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Abstract: Biofuel tree species are the important material basis for developing biomass energy and realizing the strategy of
fossil energy substitution. Clarifying the distribution of suitable tree species for biofuel in our country under current and
future climate change plays an important role in protecting and utilizing tree species resources, promoting the development of
the forestry bioenergy industry, ensuring energy security, and realizing the goal of “double carbon”. Based on the
distribution data of 1037 species of 10 major biofuel species and 20 environmental variables, the maximum entropy model

(MaxEnt) was used to predict the distribution of potentially suitable areas of major biofuel species in China under current
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and future climate change scenarios ( RCP4.5 scenario in 2050 and 2070). The environmental factors with the greatest
impact on the distribution of tree species were obtained, and the major tree species planted in each region of China were
zoned. The results showed that (1) the MaxEent model had a good prediction effect, and the area under the curve ( AUC)
values of the simulation results were above 0.9 for all tree species. (2) The environmental factors with high contribution to
the distribution of each tree species differed from species to species. Precipitation of warmest quarter and temperature
seasonality had relatively high contribution rates. (3) The highly suitable areas of the 10 biofuel species ranged from 433,
800 km’ to 1,177,400 km®, and the distribution of tree species could be divided into four subzones:; northern, central-
eastern, southeastern, and southwestern based on the simulation results. The main tree species in the northern subzone were
Xanthoceras sorbifolium and Cerasus humilis. The main tree species in the central-eastern subzone were Rhus chinensis,
Idesia polycarpa, Sapindus saponari, Triadica sebifera, and Pistacia chinensis. The main tree species in the southeastern
subzone were Cornus wilsoniana and Litsea cubeba. The main tree species in the southwestern subzone was Jatropha curcas.
The distribution of each tree species was consistent with the forestry biomass energy development plan released by China.
(4) Compared with the current situation, under the RCP4.5 scenario in 2070, the suitable area of Cerasus humilis and
Litsea cubeba showed an increasing trend with 317,900 km* and 56,100 km® increase, respectively. While the area of other
species decreased, ranging from 52,500 km’ to 386,300 km’. The distribution centers of Cornus wilsoniana and Litsea
cubeba will move northwest in the future. The distribution centers of Rhus chinensis, Triadica sebifera, and Jatropha curcas

will move southeast, while all other tree species will move northeast.

Key Words: biofuel tree species; climate change; MaxEnt; habitat zoning; bioenergy

Paip iy FE BUR ) R LA 12 5 2 (TPCC) AT, A BRF32 R AE 25 140 4R[S T 1.09°C , &
ZH RSP CO,N T MR MR RIS ATEC " o G BE w9 A BRI 4, T Ak 1
ZE R AT R (kg b A B FE bR, EDE Bk A A7 3h B B R S e Tk
FURE T 2030 4FSE L R IK W21 2060 A S B ORI S BT ORI R R PR 3R R B D A 4
T o R AR R T B VRS RS HE A ke . B 2 A D E 2% ( American Petroleum Association)
ARG T, BRATIH RER RN I 1) A 243 3 290 1.8 JAC A (186 J74Z m* Fll 4.84 Ji42 v AN e FH %L
FAEST, FREVE N R M RERIEFER ' A AT REVR PR A A7 I T BT B K7 R SR 5 A ik i
TEN 1A ) BT RE IR S5 T RE TR A QSR AN S 8L XU ™ B AR (1) B 2R 9% | J2 S L RE R T RS A SR 1) ol 22 I8
PE T REIRAE S ME— R TR AR BT, PRELJRORE 02 PR R | T A SRR AR B et B iz AT R
Pk T DA A A ARk W Xt it L il Ao O B A S IR R B SRR TR A | T e 1V 4
TP EA BERHRCT ) AT RBE R R R RAR 2 SEE BRI S E R 2 ROk R s
A R R TR R R AL ) T RE VR T G < AN 5 NG R SR G A SR bRl A ) R RE TR
IR YRR R A

TR UM DT TR MUASE A IR, ST 25 e 35 RS D D), e D e A RS 0 A O A S A 7, S Ml vl
RIRRATR . FRERIE RS IR L 2013 4, FE SOMO AR R (R E SRR ) il i 4 E ARl AR
VB RE & LRI (2011—2020 4F) ) (Ja SCGERR LAY ) B2 31, 38 A 7 3R RS MRR 9 77 A LR Wy At
WA 30 28, FZAFEIMER ( Elaeis guineensis) \JCH T ( Sapindus saponaria) /Ml ( Jatropha curcas) I
BRA ( Cornus wilsoniana ) , 3C 568 - ( Xanthoceras sorbifolium ) | ¥ % A ( Pistacia chinensis ) . LI #i] F ( Idesia
polycarpa) XS ( Litsea cubeba) \Eh WA ( Rhus chinensis) \JXZE ( Cerasus humilis) ¥ ( Triadica sebifera) \4s
IUEF IR (Styrax tonkinensis ) % 12 ARFR D X ELRIFP AT TSI BITE 30% L 25540 T SEEUR b
PERE L VEREIL TR S b A B AR R . I AE R | [ 68 A W R i B b i) BF 5 22 2 v A 2R S lg o o 3T
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FpFp AR, A7 020 P o3 A AR BT 53 2 WA AR M 5 T &R i A iRl 5 a3

AHFFE AR ) i & A 14 10 b 3222 A2 W R oA S X 42, A 1037 4 43 A B, A FH e R i A 78
( MaxEnt ) FLALLAS A A S /i RIS SR 50N BWLE 73 A Y R 38, 43 B 52 M 2% A8 v 23 A 1 R 22 IR B 1A
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B AT KU B AR, TRAT N esv AR, D AR 23 A K30 (19 25 18] F ARG 3l g AreGIS 10.5 ZnpIX T H,
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Table 1 Basic information of biofuel species and quantity of distribution data

Tl g PSR % Waiik Ci e
Tree Species Subordinate Seed oil content Quantity of distribution data
k2 Cerasus humilis PRl R 40 81

SR BRA Cornus wilsoniana INZRBR BEA R 30 74

1L F Idesia polycarpa KITFEL, Wi 7@ 32—41 99
/WT Jatropha curcas KR}, R 38—41 76
LAY Litsea cubeba R, RZ TR 30—50 110

B JEAK Pistacia chinensis BWEL, HiEAR 42.2 131
KA Rhus chinensis BRERL, FhIRA S 34.9 113
JCH T Sapindus saponaria TRFR LETE 38.1 137

Y} Triadica sebifera Kk, SR 40.8 106
SO Xanthoceras sorbifolium TRTFR, SCERE 59.9 110
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Fig.1 Germplasm sampling information of ten biofuel tree species
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2060 4F) (AR A 2070 4 (2061—2080 4F ) =AY 19 A AN 5+, 2351 0 - AF 27l (biol ) A4 H
7% (bio2) AEHRME (bio3) TR E (FR1E2EX100) (biod) 5z H f5miifit B (bio5 ) |\ fe @ H AR I
(bio6) AR ATEHE (bio7) | 5t 2% B2 V- 2410 BE (bio8 ) | die T 2= BE V- 1 B2 (bio9) | di 8 2= 135 ~F- 14 Uk J&
(biol0) IRt ZEEF- IR (biol1) AERE/K IR (biol2) JRlH FE/K R (biol3) T H KK ik (biold) /K
ZEI AR (biol5) (FRAIRZEEE /K i (biol6) T 2= BEFE/K i (biol7) M 2 FE [ /K &t (biol8) (% ZEJiE
R (biol9) o BLAR, I HEEL T 52 A Fh 434 i MR R 3K ( ASL) o FEBHDAR SR SR AE St , % iR A A
R 3 AR it AR B AR K TT BB AR AR B RN M AR SR IE B T CCSMS B2 T YRCP4.5 ( Representative
Concentration Pathways, RCPs) HLRIHERCE 5 (fCER A A BRIR = M & HEHE 5 ) L 1215 S8 th B
IR AR AE A ZE 51 25 (IPCC) $24 , RCP4.5 J& T ML AUk B H AR v 45 HETSU B¢, 78 8 XT42 Bk e 78 A 1Y) 45 Fil
T RPN L T #E A TERBUS AR B AARHE AR 7 BT S R R RE  HE R R 2.
5 arcmin , BCHEAS X0 Gff, IR LN ase #88H

M T 19 N EY SRR 0] BB AAAE 2 L2 | skt G i i i U4, {8 SPSS v20.0 (IBM, Chicago,
IL, USA) H1(#%) Pearson FH 3¢ R HOR A FR5E K (] O AH DG , WA DG R EOR T 0.8 MBREE A+, e B b ok
JEE5 i L5 2 BRI AR o A 5 o A e U0 ) PR -V D e R AR AL ) S R 17 AR S U S M TR 1 225
il ¥448 FH ArcGIS 10.5( ESRI, Redlands, CAL, USA) #E47, o 47 X K b o i 1 >F 5T 1 500 22 PR A B
JEbR D IR 45 W9 (hitp ://211.159.153.75/index. html ) | Ji [El 1 B TCAE L,
1.3 F R AY ( MaxEnt ) F9R) 22 5 PE b v

K AN 20 A0 BHE (esv A8 TR 2 J5 A BRI K120 01 9 A MaxEnt v3.4.1 80 BEALBE & 75% 1953
MBI A VI ZREE ,25% 1 o A BOE AR ks, HAth 2805 5 8 0 BROME, EEE AT 10 Ik, Ik
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(jackknife ) PPAR AN [ PR5% B 77652 Wil A= P RR T A o A 4 b BT o A R, R R ST 19 223808 TARRRIE i 26 ROC
12k ( Receiver Operating Characteristic, ROC ) 5145 F5 Fil & A9 T FX ( Area Under Curve, AUC) K /NRPFH 455 7Y
O AR, AUC BUETSRE Dy 0—1 B4 1 RIS A PEMFRiE . AUC {H7E 0.50—0.60 H, Tl
WZE AT 32 s AUC {HAE 0.60—0.70 B, FIN 45 545 2% ; AUC {EAE 0.70—0.80 [H], #2455 —fit ; AUC {E7E
0.80—0.90, T 45 L KL 4 ; AUC {E7E 0.90—1.00 B, TS FmAE ™) ok 2050 471 2070 47 A4 Fh 4 A #
PR RE 3 AR R 7 VA AT
1.4 3G XSRSy B AR T

¥ MaxEnt v3.4.1 BRI K (ase SCHE) N E ArcGIS v10.5 1 f#i F ArcToolbox T H¥4 504 [Fl 4 Hy
WS B WS AT PR AR 3R L A v AT 1B DX P Ay JEC TR oV 5 AR ol ) 35 A S 2 R SR P RS Tl T L
(extract by mask ) £ B [ X3, I (8 F 3 5328 T L (reclassify ) W 25 B4 i 19 Az 355 305 B 4 B3 4R R0 43 1%
(natural break ) 73 5 452, SF IR 0.2, 55 90 s AR50 R« A el 2F X (TRZL 68 ) | epadi A IX (VR 4L
o) B AR X () SR X (e ) ARE AR X (e ) T FEA TR SR 2050 4F 2070 AR R 5
B3 A= X3 A AR S B TR SR DA i 34 A IX AR 0] iyl AR RIS A 2 A5, S mI PR R 0.5, fiff
F ArcGIS v10.5 H1[Y) SDMtoolbox v2.4 A= S AHERHT 38 A X 50 (5040 X 2B A HGy ) 28467 1) S R /NI 2%
TS, S M A AR Rl TR AR S A TR RN A3 AT X LA o O B AR AE AR I RS I L7, AR L 445 i A= XS5
O RHASARAS AR I RS J5 0] FIEE B3 48 7R 25 i A SR 43 A A8 A1 10

2 R

2.1 MaxEnt BERIFI 45 R B DA

AUC 7 FIFHP 4 MaxEnt BERUBIIZE RGO REE (00 MaxEnt 68 10 /2 90680 80 26 2472050 45
(RCP4.5) 71 2070 4F-(RCP4.5) -5 F 104N Dt (7 EIDL, 3615 5045 BIUZE S A0 AUC {1, 25 R B | BEAT B
{1 AUC {878 [1AE 0.987 (HhBA) —0.993 (1k7%) ZII(% 2) ¥ T 0.9, &IV HIH BT, 48 e
TSR FO A T A4

*2 HEEAUCH
Table 2 AUC Value of the model

AUC 18 . AUC {8 o
L/ E A Area under b2z Yifp 4 Area under bl
. Standard . Standard
Species name the curve L. Species name the curve L.
deviation deviation
value value
FRZE Cerasus humilis 0.993 0.001 A Pistacia chinensis 0.988 0.001
SERARA Cornus wilsoniana 0.991 0.003 KA Rhus chinensis 0.987 0.002
WL F  Idesia polycarpa 0.990 0.001 TeH T Sapindus saponaria 0.990 0.001
JNHAF Jatropha curcas 0.991 0.003 54 Triadica sebifera 0.991 0.002
I3 Litsea cubeba 0.991 0.001 SR Xanthoceras sorbifolium 0.989 0.003

Fh AUC Frm 2180 TARRHIE I £ T AR

2.2 AEERFEEMSH

fii H Maxent R4 1) Jackknife DIBE, 456 43 b BT AR H) 28 E A £ R Fh il A X0 32 2R R 4 ook
RZ AL 80% T T BT K F A AR 3, 45 SR, 5w A AR R s A 1 EEA IR A H
2 (bio2) JRLE T AR HERE (biod) (Ii® ZE BRI (biol1) fi A /K i (biol3) MK EAS R
ZH(biol5) FMEFEREIKE (biol8) FiR BEEFEAK G (biol9) . Hir STk a5 KRS [N 1 & fe B 2
Rk & (biol8) , TTRRFIEHEITE 24.5%—59.2% Z [A] ; HRSE IR Z= 5 PE AR AU BRE 2 (biod ) , X BR SRR A1 1y H:
il 9 AP A>A BN, TR RN FBITE 15.4%—21.1% Z [1] 5 FE K 78 5 R EL (biol5) X RRZE 6 Rk A /)
W7 SOER HEEARRI A —E 0, SRRV FTE 5.3%—15.9% . AL, i 0] F H Rk 2 0 SO 3[R i 52
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Rk 7K IR EE 5 M, Al A ke A o 2252 [ K PR 25

F£ Maxent JX 4 HP i EAFAEMER R T 50% A4 TP B o0 A7 (8, AR H% 32 5 24858 R 1% i 7 fh 2 vl 745 380 4%
PP B IR DR T (0 B (26 3) o Hhi 3 AT, SComb SR RN RR 2R X 8 22 32 [ K i (bio18) BESR ARG, HL 1
(B3 BBl 7E 256—516 mm [A], FE7K & 550 mm DA 0] IE 8 A SRR | I B A 0 BT 10 e R 22
R 7K 3 (biol8) ML FIAHZE /N, 7F 400—760 mm Z [0] A LLTAT 5, /M T ERIRA L A0 | 1L RS HU) i % 2
F7K 12 (biol8) i 32 i [l 8K, 7E 430—1160 mm Z[H), e 5 FNNR 2= B 2815 PR AR b AR M 22 (biod ) BIE L R
i, AT 3K 1200, 32 B O B2 AR L0 A i 32 14 588 5 6 K BROR | LA B R R RR  TE R L A LIS ALY
T 2 MEAR AL AR E 22 (biod ) B FEITE 517—978 5 /N 15 B 255 PR AR f b o 22 (biod ) Fe /N, (B3 Rl 7
335—615 [A], 2 I HO6H IR B2 A i 52 P AE X R 1K

x3 BZUMOESHEERFREEMHEER

Table 3 Contributions and threshold of domain environmental factors

R EENT i s g EENT i s
Species factors Contribution Threshold value Species factors Contribution Threshold value
s biol8 35.2 331.70—516.84 mm || #iEAR biol8 47.9 398.53—635.96mm
Cerasus humilis biod 20.1 969.10—1233.91 Pistacia chinensis bio4 15.4 679.30—978.49
biol5 15.9 91.97—136.49 biol3 9.9 161.44—241.18
biol1 8.7 —8.42—1.41°C biol5 7.2 49.20—86.50
biol9 5.2 7.13—23.16 IR biol8 51.1 375.06—960.65mm
SRR A biol8 59.1 443.54—689.64mm Rhus chinensis bio4 20.8 534.53—929.08
Cornus wilsoniana bio4 20 650.73—900.06 biol3 10 155.17—266.74
biol5 53 46.38—71.68 TBTF biol8 57.4 431.55—764.04mm
1L ¥ biol8 59.2 469.10—753.98mm || Sapindus saponaria  bio4 18.9 680.05—934.03
Idesia polycarpa bio4 21.1 655.51—892.94 bio2 4.5 6.83—8.63
UNITEE biol8 58.6 575.16—1162.20mm || #1 biol8 51.1 431.40—868.57mm
Jatropha curcas bio4 13.8 335.43—615.73 Triadica sebifera bio4 20 612.40—931.78
biol5 10.4 67.00—89.63 biol3 8.6 163.95—289.63
SR biol8 24.5 256.54—542.50mm bio2 5.6 6.74—8.81°C
Xanthoceras biol9 20.2 6.25—21.26 1L XA biol8 57.8 498.6—1046.06mm
sorbifolium bioll 16.8 —8.05—1.36C Litsea cubeba bio4 18.7 517.84—829.11
bio4 16.2 923.07—1231.08 biol3 7.0 204.19—327.29
biol5 7 81.82—136.70

bio2: F4 H %22 Mean Diurnal Range; bio4: B Z=iMEARfL (FRIEZEX100) Temperature Seasonality ( standard deviationx100) 5 bioll: %2
B -7 Mean Temperature of Coldest Quarter; biol3: 5 A F7K & Precipitation of Wettest Month; biol5; FfZK &8 ZEI L4 4k (45 57 &%)
Precipitation Seasonality ( Coefficient of Variation) ; biol8 T W8 25 R R K Precipitation of Warmest Quarter; biol9. Fe V8 25 K & Precipitation of

Coldest Quarter

2.3 CYETRMRE T AE YRR AR R AR S A X

AR T 485 S AT 2R, 3R] 32 A R T R o 0 A g 3 A DX R 25 S R, e B K TR K, 3K 117,74
T3 km? o5 B 4 AR 12.229% 5 /N 7 T AR /N, b 43.38 5 km® b [ TR 4.5% , AR A AU
ZIEICE2)  HE 2 38T WL IR AR P oA X B, 2 WA A ) 2 25 A 42230, AN IRRZE AN SOt 2R | S AP AN
TCRR T, MRYEERITISE S, o] 25 A 3R S 2 ARDKG: 3 22 A W IR i A P v A 3 A o0 A X KI5 4 TR IX,
A3 SR AT DX (i R ) | AR DX (B TR AT R BT ) | AR R T X (I A R BRI PE e
WX () (E2),

AR DXL H A3 A AR ooz SCORE SR RTIRR 2 | A o %) 48 1 3 A X TR AR 4393 R 70.06 7 km® F1 59.88 1
km?, 5 [ AR 7.27% 1 6.22% , FE 4340 T T Abnt  REE J0db IR | L PG e &8 B pa LS H i e s
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Fig.2 The current potential distribution of 10 biofuel trees

MR EA T, e N ARICEB A W il A X oA . Wb FRA Bk E , 850 TR E AR PR L
RERE RS R L BTL ik ORIk B R R AR LR B AR

R DX ) 32 S AR A A ER R L - JC R SRR B R B R A A X TR 430 R 60.38 T
km* .94.01 J7 km® .64.85 J7 km® 54.88 Ji km’ 1 117.74 J7 km*, /5 [ + H LAY 6.27% .9.76% .6.73% .5.70% .
12.22% , 25040 TR L0 WiV )8 AL 2B TR TR BN PR DU SR AR A AR R A Oy, £
FE IR Feb AR PR 3 0h RKE Lk AR L Ui i SRl R B AV N AR X, A T
PR ph— R W AR R IX

7R B B DX 118 S A AR R o B BRI RS AR, W 5 3 2 XTI AR 4303 R 98.22 J7 km* 1 63.67 T3 km?,
7 ALY 10.19% 1 6.61% , /345 TR VLPS Wil ) v AL R0 L8 VLo il ) AR L A
T BN ARER , 76 DU RN PR AE FEA AT 5 TR AR Al e o 2 DX A 4% DU At AR L AV R i e |
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Fig.3 The suitable area changes of each tree specie
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FAVERE , AN ZAH O 2R 9 BUE /N IR, o 54 PR 3R WA RS F AR R 2R XA e ™ AT
CUEM] AUC {EAE BN R AR R ARG BT A TR R 10 A A YRR RS b VS A2 35 A= 43 A
5L AUC F-X{E R 0.990 , TS B2 3k B i 7K F

R4 KERCPAS SEBERTRMSHHOMEL

Table 4 Shifts for each tree species under future climate change scenario of RCP4.5

1960—2000 4F 2 2050 4 2050 4F 2 2070 4 AT
W From 1960—2000 to 2050 From 2050 to 2070 BT
Species Hi#/km FEE/(°) J7 1A fi#/km FARE/(°) J7 1A Final
Displacement Angle Direction Displacement Angle Direction direction
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S BEA Cornus wilsoniana 66.89 182.00 i) 32.50 10.62 Rt [iiiE]4
LI F Idesia polycarpa 27.54 35.14 At 58.77 13.79 Rt #d
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HYEAK Pistacia chinensis 69.58 43.43 Rk 63.03 235.52 i3] b
ERIRA Rhus chinensis 70.05 355.58 K 42.17 94.94 [iE[d N
JCH T Sapindus saponaria 55.74 17.80 Rk 74.37 202.67 i3] pire|d
Y31 Triadica sebifera 63.92 255.61 iz 41.91 35.19 Ak FRe]
L Xanthoceras sorbifolium 113.43 18.66 4t 34.71 288.65 ] %t
138 s 60 r J i
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g 20t ot AT
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E oo w0l — #hltkA
60 | — BT
80T -60 — 1
10T g i — R
-120 | | | -80 1 1 1
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Fig.4 Shifts for different suitable degrees under future climate change scenario of RCP4.5
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