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Influence of future climate change in suitable habitats of tea in different
countries
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Abstract: Tea (Camellia sinensis) is an important crop and is sensitive to climate change. Evaluating the
impact of climate change on tea distribution and production is not only important for the global economy but
also the livelihoods of farmers in many countries. Here we compiled data from 858 global occurrences of C.
sinensis and six climatic variables, and used species distribution model (SDM) to predict the current potential
distribution and possible range shifts in response to climate change in 2070 under Representative
Concentration Pathway 2.6 and 8.5 (RCP2.6 and RCP8.5). The results indicate that the current potential
distribution of tea is mainly confined to Asia, Africa and South America, and distribution is limited by mean
temperature of coldest quarter (MTCQ) and precipitation of warmest quarter (PWQ). Under future climate
change scenarios, by 2070 suitable habitat for tea could significantly shrink at low latitudes, but expand at
middle latitudes, leading to a northward shift of the distribution. However, the influence of future climate
change on tea distribution differed across regions. The climatically suitable areas in Argentina, Myanmar,
and Vietnam are projected to decrease by 57.8%—-95.8%, whereas those in China and Japan are projected to
increase by 2.7%-31.5%. Moreover, 68% of the new suitable habitat for tea cultivation under future climate
change are predicted to lie within areas of natural vegetation cover. Therefore, the establishment of new tea
gardens in these areas may lead to conflicts between tea cultivation and conservation of natural vegetation
and biodiversity.
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R A, IR, PR AR
K, H321004 4 BR P35 R E# FF+1.0-3.7°C
(IPCC, 2013). WFFtR M, URAMAE 50 1
AAEYD I 7 &R L 5 (Parry et al, 2007; Lobell et al,
2011; Davis et al, 2012), i&4x &3& M RAEDI 55
fi(Parry et al, 2007), AERAEBLE T, LolkAE
FET I EOK 194k % (Schmidhuber & Tubiello, 2007;
Campbell et al, 2016).

%< (Camellia sinensis) /& tH 7t b e 8 Z 4 5 E
¥)2 —(Mondal et al, 2004; Chen & Chen, 2012), %%
YR IAT FEEE AR T 7K (Chen & Zhou, 2005). %%
FE A SRR, AR T I T e — B R R i A
—H7, 3 NI R W 1 2 S (Carr, 1972), T2
Iy AR B RS T 48/ E X AL X (FAOSTAT, 2016).
M49° N (553222)%230° S (FEE), Mig-T- Bk
2,700 miyE L, MHb ISR BRI R, J55
A 534 (Owuor et al, 2010). RIS EHR & 540k
HYIFAO)Stit, 20164 ABRAT IR #2634 15
SR, APk $837 /i (FAOSTAT, 2016).

A I X A5 AR A B BURR 1 R AR 2 — (Ochi-
eng et al, 2016). & FK >S5S E &A1, 52
Mo 5 25 rE (R P2 By SR AR AT =) (B U 5, 1993;
4 E R 2014; Ochieng et al, 2016; NowogrodzkKi,
2019). MAFRIEILT-10CHE, PR ICIEARE;
1M 24 5 2205 BB 30°C i, WASH]F 75 b 19 4= K
(Han et al, 2018). Duncan%5(2016) & .24 A “F- 14
JEHBIL26.6 CH, A5 &4 TP . Ahmed%(2014)
RIVAERKTRE KRR Z, F0 285, HRH R
BB LA BRI 9t 22 B AR S AR AR A 0] 2R 17
=oAL S R R R TIPS N R P S T g B
A r= 78 71 (Wijeratne et al, 2007; Nemec-Boehm et
al, 2014; 4:EREE, 2014, 2016). SATLEZ MR,
R e AR A BRVE B )RR B, A Rk A2k
Xf Zi b B O AR DK AR TR B, AT T A D
VAL AR 5 o AT SE MR, A B T 77 ok X i
o B 2% el R K1) DA B4t 87 6o AR S A AR Ak SR
IFEM o BEAh, UTEEAESR, T 2 b e oy ok
e, VF 2 AR T S B R 25 4 Fof v [l
TP I G AE Hh AN R B b X G ™ E (L et al,
2012)0 ARRASAEARAIS A0 X 20, 2 2
i) 25 4 T AL el T SRR A DL S AR 2 R OR Y 2
() R 7 JE A4S DGV

FEVEAN SAEAZ AL XS W) Fh o3 A0 B2 B, Wb
A WAL — ANR A R T H (Pearson & Dawson,
2003). ‘& T WFP LA 43 A A EREE (8 2 18] (1) 2%
&, T A [ B854 5 YRR 4 AT (Aradjo &
Peterson, 2012). IT4E3R, YR A R AE PPAN S A
AR ARAED(AmmeE . & . ] 0 EE) 2 AT RS I
FHAR 3T Tz N (Davis et al, 2012; Hannah et al,
2013; Ovalle-Rivera et al, 2015; Schroth et al, 2016).
] o P A b o0 (CLAT) 55 1) FH 42 b 3 A A A5
FEAN 7 AR AR 5 JE AT S ik 2528 40 A5 X
S (Eitzinger et al, 2011a, b), {H&SEAR LT 4
RV 4% 23 A (T R0 1A B A

BTk, ARHEFOK IS AR A AR BE S
AR, I R P AR, PR R SR AR
AN ARV AR IE B0 A X IS, A e
72 PR AT R 88 R R S A AR A SR A S
BHARGFE: (1) T AL Z50& 5 0 A0 X & HAE ARk
(~20704F) 17254k, (2) 7 M A SR A AR fh o) E BEE 5K
A BT X ()P AR K I d B A X
A 5 B o 7 25/ 28 B 2 TR T O

1 BERIRS?

11 EoHEE

4% 4 A EHE R UE T [ ] b AR Bt 3k
£ (http://www.nsii.org.cn) Fl 4= Bk 4E 9 2 FE A5 B
28 B ) (https://www.gbif.orgl), R 1% BH 44
FEALRRI A IE T o IR AS 70 A pi A T B A1ME
TEIRAS (BL4E N TP 2% e A0 BT A 23 A1), FRATTIE —
BB S0 SR I B AR B AIE, KB T oA TR
. Y R AR SR E . R, N RIE S
B — B, FRATE R o A A A bR B A
2.5, RN R AL A . A&, A
B3 A7 T 294 B ZATHL X (118584 F 4% 43 i I A%
(225 P55 A DL B S 1) FH TR B P A A B o

H 18581 % 7 A s Z AL T [, R FRATT
PR T 3Kl B 43 A3 R 3 20 PR S 2 0 4 il
B o FRATTBEATL A — A2 T v [ 1) 55 73 A R
P, b AT E 2 AR, R ORI A AR
Bls, REUFRER T EA Mo A i . g5 R R
BH, SR FH P20 AT 50 1) 2 B o 20 A A5 2R 000 )
SERBEHEZER, MUGSRA TR T &R
TR AT 53 B (B 5% 2)
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1.2 INETE
121 MRSME

AR A R R R T SR BRI
(http://www.worldclim.org/), #R2 4 1960-19904F )<,

(AL EE T E AR 1, LR 19N EY R R,

PR N25 x 2.5 N T IHBRM A & A 3L L
P, ATV T AR A 2 A ¥ Pearson i 0% R 4L,
FEHE AR 2 AT I % (Dormann et al, 2013). 24747
mA AR RZE > 0.80f (FEx3), FH A —4A,
FEARAE AT 7 N A B 2 5 i AR K
YR — K % (Carr, 1972; Han et al, 2018).
I ZOEI6N EY AR R, B AR H R E
(mean diurnal temperature range, MDTR). #xH% H
fAri (max temperature of warmest month, MTWM).
/22 F 1) (mean temperature of coldest quarter,
MTCQ). T H %7K & (precipitation of driest month,
PDM). [#%/KZ=751: (precipitation seasonality, PS)#ll
i W 2= [% 7K & (precipitation of warmest quarter,
PWQ). X8R5 S 1 A A Ffr 7 22 i 2 A
IK G 25 A, e rb B R e v il R B ¥ 21 25 i e
T AR R MR B R IR
122 t3#EpH

WEFER I, AW iE B A KAERR 1 4% (Han et
al, 2018), DXL IRATTANER 5 [EIRR Fr Bz A b 25 2R oA
(http://www.fao.org) % 1 5 13 %4k i (HWSD),
MR 23 B2 930 1) T 3B pH B o FH U281 Y
#fiV% (bilinear) K 38 pHE s =7 RAE 7 HE % 2.5/
(RS HtE, 5 B DR B o3 A B8 1) 7
ULEC, H TR i, Y120 k3, +
HEpHAEBI M pr A AR & rp i B VR0 (K1), U428
I3 W AR FH 64> A A2 5 FH T 40 Aol A A5 TR A 4
RL INMMRETEMFEHEEM

Table 1 Mean importance of seven environmental variables

WAr B PR E B
Environmental variables Mean
importance

/A2 P13 Mean temperature of coldest quarter  0.36

RREZ %K Precipitation of warmest quarter 0.27
[k 2= Precipitation seasonality 0.09
PHIS M HBZ Mean diurnal temperature range 0.06
% il Max temperature of warmest month 0.04
T H F&/K & Precipitation of driest month 0.03
+IERREE Soil pH 0.00

123 KRR5E

AR SRS F A 5 A SR R T SRS O
(http://www.worldclim.org/). IPCC5 LRIl 4R 15
KH T A F KA B AL (General Circulation
Models, GCMSs)FEALLAS [R] 255 A AR K e 16 5t N I
RRAUE(IPCC, 2013). AHf 5k H IGCMaE 3 T
Hh ] A D SRR R, BPBCC-
CSM1-1. iZBAMERERG 2, REM T BB S 4R
1B FIZ= T AR AR, I HON B 2= 2= R 7K AR
WA BT PR RE 71(WU et al, 2014). SEHITER
H AR X, 2= KO 2k 17 B E IR 52
il (Nemec-Boehm et al, 2014). A K< k%dE w154
AR 5, AR M (1R BE B 4% (representative
concentration pathways, RCPs)>kE7R~, MR &5
%1 NRCP2.6. RCP4.5. RCP6.0FIRCP8.5, N[A] 1%
(B R/~ 21004F A T 17504E 0 T 538 (A8 1k . A
7 1% $% 2070 4F (20612080 4F *F- ) T H RCP2.6 All
RCP8.5:3X A AF Xof W i ) U 175 55 - RCP2.62 Ak
P HECOL 1 55, L 5 5 38 ££ 20102020 4F [A] ik
PR3 WImPHIE{E, SRJE TR, R BT
0.3-1.7°C; RCP8.51% 53— EARFF R LI CO,
HERR, $121004F 4R St 5t ik $18.5 Wim?, R E L
F+#12.6-4.8°C(IPCC, 2013).
1.3 THBEEHIE

A BR 78 55 E s SR UE T KR B A B A O
2% [B) B2 FH AJF 5T BT 1 20004 4> BK - 10 78 55 A0 7=
GLC2000 (Bartholome & Belward, 2005), 7> ##% K
1 km, ELFE235h L 7 75 KA o ALK L E 3 6
KRB, OFEHRMAR. AR, FHb, Hrih, @A &
oAt (P =%4)
14 FhoHERRIFN A

I 7 o3 A B4l A B AR BEAERTE 5 (R Core
Team, 2017)#Jbiomod2#% /7 £4 (Thuiller et al, 2009)
FJEEPIF AR . Biomod2s& H AT F I Fh 4
MEEREE, ATRVEBS 2 MERM SR, 12 e il
AR 2 o ASHIE 78R H R Wb 40 A A0 S50k L 46
7 X 2k AR (generalized linear model, GLM; Mc-

Cullagh & Nelder, 1989). FfiH/L A& # 5 %4 (random forest,

RF; Liaw & Wiener, 2002)F1 % K445 8 (maximum
entropy model, MaxEnt; Phillips et al, 2006), —Fh%
B2 B YR FHbiomod2 /8 H T ERIME

AHIT S 2% 1) 43 A K a2 “ 7 (presence), dif /b

RS
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“J5”(absence, R MEAGHHIREN), 1H&3MEEAL R E
O NTE B . Rk, RATTBENLAE B By
JG 43 A7 (pseudo-absence) £ 9, F B RIS A
10,0004k 5" 43 A7 55 (Barbet-Massin et al, 2012),
FIFZR A "534 6 B 5E B2 (1) presence-absence 73 Al
B 5 58 B R 53 AT A BE AL 23 E) R 5
70% 1 53 A7 B4 F Sk 22 455 (training), 30% ) i 4 F
KA ) £ Bl (evaluating), JF HEHE5K. 3T
biomod2 /{14 T 77 iETHE T RN AR BN R A R
Wi YRR . g, S PO E I TR IR AR AT
AR IR AE BTN (22 Tiiil); Hok, A EEAR
SR F AT B B, IF B RS IR E AR S AR
HEIWXFEERE; &, vHE S5 0 B i
Mz (8] I Pearson Al ¢ R L, FFANPRIEAR & (1) 5 B
LRI IR B 5 A% v i 45 1 Pearson A O¢ 22 )~
YMEZ WP ZAA . B =AW Fp o A i 2 15 21 (1)
A B BT, VRS T
N T o PR EdE, 55 SR FH 1009% ) 4 FH ok 2
PRI, SLAE 36 P Fh o A AR A

1 Flpartial ROC (receiver operating character-
istic; Peterson et al, 2008)F1TSS (True skill statistics;
Allouche et al, 2006)iX ¥ Fh i FH 4 RPN B 1)
FI . M LAEGHKIROCT %, pROCH [& | 1Bt i
(omission error) F1ic K 4 % (commission error) A~
M), FF2s T R A R BE 2 A E (Peterson et
al, 2008; &Hk-F-4&, 2017), I LAEE & B PF Al A
A, pROCKFIAUCELZ(AUC ratio) K iFfiti B 7 1)
TRIAE 7, 24AUCELZE > 1, 3 B AR 7Y Fi 0 45 5
TFEL; HAUCHLZE < LI, T3 B AR 70 T ) 2k R
BZE. AUCHZEITHEMHRIES (R Core Team,
2017) B (1) “kuenm” €2 5 ¥ kuenm_proc % £ (Cobos et
al, 2019).

HAKML, FRA1¥ E 5% omission error (E = 5%),

BEHL1%E HL50% () -4 £ 45 (evaluating data), I H 2
522004k, BCFEMEME A ZERAUCEHE R . TSS2
HEHEL G E, tHE AKX NTSS= RFE
(sensitivity) + 477 £ (specificity) — 1. H i R B 2
SERRA 43 A HAR T A 3 A AR, Rp 5 P& s
B b JC o0 A B TR A T S JE 23 A (PR . TSSH
A T-1F)122 18], 4TSS > 0, iF WAL T BENL;
4TSS > 0.5, I\ NH AR I K I (Allouche et al,
2006). N T I/NR I ZE A A S B E M, TR

M A A, HAFAUCHEE > 1.2H
TSS > 0.5 A Tl 45 A 22 FH ok 2 5 f 24 1 A
RAE B (ensemble) . 7EHEATREALEE i), LA36AME Y
AT SSTE AL E N BT A 15 2 ) & SR A3 . A
LRI RN T 012 M FIMEZAE, K MaxTSS
NSI{E (Gallien et al, 2010), ¥ H % b BT 1(0,1) 7
fio BARITEN, HARILA KA T0-12 A5
202 S 22 H A, MIBROFAL, 6T 2001 E (1
0.004975, 0.00995, ---+-- , 0.99502); FHxLLix200
N BIAE, PR 2R A B Tl &5 SR % ¥ i A3 J5(0,1) 7
A 55 SEBRLIN R 0 R o A A2 BORVE FE R, TR
—ANEE FTSS, MTSSIA R e KA, % B {E %
KH o
1.5 HESH

R HERIE E AT XA, FRATEAT 5%
AR SR e . %18 B 40T X A AR SR I 5t
2 18 B AT X IR A S G B A X T . i
I3 A XA R = FRAS: Fa g 474 (stable), BPIL
TERASKERA 7347, W4 (contraction), BPILTER 7
i, TAKEA; ¥ 5k (expansion), ENELLEEAE A0,
MAKRA . Msh, TG RREBE T %
A B 3 B A A X AR 284k, 3R 27755
] )3 B 2 AT DX AR AR A, 4 93 [X A2 A ) THI AR
BATHER, 1B A0 X T AR R A N dx 22 (1) 410
MEZK. &G, N T AT A X KA %
b 7 R SRR E S (W LU, K T A SRR RS
AT S B REN L E B R EESm, i
AR M 25 3 R0 A X R & B b S 5 2R A P 5
ERTR

PLESr T #ER 3.4.2 (R Core Team, 2017)#!
ArcGIS10.2 (ESRI Inc., Redlands, CA, USA)H1 58 i

2 &R

21 BREEMTMETENEEN

TEFAI . GLMIAUCLL R (M £ Fx
1 %5)°41.98 + 0.05, RFA41.97 + 0.01, MaxEnt41.96
+ 0.02; RF{TSS40.93 + 0.03, GLM50.90 + 0.02,
MaxEnt>#0.89 + 0.02, FT A8 AUCLL Z38) K T
1.9, TSS¥IKT-0.85, Ut BRI R IF, feHEr il
MR )53 AT o

FEGA R 7 Hh, d 7% 251 2o il A e g 2=
IKER A AT TR oKk, P35 B 2 5379 790.36
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M0.27 (K1). BEAKZFTETIIE. PSR B ZE . &k
At 5T H BEKEXS A A i oTlk AL, AR
NT0.00 ANFFPEAL o, AR 76 e 23 A7 T )
Wi 7 fH 24 A7 7 5, B K AR A 7R A BB AL AR MRS Y )
R EARA(EL) . R T TR TOCRE, 2R
FAAERER AR, BB RIS, ROAEMRR
HARTE, MRS TA13CTHR, RIEAE
WEAR SRR TR (B 1e). BEHLARRAN B IR L )
ZEREIR, HEiRTERKEN0-500 mmitf, k47
FERERARMN(< 0.5), HRMEZ=[/K & 1500 mmikf
RIFAEMERIZIT TL, T SCERVERE R (1 F3000 45 2R
YU 5% 71 I A 2= P /K B AR 4K, SR A AE R AR
ey AL N (E16).
22 HEEESHXERKEESHXAEL
IR Y SE B 79 A 135 TI0I B BAE 5 AL 3 L0 A
XA S (K2) 0 7RISR bR 0 AT AIE 38 L 3 A7 #
FEARRTET . FEPNAI RIS . o o5 4K
2, ORERE. B, EESESRKE, £
UM, EEAPRE. S5, JEHNILE+

1.00 r

THRIE. BFiE. AIEEEER(E2). b, 4
FERIEEN, CFEEE R AR TS, Bl
(PRI P BIE 2 25 b [X AR A5 1938 5 0 A7 X (12)
RRANEAT, A FHLIX 2558 B A6 X AR
WA=, K&t XA AR IE 5 I, A
B X P A% 3 B 23 A X 2 HR I sk B 4 /N (B13)
BAkkE, 7ERCP2.6HMIRCP85IE & T, &I K#E 7
H DXATS R0 B A 0 A, RIS AESRINInE
IR 2538 B A A7 X 3 R Ak 5K 1 AR e I
RSN AR PN T I 1 2% 0 B A DX 4 /s (1
3). ARIAMENE ST, A& E AR XA BAFAE
% 5. RCP2.61E 5, 4 M B 49 A 1 A i s />
9.5%; RCP8.51E & T, ##k/>16.9%; i b 5 ik
DS (FR2).
23 FEAFERRKREESHXATL
AFEARRAGEE R T SFEERENRER
I3 A XAk 72 S K, B 22 [ 5K B 4 3 40 A X T
R (#3). RCP2.61E 5 ~, RA LHH ., HA,
e = A B S 2 0d B A A T AR 2 G, 4300 38

1
o

a b
0.75 | r
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E 025t -
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Fig. 1 Response curves of six climate variables
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m BFE¥AE A X Current potential distribution

E2 ATMoHREAENZR S S AFUN A I ZB 7 o9 7 (R E kIR Thttps://www.naturalearthdata.com/down
loads/50m-physical-vectors/)
Fig. 2 Tea occurrence points used for constructing species distribution model and the predicted current potential distribution of tea
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Fig. 3 Predicted suitable range shifts of tea by 2070s under different climate scenarios
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R2 FUM070FE AR SUERERTHREE D H XK (%)
Table 2 Predicted suitable area changes of tea (%) for the
2070s

AEE R RS RRII A X EE AT AR AR
Scenarios  Gain Loss Net changes in suitable
area

RCP2.6 9.1 18.6 -9.5
RCP8.5 14.2 311 -16.9

23.7%. 10.0%. 2.7%; HAR7AEFKI0E B i
U259, Fepl PR 4. R ek
/194.6%. 75.7%. 57.8% (#3). RCP8.5IEH N, k&
HE L H A A IE B4 A AR 43 3 T 5.2% A
31.5%4h, BIHEAE. i, e, tHHESEFEH
3 A TR AR 2 K g sk /b, L sk 2 1 Bl Ao 2 v T
RCP2.614 5 T [ PR MR (5£3) »

AR SRS SN, %38 B 43 A R D e %
10 E KA A —5, EEREPG ., g, BRI
W mAES dindrE . 586 a4 (Kl4a). AHE RCP2.6
15, RCP8.51E F T &N E S I A% 3E B /3 i [X 2k
ST Z I B PERCP8.51R /b 1 id B 40 A1 T
BUNRCP2.61% 5t 1113.3f5 (&4, 5, 6). {HiE, X
YL SR SERR P A AT BRI 22 5+ - fERCP8.51E
SO, PG g, SRR oA TR A3 ek
/1>397,670 km?®. 138,656 km*F1125,462 km?, {HZ&&
I120164F 1™ % 2537 9447 t. 102,404 tH10 t.

FRAMFASACT, o B4 A AR B I 2 1
EERFERPE, R BA, B, KES%
(Kl4b). #HLLRCP2.61% 5, RCP8.51E 5t N4 ANE XK
ST 23 A T AR B 2 (&14b, B35, 6). Herf, HE

R3 RERAERRFERTEESRERNEESHEXEREN

MHA R BHaUCA IR 2E K, mHRmes
Ez, planmsk. E£E. B, SmESHIee-
(%5, 6). FEETEAFMAMEE = T REE D
i X (38 A B K TERCP2.61% 5 F 2% 1& B 43 A [ A
2> 11145,860 km?, T RCP8.5 /{1 1% £t T I £ ik /b
72,289 km?.
2.4 RERIEEE S HXAKIE

RCP2.6 fIRCP8.51% 5t T, A EKU [ 4 4 73 il
HrHE9.1%F114. 2% K Z0&E B 40 A X, (HILA 70 A6 X
B0 B 2 18.6%M131.1% (F2). X LI 1) iE B
O3 X AL T ARAR . B AL (F4) . /ERCP2.6
5N, 1 46.9% K8 H3E B A0 X AL T ARk, H
U, 520.0%; %ith15.9% (74). /ERCP8.51% 5t
T, AR5 B B /N T RCP2.6 1 5, SH41.5%;
HUGREH, 1719.4%; #HHL 5 16.4% (£4).

AR UM FH 4 B 5 73 A K A A Al o A 45 7
TR T AR5 A9 7538 B0 AT X L HAE R OR 22
. SPREBY], RELDKMBFEE X, E
FRPRAET M ARPIATRE M, TR Z1 2 AN
HFEFRKET ST RN RRIEE G X
BACAEA R ARG 5 AR ASFE
FFEZES . AR R T, KEE KK %
WEE XI5/, B L E X RO T
Tl B B KGN T 73 A XG0, (B X i i
I3 A7 X P 2947 68% X 8 1K) iR A7 L 3 7 i SR AR
PRy AR R AE FARME R, DR SR R AR 1

Table 3 Changes of suitable area in major tea-producing countries under different future climate scenarios

% IS H AR X & HL AT AR AR I& 437 T AR AR L 451 FAE (20164E)
Countries Current suitable area  Changes in suitable area (km?) Changes in suitable area (%) Production (t)
(k) RCP2.6 RCP8.5 RCP2.6 RCP8.5

H[E China 2,607,924 69,384 135,088 2.7 5.2 2,414,802
ENEE India 315,323 -9,241 -25,162 -2.9 -8.0 1,252,174

# BT Kenya 17,994 —4,470 -5,834 -24.8 324 473,000
HrE 2% Sri Lanka 9,356 -232 -3,323 2.5 -355 349,308
+HH Turkey 2,765 654 -1,619 23.7 -58.6 243,000
8 Vietnam 75,599 —43,657 —55,005 -57.8 -72.8 240,000
ENFEJEPEI Indonesia 260,214 -31,551 -94,931 -12.1 -36.5 144,015
4ifs) Myanmar 38,221 —28,938 —35,895 —75.7 -93.9 102,404
R AE Argentina 32,876 -31,085 -31,503 -94.6 -95.8 89,609
HZ Japan 279,395 27,910 87,979 10.0 315 80,200
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Fig. 4 Top ten countries with the largest changes in suitable area for tea under different future climate scenarios. (a) Loss suitable

area; (b) Gain suitable area.

'Iféle T la'l’iie;fo’jrﬁlloﬁf%e—lv—ﬁf i%iﬁeﬁafatﬁfgﬁiiﬁéﬁtivation BRI FE A e T e % 9 AR R A
under different future climate scenarios PECRIF = AR ,%L{Z]Sﬁﬁ%, AR AERINIE B4
- H0 7 R BTG B0 X 15 i X 20 1, HRCP8.51E 5 T 7% 19 4= Kok Lk
Land cover Source of newly suitable areas (%) RCP2.65 241l 58 A (k%

RCP26 RCPES 31 HWESHHEERT
FRA Forest 469 45 AR R, AT T 0 I 2R 1 /K
LA shrub 54 8.0 R TR 26 20 1 15 T AR T, S B i
b Graslne 199 o4 AT B B R b . A2
e T 200 o4 BESU R B 2 VB I . SRR 2 RO %
HV A Urban 0.5 0.3

HAh Others 11.2 14.4

i1 F£(De Costa et al, 2007). VIERIBFFINN, FEiE
PTG, HAAF T ERR T m i R &



EACE FRIEFS A8 AR MR A AN [7] [ 5 7% 3 L 70 Af [X AR S 603

SRAN 5] it ORI PRI B 1 B A 22 e, (LI 4 B
fIGIR BEAR T —10°C I, W TV 477 (B A4 0%, 1981,
Han et al, 2018). & T80 /> A A AL O o, 72
AR TOCH, RWEAERIK, X5
AAEK I PR AR 2 — 8. AREFTORI, K
Sk Hh R A P I X HH IR B AR X gk, iR
FAEAFIACES . g K LSRRI X o 31X 7] e A2 EH
TARRAGRALAT AW REE i A FKIR, &S
R AFPIE . FM A KRR EE SRS, Y
W 2= % 7K FE AN £ 500 mmak fE 7K 25775 1 K T 1008,
ERAKF 2 A K . Eden®(1965) 0 A I Ih#k 55
ZM AR K 2 /0 75 21,150 mm, T HEEAE T
(B35 5050 e; /RO B 2R 2 FE AN 38 DA S 2%
R ALK, B FBmsE R FH. AR,
B2 e i A0 52 3k il B RE BT i A i R X T
i H ZE 6T (Larson, 2015) . [ R #4540
(CIAT) I T R I, AR JE AT 5 18 2%
I3 AT X & A FE AR 5 e AE A R b A — B
I3 1 2 [ 7K B2 () 38 I T AR R 67 Y0 1 25 40 A1 1 B M
Hohn, TS E MR B R TR ) R
T2 (Eitzinger et al, 20114, b).

FR P AEKIE 2RI, L5, COIKREEA
I3 LS IR RN (B 77 8, 1981; Han et al, 2018). LAfE
W R, W IEE AR ERR I 11 5 (Han et al,
2018), {HAHFIT AN, pHIE KRR T 2% 1
IR TTERIR /N o 2R8I, Yan%:(2017) th & 1 15 [A]
T R e R XA B R A I S AR N (<
0.05). IXHJHER T IE R REJEH |, Sgxt 7
(19 40 A 1 52 e 2 3t v T 3% pH, 1 3 R I A
F AT B8 = AR IR/ R 3R b )y £33
Al -1~ 5 W oy AT A5 8 B iy b 25 S AT 2 — AN M R

AR AR A 2 2R T ) 3 A R G = U
A5 5 (Chang & Brattlof, 2015), MM 520 2% () 7~ Al
M, B S ASE T (Ahmed et al, 2014;
Mukhopadhyay & Mondal, 2017). Imbach%(2017)
A SR AR AN 2 38 T I B R0 B 7K AR A B2
SO IR 23 A, S 5 AT DU 52 AH S AL Ry B
(1% 4 ATa T 1) 422 52 e WA £ 2 A1, BRI 26 A0 HLAE
AR TS AEARAG T MRS B DRI, R
Tiff 1A TN A SR A AR AN X 2 o0 A (X B 5], 38 7
B R O sz, Rk SRR RS2
WhniE & F AR, 15 R mX K.

32 ARREBLTUNEEFREEESHXHE
M K% Rz 35 ke B

FEARRAELAE ST, FEFRE K E,
A 5 [ SR R R o A R & ' A X,
HHHRRIE T MY 5K, R E, HA%
E 2R A P IE AR R 238, TERR G e
AR SEG R o 1T FAth [ 5P 23 0 B 43 A X )
HIAFEFR B Bk . BTARAE . Jif). M. He
W55 KRR 0E A X, #2070 4F 2 9 b
24.8%-95.890 45 . X Lk ] S5 250 A (7] 22 4 A
AN NECH FKEE N AL, BIGH Jé T HIZNAR 7 H60%
(Han et al, 2018), TMiX e/ A 3% fig 1 RS A%
AN AR PR PRS2, DR A S S A AR A A R
BRERE, BURNHIZ 52 UAT DR, —J7TH, B
T AT AN, MHLEE EER A SRR A
BREEFHE S TFINRE COM BE T 55 7 TH 6 A b
[RRZmR, B ACFIRE & B8 i 5 AN iR R
—J5 T, BUM B @ R ARAT SR AR, K
JERT RS A A, Bl 2R PTG AN E & R E
FIHLIX, S IALAIE WA TEY, R Z ok
e AYR /N R o

Uhah, EEL AR, MR FEE A E
FWHARIBEE A, FFHmMER WL %
] (1 25538 B A X TE AR SR KEd k. fE At
HOKERSEE, #%2 BIAM K OEHIRREE
AR, IR FiE . (YR A
R 3 L2 R IR FE A B K SRS R -, g TR
AHEAEH (03 ) A9 B R R, A m i
(1) 45 [X (Pineda & Lobo, 2009). [k, X T hn%
Ky W 2 H X B A R miE R E R, AR
WA AT IS T EEZ RN R . &5,
DI i I 7 0 A S e VN B BV TR AR
FEERR/N, T2 BT IS E AR XBOR, (EAEAR K
ARG REIA & B A X 24N, BRI 2%
P AR IX 5 47 T IAE 1 A R S AR 3E B [ HB X,
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B HZE

AERAEAR AT T A IS B AR KRS, K
TTREHMMX, FEER TR, WTReSN®E
FAMAE [ T R, RKFERES Y2
DRI G o AT TR, AEAR R 1 1&

s



ks

604 £ ¥ % B M Biodiversity Science

27 %

B A X, B B st oR) /78 R AR A R AR
MR ARI . BIINRCP2.615 5t T, AR 1 (13
B, SRk EH AR S HCN4T%, 11k H
LT AR R A 20%. 1 H., S ARARHE T Re 2%
I B4 X A R 1L X RS Bl (Eitzinger et al, 2011),
1Ml X 38 A 2 HE M N R B B A S R
BETREE L, For A Xl AR kR S B R A
B, WA B, 54 RS A
M. BeAb, AARASE A RN R 7 £ (K
P T B IRRIE R, 2> R /K BEIR R o Rk,
TE RS AR AR N F AR AN P () e i, 75
LT R e 5 M Z R R I HbR, KR
AREEE B FCFIAR =, AR T AT A A I

4 LELMRE

AHEFEA Bl AR ER 1 A BRI T
fE 3@ | 40 A X, FF H UMl 1 2070 4 RCP2.6 Fil
RCP8.5HFI MG 5 T, Zei7E1E B A7 X A2 4L,
TG SRR, S 2= AN e e 2= [ /K B 2 PR
IR E SRR T, REES M, FE
WA SED . ek b, RS T AT RS
HoAA X 24a/, BlIanpTRE . difa. B, e
A 5K T — 2 [ S5 a0 A R H AR R SR R IS
B AT X 2238 K, RT3 O 40 18 B o A XA T
AR, F b i) R R ] R A B SR MR S AR 2
PR =40 &, FRESREMN. ARMERER
FEMVAE R SR AR AT, 75 B R AN [ () LT 55 s
FHH B X A Z PR S, R T RS A Fh
=k
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Appendix 1  The coordinate of tea occurrence in the present paper

http://www.biodiversity-science.net/fileup/PDF/2019085-1.xIsx

MR2 AEZEDHEREFTNAIMAEFAKRCP2.6FIRCP8SIER FTEKENHHEEE
Appendix 2 Predicted suitability of tea distribution using different tea occurrence data under current and different future climate

scenarios (RCP2.6 and RCP8.5)
http://www.biodiversity-science.net/fileup/PDF/2019085-2.pdf

Mi3 IFEITERIPearsontB st REEM

Appendix 3 Pearson correlation coefficient matrix between environmental variables
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Appendix 4 Reclassification of the land cover types based on GLC2000
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(a) (d)

Suitability Suitability
WEEHE NN
g 0.95 g 0.96
0 0
(b) (e)
Suitability Suitability
NN 1 FLRE
g 0.95 g 095
0 0
(c) 4]
S.“ri_lﬁ‘bi,.l,:ily Suitability
I i
g 0.94 p 0.96
0 0

ME2 FARESHEBEFNAIIMAIRRKRCP26FIRCPSSIFER TEKENHHEEE . E(a). (b)F(c)
RH AL P HEIBANAMAE. RCP2.6MRCPESIERTESMIEEE,; E(d). (e)FA(f)ZHEH KM
PE—FEIES HEBEFRNAIE. RCP2.6FRCPSSIERETENHEEE -

Appendix 2 Predicted suitability of tea distribution using different tea occurrence data under current and different
future climate scenarios (RCP2.6 and RCP8.5). (a), (b), and (c) Predicted suitability using all tea occurrence data
under current and two future climate scenarios (RCP2.6 and RCP8.5); (d), (), and (f) Predicted suitability using
half of tea occurrence data in China under current and two future climate scenarios (RCP2.6 and RCP8.5).
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MiE3 IMBETT = AYPearsontl & REGEE

Appendix 3 Pearson correlation coefficient matrix between environmental variables

MTCQ  PWQ PS MDTR  MTWM PDM Soil pH
MTCQ 1
PWQ 071 1
PS 043 0.79 1
MDTR 0.37 0.14 0.12 1
MTWM 051 043 0.32 052 1
PDM 0.20 0.02 0.26 0.56 0.10 1
Soil pH 0.37 0.28 0076  0.33 0.22 0.39 1

MTCQ: A Z i, PWQ: IIETERK &, PS: FR/KZETiTE; MTDR: ~FE H# %, MTWM: #:15 H fmii; PDM: 1 Bk &

Soil pH: TR HHIY .

MTCQ, Mean temperature of coldest quarter; PWQ, Precipitation of warmest quarter; PS, Precipitation seasonality; MDTR, Mean

diurnal temperature range; MTWM, Max temperature of warmest month; PDM, Precipitation of driest month.
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MiFE4 HEFGLC2000LithE = LB MEH %
Appendix 4 Reclassification of land cover types based on GLC2000

NNES/EZ

i G

Land cover

HFT

Reclassification

IR, W, W% Tree cover, broadleaved, evergreen

M R, W, 3%, AR Tree cover, broadleaved, deciduous, closed
MR, W, 3%, BB Tree cover, broadleaved, deciduous, open
A R, 4, % 4E Tree cover, needle-leaved, evergreen

M R, 4, 7% Tree cover, needle-leaved, deciduous

M, JRA A Tree cover, mixed leaf type

MR a5, ME/KH#ERE, %K Tree cover, regularly flooded, fresh water
MR a5, MK H#ERE, /K Tree cover, regularly flooded, saline water
Bk ARARZE 5/ HA B 4R AEBE Mosaic: tree cover / other natural vegetation
RN G, BES Tree cover, burnt

WEARZE %, HEHI, % 4¢ Shrub cover, closed-open, evergreen

WEAZE 35, Wi, %M Shrub cover, closed-open, deciduous

TR o, ASH-FiE Herbaceous cover, closed-open

TR A BRE A S 3% Sparse herbaceous or sparse shrub cover

UEIKHE B I RE AR AN EEAZE 35 Regularly flooded shrub and/or herbaceous cover
FRFE # M Cultivated and managed areas

BEHe: BFH/ AR 7 a5/ H A SR HE A% Mosaic: cropland/tree cover/other natural
vegetation

BEHe bR M7 25 Mosaic: cropland/shrub and/or grass cover

N MR FIAH A Artificial surfaces and associated areas

#ih Bare areas

KA Water bodies

VK= Snow and ice

HEWL AL Irrigated agriculture

FRHK Forest

#EA Shrub

i Grassland

#H Farmland

ST M Urban

HiAth Others
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Mi:RS RCP26IFRTEHESHXERELCEMES #1011 ER
Appendix 5 Top ten countries with the largest changes in suitable area for tea under the climate scenarios of
RCP2.6

EE TE LS AT X HTY 7752016 4F)
Countries Suitable area(km?*) Production(t)
A RCP2.6 ARk AT
Current Net changes Net changes(%)
T A X ik D
ELp 739,036 620,204 -118,832 -16.1 447
BRI 4 136,026 53,232 -82,795 -60.9 102,404
[ZEIE 139,909 57,868 -82,041 -58.6 1,251
I 96,937 28,099 —68,839 -71.0 -
PG 156,377 91,608 —64,769 414 144,015
4 276,391 217,706 -58,685 -21.2 64,500
ORI 200,100 144,697 -55,403 217 -
A 130,452 83,055 —47,397 -36.3 7,300
ESETEOA 75,599 31,942 —43,658 -57.8 -
BEEIEN 57,717 19,770 —37,946 —65.7 387
SLNER/ (TR
ay 2,607,924 2,677,308 69,430 2.7 2,414,802
JIIE-FN 40,873 93,616 52,742 129.0 -
ESE 258,278 304,138 45,860 17.8 -
B 60,411 101,156 40,745 67.5 -
BN 279,395 307,305 27,910 10.0 80,200
B ) 1,204 24,857 23,653 1964.5 -
£1979 5,867 29,296 23,429 399.3 -
HelH 21 18,118 18,098 86181.0 -
1 833 18,163 17,330 2080.4 -

R fif 14,589 27,886 13,297 91.1 -
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Mi:k6 RCP85IFRTEHESHXEMRELIEMES B0 ER
Appendix 6 Top ten countries with the largest changes in suitable area for tea under the climate scenarios of
RCP8.5

EE TR X Y PP (2016 4E)
Countries Suitable area(km?) Production(t)
AR RCP8.5 e AR Ak L A5
Current Net changes Net changes(%)
T A X ik D
ELp 739,036 341,366 -397,670 538 447
4y 276,391 137,735 -138,656 -50.2 102,404
BRI 4E 136,026 6,029 -129,997 —95.6 1,251
PG 156,377 30,915 —125,462 -80.2 -
I RE JE P 260,214 165,283 -94,931 -36.5 144,015
YL 96,937 8,970 -87,968 -90.8 64,500
ESE 258,278 185,989 —72,289 —28.0 -
A 130,452 65,965 —64,487 —49.4 7,300
LB EOA 75,599 20,594 -55,005 -72.8 -
T3 n b n 220,289 174,659 —45,630 -20.7 387
SLNER/ (TR
ay 2,607,924 2,743,012 135,088 5.2 2,414,802
JIIE-N 40,873 131,092 90,219 220.7 -
HA 279,395 367,374 87,979 315 80,200
B 60,411 134,513 74,102 122.7 -
£ 979 5,867 58,801 52,934 902.2 -
P 21 51,423 51,402 244,771.4 -
i 14,589 64,769 50,180 344.0 -
e o 955 24,072 23,117 2,420.6 -
FIRE 247 23,021 22,774 9,220.2 -

HKRAT 3,629 17,921 14,292 393.8 -
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