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Abstract 

An important advantage of radar observations is their high temporal and 

spatial resolutions, which are suitable for heavy weather surveillance. The 

purpose of this study is to improve the initial field and hence the quantitative 

precipitation forecast (QPF) of the numerical model by using multiple-Doppler 

radar observation data. The assimilation technique includes three components: 

multiple-Doppler radar wind synthesis, thermodynamic retrieval and moisture 

adjustment. A case during IOP8, Southwest Monsoon Experiment (SoWMEX) 

2008 is selected in this study. The radar data in use are the reflectivity and radial 

wind of the RCCG and RCKT radars from CWB and the SPOL radar from 

NCAR at June 14, 2008. The 3-D winds, retrieved from the radar and sounding 

data, are utilized to calculate thermodynamic fields by the momentum equations. 

The moisture field is updated if some conditions, including a minimum 

reflectivity of 30 dBZ, occur. The numerical model in use is the Weather 

Research and Forecasting (WRF) model from NCAR. 

Some conclusions are made after a series of experiments: (1) A combination 

of Kain-Fritsch cumulus parameterization and WSM6 microphysics schemes 

gives the best result; (2) The moisture adjustment is necessary; (3) Both wind 

and thermodynamic retrieval algorithms consider the effect of snow; (4) Using 

multiple-Doppler radar data is necessary because a larger data coverage leads to 

better results. The above assimilation technique in this case significantly 

improves the accuracy of the forecast for at least 3 hours compared with the one 

without data assimilation in spite of overestimated precipitation. We expect 

applications of this technique to the cases of afternoon convection and even 

typhoons in the future. 
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klm nopq� *àr ∙ tu uvw * xyz{�y�| & u o}

~
q� ≡ uF        (3.17) 



12 
 

�
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SPOL 1200UTC

1200UTC D02 wrf_3dvar

D01 D02 wrf_3dvar

WRF ( 5.2)  

5.3 翊翊翊翊

WRF D02
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5.3.1 翊翊翊翊

D02

( 5.3)  

� 翊翊翊翊

Barnes

10km

( 5.4)  

D02 2km

WRF Rainnc

 

 

� 翊翊翊翊

Barnes 10km

 

(Equitable Threat ScoreETS) 

(Schaefer, 1990) Bias(Anthes, 1983) RMSE

ETS

ETS
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ETS & ��5
Æ9Ç���5                    (5.1) 

F O H

R

R & ÆÇÉ N

ETS (Threshold) 2 6 10 14 18mm

ETS

1 Bias  

Bias & ÆÇ                     (5.2) 

Bias Bias ( )

1 ( ) ( )  

RMSE & Ë∑ �56ÍHÎmO�56ÍHm>P��ÏÐÑÒ É           (5.3) 

RMSE

(ÓÔ]Õ�M) (ÓÔ]�:1) N

ETS Bias RMSE

 

5.3.2 翊翊翊翊

RCCG RCKT SPOL

SPOL

SPOL

RASTA

( #̀)
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(u v w) (3.3)

SPOL  

RMSE

 

RMSE & Ë∑ �#ÎmO�#m>P��ÏÐÑÒ É            (5.4) 

`zÕ�M `z�:1 N
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    翊翊翊翊

6.1 翊翊翊翊

WRF

( 6.1)

( )  

� 翊

1. Kain-Fritsch scheme (KF) 

2. Betts-Miller-Janjic scheme (BM) 

3. Grell-Devenyi ensemble scheme (GD) 

�  

1. Lin et al. scheme (Lin) 

2. WRF Single-Moment 6-class scheme (WSM6) 

3. Goddard microphysics scheme (Grd) 

2 (

6.1) 3 ( 6.2) ( 5.4bc) BM GD

ETS

( 6.3a) KF Bias( 6.3b) RMSE( 6.3c)

KF WSM6

WSM6

GD Lin Bias

BM GD KF WSM6
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(Control Run)  

6.2 (Ctrl Run) 翊翊翊翊

1200UTC ( 4.17)

3 ( 6.4)

30

A B

60 A B

120 180 A

B

( 6.5) A B

180 ( 6.5f)

( 2.3) A

B 180

( 6.4f)

180  

SPOL

RMSE ( 6.2) 3ms�� Tai et al. (2011)

VDRAS  

 ( 6.6) ( 6.7)

ETS ( 6.8a) RMSE ( 6.3-ab)

Bias( 6.8b)
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6.3 (No qv adj.)翊翊翊翊

 

WRF 1200UTC ( 6.9)

( 6.10) 1

5

 

1200UTC

( 6.11)

( 6.6)

( 5.4) ( 6.12)

ETS Bias

RMSE ( 6.3-ac)

 

6.4 (0.9Qv) 

(100%)



27 
 

90%

 

( 6.13) ( 5.4)

2 3 ( 6.6)

ETS ( 6.14a) 2 10(mm) 3

6(mm) 2 3 Bias

( 6.14b) RMSE ( 6.3-ad) 90

95%

 

6.5 (No Snow)翊翊翊翊

1200UTC

( ) ( )

(WSM6)  

( 6.15) ( 6.6)

( 5.4) ETS( 6.16a)
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1 2

2mm( ) 16mm( )

ETS Bias( 6.16b) 1

2

RMSE ( 6.3-ae) 120

0

℃

 

6.6 (No W and Bd W)翊翊翊翊

WRF

( 3.5)

(1)

(2) ( 6.17)

 

( 6.18) ( 6.19)

( 4.17b)

180 ( 6.18f)

A 2 ( 6.6)

3

( 6.20) ETS

Bias 2
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3

RMSE( 6.3-afg) 90 120 150

RMSE  

3

A 3

 

6.7 SPOL (No SPOL) 

2008 SoWMEX NCAR

SPOL

SPOL SPOL RCCG

RCKT ( 2.4) RCCG RCKT ( 2.5)

SPOL

 

RCCG RCKT

WRF

( 6.21) ( 6.6)

( 5.4)

ETS( 6.22a)

Bias
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Bias( 6.22b) RMSE ( 6.3-ah)

 

SPOL  

6.8 (Reset Mi) 

1200UTC ( 4.17a)

(

)  

( 6.23)

( 6.6)

ETS( 6.24a) 3 (2mm)

(16mm) Bias( 6.24b)

RMSE( 6.3-ai) 120

150  
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    翊翊翊翊

7.1 翊翊翊翊

2008 SoWMEX RCCG RCKT SPOL

 

(1) 

 

(2) WRF

Kain-Fritsch scheme WSM6

 

(3) 

3 WRF

 

(4) 

 

(5) 

90%
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(6) 

 

(7) 

 

(8) SPOL

SPOL 2008SoWMEX

 

(9) WRF

 

(10) 4DVAR EnKF

 

7.2 翊翊翊翊
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(1) η

η

 

(2) 

0℃~-40℃

0℃ -40℃  

(3) 

30dBZ

95% 40dBZ 100%  

(4) 

 

(5) 

�¦1¼�� WRF

 

(6) WRF Two-way
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One-way

 

(7) WRF DFI(Digital Filter)

 

(8) WSM5

SPOL PID  

(9) WRF ( 6.4) 30

( 4.17)

 

(10) RCCG RCKT SPOL

 

(11) 

( … )  

(12) 

TEAM-R 

(Taiwan Experimental Atmospheric Mobile-Radar)

 

(13) 

(Quality Control)  

(14)  
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2.1   

Type Station 

Radar Cigu(RCCG) Kenting(RCKT) SPOL 

Surface Station Tainan Kaohsiung Donji Island Chiayi Chenkung
Hengchun Taitung Cigu Lanyu 

Sounding Magong Liouguei Yongkang Pingtung Lyudao Ship-SW 

 

4.1  (RMSE)  

翊翊翊翊 U(Ö×�Ø) V(Ö×�Ø) P′(Pa) T′(˚K) 

RMSE 3.69 2.92 92.5 0.83 
 

6.1  WRF  

mp_physics Scheme Mass Variables Number Variables 

1 Kessler Qc Qr 翊

2 Lin (Purdue) Qc Qr Qi Qs Qg 翊

3 WSM3 Qc Qr 翊

4 WSM5 Qc Qr Qi Qs 翊

5 Eta (Ferrier) Qc Qr Qs (Qt*) 翊

6 WSM6 Qc Qr Qi Qs Qg 翊

7 Goddard Qc Qr Qi Qs Qg 翊

8 (/98) Thompson(/old) Qc Qr Qi Qs Qg Ni Nr (/Ni) 
9 Milbrandt 2-mom Qc Qr Qi Qs Qg Qh Nc Nr Ni Ns Ng 

Nh 
10 Morrison 2-mom Qc Qr Qi Qs Qg Nr Ni Ns Ng 
14 WDM5 Qc Qr Qi Qs Nn** Nc Nr 
16 WDM6 Qc Qr Qi Qs Qg Nn** Nc Nr 

 
6.2  SPOL

RMSE  

RMSE of Wind(ÖT��) 
翊翊翊翊

30mins 60mins 90mins 120mins 150mins 180mins 

Ctrl run 1.19 2.33 2.86 2.97 2.92 3.19 
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6.3  WRF RMSE (a) (b)
( ) (c) (d) 90% (e)

(f)
(g)

(h) SPOL (i)  
翊翊翊翊 RMSE of QPF 

翊翊翊翊 翊翊翊翊 30min 60min 90min 120min 150min 180min 

a Ctrl Run 1.68 3.54 5.29 7.12 7.84 8.74 

b WRF Only 2.85 5.35 7.25 9.46 10.97 12.42 
c No qv adj. 2.24  4.25  5.84  7.41  9.03  10.73  
d 0.9Qv 2.19  3.81  5.11  6.38  7.17  8.14  
e No Snow 1.81  3.93  5.55  7.06  7.95  9.38  
f No W 1.68  3.54  5.25  7.02  7.84  8.88  
g Bd W 1.69  3.54  5.25  7.00  7.80  8.81  
h No SPOL 1.93  4.17  6.87  8.72  9.64  10.44  
i Reset Mi 1.77  3.63  5.28  6.82  7.62  8.76  
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2.1  2008 6 14 1130UTC  

 
2.2  2008 6 14 (LTC)  
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颮a)颮a)颮a)颮a)翊翊翊翊 颮颮颮颮bbbb))))翊翊翊翊

颮颮颮颮cccc))))翊翊翊翊 颮颮颮颮dddd))))翊翊翊翊

A 

B 

A 

B 

A 

B 

A 
B 
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2.3  2008 6 14 QPESUMS

(a)1200 UTC (b)1230 UTC (c)1300 UTC (d)1330 UTC
(e)1400 UTC (f)1430 UTC (g)1500 UTC
dBZ 30dBZ 10dBZ  

颮颮颮颮eeee))))翊翊翊翊 颮颮颮颮ffff))))翊翊翊翊

颮颮颮颮gggg))))翊翊翊翊

A 
B 

A 
B 

A 

B 
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2.4  2008 6 14 1200UTC-RCCG RCKT SPOL

(a)1 (b)5
( ) (c)
 

No 
Radar
68%

1 Radar
12%

2 Radar
13%

3 Radar
7%

≧≧≧≧2 radar
20%

Percentage of Radar Data Coverage

颮a)颮a)颮a)颮a)翊翊翊翊 颮颮颮颮bbbb))))翊翊翊翊

颮颮颮颮cccc))))翊翊翊翊
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2.5  2008 6 14 1200UTC-RCCG RCKT
(a)1 (b)5

(c)  

No Radar
71%

1 Radar
21%

2 Radar
8%

Percentage of only 2 Radar Data Coverage

颮a)颮a)颮a)颮a)翊翊翊翊 颮颮颮颮bbbb))))翊翊翊翊

颮颮颮颮cccc))))翊翊翊翊
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3.1 (a) (Tong and Xue, 
2004) (b) (Lin et al., 1983)  

  

(a) 

(b) 
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3.2  (3.19 - )  

 

 
 

3.3  (3.19 - ) (a)
(b)

 
  

颮颮颮颮aaaa))))翊翊翊翊

颮颮颮颮bbbb))))翊翊翊翊

Z(km) 

Z(km) 

Longitude 

Z(km) 

Longitude 
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3.4  (��� )  

 
π� u 〈π�〉翊 翊p� u 〈p�〉 

 
ÚÛ�   T� 

〈p�〉 

p� 

LCL  

 ���  

翊

���  

���
 

 

No 

Yes 
No 
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3.5  
(RCCG) (RCKT)

NCAR S-POL(SPOL)  
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4.1  

(MK) (SS) (LG) (LD)

 

 
4.2  ECMWF Atmospheric Model

(a)1 (b)5  

■ CWB surface station 

● Sounding 

颮a)颮a)颮a)颮a)翊翊翊翊 颮颮颮颮bbbb))))翊翊翊翊
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4.3  1200UTC 1 (a)

0.5
ms�� (b) hPa (c)

˚K (d) gkg��  

颮a)颮a)颮a)颮a)翊翊翊翊 颮颮颮颮bbbb))))翊翊翊翊

颮颮颮颮cccc))))翊翊翊翊 颮颮颮颮dddd))))翊翊翊翊
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4.4  ( 4.3) 5  

颮a)颮a)颮a)颮a)翊翊翊翊 颮颮颮颮bbbb))))翊翊翊翊

颮颮颮颮cccc))))翊翊翊翊 颮颮颮颮dddd))))翊翊翊翊
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4.5  ( 4.4(a)) 22.2˚
119.1̊E 121.2̊E (a)

1ms�� 0ms�� (b)

0.3s�� 0s��  

颮颮颮颮aaaa))))翊翊翊翊

颮颮颮颮bbbb))))翊翊翊翊

Z
(k

m
) 

Longitude 

Z
(k

m
) 
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4.6  ( ) ( ) u ms��

(Lyudao) (Liouguei) (Magong) (Pingtung)
(Ship-SW) (Yongkang)  

 
4.7  ( 4.6) v ms��  
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4.8  ( 4.6) P′ Pa  

 

4.9  ( 4.6) T′ ˚K  
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4.10 u 4.5 ms�� (a)

( ) (b) ( )  

 
4.11 ( 4.10) v ms��  

颮a)颮a)颮a)颮a)翊翊翊翊 颮颮颮颮bbbb))))翊翊翊翊

颮a)颮a)颮a)颮a)翊翊翊翊 颮颮颮颮bbbb))))翊翊翊翊
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4.12 ( 4.10) w ms��  

 
4.13 ( 4.10) P hPa  

 

颮a)颮a)颮a)颮a)翊翊翊翊 颮b)颮b)颮b)颮b)翊翊翊翊

颮a)颮a)颮a)颮a)翊翊翊翊 颮b)颮b)颮b)颮b)翊翊翊翊
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4.14 ( 4.10) θ ℃  

 
4.15 ( 4.10) gkg��  

 

颮a)颮a)颮a)颮a)翊翊翊翊 颮b)颮b)颮b)颮b)翊翊翊翊

颮a)颮a)颮a)颮a)翊翊翊翊 颮颮颮颮bbbb))))翊翊翊翊
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4.16 ( 4.10) gkg��  

 
4.17 ( 4.10) dBZ  

颮a)颮a)颮a)颮a)翊翊翊翊 颮颮颮颮bbbb))))翊翊翊翊

A 

B 

颮a)颮a)颮a)颮a)翊翊翊翊 颮颮颮颮bbbb))))翊翊翊翊



60 
 

 
5.1  WRF D01 6km D02

2km  

 

 
5.2  WRF  
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5.3  D02
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5.4  
(a)1200UTC~1300UTC( 1 ) (b)1200UTC~1400UTC( 2

) (c)1200UTC~1500UTC( 3 ) mm  

颮a)颮a)颮a)颮a)翊翊翊翊 颮b)颮b)颮b)颮b)翊翊翊翊

颮c)颮c)颮c)颮c)翊翊翊翊
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6.1  1200UTC 2
(a)KF-Lin (b)KF-WSM6

(c)KF-Grd (d)BM-Lin (e)BM-WSM6 (f)BM-Grd (g)GD-Lin
(h)GD-WSM6 (i)GD-Grd  

颮颮颮颮aaaa))))翊翊翊翊 颮颮颮颮bbbb))))翊翊翊翊 颮颮颮颮cccc))))翊翊翊翊

颮颮颮颮dddd))))翊翊翊翊 颮颮颮颮eeee))))翊翊翊翊 颮颮颮颮ffff))))翊翊翊翊

颮颮颮颮gggg))))翊翊翊翊 颮颮颮颮hhhh))))翊翊翊翊 颮颮颮颮iiii))))翊翊翊翊
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6.2  ( 6.1) 3  

((((aaaa))))    ((((bbbb))))    ((((cccc))))    

((((dddd))))    ((((eeee))))    ((((ffff))))    

((((gggg))))    ((((hhhh))))    ((((iiii))))    
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6.3  1200UTC (

) 3
(a)ETS Score (b)Bias (c)RMSE  

((((aaaa))))    

((((bbbb))))    

((((cccc))))    
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6.4  (KF-WSM6) 1200UTC 3

(a)30 (b)60 (c)90
(d)120 (e)150 (f)180 dBZ  

((((aaaa))))    ((((bbbb))))    

((((cccc))))    ((((dddd))))    

((((eeee))))    ((((ffff))))    

A 

B 

A 

B 

A 

B 

A B 

A B A 
B 
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6.5  ( 6.4)  

((((aaaa))))    ((((bbbb))))    

((((cccc))))    ((((dddd))))    

((((eeee))))    ((((ffff))))    
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6.6  1200UTC
(a)1200UTC~1300UTC( 1 ) (b)1200UTC~1400UTC(

2 ) (c)1200UTC~1500UTC( 3 ) mm  

(a)(a)(a)(a)    (b)(b)(b)(b)    

(c)(c)(c)(c)    
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6.7  ( 6.6)  

(a)(a)(a)(a)    (b)(b)(b)(b)    

(c)(c)(c)(c)    
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6.8  ( -WRF Only)

(a)ETS (b)Bias  

 
 
 
 

(a)(a)(a)(a)    

(b)(b)(b)(b)    
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6.9  1200UTC ( ) (a)1

(b)5 gkg
��  

 
 

 
6.10 1200UTC

(a)1 (b)5 gkg
��  

((((aaaa))))    ((((bbbb))))    

((((aaaa))))    ((((bbbb))))    
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6.11 ( 6.6)  

(a)(a)(a)(a)    (b)(b)(b)(b)    

(c)(c)(c)(c)    



73 
 

 
6.12 ( 6.8) (No qv adj)  

 
 
 
 
 
 
 
 

(a)(a)(a)(a)    

(b)(b)(b)(b)    
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6.13 ( 6.6) 90%  

(a)(a)(a)(a)    (b)(b)(b)(b)    

(c)(c)(c)(c)    
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6.14 ( 6.8) 90%

(0.9Qv)  

 
 
 

(a)(a)(a)(a)    

(b)(b)(b)(b)    
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6.15 ( 6.6)  

(a)(a)(a)(a)    (b)(b)(b)(b)    

(c)(c)(c)(c)    
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6.16 ( 6.8) (No Snow)  

 
6.17 

 

(a)(a)(a)(a)    

(b)(b)(b)(b)    



78 
 

 
6.18 

(a)0 (b)30 (c)60 (d)90 (e)120 (f)180
 

((((aaaa))))    ((((bbbb))))    

((((cccc))))    ((((dddd))))    

((((eeee))))    ((((ffff))))    



79 
 

 

6.19 ( 6.6)
 

(a)(a)(a)(a)    (b)(b)(b)(b)    

(c)(c)(c)(c)    



80 
 

 
6.20 ( 6.8)

(1) (No-W) (2) (Bd-W)  

(a)(a)(a)(a)    

(b)(b)(b)(b)    



81 
 

 

6.21 ( 6.6) SPOL  

(a)(a)(a)(a)    (b)(b)(b)(b)    

(c)(c)(c)(c)    



82 
 

 
6.22 ( 6.8) SPOL  

 
 

(a)(a)(a)(a)    

(b)(b)(b)(b)    



83 
 

 

6.23 ( 6.6)
 

(a)(a)(a)(a)    (b)(b)(b)(b)    

(c)(c)(c)(c)    



84 
 

 
6.24 ( 6.8)

 

(a)(a)(a)(a)    

(b)(b)(b)(b)    


