~Q- gL ST R 139

ORI UL M O S TE T L sl I
FoiR 8 (L e 43 et i5 1 4p Bf

BRF 1Bk
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(PERE—O—FANHTTCHER » PERE—-O=F/(HOHEMR)

wmOR

A NE R B /KR S B B 208 I K ROR SO sRMIh » BRI BRI ] RUSERF /5
TR 22 1T FEAY RIS A RE o BB E Rk il E =2 - DIPSESP IR Ry ERIPEEALA 1960 1% 4
SR — BT - (RIEEILEERIVIEEAA 1970 FART AR SR AIET o WA &R EEE
FHAZIEAYRE] o MRS AT AL 1960 SR BEZAVFEIN - RUAHEHBHIZFR > T2
S RERERIHIEZE A 2 b - SRDIPEEREL - Bz AR E ETHHRE -

P BRSO T 2 RURRHVAE AR o T G SR BEUR (1) BAZER SR B Ry nn IR R R ERIENET ¢ (2)
XG0 MERRA LR BV U REURERICALRS © (3) 1970 SRRz AVILH AU BRI i (R B B S 59
I i (55) BIPERS (RID) FE -

TEHREERRZ - FALFER MR AV RS A RS BRI s B BB /KOO 2 7% » W BiAE
AL T P SERA /K SCIBER © S M Ra ~FERIE MBI IR - FRITHR H— (SN S R AR Ry 1) 40 8 SR o] e
Ff o —EHEBFKIES » PREIRER - TR 1T BB B 1E A5 5 P RE AR R (] DLBUR T IR FE SR
{8 {EE P92 &€ (Intergovernmental Panel on Climate Change, IPCC)H RAVEE 4 R[S B ih 2t
[F{EAd B BRI -
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140 APE Fw - w8
— - BE B&|(Schwalm et al. 2012) - i s Cai R RN =
=

25 FARIBLE - R R e a2 55 26 Y
2012 K%z F(Mega Drought) » 2 71 H JE {54
SEAAYPMG(Karl et al. 2012; 275 DU RIEFEH]
4k http://droughtmonitor.unl.edu/monitor.html) -
RIEHBELT - KEMOHYREEER AR
T 4% 2B B DU (R A % & R K B (Wehner et al.
2011) - EEA AR ERLS [EAYREZ T 1Al
EREYERE Z o [EHECFTH U AYBRDE A (i ~ &
FEIHRTE RIS - IR A B P e A a5

B (E L) JBEET T - 84 RIS A E D
% 5 {H/E 2002-2003 4 » LAILES i g e (H 22
BENFZFEEM - AFECREEE - REIECERT
By e e EL(2009)( T RS 2010; Chien and Kuo
2011) > —JF TGRS E SN » 55— AR &S T
BAEVIBAHT 2 5215 - MBeEFTERHY LRI
SKEELEL - FrER P EORKE TN - 228
EMER); BE 0 EZREHTEHNERER - 42
AHRFRHESE - ZR1 » BN B2 BT ZERE R
TIReESERIFHEL - RIS R - s RN - 2
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1 ASCFRrfERIRY 19 (8 A RS a7 BU IR ER (i B o) il - RSB0t/ DT [l 2 1911 £RAY 8 {5 EZH
UEDAADRERRC < - HR 11 (A I DI R R R . (28R D) » £ ERE MEE AR 1 AR 7
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o Ry B PRI SR B REARE ¢ (1)HEAN DT
FHECHETET (FIan - o 2012) - B
AERZ BUIMHE w2 - (ERE ~ KOSt
FEEHVEZ R . QBEZERREFRT E—F
PREE AR > BR= T EUREIRER B ~ ASRERA
TGN F RGN ER SRR AT A - S BT
22 [T AR YR S (2

HZ S 2 B R RS AR  EI/KSCRT A
FEEGEAIReE - 2 - BEEIUZIAEAFERHE
REEEFRIMEE - Fr# % E0HZ R0 - mTREREE
BRT AR FR PRI TR o A = EAIIE » PR B
%8 KU RE AR RIS RE T R EREZRE AT
S > Br1& AT RERS SR A [FIRH] - TEFBAEZ S50
/& +5 # (Palmer Drought Severity Index, PDSI;
Palmer 1965)2 fix 5 H.{if Fl i B V2 S5 8 .2
— © BEZR PDSI AR CALRE (LAY 138 —/KSOF
i - AR FKERR R REE - B > HERA
RELHET S 2B AT EA BERE] > NS
THEEZE(Alley 1984; Karl 1986) - Wells et al.
(2004)F] I LY SR R TS BV AEBR1E - HL
RESBUERVETE > M & H R LERY PDSI
(self-calibrated PDSI; sc-PDSI) » DI 72 Ak PDSI A4
BUIRE - GEARAILL - EFTRRERZ PRANEZ 5 AT DAS%E
A 7 Z BB RUEHYEE ST © Mckee et al. (1993)3
JE& B A5 2 (| [ 7K §5 ik (Standardized  Precipitation
Index; SPI) » BEZAE T AR - (HRH 28
IKHE B — AU 22 8 > Pl HRE R A R R R
(Guttman 1998) -

B T I SPI Y&kl » Vicente-Serrano et al.
(2010) %% A REAE{ LIl 25 ST E B (Standardized
Precipitation Evapotranspiration Index; SPEI) » 44 A
SRS T FER I B A SRR 1% - AT LIREK
XEZF - S 2 &KL EERY SPEL »

W AGE 141

SRR R 2 Y R A - K (263
) RIERER (KRR IERR (BER) EEHN
| (R AR o HPSHEESE RAHEE R
RERIREKECs% > (£ SPEI fHEBFINHIITE
KSRz BRI - B I RORESR L -
L EE BN B2 8 FE R REE R e E M S R R &
HEFr#Eft . SPI » S & AR IEAE BB Y
SRR 5 - 281 L E A TRAV AN - SPEI
FEENRBEEFIER - DPEREE - B2
— B M 5 78 & i AE 52 M6 & Y SPE
(Vicente-Serrano et al. 2010) - F4E =R R FEHY
EER > DWIAEHEE 2B EEE B IEAR -

EEE BT EIRIE - &8 S oAk
BRMIE AR Z ] > RS 2 E R R FR 52
FIENFEFETE, - PSR - DU R T
JRVT YR 2 - s R ENETR - IR IL AR
BT TR RS S8 S R A% (N PR EE KRR
SUEES  FEEGE A EAIAL m EEE s (RE 12
fAaE ) AL SR 5 b S B R A AR R A SR (Y
Fifel > B EIBVE R EASA: - RARRECECE
R ZEHTR BRI SV EIERE K - X sy
P s BT S AR © TR Lo EYSALE -
REVZR SR PR PR - KA SRt
BEEARE/K > IR Ry /Ko T DOsRE T A SRS
[EREREGERZ - B0 TR - EHE
THENRIERF - BIRIKORBREER > BRSNS
JKEESTHEAN - EARBNERE AR A S (FEH HKHE
EEE AL ) - RZKOREARSE I - AR RN it
FONORF T > SRt S A SE R © —Rik
DU SR B KR I BITE R I ELE
AR - Wit B 8% E B
HERR LI B £ SR S AR A IR b (5T
SEIfESE 2011) - SEENRIEFT AR > (I
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B2 > SHEERSRBRMEPRRIAVER R - (5 N\ 8
EIR IR RN - PHEREEARFTIE RS
AV RIE R ER 2 1% - ASUVE
Bz —= T > AETEEYRIL-FEREEE i - DL
e [ T R A (8 1)~ BR P B 4 P Y S R o £
BB AL ISR SRS EER 2 SRERTE R > "2
s FEBUIRIHEZ R (b - A SRR IR b
Bz Ry R e S > DTSR HARA - (D483
FEZEF RN SPEI ZEtEME » QA
BB B BV RS BRI R - (3)
RREERRZET - A LSRR e 2Bk
AR -

— - BHXRIR

HEBR R KA LV E B K R E
L - fRft R G e 4w R G HIE sl 8% H 59
A H BHEERENRIFERE (20% 10 &
FeHEE4ENE By http://dbar.ttfri.narl.org.tw ) o ZEE
iR S i/ 22 (British Met Office)fyn& 825 s
By 8 Al & F} & (Hadley Centre Observations
datasets) - f2{it 5 1860 it » 2.5 FELLLELAEIEHY 2
BRH PP ESREE (higA 2r > HadSLP2r) 5 H
1856 4F 1 H 1 2006 4 8 H » 2.5 EALEMEIR Y2
BRH SRR SR R R RORE (4.0 kR -
MOHMATN 4.0) ; DLz H 1870 FE#E » 1.0 FEAR4LE
MR A KESEE (L1 IR
HadICE_1.1) % 3 (EIREEEBEHYRIIEIHE - 807
TE LR B 22 A& A1 TH A2 (University of East Anglia)
7 AERFFE AT (Climatic Research Unit, CRU)
fRftH 1901 4 1 HF[ 2009 4 12 H » 0.5 fE&k4R
By e BREER H P RIE(3.1 i CRU_TS3.1)
A EREFE/K (3.1.1 i » CRU_PRCP3.1.1) - DL
&R EE AT 48 91 B KSR RE A 0 (British

RS | I

Atmospheric Data Centre, BADC) 1y A [1 48 ik
(http://badc.nerc.ac.uk/home/) B 5FHEI E R © £
XK G B K 44 % (National Oceanic and
Atmospheric Administration, NOAA)Y & f#2
1,0 (Climate Diagnostics Center, CDC)2ALE 5
R B TH R o0 B B 22 K R 5T o0 (National
Center of Environmental Prediction/National Center
of Atmospheric Research, NCEP/NCAR)H 1948 4
e > 2.5 RELRBAGE Y R ER = 4EERR - ORIE - FI/K
SR ITE ST (reanalysis) &4 ( 1.0 i » NCEPr1 )
NCEPrl m{¢RiEZEr T .00y FTP ukHfS
(ftp.cdc.noaa.gov) - E AR & 52 Kalnay et al.
(1996) -

= Fikih

FES 4B A SRORE T RV 7R S B R 2 1%
AR 3 2 B R o A
(3-parameter Log-Logistic Distribution, LLD3) - fi
Rl KEFTHE SPEl: HEEE AR EETIE
(Closed Probability Weighted Moments, CPWM)HY
IRANETT - 155 LLD3 S EUH -

(—) STEBEEBHE

ARz 4R A (Thomthwaite 1948)5+ 5
H BT 25255 = (Potential EvapoTranspiration,
PET) - iB1R4EER50T - (AR EAY AR A ZR
A RIS EAY4S S (Mavromatis 2007) © L1
SEGESTE PET (B - mm) HEEZEE A
VEHENR T (7 0 C) 888 - HetE A=
@) :

m(l)
lOT) )

PET:16K.(T



-Qz&#Lz-2

F 1 AFE YRR S AR A A AR B e — R - (R - 2 i 5 S5 1897 ~2008
EE R LMETHE 2010)
P o .
Y e SR EE R
Ui 44 (15885)

%7K (46690) 25 % 09 43 56 F 121 ¥ 26 43 24 19.0m 1942.09.15
&k (46692) 25 [ 02 47 23 7 121 &£ 30 43 24 5.3m 1897.12.19
HE (46694) 25 % 08 43 05 121 &£ 43 43 56 ) 16.0m 1946.10.01

S (46695) 25 & 37 43 46 ) 122 £ 04 53 17 # 101.7m 1909.09
T (46757) 24 % 49 4y 48 T 121 £ 00 43 22 F) 26.9m 1938.01.01
& (46749) 24 % 08 43 51 F 120 &£ 40 43 33 ) 84.0m 1896.07.12
54 (46735) 23 [ 34 4y 02 119 f& 33 43 19 7 10.7m 1896.11.21
&g (46741) 22 [ 59 4} 36 120 &5 12 43 17 ¥ 13.8m 1897.01.01
S (46744) 22 [t 34 43 04 Fb 120 &£ 18 43 29 2.3m 1973.05.01

F F3E (46765) 23 [ 52 43 59 120 &£ 54 4% 00 1014.8m 1951.12
FELL]] (46753) 23 & 30 43 37 F 120 £ 48 53 18 2413.4m 1933.03.15
E1l] (46755) 23 & 29 43 21 Fb 120 & 57 43 06 ) 3844.8m 1943.08.02
% (46759) 22 [ 00 43 20 120 &£ 44 55 17 #) 22.1m 1905.12.25
BT (46708) 24 % 45 4} 56 F 121 i 44 55 53 7.2m 1936.01.01
o (46699) 23 [ 58 4 37 121 £ 36 43 18 16.0m 1901.10.26
&8 (46766) 22 [ 45 43 15 ) 121 &£ 08 4y 48 ) 9.0m 1901.01.01
T (46761) 23 [ 05 43 57 121 & 21 43 55 F 33.5m 1940.01.01
Kiit (46754) 22 i 21 43 27 Fb 120 &£ 53 43 44 ) 8.1m 1940.01.01
T (46762) 22 [ 02 43 19 F 121 Ji£ 33 53 02 324.0m 1940.01.01
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AT K ERERNEERIZEM ZATE]
HISES

_ N ndm

12 30

()t ndm BEEH KB (—HA 3L K

A 28 (R 29) K - IS - TR

N AT A F I (R 1) » TARES(3)
S

O]

_ 24Q
T

N ©)

H Py Qs 75 H B Y K 5 B 4 (hourly
angle) - Qs iEAHVETRE T a1=((4) :

cos(Qg) =—tan-tand 4

FFoE o Ry flnhgg e (B © radians) > 8 AlliE
K[EFR4% (solar declination ; BEfir : radians) » 7
S P EEE AT A () ¢

5= 0.4093sin[% —1.405] (5)

B ) Ty ERYERS H (Julian day ;5
1 H 1 HME =112 5 31 HAf > ]=365)
TAASCEESTY A BRI R > RIDUBITE A (3697
RIS HEUR (1 HEF > J=1652 AFF > ]=455"
MR LA ) -

EIEI(D) 5 R | A R
12

1= - (B AR | SR R T
i=1

M -

) T 1514
() ©

B% 8 | I EEYRR m 5] DI (st Ea T :

RS | I

m(l) = Co + C4l + Col? + Cl? (7

148 Co=0.492,C;=1.79 x 102, C,=-7.71 x 10°°,
C3=6.75x107 -

(=) %837 SPEI

ZEAIFEKEMFKERZEHR 2ERFEK P I
PET ~fEfy=%& d (Efr : mm):

Di = Pi — PET, (8)

FERERY R | R ARSI TR - A T d;
(9 H BRI - FoPTEN AT (i A SR A
FE K (TEATAZE - k = 84 5 thgtiE 7 48) - ifE—
S Lk BT K RIS DY

D%{im ©)

I=i—k+1

B  RQOBBL 2k WH Di=d ¥ k=
1 FHEE HoAth B FHAY 534 (511410 » Gamma ~ Pearson
type 111~ Generalized Pareto =¥, Generalized Extreme
Value) - fEEF] LLD3 DICKAEARE(L 2t S {E R [E
R Y D BRI YA D) M B
Vicente-Serrano FYBHFERESENIR SmAIEEE - IR
REgE i (£ H, Vicente-Serrano et al. 2010) - [if
B R UE F o> 1 1S SPEI AYIRAZ  FAMkE
1 —GfiET 5 5 10 FA S BUEHIERY DI 3 i
TS BN - EENMENARRE -

U EYER(10)/I5R(11)53 4 H LLD3 i
% F& o % (Probability Density Function, PDF)
f(x) > DL R 3 JE By 28 73 i ey 8 (Cumulative
Distribution Function, CDF) F(x) :

p-1 2
f(x)=%[%) [1{%] } (10)



-Qz &Lz 35 A T

(11)

XFHY 0, B, v 73 AEZ I MHT R (scale) ~ iR
(shape) ~ {ir & (location) 228 - F(x) ¥} FERY 73 & bl 8
(quantile function) x(F)41=0(12)Ff7r :

(12)

1
_ Fp
x(F)_y+a[1_Fj

TEBNEY Dy FpyIeA (iR REIE S x)
FEI2H o B0y AVHEASE (A5 36 WAA
ANADFE] FO)1& - FFI Ao iR F(X)
FEAEAL  BUVRIEASAERY SPEI {H - B bl
TR BE z, (FEFERME R probit
function) > z, = / 2 erf-1(2p — 1) - erf-1 ZER72H
BN - Z, (AT RER B ARERES
#1= (Abramowitz and Stegun 1965 ${22 pri#g i
HYeq. 26.2.23) IR -

Co+Cit+Cot*
1+d;t+d,t? +d,t3

Zp=t-

t= In(%} »0<p<05 (13a)
V P
Co +Cyt+Cyt?
Zp=- 2 3’
1+d;t+d,t” +dst
t= In{ 1 }’p>05 (13b)
(1-p)?

Co =2.515517 » C, = 0.802853 - C, = 0.010328

d; =1.432788 > d, =0.189269 > d; = 0.001308
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AA)MAEIFTHE p > ARANFIEE x B
#Re [NILERIATAIZU(1)HY FO)Z VR R F(X)
=1-p- Boazt(11) - LX) z, Rl
Je B AP E AR L2 45 SPEI -

(2) 286G

BERTIHTESOREAR R % 70k - BRET20{e
TEBERUER A HE A5 B R E 0 Y 2 8 (Ahmad et
al. 1988; Shoukri et al. 1988; Haktanir 1991) - f&H
LLD3 5+ B 125 & - W7 H EREE
T 774 » Haktanir (1991) 38 F| TR fE B &
(PWM: probability weighted moments) i {T<x 83t
& - PWMs [9E& - B2 Greenwood et al.
(1979)FTHEH - FHARY—2L Sz (B4 > Landwehr
et al. 1979; Greis and Wood 1981; Wallis 1982 ) 7,
i H PWMs & A HE (5 2 o i 2 B ) 8
{H - HFEHER X Y CDF &y F(X) - A E& &
iy PWMs HEFE Ry Mpgs = EDX{FOOF{L - F(X)¥]
E[exprI{REEfE= expr BYHASEAE - My A R {E 12
FIZIFTREBI © My, = E[X{L1 — F(X)}T > BAK Miro
= E[X{F(X)}] » & E FH— i 0y 70 & el 8 ks
X(F) » RIFRIEHAREE S » Mo, BLEC My o ATLAREEE
FHAIT

Moo= EX(F)(l— F)'dF (14a)

1
Myo, = J'O X(F)F'dF (14b)

HE—PHIBHFTEEEE » Myg, (B Myyo) HYHEEE
USRS - ATLURLE RAVARET i Ny 280y
(5 {8 (Stedinger 1983; Hosking et al. 1985; Singh
and Rajagopal 1986; Hosking and Wallis 1987) -
Hosking (1990) &5 H R4 Bl & (L-moments) -
{E4ER (H1EXp] = [{X(F)}' dF) ~ PWMs » L-
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moments 7 fEIFYRA (R » DU IR B HVER R AR - 38
1] %% Hosking and Wallis (1997)fyE5 5 - 155
B A BN ELA ST EHEATRARY 3 {lE L-moments :

M =My (15a)
A2 =Migo—2My10=2My01—Mygp (15b)
A3 =My0—6My10+6Mi20

=6My 02— 6Myo1 + Migp (15c)

HT A(s=1,2 3) LLD3 (I2#(a, B, v)TT
Dgs= a0 (Singh et al. 1993) :

o= AP (16a)
r[1+1j F[l—lJ
p p

p=-= (16b)

yle—al“[l+%jl“(l—%j

Hodr o 7558 T AZEANE e/ E# (Gamma function) - =
(15)#Y L-moments J57E FE AR M - Lk
ET(14) - HINERE EABERIEEAR Difpl - /]
PUiEEHEFE4RET (order statistics 5 2% Hosking
1990) HnBPAGTE - 54 D Fp 3/ NEIRHEP K -
D1n< Do < ... < D o N ZHEREARES » HBIEE My o
F My, BYHERZ (5512 (unbiased estimators)%
H% -

(16c)

o I (-n-j-D)--(n-j+D
Ml,r,O_an_l: (n —1)(n—2)---(n—r) Dj:n (173)

N, o, :%Zn: (1-90-2)--(-1 , (17b)

=1 (n _1)(ﬂ—2)...(n_r) jn

B n FgRs o _EFURT DI — 0BT > IS AL

Fw -5 -5

Mo=tS ' 18
Ml,r,Ozﬁjzl(l_pj) Din (18a)
(18b)

N 1<
Ml,O,r = HZpEDj:n
=1

A Y py JE Aoy i JE R A R 480K 4l 5T U

( Plotting-Position Estimator, PPE ; £2%% Hosking
and Wallis 1995 ) - Hosking and Wallis (1997)7£:%
{sEF Landwehr A={(Landwehr et al. 1979) : p; =
(i—0.35)/n - iEFE GRS HEAYEER - Bili
(15) > (16) » Bi(18).22H & - 2t T I 2 (o,
B, V)AVHERIEAUAEET -

JEFI LA _EHY S BHERS T A E AL TR R Y
EEMIEI > PRSI RIS A 1 IR ] )R
FER)V BRI T - SRR E(OZBUE/NKL 0> S0
ffii;2 4 E#(undefined)  [Rlgt > AR AR
TEMFREANLA R - Haktanir (1997)E{Z2 5] - #eif:
fHHY28E L-moments HYpREL (X 16) - 1
L-moments > %3 PWMs ( B2 15) » WHEZEE DL
EE2YFORHY CDF (B F(X; o, B, y) » L 11)
= (R 14) - e > 28— TS
JEAE (L4 V722 T RN B E > S — 7t R
TEH AT A B 2R 8 - SfEPNIE RIS A i Rz
0 {2 M A] DL g% fE AR A T (iterative
algorithm) DASSHE J7755K fi# - E—J77ARIRERNE -
AT LA RN AT (Y PPE 5 (RIS
HaET SRR R fRUE -

RRFF AT Ry R AR - By (o, B, v)
SHESLFFSREUL a—>bsp—oat sy —ce
af ik A ZE [ - fE3(14) [2(17) ) FEEE
F—FEH PWM > My oo (Bl A ) ELEEEAES
X o FI| BRI 5 B {#(Euler’s reflection formula) :
I['(1+a)(1-a)=alr(al(l-a)=an/sin(ar)> = (16c)



Sk

O

NI E S BT LA ET AL © ¢ =X — b+ an/sin(an) » =
(11)ry CDF AygEEE U =R Ry

1
(Xi_i_’_ an ja
b sinarn
FXi = 1 (19)

1+(Xi -X N .an ja

b sinan
RIEMER S 8L A #1050 B AR
(14) - LLIBmNE R EEHAVREHRIELUS L8 % c - I
5 A 7 9 4= F % (Newton-Raphson iteration
method) & - TR AT IS EI LN B — R BIEE R
50 2Kt (a, b)AYEERE |

4 f(a,.b,
al,=al—p-al 1-W (20a)
oa ), .
0 _pi_g.pot. 9@ by)
br. =bn—q-by [6gj (20b)
b b,
TEn>n=0,1,2, .. FEEXF - wIaiEH

{EL (20, bo) ITLARHAIZILKI A PPE HYJT AR - EAR
i, )BE=1HFEX - P (Bq) H=2K &
R Rapte > ATDUIER L - —fRIELT » S E
FR2BEeH - EE > Ep=q=16F AlHEFE
YRR TRE - e f B g YRR AT

2{zi'ilxi _32i’il[xi (1_ FXi )2]}

f@”ﬁ:z&m—n&vﬂ—an

+a—3 (21a)

g(ab) =

sin(ar) L N
az: .{in _2§[xi(l—in )]} (21b)

i=1
+a-3

HPI Fy, EROTE « MR )53
#i(a, D) RIECTES,

B 147
2_; 142 (22a)
{ E } iXi — 2D (- FOTY
{zii—zzmxml—ﬁﬂn}z
( aFX'JOI 2
X; —L 5. x; — 3% [x;(1- F, )°T}
. da '
=X - 25 % - F I
ag 25|n(a7t)

27

FEHIAK TR R, B @ bR -
BRI A P

_ 17
1+[X‘_X+ an ja
b sinar
1
Xi—i an (7l+g)
. + -
b sinarn

1

1, (x-X a=n X;—X an Ja
-—In +— . +—
a b sinan b sinar

1 -2
aFXi Xi —i an g
=—1+ +—
ob b sinarn

— — (-1+>)
X; — X {xi -X an a

J (22b)

oF,,

aa = (23a)

n[sinar —ancosan]
asin®an

(23b)

P EREUR I ZU(0)HY IR IE HE AT oK
i (a, DRSS 51 & - B2 E abs (an — an1)
< e B abs (by—by1) <e WEAET - e=107 > B
RE n $9AE 100 LA - 155(a, b)i& » fir B S
HRAT ¢ =X —bean/sin(an) 52 -
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m -~ HAFER
(—) BERMREIENR

Ry T B A ERAINE R BRI ST 8k P
AL E A S AT SR DL s L & e
BEE HAY o M S A8 B B AT e B oy A
(Empirical Orthogonal Function Analysis, EOFA) »
R4t E2 57 A 2R R HO HE B £ 5 7 7347 (Weighted
Principal Component Analysis, WPCA) » {555
(1911~ 2011)5Ck Y 8 (EHILFT (HREHY SPEI 2
5o ETTERIR R - FR EOFA 15-2IHY 3 {2
Y F #¥ (outstanding modes ; North et al. 1982) »

T8 R A bERE (Variance maximization rotation;

Richman 1986) - f#& FyiE#Ef(Rotated) 4% b - 32 R #L
53 (REOFA) -

1. ZERRIRE

7 2 $8%5 REOFA 15211y 3 {H £ HIAE 8
{5 25 (loadings) 3+fff - 25 1 {iE EA5(REOF1)
kR T MR R ERY 41.2% o fTEFTHEEEAUNE

RS | I

T MESRTERZEAR AL |4 BT P —8 (FEHEERR
S0 ) BB AR SR TG P AE P LR DAPE Y
JEH (B~ 2R ) DU A
S G E - M > EREIE 2 {E(REOF2)
FIZE 3 {El(REOF3) TFAstFT (2= [E] s L Al 122
Sy RIAR E FR AR DR AYAEEE ~ 23 > DURATE
JbEryEdL - B - S REOFL Fr 23R4
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ABSTRACT

In this study, we apply a standardized precipitation evapotranspiration index to the centennial-long
station rainfall and temperature records in Taiwan to explore the spatiotemporal-varying regional patterns of
water abundance/shortage beyond the ENSO timescale. Three regional patterns are identified by the rotated
principal component analysis: the western, northern, and southeastern ones. Primarily occurred in the western
plains, western pattern has an island-wide wet-to-dry turnabout in early 1960s. Limited to the northern coastal
regions, the northern pattern shows a contrasted dry-to-wet turnabout in the mid-1970s. Nevertheless, both are
timely locked with the appearance of positive temperature anomalies afterwards. The southeastern pattern,
evident in the Hua-Dong valley, shows a comparatively multidecadal wet-and-dry alternation embedded in an
overwhelming drying after 1960s. Such an alternation is vastly shaped up by the flip-flop impetus of rainfall

record, but the drying trend is attributed to the climbing temperature similar to the scene in the western plains.

We then appraise the global teleconnectivity associated with the identified regional patterns on the basis
of a comprehensive suite of environmental datasets. The results reveal that (1) the drying tendency in the
western and southeastern patterns is a local fingerprint reflecting the continental-scale dryness in African and
Asian landmass; (2) when our world is warming, the signal of (1) corresponds to the widening of tropical belt
and poleward shifting of storm tracks in both hemispheres; (3) the drier condition of the northern pattern
before 1970s can be attributed to a weaker regional Hadley cell signifying the intermittent pulse of stronger

(weaker) southwesterly (northeasterly) monsoons, and vice versa after 1970s.
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By sifting out ENSO, the influences of asymmetric setting of landmass in both hemispheres on the
large-scale circulations thereby the consequences in the long-term water balance stand out when the
hydrological cycle is enhanced in a warming world. An extensive analysis on the teleconnection features seen
in the southern hemisphere leads us to propose a conceptual model exploring how the tropical initial
variability is maintained. It describes a positive feedback loop linking the enhanced tropical moisture
convergences, strengthened stratospheric meridional circulation, and increased mid-latitudinal planetary wave

disturbances, as a candidate explain why the IPCC could underestimate the warming pace.

Key Words: Water Balance, Drought, Standardized Precipitation Evapotranspiration Index,

Teleconnection, Climate Change



