SO & Pl A B

AR T F kT B R R M G2 A4

BT REME
B FPRABAERER

(b2 REl O A —+ s bR O R A A+ = HE)

W O=E

TEBUHBLECERETR - SBREURN IR IVIEING - AL R Mg - TR R IR A Sh4x
B o« ARSCERA SSMII 1 2 > fkE/K A& (column water vapor » f§f% CWV) K GPCP ( Global
Precipitation Climatology Project ) [#/K3&Hkl » E5F 1988~2014 FR » RR/KREHIE /KRR % -
TIPS REUR | BV IS R KOS B B KR 22/ A S AR - P E - 4F ITCZ |3t - 45 8mm
RSB AT EA Immiday [#/K5RE < Rl BRI E R KGR (I IES I - T2 23 B
GREA% - TRRIE RIS E AR - /K50 R I S 1T A2 isee -

RS LB AR - 1988~2014 4] - BRI PIYRA/ORE RGN 4%/24 (i 36mm #
2 37.5mm) > {H[FIRFHARE KGR A MR S IERURBVT I 2 [ FRSeR. CER B KAEAEAOS
BZHE) EEEIRUIFA MRS - BB REER TRAEY - TEERAEEAZEREA
R EES% 0 AT Neelin et al. (2003)FiEEH > “Y& - N a&d]” (the upped-ante mechanism)fEH%EF » 7REIA
SRR A L AT ISR TP YA R » H DR SRR E R T IIE U B US G SR s 4 -
AR R B B M & /K A SRR IO B DI AR - 555 FRIth 3830 B BR pl A S BT St [
PR (LA R IR IL AR AR 3 4 - WA ETEIRE - SRR ERBREAU AR VIR % -
BT  RKRE  FEKIRRE - IR

>R B8R - 32001 Bkl il shoREE 300 5% > BIZH v RE: KRR A
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— “BiE Project)[ /K& HL » 73 M & (EBR L FNIEEBRERERE T
| |

NEUR %= RASH IS BT 2 BREE (bR R (2
BRI R NI 21 tHACPT IR HY i BRI
ATHTBUHI 780 - N ERBRALRT S [ SRy RR IR K
A(EUR ~ F2 3~ ZER0R) SREEHARAEIBZE 30
AR BT N 25 (Stocker et al. 2013) - fR{E
Clausius-Calpeyron 7512 » fEAHENRE R EEAYIH
T EHFIREREIN 1°C 2R E
BARLIHEAN 7% (Trenberth et al. 2003) - {[HEDHIE
BT  AE G T BT R R4y 1
~ 3% (Allen and Ingram 2002; Held and Soden
2006) - FEURFE R EIR LA ERR 7220580 Cht
&~ 7KR) se B - 28R (RRERAR)
HERREZE  EHRE R S MEE -

AR IR TTRUR - AIERAL T [
TR E I BARMERE - B BT B S &
s 2 PR TR R SIS - MRIEV i
& 2 [ R = B )i /D15 % (Held and Soden 2006;
Vecchi and Soden 2007) - £ ¥k[& TR KAEZT#
(GPCP)3fr 1988 4= 2 2008 F= I BT g F e
KELEASEE - MR E A 10 R H04Y 1.8%
ZIEFE - R RIE 10 FEEDEY 2.6% 2 [F
Fii & (Liu and Allan 2013) - A3 23R R E AR
HZZATEZ | (wet-get-wetter and dry-get-derier) 7 it&
o IR L2 IEE KIS % ERE K
WD o BTSRRI o IR R B RO
AR R BB > 45 52 (Chou et al. 2009; Chou et
al. 2013) -

ol st /KR & BB /KSR R (R
EERIE( BT 2 8k AR F SSMI (Special Sensor
Microwave/lmager) i S 2 2 it & SRAE /K0S
&R GPCP (Global Precipitation Climatology

ZEb - BEIT BT RIVERR - =
B B SRR /K B B /KR 2 B 22 53 R 1 R B
BRIN BEBERIGH Z B LS - BUUEREGE AT
Ay BRI E Swig Ut B B mTRE IR A -

— ~ BRRIE

AR SSMN 5 B S 2 RAE /KR &
( Column Water Vapor - f§f% CWV ) kK GPCP
(Global Precipitation Climatology Project)[#% /K &}
fLAn T
(—) SSM/II &H

SSM/I (Special Sensor Microwave/lmager) £y
FEE 1987 4 6 Hfrit4t DMSP-F8 (Defense
Meteorological Satellite Program)f 2t Fr &k iy
W ERAT R MR RS 5T F-10~F-15 SR {F 2 -
SSM/I Eg5 a4 19.3GHz ~ 22.2 GHz ~ 37.0 GHz
J2 85.5 GHz SEVU{ETHR A - nlf i 2=
gt (12,5 NHZE 25 /N H) » B KR TIRRE
Kag -~ KR~ BKEFRA BIFHIEEE
(Grody 1991) - #EZR SSM/I I FEFEA/KIREAY T 5
A 5 (in-situ observation) &} - {HAEEE &R
ZWEBRELT » B SR R R R EE
BOHIF—TEEOR - A SSMYIERZKISE
KPR E Ry 1ox1° 2 i A&k > BRI [
1988 4E 1 H 1 HE 2014 4£ 12 H 31 H » £ 27 4
Hh -
(Z) GPCP k&

GPCP (Global Precipitation Climatology Project)

b /K& - Rt FSR T FEETE] (World Climate
Research Program : fi§f WCRP ) [~ F51# > H
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H AR 2 BT 2 RV K 73 i ERHE B EYEC
¥ WEEG TATAHEIIER > AEHiEN ES
g~ FEME - IR ZEENSE > rEsrs
BRI /K4ER8 Bk} - ASTER A GPCP-V2 RitAS » /K-
FERTIE Ry 1% 1° 2 IZ AR} > iz RFE E 1979 4
1 A2 2014 5 12 H ik > 3% 36 F&f - K TR0
SSM/I RAE/KRBHETTEE A 34T > AS{E ST 1
AR E R IR LA (1988 % 2014 )
H#ITHT > BRAIH P& -

= RAKARERERIK Z R
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HE s RN (RE 1) REEN/KSER
FHEALPABGE AR R IR E (CWV E
FriA 40~60mm fidl ) - P /KRR R 5
~8mm/day [ e 1F B B PR 5N 7T
W AEREFFILIT RS ~ WP T R 2K
A (CWV {EF T 40~50mm i) » FrffE
Z K58 i F] 6~8mm/day fH - [EAh > BUK
S T2 4 (cold tongue) |22 R 82 R KR
&K {E & (30mm) - i FE 7K 58 R B 2 R 5
(< 2mm/day) - BESI S » A FEHEDRE KoK
REENEML  RH/KRERS SRS - FKE
fE Az (Bolsenga 1965; Karalis 1974) - 5= »
1F ITCZ (Inter-Tropical Convergence Zone)fff3#T »

50mm AT /KR B SHE 4 RE F L 6mm/day 7K

1988-2014

SSM/I-CWV(mm)

30°N
15°N

OO
15°S
30°S

(b)
GPCP-P(mm/day)
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15°N

OD
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30°S

0 2
1 (a) SSM/I
fir73 A1l R mm B2 mm/day

180°

[ KR &l (b) GPCP [ /KB RHHSRA 2= 71 -

4 6 8
FRHRFETH 1988~2014 £F 7 P39{H > B
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SRS EAES - JRENE ITCZ #E P - £ 8mm
FRIACOREATHE Imm/day [#7K581E - fERIEV
& - R G (A B ERIR PSP
FRRIBVEIIEA B 2 @K S EE - (HZR
ZRMACR B A E 2 IS E HE ) BT AE
FIRI B & 2 5P S R A AT EAR -

(D8 Lz
2 iR SSMIN i B ROHSRRVKIRE
B /K o 7 IR T8 LR B B ISR A5
SSM/I SRR BB RIEUR (18 2a) » RH/KRE
FEECEAZE PR BIEFER
BHRACPRE (BHGRIT) 2R ERICEE R

@) SSM/I-CWV(mm) per decade
30°N < ,.

Sl i

i R EMNINERY R EE KUKV E (CWV 8
{EZ A A-1.5~-4.5 mm decade* [&]) ~ (2)77EPYH
XS A BRI BV SR & R KR 2= 5 il
(1.5~6mm decade™) ~ (3)ILENEIELLRAREH AR
SRR E AT KR BN (1.5~ 2mm decade™) -
BESIN S BV ihIE R /KOS EAE 1988~2014
2R EF-Ess > e R LSS HE —5
(Trenberth et al. 2003) - [FE/K5REE R~ (B 2b) »
FEELE AR EFHI TR B
RS AR B Ry S e AL R R BT M1 A e
R [ [ 7K 58 5 R 59 & (0.4 ~ 1.2 mm/day
decade ) ~ (2)FREPEAEE K pa LRI ZE ~ P
[ R £ A frf 2 o SN [ /K 58 R 1 5 [ (0.2

15°N -
0° -
15°8 %" 2

4‘___, . k‘“"‘\ e
s @ jaae——
\?\__40 : T{; J—\S’—

4 :48_ . z

30°5 +——= ‘

()

90°w 0°

0 1.2 2.4
\CONTOUR FROM 20 TO 60 BY 4|
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00 -
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2 (a) SSM/I fCEEM/KIRE () GPCP [f/K &t 2 i FH S Ll EAE] - EORIIGRITHL 1988~ 2014 4~ #4(EH
B Bfir 537k mm decade ! £2 mm/day decade? » E{HAR FyREFIE -
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~1.4mm/day decade™) RS} » BEASERE T4,
&S E AR - R KR &M R K
(B34 f1(1.5~2mm decade ) - {E [ /K55 5 (LA
F5/]\(-0.2~0mm/day decade™) » FIBE A
WEERRKRIBRATINE » ZRASET - HEL
KR 7R S BE 45 T B PR (Allan and Soden
2007) -

1988-2014

flobiic #E4 139

HE— 2 R R SR KR B AR /K 58 2 Bl (4 5%
B ST R /KR B RIS Ky e iR
BTS2 BAR MR (5 ([E 3a) 228 L
s CRGEDR ) RIS RIE KR ERR
IR > S oK o e b kg4 > N1 Bretherton
et al. (2004) ~ Peters and Neelin (2006) 5z Neelin et
al. (2009)2¢ 3 /KR B Bl /K58 R e AE FE BB R

P (mm/day)

@) - CWV (mm)
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10 +———7+—
0 2
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(b) 70
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3 SSMII FERIHVKIRE S GPCP /K& L Bl (R ffilE] o X il Ryl /KoRE - BAL R mmiday - Y i BysR F0K
PRE - B R mm e (@) ERHF T HL 1988~2014 A5 Ky =] - 1988~1996 4] RyAii (EE4R ) - 1997 ~2005
R (f4R) & 2006~2014 FEREREIT (KL47) ~ (0) Rodflfit-P9 BT ~ ()Rl T -
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IR AR RUERT - BEBGIMTS - {£ 1988~2014 4
> S50 RR (< 2mm/day) & fi&E5E il Lmm/day 27K
SR TR Y SRAE /KOS & P I0RE Smm : SRR
W[ (> Smm/day) &1 1mm/day [E/K5REFTER
SRR AR 2mm - ERURAEREE L
RIS BRI (400 1TCZ) » SR =
Whn - BVRTREE IR K E K2 - SRR
SRR ERVES (A1 BBV R2
HE ) RAFEESNACKEG I - 4 s
AAEHIE KR -

F5 1988~2014 E[H 57 By 3 HH : 1988 ~1996
FEfE] Forii ] (EELR ) ~ 1997 ~2005 £EH] By 1 (17
&) ~ 2006~2014 ] Ry {1 (4L4R) - T353R
B st /K (> Smmiday) &z > RO ERE
A BEE S IOREEY - 40 - (/K58 )% (Smm/day)
AT IE 2 SEAE KOS EAERTIA R 45mm - iRl &
4Tmm FE I I0ZE 49mm > JRENHE EHIE K oS
& - RHIRIREE ZHRMEACRE - RIS
BV 2 [ PR SeRA TS - S - 93l
(< 2mm/day) 1 B Fit 4 i 2 SR KOS B T e R
PG L o FRERIEOR B AR /KSR R
o Ry R fe VH ) Ere K Tt (& 3b
3¢ ) FRATAT LASEER, I HE R RIS B AT AEAHS
RIS E - K2 TOIEHENZERA S
22 JKORBEE RS EE AL - R R gl 84

[=]
oo ©

RSB RS R ~ IO - R
B (ERBM KRR 2 L) 158
ACE (1 4) > 1 1988~2014 £ » SBHET
SRR AL 4% 7245 (6 36mm gD
% 37.5mm) » {EFERSIE KO TEQICHE - 1t
RS AU RS
R A0S, - 15

Sl i

BT RS ~ FE/KTRAE - PRI
FEEL Y Ry RIS EFHE R T (& 4b
4¢)> BHMTr] LSS BV H B S H RAE KR & L
FHE KL AN 5.8% 754 (H1 40.5mm B4 fiii %
43mm) - [ FICERE ALY 3.8% /4 (H 32.9mm
BEfnZE 34.1mm) - (EAEETARE KGR E R B R
S EFAEEC NI - [RK S LA B R
B PR B MRS -

BT R /K S S S R B A B 2 - R
AP (B 5) GPCP [ /K56 [ 8 {1 g 54 Bl
ERA-interim 2 B 2% (7 V- B e fe - A 4%
Fy(wsoo = 0) » FefMTEEE R g o E) ETHE s
IR KA B o s S A - 053 bl sk ) B3 i
T Ep NN A A C s ) W T R L S R |
I 5 L e 4 A L N ek D o - B T 5
B HIG E KB L IE B ~ L EARTRSS - Fr
DI tEsIsRE - PEmIE st E K bR T
BIRE CRERIZKR) DU BIiRE (KR
B WirEIFEEEAS  BERE (A 1§
(BB K RIRFRTT ) #E E s AT 2 A
(Chou and Chen 2010) » fi {5 /K &8 bifERE 2N
AR E(IRE - EHE T IRHEEIBE (KR
B ) BRGSO 2 TR RS
Py @ (E 6a) > B (2010 2
2014 ) AfFEFEHTRET FUAF (1988 2 1993) Ffe:
PRETE AL - BRTS - £R
- PHEEh FHE » KREE H IR AT RIS R %
PRS2 (4147 ) KREHRRATKGS » (15
Rk (BE4R) - K2 RAEIEE N0
& ([@ 6b) T H IR E )RG5 R PR
B (K147 ) FOUEBINY TR > (TR EA A
WD (EEGR) -
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45.0
42.0

39.0

36.0 -

33.0
30.0
27.0

Flotie #E4

@) CWV(mm) 1988-2014 P(mm/day)
45.0 : ‘ ' 5.0 0.0840
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4 SSM/I SOESRAE/KIRE (K1) ~ GPCP /K& (BE) BREPRECR (&k&R) ZIBREI il - ERHRF L 1988
~2014 £ - (QFVTHEE ~ (0) RS EP9 ETHE ~ ()R {0 -

5 GPCP Z[E/KomfEisfE biss ((ufif) B2 ERA-interim R VYR EAE (HES) -

P(mm/day)per decade

vertical velocity

CONTOUR FROM -.1 TO .1 BY .02

2014 £ - FRIHELR Fy(oso0 = 0) ~ EELRFySRALET EFHE - FERRBEI T -

FORHRFfEHL 1988~
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(a) hPa Vertical velocity (b) hPa Vertical velocity
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R R BN ME RPN BV R, » %
HETRRRIRRAIREHV IR EE o RIEARRAIK
AR BRI RIS b S e - 8 7
T~ B B B 57 B2 88 ke R (DIF) A /KR B B K
SR EE 2 48 1A g o3 o AR BRI (fE
7a) > FAEAKR B B[ K o8 A E AV M [ 7 SR
ekE(RL > 4 0 1991/92 ~ 1994/95 K 1997/98 {4
o JRiE ARG BB R (R ARERAIRE K
TERESEESAEAE 5°S (4T ) » DA Al Ry &S
ifi 2002/03 Kz 2009/10 FEH:-HIIA 7R mILAYERE
W (AR K TERE 38 42 4F 0~5°N i) »
iEfE 2000 FER1% B B AR AR R PR FE L
i # B QRSP AR AU & ((Pacific Decadal
Oscillation - f&5f# PDO) 7 2000 45 /5 A i & A8 i
AR (REEVUETETE ) o [FIHARM 2 & m s o34

([l 8a) HrmfEE3 - AT A st G R R A
TARSRTT » FEKR D (EEESE) - TR A

B AN S50 - FoKEE 0 ()
Y1 1 1991/92 ~ 1994/95 K7 1997/98 b - A H4R
LApE sl 3R KOs ) Z B RS » AR A
BRI R/ ORI IIZ IEEES - fOZ > [ BEBRRFI
SRS B Bl K 8 bR B R R iE I &
AV EEY (8 7b) - &E P (8 8b)
SEPRPGA ARG - T~ BRI E
HIBAERR D (HEE) -

HE—IRHARACRE - KSR KRR
R (E 9) FERAE A (R H 4R E 748 80 /&
TRE R 30 [E) » FAMEEERIE PR AR S
i RS 401:1991/92+1997/98 K 2009//10
B BB FERRCRAI A E L
% o

WY SRR
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1990 1995

2000

9 SSM/I RUEAMAKAE
Te T HY 1988 ~2014 4

Ml RO B Bl KR e AE 22 [ A = AR
M - £ ITCZ FEEN > P95 8mm FEAE KT E
J&_E& Imm/day [ /K58 R - (T I LIS ACE
BRI PR RKORESE 1988~2014 £EA
QN 4% /45 (H 36mm SEfIE 37.5mm) > {H
(IR S K o SRR A - ISR BV it &
FEpRSeR (CEFR R KR KREZIEE) £
EEIARIA MRS -

FR#2 Clausius-Clapeyron HF2= KEHF KR
G EEREE(LRE L T%/°C » HNRREKE
[EELCRER/INERISN » AR KRG
RURE BEERL - BRI IR GEERKRE
s - —fRME - EERERRIEEGE - FAK
REWIAEFIREREKEE D K2 RERREE
A& - SRR E NG & (1S 7K 5 A 1
o —MAE R 2B RE R (rich-get-
richer)” HYfETE(Chou et al. 2009) - B A EA HE &
FEFRRCRBERR (LM FER B2 - F{FTATA Neelin
etal. (2003)frfetti . “Y&H A" t#di(the upped-
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FRREE BV BB A B /K PO Y
FoET » SR ERZRYE RIS A &
> BEREVT RS B G N Ry /KR s TR D i
HRERRARIEIRURE - (ERREMED - Hit
Ve AR BA A 22 ] _E B TE 4 A ~ I LG T AR R 3
(A i S B AR e KB R b -
Bt K B BRR T BT R0E CRERIZKSED
LIAh > BTTE CRRBRRD) bR EE A
- BRSPS ERSEE % GrEE
RPIRITE B RS TR o8 - [T PR E4 Rk
b ARy BTSSR ET
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BRI EAEFETT 2000 AR RiEVET S 5 A SRAE K
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EEPIE RRIL 0 Kz - BB (& 5b) Al
WI4FAR S - FeAM o] PAS [ F A5 (2005) SLEE Y
1 IR 2 B5HA - 5RAZ%(2005)F1] AR ED R A B
AT T S 2T S E S f#(SVD) - HorhliE 1 5 " 47
4% (decadal mode) (7RE[] PDO ) » I FPA1 L >
1982 5] 2001 i /> 7 28 AR R IR IE YR A
1956 4EF| 1975 FAI RS FAL 22 gR
ERA = EFEEE R ¢ ALREERT R - B
TR R EENE R - i R 8 A
& W& 2 SAENIRA % - TRRIERRFEACE BT ENE
FRELEROCF R R IREERT - JGFEER PR
M2 P BT RO AR E R B R E -
2 ks TAEREFE | (interannual mode) (R FZEEER /g
JIRE BRI 2 o ML - W BRI REESAR L - E
R R - BEER R 2 ~T - fE A FEE
ZANEYFy 20~30 £ AR T ZEHRR &
EEY BN HIFER | SRR
T Z eSS A RE R (RACEE) -

BRI PDO BEARAIFHA (41 @ 1982-
2001 4EfH]) > AR 2000 AERTEEER AU (DIF)
Bl i KR BB R IEIE A (RIS,
2 o BT PDO AHEAIISFHA (40 2001
~i2% ) BEERRGE(DIF) v it SR A KR &
SRR EREPANS R iR ILAss - a4 HAW
HUR » PDO BRAR(IHG T AT AE th & hi 28 R BRER LT
fng Be B8 3 S =1 {4 (Zhang et al. 1997; Gershunov
and Bamett 1998) - {54 : PDO _E—XE MR
YRR AR AL » 72 W e b A s SRy B SR B 52
(1982/83,1997/98) H{ R IF 1] » S i R B A4
BREALINERAVEE - A Al RIS E AR IRZH H R

S
HISZ % o
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KT R A G & MOST 103-2111-M-
008-026-MY2 J; MOST 104-2811-M-008-087
B FrEAVER TECE SSM/IL &t (http://
www.remss.com/missions/ssmi) sz GPCP (Global
Precipitation Climatology Project)[& /K& HEE (https:/
climatedataguide.ucar.edu/climate-data/gpcp-monthly
-global-precipitation-climatology-project) - fE&JE
R A 2 BRI B AN

LENRK

TRIREE  RFEEM 0 2005 1 RREBUGFHEREEFR
Bt » REREE » 33 > 321-340
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ABSTRACT

In observed and model simulations, as the global temperature increase, changes in precipitation exhibit
positive and negative anomalies. Thus, the relation between column water vapor and extreme rainfall are
analyzed using the Special Sensor Microwave Imager( column water vapor, CWV) and Global Precipitation
Climatology Project (GPCP, precipitation) during the period 1988-2014. In this study, we have shown a tight
relationship between tropical column water vapor and precipitation. Every 8 mm CWYV can cause 1mm/day of
precipitation intensity over the ITCZ. The existence of a non-linear relation between CWV and precipitation is

found.

The column water vapor of tropical convective zone increases as much as 4% (36 to 37.5mm) from 1988 to
2014, even though on average there is virtually no change of precipitation during this period. In contrast to CWV,
the precipitation changes exhibit strong regional discrepancies with the coexistence of positive and negative
precipitation trends (e.g., positive trend over ITCZ and negative trend elsewhere), which implies a decrease of
the precipitation efficiency under global warming when the tropic is considered as a whole. In the upped-ante
mechanism, dry inflow from non-convective regions tends to suppress convection and induce negative
precipitation anomalies over margins of convective regions (Neelin et al. 2003), which may plausibly explain
why the precipitation change is much less significant as the water vapor under global warming. We also found
the hemispherical asymmetry of tropical precipitation changes in El Nifio events. This precipitation asymmetry

in the EI Nifio cases is associated with the phase change of Pacific Decadal Oscillation (PDO).

Key Words: Column Water Vapor, Precipitation, Precipitation Efficiency
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