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WM R BB RABARKATTHEKRKEZEHE

# R &
BEIFRRBRERENHAEFOLERERZHERR

(FERBN\+EHEANANAKR PERBRATAENATAEER)

|

=

FAMF /KSR B S #5(Water Vapor Radiometer, WVR)ERHIA & F#) a] &7k & (Precipitable
Water Vapor; PWV) K 587K (Cloud Liquid Water; CLW)FE{RHEEE » I LIB RIS RN EERE - B
ERITRERBENAT EE=ZA+N\BE -+ A HMESIERBIEFTRE 257 23.8 & 31.4 GHz @i
FRA IR GTIR) - BURIRK T A% EE R T K L B RS 5 i - (MR ETE 15°dL/E)
B 165°(Fa/Ba)f » & 15°— KRB - KBHMEESHERGRER  ERIEAAINA 90°) ARk
ERMEEIRBER 2.4 cm BN AR 6.5 cm » FRE/KHIMAIFRAY 0 4 m BIRRFTEAT 7840 4 m
fi] o FEMIAY 150K 165 FBAIE SREET - U@ L (stratified) AR AR FEE(T A REE R TE /5 14 M &

WkHE -

BASERA: AIOKE © WREOK - STiE - JBFE - BEEHE)

— " B

KRB KA KA B (S ~ 78850 »
EE R E MR A R RE R B SEH] - B K
RAPTREE KRB A BOEFE A v EGRr R4
Z— o Blgn - B (thunderstorms){E1E B IR TEZY
FARBREREBKR S TREBRBEE - W
% RUREIER - BET T - FERERIWEIER
TR BEEIZIR TRERST - EEHERE X
FREEELSEN - [E - 78 H % (Christopherson

1995) = K+t (microburst) i A HITRR -
ARINEWEBERER/ - R EWEEE
T EIBR BT R 2 IS AR KR - HFNESE R
RAFEEIERS - WHE RHINKR  FILHEHE
KR BT LMEE S KRR T
fi# » EA LI SRR R RARM B R L 2%
BN -

[EEBEE - BT S RRRER  IBEFTHE
BREABENTTE > KEFTRRTAREE
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HEHEE - KPS o RTEFEERIREIEE
R EREAHEHRIE » SRERERZE 1 A] LUAH & #ERfE Rl
8 F KIEE %4 (Nash and Suhmidlin 1987;
Ahnert 1991; Shea et al. 1994; Luers and Eskridge
1995) » Hrf - {RREEHEREFEX0.5°C N » R HERERE
FEMME T EEA - RIBEREE 2 G [ v DA B
HIEE] 30 SR > HEEMTRE LIS E &+
DREA - RIMERELEIEE RHE » — T —
EER AL - — KA E KR - AP RIREE
R AR —MERR B ET - B T RREIN &
BREAMBIBER - ERIER K AT LR R E R
B K BB (R B iy St 2 (lidars) » FERRR HR A
ZR BRI T = (Solheim et al. 1998a) -

ENRIL =G ZERRRRAIEZE Fian
1£FEE M T 8 A (thunderstorm downburst winds)Hy
s@ZUE Y] (wind shear) R K HHIEHE —KRER
(RN N EBRIESER) (Lyons 1997) » BN &
R 2RI - MEZRIRE LN RRBLZER
B TENF - EHTZ KRR BB RS 21
B AR RANE  REDMER - IR
FIRSREIRE - 05 AR TR - BEES 2
BT o W E MRS E 2N KR RN 2T
A8 (Alishouse 1990; Schluessel and Emery
1990; Liu and Wentz 1992; Gao et al. 1992; Schulz
et al. 1993; Bauer and Schluessel 1993; and Sierk et
al. 1997) > AR BRI F T B SR K SE R BRE K
AR EIAR 7 B U4 F(Westwater 1978;
Hogg et al. 1983; Sheppard et al. 1991; Han and
Westwater 1995; Westwater 1997, Sierk et al. 1997,
Solheim et al. 1998a; Snider and Hazen 1998; and
Frate and Schiavon 1998) < -4} » BFFef 22 4ERE
#9240 Hill(199 1) DAt [ 8R4 5 18R IR SR s B 7R
ZEH) B KB AR 0 LUK Solheim(1991)7£ 5 EY

R

B SR

Boulder [ tth [f 8 43 51 #R I £ £ (Denver) 1
SREA TR - KR BmkE EEREAEH
% BHEKAER BEEHRIKIERE L -

HENBEAMEMKEN T B RAEBHE
FERRIF 7S TR » M AFIEM R RS B T
8B WREBEEE T K3 (Liou and England
1996, 1998a and 1998b; Liou et al. 1998, 1999a,
19990, and 1999¢; 2 1998) K ARk (B K12
1999 : Liou and Teng 1999) » TEHAFE Hh 2| 45 ik iRy 85,
BIEt o RGP AR - BT - FEps 3
EARERBRM L 2N TR ERERY - E58
PRS- BERATSEWEE D - Bt » BEEMR
#H—E R EE - TENREMEENEHAR
Hh PWV K CLW HARBIRERIEAT - 5738 —E B
12 AL E Se M B S AR SR BRI R
R PWV B CLW & BEIREAHANT 34 238
K 31.4 GHz S5k R IE ST B E R 8 K Fg AL
IR T AT - M HEEEALE 15°K% 16597 -
B 15— REPANS SR RHE PWV F CLW By
i

Cre

— AR RIS T TR B AR
HRED  BFECERWELE KB
(forward)t® = - MR EM RS - REREME LY
HEWABR  DIEATHIA B R
3B (backward)f& =, ~ FEHAME AR (forward i =,
FIEEY) » BRI B R EL Y B RARA{R(Ulaby et al.
1986) » SRS —BR - sUBk LB S
FEF RIRGELTRHR R R FIRIECR - KR~ E
K~ BEITEIRR) » BEAE KRR B K M B e
THHAZ 7218 850 8 (England et al. 1993; Westwater
1997; Jung et al. 1998; Barbaliscia et al. 1998;
Snider and Hazen 1998; and Solheim et al. 1998a) -

MM ECEIBAGR © AWFFRATLLIER] - HLR T



N NEARA

—Eip B RS R A (AT ) - FEF
RIRBFZERHR AR - E4E PWV K CLW
FOTREZ 23.8 ;2 31.4GHz SZIREAE - M H
IR GR © B R —EfIE A BRI 7K R R ST
BEMEE - LMEET PWV & CLW - I FIREREE
ZEFIERE PWV - IV RIRERZEER M AR
CLW SHIE AL EHARER CLW 2341
BERRFILAUT i3k CLW 2 BgE -

= EHEE PWY B CLW
CF-Y5 8

B T R ST R 2 nI B B (Ulaby et
al. 1981)

dB(r)

G B=I()

e
oB B (brightness) » W/m?-sr'
o r Z{IEFERE) * m
o T3 52 (optical depth) » neper (Np)
o J ZVFE B $(source function) » W/m?-sr

(D A LU 1S s T 4R 51 3 8L B 0 KRR 5T
FEP R

(00 0. AT
B, = B(w)e =) 4 fJ(r)e © >;dr 2)
Hp o
w(r,r')= ,r x (r")dr" 3)

Hrov o k. B RKBHIBEUR B (extinction coefficient),

"Sr A& g steradian Z 45 % o
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Np/m  TEFRBIREY - 1R Rayleigh-Jeans 1EHIE,
T LA E X Q)

Ty =Toee ™ + [ 1, (T, (e dr )

e s
o T, BHIEHESHEEHZ I0E - K
. T BFHERFEQT ) K
o T, BARBE K-

—fRIME * AR B R R R B 55
ATRRE ARG » BT AR MR B AEN(3) K ()
HNERURE - 7K 2 B AR E R ARRIER
L SRR IR B MRS TR AL » BRI - AT LA AE R I
B SRERHIR A ) PWV K CLW 73 » B4l
22.235 GHz 7K @R #8752 50-70 GHz &R
SER O Bk AR PWV SR R iR SR - 758
FAE s B CLW BRI (R BB B SRR s Ty 3
Ko HAHG AT LURZRAEET CLW Z4#(Solheim et al.
1998a) - [F]3# » F A B LLF]A 22.235 GHz /K&K
WOAFHRATARAR » S HAN8 T A 5218 F7 3858 (pressure
broadening)Z 21 21.6 5%, 23.8 GHz #H | KR
PWV S & BN L— @SR & BT LA
flist CLW 28 - B0 > AW aEHT 238 &
31.4 GHz K & » HRAFU TR - KEHH PWY,
cm, K CLW, um, &8558
PWV =Cppo +Cryyy xTb, +Cppp, x T,

(5)
CLW =Cypyo +Copyy x Ty +Cyyyy x T,

(6)
e
o C LRSI pR Ry TR
F PWVO,PWV1,PWV2,CLWO,CLW1 &



144 PN

CwL2
o Th, BEHIZ SR K FiEi=182 5
Btz 23.8 5 314 GHz

HEESTIRAEST PWV K& CLW & &R
A BETEREC T ED)) A ENRIKE
2 &R HT 0 UL NOAA Wave Propagation
Laboratory 2§ RHJES HIRIEZ 5T K RIBHTE
23.8 k¢ 31.4 GHz Y 5E{8 (Schroeder and Westwater
1991) » AR AR EREEZCENAZ 8 - 1R - IR
#EZ 0.1 hPa s DL PWV ~ CLW KEREFTER
WeEty » ZaFRIEREA - RIRER 2 E R R £ 1
CLW & » it » —R{FEE R RE A E
BE—B2FERF CLW BIFAE - SRR Rt —
B L EEARR B  TLATE S B & R (forward)
R B R K B 4% (Han and Westwater
1995, Solheim et al. 1998a; Snider and Hazen
1998) DIFESHE GRS PWV S CLW #E & B iR
SHERIE AT KRR IR BOERE » At —2k
BRI — S HEEEER A 2 - R ATEAE SR &
as B HER A » BERF R/ (Westwater
1978) - A 9t & W& BB 7K & 1R DL IR A& 4 (moist
adiabatic) /=&t (Albrecht et al. 1990; Han and
Westwater 1995) » &% 48 B IR R /KR & L &
(mixing ratio)F& = B B b BLAB UK ISIR & LLRBE
mOE OBt fHF m £ % - H
aw,/dz = —-dw, /dz , H
w, =g (p—e,) €5 0622 pBARE
110 Lk e, B7kiE R - Rt - CLW & 8RR

2
([owde)p, - p B ZEE  p, B

TRCEE DKzl K z2 B RE/KFEAE &
& -

BT ECE MRS E SR CLW HyfF{Ed

B HASE R

4 B - AEFIHENESFH(LASER
ceilometer)fd & » 2] Han and Westwater (1995) - &
RRAZRERREAKERNEE  HRRTEERR
BER ST R B 7K R AN B FRATTG R B SRAHRE
ALk - Han and Westwater (1995)43 BI{Eie% CLW ££
FHENRE S 90% K 95%HF 7 » A EHE
et EEEE - BIRIERTEREIBFNT - ik
ENH B EEHEAEEHCEEKSE 3 -
KT > Solheim (1998b)AIHF 93%8K 94% - HEMR
R % DRUHEHRE B S E i - (EERIRERZE
Z FHENR BRI o 2B 5 o BhERE  RtDA L
A R EAE - TR TR B — A R
B o A o FIREELEL 90% - 94% K 98% =FEfH
= W HEC A E RN o A = ARREIR
PRI R AR A - BRI ZE
EEGEER . RAE -

FRAAH PREAIZEA » F0F#EEER A Han and
Westwater (199505 N EREE MBS 1 & PWV
B CLW iy » BMEREHERFTEAED Snider
and Hazen 1998) = fXiflj » WK EEERIETT
MTEHIES - DERPAFT E BB RTERN S M - 28
—EEERAZHIE 8 T RS E PWV KA
BRZCERLS LB (RGIAEE = 61) - RERTRZ2HERNIZ
HE#ER CLW Bl HEHRRRHRNE THWE
RHHEEEEER AR ATAEEL CLW A FEEAHRR
P FRLARBREEZEE L RO R E S |55 2 SRk
A -

B A FOHERE  DURIRBFZEE MR
23.8 } 31.4 GHz ZEiia s AZU(5) 5 (6) » i i SR
DRI ZEERERE KRG PWV K CLW ffit
B BIGHRETE 90%KF53 A1/ 0.44 cm
(11.7%) K 508 um (28.9%); 7E 94%IE:43RIl/ N
0.36 cm (9.5%) % 405 um (39.7%); 7F 98%HEFS 7|
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ZINFA 0.25 em (6.5%) B2 215 1 m (53.2%) » LA R
HOCTEHEELERT - AIMESHIS HARZELE 90%HF 5>
FIREZ] 0.19 cm (5.0%) K 302 £ m (17.2%); £ 94%
FF5>BURER] 0.18 cm (4.8%) K 198 1 m (19.4%); 7E
98% IF 4> Bl & F 0.18 ecm (4.7%) & 110 u m
(27.4%) » WFR—FI AR R HEE2/\+
ANEZAMBRREEER - REZ PWV K
CLW Ky I9fEEAEHE S LUK L 23.8 J% 31.4 GHz
R TR SRR S T B T 4 A SR B 1 R SRR
ZEERIKGZ PWV K CLW RIS AR - #5531
W Th K v 53 B R LUK R 5 18 B S 72 #3831
B o TIMERYE MY  [EHEE R
Y EEURAEE » B4 CLW Y 285%HE5R AR
PWV #Y 22.6%(EEFE EREIEHE) 9 HRE
AR A BRI EAR - 5t 98%E LS CLW
ZIGTARFELL PWY BHE S (LIE S8 ¥ &
&K CLW By A7 4E 22 40 ¥ 3th K 3F % (285% %
22.6%) - HIEAHURTE 98%IFEERH) PWV & B
90% 2 94%I) & RIRERZZE KL FEEHE - ] CLW
R B AE SR AR ME B4 BEBR > Q0 | Ao

98YoFHTEIEFHR 90% K 94%FE A 1:1 HykR b - ik
Hb o SRR RS IR RS R A AL

FRIESDM » AR E LA 98%ZER 7 i HETss &=
AR - DUOEAREER PWV K CLW I » REELLY:
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RIS R0y iz FEilBlm] » 20T

PWV =Cpoppo +Copyy X7, +Crpyy X7, (1)
CLW =Cpyo +Coppy X7+ Crpyy X7, (8)

e
o GLUHIZBHAE Y EIRRN  Np > FHE
F PWV0, PWVI, PWV2, CLWO, CLWI! k& CLW2
o 7, BIRHFBRIG LR - Ko THEi=1
82 43845 23.8 & 31.4 GHz -
KRR 2 RS
Th=T, xe "™ +[1-7(x)]xT,, ©9)

Hr o
o 7(0) BRRZHEARLITLAT FR)
o7, RFT KR F 518 & 1R & (mean
radiating temperature) - DA FFRARUMT

f k,T,e L ds

- ‘;(‘,dr
frcae J ds

T

mr

(10)

Ho o ok, B K HAHB K I % B (absorption
coefficient) » Np/m » ds (XERB/IMUBRE > m °

F— FKBREBCHEFE)/\REZ ARRRKEERR  REZPWV R CLWH P EEHTERER » DIK
LA23.8%31.4 GHz.Z 5tig SEOEAR S BIEBRFT IS A% R ELE B RIRERZE R RIT L PWV K CLWSITES
FitRzE < A Th & T SRR ARITRE AR HEEEET - (£ FR Th SEER RSP 0= -0.60,

PWVI= 0.11, PWV2= -0.063, CLWO= -500.3, CLWI= -11.4 R CLW2= 40.5 T {BBHREEPWV 0=
-0.22, PWVI= 23.98, PWV2= -1431, CLW0= -232.9, CLWI= -1684.5 FCLW2= 6582.1 -

Z2YNIHB FHE IRHEE (B E) ¥ HRE(TD) YIRRZE(T)
PWV, cm 3.79 0.856 (22.6%) 0.25 (6.5%) 0.18 (4.7%)
CLW, um 403 1148.6 (285%) 215 (53.2%) 110 (27.4%)
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To-Bosed PW. Saseg CLW
I — - ) 2000 ~ o
[ f0) FeE 4UR j € t 3. Rh= 94% M
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g 0 (b) RH= 90% ] € zox10* i) RA= 94% 1
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= B L © b
N R ..‘+ g Ll
L tw 'E 3 b
= ] sk o
* 2 J ot
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S0t (o) Rh= w47 ] g 010 I fre 957 3
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. f ] F 1500 ]
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e ] $ 1.0:10 ]
< 5 - 1
_: i A é 50100 F n‘*f""‘# 3
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RBREC T EERNTAEEGILR LU REREZEER - DL 98%EFIFTEET 23.8 &
31.4 GHz Z KRR (2)SEiB K (b) AR » R EARSIFER(c)PWV K CLW #E & & - RIRBRZEZARL
ERANRE—EPEERRER -
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Cleud Liquid Water, microns
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E 2 BRBREETEFERE/HRENR
HREEEER  (HEFFIS KR 23.8 K 31.4 GHz
H)(a)FE IR K (b) AR » AR AHE R (C)PWV K CLW
BEE-TEE T4/ KRSCIRTE23.8 K 31.4 GHz
I IHEST BIES 65.7 K 40.8 K » fHESHIRRHE = (H
SEARIE 23.5 (35.7%) K 34.0 (83.5%) K o —fi§
M KRAVEEH BFEZE PWV UK CLW &8
N - BIRIR R R IR - KIS 31.4
GHz ZHREKEZEH K » T CLW FEEHyBMLEL
K FrAHARHEZE (B 53 Bh#K -

= B EE R

ERBEINRE A A+tE=A+/\HE =
+AHEEABILRSUGETT - KRB IR R
AT EEMAE b 38 PR e/ R Rk EALE
) P 7 T AR+ T R AR DS SR A 5 Im B e
BERKIER - B EBERE 15°5K 165°RH
B(E 15— REH) - TERH—ERESEF
—{EERHIA L 1 383 #H 23.8 f 31.4 GHz jif&
BRPZEER - AT KRB R AT
F53% @ Radiometrics 2x BT {L - SROFHERE 23.8
K 31.4 GHz» $8F 23.8 GHz B AE &1 SER
BEE K R B % PR 2R STEREE, 2. %
SR BN 2 T SE# (downlink transmissions)H)
R TR 0.25 K 4P IR E (beamwidth)
238 31.4GHz S RIE 5.7° K 44° - HEkr
EEARASE ¢ | IR R SRR 5 it
BHEMIE; 2. DD HE R B K 2 a3 i/
F0) B R AR B SRS (90 FE/RDY K, 3. 48/ IR
B EB FEMCEDR; UK 4. #Eh
N BHMAE)FEC B TGE -

BT E— D TERTI 90% - 94% K 98% =&

Bl

BT AR 5

HHSHR BB S - B 3 PRESRIRERE
BFERTE 141 23.8 B 31.4 GHz S K HAREIFE
WVR Fifilf§ 2 il - @ 3BT 0% RIRERZE
[FIFRE i 23.8 Jx 31.4 GHz 2 (0)HIEERTE 94%
i SRER TR Z27E 23 8GHZ ARAGIE 31.4 GHz fRffdy
R, (HIEERTE 98%EFRIRRELE 238 K
31.4GHz {13 5/ 8 WVR BHERY)S < B
R E AR R A UG 2 B DL 98%3E
BIEsE S RAMRIEATERA -

B 4 5 WVR Fll{2 PWV 8 CLW JH
IS ERIR G218 2 PWV - RIS S - Hi%
PRSI - BPALEE CLW » 7R GERREEZE )
5 CLW % H CLW Y IS R 5
18 MEE AR B S A R
S FSHREENMT - Hk (LW TEEEHE
% - U 4 B 3 0 SEBANTERE R PWY
SR CLW & REGEITHEE - 7 —HERIY
> ASRERIETLE 23.8 & 31.4 GHz FOZRI9MES HIES
57.8 B 32.4 K AESHIAEREE (5 ) B 5185 20.5
(35.4%) 1% 27.1 (83.7%) K S {8/ M BB &
G E 54 = B RS REE » 2R
RIS 7.9 K 8.4 K - 532 RIRE IR PWV B
CLW i & - 25 LR IERAT S PWV B CLW ]
S HAESMBIS 343 om B 262.5 um + E/NAE
- ERIEEHE(.79 om K 403.0 1m > B —)
$7 (43 B5)52BIES 0.360m (9.5%)5% 1405 um
(34.9%) SE A ARSI 75 23.8 2 31.4 GHz
PERIREACE B PWV & CLW AHE B - [
R SRR/ M | E (e
HEFEVIE 23.8 K 31.4 GHz MfESERD AR 0.227
(0.136) Np J 0.126 (0.198) Np» F /R {FE— B E 5
HARS TR VAR R B A SR B R TR
o H WVR S5 ERIEZS IR R S 2 RRAR
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ABSTRACT

Utilizing a ground-based, dual-channel water vapor radiometer (WVR), measurements on the integrated
precipitable water vapor (PWV) and cloud liquid water (CLW) of the atmosphere were obtained. These two
sets of data are used to describe atmospheric dynamics. They were inferred from WVR observations of the
brightness temperatures and optical depths at 23.8 and 31.4 GHz collected at the Central Weather Bureau’s
(CWB) Taipei weather station on March 18-25, 1998. During the field campaign, the WVR was initially
installed due east, but was turned north periodically. An elevation mirror was applied to guide the atmospheric
emission to the receiver. It is designed to rotate perpendicularly to the WVR itself so that it can be
automatically adjusted to scan the atmosphere every 15° at angles between 15° (north/east) and 165°
(south/west). WVR observations show that the PWYV has a variation from 2.4 ¢m for clear skies to 6.5 ¢m for
cloudy/rainy conditions at zenith, while the CLW varies from 0 to 7840 1 m for the corresponding situations.
In other words, atmospheric dynamics in PWV and CLW are clearly observable. In addition, PWV and CLW
observations at angles from 15° to 165° indicate that the stratified atmosphere becomes a less appropriate
assumption with angles departing from zenith.

Key words : Precipitable water vapor, Cloud liquid water, Brightness temperature, Optical depth,
Radiometric sensing



