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Response of Abies faxoniana to future climate change and its potential distribution

patterns in Sichuan Province
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Abstract; Being sensitive to climate change, Sichuan Province ( China) has been seriously affected by the warming and
drying regional climate. In particular, Abies faxoniana, an endemic species in China that forms the habitats for giant
pandas, has been a research focus. Understanding how Abies faxoniana responds to the climate change is useful to guide
future activities to protect or restore the forests. To predict how Abies faxoniana distribution may change in the future, we
firstly used an ecological niche model to determine the suitable climate for Abies faxoniana based on current climate and
species distribution. Then, we projected the potential suitable distribution areas for Abies faxoniana in two future periods

(2050s and 2070s) at three different climate change scenarios (RCP2.6, RCP4.5, and RCP 8.5). Lastly, we explored the
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key environmental factors and thresholds that drived Abies faxoniana distribution change. The model results suggested that
(1) high suitable areas of Abies faxoniana were concentrated in the upper reaches of the Minjiang River Basin in
contemporary. In the future two periods, the area of the potential medium and highly suitable areas for Abies faxoniana
would increase compared with the suitable areas under contemporary climatic conditions, and the suitable areas would
expand to southern Sichuan Province, while the suitable habitats in the north would be degenerated. (2) The potential
moderately suitable area of Abies faxoniana had the highest area proportion under the low emission concentration
(RCP2.6) , while the potentially highly suitable area had the highest area under the high emission concentration ( RCP8.
5). (3) The key environmental drivers for the shift of potential distribution of Abies faxoniana were precipitation
seasonality, temperature annual range, annual precipitation, and altitude ( cumulative contribution >70% ). The suitable
climate conditions for Abies faxoniana were temperature annual range from 29.3—32.5 °C, precipitation seasonality from
76.5—85.4, and annual precipitation 694.1—791.7 mm. The model results highlighted the key drivers for Abies faxoniana
distribution shift in the future, and the areas that were prune to climate change. The model results may help guide future

renewal and restoration of Abies faxoniana, as well as protection and migration of giant panda living habitats.

Key Words: Abies faxoniana; potential distribution area; MaxEnt model; environmental variables; climate change
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Table 1 Environmental variables for the MaxEnt model

AR AL
EREM SR ST [ SR EEWIE gy
o . . Variables . o . . Variables .
Variable type Environmental variables . Unit Variable type Environmental variables . Unit
abbreviation abbreviation
A TR bio- 1 C THEE BT L] soc %
Climate variables B2 A A bio-2 C TR A E L gravel %
R AL bio-4 TR sand %
ARAFEAR fL IR bio-7 0 THORRL silt %
R bio- 12 mm FHEKE A clay %
WK e 215 1 S 2K bio- 15 BiLY | 22y R elevation m
R %S At AN bs % Topography variables 3% slope
Soil variables IR pH Wi aspect

1.4 BOREAT S HER

4G MaxEnt AU 2R AR VT A2 Wb o0 A0 Bds: , 2] 5 24 107 40 e WA I B AS ] e 15 5% T B9
PG IS R AR rh BHAILIEIR 259 19 734 s A IIREE | 75% IRl oo A G/ I R4 B AR5 3] 7
AN URTTV A3 A A DX A TITI 235 3R, RS AR S0 45 SR %) A 8 2 D038 ) 52 303 T AR iE 126 ( Receiver Operating
Characteristic curve, ROC [1Z%) F I FL( Area Under Curve, AUC) FEATTEM 0T T4 R /)N 55455 700 %) 8 000 45 g 2
TEHISEDY 24 AUC fH/NTF 0.6 BHRERITINZC I, 24 AUC {E 4T 0.8—0.9 22 R F IR 3 447, A 5 0.9—
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2 ERES

2.1 TR TG

BERLETTEE R R, IR I ) AUC 1E 5 Loy
" - . 09t
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Fig.1 Receiver operating characteristic ( ROC ) of Abies
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Fig.2 Geographic distribution pattern of suitable grade for Abies faxoniana in contemporary China
) o Z5R BN (K 3) IRV A2 B A K BTG B 2310—3757 m; “IRAE S IR B 119 1 B30 Fl 2293 —
32.5 C s FEAK T PEAS S R BUAIE BVE LR 76.5—85.4, Fedli B 81.7 224 5 i B YTV8 A2 4= K i 41 7K
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Table 2 Contribution percent of environmental factors affecting the Abies faxoniana distribution

SRl ’f{%ﬂi‘fﬁ}\i ' Eﬁi?{ﬁ E%Mti)lléj;if&ﬁé ‘
LRyl Envirommental Variables contribution Permutation importance Regularized training gain
Variable type e it % it % WERRER RO
Variable Type Variable Type With only variable Without variable
A bio-15 3.77 74.16 7.64 84.79 0.45 1.44
Climate variables bio-7 20.01 49.38 0.63 1.44
bio-2 14.14 5.49 0.38 1.53
bio-12 5.39 16.48 0.53 1.47
bio-4 0.84 5.80 0.38 1.56
bio-1 0.01 0.00 0.41 1.57
biLbi 22 elevation 12.85 13.33 11.49 12.25 0.49 1.53
Topography variables slope 0.46 0.72 0.15 1.56
aspect 0.02 0.04 0.00 1.57
RR %i35 gravel 7.70 12.51 1.91 2.96 0.40 1.54
Soil variables bs 2.80 0.00 0.18 1.57
clay 1.85 0.75 0.10 1.56
sand 0.11 0.30 0.17 1.57
silt 0.05 0.00 0.16 1.57
pH 0.00 0.00 0.16 1.57
soc 0.00 0.00 0.26 1.57
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Fig.3 Response curves of four major environmental factors
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Table 3 Proportions of the potential distribution area of Abies faxoniana under different climate models

e ETivau’s 2050s 2070s
Suitable level Contemporary

climate RCP2.6 RCP4.5 RCP8.5 RCP2.6 RCP4.5 RCP8.5
JEiE 4 X Unsuitable 76.19 74.31 74.34 74.81 73.32 74.82 76.53
K3& 4= [X. Low suitable 12.30 12.31 12.46 12.20 12.47 11.69 10.53
g 4 X Middle suitable 5.91 6.86 6.57 6.54 7.46 6.52 6.32
G4 X High suitable 5.60 6.51 6.62 6.45 6.74 6.98 6.61

RCP: ﬂﬂiﬂ(iﬂ}zﬁ% ﬁé representative concentration pathway

W YT VA A28 A 43 A DX 2 AR AR AR sy B, FEARRAS [ S AR A 5 T, MR VLA A2 B T A 38 A 43 A XL
PRI R RS, BTG A X 224340 12 Ll Hb 1 12 208 A XA rp o A 5 AR XL o ve db sk (18 4) , Hoge
2050s —FPHERCIE 5T MRV A28 RS A X I HT R AE RCP8.S HEAUE 5 F B, 0 34.27% , HikJ& RCP2.6
HEWUIE = T 1 34.20% (36 4) 5 M 7E 2070s, MR TT¥ K2 37 3838 A X 1 FLAE RCPS.S HERUIE = F &b, B R oA
31.62% ,7E RCP4.5 HEBUIE 5t T BB G AL T AR K, BTl 360 39.79% , MR VLV AT TERE 2E IX T A K P~ i)
WA R SRS 5T, 22 AR KA 2070s 19 RCPS.5 HERCE 5, 1225 T AR/ N & 7E 2070s HIRCP4.5
HEHCN 5%
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Table 4 Change rate of suitable areas of Abies faxoniana under future climate change scenarios

WA X RCP2.6 RCP4.5 RCP8.5

Suitable area 2050s 2070s 2050s 2070s 2050s 2070s
PR B Reserved rate 81.97 81.34 81.34 83.61 82.93 80.77
B Increase rate 34.20 33.26 31.51 39.79 34.27 31.62
U H Lost rate 18.03 18.66 18.66 16.39 17.07 19.23

RCP2.6_2050s

RCP2.6_2070s

>z

RCP4.5_2050s RCP4.5_2070s

RCPS.5 2050s RCPS.5 2070s

C Jasgsr [ pmesx D sonstx I edoskR

B4 FAESBEEXESE TIRIISHLEERZAELES
Fig.4 Spatial variation patterns of suitable areas of Abies faxoniana under different climate change scenarios

RCP: ﬂﬂ‘ﬂ(f'ﬁjﬁ% ﬁé representative concentration pathway
3 it

3.1 BRI AT FEVE R URTIVE AZ BT AE 734 X By
AR, b 50 Aj 15 U A T 1y o ) Sl B0 A T JE T AR ZWE5T , E AR Z DRk 0 A B8 v | i i
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(MaxEnt) i e A )17 HELAT Bl Wl AE 7 (R R ) ARBFGE2E T MaxEnt AR ArcGIS 25 [0 04T, 52
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BB B A 2R B b IX, 3B i X TR B AR MR X R 1 PG 0 25 11 2= W A2 ARIX, (50 1 75 o ool i 2 P %, th
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M), T 1A T8 B 17 L SRR s, X AR B IR VTR A2 T B P 3, B W A I AR 2 e . IR 45 SRR
RAMESAE T TV AL AR 18 A X (R A ORI 3 A 1X) 4 1 B o F 9 XA T ALY 11.51% , B IR YT
AL E SR BRAS . Ah BRI 45 R 2 ROC B 4RE FEARR S, AUC {E 7 T 0.8, HL I A9 T A8 20 A IX.
BRI A AR F AR — B, R T MaxEnt R G UR YTV K2 09 TR0 RS BE B0, %88 Ry ELSEHb I B T IR A 45
PRI AR DAY 23 A 1 00, AERSCADL NG 2 6 A SR IR w3 FT RE 5 0 o041 B5al J AN J A G AL I R L 5 1 ol
OB B IE A

3.2 BMRTLEMESHNESEF
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RPN R 1 S S T AR AR R AR S e T IRV RS I A AT SRy . U R IRV A
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R YTV AZ VS AETE A 4340 X, PEASR SRR AL BN TR I B T URVT A2 2 W] LG . AR h 5 518
RURE G A PR R V6 B T AR A IR 2R R IRIRTTY AZ H Bl [ RE 7 Pl (BAH F A FH S TR 5, AT
T 45 R 5 SR B 2 AE e — 8 1 22 .

3.3 URVLVRAZ B3 A3 X AR UM AE A R Wi 17

TEA BRI AT 5T, BN Fh 78 AR SR AZ AT (9 43 A AR Al 35, X b Z2 R Ok B B 25
SCET RIS S S AGAE A 1A i 13 R A - 7 A B A IS A AR TR A B A 5, FOVB 738 A X AR 45
ARG SR AT B3 A XCTE ARG I 0, A rp S AR DX TR o L X B8R HE O FE (AR b i) B 3G i i
YT/ | TP i A DT AR v S R B I e e, GBI A [ A 5 rp AR VY8 A2 XA [] €O, MR B2 DA R I 3 1 722
A7 A= A ] g 7, 7E (6] — A I S P B CO, MR BE R TRy, — E TR BE VS LN, TRLBE TH s AR R AR B 1 4 il A v
PIRTLYSFZ B HE A, TS SR VLV AZ BRI R R e 2R B TE v v B2 7 5, e Al DA il B T s A
FHARUR YTV A2 A 1) S R ARR X e A T BB v b b X T g 1 B A R TR Vv AT 2 T R A 35 3
T T DR PR AN 35 A 5 0 ) 3 A B 2 A2 s TR AR OR SR I [R) P, v 55 O, vk B 1 5% B A5 )
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10 W2z AR DU AR MRV A2 SR AS A i 137 B A 3 A1 S 4063

TURITLVRAZARABE (5K AR CO, MR BEHERUNG R CO, Mk BEHERTE 50, FHER IR BEAR T 2 °C AR B2 K
TR AR XHURA TV AZ B LE A AR

ARG 57 R UR YTV AZ W AT A 43 X AR RS0 RS , 3X 5 Liao™™) 45 AR BHF 50 245 5 — 24, i
FERWIEAR TURABALTE R RV AZ IR A X I B IR VL B 0K = a4 AR IL R, 228
ANHERC S, ARt R DX 32 oA A B SRR IE R 1A 16 M 0 7R 3t BB L | LR 2T ARl | JE
T LA st L S5 LA MBS A SR B R B ok B g B AR LA MR AR BT H o0 A DX T 45
(1B 2) 3k o3 X B TR A DOMMIRE AR XY S AL, b TURVII A2 0 AT AR T 4, R BRAE R
ST IR VTV A AF AL 2215 PEK 43 Wil 300 R R VTV AZ A | JT IR X Ol RS AR 1 5% i T2 o s 2001
PRSI it A A B B4 R AR R B4 A A S 4 R I A AN AT 2R e O X O B T v
AR BT S A A BN 08 PRER T SRR LY AZ THI G 5 A (4 B R 58 4 R 37 58K 9 2 A7 R 1 W IR VLV A2
FELHT A AAIE RO AR, DA ZE T IRVLVS AR Al T E TR AR TR S S99k )& g &
IRENE IR IR M EROR , IR L S A5 S BUR AR AL AL 2R | U148 A ) SRS B R A a4
R IR EEARR 11 206 TG0 8 v 4 2 A 28 0 IR — L JFUAR AN RO VLV A2 430 14 X35, T R A v A 38 1
X

X T BT H A A DX, SRR R U S A ol ok 26 DI A S 1 SEIIE FOZ R B 2R K B b oA
(VAT RE A I, (ELSZ BRI 53 A7 A Jo i B e T R 1) 4 43 A XGRS (T REET L AR UL AR 2 4 T 1Y
BTG IE AR X RS IRV Y AZ AR A BB SR S AR ARG 5 |, mT A3 i A O 8775 27 1 4 Xl | Fof sl 5 7 DRV
12 M IHGE A BT REYE TGt R0 A Xl LAGE b SR BT i PR 4 R IRTT v A2 4 1 55 7 S R e v
HR AR RE S . AR SURAEAAT T IR A A DX R 07 X A 25 Ak 1 22 4 b e r -2 BT T
BN AU 12 DRI VTV AZ B PR3P, AT LU B AR AN [R] A AR AR 5t N UR TV A AR X P P B R
ARIFLE 80% Ae AT , UL IHIRVLY A2 W 0 U3 A2 AL Y RE 1 5058

4 iR

(1) B KT MaxEnt GE 857 TR T4 42 VS AEIE A= 73 A (AUC fE>0.8) , 78 4R MT,
YTV AZ B el A DX R A0 A BT A0 1 98 1 B T M HEZe T AL s 4 BT ) 2R B )1 B S i
A3 b7 A R 5.91% 1 5.60%

(2) SR YTV A2 M 3 A3 A B A PR F2 B R Bk 2 PR AR S5 R B RO AR R R B AR K i VR N
A RRE S, Hop S TS ESER OB R TR, 3SR T AZ 40 A0 13 I R 2310 —
3757 m, SRS AL IE BE TG Dy 29.3—32.5 C 5 FE/K Z= 5 PEAR S R 18 BIE FLY 76.5—85.4, LA R K
B AYIE H LN 694.1—791.7 mm,

(3) FEAR AN 50T RV A2 35 2R S0 A IX RIS B G AE IX 22 43 A T 4 J0 L i i 23 A X
W B0 A0 T GE A AL G vE b g . Hp PR VLY A2V A ETE A XA AR A B AN R S AR fb 1 = T, 32
S TH R 2 2070s 19 RCP8.5 HEU 5t , 3 R AR B/ NMYJETE 2070s /9 RCP4.5 HEIIE 5.
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