8543 % 5 5 A % Vol. 43 No. 5
201745 H METEOROLOGICAL MONTHLY May 2017

FAE MK PREESC. 2017, WRE $E50A [7] ) 38 05 58 K B89 19 R BE 1 K 8 5 48 R R [T ). U4 - 43(5) :552-559.

WRF 3K A 6] 438 77 =7k B 8y
MR NI SEBIRE

@B O T HReaX
1L HEAHEFQ,EFE 210000
2 EGEE TR KF¥,H o 210044

2 E. &M A TRMM(Tropical Rainfall Measuring) T2 TMICTRMM Microwave Imager) %l 525 1 2 7K T 7K vk 7k
R ek R R E BRI T WRF(Weather Research and Forecasting) #3, 6 ff1 {3 #) 3 J5 % (Lin, WSM6 , Thompson, Morri-
son 2-mom, CAMS. 1,NSSL 2-mom) X 1L I i S i i1 1 58 b 28 = oK BEY R T4 B 00 . 19 IR B GE i+ I 25 R K W1, 6 Fh
T PR )y 58 L A BE TR H K B9 A B G R R B L 3 F 5 K B TR . B NSSL 2-mom 5 iR 22 8R4, HiA 5 B o iRk
233/ s CAMS. 1 75 Z8 X5 T 7K 2 82 35 R 199 904 2880 SR A5 o AR X T 7K B et 2 /I Wl %) 040 15 28 380K 5 L 7 98 % T VKoK 119 il
BRI Tl . R UL IR b L 36 A B CEMND 138 [ J 22 48 i (BREMD B Ff 7 5 1 J2 48 nl B4R 8 6 45 1
R T 7 ¥R T AT LA/ TR A R 22 o LT BRI 22 B LR T s L SR AR Y B RUCR BE A

KEEI . WRE £, M B )57 %, K 54, TRMM/TMI Version 7,5 B K 3 , 48 i it 5

FEDES: Piss NERFRER: A DOI: 10.7519/j. issn. 1000-0526. 2017. 05. 004

Performance Verification and Ensemble Experiments

of Hydrometeors Forecasting by Different
Microphysical Schemes in WRF Model

WANG Jia'* MEI Qin® CHEN Yuwen'

1 Jiangsu Climate Centre, Nanjing 210000
2 Nanjing University of Information Science and Technology. Nanjing 210044

Abstract: The new improved retrieval data of cloud water, rain water and ice water detected by the TRMM
(Tropical Rainfall Measuring) satellite TMI (TRMM Microwave Imager) are applied to quantitatively ver-
ify the performance of six microphysical schemes of WRF (Weather Research and Forecasting) model for
hydrometeors over Jiangsu offshore and surrounding areas. The statistical verification results of 19 cases
show that the six schemes can predict the magnitude and approximate range of the hydrometeors. For
cloud water content forecasting there is a large deviation in NSSL. 2-mom scheme but little deviation in oth-
er schemes. CAMS5. 1 scheme has a better performance in forecasting rain water when the content is larger,
but worse performance when the content is small. Lin scheme is better in forecasting ice water than other
schemes compared to the observation. On the basis of quantitative verification, the ensemble forecasting
experiments are carried out by the two methods of ensemble mean (EMN) and the bias-removed ensemble
mean (BREM). The results show that both methods can reduce the error of prediction, and the BREM is
better than the EMN.
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Table 1 The hydrometeor variables for

six cloud microphysics schemes
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Fig. 1 Six microphysics schemes” 19 forecasting cases’ results of average content of cloud water (a),

rain water (b) and ice water (¢) compared to TRMM/TMI detected data
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LR E A WRE BR300 B 5 58 K BEP) B9 TR BE I 48 46 15 48 il 8 557

TSR I O 2 45 S AR ABL . FL X 6 Ay 52 i el g 2R T LA B AR TR 245 2R 14 B IR e 28 A B A X
AR KIERIIRETT o 5 23 1 6 A i BT S %t R
e

CWP/kg - m>

CWP/kg - m’

RWP/kg - m

40 Ni'(b4) Thomps
¢

RWP/kg - m™>

RWP/kg - m

IWP/kg - m?

NE 40 Ni((czg) I/hompson )

; o E . 7 .
£ 30

o N -

= 40 é&) NSSL 2—mom 3.

. - <, - -
oV} 2

g e s
A

£ 30

= -

120  130°E 120 130 120 130

0.‘01 0.05 0.1 0.2 0.‘5 1 2 4
Bl 4 2014 4 8 A 13 H 0700 UTC 6 Fp a4 L 7 6 LA I 2 B4 B TR
4 VT 35 2R T W R (30°~40°N\120° ~130°E) E 28 = /K (CWP, a; ~ay) .
K (RWP by ~bo) WKAK (TWP ¢, ~ ey ) 25 [ 43 A A~ 1]

Fig. 4 Distribution of six microphysics schemes’ and two ensemble schemes’
forecasting average content of cloud water (CWP, a, —ay), rain water (RWP,
b: —by) and ice water (IWP, ¢; —c¢,) over the sea to the east of
Jiangsu Province (30°—40°N, 120°—130°E) at 0700 UTC 13 August 2014



558

%143 %

(c) WSMé -

(d) ’I"horrfpson g

T
124

0.1 5

& 5

10

25 50 100

6 Fh B HE 7 % 2014 4F 8 A 13 H 04:00—10:00 UTC JLI5 48 #B I 5K (30° ~40°N,

120°~130°E) ) 6 h RFLE K& (b~g) MM () (BAA7 : mm)
Fig. 5 Distribution of six microphysics schemes” 6 h accumulated precipitation (b—g) and
observation (a) over the sea to the east of Jiangsu (30°—40°N, 120°—130°E)
from 0400 UTC to 1000 UTC 13 August 2014 (unit; mm)

—mF %) 2014 4F 8 H 13 H B K BURAE &0 . B T
LA B Sl ek B A SO TMI (1) 3 %6
B, WEIHELIE 1B T Lin fil WSM6 J7 % 51,
HA LR 5 R T KA RSB H A S AR —
VG B [ B W A E #, Hod CAMS. 1 R4S 5
W gE B o rin ., Kummerow et al (2001) 35 i,
TMI 25 R — iR 22, L AERE KRN 6
mm « h "4k S E W AR K 3X AT R S R {ELTE 10
~25 mm N R G IR,
5 ghig it
AR 3 6 FpAS R 4 B S 00 Oy B VLA I
T 355 (30°~40°N,120°~130°E) i 19 ¥ 1y 7k
BEY) AR PR RE EAT 1 PEAS I ELAEC T 4R R
BRI NT

(1) 6 Fh i 3 Jr 58 5 A 1 e T 41t 7K B ) 1Y

REGER . X T = 7K 0 BURAE 1 O oK F b NSSL
2-mom 7 BMEH K, Lin, WSM6 #1 Thompson J5
25 TR E B ; CAMS. 1 J5 XK & &
B PR 10 45 B BT T K B BN I
& o FHUHR 1) 45 R A 22 5 AR A T VKK i 2 4 45
T = 7K Thompson J7 58 1 7 4lc 45 A g 22 T Ho Aty
ED

(2) RZEDH LY, XN T = K # ik, NSSL
2-mom J7 iR Z 1 K, Lin, WSM6 #1 Thompson J5
FRAM 5 18R 45 R A — B 6T K B i
i ,CAMS. 1 132 22 8K, X AT 8 5 1% 7 &% T /i K
O B/INIE AR A A OG5 X T UK K 9 T4 Lin
T, iR 2ZE /N, Thompson 1 NSSL 2-mom J7
58 1R 25 FH U K o

(3) Hit MG 56 T8I EZMIA,
fE—EFERE Bt 1 R A A 25 2R BRI T TR
AT E 1 o AR S T UKOK Y T8 41 25 2R AN R e A



55

E A WRE BR300 B 5 58 K BEP) B9 TR BE I 48 46 15 48 il 8 559

HAL A B R T4 T WK F = KR R T e A 2
SRR AR T R 1R 2 L K K23 A1 B HpaT L
S BT B3 i 22 9 SR SRR LI T S5 AL B - T B
225 AT LAt LA J5 58 3 A 0T H 1Y) o 2 4
N KR (8 AT 245 SR B v

ARSCHY 218 WRE 58 200 7T 950 3 13 B B 3
HREEH S b T AR A 3t 5 A Tl B KA R WRE
AR 1) E R AT AR K B S i (R B 45 R e T E T
Hofth DX Joid o5 2 3k — 25 i K B

&% ik

MR B R RIS, 45, 2014, 3 F T213 44 WM 4 A 1] 7 5
BT B AR T]. K4 .40(11) :1293-1301.

WA SC, T AE . 2015, VLRI 35 4R 48 fpK O AR AE R &% 71
ALY, o E AR 2 5E A, 31(21) : 167-176.

HEEEL UKL 2018, 38 F TIGGE V6 ki o 1 I 22 i 39 2 452 X
B RTARLT ], RAF =244, 36(2) :165-173.

SRR LR L IS L2013, B K WIS O T K SRS o R
(2008~2012 4F) [ J]. KA BF2£,37(2) :351-363.

B F Uz )2, 20100 2T TMI ™ 5 R X S 458 58k
WML RE 1 A B M [T ). KRR . 35(3) :506-518.

ARG A %1k, 2011, WRE B3 P OR [] 2 3 32 8046 05 52 53 # il
“8. 87 B A R [)]. K4 5 IHESE ,34(3) 1 9-16.

24255 ,2016. 2011 4E VL AP Ji7 A R 0 5 4 K S e 300 48 4 994 1 g
WHR) ] K% .42(9) :1114-1123.

MBI R 45,2009, 22T TIGGE %8k i1 b 1 < 38 2 4
FOBHAE G WML SR ,2006) :706-712.

T AT E TE LS. 2015, WS R0 BT R Y vk ok S AR A
LR kA% B 8 1 s e e [T . RS 2% . 39(1) £ 83-99.

FAE L BREESC,2015. 2010 4F BB N T84 R B 42 0K 0 5 3 80021 4 B
[J]. hE A 2EE 2, 31(14) :232-237.

PR AR IHE L 2011, T YV B X 1L PG — Y A K 3o R R 114 450 £ AR AL
[T, KA BF2#.35(2) : 235-246.

TR, 2015, A TR 43 B SR B 48 ke £ B IR A 0L 1Y) 5 o
[J]. R4 254K . 73(4) :648-666.

EIE E L XUBEAR R, 2011, A I 0 b 55T 4t XA [) 25 T8 2= o K 5% )
B ABLILT ). B <4 . 30(5) :1356-1367.

SRR B K, O L4, 2015, 3T TIGGE %88y 78 K OF 2 4

2

i e 2 155 30 A AR O vk B AR [T R4, 41(9) :1058-1067.
AP A ,2006. A TR R R L. B AR ). 17 (1) . 52-

191
oo

B BRI KRB, 45, 2013, 36T TIGGE %8Ry 0 i < 3 A1 B
K Z AR IR [T ], KR 2244, 36 (3) : 257-266.

B CARERE L KT 55,2009, Jb 2 Bk b 25 B2 b X b TSR 8
FEEA BURLT] AR P, 32(5) :569-574.

AR H MR TT U B HAE L2014 ) WRE B b R [ = i B S 504k
5 58X HE R — U A T AL i A 0 A A A S BT LD . R AR
2#,38(3):513-523.

Colle B A, Garvert M F, Wolfe ] B, et al, 2005. The 13— 14 De-
cember 2001 IMPROVE-2 event. Part III. Simulated micro-
physical budgets and sensitivity studies[ J]. J Atmos Sci, 62
(10):3535-3558.

He C, Zhi X, You Q. et al, 2015. Multi-model ensemble forecasts
of tropical cyclones in 2010 and 2011 based on the Kalman Filter
method[J]. Meteor Atmos Phys,127(4) ;467-479.

Krishnamurti T N, Kishtawal C M, Larow T E, et al, 1999. Im-
proved weather and seasonal climate forecasts from multi-model
super ensemble[ ] . Science,285(5433) :1548-1550.

Kummerow C, Hong Y., Olson W S, et al, 2001. The evolution of
the goddard profiling algorithm (GPROF) for rainfall estimation
from passive microwave sensors[J]. ] Appl Meteor, 40 (11):
1801-1820.

Rajeevan M, Kesarkar A, Thampi S B, et al, 2010. Sensitivity of
WREF cloud microphysics to simulations of a severe thunder
storm event over Southeast India[ J]. Ann Geophys,28(2):603-
619.

Skamarock W, Klemp J B, Dudhia J, et al, 2008. A Description of
the Advanced Research WRF Version 3. NCAR Technical Note
[R].NCAR/TN-475+STR,113.

Zhang H, Zhi X, Chen J, et al, 2015. Study of the modification of
multi-model ensemble schemes for tropical cyclone forecasts[J].
J Tropical Meteor,21(4) :389-399.

Zhang L, Zhi X, 2015. Multimodel consensus forecasting of low
temperature and icy weather over central and southern China in
carly 2008[J 7. J Tropical Meteor,21(1) ;67-75.

Zhi X, Qi H, Bai Y, et al, 2012. A comparison of three kinds of
multimodel ensemble forecast techniques based on the TIGGE

data[ J]. Acta Meteor Sin,26(1) :41-51.



