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This study analyzed the effects of climate change on apple and pear production. The fruit
production function was estimated with spatial econometric models. The regional production
changes in 2040 according to climate change scenarios were simulated based on the spatial error
model. First, the production of apples and pears will decrease due to climate change, with apples
in Gyeongbuk and pears in Chungnam expected to experience the largest declines. Second, the
production of apples and pears will decrease by 4.7 times and 2.0 times when temperature and
precipitation or sunshine duration changes, respectively, are considered compared to when only
temperature is considered an independent variable in the simulation model. Finally, production
losses of 70.934% —97.048% and 90.984% —98.595% are expected for apples and pears,
respectively, when the greenhouse gas (GHG) reduction policy was implemented compared to
that without the GHG reduction policy. This study is expected to contribute to providing
references for the local government to implement GHG reduction strategies and cope with the
reduction of fruit production due to climate change.
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A o] TR AL Al & 4 ATk RE=2 1912 - 19401 TE] 1991 -2020'd A7 ]20] A A7+ At 712 4
S (0.8°CHF 52 1.6°C Fk Absoto] 2utbst 7t At o & wik2 Al Z188E] 31 Qlth(Korea Meteorological
Administration, 2021). “&-2F= & 712 A4 2R oh 2t 7V ol wiet WiEshy| wizell, ofeh g2 715
W7} ofBA 7 o] whet A 5 AT s ApEA o g ool 4= Qlt(Moriondo and Bindi,
2010). 9E S0, Yot 22 124 sEtE2 A 754l 741]51 G A= AR mofie Solte FHE
UARE, 712 35 o= QI FAE 0] F8o] HojA| L, W EAo] S7skes Fg Q] APt vErd o= 4
FETHKim, 2009). AAZ 7]20] oA = s2E Al AA = g, ARt 5 Gl e 3
A e =, Beole AR AxoH S5 58990 - dFE AMAP e E . 5, sEEe A
B EAL T Al 27 BE 0= o g5l HA, s2E e AR ERAM O S5 Y A Y S22 ol sl
et
71 AR o 2= 25| FAAR AE AESHARL A9 sl niAle S A2 f1xet
2z Eoll whet AfolshH, O]Oﬂ w2t 2| s FAE 471712 ke ARE 26]2 78R 28 4 9l
(Kim, 2009). oJ2{t H=foilA, =
R I i éﬂ——‘?‘ﬁﬂﬂoﬂ 22 A A7 QAP RES 7B, 71E AEA] 5]
A9, A2 Al 227} QAR 2| Ak S7 IS et 2= b= AT HISh= 718 4R A1 Atar skt
Bop At A A i) A i Afolof ERdth
B 0] BAL 7| 9slr} 2o 22 o] nlAl Jae BAjahe Holk 2
o ul2 MAg51ct Af Al Z 2] 0] AWF7] 22 7.5 - 11.5°CE THE T4 l
A B} S 710 2 ol ThE wiop e, Afrks of ] A &
Sl g 1 5 Ak} A0l i 7o
2 gald 21 2] S410] whel 710t} ete) o7} ] 4TS
[N 71af1e] Fa AH ] el |l 7HA] 8 2] AR D
Sof|A] 7152 0 2 4= &= X A5 2 ¥ (Ordinary Least Squares, OLS)
A4S 17 -7 AIRFES(Spatial Econometrics Model) A1l 7HA] gt Al
Ao} o] ABAYEk S 4ol 7|t} o3 2Alof e et 7
7174881 2| &2 -5 7 2 (Representative Concentration Pathways, RCP) AU Q0] & 7]
A A28 BAsIt 97 A E0) 5 A\ol0] 7|t g Weks Salois slofe 4
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2H712], BEX] 7ER]of| B|2]= kS F7gotk=t]
Mendelsohn et al., 1994; Sadiq et al., 2019) St} ©
Qe A a Aol tiA| &yt 5] o]-§-2] Hale}

274 % glck. 7] alo] w59 o] A
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:

82 4= 9lom thEA O Z Ricardian model(Jawid, 2020;
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72 270 75 9 5 FEo) ikl v W= 4ol= 2] o] E g 5ltk(Calzadilla et al., 2011; Kwon and
Lee, 2012). 212 Algeo]d2 7Vge] 27004 719, @7 EAYE 5 et 71e4 wietolEgts 47
st 715l nhe At 4 AEE T, FUR S8 5 FHoHr] 285D 9 Chang,
2002; Fathelrahman et al., 201 omeni and Zibaei, 2013; Zilberman et al., 2004).

RAISE ol 8 SAARF L BAHIHE, |4 Bl Z0s uhiEo] 2857 glon] Tl S
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al. (2004014 1961 E3E] 2000971 E 2| Afle} 2] AJato] that 0] ke ZARIg=T, HHsi]e]
whe o] o)k A2 T} 2 Tl 7H 2 ek Folrk F4519ITE Bind et al (199629 o} 115}

EbA 7] 2 AARERo]| 2 oJgke m) 2= 7] © 2 BA51Qt) Baldocchi and Wong(2008)2, 7] 3 Hs}= ¢15) 2F
=0 Ad A& QT 7 HAS S, vl A Yoto] A Hl, AR 5 et O, ol E 5 ATRR O] AfH|
7V WA o] Eol5 A 02 ZY5I3{th. Bhagat(2020)-2 Q1o AX| 44 7| FHStet Al A4 A ue] 0 & 7ot
St A= 712 ol AR e 15 471 A2 lsf f1elo] soluAl Hal, ol ARt Akt Fof 7
HE P& Ao= FASI ol A= RCP AU -5 E-851e] 712, A4, AXARE 5 7] ¢84¢}
SIS Kim and Lee(2005)- ARt Tpof] ke vl2 = 71dagl o= 712, 74 2 dxA|
ARt 71291 7He] AIE AESHATE 3 2|A] 7120] =255, 99 XA 7| 20| USrE,
AZro] dojd 45, @47t S716th Kim and Kim(2014)= A4S BAIE efet Akdxst A =

H, AT 2 8@ 52 B 71, A, AR 5 71T AR} Lt PAE A4Sk
Kim(2015)2 Kim and Kim(2014)5 g2 F£Q 7 FARE tiito g 28] 7153 AR F(Geographically
Weighted Regression, GWR)2 2-85}0] RCP 4.5 AU Qof mk2 9 ¥4=0] T LS of =51} Kim et
al.(2010)-2 A '8 Al AeH 2] 9 A A A5 717 Bt 712 B A wAte] AR A S ST et 72
< B Lt s A A Bl ALkl FAg 291 e rIAtaL 7745 Heo and Lee(2017)= 7' A
= dVde s ASA7IE 71, e, AR 5] et T3t AL o] TAlofl tisf A2 2851 o

=

RCP AluF] 9.0 w2 ghero] Ak wis
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o} 4] So] MHATIRE Holl Aalako] F2H4 A lkdo) 2@ 4= 9k, olefgt A4S
TejshA) ok B4 HAAS R0 2 AT 49, Sl Bk datstel Bg0] A4 (Identification)®]
of ek 4 glck B AT AAAT] AAS RSP Sfol AF AT T ARE TESIL BAFR S
g 2401k, TS upEo g A v
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TR AR DS o] §le] Fig, 13} 2] 28 Al ofzdol 1 2 AL A= 712, %ot At 4
2O] Al S AR ARE710] 49, el T8 EWA) 2 G| o] dg@rlee] Eor] 74, 4
1, 58 5 0] A2 FALOF ABR7] o] ATiAo R Yhl| LheRith, AR s B A gl 1
50 0] Safeloll ] AR 145 sk AR Btk ABFANEE Ao 2 Ajolr} Kol ghor] Al

=M 212
£ AL 7158k ] nlX) e APHSP] Slo) B4HASE AT ARo] ofd A2 v
Akt At

0] 714 7o) o WA 7 27301 OJsl) A7) wholck S HEALAIES 201 SEHE 202074 597
A el lello] 8 Faf 2t AT e] AL L A v |28 WA b} ol RS
AT A0 A AR BES B8 ool FATSALE B ol BT B ARe} /|2 EARE
Table 13} 2k, S5 71409), RSl Ul Ao 2912 Mefsisrt. /14910 2 TAPReIA Agste

RCP A|U2] Qo] g 7|2, = B AARE AL=E S-85190H. RCP 9] oAk 247k AR /IR F7HAR1 B
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(A) Average annual temperature (B) Average annual precipitation () Average annual insolation

Fig. 1. Average annual temperature, precipitation, and insolation per region in 2020 (Unit: °C, mm, W/m?).
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EAPAR] O] A LgpE SfuohH, & F:4|9] 247 A HlfE0] 0] F0]2]= RCP 8.59F 247 FA 2778 0 A
ALofl W2 RCP 6.0, RCP 4.5 & RCP 2.6 & 4714 ALE]e &2 A=) 7|5 s} Alute] @ E-gAH % (Korea
Meteorological Administration, 2018)°Jl4] AJAISH I AEH7]-2 H2K°C) g A|A|Gof| w2, 214 7] 25t
71(2020 —2040), 47112] A{4tE] L Zof RCP 2.6, RCP 4.57} RCP 8.57} F=&igt 2jo]E Ho|x] ¢2|9t RCP 6.0}
RCP 8.57} 7P TSR Ao |7F vrehdth. 2 ¢t 7] §stof whet o= 21417 Z%E71(2021 —2040'd) 2] 2= Ay
APHSEE A9SE7] 914 RCP 6.07F RCP 8.5 A[U2] @& A17dR1:

7|2 AFE0) AHl| 7Fs ofFof| s nlAl= 718 R10)7] wiiol] A& W 2eteiinh Ao
3} 7o) 2ol 5 e FEHO AHofA] At 55 St 2| HollA] 7]2-0] 45 73] B F-SlokA Yehg Ao = o
FITH(Korea Meteorological Administration, 2018). 2025 —2020d 2297} A2 ABwt7]> HA}7} 1.546 -
1.6312 YR 7 -8 Wyt 7|2 HA=0.998 - 1.066°] Tt Al--9] #|117].2-0] 2fo]7} FElslA] ¢ict. whata]
AP 2-2 A E - it Hste] ol S Hhedsh=d] B Zdet ol

F5E, A2 d5}o] of ke Hhedsto] Agwtr | 2Bnt ol e}, 2|aV/F|A] 7] 25 drefste] EAISIAA] T fFrelRt

rE
N

0%

7.t ofuel 4at Al B o] Aol GJaES HRIch ARATo) A7 AuE Hiero R Ao )
o] 8719 4~ 1090) 4%} QAfF WS F711Ar), Bk olo R a8 EORAAR Al2del
A, 7, NEEA, W45, SR, AU 5 wefstel Ae Al ol vjo] Al mae 285
oF. A 2010 2 BAMSEA A2 Al 8 H]0] 57 5 BEA 7S A AR BEss of
F5, 57H 47 ATl QRS 11 4 Qs TR ARSI AR, Qe 5l 9 S gt phto] ol e
oIt ol5e 5] A} THIE ChE WA S AT AL ST 4 glom, Al HRe oA 4 glct. o2 Sol, 5
A} 2|0 At ul o) AIES S skaat @ w57k AR A Fa3 4TS Sl o B bt e
2422 A, B B Aol AR 7Rs o] Ut w571 58 BANSE A8 o 24, 7t
0] wiala2 Qlek AATao] WS- TefstA) okl 4| 714 9 ok wido] ofgt B BAE 4 glek. o] 17
271535} 2.0lo] WAbHel G mIAAT, 2 Pl 57} 4ol A0 R FoES FA) SRR 212 71
st

T MBS

2007 A7 % Alhe] AsteFo] Qs 2|8 7R FEE, 5 QFEA 5 17271, Hie] ko] gk Aol
A, A A 5 19470 A folet, ol S A ele tlako 2 2015 20201717 671 Feke] dA e
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yi i A A A O] L Aol M o) TR AL B vl o] AITES ST, 1y, = SHRSE VI8, YR
1 AR SRt 5, WS 1, O] FAASE UERR, ¢, = 923 oujict. &
o) 2] B4 LR i, 9F AJTHT} 2] o] whel Hishe Q211 ¢, T O] B0 8 T 4 Qlek 034
e ez ehEavte Hexjof ue o] Eeiint. eyt Heois 18 A 9ER
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2 7% FARRE g8t 24T A T5Hp7I ATAIE A He s 54
(Spatial Dependence)©] =S = Q). FIHAIRFE B2 371 T4 defallE 024 o] F alefokr] ¢oks
S 4= Sl 3787 2] HO|(Bias) wAIE SET 4= th(Lee et al., 2006). 2 Aol A= H ARG @S HIESH
o] 57 2} ¥ (Spatial Error Model, SEM), 57FA7] 3] 7] X & (Spatial Autocorrelation Model, SAR), &
%J(General Spatial Model, SAC)= &-85}o] 2415141 o] 5 7 Aotet Hed2 A5t

ARG 7P ARFH 0 2 AR R = IARA R R SRV HIR VIS 7HStaL Qi 4
(1) 2 FE2 Ui oh32] 74] (2)2F Zol AT = it

O

£

5

tlo

=

SR

y=XG+e @)

[e)
ZAFIct R WAl 471 o ARGe QAo T7H F44
oItk W= 715 HE (Spatial Weight Matrix)& LFERI T A= B0 ad ] Alda B2+ A7V

Table 1. Data description

Variable Data Source Unit Mean Stal?d?rd Min Max
Deviation
Dependent  Apple production per unit area  National Statistical Office ~ ton 8 4 0 14
variable  Pear production per unit area  Crop Production Survey ton 13 4 0 21
Average annual temperature °C 12.4 1.6 6.7 15.7
S Korea Meteorological
Average annual precipitation orea 'e 'eoro .og1ca mm 927 237 242 1,759
Administration
Average annual insolation W/m? 1,601 72 1,291 1,748
I .
nizfizg‘lj:m Apple plantation area Rural Development ha 4408 4147 29 18948
Pear plantation area Administration ha 8,354 7,672 123 39,666
Number of apple farms Ministry of Agriculture, - 279 640 0 4,462

Number of pear farms Food and Rural Affairs - 134 279 0 2,950
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y=Xp+u 3)
u=ANWu-+e
e ~ N(0,0°I,)

SAAZ SR G2 FEHG0] FH FHEEIT A1 T Al me HEnE AS 7Pche RYes

Ze2] ()9} o] AT 4= Ik pl FL420] E7H L Spatial Lagged Term)©] A4S LrEpdIT

y=pWy+ XB+e “)
€~ N(0,0'an)

y=pWy+ Xp+e (5)
u=AWou+e
e ~ N(0,0°I,)

AR 2] 482 oM S8 ES oA Holsh=A7t F8sitt. sXs38E-E 2A A
(Contiguity)= 7<= 0.2 F55k= "7} 712|(Distance) & 7|5= 02 F5ok= o] Jlok. JIFAE 710 =2 5t
+ 739 Rook, Queen 52 o] QLo A2|E Vo= 3¢ YA 2](Threshold Distance)& 4475t1! 1 ©]
1 78 19] ghS FolotAY A2l 9] A4E ARBRITE 2 Aokl vt s ES A dsto] vl sl
™ 1% AgAtolA 7= B85 9712 (Inverse Distance) 3 E-& 3X 750 E = Z-85H3ltt. T3, o|mfj] ¢
AlAR = Bs A 9o] XA she] A At AA|E = F 2|9 7F A 2] 9] Hdighe Z-85tlet. S AT 48
O] B d-& HSoP ] Sloll 5= AR Atk 2 vl AAFES] 7HA A7 3y o 55 ASSIeIT 2020
ALtk 2l A il Tisl Moran’s 1 A7 -2 2-8-]F A ARt} vl B 1%9] -0 SlellA] 51H 27 1 g
AL Y= Ao 2 T2t E5E Alae] Moran’s T A14=710.438 2 Hl|2] Moran’s I A5~ 0.036 2t Bl =& 7] o
= AR o] ARe] FH 27 dd O] Ao vlof] Hlol A UehaE o o= Tt A7 AE Foll SHHARR
PO A-go] Bfgela I 4 qlrk

F73A10A 71/ a 9] jiste] whE Hske-S mlelsl] Qfol Sl Aitds 2rHglelgl om Agdr]
Qlof thE =YL = 1RSI AL Hee 54 25 HfollA A2 Q) 2-& Hhgsh | ffsl A

O

log(Y91 ™43 Aakek) (6)

OLS, SEM, SAR, SAC &3] tffgh ske-Ant A7 Ao}, Afat 2404 9] OLS ol et FAIH 02 Fol6}A]
oloko o Lpm 2] 1 o] thallA= P-value o] 0.01 ot ket whaha] Aje] OLS B &oAs Qolaut mae, o]
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Q]o] oM At RS AEshs o] Adsit). SRR Folk= r? o] oRd & 1-9-x(Log-likelihood),
AIC(Akaike Information Criterion), BIC(Bayesian information criterion)Z 23 2] ZaMd-& Ao, dwtd oz
?.__1:?—57} Z7)sla AIC, BIC 7} 7HAashd 23 2gh] o] A LEPATH Anselin, 2005). B340 A1}, ARy

1r0] 79, SEMEL o] 7P B2 AIC, BIC 2 7Fg -2 21955 UERFAL 910 SEMERo] 7Fd g 2o]
52 102 TiEkack WAIESl 39 AIC, BICHS] 09191 219571719 2 SEM RS2 A9

Za} 2 12K(Results and Discussion)

Rk AgAtGks=0] B He Table 291 20 SEM 2@l Am7].e @ Qma7le ola, 74w, Qe
AR @, 574 TR e 19 O Sl BAROE Golgt Aubt maselr BRIl Mat
ofRF4-o] FERZA oF 11.16°C 1 ABATo] 743 Eor] ol et b se 4% o] 7444 o), &
§h, 74%e0] 19% 27V ) AT 1,035% 715t0] QAlge] 19 Z7He i Aleo] 0.647% F7oke 202
SgSISick, EHRRIS Tefh A 24 B0l 1% 318 dhe b o] 0.509% 18 A0z e
upxjake & 57} 471 19% 271wl Aol 1.054% Z7K519, ol Fal Ak Aol Sle] 571 4 271l whe
2o] A wpt 313 e
O BAFR0] B4 I Table 39} ek, SUHRY1 8 UHRI12 oA, ek, AT, ADIA 9
i 1915 Wl 19 5.9 S BALO2 917 2} 525190, Q2] S 1140
o uf kel /A BhE 208 FAEIgIe. Tk 4eeo] 1% 57 T AWIRES 0.151% 2iste] ARl 1%
Z7he ol AstFo] 4.895% 78 AL0E oIk EoRa<lS Meleh A M) 1% 57K A9l
 AsTgo] 0.052% 27 2102 aAEIct 5757} 1% 27 ) o] 0.149% F7bste] 1] 74A) A

_m

Table 2. Analysis results of the apple production function

OLS SEM SAR SAC
Constant -13.693 **
Average annual temperature 0.122 *** 0.495 *** 0.287 *** 0.385 *#*
Average annual temperature quadratic term -0.006 *** -0.026 *** -0.013 *** -0.016 ***
Average annual precipitation 0.915 ** 1.035 * 1.065 * 1.032 *
Average annual insolation 3.481 *** 0.647 ** -3.819 ** -2.861 *
Plantation area 0.518 *** 0.509 ** 0.547 ** 0.505 ***
Number of farms 1.031 *** 1.054 *** 1.063 *** 1.080 ***
Hausman test 1.020 0.000 *** 0.000 *** 0.000 ***
p 0.922 *** 0.868
A 2.561 *** 0.881
R? 0414 0.421 0.057 0.157
Log-likelihood -1243.296 -1519.194 -1479.364
AIC 2505.592 3054.380 2976.721
BIC 2541.574 3093.906 3021.177

Note: *** ** * means 1%, 5%, 10% significance level
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7} Qe Ao A=E|Qh

Abpet vljo] 2, ks 9l AALEF] theh Whg- 2to|= ZEAke] Jej A, =0 EA4o] Ql7] whizoloh ARkt
Hii= X AJARS 1ol A} o2 2 A 9] 25 BI9IE ASolt. o232k A ko] Zjol= F 7t 2 e e
&} 441} X134 v Aofl 7]]15k ek Ak Adtid o g ] w2 Fol glor, ol A7t

Zotar giatstr] Qlefl iAo 2 AEtt 7195 Aot T2 0 = et v Altol] Hlsl 745 s3]
AoHA REEStet. o= v F ke Rt ool RIZFet 4 AW, B xRt e-& AR sk 2 0 & ofalid 4= Qitt A
OF o= B AL F71ol 3 A 0 = BRG], o] §Eg-2] 37]= thE. viji= AlE T} sidlo] HiztslA| vt
3o}, o0& Fafl sdle] r Tiftel| Rhgoh= A o2 Holct,

7|5 HSte] whE 2| 9E AR B At kS 2AISE ] 915l SEM e 5 AutE HiE o s Mol S
3ot A7 23 o) A ol mhE H| WS 9ol RCP8.5 AU 2.2FRCP 6.0 AU 25 7Hd5H3int
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Table 3. Analysis results of the pear production function

OLS SEM SAR SAC
Constant -6.147 ***
Average annual temperature 0.568 *** 0.368 *** 0.426 *** 1.714 ***
Average annual temperature quadratic term -0.024 *** -0.016 *** -0.018 *** -0.079 ***
Average annual precipitation -0.078 -0.151 ** -0.152 ** -0.073 *
Average annual insolation 1.598 *** 4.896 *** 4.660 *** 2.886 ***
Plantation area 0.143 *** 0.052 *** 0.144 *** 0.434 ***
Number of farms -0.057 *** 0.149 *** -0.044 *** 1.035 ***
Hausman test 1.020 0.000 *** 0.000 *** 0.000 ***
p 0.027 *** 0.023
A 0.046 *** 0.212
R’ 0.311 0.222 0.215 0.028
Log-likelihood 528.592 528.411 528.378
AIC -1040.751 -1037.991 -1039.184
BIC -1000.612 -1000.295 -993.593

Note: *** ** * means 1%, 5%, 10% significance level
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Table 4. Changes in apple production according to the RCP scenarios (unit: tons)

RCP 6.0 RCP 8.5
Temperature .T’em.perau?re " . Temperature Temperahge " .
precipitation + insolation precipitation + insolation
Gyeonggi -865 -113 -953 -73
Dagjeon 1 3 -1 1
Chungbuk -31,621 -2,628 -32,713 -6,721
Chungnam -12,956 -1,405 -13,705 -2,612
Jeonbuk -16,297 -2,381 -16,852 -4,666
Jeonnam -1,774 -85 -1,989 -682
Daegu -483 -115 -511 -196
Gyeongbuk -215,878 -49,467 -221,799 -67,259
Busan -14 -2 -17 -7
Ulsan -19 -1 -28 -8
Gyeongnam -37,380 -11,261 -38,512 -14,002
Gangwon -5,544 -1,291 -5566 -689
Total -322,830 -68,746 -332,647 -96,915

[ lo-100

[ 100 - s00
500 - 1000
1000 - 10000
W 10000 - 50000 Sty 1000 - 4000
(B)RCP 8.5 (O RCP6.0-RCP8.5

Fig. 2. Apple production forecast in 2040 (Unit: ton).
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Table 5. Changes in pear production according to the RCP scenarios (unit: tons)

RCP 6.0 RCP 8.5
Temperature .T.em.peratqre " . Temperature .T.em.peratl?re " .
precipitation + insolation precipitation + insolation
Seoul -179 -90 -183 -97
Incheon -1,441 -632 -1,473 -755
Gyeonggi -22,144 -11,932 -22,399 -12,726
Daejeon -946 -438 -963 -526
Sejong -959 -470 -974 -535
Jeonbuk -3,047 -1,396 -3,063 -1,511
Jeonnam -34,348 -17,462 -34,672 -19,462
Gwangju -154 -71 -158 -85
Jeonbuk -9,131 -4,340 -9,262 -5,091
Jeonnam -21,602 -10,100 -22,171 -11,327
Daegu -75 -38 =77 -41
Gyeongbuk -8,038 -4,205 -8,110 -4,419
Busan -254 -135 -263 -149
Ulsan =770 -453 -815 -497
Gyeongnam -2,935 -1,867 -2,984 -1,880
Gangwon -1,563 -1,163 -1,551 -1,121

Total -107,585 -54,792 -109,118 -60,221
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Fig. 3. Pear production forecast in 2040 (Unit: ton).
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Appendix

Appendix 1. Analysis results of apple production function (considering the effects of highest/lowest temperature)

OLS SEM SAR SAC
Constant -17.231 #**
Average annual temperature 0.816 *** 0.664 * 0.767 ** 0.665 **
Average annual temperature quadratic term -0.041 *** -0.033 ** -0.038 ** -0.033 **
Highest temperature 0.019 * -0.009 -0.033 -0.010
Lowest temperature 0.158 *** 0.222 *** 0.158 *** 0.22] ***
Average annual precipitation 1.346 *** 1.116 ** 1.364 ** 1.115 **
Average annual insolation 4.142 ** 3.378 1.166 3.376
Plantation area 0.332 *** 0.371 ** 0.378 ** 0.373 *x*
Number of farms 0.957 *** 1.102 *** 1.009 *** 1.104 ***
p 0.847 *** 0.080
A 2.372 *** 2.367 ***
AIC 2437.618 2694.659 2439.430
BIC 2487.010 2744.051 2493.761
Log-likelihood -1208.809 -1337.329 -1208.715
R? 0.574 0.562 0.174 0.553

Appendix 2. Analysis results of apple production function (considering the highest/lowest temperature variables and

their quadratic terms)

OLS SEM SAR SAC
Constant -9.721 **
Average annual temperature 1.295 *** 0.854 ** 1.047 *** 0.964 ***
Average annual temperature quadratic term -0.063 *** -0.042 #** -0.051 *** -0.047 ***
Highest temperature -0.018 0.007 0.002 0.003
Highest temperature quadratic term 0.001 *** 0.000 0.000 0.000
Lowest temperature 0.519 *** 0.556 *** 0.430 *** 0.514 ***
Lowest temperature quadratic term 0.014 *** 0.012 *** 0.010 *** 0.012 ***
Average annual precipitation 1.195 *** 1.046 ** 1.181 ** 1.112 **
Average annual insolation 0.810 2.103 0.393 0.932
Plantation area 0.305 *** 0.352 ** 0.360 ** 0.353 **
Number of farms 0.958 *** 1.103 *** 1.013 *** 1.072 ***
p 0.849 *** 0.679 ***
A 2.282 #** 0.920 ***
AIC 2401.738 2651.418 2528.565
BIC 2461.009 2710.689 2592.775
Log-likelihood -1188.869 -1313.708 -1251.282
R? 0.601 0.577 0.207 0.408
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Appendix 3. Analysis results of pear production function (considering the effects of highest/lowest temperature)

OLS SEM SAR SAC
Constant -6.241 ***
Average annual temperature 0.539 *** 0.421 *** 0.420 *** 0.421 ***
Average annual temperature quadratic term -0.023 *** -0.018 *** -0.018 *** -0.018 ***
Highest temperature -0.004 *** -0.001 -0.001 -0.001
Lowest temperature -0.008 *** -0.002 -0.002 -0.003
Average annual precipitation -0.095 * -0.157 ** -0.159 ** -0.157 **
Average annual insolation 1.724 *** 4.669 *** 4.662 *** 4.661 ***
Plantation area 0.141 *** 0.143 *** 0.143 *** 0.143 ***
Number of farms -0.050 *** -0.042 ** -0.041 ** -0.041 **
p -0.111 -0.338
A 0.019 0.273
AIC -1041.095 -1041.412 -1040.155
BIC -990.448 -990.764 -984.443
Log-likelihood 530.547 530.706 531.078
R? 0.2031 0.221 0.2342 0.2562

Appendix 4. Analysis results of pear production function (considering highest/lowest temperature variables and their
quadratic terms)

OLS SEM SAR SAC
Constant -5.712 **
Average annual temperature 0.551 *** 0.416 *** 0.415 *** 0.415 ***
Average annual temperature quadratic term -0.024 *** -0.017 *** -0.017 *** -0.017 ***
Highest temperature -0.017 *** 0.003 0.003 0.003
Highest temperature quadratic term 0.000 *** 0.000 0.000 0.000
Lowest temperature -0.016 ** -0.005 -0.006 -0.006
Lowest temperature quadratic term -0.0003 0.000 0.000 0.000
Average annual precipitation -0.103 ** -0.158 ** -0.158 ** -0.158 **
Average annual insolation 1.483 *** 4.684 *** 4.678 *** 4.678 ***
Plantation area 0.141 *** 0.144 *** 0.143 *** 0.143 ***
Number of farms -0.049 *** -0.042 ** -0.042 ** -0.042 **
p -0.143 -0.349
A -0.014 0.251
AIC -1039.258 -1039.773 -1038.377
BIC -978.481 -978.9957 -972.5348
Log-likelihood 531.629 531.8864 532.1883

R? 0.2957 0.2161 0.2342 0.2534




