WMUEW2N x A B = Vol 33 Ma?2
209 EIH Chnese Jousnal of Atmospbern Scicroes Max. 2009

M. FEW. L. B 000 fREEEE AR RAE Rk s (1L XUEE. 35 02, 386 - 388, Lin
Hongyan. Wang Yogchun, Wang lingli. o sl 7009, Prelenirsry analyms of the charsctenistics of precipitshle water vapor measured by the
pround-bassd 12-channe! musrowsve racdometer o Bepag [ ) L Chisese Jourssl of Armcaphenic S i Ch ¥ 33 (2] 358 - 386,

HitERERSITNESIMItERHE
KRRFERNIT T

NaE ITHE FTER OFE WRE KR

HESR R LR TRARN. L2 100080

M O FAEMESRTSREBARHR (MEEEENI. S GPS) e DN . 8BS NSt
WP Yo Blom. GPS SRUHERY 0. 728 cm, MEREEM Y GPSMBH Y 0. 322 om, e
B2 RGHS S i N R Rk FCE I (B PWY), ST TG RO DAL T Wk i B SRR RREE. &
SHEFEENLISZ an. £FATEER IV . FFARLER 20 o, NFHERLE N ZT6 cn. B
#, AL eEETFETPAARAMA BTSSR SMNEREN—-ENSE. FETETPELEMNEA
00.00 B 00,59 f1 23,00 $ 23,50 At B . MR BCE /RS EREItE MR ER . Hprg
frak et 10,00 B 10,5 X RS AAEERE, AAOR PWV S FiEEER TSV EETERN
PR ERISAMCE PWVENEECESETSESERNNXROE FWV §487E AT .
NLESH50%. REREASENFNEEETHR. T8RSNt rHAmSEENN CEE. &%
S H-T e AR S U O T T Tl B T N MR ] 09,00 Bl 22,00 Nl XM JUREET R
AEYFHE. HAST siAM SO EREERNE, F. 4. EHNFRM.

2WE BREEEEMT AN EF4YE EF HIER

TWEMS 1006 - 9895 (2009) OF - O3B - 09 SEFES Puls TRENE A

Preliminary Analysis of the Characteristics of Precipitable Water Vapor
Measured by the Ground-Based 12-Channel Microwave Radiometer in Beijing

LIU Hongyan, WANG Yingchun, WANG Jinglis L1 Ju. CAO Xiaoyan, and XIONG Bin

Tminiiute af Urbas Mosorolagy» Chima Mesrorodogical Administration . Beijing 100089

Abstrant  Precpisble water vapor (FWV) & one of mmporiant greenrhouse gases in the stmosphere. It affects the
energy halance of the land-srmoephers system.  The evoluton of doud and precipitation has & dose relstionship with
the PWV, In the climate change. the PWV hax a positive effect on temperature. Ground-besed microwave radiome-
ter can make all day unattersed measarement of the PWV. Three differsnt FWV mwasurements arc comgered The
FWV mean bias between the radiometcr and the radiosonde is 0, 28] o The PWV mesn biss between the radiome
ter and the GPS is 0. 322 ene The PWV mean bias betiveen the GPS and the radiosonds is 0. T28 em

In Beijing. there exist different divenzl vanistions n different sessoms. The mean diumal variaton = abour
0. 162 am in svtomn. O, 130 cm o winter. 0. 229 om m spring. and 0. 276 om in sessner.  Moreover. the maxammm
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FWYV sppears mostly at 0000 LST or 2300 LST m the four ssssons.  The min

PWYV iz the sarre as the mass-

o FWV, except that the minimarm FWW appesrs st 1000 LST in winter.

The varation of PWV per hour decreases m the order of summmer. astumn. spring and winter. Moreover. in
every season, both percentages of the positive and negative PWV variations per hour are nearly 50 %4,

The hourly correlations between the PWY and temperature are anshveed for the four seasons. The hourly come-
lation coefficients decreases in the order of avtumn, spring, winter and semmer, In aotwmnn, spring and winier, all
the bourly correlation coefficients are positive. However. in summer. the hourly ooefficients are negative from 0500

LET = 2200 LET,
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ternneratune, ooeflicient

1 37

K # (precipitable water vapor. @ & PWV)
EEMNTE. Bk EtuUBETdPHESEEMN
fEH. AREENANAASASRENES SHRE
EEHHE. EXSEREFERESET, KR
AHEERTENAEM. FAKRXERXNSELRBTEK
H—HRENE. EH TARNENESTHN,. AR
e HEN, AMESCSEEAR. RB
HEFE KR ESEEsE, MEM kg, 2ha¥
AMAEERN IR ANEEABER (R
manathan et al, 1989). MIEXSSEEREEP. K
MHYEREES TEMAER. 5. k. B2
EEAREF A E R, KO ANGERBES. B
BEREFARE. ATEAAEaRERMNE
M, FEwma| TaE S SET L EFRa s
R (Starr et al, 1091),. “AKWIEKSPHEY F
—HREES, IASHETAASLARTE

®1 SRERMAKNETR

12 channe! ground-based microwave mdiometer. precipitable water vapor (PWV) . duomal vanation.

ARSIl E" (Rogers ex sl 1551). W
HEMESHRARS. BFEA KB ES.
KEMEANMHEE, S 1FHTHEREINESEH
L. Shgi.

BMEMBERNITABALRST, TEEEXS
I F. ERIEE SR (500 BEMKS
AR CHREMEARAARRCEHEIRN (AF
BB, 1982; EE% . 2004; Westwater et al, 2005),
EECOSTTM EF. BEFAZNRLE (Do
minique et al, 2006), HifAEHEEREN TS
=EE. ARSREHARSEMERE RN

M. FNE rEEM. ZRL AW
Hi4¥. Revercomb et al. (2003) &£ T R H

ARM ( Atmospheric Radiation Measurement) S8
o i F SR R N HHE A oK PR BT SO A R LR A
. AR NSNS Oy T
THREBI L. BREE (1999 BEHA 110
GH:Ll F B AR ATHSHIEENE

Table 1 The tochuique to messure the precipitable water vapor | PWYV)

T N Fs f£& - 21 BEda
=K THEEEMEIE.TE NNEERE HEESE AT, BRE Mddleon el (1953)
B, T E NS
=k TR WM, ERTRER AR, FHER. T8 BElionecal (1991
A
e H-(TOVS . mEEE B THRAERH W (5. Seekinde al (1984), Pabhakara
[SMME., B2\, GPS W UEEMEFESES ol (1985), Rind o ol (19533,
L TR TSRS Rocker et al {19933
EH AREENSE. BT NEdEMEEcAaaAN SN TR Starr et al (10013, Helly et al
ikF . S S 19517
BERS Reovssbdo, §ESEE SSEEEE. ET-EcRE. 58 Engiand e al (1952)

Biit. XK CPS AwtE e




r I EEE

350 Chuness Journal of Atmosphenic Schenoes

Vol 33

Rl ol

B HREY (190 AREEHBHREFT K
FARBEAKZHREEHEN TS AR
(99s) | —#EEE =0 (0. 86, 1.35, 3.2
cm) HMEMESENHTRSENWEXIHARE
BESHeRERNE FoE® (1990 HETH
¥ (2001) RETFMEREENIFEATERESLL
B RSP M T .

Ay b (o B A S S A T AT Y L
MERAKNER ST eI o. &N 2 WaE
WML ERETE, FSEEEN TSRS,
GPS@ETHE: B3 NaW TR KNEEL
EL Bk g e SRl RS RE, I T
T EFPE-PIM RN SEE2 B AHEEHE: B4
i B&hiTie.

21 MEAENTBEIEIESERTH

2.1 eRRESMNITNEPWY HENE

AEPEREEBEFTEREERANA AR
MK, REAAH—EARW,. Kt —axis
eI BSR4 (i H.S. SO;, NO, CO %) i
BHSEHENBREE, mAHRESEHBFT SRS
FAEM L. Bh TREEEPY SR+
Sy, W iSMEERGUh EH SR
fEEwaE. TelEes. SENERNTEETEL
UM (G SRR SR B R, (B DUE R
P (X (D] FTRSBES5RE yrmEAMKNE
& PWV,

F— = o +4'.‘;| h‘l[( T_ Rl Tu?f{'r-— Tu.)]"‘
el (Ty — Tw)/ (T — Tiamo) s (1)
.H:':F'r Cgx €] n £3 Mﬁ- Tmﬂ‘?iﬁ!ﬂ*l- ﬁ
ZTK: T.ESYMESH AN EYEEAEXN
i, AEWBGFHOMEEN 952 Tus{Twa)
B R S 23. 8 GHz (30.0 GHz) il
MEES R ERE.

H ¥ @ Radiometrics 45 &) 4= P~ i3 12 §i8
HESENIIPEAENE LS ANEENRE. H
12 Tl ANE 5 K SGEE (22, 035, 22, 235,
23 835, 26,235, 30.0 GHo) #1 7 +$*GEM (5125,
52 28, 53.85. 54.94. 56.66. 57.29, 58. 8 GH=),,
$858 ¥ 22. 035, 22 235, 23.835, 26.235 GH:z
MR 5.5 & 30.0 GH: i EREN 4.5%
¥ 51.25, 52 28, 53.85, 54.94. 56.66. 57.29

GHz BB R 2. 7" 7F 58.80 GH: My Wy
23, MEIZ AARMESENMITT 2005 ER8H 18
HAEEFEHBENS S (39.93°N, 116. 28°E) i#
TN, ((EFE=TA#F-KRirE. i
EREXSHRNEZNEIT T, 8T tpping curve
#E (Han, 2000),
2.2 mESMitSES. GPSs MR PWY 3L
S

LSRR & &I 2 X HY (0000 UTC
M 1200 UTC), HERRH G 30 H85RM kR
ER (PWV)BIGPS . HRASESEMMNETR
HtkBqd KN Ehp #hEEHS [(R2X
(2], EBAASEAFFAMNKSLHR:

P. = ij,’;hdp. 2>

GPSHMEETREENEEMTELIFE
iE. Agd4X G) HERIAKAEH PWY,
Po = 02X Zwo» (3

E‘P- n.ﬁm-?. -zmm.

Beit TS R 00UTC SN
1200UTC Fir MK ReER (LHE 1a.
HESEERB RN 455 1. sE M 2005 £ 8 A5
2006 4L 6 AY. BRI NEFENTHEH
0. 281 cm; IS ENEEHEKMFEN 0. 5094, BE
& —0, 1450 em ,

HERSSHGPSE 30 88—, W
GPS 8/ e F R ARME . SkRlatl b B et
W E et el R IR e (M 1b) . B
AW A 785 1, FAWNE NS E % 2006 & 9.
10,11 A, @9 SN riEa T s
0.322 cm. MISEIRHERMHEE L 0714, BER
0. 422 cm .,

B lc ¥ GPS ST MEBARMEE. 30
254 HEE, @8 GPS MM AR SESKTEYE
X072 cm. B FREJNSERNAEY
0. 708, $EE Y% 0. 822 cm . M la 58 1c, &
LT GPS, SESMERMAANE
#£iF., ASEESH ITANRFEEFRE TR 8
SEHAX. [, - HERAAY T XERR
FEMHIWHE GPS MR 5 2009 K SR ik i
FeENE T — T2 .,




im PETE% . o AR M TS S 1L SR R PO S i
No 2 LIU Hosvan et al. Prelminary Analyss of the Charecteniatics of Precpiteble Water Vapor Measured . . 301

(=)

PWV (Radiasonde o

WY {0 S o

ek

PWV [GPS¥em

g 1 23 3 & 35 & 71 8

il (o EBEHtrERs PWY SESHEN PWY
Hl. (b) SirSsimEe rwy S5 GFs sk PWVY g
HE (o) EEENEE PV S GPS S PWY s e
Fig | {a) PWV messured by the ground based pecrownve 1a-
dicmeter ared the radswonds;, (b)) PWV messured by the
Eround-based mecrowave radormeter and GPS. (2] PWY meas-
wred by the madicsede and GFS

3 dEmMEAKBEN S S

31 AMERMETLSE
3.L1 RAEFFSa et
S T Sy PWV . B

%2 ETSTHREFNEASAR
Table I The respective months in the four scasoms

L 5] Hig
T 2006 % 9, 10, 11 A
% M05 4 12 AM0EEL 2R
HE eI _4.5H
T 20556, 7, 6 A

—AE ) PWVY (3% 60 - 8c(lD &S FEE. 5k
AHATFEES PWY. SEESSHITE - TFENLMN
EBERE. L. &, 2NITFT NS %NE. %
2P TETEEFAYAENNESAR. &
-V HEAAEANGTE PWV, FEKRYT
Hig 3 Y e dod My Y- PWV, i o] 8 3
59 24 8 PWV S H ¥R (L8 2). FEedREs
ERERABAERESY AR M PWY (RN
BArAAIT{eE (LM 3,

ERMTEYN P PWY 28509 0.
FHp, B 00:00~12.00 (JEnd,. FHE) PWV
EHw: M 12,00~22,00 PWV E#ETN. &k
{61 s MFE 00.00~00:59 Z @], ¥ 1. 582 cm: B
B ME 12,00—~12:592FH. H1.820em, AE
%0162 em, BT{ET B.5%, £ XKW 02,00~
Izimtﬁiilﬂi\. M2, 00— 2300 KIS ENN
. BA{EMNE 02.00~02.508 2XfE, % 0514 oy
AR 12.00~12.59 ZfF]. H0.384emy H
FEfE# N 0. 130 om, T T 29.5%, BB XM
e 20,00~20,50 2HE, % L 53 an: BAEHNE
09:00~09:59 2@, X 1.399 cm. HE{LEHN
0.229 em. T 16.4%, EEXBAKEHUNE
03,00~03.50 ZM@, ¥ 4.882 an; BAMEHNE
15:00—15:59 2@, Y 4.606 cm, HE{LBN
0.276 cm. 3F4E T 5.8%. PWV TEMMAE B X
Hayati ERE. BKER 10 M. 2% 11 b
. =510 +48. BEREY 7 b,

Guldner (2001) ZEHfRPB Y (52°23' N,
1304 'E) MK PWV fEF B ZEH & 0 ¥k
. XPEEMETEHER .15 cm. TET 85,
EFMHA LN 0.05 em, TIET 5¥. Guldner
(2ool) HEERTRXEWEENEERI E68 PWV
RELUE PWVREHEEAEBRENSHOR
EZ, AR PWVMHOELARERPWVEAN. B
TR AN S 12 80 MRSt S Guldner



X 8N § % nge
I Chinese Joumnal of Atmospheric Sciences Vol 33
195t usx
g L% e 04 e
L83 E";'”
180 - o2
L75 (Y|
|y, | WP (1]
ESEES8ERBERE8SES EE 8 EEEEEEEESE
sg3ZsSssnoxz==2349 TR EEREEEN
Time (LST) Time (LST)
153 Song 422 Surmer
1.50 455
::l-‘; //\ :%/\\
:.35\’\ﬁ_ e \/'\
130 " 160
1.25 455
130 Lﬂr
lJS ||||| S S S 4&5
SEEESEEEESE=2s2 SEESEEEEEEEEE
SEIRBESS==aaA EEzEsSsnxcswan
Tieme (L5T) Time (LET)

H: B+FEVTSPWY LR
Fig. 2 The dsily variation of the PWV in svery season

I&p ——~ Aviemm - Winler -+ Spring — Sommer

——— ey, L e g

T =g

| 0"

-----
o] - S
..r" '-'..1-

E—LJThﬁhL

EEEEEEEEEEEEE?ESEEEEEEEE
SEEZBRE SR s TN S AasG=nnw
Time (LET}
B B+¥EVrVWiEkREETFLE
Fig 3 The daily varistion of the PWV standard devistion in
jour sezenns

(2001) EFNHFLF—XA74E 0. H PWV
R E B . XENRIE T A aasnit
HME PWV i) B b $5iE B M.
B3ty ok, £, F. D &R
Fl—shedp PWV HisERE H. &80 m
FWV EEREETE 00,00~—13..00 B RAEN.
. #F. FONFEE; £ 14,0018, 00, #H#.
H.#¥# THMTFEM: 7 19:00~22.: 00 H#k.
.0, £HMFRE; fF 23.00~23.59 Z Mk
B.¥.&E SANFEM. B4, AELEERE

A BRFENTFEAEEM 1.5 cm Bl 1. 7 em, 24k
T 0.2 cmy 25 PWV 24 fhefibis R oika
M 25em®B] 3.7 am, BT L2 em; FFHTE
BEM 0.7 cn B 0.8 cm, T 0.1 cm; MER
THEEEAMN L 2cm B 1.6 an, FET 0.4 cm, &
ad. NPT FEYhREFT LM EREATE
HEHAFLEFR. 5% BTHES. He=1F
TAE 09.00 B B4 A R E LR . REREE
AW ERERE, Xk, a1+
TP 09:00 KIS EREHMESED, KNS
BE , FikERE .
3.1.2 SEARAETRA/ R AN E
EEERIE PWV i H BN, 45855
TEHPHEXER—/hE PWVREY, &G
A8 PWV i TEHFEE. L. PWV &
F-XBEFFSSE. TR fE—Tm
FhRE, A X THTEYPRE—XPWV E
Bocfii . /AMENEE. A HAER_SHHE
F9. SRXARAH/BAMED PR 24 1t
THRE (B 4, #AMERER, FUTFY
42, fF 00:00—00:59 # 23.00~23.59 X F-1-04M
Bl AR A Hf8Em B S ihedE Br e, K
P E W AE 00,00~~00,59 #1 23.00~23,59 [



im FECRY, i R E RS B I SURE R U B

Mo 2

LIV Hongyan et al Prdiuﬁmnﬁndrﬁsdﬂm{hmmn{ﬁuﬁphhhwnukuum.” 393

O

Prequency (%)

Frequency (%)

=== Aslumn ----- Winier == Spring —— Summer

Hs: (2 @8 (b fMed PRV Ef-tha BaEsE

Time (LST)

Fig 4 (2) The irequency of the maximmes PWV cccurring in every hours (h) the frequency of the miminmem PWV occurring in every hous

U LA ) B A RE R A . (R R
B. 5%, £XFE 10:00—10:59 2@ HREB MME
P B A a] AR R Y.

AR N Em, MOhEEads
H. 9% H R/ B ME R TE A R B ] e
BE. HWEFRREE, £6HRNUEH#H—%
FAFHAATEN LRSS,
121 kA ESESEECRSGBE

I N AHETE PWV BES (N— 1) Jad
HYHPWV, 83 PWV 8 (N—1) sdE
AB TR (Bl h om/h). HpEEEE PWY
Him, MEXRT PWV B, WS NESSHT
BB PWV, SSH THAEY Bé PWY
BIETEEENOELSE. I+-29d. kS
PWV S8 MEH|MLE 02.00~03,00, %
—0. 0486 em/h; A BMAE 16.00—17.00, %

0. 0806 cn/h. £ PWV /o35 4k 3 8 Al
A 05,00~06,00, %—0. 0309 em/h; B Io{l
ME 10.00~11:00, ¥ 0. 044 cm/h. HE PWV
B EAES B AME 1 B 22.00—23.00 22 ],
% —0. 03102 em/h; &K 08 H B¥E 16.00~17,00,
5 0.027 em/h, H%F PWV S e 8 1
WA 21,00~22.00, 5—0.099 em/h, BAEHIN
£ 16:00~—17:00, % 0. 119 cm/h.
Fit&TFVhHREEAAGBRNEE, B3
3. BREVE, AN FYPHMIEN PWV
AT REFE R b O S5 U B AR 9 PWV B 2 (L Sy
HARHERER. % 50%. ARSI FM PWV rhai
FHE Ny 54. 226, M PWV (et L E Y
45. 8% . EEFEMN PWV BB EY 45. 8%,
i PWV B EER 4. 2M, B4T-FY., TR
iy PWV hi b IR 503, ENgE—Em



x AT W F EXE

3 Chmese Journal of Atmosphenc Sciences

Vol 33

PWYiem

E: AFHAMESAFRENEAYER
Fig. 5 The wariatons of monthly meas PWV and terspersturs

%3 PWYELERTETHE (A) BoHR
Table 3 The porcentage of the positive | or negative] PWV
change valor per hour in overy scason

BT GMEEOREHRGTSHE HRREONE RS

e 13054 250 1145 B¥D
k% 1145 83> 13054 2M)
&¥F LZ(50. 020 12(50. 0M.)
LE 2 12050, 03) 12(50. 08 )

HFH P PWVENESHEPERENETTN.
1.3 EFBEARRSERXRDH

AP T e RN, BN T ERE
SHENE. CNAERFEERAXKNERRK
5. 295 con. EHEIH AR KSR EN R
€. sk hER ERKERtTRZ—. &
B 2005 £ 0 HE 2007 £ 5 At N ERE &
WA R MK IR S T Y Vaisa-
LEEEELFMENER. S3tEFBREANS
EBEFEETESE (B, B hEFTHEEFN
& (B S hdAkE R ESAD S,
WHE SRR SRS BE R EHEE. HHMEXE
8% 0. 6058,

WHEN, A AHEENTANIESEY S
¥, FHTHP, JbERAN LR ERAT RN
B, AR REEESTOEIR. BN
AEREETHENSIN. HEDXMEEMN T
MEALTEEENSOMKANA SERE. 530
HTErEYPS T AN ESEXHE. R

u.‘.rl - —— Aufimn ----- WIREET == Spring —— Summer

T8 - -

e kSENRY (R WEEEEE
Fig. & Tiese varanon of the correlitor (H° | hetween the FWY
and the tompesarue

FErEESAMBRELANEDNH. HAEAR
FHEESKRERNEXEREEN. RZ2NENHE
At tEiE, 0P, BT EESM 09,00~22.00
AM SRS LS. HeMEETHERYE
HE HBeRFE & TFYSHMELE. &
BRI ENR. B A RKSKR SEENN
FHEBRERE, HKEES. 2%, R, X
HAREEFRAN. EXERSE. 5% X5 W
HEY, 09,00~22,00 KM SEERRARE.
RBAESHENEES. DR SEFERL
HAREE. ZRAANSEOEHE. EXNERER
—FEMES . KNSEE X ESHExES EldEM
XHFRHMAL, AR TS ERER—SHie
. BETHTFRONFR AN IRTHBOEN

ittt



zm MMETENG . o MR G R S A e o P R S

Mo 2

LIU Hongyan et al. FPrefiminary Analysis of the Characteristics of Precipitable Water Vapor Measured .. . 335

. @ftS RN PAREES R0,
A e TR R X MAfEA.

4 Hie

HHRAREEH BN KNERSTEEE -
FROKNE ST A, B AR
ARMASHTHNEMETANZEN 0,281 cm. T
FHASCPSMBHBAMNARKEREY LIH, 8
ANFREAR T ENARERNTHEEN
0.158 em (P GPS 5N T HEER 0.728
em), iR Eat, TURERESENIFN
BEANANEERE . ERA.

AEEHITAREIANItE R AN ERER
FIFEYENRRE. KMEsER U8R S
M EERER 10 08 A5EREBE L E
mEfElElEE Y 11 e EEERA M8 ol
M ElERE S 10 0 EFEEEAESS N
MeEERS 7 . BEREAEYANERMSA
T 2R AFASTE. TR EXEFAEY
0.162 cmy FET 8.5%0: £ T HT(EEY 0. 130 om.
T 2500 BXEPAEEN0.229 cm. BT
16.4%6: B X BEF{eE%H0.276 cm. 4L T 5. 8%,
S, ks EANECE/ RIS AEERE
HnEE 2N TS . KRR, Nt
FVch, # 00.00 F123.00 ACHUH S A0
M i EH 2E% . Fod. & 00,00 #1 23,00
ARMERMISHEEORE. BHFHE. K4
%3 10.00 HRBMEAEESE. 5TFH LN
ERMHEFEF QSRS T, B&E—FN
TEN R, HREMN. AKX SRR
ESOMESL. BRKRBNESE L ELEHEST
M.

Flif. ERAEARSBEHLEN,. E1FT
El— ek TR R, ERR. X
REE. 2%, ITHAERE. AVKSaE
. AFRAENTLABRSHARSRN AR
BH. EFEARSEEZAE - ENREXTFE.
ATESHSRARE. AAASSHESX, £
R TR ENNT, W FX -HeEnNAE
FHFTSREANE.

HFKRER SO THNE 4%, LI LE
HNESRERELULEHAAAKR O RNSIE, Wi

BTERANFIEREWSEN.

i o AvEFSERSHER, fkraEE.
F3 Wk | References)

EEE v aHdaEEEEdIEEm L (1) SRS
R, 14 (2); 49 -54. Chen Honghin 1959, Remote sensing of
the atmosphere with the millimeter and sub-millreeter wave pad-
ometry from the space [| . Eemote Sensing Technology and Ap-
plication (in Chinesel, 14 (2): 45-54.

Domimgue Ruffieax. Nash |, Jeannet P. ot al Z008. The ODST
T30 remperature; humidity, and coud profiling campeign. TUC
(1] Metsomilngische Teitechrift, 1, 5 - 10

Ellict: W P, Gaffen DJ. 1991 On the utility of rdiosonde humidity
archives for clmete studies [J]. Ball Amer, Metcor, Sec. 72:
1507 — 1520,

England M M. Forare B A, Mdfi S H: et sl 1992, Anospheric
WHIET VEDOF friensuremerts: Companson of frucrowanee raometry
and lidar [ . J. Geophys, Bes. 57; 85% - 916,

Culidner . Spanlosch [ 2001, Remots sersing of the thermody-
namic state of the atmospberic boundary lever by groend-based
e radi ¥ [J1 1 Atmos Deessmic Technel. 18,
525-933,

Han Y, Westwater E. 2000, Analysi= and improvement of tipping
calibramion for ground-based microwave radiometers (11 IFEE
Trane, Geoaci, Remote Sens. 38: 1250 - 1275,

Kelly K K. Tuck A F. [avies T. 15991, Wintertime asymmetry of
uppes tripueghenc water vepor etween the Northern and South-
ern hemispheres [ 1] Nature, 353, 244 - 247,

=0, nEE. S U8, % 200l HUBEX e SEmsmEs
MTENEROGERRE (] CRSFRWIE. 6 (2); 204 -
208, L Wanbiao. Lin Yinghui. Zhu Yoanjing. et al 2000, An
application of the messrerments by the ground based micowave
radiomerers in HUBEX [T Climatic and Envireementsl Research
{in Chirscae)d s & 2); 204 - 208,

EFEE o TSENDE (M) EF. SRNEH LGN
2004, An Intodecion w Aomospheric Radiston (@ Chinese)
[M]. Beging. Chirs Meteorological Press,

MORM. B . DM, ¥ 199 FEINEG SR LY R
E=OREEHRAARE (1 ANE3E. 18 () 725- 738
Lin Lomgfs, L0 Daren, Lin Jinli, & al 1994, Moadel stsdy of mi-
erowave radiances emerging from horzontally Gnite precipitsting
clouds with different lateral houndary conditioms [J] Chiness
Journal of Aunospheric Scences ( Sdemia Auncspherica Simica)
Om Chimese). 18 [6), T30 - T35,

Middleson W E K. Spilhes A F. 1953, Meoeorological Instrmmesis
[M]. University of Teronto Press, Toronto, Ome, Canads

Pratvhalsrs C, Short D A Volmer B E 1985, El Nifio and atmos-



s Charstse Journal of Aumospheric Sciences

ne
Vol 33

pheric water vapor, (Mbsermtions from embus 7 SVMME [T1 1L
Clematol Appl Meteor. 24, 1311 - 1220,

Bemarathen V' Berkstrom B K. Harrioon E F. 1988, Climate amd
the earth’s radiation budget [T Fhws. Today. &2, 22- 32,

Revercomb H E. Tumer D C, Tolan D Ds et al. 2003 The ARM
POORTAT S WaleT Vapoe Rtemsive obscrvetior perds; [herview,
witial scoomplishrmente, and future challenges [J]. Bull Amer.
Meteor, Soc., B4; 217 = 16

Rind [V Chios E W, Che W, or sl 1590 Cheerview of the strato-
spheric merosol snd gas cxperiment [1 water vapor cbeervations,
Method, validation. snd dats chasacteristics [J1. ] Geophys,
Res. 58 4835 - 4856,

Rocken ©, Ware B, Van Howe T, ot al. 1993, Scnsing stmospheric
water vapor with the Giobal Positioning System [ )] Geoplos
Res. Letr. 20, 2631 - 2634,

Fogers R K. Schwaree A P. 1001, Mesoscale Mactustions of colum-
mar water vapor (I 1. Appl Meteor. 30: 1305 - 1322

Searr I, Medf S H. 199]. The mie of water vaper in cimaste, a
strategee research plan for the proposed GEWEX water wapour
project [GGVaP) [C. MASA Conference Publ 3210, 80

Sesskingd |. Roserdeld J. Reoter D, ov all 1584, Remote sensing of

weather and dimate paramerers from HIRSZ MSU on TIROSN
01 J. Geophys. Res. 35 4677 - 4897.

HE ¥ —EARREEEEHIEAESE A L sRAn NS
O AR, 19 (1), 21-30. We Clong. 1995, Method of
retrveviag chowd and fsin parsmeters in the stmosphecre using the
messuremerts of o triphe-waveloagth MW radbormener [ Chinese
Jourrenl of Atmospheric Sconces (Soentia Atrespharics Sonsca)
(in Chimesel, 19 (1), 21 - 30,

Westwater E. Crewell 5. Mirtler C. ot ol 2005, Principles of s
sensing of the troposphere (M. Quaderni Dell Societs Itakana di
Elettromagnetismo. 1. Scuemhee

HEE 1% CURAEMNESSER (M S Besae
Ehou X . 1582 The Theery of Awmosphcrc Microweve Eadiance
and Hemote Sensing (i Chinese) [M]. Beging, Seience Press,

SR, VIR, KA, F. 15 MNSEHTEATESEYHE
NPMEE 1] EXKTENE (ARBEEE). W (5), 597 -
606, Thu Yuanjing. Hu Chengds, Zhen Jinmming, e al. 1994,
The sole of microwaws radsamster in weather rodi ffeation research
U Acis Sciendiarum Natursinm Usiversitatis Peinensis (i
Chinesal » 30 (5), 597 - 604,




