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VDRAS + WRF to improve QPF
Summary and future work



« Radar can observe meso- and convective
scale weather systems with high spatial (<
1.0 km) and temporal (< 10 min) resolutions.

 Methods (3DVAR, 4DVAR, EnKEF) for
radar data assimilation to improve NWP
have been developed for the past 2 decades.
(Gal-Chen 1987; Lin et al. 1993; Crook 1994,
Weygandt et al. 2002; Synder and Zhang
2003, Sun 2005; Xiao et al. 2005; Hu et al.
2006)
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Variational Doppler Radar Analysis System (VDRAS):
Developed at NCAR, a cloud-resolving model, equipped
with 4DVAR adjoint model, can assimilate Doppler radar
data (Sun and Crook 1997, 1998).

Applied in 2000 Sydney Olympic game for real-time wind
analysis (Crook and Sun 2002, 2004).

Applied in prediction of a flood in Colorado (Warner et al.
2000)

Applied in IHOP_2002 for QPF of a squall line in U.S.
continent (Sun and Zhang, 2008).

Provide freguent real-time analysis fields in 2008 Beijing
Olympic (Sun et al. 2010)



~First time to apply \
nearby area to test its QPF skill

Challenges:

(a) Complex topography: VDRAS does not
resolve terrain.

(b) Surrounding oceans: limit in-situ
observations.



Variational Doppler Radar Analysis System

Observations

radiosonde
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Data QC
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Case study

e 2008 SOWMEX/TIMREX
 |OP8:6/1400UTCto6/1700UTC
 Mel-Yu Front
o Assimilation experiment:

6/14 1046 UTC to 1354 UTC
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e Grid points: 264 x 216 x 30
e Resolution: 2 km x 2 km x 500 m
e Domain: 528 km x 432 km x 15 km

Analysis field

1046 1101 1109 1124

RCKT 0

rcoh 4 A p b |

Background: Background: Background:
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Reanalysis
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Experiment OBS (in-situ obs. only)

Experiment EC (reanalysis from
ECMWEF only)

Experiment OBS EC (Both)
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Convergence field before and after

imilation

Radar data ass
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(1) VDRAS can retrieve reasonable kinematic
and thermodynamic features after
assimilating radar data.

(2) VDRAS can reflect the topographic
effects, although it does not resolve the
terrain explicitly.



Sensitivity of model forecasts
to different background
fields

Experiment OBS (in-situ obs. only)
Experiment EC (ECMWEF only)
Experiment OBS _EC (Both)
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H-R
F+O-H —R

H: Correct forecast
F: # positive forecast
O: # observed event
R: # hit by chance

ETS=

(2) RMSE of the 2-hr accumulated rainfall amount

(3) Spatial correlation coefficient (SCC)



ETS

ETS of predicted 2-h accumulated rainfall
from Exp. OBS, EC, OBS-EC
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SCC and RMSE of rainfall
from Exp. OBS, EC, OBS_EC

OBS EC | OBS_EC
SCC | 0.38 | 0.29 0.43
RMSE | 7.9 9.6 8.5

(mm)




Comparison among OBS, EC, OBS EC

(1) ETS: EC < OBS and/or OBS EC

(2) Rainfall (RMSE in mm):
OBS (7.96) < OBS EC (8.50) < EC(9.64)

(3) SCC: OBS EC(0.43) > OBS (0.38) > EC(0.28)
(4) Wind field Is better predicted in OBS EC

(5) Convection C disappeared in OBS, but well
simulated in OBS EC

(6) OBS EC is considered the best.



Simulation by VDRAS alone
ETS: 0.1~0.2

NoO terrain.

Needs to make further
Improvement.
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VDRAS + WRF
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Horizontal: D02 = VDRAS
Vertical: Interpolation by least square fitting

Two-way Iinteractions allowed between D01 and D02




How to merge two'models?

e u,v,w, 67,qv,gr,qc
-> a weighted average of VDRAS and WRF

* (I, Qs, qg setto zero.
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RMSE (mm):OBS_EC+WRF (5.4) < OBS_EC (8.5) < WRF(10.0)
SCC -OBS_EC+WRF (0.68) > OBS_EC (0.43) > WRF(~ 0)



(a) Observation 2—hr rainfall (b) OBS_EC 2—hr rainfall
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Summary

After assimilating radar data, VDRAS can provide
reasonable analysis fields, even on terrain.

If VDRAS is used alone for forecast, the background
field better be a combination of in-situ observations and
re-analysis data (or from a mesoscale model).

Merge VDRAS with WRF improve the QPF skill
significantly (radar data to VDRAS, terrain by WRF).

This research provides a possible alternative to apply
VDRAS iIn other regions with similar geographic
condition and observational limitations.



Future work

 More sophisticated way to merge VDRAS and
WRF (e.g., variational adjustment)

« Add ice phase and terrain directly into VDRAS.

e Assimilate more radar data from MK, CCK, Gl,
S-POL.
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