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Abstract: The feasibility and availability of applying ensemble Kalman filter (EnKF) technique in convec-
tive scale systems were demonstrated by an observation system simulation experiment (OSSE) in this pa-
per, which assimilates simulated radial velocity and reflectivity of one Doppler radar with an EnKF assimi-
lation system based on WRF model. The experiment shows: the assimilation system has the ability to ac-
curately analyze the detailed characters of flow fields, thermodynamic and microphysical fields of the
storm, forecast and analysis errors of almost all variables decrease significantly after assimilation cycles,
and forecast fields of all levels can be improved by assimilation, especially on levels of larger errors. Relia-
ble correlativity between radar reflectivity, radial velocity observations and forecast fields can be estab-
lished after 8 assimilation cycles, and the background error covariance has a complex structure and is high-

ly inhomogeneous, anisotropic and flow-dependent. Determinate forecast of ensemble mean field can keep
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the detail characters of truth storm in short period but errors grow fast.

Key words: ensemble Kalman filter, radar data assimilation, background error covariance, observation sys-

tem simulation experiment (OSSE)

1 5

Xt R BE R AR s ™ Y [ R UCE T E
7RI PR SO0 ASE T JHL 0 A7 o B TR A M
B2 i PR BB A X B v 1R 9 SR A T e Y
Z AR R R R R A R . 2
IR VERHEA R AT 2 A R A Bk ek
155 5 s b 4R v X I R 9 M KR TR 1
R A R L,

HF 25 8 AW BE R R ML ER,
HAE BB A 5 R 1 B P 7 2 AR 14 4% piag XU B
A SRR APIRES 15 2R R S X
A5t Y. H AT R TR TR VR O ik A RO RS
FE N ¥ A RO B R 5 I v NG /N B B 5 I NG
S FOTIET L DL R A R R 2 U B (EnKE) Jr ik,
45 R IR 2 R I Ak O R — 2 TR S A R A T
iR 22 22, A Evensen'™ 1994 4F 5 K 5] A
F M BR Y BT, EnKF DL R AR 01 5 iR 22
By 22 R 5 F W] O AR LRV AR TR B YLtk
PEbE 5 T IEAT S 2 B & AE 2 R RS
B A S Tz N B H R S 5 & R
RIGFEE TR Z —. B X R RE RS
I EnKF J7 2 [ 4k 8 35 B8 kE 00 0F 95 B T 80K
#ERE, Snyder SN YO EnKE H X4 i RE &
45 52t [7) Ak 7 2 6 RE A UL 2R G AR LR B L At TR
F Sun SR JE I BE 2 A 2K [ Ak TR 0L B 2
R IR A 1 WO ) 25 35 UE T EnKEF 78X i ]ROEE
AR AE AR . Dowell 258090 7 A [] ) 1% 2 458 5K o 2%
BT BUS A B 220 W R Ok R RN AR 1) XU R A [
At I 25 SR 5 WL AR T XS B, 45 2R 3R B R Y R
ROR BT W B S R A 235 2 RO Y B ] 8 A
R BVARAF 1 SO . VE /N Kk SN R F I R s i X
Tl A 7 B0 94 5 U YO0 1 — YA T 4 2 TR 2o P )
LW A ORI 86 K B EnKF [ 4k £ AR RE 4 M
8 VA v B M S T R N R R R G B 1
PR B . Tong 208 1004 11 47 48R 14 F
T4 DE ) 40 A vk A B B a FE Y R AR b AE
ARPS $2:0 [al fk 7 B 40 75 8 K5 R A0 A R

T2 T3 KSR L 38 T 3 A5 b Gl B AR 3 1 o
By 347 . Zhang 6 f% EnKF [Al {6 2 40 6] T 55 Bk
H IR BTRHE AL L AT X — U Kt R WRE B0
[l Ak 1 A ) XOULI » I 147 T 8 2 1R PR AL4R & B
2 15 R W L A 1) XU TR] 1 RE B e i 23 A7 H 5 XU A2
FISE E I A BE ) Tl B XU PR S ¢ 98 38 58

VA EWFTE 822 R T EnKE [8] 4 75 8 76 4 i
RUBE B IS A 57 o AELHG B 0 3 32 B 4[] Ak 2 AR A
0% 5 » I ] A T T A BIF S LA A L 3 T T
JERE— LIS T AR . A SCHET WRE 0, F 1
EnKF REEHEAT 1] 10 5 5 5Ok A UL 2 G 4001
B A AR A R X EnKE 58 BER R L RS
PEBRIEAT T 0F A0 LUBI R 75 36 L [8] 4k & 48 3
TRABIAIR IO 22305 ) 7 38 BEORHE BOE A i
[ £ 7 4 3 — 26 £ S FRL 22 AR 4

1 [alfe &R 58 Sl se it

1.1 WiR#ER

2 A5 2Ok 58 42 AT H ) BR L IR b R
WREF #5043 5 6 A il 7 FE f— 4> 1 i2 Wor
P, WU AR N = 4 3 e s (i P Bl T
ACHLTE B A S LR OK TR K K UK S
e (TR B EU 55 AT S 55 1) T4 A2 o

ISR ] WRE 3 8 2% B 4k 21 4800 3
LB IR RN 42 X42 X401, K AR B2 km,
FEE AN 0.5 km. FHIEKRLNF(0.0,0), B L X
WK R PE S M. B R KO 12 B s Bt
R WSM6 7% .15 17 5 FkEEY HIE A L.
i PR e 300 S 45 A

L2 RS RES

L2.1 K&EFRZIEBESH

WRF-EnKF [Alfb 2 ¢ iy B e 437 47 5 K 22 KU
GBS R G R 5 Tong S5 ML A R Z 4b
NSO R AL AR G5 T AN e sl LI 4 48 & J7 iR K
2P TT L B EnSRE J5 3k 20 M 9 0 - 2 0 B
T W HT  HR



%5

BYHE AR BRSNS

TR A LI 2R 0 A LR 515

xi =7 2 @)
¢ =z + K(y— Hz/") (2
2t =y —pKH)2'] 3
K= P/H"(HP/H" +R)™" €Y)

X, Bk a Ff 5y BRI W A B . T AR k
FRE R AL K RS M.y R
AL R, P/ Ry 15 5t i 22 U 7 22, R S W 3%
2 H WA F .y Ih 29 KE ¥, —
emE KT 1,

_ R -
v = (PR ©

FEWL I 35 22 0 57 558 581 25 A G Rk
o AR LI ) 6 e I AN 5 i ) Ak 2485 5% o 328 A I
[FAE LI 3X i HPYH' 1 R #f A A i

B iRy 22 h B4 A AT 2 e B
N SR 22 o 2 M A LN S

P'H" = N Zuk —@)H[H) —HGDH]"
(6)
1 N
HP'H" = ﬁ;[mx{) —HGDI[H)) —
HH]" D
Arp N OB EA RR R
1.2.2 M HF

[Fi) £ %) O 00 0 975 7 3 A2 1) KU S 5 8 1 3

56 F BRI R 22 (8] AN A 5% o UL 5% 22 3 2L v 37 23

i o EnKE o 7 e e Wi 35 - 1) B 3 4 4T i o

e 2 AL A SOTR I8 B A A I B TR AR R
B IR AR 1) X WL AR

V., = ucosasinf + vcosacosf + wsing (8)

AV, IR AR ) RN o S B IR PR A AL

N IR WA TT LA s w0y SRR R Ry

W

3 B T
“4L;?) 9

1 mm® .

7 = IOlogw(

AH.ZMZ, 53532 Lk dBz Fl mm” -
HIB RN T

m’ O B

5 4

—() 2 () ()
) =2 l)

3

3

) +

r
C

) +

oolen

r
C

N‘»—A

4
olrso) = (

f\‘\

w|wo

3

6 . —
Z(dBy) = 1ologm(%) (10)
SRR IR R R T L B RS R T

Zo Lo Ly AR E
Z,=Zy+Z,+ 2, (1D
K BE W) T R AT B T 3R T Smith
A Lin S5 0 B ok A5, Horh BT A R 4 R
H
10" X 720(p g )"
Ttl.75 N?%(O,l 75
AT O°B, THMW G REFh .
10" X 720K} X o * (o g )" "
N KZNO'”(OZ
B T OB IR 5 R R o

10" X 720¢p g )""
l 75 N() 75 ‘01 75

Z, = (12)

Zy = (13)

Ly =

B SR T

1018 >< 720 0.95 625
Ly = (W> (p g (15)

Ko WA HEE . 0, =1000 kg « m ™, g k%
JE.p. =100 kg » m°, HH M E . o =917 kg »
m UK o =913 kg« m 7L ORI
g vqoqn MRS BN & KE;N,=8.0
X107 m *,N,=3.0X10 *m " .N,=4.0X10"°
m "R L2 LB Marshall-Palmer 35 % 7Y
T4 AT I AR B 2 8, K2 =0. 176 . K? = 0. 93 43 3
SR VK i VR IR R4 H R AR
1.2.3 W7 £ A3tk
M A R G AEAR B A REAR IR 22 & S80S =
YR 22 U007 25 WA 1T 5% 25 0 JH: 2 o 00 0 46 3 Ak 7=
Az K A 4y B . Houtekamer 88 T
Schur FRF J5 ¥ i Y i A 7] @, i i Schur Fe )5
f/J\“i"ﬁn/Eja
=[p° (PPH") [p (HP'H") +R]7(16)
/%é'bqj%FHTﬁB%?i,#ﬁiﬁﬁ Gaspari %

(14)

5 B4 B PR B a2 SR HUAH SC BR L. 5 B B
HHEBERIERX S .
5/ 7r\° )
—f((—> +1 0<r<c

oy te) e



516 A

% 9 38 %

AP I 5 T 5 B A B A R Z AR B
c N EMKERESH.
1.2.4 thon 2R%

LA WEBUENIZRERES PR ES TR
ik SR 1T A PR R 5 50T R I RE AR 1R 2 2 1 LR B B
FESR8A T 1R 22 WA — B0 T -5 BOIE 3 A& 1
B I /N 25 53 B0 EnKE 234 AN WSO I i 25 1R
Rt E RS 7. £FEEESES
IR ETEGT R AR — B R

(18)

N

e

1 VA [
E[Nkfl,ELT” x ! }

NF

A N S R B, B T7 22 1 2 A DR IR K
) B A R0 5 P (3D T 45 4 8l 4 BT 3 T LA —
YR T 3R IR AR G DT Y S B AT 22 i
UE WA LR AL

1.3 {Eigit

Bt T HE AR L i a6 A ) e g =
A5 L g A LA 1,
L3.1 JHARE

MR 358 56 L A2 A 25 JE AR IR 22 (1 R Wi )
R REAUAE R 2 R TR A 5 ) A g 45 2R
F1 08 He LAAG 36 [l A s8R . B 36 AR 23 O B ik 20 1

=1
. —— = 19 . e N
EQa— </ D N1 I peas s A8 TR 3 K IR 4 L
lii ———>
g& N | B bl
el I
> e
&
By RILRY:
| I
7 [
Sl I
I
1
HlE
IRIE
ME AT iR
e 7] R
O — I
I ————
0 min Smin 10min 15min 20min Time

[ 1 WREF-EnKF 8 ik %R R G 0 2R 218

Fig. 1

Flow chart of radar data assimilation experiment

based on WRF-EnKF
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