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RI%EE (Climate Change) & & HITFFTRA LRV — » SIRELE RIS R IR IR
RER I s R S > UHR SR ~ R~ 525 ~ R Y S R SR A A
BEARRATHEEZ o MR E S (Bl Nifo) ~ )KEEBHIR (La Nifia) #FHLLUERE
SREE H AR IN o BE BTG BRORZPUE TR B » I (R RBE R /7 %% (Southern
Oscillation) A4 » BIEE SR PERITY P Z IR S B 22 JEA ML (DU R TR S8R
Wi~ BORAPERSRURRIRAR) » B SR 1K SR T » R RS ~ SRR
T PERZFPER SR B ~ AR R AT B R SR 1E TE 5 I B B R RN BROR /R e R R B
8 B RO PRI Y 32 7 B 7P Pt S P K B T © 21 fpc DSk - SRS
BIAE 1997~1998 4F- ~ 2014~2016 4 ~ 2018~2019 4 » LUK 2023~2024 4F- » fi{E 2007 4FJE
~2008 4 ~ 2010 4FJE~2012 4F ~ 2017 £EJE~2018 4] ~ 2020 4 JE~2023 HFA#ERHE A i B
LR - — RIS » EEBREHMBEBBRIMA - AIEHBE BHE RN —F - #
o HH IR S B R R S B SEIE SR R A 0 T S B B S R A o (R S R
TSRS AR, (World Meteorological Organization, WMO) f51H » 2023 Ef = /i B2 884
% > RS EmRE BEBURA > {Hi2 2024 TRFHE » TEIASOR AR BRI -

Sl BRI R AR A RS > RS BUR ket & & SRR - JCHR KA
BEAER - MENRE2EERNRRIEY . — > BEEES RAEESRREY) - i
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IR H AT HEE PR el ERF B A6 H A2 - (HESHEIR R A AN TR R 30.3% » BRI
RUZENFH R > U5 SEKREE R REEEZRWE BT - SRaT R REE k2
LR KEREERE - HiEERMTNLEY) -

B BB SR A PP B SR IR A B o B BREs=F  (2002) fHEESRHI SRl
S 2 R HAA RN 2 - e DK SR ] (B Vi TR L B A SRR AL & 4 172
ARSI RIEE R o FYF Chang (1996) LIS 11 e R B it 2fe 425 T 8 S 8 S
SRR SRR RE RO PR < B (5 21 B SR R 2 AR - [R]4F
3 AZEERRE EGE D o B EEREELIUE TR - MEERERIIG
—BVIESRIARA Y - ERRRI R AL L A S AGERE T - PR R R I RR
TR SR U AT 2R AR S 8

ASCHIF g H I BITER PR SR 88 Je B B R ET O KA A e L RO B - MR LR B
SREIRTBBEACIR » SRR A RIRR T AT E B K BT IR IR - LIRS 5
WIESRR 2225 -

s

P

A\~ SRR B BR

FRSE BRI A 7 T S M1 88 e B BB RIS B BAL 1 HLET > IS KA S A
HEMREIEY > RO BRRE  WRREIRBEE R B G R R LS
DKIBE > A5 [ 1% 588 T B SRR SR A ek A i Z R BT SR A B O B 2 o LR AT AR
= (yield)  fRIEFAEZESR EHBHEMER) M5 —MIERRKFEPERZE
Hhts DU 7 7 R BT 3B B 5 (Jones et al., 2003 5 Bk%HESE » 2000 ~ 2009)

Yoshida (1981) FREBIEFTAMIRR 2 » SR ~ FRERY = 8 H S SR s f A B
B (AR PEHPERR EHBUS AN » MER% i NFNZE  HERE
RESDE B SRR EEIN A R - (E A SR s (R S T RE B Y g M >

(4)
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RGN AR 2 s SRR (2015) BEPBLRE - RN R B H IR & & 7F R R Rk R S 2
i TS [ R 7 B I/ A2 5 Peng et al. (2004) #5H1 » KRR HIGEAE FFF1°C »
KAE) BT 7 B AR 7% 5 LRt - AREIRLE th2 R R N3 > HIRRIRE 17 1°C »
IKAEI B A IR A 10% o BR T IRLEE LAGY » [k B B AH SR I th o R B AR B (v
& o BOEER SRR A AR B E RS (Chowdhury and Khan, 2015) ©

TEBEIFF 2 SUR T > R R R 2 ECE A AR B B RUARTERZ B (Peng et al,
2004; Chowdhury and Khan, 2015; %455 » 2003) » 138 LEfF 7 K% iRk e SRas BB 2 E
WE B 2 I B 5 i B AR M AR E BRI AR AR EL 5 T LA ~ G SR 2 R e
FORFEE o JRT - MR AU B R BR PR A S 72 47 IR R 172 SR R 2 M) 4
il > R R TR R RAERE NI IL T - RAEYE R 2B L - Rt » A1
DICETEH - AR REY E B T Re B A JHRIERZE (Han et al., 2019; Tan et al.,
2021; Zaied et al., 2023) * Fi#& > FERRIEBERINET &7 EIER & A R e > I H AR
VR R JEAR MR — (R 38 R BB R B R DO AR » AR MR AU [RIRRRE S
A A0 ZEAR RS E » FECRISR BT B A PR BLERCME - ASGRR » FERR RIS A B
AT SRR 2 B K BT 72 B RS B > A3 TE S ERAUALE S R o (HIRIST
Wk HRE T S G AR R BT R RS B B T IR TR 2748 (2003) S$BRATEE S
G A 2 B AR — KRR 3 A IE IS8 > SN RS 2.2% % 8.3% Z[H] »
171752 HE BB SR e 1E  IRF AT AR R H R 2 B I AR N T 0 5 [RIRF » SRTRZ555 (2003) B[]
fRaTim BB R A FEOR B R (AR R R B ECH AR B E B
b AR RARVER T A R IR > RAER T = AR 2 WEE A 7 & Z
VBTEFERRIERRER o A SCHISEH T STk BRI 2 » (o AR MR S R ET B B R AR
KRR - HFE L BERBRNA R E R AL E & 2R EYe#
RAERY SR - ST BRI RUB IR - AR5 H R R 2 s LT B R B
e

TEFERR AT i > A 7R v R 85 BB (Panel Smooth Transition Regression Model,

i
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PSTR) [KAESH ZHlie s i 2 I FERRIERRLR > EAN RS P AR v RS i ek > mT e
R AR A o AR A 3 I e 88 B RV E JE AR I BB S R Y TR © Ubilava and
Abdolrahimi (2019) S FIF PSTR AU A 778 B3R SR Bl 2 TR oK 2 2 IR BAAR » Al 2R
F- R PR B R S B A AHBE  (Teleconnection) 55 ELUSA BRI B 5 ) £ T 52 25 1
HHEH : Zaied et al. (2023) M PSTR KA ZE e P i nyaey) s s TE R - AR e
BRI I o RERN SR A A I R TR B R a5 o (HE RN RN AR
HMEYE A E LR IR -

5 R

R EAVE S Eil

TEEATHIHEEE R (panel data) FEAUH » K& Eakflat i 28R E € - (HIEE# L
JE AR (BE% FT RESEVE RS R R S B 2 I B R BR (R TS Bk RV IRAR » T HR SRR E 5
B2 SR E SR AR AR RS R 1588 (KL » Hansen (1999) 2 H! T HiHEFIHE HEF5A! (Panel
Threshold Model) » BZAE AU At &R 73 B3 B[Rl iE [ (homogenous regimes) » {#7%
[ A AR 228 s thhRas » ek IR B AR ] — (S 53 B (transition variable)
THREREE I 73 725 BB AN [RIFA I ] - o R 5 E R TR (s - Bl A s
Gonzalez et al. (2004, 2005) & [EHTMABREESCR - HBEEIE AR e - [FR
FERSER R A — {18 (A FAE T S Y 228 > 3 ARG i ol (e P AR B S ) 7 v
BRI AEHEE T I TE ELERR (PSTR) -

{5 PSTR HAEAT /3 A Bl » 722 ARSI AIBCR (individual effects) BR?f]
R (time effects) ZRIFIEEBIHPIIEE M (heterogeneity) » HUTE(H FH LIRS » FhaE
HEE R S A RE M ZHR o H e s S e I m oo > S —(EREEcER »

(6)
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AR Bt G BE R i » SRR AT PSTR A —JEAR M AN R Y [H]
AR Y R R

PSTR fRALE — & 7 A MR R BRI B B BUR  (fixed effect) FAY » HAF: GG (R
e (S R R SO M b - E R AR EEE (B — (i) ) PSTR &
B BEAGEMT

Yie =0+ ﬁ(;xit + ﬂl'an(qit 17,C) + Eir (1)

fEHfE @) o i=12,., N> i t=12,...,T > N B T RIREREEERER ; oy,
SRS i FARER ¢ Rt RIS o, S ERE | AEE SR s x, B (ERER O K HESE
EREL o BBREH g ~0id(0,0°) 5 G(q;7:0) B2 0 1 LIRS 2 -
Horpr g, s > o BETGHE > ¢ BAIEZE (location parameters)

— M ARER > A B0 R A R U (exponential) BLEEHE A (logistic) EX
8 » 1} Granger and Terasvirta (1993) Ei Gonzélez et al. (2005) » e AU fit s Ha sk B %
anre -

G(gi7:c) = C+exp(—r] ]}, (@, —¢, )™ 2

Hrte=(c,...c,) 7 m @M ENMESRE > He <c,<c,--<c, 5 y REHEHE
BRI » Hy >0 » BOHLRE 7 B g R -

&y — oo [ B G(q,; ;) FIRIZR G IEH BEIS » FLIRFRUREY € B Hansen (1999)
AR AR IR AU RH IR - AS[R] I R 2 R A B » R =

LZa e aeT KBERRAGMEER > BRERAFEy WHEA X - BREZBAF
AKBEHREGHEyY, > LHH B~ BRRBIERE -
2 BAG(q,;y;c) M7 0~1 0 R AEATRIER B B B+ B o

O
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Yii =& +ﬂt;xi1 +ﬁ1lxn¢(qn;7;c) + & ©))
o _1,ifqit2c 4
¢(qit!}/vc)_{0, it g <c 4)

TM&E y — 0 IF » TR ¢(q,; 7, c) AIET I RRIE S > PERFAVER LR U — iy
HERE ] R R - FL AR RS A M I
4 PSTR HRAUREL L AE (155 20 [ IR R » — i fba%ean P Frr

Vi = + BX, +Z;:1ﬂl'xitG(qi(tj) VinC) + & ©)

Frtk =1, r ZoTAIAELE ¢ (M -
TEERERSEH » Gonzélez et al. (2005) ZEF m 30E s 1 BUE 2> & m e RS 11
BV SRR > 5 (70— (MR r =10 » BN ERS B 20 (o) I AR
3 5 A T © 3 g, SRR ¢ I > B 13 3 , 05 o I » MBS RS 05
g VS ¢ I BRI RS 05 8 g, BEI o I > WIS 0~1 ORI 52
AT R
1 if g, <<c

G(q;;¢)10.5, if g, =c (6)
0, ifg,<<c

Bm BERS 2 1% > HIS TSRO » 35 I 7E (B ¢ = 11 - BU @ iR
PRI B (¢, ¢,) NI RHE 5 = (IR - 3 g, AT o, SO IS o I » Wil
B 15 g, S ¢ B o, I > MUREBUER 055 % q, /M ¢ e, N - s
V15 0 % 0.5 28 » AT FRF -

(®)
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1, if g, <<c, org, >c,

G(qit;cl'cz) 0.5, if gy =C, orgq; =¢, (7)
0~05, ifc<q <c,

ARATEASC PSTR R HHi g B > (RISH Y (HRER) HRNRR2Y -
— IS o WHALEEER (SRR BRIRR S IR SRR ) (R E
5% » 2000) © FEYRIANGEE 71 > DIBEENEIRFEHE (Oceanic Nifio Index, ONI) f5{U3E » £33
& F ¥ Eh R 21 Nifo 3.4 B HNGE (& KAPFEEREL [5° N-57 S, 120° -170° W] i
TREE () s IRERBIFKERT (National Weather Service) &R TEHH1 .00 (Climate
Prediction Center) %E# > & ONIH#E N H =P (KF2) +0.5 (-0.5)°CIRf » BIR]FEE BEE
B(ER) W S RRBE ) /71 /7 =& $5 8L (Southern Oscillation Index, SOI) /&
LIKIEHE (Tahiti) KS5REE SR ZE /S (Darwin) KRR » & SOl £ & fiEhs - R
FRENE RO P PER T KR B0 R - BB SR < 1R SOI FIEMEE - VKR 52
HHg o RIS BRI SR o ONI ~ Nifio 3.4 YRIHRILE » LUK SOI F27E UK I & 1 F Akt
HER ST RIVERH (Chang, 1996; BT » 2000 5 AREZFE » 2003) » /55 1 512 [Hi
EEGLR » ASCHANSTHILL ONI ~ Nifio 3.4 IR B SOI 25 7 s B0 S SR8 8y, >
SRR HI A 55 22 i

AARNG PSTR FAVBRfFK AL AR BAS & o BRB BT ~ EA ~ HilnES 2%
Hi{f Lobell et al. (2007) ~ Chowdhury and Khan (2015) £ Han et al. (2019) HJHF5E - #5715
SN ~ BERY R SRR - HIRRECE R RS2 EN AR T (E F s i M DIBE R (3K
[ EEE) BRHHEEE (ONI ~ SOI) KSRSR2W (Nifio 3.4) (FRSIHUETY » PEAT S rE
BAEA RIS BRI T - SRR O E B8 RAEEATT ¢

In Vit = O + foTem,, + ﬂlRaii,Dt + B Humg, + B,Sun, + j, In Labm + S In Cap,,

+p;Tech, + (B, Tem,, + B, Raiy, + B, Hum,, + f;,Sun, + B, In Lab,,

+f, InCap o T S..Tech)*G, (qi,Dt 17:C)+ Eipt (8)
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Hefi=1,..,14 > Fora 14 [HREAROT 0 p=12 > FoR/KRENERL]
t=1..,27 » &1 1996 FFF 2022 F - GRS E Iny,, ARKELER (IEE) ; (£
REFHOTH > 7RI TIIRER (Tem,, ) ~ BENTE (Raiy,) ~ FHEREA (Hum,, ) B2 HHR
I8 (Sun,,) s Tfi InLab,, ~ InCap,, B InTech, HI 73 ISR A FERRAVSS B () ~
BARA (IS BUiE DI () 5 EH#E g,, 73155 ONL, ~ Nino34,, Bl
SOI,, s BB o ErRE (AR SRR OB s (L » SE B AN A RS E A [ R AR
R 2 RESIRERAE (L - R RES T R EBSE NI T - SRS W Bir ok B o i
HIFERRIERRR <

— - REIR RS

{8 Gonzalez et al. (2005) #3tak » fEA.—{if PSTR HAU 2 i 75 S Se B HEA T[] E
it RE AR 7E e R At B BAL ol e R L 2 PRI FEAR TR RA 0% - A ERL R R » RIPRIEH
PSTR FAUSA AT o [RIE A E LATFEK (1) BEEREEITIRERE - 3% € i I
Ho iy =08KH,: 8/ =0 » TEHEZEMEGERIIED N > 20 (1) ABRER b E—MiaR et
(] % SRR

Yie =& + BoXy + & )

SRIM > PSTR 6 B 7 W 48 i M R 3% T R & 1 LAY % B8R 2 8L (nuisance
parameter) » F& E 2 5 2 TEHERY) (Davies, 1977) ° 1fii Gonzélez et al. (2005) #fILAfiE
IRTTERSAE y = 0 IR - FHEHUKE G (g, ;) TE—REZRENEBH L - K50 (1) AdEnkcan
B

Yi =05 + ﬂ(;*xit + ﬂll*xitqit + 5; (10)

(10)
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Heps 228008 g7, g7 5 y BIFRE - B )5 - el 1) i H, y =0 Blig
I (10) HEYHy g7 =0 ZHETEEME - & alET LM B LR #ETE 2R » K

{i§ Colletaz and Hurlin (2006) Z7E# > Wald Tests (LM, ) ~ Fisher Tests (LM, ) B2 LRT

Tests (LRT) I E3fK :
LM, = INESR, = SSR,) (11)
SSR,
_ TN(SSR, — SSR,)/ mk 12)
F " SSR, /(TN — N —mk)
LRT =-2[log(SSR, —10g(SSR,))] (13)

Hrho SSR) FURTEME MR H, (BRI NHYEEER /7R > 1 SSR, F (i IR
% H, (PSTRIER]) AR Tl (R MG N> LM, B LRT #aH=8<F 77 (12)
5340 0 1 LM . #EETEHIBESF F(mk, TN =T —mk) 734f °

TEIRIEVERRE TERR A% » #2 F AR RS e B BR (r) > R 2R s b
TETETE 72 JERR VR R MEABER o SR BISER - IBER AR E 15 2 rh 2 0 17 A — {18 i 4 A
(H, 1 =1) BAFTER/DMEEEE (H,:r=2) HIAEX (1) @RS

Vi =a; + BoXy + :B:L'XitGl(qi(tl) 1 700C) + 8% G, (qi(IZ) 172:Co) + & (14)

BE N FARVE B B H 2y, =0 0 MBEFGELTTIEAHIR] » 7F y, = 01KF »
T G (a,; 7;0) TE—PEZBIEBAZU R (14) ZERERAN RS -

. It 0 .
Vi =+ By X + Xitqi(t) +f, Xitqi(t ) + & (15)

(11)
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A—2K > BER (14) HHUH, 1y, =0 BigEC (15) Y H, : B, =0 ZHETE#
IR > SEFREELA LM, , LM B LRT #a 1S THEE o &6 s R R iamm M Eas - B
FRAEHIRR) r 205 2 AMERETIRERARE > ELEIIGE K R4 2 i ek ° - fERESIR
% PSTR 15 AI R s B B (r)

B R AR B B

AERHEESS 1996 FF 2022 4 > HARFEERESR (vield) » e AEER (3L
MEAIER) M5 WLLZBREEE > ERRIRERIEN (RERH TR - —K
TER SR SRR R ~ BOIESD ~ BRI IR 755 i s i 8 » this DU 7 & 5 R R 52
BG40 B BE RO Y U R 2R SR S FF R #E (Decision Support System  for
Agrotechnology Transfer, DSSAT) HJ/KFE{EY) A #itE i CERES-RICE (Jones et al,
2003 ; WkEHEHSE > 2000 ~ 2009) o FBUFEK A FEMEGEZBORE - (HIREIEBOREGEH
ORFPFIE IR - S B RE I A > (8 Mg B = > (HAE RO | A A S R
FES ~ BRIER BT > BITIERIEE B IE T/ » MR SR IR -
SEARANABCR ~ #i8) ~ SRS > 1B Bt IR A A ) R PRI R
FESE » LU E VR

SRR NI A BOTH » RZRBER > FER R ESREZ R (A
BAEFERARERE) - DIBFRSSE TSI K EAEE EEAE RS ERE - ER
VIR DEUSEE A - BUKZISES 55 (2015) LA LEBE M 7RI KRS H)
KERBA » TERAE LI & > AR SRS (2003) #RARFHIEBSAE RS RIS

S EARRBEGE—TRE - BRGERABBEFNEFROBIRTT  BEKELA
% HAK » L8 R AR B AR K o

(12)
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12 > RF A RS JERE R AV 43¢5 (non-embodied technical progress) » f&FE ¥ flirse i ] B
BB B IEAH A U RE GREAF 0 2009) ©

ERRRB2H (TR ~ B E - FHEHR L Bl H IR ) < Bagsk IR R R R
BRHIAE R R IR LAY 14 (8l TESERE GG RFEHER » R RS2 B R
AILLA—WIEE —HAVE 2 P32 SR - DU EY) e S A A R I I 52 2 S i 2
MIFRCR (Lobell et al., 2007; Cabas et al., 2010)  H gk = {Fffj EE898 (SKER) HRZ
(L8183 (QIDRER R QTS T K K% #8%  (National Oceanic and Atmospheric
Administration, NOAA) °

FHRHE B RCAAEET » 203% 1 BT > 1996~2022 411 14 Wi U {IEHATE - B B PR R
“HUKTEARFHET - 2EREILA 729 FESHE - KATLE R OIE EHIFHA 346 5 - 2
BUIRA 135 F ~ NERWIRA 248 F - BAEHAERZE RIS 5,750.56 A » HA
A S SR ~ BB A HE B & R BRI » 7155 5,786.77 24T ~ 5,780.09
DT ANE (e T RE DR & R T 52+ (H S B SR SR AR HE 22 e f K AiE B A | MIEHY) 2
PR Y EE R GR o (R VT AT - AEREARET - — I KRS B LR Gk I ] 2 AR SR s E
IRFHAZC S - SR B SRR A 2 7P 22 SR B L TR ARSI . — WK A e B R R I
W2 7P 22 SR B L Y IR A SRS - {H S B SRR R IRE o2 7 SR N -

K 1 T 2BAOAKET - (REEWIE KA EIR T EANEIR R 0 iR teas IR - KRR
HIR > L Se B E S R A R IR R B e BB 52 - i R sl K R <5 15
PR BT E RS » R —E AR R ASEIR AR — SRR » S LAR %
7 2 2 BN RIR TE AN RIS S B A PO fE 72 52 - G RS 1 EHff R 4 -

ﬂ

\

(13)
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&1 FOLARE

SRRAEE f B BT SRS A K B A 2 JRRR

T

&R

B =21V FIIME = /B SUNE]

Yiot INTIAEE 5,750.55 1,127.06 3,099.00 8,847.00
Tem,, °C 24.11 3.07 16.34 30.65
Rl , mm 182.12 147.05 2.10 871.00
Hum,,, % 81.88 4.99 52.40 96.66
Sunyy, /N 173.18 55.71 50.13 308.20
Laby, JUIAH 71,495.46 4,560.90 62,843.13 80,457.01
Cap,, JIWENAEL 19,936.69 353549  13,067.51 27,207.83
Tech, - 14.00 7.79 1.00 27.00
ONI,, C -0.10 0.74 -1.46 2.12
Nino34;, °C 27.08 0.70 25.60 28.93
SOl - 0.24 0.73 -1.90 2.46

IEERFEA (0.5 <ONI <0.5)

Yint INFTINEE 5,715.25 1,033.29 3,327.00 8,467.00
Tem,, °C 24.10 3.06 18.38 29.85
Ral;, mm 196.13 153.43 2.10 811.37
Hum,, % 82.11 4.76 61.25 96.66
Sunyy, 7]\ 165.07 53.22 61.06 297.50
Lab,, pWENAEL 71,451.42 4,064.11  64,697.22  80,207.73
Cap,, JUIAH 20,081.31 3,369.57 14,865.12 27,207.83
Tech, - 13.63 7.04 1.00 25.00

(14)
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&®1 POLEREET (8)
RS (ONI = 0.5)
Yipt INITIAE 5,786.77 1,042.51 3,554.00 7,983.00
Tem,, °C 24.22 2.85 16.44 30.65
Rai;, mm 175.58 126.97 2.40 826.02
Hum,, % 82.25 4.90 67.00 95.00
Sung, NS 167.18 43.63 63.46 259.58
Lab,, TCIAER 72,201.23 4,880.79 63,172.94 80,457.01
Cap,, TCIAE 19,586.36 4,082.51 13,067.51 25,298.66
Tech, - 13.54 7.64 2.00 24.00
RELIRS: (ONI = -0.5)

Yiot NIWENE 5,780.09 1,288.28 3,099.00 8,847.00
Tem,, °C 24.06 3.21 16.34 29.46
Rai;,, mm 166.14 146.82 3.50 871.00
Hum,,, % 81.37 5.32 52.40 93.60
Sung, NS 187.75 61.91 50.13 308.20
Lab,, PIWENS 71,172.71 499369  62,843.13 79,286.08
Cap,, PIWNS 19,925.62 3,441.49 14,682.53 27,207.83
Tech, - 14.76 8.7 1.00 27.00

3 0oy, ~ Lab, 81 Cap,, 2 Rt S HCEI G 2 [T -

BRI - ASGHE -

(15)
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12 ~ BHHER

N

a5

« EARIRE

FEREGUE AT B2 fRRR - (EEIT B AT A S8 B L 2 B RLET T AR E -
LIt #5305 B REF A1 o AR Im et al. (2003) WURRIE FiEoRHETT » FERANZE 2
AR » SURFTA SR FPA &S R REFPS » BaR S R HERE S 10) °

&2 EBREE

Im, Pesaran and Shin

=H SH#iRIE EpafiEEE s AR
In Yy ~10.6175*** —11.6913*** 1(0)
Tem,, —12.7204%** —14.0341%** 1(0)
Rai, ~15.1288%** —15.2790%** 1(0)
Hum,,, —9.7642%** —10.9544%** 1(0)
Sun;y, —9.3005*** —11.3633*** 1(0)
InLab, —3.6430%** —6.7916%** 1(0)
InCap,, —15.0141%** —15.0278%** 1(0)
ONI;, —17.7059*** —17.8134*** 1(0)
Nino34,, —17.4004%** —17.6336%** 1(0)
SOl —18.3274%** —18.3558%** 1(0)

oo p <001 e
BRI - ASGHE -

(16)
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— - A& - BEIFRIER

134T PSTR BAURI(LET 2/ » TR ETREMRE » DRI S e RR ik
BATR o 23 B R i s B A i v 8 > AR5 Wald Tests (LM, ) ~ Fisher Tests (LM )
Bl LRT Tests (LRT) el AN 3 Ffrm » B GRAE = (AR hos AR AR AL R P o A
{Fra% » HI AT BRI P IR AR PSRN H 2B /D17 (F — (g 2

TEREFS S AU [F) B Mg e B EAE % - B2 1K Colletaz and Hurlin (2006) Z i iE i
P2 HEATIRE ARG AE » DAERE S R R B (E B - 872 IRARME 2 » A5 2RI
AN 3 Fi7r > #R45 Fisher Tests (LM, ) #fiat & » A A H m = 1 BERH > &RIEM
AR r = 10 TAE m =2 BUIETE R RS r= 2 7EREAY B Wi H. m = 1 (16T
HER SRS r= 1 MAEm =2 BB r=2: /R Chom=18m
= 2 BT B RS B RS S r = 1 o & r = 1 B (iR R - FORER
HEE mER R 5 T r = 2 BRI {ERHa s Ry » FORER e = (Rl -

= REUESEHE )

FERIF LM BEEH RSEE S LEZ2BEE (m) PREEREE () 2®& - &K
THERE PSTR AR B (L E 2 EHE (M) 2 4 ] AR EGLE 2 EEE ()
T BOEAIEEE () 0 USRI ZEE A5/ (Residual Sum of Squares, RSS) » 7
WA S B HEH]  (Akaike Information Criterion, AIC) B H #E i {2 & #E Il (Bayesian
Information Criterion, BIC) H({fE -

(17
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* 3 (REICAEMEEZIFRITEE

PRAEEE b B B SR R B B 2 TR R TR

EE A B
LR 3 ONI Nifio 3.4
BB
{éfﬁ;%@ﬁ m=1 m=2 m=1 m=2 m=1 m=2
=
R tEE
Hy:r=0 vs. Hir=1
LM 34.602 83.101 35.323 83.886 22.376 36.469
W (0.000) (0.000) (0.000) (0.000) (0.002) (0.001)
LM 4.947 6.323 5.056 6.390 3.144 2.588
F (0.000) (0.000) (0.000) (0.000) (0.003) (0.001)
LRT 35.450 88.231 36.207 89.118 22.727 37.413
(0.000) (0.000) (0.000) (0.000) (0.002) (0.001)
BREIEIRITIRE
Hy:r=1vs. H ir=2
LM 15.434 28.284 15.384 33.992 8.311 15.468
W (0.031) (0.013) (0.031) (0.002) (0.306) (0.347)
LM 2.104 1.943 2.097 2.355 1.122 1.044
F (0.041) (0.020) (0.042) (0.003) (0.347) (0.407)
LRT 15.600 28.847 15.548 34.810 8.359 15.634
(0.029) (0.011) (0.030) (0.002) (0.302) (0.336)
Hy:r=2 vs. H:ir=3
LM _ 11.552 _ 4.883 _ _
W (0.642) (0.987)
LM _ 0.767 _ 0.321 _ _
F (0.706) (0.991)
11.644 4.899
LRT (0.635) (0.987)
ST 2
= 1 2 1 2 1 1
B (r)

&t - FHHRALS p-value fH °

PRSI © KA -

(18)
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T4 RECSEEE

Rt A B c

e At S ONI Nifio 3.4 o]

B S E me1
(m) )

o E g B

& (r)

RSS 5.813 5.252 5.837 5.512 6.047 5.868
AIC -4.764 -4.820 -4.760 4,771 -4.725 -4.751

BIC —4.663 —4.650 —4.659 —4.601 —4.624 —4.643

m=2 m=1 m=2 m=1 m=2

1 2 1 2

=
[EEN

(VAR Sy

— No Yes No Yes No No
HH # [

Ltk e

(r. m) 1,1) (1,1) 1,2

BRI « ASGHA -

B 56 (ELL ONI {E s B 8 A o r =2~ m = 2 [Ff1Y RSS B AIC /) \id r =
1~m=1HK¢) RSS B AIC» (HR{E r=2 m=2 I (EBE (c) 4B B 4 &
R r =2 ~ m =2 PREIERG DR o BAAEREE A b > BREVSIILERE (o m) B(L, 1) -

HR > 7£LL Nifio 3.4 {E RS ss B gisia B of » BLEAL A AUTEHUERL > r=2-m=2
7Y RSS B AIC /A r=1~m =1 K RSS B AIC » (H/ZTEr=2~m =2 I » {i[{HZ
B (c) B HI B B A o AT B b RS BERE (nm) B (L, 1) °

Bef% > AELL SO VF Ridasg Byt C tf > r = 2~ m = 2 [FH1Y RSS ~ AIC B BIC
/MR r=1~m= 1% RSS ~ AIC B BIC » ifi HATE 228 (c) A HHEIE o Kt » ek
TEREAY C v s BB ERE (rm) B (1,2) °

(19)
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P0 « PSTR REUEETHER

(—)2A ONI {EARESIREEIRY PSTR 125!

LI ONI {F gt B PSTR AR » {3 145 AR 5 Fo » 161 A FR7AE—{EidH
s34 BV (D - ARG 1 2 (S B (c, =-0.0826) » ATLMF [ k2 ONI
B4y 7545 ONI [EEHEE % ONI [ » BllE ONI < —0.0326 [R5/ 2K ONI [&f# » & ONI >
—0.0326 IFFHIIFS R ONI [fi] oy, FBSHE B BEHLA L > £ 59.3102 » #UR HHI{E ONI
[ (=R ) ONII [ IR, » F7HI{EC ONI [k fHIBEHA 22 155 ONI IS HIIRE - &t
— ERAHSEHRR ) TR EOEAE - e 1 AR

SRR AR BT A R R I G RE S ONI P B I R AT AN IR] > 425 T 2R
P55 5 iy PSTR A A Z (G315 FARETRGT B L ONI FRll s iy » S Qe fek B
(L R o
1LE9%E (Tem)

FHSEIREE ONI SR (REES —0.0178 » B RMEE LT 1°C » fakEi(
FERE D 1.78% : 1E= ONI B[R FRELES —0.0027 (= —0.0178 + 0.0151) » 455,
WA BT 1CHE » Frsk BN SR @il 0.27% o Bt FELE £ SUBGE B 1 R 2 7 &
EHATE K BV 2 S Al B R AU 92 —3 (Peng et al., 2004; Tokunaga et al., 2015; He
etal., 2020) » (HASGE—SHEH : B ONI B EJE 2 & ONI [EFEFEFRE D » 5505
SRR B R B T S B A B WTRAR 5 H8E 2 o (E(K ONI AN » I SRIR s A fek
BT B B RS B A TE 1 ONI Il 22 1 1.51% o
2[FWE (Rai)

B SR AE (K ONI BRI A (RELES —0.0002 HAE 1% ZRHE KHE T LHIREE - eIk
BRI IS EHREE 10% ZRESEKHE Tl ANEE » K > 3w ONI AR/ N - [

(20)
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R I BT AR B B B ARS8 RV BT 1mm o FEOR B2 S @) 0.02%
ONII A58 316 A i S R s S A R BT 7 R s 2 o
3AEEHRE (Hum)

FHEHREAEE ONI [EFHREAI R SIS —0.0019 IfER ONI IR (RERS 0.0007
(-0.0019 + 0.0026) » {HFI{REEE(E 10% 2 REEKUE NAFEE » FORAHENEE ER{E ONI
[ T S AR A BV S ) i S AN -

4. 55RIFEL (Sun)

H R BE (K ONI R IR AR B80S 0.0008 ELTE 1% .~ BEE /K HE | ZREHE » £
ONI TEZZIRNG - H ERRF e ARk B B IF T R RSO BT 1/ - A
KB B T 0.08% : 7 15 ONI [ [HIRF R R3S 0.0004 (= 0.0008 — 0.0004) H.E 10%
LR KUETT RHIEE > FORE ONI 7RI - H HARF B Aok BT 2 F IR
B HIRREE B 1 /N SR BT B &N 0.04% o (RIHLASGRAEALAT ONI & -
H BRI B R A oK BT 7 RS R R T2 » USSR 25 SURREE 3 H R B
FH g AR K B (VA B R E T AT (L, 2023) - {HASSGE—BHEH - HIK ONI [&
(TR 5 ONI IR EEE b - H HRIRR A A RE K B 7 R R TR RS Bk D - (3T
{R8EH 0.0008 TFEES 0.0004 5 #1152 » 1EAX ONI SIS » H HRRFECE A Frok B A i
THT 5 BB A 2 5 ONI I R 25 He 0.04% -
5ARE AR

FERETR A TR LL ONI /R RSB 8Y » ONI RIS Nifio 3.4 [y VR B » 11
LW AT 5 ~0.0326 > NI EL 0 FEH O - — MM S » & ONI K> 0.5 I »
REERIERPEE R s ONI /M —0.5 IRF » HIlEEAS S 2 SR ] - RAREARER - BRI SRR
{iF1J88 172 1E H IR RGBS (0.5 < ONI < 0.5) » IEIFATHE/B K ONI R HEUE ) ONI [
[l s T E TRIRLSE B AR 0.5 RIERSERRIAG » B /@A ONI I » 2 EIRRR S F (E/ )
1A -0.5 B BE SRR HAI > HIIES @ iAK ONI [ f o

B T ATGETARTEAN R ONI [ FHIRE » S BUEHATA K BT A R RE RS RS2 > Q03K 6
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R AERTARE S - AR H IR BRI D AR B 2 IR © ERE
751 ONI i FHIIRR » 7 25 S0 A RA K BEL (7 st ) 2 T B iR (K ONI I fHIRR /D 1.51%
I ST BT A oK BV R ) T [T S B ST O BE 2 { ONI I fIIRE /D 0.04% 5 [R] L AEREACER »
FEHAGEAE AT - 7K ONI S 2 ONI [ - Er{Hfa i BT A = 1.47%
(=151-0.04) °

fiti G AT BN » A SCE LUT HEdR © BRI SRS A fE oK BT BB BR R 8
(1.51%) KA H IR AR B EAEER 8 (-0.04%) » K BLTE H ({6 ¢ A~ 58
N B BRI R K B Ry M S B SRR AR 157 © B REBL R TIZF 5 (2003) (A
FeAH BT > ELFeHa > SR SR G 218 b e AR — IR K B AL A 2.2% % 8.3%
FITETRIRC 2 - {H S B ST G Aok B R s B S A R U T 1 -

4 FHIFEEE ONI B H S B IRs I P 51l » ] LB E R 78222 ONI A KA i 22 8
f (-0.0326) IR} » HEHLSFME FHS 1 5 5 MO IE S BUER & E 1S 0 5 (BRI 0L
1B 22 BEFR T - RS B /1 0~1 2T > 1401 1998 FEIF ONI £ —0.07 » JLIRFY
SHEERS 0.1 © {F 1996 -2 2023 H[H] > S EE S B 0 A 15 4 - 5Lk
ALK ONI S 5 ZFFRaEEa 1 EM A 13 4 » JEFAIR S ONI R « [Ef5E
BRI > 2020 F T AREE 2022 FERE » IR fCEE SRR » 18 S (7K ONI
[ s 1 2023 EH ZERBIE T — s B G - H AR ONI R 55 0.83 » 113 2023
LIRS ONI IR 5 [RIAE HARGRAE AN T » 2023 AR AR B S B0 o R T A
(2020~2022) %t 1.47% ©

f7 BRI AREE LD ONI R B i) 28 BUR © ONI R FHEnZ 7R 5 Lt
FEA BT 7 1) 54 T B AR (AR K BT 7 i 5 ot H MR IO K BEL L R
TE T 5 BB AR A BN IR R BT A B FH S P SRR H RN ES > i ONI 4R TH 67
(EERPK BRI ER 5 T » EHMGRAEAEET » S S8 SRR g £ 50 20 1)
BOEHI{EK ONI [ it /5 =) ONI [ » A Er (s fek BT A A 1.47% o
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5 PSTRIZEZ{HETHER : B ONI {E/RISIREE

_71-

LEbb ONIi,
RIfE ik FERRIE
Tem. -0.0178* 0.0151*
" (0.0073) (0.0056)
Rai —0.0002*** 0.0000
" (0.0001) (0.0001)
Hum -0.0019 0.0026
e (0.0013) (0.0014)
sun. 0.0008*** —0.0004*
ot (0.0001) (0.0002)
In Lab 0.7266*** -0.0804
m (0.1408) (0.0818)
In Cap —0.0551 0.0440
" (0.0753) (0.0808)
0.0096%*** —0.0000
T
ech, (0.0013) (0.0013)
A 59.3102
(o) -0.0326
N 729

it FEINA R EEHEE » *p< 0.1, ** p<0.05, ***p<0.01c°
BRI - ASGHE -
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(Z)RA Nifo 3.4 {E/RES I EIHY PSTR 1REY

LI Nifio 3.4 {EE 3B PSTR 1581 (ANIEA B) Z b3S AN 6 Fix » 17 B
TAAEA — (A > ARBRAEEHA O 2 BIRE (c, =26.9303) » ANEE A Ry A (i &
5 26.93°C > AT LU AN [FI/KHE.Z Nifio 3.4 #53F 1K Nifio 3.4 [EHIEE & Nifio 3.4 [ > &
Nifio 3.4 < 26.9303 H#/& /> Nifio 3.4 [&[H]: & Nifio 3.4 > 26.9303 IFFHIIES 5 Nifio 3.4 [ifH]e
BLot oy, s SRR > 15 7.7202 > BN K Nifio 3.4 |5 [H##HH8 %8 = Nifio 3.4
[t A > I 5 H ] SR i S e P AR A T 1 sk A 1518

L#FF% > BURHIHK Nifio 3.4 [5 [E#EHE 2 5 Nifio 3.4 & [ e f8 i — Bt EHR 1B YE
EHETE o

[l - S SO A e B A B RS BRI & DS 2 Nifio 3.4 TR ki i A i A~ [ »
TR RSB O E RIS B TATT
1LIRE (Tem)

FYRIRIER Nifio 3.4 [EREIRFAIIRES -0.0238 » ZR P iaAE LI 1°C > fEK
{7 R &I 2.38% ; 7E 5 Niflo 3.4 [E[EIFFHYFREFS —0.0062 (=-0.0238 + 0.0176) * &K
& Nifio 3.4 TERZIEMHINE » FE5RIRET A fEK O = th A B TRRE L7 1
C o FrKEAEREENRD 0.62% K » AEmEE Nifio 3.4 [&ET » ZFESRIRAIER T
o R K BT ROG R AT R RS IR BUE RS AT (Peng et al., 2004;
Tokunaga et al., 2015; He et al., 2020) * (HASGE 45 © H1K Nifio 3.4 |6 2 &
Nifio 3.4 [ IR EFER > a5 Bk BEOL A Ry B S B WA - fhaT(REh
—0.0238 XKW M —-0.0062 : #AF)GEA » 7E{K Nifio 3.4 [EFAIIRF » 25 50R SRR BELAL
7E B LT S BAHR A E /5 Nifio 3.4 [ HIR 2 HH 1.76% HhliEl 6 23R 53R £ A Nifio
3.4 ] T HYAEEH RO/ VAT AL
2.[FWE (Rai)

RN 2 AE(K Nifio 3.4 [ MERFIUFRENS —0.0003 HTE 1% ZREZ/KHET EHHAE » (H

(26)
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TEIERRIEAR T Ak A HREUAE 10% ZREEEKHE AR » KL » N3 Nifo 3.4 A/ NV
] > RERY SRS EOR AT E B A AT 8 BEWNER LT imm > KA & i)
0.03% » Nifio 3.4 YA L3l A~ Er SO e N B S Ae R B e A s 2 o

3AEENRE (Hum)

FHENREAEK Nifio 3.4 [ERFHOMRES ~0.0015 MifEm Nifio 3.4 [ERIRHURES
0.0001 (= —-0.0015 + 0.0014) » {HRI{RECETE 10% ZHEEE/KHE T AR » R HERREAE
WA Nifio 3.4 5[] N A REK BT 7 S D B R o
4. 3IRFFE (Sun)

H W EC(E A Nifio 3.4 [ FEIIREAY (235055 0.001 » /RAEMK Nifio 3.4 [ » H R
BRI E R EE R HIRREEE A 1/ AR BEA RN 0.1% ;s A
1E 1 Nifio 3.4 [ (R ES 0.0005 (= 0.001 — 0.0005) » H HARFHEE A FE K BE (1 A BT
HIEMHRE » HIRIGEE BT 1 /N - Tk B2 B Eriain 0.05% o KL » RamfE(Ef]
Nifio 3.4 [&[E] T » H R SR A i A fa K B 2 s O E 22 (L, 2023) ©

& 7 23T HRRFEAE AR Nifo 3.4 & T RIMEEHRECR/ N » WL EK Nifio 3.4 [&
[EHEH 22 5 Nifio 3.4 [RERERE R - H HRRFECE A ek BT 7 S 1Y) L T 2 BB
liE R B 0.001 Z i FF%FS 0.0005 5 #aF)EE » 71K Nifio 3.4 [EFHIRE » HARIRFEICAT AR
oK BT 7 R IE TS BAH B A AE 5 Nifio 3.4 [ IR 2 HY 0.05% ©
R =ENE]

FERAY B HH/2 LA Nifo 3.4 {E s sy » AFRAYE Nifio 3.4 ISR - Mi#
AP I HEHARI LB RS 26.93°C » AAKILET7) K Nifio 3.4 8RB Nifio 3.4 & fH] o

FEANFA] Nifto 3.4 [EFHIRE » RS HEA ARE K BL AL S RADARRE R 2 » IR 6 ATl » {ERT
AR FAE7T R H RIS IR 2 R B 2 B < E R Nifo 3.4
IR HINRE » 72 S S A AR oK B AT 7 ) 2 T S B e R KK Niifo 3.4 s fIRE /) 1.76%
I HERFRE S50 1A oK BV 78 R ) I T 2 R BB K Nifo 3.4 [ FHTIRF 2D 0.05% 5 BEHE I S
TEHABGRLEASE T » 45K Nifo 3.4 [ [EIIH5E & Nifo 3.4 [@FH > S fEK AL /g
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hi 1.71% (= 1.76 — 0.05) »

[ 8 P3R4 Nifio 3.4 B s BRI 91l > mT RLEIE 4 7F49.2 Nifio 3.4 % K
(IEZ2WIE (26.93°C) I » EESSEE SR 1 35 AO1E 2B{ERHIE SR 0 5 (HA5H]
SFT R T 22 BT - RIS g /0 0~1 2 ] > 140 2012 4F-HF Nifio 3.4 £ 27.07
LR B S 0.75 - BilE] 4 FHEL > [@] 8 v 58 2 (A 1) HOM s B (7 0~1 2]
SR 7 S [ R S O AN ] 5 A B s A 7.7202 > FHEHAY A ) 59.3102
18 F3F% > AR 7T M I (O (IS T A S 0> 0~1 2 [H]

f BT - DL Nifio 3.4 {ES B0y PSTR #5 » FZE8IES © Nifio 3.4 U4 FH&
3B SRR TR K B 7 ) 2 T Bl AR A (AP oK B i[RI thodriZe s H IR
IR BRI R BV St 1Y) 1 T 5 B AR ARV oA B 7 7 B - iR 2 T B U R 1 T
> [ Nifio 3.4 MR Er e ERK BT A & o TE AR T > #H{K Nifio 3.4 %
IR ) Nifio 3.4 JfH] » P e (AR B2 BHTAN 1.71% ©

REHE A > IR A BRI B 1SS 283 s AL e URHERE (Nifio 3.4) BX
TR TIREE S (ONI) 1R - & Nifio 3.4 [R ISR IR 502 H R H R It
IRF > 7R SR B K B (7 ) B TS B k) i H IR B A ok BV 8 S IE T
FEEETRY > AR BT R R S E ) > AIER GG -

ARSI SeHE R BB SR ELZ BEAER > L UK (3 m Sm R 2 B A K
BN EIFRIER 2 (Peng et al., 2004; He et al., 2020; Li, 2023) » {HASGEF] PSTR 5l
TR R 2R AL BRI (3 S AR BB AR B ERY T 1 52

Jd= A
(237X
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BRI Nino34,,
AURE fRIE FRHRIE
Tem —0.0238** 0.0176*
" (0.0087) (0.0077)
Rai —0.0003*** 0.0001
" (0.0001) (0.0001)
Hum -0.0015 0.0014
e (0.0017) (0.0019)
sun, 0.0010%** —0.0005*
it (0.0002) (0.0002)
In Lab 0.8419%** -0.1774
o (0.1520) (0.1136)
-0.1347 0.1575
InCa
P (0.0994) (0.1121)
0.0093*** 0.0001
Tech (0.0015) (0.0016)
2 7.7202
c, 26.9303
N 729

iF IS ASME RS » * p < 0.1, ** p <0.05, ***p<0.01°

BRI - ASGHE -
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Nonlinear Effects of Climate Change
and El Nino Phenomena on Rice Yield
In Talwan

Min-Hsien Yang®, Yi-Nung Yang™, Hao-Chen Huang™

Abstract

In the face of climate change and El Nifio and La Nifia phenomena, this study employed
the panel smooth transition regression model to estimate the nonlinear effects of
meteorological parameters on rice yield in Taiwan. The study set different El Nifio indicators
as transition variables to estimate structural changes in rice yield caused by El Nifio
phenomena.

The study analyzed meteorological and rice yield data obtained from different counties in
Taiwan across two growing seasons between 1996 and 2022. The results indicated that an
increase in average temperature had a significant negative effect on rice yield, whereas an
increase in hours of sunshine had a significant positive effect. However, the extent of these
effects varied with El Nifio or La Nifia phenomena. Transitioning from a low-Oceanic Nifio
Index (ONI) system to a high-ONI system increased rice yield by 1.47%. Additionally, because

the marginal effect of average temperature on rice yield (1.51%) was greater than the marginal
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effect of sunshine hours on rice yield (—0.04%), rice yield during El Niflo periods was higher
than that during La Nifia periods, ceteris paribus.

This study provides quantitative evidence of the relationship between climate change and
rice yield. The findings reveal that the effects of average temperature and sunshine hours on
rice yield vary across El Nifio conditions. Therefore, when international scientific institutions
predict the potential occurrence of El Nifio or La Nifia phenomena, the Taiwanese government
should assess the potential effects on food self-sufficiency, such as planning for water use in

rice cultivation areas, to ensure Taiwan’s food security.

Keywords: Climate Change, El Nifio Phenomenon, Rice, Panel Smooth Transition Regression
Model
JEL Classification: Q10, Q54, C33
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Extended Abstract

|. Introduction

Climate change has led to frequent extreme weather events severely affecting global
agricultural production of food crops that require stable environmental conditions. El Nifio and
La Nifia phenomena have substantially altered climate patterns in the Pacific region, which in
turn affect Taiwan’s weather and may cause fluctuations in rice production. Because rice is a
staple crop vital to Taiwan’s food security, changes in its yield are closely related to Taiwan’s
agricultural stability. Therefore, the effects of climate change and El Nifio and La Nifia

phenomena on rice yield must be investigated to help formulate proactive agricultural policies.

I1. Methodology

This study employed the panel smooth transition regression (PSTR) model to analyze the
effects of climate change and El Nifio phenomena on Taiwan’s rice yield per unit area. The
PSTR model captures nonlinear effects under different climate conditions and can identify the
effects of shifts in production parameters on yield due to changes in indicators of El Nifio
phenomena across weather systems on the basis of specified transition variables. The data
analyzed in this study covered two cropping seasons each year in 14 rice-growing counties and
cities in Taiwan from 1996 to 2022. Meteorological variables, specifically average temperature,
rainfall, relative humidity, and sunshine duration, in addition to labor, capital, and
technological advances, were incorporated to evaluate their influence on rice yield per unit area.
Additionally, the effects of EI Nifio phenomena such as the Oceanic Nifio Index (ONI), Nifio
3.4 sea surface temperature (Nifio34), and the Southern Oscillation Index (SOI), were analyzed

as transition variables. The study model is outlined as follows:
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In Vit = Oy + foTem,, + ﬂlRaiipl + BHumg, + B,Sun, + S, In Labpt + S In Cap,,

+ﬂ6TeCht + (ﬂO]_Temipt + ﬂllRaiipt + ﬁZlHumipt + ﬁ3lsunipt + ﬁ4l In Labpt

+0,In Labpt + f,Tech) =G, (qipl 17:C)+ Eipt 1)

Where i represents the ith rice-growing counties and cities in Taiwan, i=1,...,14; p
represents the pth rice cropping seasons (p = 1,2); and t represents the years from 1996 to 2022

(t = 1,...,27). The dependent variable Iny,, represents the logarithm of rice yield per unit
area. Regarding meteorological variables, the model includes average temperature (Tem,,),

rainfall (Rai, ), relative humidity (Hum, ), and sunshine duration (Sun,,). Additionally,

InLaby, InCap,, and Tech represent the logarithms of labor input, capital input, and

technological development for rice production, respectively. The transition variable g, is

represented by the ONI (ONI. ), Nifio34 (Nino34. ), and the SOl (SOI. ). The transition

ipt ipt ipt

variable g, varies across individuals and time, enabling the regression parameters to change
with the El Nifio indicators across regions and periods. This flexibility enables the model to

capture the nonlinear relationship between rice production, measured in yield per hectare, and

the production function across regions and periods under varying EI Nifio conditions.
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I11. Findings

The results of this study revealed that an increase in average temperature had substantial
negative effects on rice yield per hectare during the study period, whereas an increase in
sunshine duration had substantial positive effects. However, the magnitude of the influence of
average temperature and sunshine duration on rice yield per hectare varied with the occurrence
of El Nifio or La Nifia phenomena.

When the ONI was used as the transition variable, the nonlinear effects of average
temperature and sunshine duration on rice yield per hectare were significant. In the high-ONI
regime of the PSTR model, the negative effects of average temperature on rice yield per unit
area were 1.51% weaker than those in a low-ONI system, and the positive effect of sunshine
duration was 0.04% weaker. Additionally, when transitioning from the low-ONI regime to athe
high-ONI system, rice yield increased by 1.47%.

When Nifio34 was used as the transition variable, the negative effects of average
temperature on rice yield per hectare were 1.76% weaker in a high-Nifio34 system than in the
low-Nifio34 regime, and the positive effect of sunshine duration was reduced by 0.05%. When
Nifio34 shifted from a low to the high regime, rice yield per hectare increased by 1.71%.

When SOI was used as the transition variable, the PSTR model identified three regimes:
low, medium, and high SOI. In both the high- and low-SOI regimes, the negative effect of
average temperature on yield was 1.41% greater than that in the medium-SOI regime, and the
positive effect of sunshine duration increased by 0.05%. Transitioning from the medium-SOI

regime to the high- or low-SOI regime resulted in a reduced rice yield per hectare of 1.36%.
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IV. Conclusion

This study applied the PSTR model to analyze the effect of average temperature, sunshine
duration, rainfall, and relative humidity on rice yield per unit area in Taiwan under El Nifio and
La Nifia phenomena from 1996 to 2022. The results reveal that the effects of average
temperature and sunshine duration on yield exhibited significant nonlinear relationship that
varied with the phases of El Nifio phenomena. This study provides quantitative evidence of the
relationship between climate change and rice yield. Our findings offer valuable insights for
agricultural production and policy planning.

The findings of this study can serve as a basis for agricultural risk management and policy
formulation. This study recommends that the government may optimize water resource
allocation, adjust planting areas, and enhance agricultural techniques on the basis of El Nifio
forecasts to mitigate the effects of extreme climate events on rice production in Taiwan. The
findings indicate that the transition from La Nifia to a weak EIl Nifio or from a weak El Nifio to
a strong El Nifio phenomenon exerts different effects on rice yield. Therefore, the Taiwanese
government can utilize El Nifio forecast data to adjust rice stockpiles and trade policies,
stabilizing market supply, demand, and prices to ensure food security. Finally, the effects of
climate change on rice yield can be used to reform insurance risk assessments, insurance
premiums, and indemnity policies.

Although this study identified the nonlinear effects of climate change and El Nifio
phenomena on rice yield, the effects of technological advances on rice yield require further
analysis. Future research should incorporate regional sea surface temperature variations and
atmospheric circulation indicators and extend the analysis to other staple crops to provide a

comprehensive assessment of the long-term effects of climate change on agriculture in Taiwan.
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