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ABSTRACT

In this study, a three-dimensional variational 3DVAR) data assimilation system was developed for the operational
numerical weather prediction(NWP) system at the Republic of Korea Air Force Weather Group. The Air Force
NWP system utilizes the Weather Research and Forecasting(WRF) meso-scale regional model to provide weather
information for the military service. Thus, the data assimilation system was developed based on the WRF model.
Experiments were conducted to identify the nested model domain to assimilate observations and the period
appropriate in estimating the background error covariance(BEC) in 3DVAR. The assimilation of observations in
domain 2 is beneficial to improve 24-h forecasts in domain 3. The 24-h forecast performance does not change
much depending on the estimation period of the BEC in 3DVAR. The results of this study provide a basis to
establish the operational data assimilation system for the Republic of Korea Air Force Weather Group.

Key Words : Air Force Operational Numerical Weather Prediction System(3-7* &Y 3| X A]2=El), WRF 3DVAR
(WRF 429l & 21553}, Background Error Covariance(l 7 21882k
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Fig. 1. Experimental model domain. DM1, DM2, and
DM3 represent the domain 1, 2, and 3,
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Table 1. A summary of model configuration

Domain1 | Domain2 | Domain3

Horizontal grid size 18 km 6 km 2 km

Vertical layers / Top 31 layers / 50 hPa

Time interval(sec.) 50 ‘ 12 ‘ 4
Microphysics WSM6®!
PBL physics YSU PBLY
Cumu!us . Kain-Fritsch!'? None
Parameterization
Radiation RRTMG!!!
LSM Noah LSM

(MODIS Land use data)

Initial and Boundary NCEP GFS analysis and

conditions forecast(0.25° resolutions)
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Fig. 2. (a) The operational Numerical forecasting
system in Republic of Korea Air Force does
24-h predictions using initial conditions from
NCEP every 6-h interval. (b) The 3DVAR data
assimilation system developed in this study
does assimilation every 6-h interval to produce
initial conditions for 24-h predictions
Table 2. Implemented experiments
Experiments Description
name
EXPI Data assimilation for domain 2 with
BES estimated in July 2015.
EXP2 Data assimilation for domain 3 with
BES estimated in July 2015.
EXP3 Data assimilation for domain 2 with
BES estimated in July 2014.
EXP4 Data assimilation for domain 2 with
BES estimated in June/July/August 2015.
Same as EXP1, except 1 hour
EXP5 assimilation window at every analysis
time only for GEOAMV data.
EXP6 Sar.ne.as_EXPS, except AMSUA data
assimilation
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Fig. 3. Vertical profiles of the average RMSE for the
verification period of experiment for EXP1
(black) and EXP2(green) with respect to
radiosonde observations: (a—d) 6-h forecast
and (e-h) 12-h forecast for zonal wind,
meridional wind, temperature, and mixing ratio
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Fig. 4. The average FSS for 5 mm threshold of 6-h
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EXP2(green) for the verification period of
experiment: (a) 6-h forecast and (b) 12-h
forecast. The dash line means the halfway
value of random forecast skill and perfect
skill

Wind speed at 10 m

. 220
- —EXP1

1]
£210{—exPe
200{

%
S 1.90 4 a
T 180 . .
6 12 18 24
Forecast time [h]
Temperature at2 m
220 . .
< 210 1
= 2,00
w490 ;6
1)
S 1.80
o 170 b
1.60 : .
6 12 18 24
Forecast time [h]
Relative Humidity at 2 m
13.0 » +
w254 00—
= 120
w
w115 —
s 1.0
T 105 C
10.0
6 12 18 24

Forecast time [h]
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Fig. 6. Vertical profiles of the average RMSE for the
verification period of experiment for EXP1
(black), EXP3(green), and EXP4(red) with
respect to radiosonde observations: (a—d) 6-h
forecast and (e-h) 12-h forecast for zonal
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