipitation [in]
ending at 12 UTC on 6 August 2014

b) 500 mb height, winds, and vorticity at 00
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WRF Simulations
e Quter grid Ax=9 km - see Figb
* Inner grid Ax=3 km - see Fig m
* Physics:
e Dudhia/RTMM Short- and Long-wave
Radiation
Noah Land Surface Scheme
Mellor, Yamada, Nakanishi and Niino
1%-order Turbulence/PBL Scheme
Kain-Fritch Scheme
WRF Single-Moment 6-hydrometeor
Microphysics
Observations
e Stage IV hourly analysis
* Mosaicked radar and rain gauge data
* Based on the multi-sensor hourly/6-
hourly Stage Il analyses on local 4 km
polar-stereographic grids
* Point Observations
 METAR observations from locations
around the domain
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Methods

Initialization and Data Assimilation Schemes
 FULL 3DVAR_NUDGE
e 3-D Variational Data Assimilation with 6-h
recycling, Nudging for first 3 hours, Locally
generated background errors
 FULL 3DVARCOLD_NUDGE
e 3-D Variational Data Assimilation with cold
start from NAM, Nudging for first 3 hours,
Locally generated background errors
* NAMONLY_NUDGE
* Initialization from NAM 212 and 218 grids,
Nudging for first 3 hours
* NAMONLY_NONUDGE
* Initialization from NAM 212 and 218 grids, No
nudging
Verification Method
e Used the MODE tool from NCAR’s Model
Evaluation Tools (MET) to evaluate 3-hourly
accumulated precipitation
* Median of Maximum Interest (MMI)
e Used continuous verification statistics to
evaluate hourly point forecasts
* Bias
b =% ?=1(F —0)
* Correlation Coefficient

* Root-Mean-Square Error (RMSE)
RMSE = \/% Y™ (F — 0)?

brianne.gerber@mines.sdsmt.edu

Preliminary Results and Conclusions

Point Verification

e) Valid at 2014-08-06 06 UTC |) Valid at 2014-08-06 06 UTC
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g) 2-m T Correlation for 2014-08-06_06 UTC k) 2-m Td Correlation for 2014-08-06_06 UTC
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Figures e-l show the results from the point verification process. These are from
the 6 hour WRF forecast for 6 August at 06 UTC initialized on 6 August at 00 UTC.
e) Scatterplot of temperature observations vs. the model for each of the four
initializations. The diagonal line is the 1:1 line.

f) Temperature bias by forecast lead time.

g) Temperature correlation coefficient by lead time.

h) Temperature RMSE by lead time.

i) Scatterplot of dew point observations vs. the model for each of the four
initializations. The diagonal line is the 1:1.

j) Dew point bias by forecast lead time.

k) Dew point correlation coefficient by lead time.

I) Dew point RMSE by lead time.

Precipitation Verification
06-hr Forecast for 2014-08-06 06 UTC Initialized at 2014-08-06 00 UTC

m) 03-hrly Forecasted Precip in n) 03-hrly Observed Precip in 0) Forecast Objects Observed Objects
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Figures m-q show the results from
.0}0.0&0.%\0. 5959,052 %" /.'%\’.6\9 ¢ % & the precipitation verification

process. These are from the 6 hour

P) Median of Maximum Interest for 2014-08-06_06 UTC ¢]) Median of Maximum Interest for 2014-08-06_06 UTC WREF forecast for 6 August at 06
0.840 : UTC initialized on 6 August at 00

T UTC. The MODE convolution
0.800 - _ 0.800 L T: radius was 2 km and the
_ i | convolution threshold was 0.01 in.
o 0760 - 2 0760 |- i m) The 3-hourly forecasted
o _ & ) | precipitation [in.] with the forecast
g 0720 - 5 g 0720 - | i objects from MODE outlined in
2 - ! £ i i black. Example of MODE output.
— 0680 5 - 0.680 = i 1' n) The 3-hourly observed
S0 - - i I precipitation [in.] with the
] - 0040 I | observation objects from MODE
e | 0.600 L | | | | outlined in black.
5 10 15 20 25 30 35 40 0 1 2 3 o) The observation objects in blue
Forecast Lead Time overlaid on the forecast objects in
red. This shows where the objects
. . are in relation to each other.
Legend Analysis of Variance p) MMI by forecast lead time for
P : each of the four initializations.
® FULL_SDVAR_NUDGE ) Hyp.ot.he5|s. There 15 NO gq) MMI for each of the four
—e— FULL 3DVARCOLD NUDGE  statistically significant nitializations.
NAMONLY NUDGE difference between the four
NAMONLY NONUDGE initialization types. mm
* 95% Confidence VM| 0.979
*p <0.05 - reject hypothesis __, .
. T bias 0.999
*p >0.05 - accept hypothesis :
* Based on the table of p- correlation  0.392
values, the hypothesis is T RMSE 0.931
accepted. Td bias 0.736
Td correlation 0.965
Td RMSE 0.975

Preliminary Conclusions

* Based on little variance in verification statistics and based on p-values being >> 0.05,
there is no statistically significant difference between the four initialization types.

* In scenarios requiring short-term, warm-season forecasts with convective
precipitation over new regions or under limited computational resources, the user
will not significantly lose accuracy if they choose to not use data assimilation or
recycling when running WRF.

Current/Future Work
* Repeating the analysis for a cold-season case to see if results stand

"Model Evaluation Tools (MET) was developed at the National Center for Atmospheric Research (NCAR) through grants from the United States Air Force Weather
Agency (AFWA) and the National Oceanic and Atmospheric Administration (NOAA). NCAR is sponsored by the United States National Science Foundation."
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