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B, JF4G T HJE GPS S 2Ry s. HurHlE GPS 4 PW B AR 7 LA AR L,
KRR R ER, {H PW UM v 2= RAKIRE —4EZ [ A1, A TR EZ K
KAEE, Braun & 1 BP0 ab FUL R FIIRAR B . SREBCA BB 28 AR 7 o
EREAKRE TSy, TR SRR SW. Braun 55 B B4 GPS HK RS
(Water Vapor Radiometer, WVR) WL &5 FXF oA & B,  GPS W SW K BE vl DLk
Bk, RIS O A AR EREWE GPS JEZE WA & BB SW W5
TR, BpPEs%s U0 WA WVR 5 GPS 4 BILEPE R R —&HEAT TBE WM, R
XL b, o R B[R] Xt B 25 SRR, A M RIRZE /N T 4 mm.

VIR R GPS My SW L E7KIRHHF R, FIH SW, @i BHral 15Kk
W= fEE. FIA GPS #ad BAr A SR B R/ T 100 km . BAAB R ER
=YEKIRTERE, X iR e R RE R AU TR e B R AL T R wIE SR F, T4 &
rh RURE 2 T 50 00 Ik A G R o0 i v At R

ASCHH A = Ry R GPS M, SR AT AZE BB 7R RAS SW,
GREMBRNTINE, 8 Ll KXoy =48R % E, JEHZH TirsmllsEr. &5,
PL 2008 4£ 8 H 25 H @y L X KRR AE, SHENRMNFEMEL, e T KRm=
e AR XT RS

2 EEmXE GPS M

5 Lk, Lt RER SOLME, B LT EA R 9 . g
BOAEB AR 4 MRS EIRIL =AY GPS M. X, WK =M GPS
WITE LR 5 Ao, LEEHRRREER 5 b, LKA 23 4 GPS ZAEs 7k
SEmf AL, Rl EIEAER B BEAE/NT 15 km, B HUX/NT 10 km. _E#EEHIX AT GPS
s R AT 1 PR, HARAFE B G5 R A AFRERTT HF 2 h R/, A
HMzzRE, o NHHRE).
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Fig.1 The distribution of the GPS stations in Shanghai (%, A and o represent stations which belong to
Shanghai Meteorological Bureau, Shanghai Surveying and Mapping Institute and Shanghai Institute of

Geological Survey, respectively)
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KRBT HHIB RS, BHRHRBEGREMM I, mGhEaEase, HAHTA

4 15° . 30°, 45°. 60°. 75° (AR, WEEfN 30°~120° B}, iRZ/NF 4 mm.
M TFHEMRA, NMF SRR R o, b, o BRI GNHHES

SIDF TN MGG R o | HBEE AR HE ¢ (Day of Year) HYRR%L

t—"Tp
365.25) ’ ®)

Horp To 5209 28, Ths i ZMIHIRS. ZR0. c BAE (3) ARMMERX. X NMF
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ARAL X T B G bR KRB R
3.1.2 GAMIT #K{4-#6 AR

GAMIT #f pBh BE SE IR AL AL A T

Da (e, ¢) = ma(e)[Gn cos(¢) + Grsin(¢)], (4)

Hrp o NTTALMA, G Ge 2RI, RUEATHBE, male) REEBNEE,
AT

a(pi,d) = aavg(cpi) — Gamp (i) cos(2m

ma(e) = 1/(sin(e) tan(e) + C), C =0.003. (5)
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KA SW A BIFNTT ik —Flod B I 7 B R, (X BERARAT LA & vl ph
ZHFEE, ARBGLIIRGER H—MIrkdld L Lrit i PW RS,
B REAS S BT 5538 1T, SO EE A SR —Florik.

XHR B IER T A SRIE

Dt = my(e)Dy, + mw(e)Dwz + ma(e)[Gx cos(¢) + Gg sin(¢)] + Re, (6)

HA Dy, . Dwz MBIARTT BIER, Re AMHIFREI (WI{EMAIE), ZEH
KA R AT R, B IR R AR I )1, I LR E T RE S
PRAMIXAAN AR, SCHIEAEARA A WL

HAEA GAMIT BAHTEIRAEEE, HIETHH R X LR SE B A B
JERBEEEI. Xt T THER, AGINIRSEORITH, WS FER AR T 5E R /) 25 KT
MRIER. (HRX TR B, AL WS RIF A X T, BRI, AT A TR
BRI — R e WY RF AL, MBS T HEIR BB BEAE R — IR BE PN (U0 12 h) A —H %, @
X788 B g V1 i 1) 34 R AR SV e T B8 Aok B (Y i, 33K R PT LA A9 BV S R o e o 191

EERPTA THER SR, LR a2, BIfRE T F 5t LiigEs

Sf = ml(ef)Zi + 11 x [ma(e)(GY cos(¢) + G sin(¢)) + Re)], (7)
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4.1 BEHRFEEIRIS>

TP g Rl 43 2 B2 06 2 LA T P 2
(1) — A et 60 km

h T IHBR Z BRI R, BAVE AR e A 10°, MRETTAFE R, (&N E]
WG s, ZRE| L KT E, —B AR R 10 km, BT AR ATE
BRI R A 10 km, IRA T AIFHEH GPS 35 Fr kb B A& ki1 10/tan(e) km, £
57 km. R X ARSI, R — & 5 BrE BRI 5 5 5 R T T B ER AL TE A
— AP
(2) RE L&A RS NEE & ol

BRI A, BRI EEW G, L KA & ol oA & v E X % A
KE BN 2 —, BF 10 kmx 10 km, FEAGFSER.

rERET ML, BV EREE N, Flores & M WifstRM, GPS 2
B ol 43> B /N B R FE 202 300 m. WRIE /N TIGE, NREF S Erg R, HE2
MEEMEESHEEZ D, MIHFRESHER.

XFRE TN, SRS L km AR, WAV M, ZRIIABETRES RS,
DL G B4 RN T RBUE BHARAE SR AE, FATIEFEN WRF (Weather Research Forecast)
AR VCEC A 7K AR EE, & 18 kmx8 km, DL BRI AL Z4E [N 31°, E 121.5°] D,
W L X AR 16 44
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KHT KPR, EEARM B F R

Braun 4§ 18 7E Flores % ') 3Rk EXFiZ7 edbiT T —5icet, 1% GPS 5538
SRR IE A AT, AR AR, BT
(1) XM 77 72

A L X By GPS W _E 2 B0 R K SAEK R EE B 7 10 L34 A1 2 A%,
B — a2 B ] PO B RO A KR B B — W B HL A ¥ S, I — Wil 42 P gk
R E NI RGP B MR KR EEZ A, Hh

st = Zijk(ﬂ?kXijk) ) (8)
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S B[R] P, 23RS EE B L 75 2.
(2) K TF-LH

BR ERM TR EERTRAEHE, HENGWEAMTTLEH, FARRERIER
T B WA RS M, B LB A IR A ST R 2, AT —E /K 203K,
A K F 7 1) L AR AT S SE 0 . M B OCHRAY, FRATE IR B ARAR T, AR & P8R
R, SRA T EETIAUR BT AR, ARG RAIRE N

QX =0, 9)
He, REGEME Q WtERATRE

U
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5 SRFEMHA

2008 4F 8 A 25 HIFR, LM XEEgERFEURRIRERN, REILIR
v 7 EPE 8 BRI EGA 117.5 mm, KIREARGILF 130 RERIRR, FE. K
TR, B OMXAEAR, AT, SIS RN L 100 mm gy
. TR TEF, Blen 150 RZDEFUK 10~40 cm, 11 000 & F R &
K, BWEE R LA, WAL S A AR MILEER, REIEE 400 Z1FEKEL A

LA ORGG 05:54 fl1 06:25 So)R KATE A BRWEATEES, 07:31 HHHEW
WOPEF T HBRMEEOATEES. TR H I TR BN F B GPS AHXH
TR BT X TR FR .

Bl 2 & 2008 4= 8 H 24 H 20 Bf, WRF iz 3 h B{fRAIKH 5 BF 2 8 Bf3k 3 h Y
B ATIE. fE 2 FTRAE ), LoRER s # AR AL T/ T 10 mm #/NFE X, JEEREE
IEEEW] B B AR KA A 25 mm BRI X, Bt 50 mm B RET X LB ATTE L
AR L
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Kl 2 WRF #XHikA 2008 4£ 8 A 25 H 5 Bf = 8 FfRyFEK RS 17 &l
Fig.2 The 3-hour total precipitation of 2008-08-25T5—T8 predicted by WRF (Weather Research

Forecast) model

Bl 3 J& 2008 4= 8 A 25 HE LMk EE. WE 3 LWTLUE N X A58 EF#%
ke, 7ER L 05:48, EEMEN KL EE 3 /Ny R (W (a) 8 a, b, ¢ Frm
XKIH), 76 07:34 i, MKEM—F, TEREEN XA T EEvEILSFAL R8s mE i (0L
(b)). MO, AT X SERRA MK B 4oiad 50 mm, HRELAFIKRWFE, HEBNTF
KRB EE, ERWXER A RERL 45 dB #9R F R AEAE.

Bl 4 BT PW ARG E, Bl 4(a) ARBWEES, 07:30 B = A XA KR
SIATE (BRCAZEE, AMOAGE), B 4(b) HRET RBWIRFZILHGR 7 d WFE
(HERA BT, PR PW {H), B 4(b) FE9EUER 55 mm BYELEMRIE T FREmR AT PW
KRG HRABE KBRS, I 4 B ZEKRIER, HARBERBUX IR KN
HIRFE, KIREAUGHEL R L 10 mm A4, ME Tt BE KRB Y.

&l 5 iz AU AR5k, RAFH 2008 4F 8 H 24 H 19 BHFI 2008 4E 8 H 25 H 7
A L X ) = KR AR NE LRTRUE HE] 24 H 19 B (B (2)) mEKIK
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& 3 2008 4£ 8 7 25 H 05:48 (a) il 07:34 (b) HyHILHA T H &K
Fig3 The radar basic reflectivity factor at 2008-08-25T05:48 (a) and T07:34 (b)
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The distribution of PW (Precipitable Water vapor) in Yangzi Delta (a) and the 7-day series of PW
in SHXH (b) at 2008-08-25T07:30
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SATHESS, KRTFEETERE 3 km T, BAEMRELRWLTS. #) 25 H 78 (&
(b)), 12 h Z P, WARBEM KRS B ERE LT, SRR, BTl BARER /KR
FREAFFEFVRAARE, ERPRENKEERES &, SHTREOREN. =
A KIS AT BT T DASR AR R AR LI B 7 1 LR AIRAE R, RO W LA SR B BT
AREFRAERY.

( a) water densn}é 4/1 g/m? (b)
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315 ey 513 315 "3-—1“!"5- R e e
Noggpy ;740 4 S N, -0 s 1214 1214,
"th La[lftlde/030-5 121.0 E‘astLongimdc/ 0 Orth Lazjmde/o»?().o]ZLO Elalst Longitude /

Kl 5 2008 4£ 8 A 24 H 19 i} (a) 1 2008 £ 8 A 25 H 7 Bt (b) §y_k¥h X #Y =4E/KIR % o A
Figh The 3D distribution of water vapor density in Shanghai at 2008-08-24T19 (a) and 2008-08-25T7 (b)
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ASSCHE L AR 2 iy 2 GPS WAl B4R i T i KKK =R AT T 1%,
FHEMAZIT RS T 2008 45 8 H 25 HRFEMWMARBEATER, MG RETT ISR
o, UL ERNFBAX L tl, R T =4ErKIRfE BRIER E R IR,
BUE IR

AW EBAHRTET, PriE B BARINIE RS G T 2 MINERIRER R, B8 T —F
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M A XSGR TR LR TR, TR R R R, RN T BE8E
PR MRS J735, T MRS B A . PR B E TR 8 2 A 32 BEORLE
NICEAEIE R TTHR, X PRIEM S G R MR v, SO B E iR i 45 R B,
N e SR = SRR KA ORI N RE R O e 5

AR T, CRTE L X I 510217, B 2 E 4 KRR 2 1
GPS i sig B, BORMZ MR GPS 4 sior A8 BRI B T 3R = 4EK I T ZER.
XPHBORBHE R, TE5 5 R R xR KM T 25 SR FER P 2
SN E F A A .
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The 3D Tomography Technique and Application of
Water Vapor Using Ground-based GPS Networks in
Shanghai

LIU Min!  GUO Peng? YE Qi-xin' ZHANG Jie! ZHU Xue-song'
(1 Shanghai Center for Satellite Remote-sensing and Application, Shanghai 201100)
(2 Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030)

ABsTRACT Precipitable water vapor (PW) is a column average of atmospheric water vapor
over both space and time and is estimated by GPS (Global Positioning System). The signals
from GPS are used to retrieve the integrated quantity of water vapor along the path between
a transmitting satellite and a receiving station. This quantity is called slant water vapor
(SW). Measurements of SW allow for an improved assessment of the spatial distribution of
water vapor within the atmosphere, which is called tomography technique.

These are the main methods of remote-sensing water vapor by GPS. There are dense
networks of GPS stations in Shanghai. These networks are used to assess the 3D distri-
butions of water vapor. Taking a heavy storm in the city center on Aug. 25th 2008 as
an example, the 3D distributions of water vapor supply more information for the weather
analyses compared with the traditional atmospheric sounding ways. It is proved that the
tomography technique is very useful for the disastrous weather.

Key words astrometry, atmospheric effects, methods: numerical



