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Improvement of Precipitation Forecast on Mesoscale Convective System using Data Assimilation of

Polarimetric Doppler Radar
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Synopsis

The short lead time rainfall prediction by Numerical Weather Prediction model has

some difficulties in the spin-up problem. Therefore, data assimilation (DA) is expected

to improve the initial condition in the model. In this study, our developed ensemble DA

system, CReSS-LETKF, and the method of estimation of ice-water mixing ratios are

employed. DA of rain, graupel, ice crystal, snowflake and Doppler velocity estimated

by polarimetric Doppler radar are carried out after the first convective cloud in

mesoscale convective systems is generated. As a result, the first convective clouds

formed in initial condition have effective influence on the short lead time rainfall

prediction. As the next challenging step, DA is carried out before the first convective

cloud. As a result, convective clouds are not generated although the atmosphere

conditions, such as potential temperature change.
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Fig.2 3D images of observed radar reflectivity at Kyoto
on July 15, 2012.
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Fig.5 3D images of observed radar reflectivity at Kyoto
on July 15, 2012.
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Fig.6 (a) Calculating are (b) Altitude near Mt. Rokko.
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Tablel DA Experiments which are carried out.

F{ERBE LRI FHE T ZEAE

EXP_noDA el BEMEAL
EXP_qgr 15H00:00 - 01:00 qr

EXP_Vr-qr 15H00:00 - 01:00 Vr, qr
EXP_ALL 15H00:00 - 01:00 qg. qi, gs, qr, Vr
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TIEAT Ly RB/MEL 2o TW5H A, EXP_gr,
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Fig.8 Spread of First guess and analysis in DA window.
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BAEELL T LENRR HGRMSel TR LT, &
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Fig.9 RMSe of First guess and analysis in DA window. (a)
g, (b)V, (¢)g, (d)g; (e)q,.
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Fig.10 3D mixing ratio of ice crystal (a) ensemble mean
at EXP_ALL (b) Estimation Value by XRAIN.
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TV, 2fofEmE LT, TXTOHE, +~
TOERBRCTHITERMSe BSR4 IZKE L 2o Tz,
FERRC Z ORI IZ 31 2 XRAINBLIIE % ffe78 L T
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Mol ZOWLWHRIEENZ L > T, RMSel #k
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TlE 4 T@ﬁ@ﬁfﬁ%%7V/%#ﬁbe%@
U seb e i B o0 T b RMSe o B8 0 & B 16 30 il
LTWbLHZ Enbhrol.
(c) Hb bRy

T 2 TIE, XRAINOBHI{E, EXP_noDA, EXP_gr,
EXP_vr-qr, EXP_ALL®[A{L#4& T K15 H01:000 1 |-
BekET v T AEE O E4T S (Fig.1l) .
EXP_qr (Fig.11 (¢) ) TIXEXP_noDA (Figll. (b) )
TIEA LR, A YATRAPME Hahiz., £
EXP_qgr (Fig.11 (¢) ) 12 % 4 W 72 B KB I1X
EXP_Vr-qr (Fig.11 (d) ) Tl L T /=, EXP_ALL
(Fig.11 (e) ) LEXP_Vr-gr (Fig.11 (d) ) Tid#h

ERERBEICIBVTIIREREDRDLINLRN TN,

EZEDEARBEARL FIZB N TIIFRILIC L 2R H D
728, [RAEIC X 2 B RT3 O TR TR 5.

4.2.3 FHRIER

F{EIARETRE THRE1SH01:00%> 504:00 F T 0 I KF
M DT 217 5 .

(a) Hi bR

T Z TIEXRAINBLHIME, EXP_noDA, EXP_gr,
EXP_vr-qr, EXP_ALL® T il K {#01:00-04:001Z 317 2
W ERERTRIE DT v TV BT (Fig12) .
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DEFICEHT 5. 01:10ICB W TXRAINTA SN D
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$H02:00& 7225 &, AJSI T b R 5E EE 130E /T
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< OFEFLENIA LFT RO 2 HERF T 2 23,
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WL THD. BUIA YRR EHR L TV DHIEELE
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EBSATHIESNTEY, £72B5OFBB4L D
KIBETH D Z &N bir-o 7. B4LBSIZENME (B1)
LD LS B105FEE ORI TR FAE L TV
03, BN E FER DR & 7= & o THRIL T Mt A
TV, ZO XD A YRR SRS L 7= FE
ELERT v T NVEBETH HB4, B5SIZB W TH
FECHN TN D Z & T FEFICERG .

VT, 02:10-02:40(ZXRAINTHEHHE & TV 5 £
Y R DR IRPEBCLIZ DWW TR T 5. C3X b C4,
C4XVCSLBNEA LT Z LI, BRERTO
Imm/hEA b D B BRE O AN BRI L7z,
Mok 7 % AL 2 0 T IR s b B, %

DEITY — KX A LTI REMBE L TV 5
ZEiTbhrot.
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Fig.11 Surface precipitation at 01:00.
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Fig.12(1)  Surface precipitation between 01:00 and 02:00.
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Fig.12(2)  Surface precipitation between 02:00 and 02:40. (a) obs by XRAIN, forecasted by (b)EXP_noDA,
(¢)EXP_qgr, (d)EXP_Vr-qr, (e)EXP_ALL
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Fig.13 Accumulated precipitation from 01:00. (a) obs by XRAIN, forecasted by (b)EXP_noDA, (c)EXP_gr,
(d)EXP_Vr-qr, (¢)EXP_ALL
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(b) BEHFEK &

7 — & [al{k % 47 » 7= EXP_qr (Fig.13 (¢) ) ,
EXP_Vr-qr (Fig.13 (d) ) , EXP_ALL (Fig.13 (e) )
1302:00 F TIXREEAKIR O, 58 HIZXRAIN & KX <
EOOLTPRTE TN, TD32% K5 & FRYLT
LEMEAEZ 213 E, BERKETRESATY
72, 02306 EDOTRIFER bE/ANTH & o TN D.
R EFROBAKIRE TR~ 7- X 91T, 02:00LLKAH
MOBEETHREILENRLALNR VWO THD. D
BRI A RR T 2 TN T R & Ao T
(c) FEIFH OREH KK &

Fig.14 (a) O PR OREIE -5 O R H K & % X
51012 L3 . EXP_noDATIZT > v 7V FEH 1T H
B X v/ TH Y, 02:001ETETHOT T
Jb A X — DSEIR A AR B K B AN & 0 /S
oo Tz, —J7, EXP_ALLTIET W v 7
1202: 10IC M L v /NS 722 0, 02:45F CTERIES T
VYT NRAN—DROHIZAS TN, Dk
IZEXP_ALLIZE W T b4 A 23— CTHEIIME X Vi
MNZIpoTWiz, Fz, BRIOZZ 73 TITMTH

0%, PRI EICHO/EZ R L TN D A =0

(b)

Lo 1= BRI T2 Th 2 JRIKIX01:00% 502:00
WELEA YRR DOTERBERE ThH - TeledbThHh D &
Ezobhd. —J, THTIEREEIZL > TERSN
TRILEOMLIZRATE TV b o0, FHiic
ANHE WL B F AT HEELE B/ TFRIC R, #0
ENFL L TCnoltEXONS.
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Figl4 Domain-averaged accumulated precipitation
from 01:00. Red line is observation value by XRAIN,

blue dot line is ensemble member and blue line means

ensemble mean.
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Fig.15 Surface precipitation and vertical cross section of cloud mixing ration + rain water mixing ratio on X-X’ between

01:10 and 01:25. (a)(b)EXP_noDA, (c)(d)EXP_ALL
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Fig.16 Figures of EXP_ALL No.11 between 01:00 and 01:20 (a) Surface precipitation, (b) Vertical cross section of

rain water mixing ratio + cloud water mixing ratio and wind on X — X’,

wind, (d) Temperature at 500m level.
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(c) Vertical cross section of temperature and
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MEORENEE TCWZA L NN—=ThHoT=T P
TR N =11 E FERENTICAE 5 . Hi B RE KR &
KRR+ ZAKES oS E W m X (Fig.16 (b) )
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Fig.17 The emagram at 01:10 (a) No.11 EXP_noDA (b)

No.11 EXP_ALL (dot line is saturated potential
temperature, solid line is potential temperature, arrow is
Level of Free Convection (LFC) and Lifted condensation

level (LCL))

BILEBARELLMA D~ T 05205 L,
EXP_ALL & EXP_noDA® A ‘//\‘—uﬂiLFc%fEL:
KREREBEVWHAR LN (Fig.17) . ZhiEFE1EIC
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IR THEEET VNICHEELEREIEY, KROFk
REHEEZALETRK]IGOEE 6T 2 LR
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Fig.18 Surface precipitation (a) XRAIN (b) EXP_ALL *+ GOOD members mean (c) EXP_ALL * BAD members
mean (d) EXP_noDA + GOOD members mean.
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Fig.19 The difference between the average of GOOD and the average of member BAD (a)Water vapor mixing ratio at
900m level (b)Potential temperature at 1600m level. (c)Temperature at 3200m level (d) Emagram at Mt. Rokko. ( (dot

line is saturated potential temperature, solid line is potential temperature, arrow is Level of Free Convection (LFC) and
Lifted condensation level (LCL).)
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Fig.20 3D images of observed radar reflectivity at Kyoto
on July 15, 2012.
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Table2 DA Experiments which are carried out.
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Fig.21 The configuration of DA experiment
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Fig. 23 (a)XRAIN, (b)EXP_noDA, (c)EXP_T, (d)Potential temperature (EXP_T - EXP_noDA)
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Table.3 DA Experiments which are carried out.
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Fig.26 Surface precipitation at 23:45 (a) obs by XRAIN,
(b)forecasted by EXP_noDA, (¢)EXP_qr, (d)EXP_Vr-qr,
(e)EXP_ALL
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Fig.27 Surface precipitation between 23:45 and 00:10. (a) obs by XRAIN, forecasted by (b)EXP_noDA, (c)EXP_gr,
(d)EXP_Vr-qr, (e)EXP_ALL
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Fig.28 The emagram at Mt.Rokko at 23:45 and at 00:00.
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Fig.29 The difference of potential temperature between EXP_noDA and (a)EXP_qr,(b)EXP_Vr-qr,(c)EXP_ALL

— 317 —



KEKBSHRE (ar - noDA)
@2000m 800hPa

KESESHMRE (Vr-ar - noDA)
\ @2000m 800hPa

KESES R (ALL — noDA)
@2000m 800hPa

(c)

d
Jv mean qv’ mean 20120714 2345JST "qv mean 20120714 2345JST
T
T A =5
A =
%gﬁ*ﬁ >
e
T
r N/
N
qv mean 20120715 0000JST1 gqv mean 20120715 O000JST qv mean 20120715 O000JST

= e £ PR
I[V\,E‘“E] "R{N"}

; ;Z)&]:I o “\/_ A~ :ﬁ w
e s \/«v*?:/i/'
£ T E Y 7 ,

/ LT RN
s | RS

v
T

g/kg

Fig.30 The difference of waster vapor mixing ratio between EXP_noDA and (a)EXP_qr,(b)EXP_Vr-qr,(c)EXP_ALL
EXP_noDA.
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Fig.32 The difference between the average of GOOD and the average of member BAD (a)(d)Water vapor mixing ratio
at 500m level (b)(e)Potential temperature at 1500m level. (¢)(f) Emagram at Mt.ROkko.
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Fig.33 (a)The emagrams of EXP_noDA + GOOD and EXP_ALL + GOOD at 00:00
(b)The emagrams EXP_noDA * BAD and EXP_ALL * BAD at 00:00
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