563 BH A M
2005 4 8 A

S

ACTA METEOROLOGICA SINICA August

Vol. 63,No. 4

2005

GPS A[fE/KER BN H T MMS =R
Ko ELIRE

AR R

(BTG, L, 200030)
m =

R S A VT = U DX GPS UL 0 e 13 A ) BEOREXS 2002 4R 6 7 27~28 H 2 IR I TE = A U 3 X #Y
R /KA R AT T MMD 15 570358 22 98 9 R AT B K i WOk = 270 43 WAL . e 2 R W] W iR 2 %) =4k 8 4y
[ A i AR A T B 4k G0, T p Fl @) BR 2K U 5 NMC 5 2 i I AR BE A BRI R &R
FA NMC J5 i 57 A 8 19 3 5 iR 22 40 LB i 19 iR 22

= YA Ay HOR BE A A R A GPS W] B K B R, GPS Wl [ K 8 YT kLAY R4k 6 FH S {5 RE 98 5 455 X0 4 1
S T EL AL G A O b R A R 06 SRS R E R . GPS W] B oK & BERH I B4 A A 088 =X 16 3 4 /]
R K B R A i 22, 9 B R F i /M B0 0 300 (3~ 6 ho mI K B R LR IR 22 . 5 B EAT GPS wl ok & [ 1k
ML -3 3 GPS A] K dk BERL ) = 448 23 ) 4k f MMS 8250 6 h il 24 h 25K BE 1158 B4 & ik T MM A
AFRBURIERE . A L, GPS A KA OB 28 23 [/ AL A5 1) 458 5 R /K T4 BE 7 AR 428 v

XRIA: GPS. ARk i, =48 4 [ 4k . MM,

L 5 5

BB U AE 20l 55 107 19— 4> T 28 H ARl
Je B e A R TR BB 7+ 8 LR 9 X AL SR O
IR PR BE ST o SR EE S 5320 A 35 1 WL I ¢
YRR 2 I X LA Il R K R e s AR A
S5 DRI B 32 A M ) 48 3 R 2 B v M P
BEJT RO 29 R 3 . GPS HE L5 428 LI A 25 1 R
JBE 8 A R A b % AR TR HEAT I i Al
AR GPS K P 4R rp RORE S {E B4 A
A PR B U G2 i = 4 78 73 ) Ak £ A [l £k
GPS m] R BB TR GPS 4R 2 A 58 1 1 22
WAL,

GPS i H 1 AT [ K 8 AN BE B 1 0 T BOfE BT
AL GPS BERH AL 7 AL B B 80 GPS WL
GORLS T R0E B A s CA T B R A A 4. T g
K BERHE AL R 16 T 20 fE4D 90 4R AL, 1993 4F
Kuo S5 EEF 40 HE %k 40 km ) MM5 £, 75 &

* HIREWEE] 2004 4F 7 A 15 H B BRI ] - 2004 4F 10 A 20 H .

JE B S AN 1 25 TR i ORI T AR UL Y AT R K
RN KSR LR S #E17 T Nudging [l 1k
TR 45 L 2 BT AT [ K R TR Y {0 e 4R S B
W24 WO BEK TR EE 1. RS, 28 4 [ AL 5 R I 1R
I F GPS A B /K e kLl ki 56 . Kuo 555 k17
T U 4E7AE 4y (ADVAR) [R] 4k 7T R K 2 58k 224K, 74
T Rk T B K G A K PR T 4 A R S T R K
TR AT DA BCE B 25 6, I UE W 10 4t A5 4 [R] 4k mT R K
HWRHEAT4T 9. Guo Z 4%} 1996 4 9 H &k
FESEE PR — WK i B AT T GPS Al B K ¥
R U 2 A oy R AR B 45 5 B GPS A K % R}
(1 T 8 B . st MIMIS 82 200 B R /K o 1) TR 1
W, B A R A X R A [ TR A6 ik
GPS BEREry L I WF 5 R 2 B - GPS W] B 7K Bk 14 fiff
FH Ay o503 B30 T AT ASE 3R A0 1 4 T R 4 v
K TUARAE B SR T T AR

AR SO TR = A X GPS I %9 1 BT
KEGERE L 2002 4 6 H 27~28 HEAAEKIT=

BB TR A P [ B g MR BT TR EEE 7 W I H (KJCX2-SW-T1-3).,
FEF RN UL U3, 1965 4F A i S AR L 18 L, 12 38 S RN AN 8 R BT B R BFFE . E-mail: zhaohong. yuan@smb. gov. cn



392 & %

EE

63 4%

AU H X1 3 o K 2o S 81 i = 4 A A [ AR 1
AL GPS A [k & BRI 8 . 20 H7 A GPS
AT KRBT MIMIS 488 X e 7K LA 9 32 5

2 FEARFEH
2.1 ZHTHEWR
= Y ARy A A R A S — Bk a] B N (B ) )

IR RACIRZS 19 B4 AT A 6 T AR 8205 5 I [ (23 B
I D AR B Al . 1 KR A5 B A6 3 L
M TAT e s U L R R L IR R XL X
GPS ) £ 25 000 55 4 LR B0 T4 A 5 Y 4R
St aCw A ) » [7) I 3 A0 335 00 00 9 e 4% 2 A X
TR . YRR A Al 2R G A5 FOULI B R
THRACIRZS 19 3 2 2 TR de KT BEAT7E 1) R -UIRES
il H b B 5D /M L B

J = %(JC*J@)TB*I (x— ) +

S HG) = 3 "R CHG) = v)
=T+ /. (D
Horb,oy, WEAT 5. B AR T RIRE. v, HE
TR ORI o R Sy LI 52 22 o H Sy L0 332 %, U0 1 35

2 A5 2 [A] ) WL A ] Y — b g
J e/ W H AR S B 0 R 3 i B 58 R AR

V] =0=B"(x,—a,) +
H'R'"(Hx, — vy,) (2)

st H=L AR SR p U 1 T 09 I 4 A b

oho X HE L AT LU LS R S Ak
z,=x +[B'+HR'H]" -

HR™'(y, — H(x,)) (3
= YEAR Gy [A) Ah A GE [R] Ak 45 o LI Ak £ ok 7 el
Je R LR R

2.2 MMS5S EKXFABEKENITE
MM5 #220A% ] B 7K 5 (P ) AR 4 85 X ) 1
Uik s A2 RKIRIR A e L B

K

PW:%;2¢MMQ> 4)
k=1

Hrpp' =po—pospo A S B T <R £
MR TZ A, g HE SN q (k) IR £
2 KRR E . Ac(R) N B ERCIRE” K, K
MMS5 #1250

2.3 GPSTWEKEMITE
GPS KT AER (Zy) 345 5w il LA R i K<
AR KL, Bevis 88 45 T i1 K T AE 3R 5 4k
A K R A s 2L B
Py = II X Zy, (5
Horp,

_ 10°
o Rk /T T 1]

ow MRS KI5 B R, & KR AR H £ (461.5 ]/
(kg « KD, T, AKRSFHEE. T8 Joa 05, 1
KN o015, 5 T, B K/NHEH &, Davis
UV T T, #E XX

J.(eW/T)dz

T, =+——— 7
J(ew/Tz)dz

II (6)

Hrr e, HKEHE,

R RS SR ge it i r i ga il T 1Akt
2, U Bevis &M 553t 27°~65°N,0~1. 6 km /& fiF
M) 15 A€ ER A i 2 44k 8718 IR %S B4k %
BLAFHE T T,=70.24+0. 72T, AT AT, N
MU R B B T GPS i Eas KRR E
3 KA R

2002 4F 6 H 27 ~28 H Y5 B K i B & 4 1E
2002 AEMFTR IR S 2 BrBe. 6 J1 19 HARYL =i
DX A I AR A I R 3 U T 3 3, 25~ 26 H AR
WA IR EVTR R, 27 H BB LR £ KV i, 28
~29 H XGBREIVIR . 27~28 H BYRE K 3 7 a2 75 A
M AR A AR R A R A AR VI AR L E AR AR
BrRAR. N 27 H 20 it Eta, TR ~28 H 20
24 h F 3R & 40 A AT WL A 20 Ak A 3 50
mm, L FEE IR 24 h RiFRE KA £ 132 mm (&
la) J/ITf 6 H 27~28 H 204 7L = A1 P b X 1 R
Tob AR — U S 00 A T R R R AR A L
H1 6 h RIFREAK S AT LA .20 AN 1 B2 W Y
BFBA — M 22 5. B R v A6 56 30 22 W
FEAE 6 H 27 H 20 Bf~28 H 14 B, 7E3X 18 h K
P 45] . UM AR K T2 BEAE 6 H 27
H 20 if~28 H 02 i, LB i) 2%/ £ 2 6 7 27
H 20 Bf~28 H 02 BfF1 6 28 H 08~14 I} P ot 2
FAAE . RKIAPGHS 86 mm FEK F A 6 J] 28 H
02~08 I}z [a], e Wi 6 H 27~28 H 20 4>l 55 54 T
AMZS [ 53 AT AN 5 i H B B [l AT 25 5



439 FARHE . GPS AT K I PR T MM A B4 48 23 [7] 16 i 4 393

118 119 120 121 7 122 123°E 118 119 120 121 122 123°E
34°N

33

32

31

30

118 119 120 121 122 123°E 118 119 120 121 122 123°E

K1 2002 48 6 H 27~28 H K&K B 40 A
(a. 27 H 20 B} ~28 H 20 Kf;b. 27 H 20 Bf~28 H 02 A,
c. 28 H 02~08 if,d. 28 H 08~14 A},
e. 28 A 14~20 [, Hfi: mm)
Fig. 1 Distribution of rainfall
(a. from 12UTC 27 to 12UTC 28 June, b. from 12UTC to 18UTC 27,
c. from 18UTC 27 to 00UTC 28, d. from 00UTC to 06UTC 28,
e. from 06UTC to 12UTC 28, 2002 over Yangtze delta)

123°E
4 g 5ok 13 A3l 5 (B 2) BRI 78 k). 4% 3 GPS ¥kl 4
4.1 GPSHH J > R GAMIT B 453 2 /N i 4T B3 7T [k it

GPS BERHBCA K IT = M < GPS ey A ZHOITSL . AR LU A0 GPS RG]



394 & %

EE

63 4%

R K BB T TRl AR 3 36 A MIMIS A58 58X 191412 7T e /K
R LG 23 HT
4.2 SHYMER

i) AL 56 BT 55 1 2002 4F 6 27 H 20 B A9 H
T R 23 W e R 9210 T PCVSAT &%,
28GRI A4 RS U 4 S {8 MMIS-3DVAR &
G

AR 59 H AR X (8 2) b8 A % 5 B 3
IR, SRR E bR X 82 A A 3 i U A
JINEF I Y BT R A4 TR 6 h 24 h BB
i FH T #5158 1 6 L A3 #

34°N

33

32

31

30

29

28

116 117 118 119 120 121 122 123 124°E

2 BN A B DR GPS 3t 5 CR RO (oL
Fig. 2 The region covered by MM5 domain 2
and sites of GPS networks

5 Wik E

501 &#XgE

MMS5 220 PR R A 20, W E ik &
e 27 2K PIAR B 3 5 0 45 km A1 15 km, k%
JEEUY K 87X 95 M1 52X 62, MM w5 T KT
AN HL X GPS WL Y 13 A~ . AR =R 4 3
T AR A VKA 3 R IR A A (Mlix phase) 115
TR MESHATT T BM 5%, B0 kg
PR 2B RO 120 s,

Ao Al & 4ok i NCAR JF & I & Hy
WREF (Weather Research Forecast) ##={# ] 1) = 4i:
oy A & g, NS MMS B U B & /Y MMS-
3DVAR =42 5y [l fk R 45
52 R ARIEE
5.2.1 HRIRZERMT

H 0 S I AR B S R U R iR S HOR

G B IM AT U iRk 25 . NMC ikt 2
W3 R B SR 2 g A . AR, NMC
7B ACREER AL M7 L B sk 22 57
B[R] B 8 2 B0k T 28 A X 0y B 32 45 2 [
FH K HIL NMC kit a1 = iR 22 2 AR
[ i S0 SR 22 AT AT .

55 HAL NMC J7 i f I AS [5] oF- 247 I ) 4< 32
XL TR R R 2ZE M, I 5 MM5-3DVAR
RGP iR 2 GE 8 NCAR-BES) #E 17
B HWKGHTE SR ZEMIAT . I, AR A A
(50,40,13), B (38. 01°N, 110. 51°E .6= 0. 62) kb
IOA“E B (pags Touso) BEAT LRI (2 1),
DI T KF Bla 280k o5 & (i KE 721
MM5 #5521 45 5 (2002 4E 6 ] 20~27 H) JFIH
NMC J5 g3t 5 A 07 5t iR 22 e KF-BES) )
i, 5 NCAR-BES fE Jy 8 5t i3 22 09 [a) {45 SR 3647 L
L TEIL IR ER T IR 2

# 1 EARE AL () %

Table 1 Value of model variables for “single observation”
variational assimilation
W u v P T q
BAZER o e Py (K (ke/ke)
“ sl 3 3 5 2 0.05
L 2% 22 1 1 2 1 0.01
5.2.2 4r[Afkism

GPS AJ &K 7 %R = 2 42 73 e AL i 56 23 3
sr(R2). @ M MMS LR S H A #Y Cressman
B3 B 53k o i TR v s ORI e A AT 5 L3 T
JE i MMS5 8300 46 37 J5 i A7 B K B 56 JF 4%
I AE 2 i 5 (e o ControD) s @ F = 448
53 TRV H A LT | v 2 WL Bkt AT 6] 4k 43 AT L B
B MM #8840 b6 37 J5 2047 B K B0 50 3l 56
RINA GPS 0] R K & 55k @ = 48728 7y [7] 4k 42
A Hb T 5 S W SRR GPS AT K BRI AT
[F) 46 70 #7 » JE i MIMS 5 504 R 375 J 0 4 6 7K A5 40
I AREIX 3 o3l 56 A A5 451 0RO 4% 400 465 37 .
=4 19 4 40 G 5 DKL IO A% 470 1k 3 P9 4 15 51

I GPS W] B K & (9 & 1% 22 B 2 mm,
LT e 2 U0 00 AR O T a5 22 SR T RRC U+ 0 SR A< T
e (ECMWE) 42 43 [f] Ak J7 58 B fd JH g 8.
NMC J5 #Af ] MM #0528 10 d 19 12,24 h i
R ZEAE V- E A SR 2 W U7 R M E X
FREHATIH Y,



439 =M

HE . GPS W] oK i BERHS H T MM B8 242 73 [ LA 5 395

2 RBmAPRITT R E
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Fig. 4 Horizontal distribution of p,q,T,u,v from the “single observation”

variational assimilation by using background errors KF-BES and NCAR-BES (5= 0.62; a;, b,

ci» dy and az, by, c2, ds are corresponding to p. g, T, u,v from KF-BES and NCAR-BES respectively)
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Fig. 6

Experiment results from “single observation” variational assimilation

after tuning control variables of model

(a. pressure (hPa), b. specific humidity (%), c. temperature (K) and d. wind speed (m/s))
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Table 3 Average absolute bias of precipitation prediction

from different experiments
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VARIATIONAL ASSIMILATION OF GPS PRECIPITABLE
WATER INTO MM5 MESOSCALE MODEL

Yuan Zhaohong

(Shanghai Meteorological Bureau , Shanghai 200030)

Abstract

The GPS precipitable water (PW) from 13 GPS sites in the Yangtze delta is explored to investigate the tune of
background errors and the three dimensional variational assimilation of MM5 on rainfall event occurred from June
27 to 28,2002. The results show: Background errors (BE) play a key role in the three dimensional variational as-
similation of MM5. The horizontal scalelength of model variables (u,v, T, p and ¢) is closely related to the average
time of NMC technique. The scalelength of model variables is different for each other, which value is associated
with the vertical height of the variable on the MM5 level. The BE calculated by NMC technique reach the true BE
more closely than that provided by MM5-3DVAR  system.

GPS PW data can be assimulated into MM5 by using 3DVAR technique. After GPS PW data assimulation,
the initial humidity field can be reanalyzed while the initial temperature, pressure and wind fields also being modi-
fied. 3DVAR of GPS PW is benefitial to reduce analysis bias of PW in initial fields which can result in restraining
PW prediction bias during the earlier period (3—6 h) of model integration so as to improve PW prediction. The
PW prediction improvement is related to the GPS receiver location in the area covered by GPS networks. By com-
paring the results with no GPS IPW assimilation, we find that GPS PW assimilation can increase the accuracy of 6
h and 24 h accumulated precipitation prediction so as to improve the precipitation prediction ability of MM5. On the
whole, GPS PW data assimilation will improve the precipitation prediction of MMS5,

However, there are several difficulties that will impact the GPS assimilation, which are how to get the true
background errors and GPS PW errors at real time. It will be further researches to develop a new technique to cal-
culate more reasonable background errors and GPS PW errors.

Key words: GPS, Precipitable water(PW), 3DVAR, MM5.



