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The geographical distribution response of plant functional types to climate change

in southwestern China
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1 School of Forestry, Southwest Forestry University, Kunming 650224, China
2 School of Geography, Southwest Forestry University, Kunming 650224, China

Abstract; Based on the Vegetation Map of China, the vegetation of southwest areas in China (including Yunnan, Guizhou,
Sichuan Province, and Chongqing City) was classified into different plant functional types ( PFTs), with the effective
environmental factors of each PFTs determined. Combined with simulated future climate data (in 2050), the potential
vegetation distribution of southwest areas in China was forecasted by Maximum Entropy Model. The results showed that: (1)
According to the plant’s canopy characteristics ( coniferous/broad-leaved, evergreen/deciduous) , the demand for water and
temperature, and the actual vegetation data, the vegetation of studied areas was classified into fifteen PFTs, including six
types of trees, six types of shrubs and three types of herbal. (2) The dominant factors affecting the distribution of tropical
trees in southwest China were the lowest temperature of the coldest month and the annual average precipitation (with a total
contribution rate of 90.3% ). The distribution of subtropical PFTs were mainly affected by changes in temperature (with a

contribution rate of 41.7% ). The distribution of temperate PFTs was mainly affected by precipitation (with a contribution
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rate of 40.1% ). Alpine meadow grasses and Alpine evergreen broad-leaved shrubs were mainly affected by temperature and
altitude,, while the cold deciduous broad-leaved shrubs were mainly influenced by precipitation. (3) With an increase in
CO, emissions, the distribution of PFTs in southwest China would change as following in the future. First, the suitable area
of tropical evergreen broad-leaved trees would gradually expand. Second, areas of high suitability ( RCP8.5) for the
subtropical deciduous woody plants would increase to 10.3% in 2050, which tend to move eastward. Third, the subtropical
evergreen woody and herbaceous plants would occupy a wide range of functionally suitable areas (i.e., 86.5% of the total
study area) and display irregular fluctuations under the scenario of future climate. The suitable areas for the temperate
plants (except the temperate shrubs) would decrease to 13.6% in 2050 (RCP8.5) , while that for the temperate evergreen
coniferous shrubs would increase. The highly suitable area would move to the west and the area would increase to 8.25 times
of the present area in 2050 (RCP2.6). The suitable area of the alpine plants would decrease with the highly suitable area

moving eastward.

Key Words: plant functional types; geographical distribution; climate change; MaxEnt model; southwest of China
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Table 1 Sampling numbers of PFTs

=Ll fEAK B
Plant functional types Abbreviation Samplings numbers
Pl 7 G FR K Tropical evergreen broad-leaved arbors PFT1 57
3 H G TR A Subtropical evergreen broad-leaved arbors PFT2 500
WA & - FR AR Subtropical deciduous broad-leaved arbors PFT3 281
3 H B4 TR A Subtropical evergreen coniferous arbors PFT4 500
T 2% [ M K Subtropical evergreen broad-leaved shrubs PFT5 500
E P P FE AR Subtropical deciduous broadleaf shrubs PFT6 500
W HE B Subtropical grass PFT7 500
TR I B - FR K Temperate deciduous broad-leaved arbors PFT8 81
AT H S5 FR K Temperate evergreen coniferous arbors PFT9 29
R I MR Temperate deciduous broad-leaved shrubs PFT10 139
R L4 HHE K Temperate evergreen coniferous shrubs PFT11 34
R B BE Temperate meadow grass PFT12 292
B IE R BRI Alpine evergreen broad-leaved shrubs PFT13 500
R FEPE M R HHEA Alpine deciduous broad-leaved shrubs PFT14 461
B FEHA T Alpine meadow grass PFT15 500
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Fig.1 PFTs based on vegetation map
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Table 2 Description of environmental factors

el AS ik ik FA! A bk ik
Types Variables Descriptions Type Variables Descriptions
B Temperature/°C Biol AEPH TR [%7K Precipitation/mm Biol2 AEREK
Bio5 e Bl Biol3 el H Rk
Bio6 e H AR Biol4 T A Bk
Bio8 T - B Biol6 T R K B
Bio9 TV A Biol7 TRk
Bio10 FA T R Biol8 B ZERE K B
Bioll BV 2 V-2 B Biol9 RV ZERK i
YH R AR 52 ok AR
firi;:ﬁre variation Bio2 U A Etjc(i;lfﬁon variation Biol5 FAFTER
Bio3 S TRbE H1JE Terrain ELE 13K
Bio4 SRFET AR SLO e
Bio7 TR I AR 22 ASP Pera)

Biol ; 1R B Annual mean temperature;Bi()Z:%?u% H#5 2% Mean diurnal range ; Bio3 ; S5 Isothennality;Bi04:%Yﬂ%'1§ ARk Temperature
seasonality ; Bio5 A R E SRS Max. temperature of the warmest month;Bi06;,E'?y;‘(/ir\H FARAEE Min. temperature of the coldest month ; Bio7 ; {5
IY4F5 2% Temperature of annual range ; Bio8 ; {3 25 -3 E Mean temperature of the wettest quarter; Bio9 : fiz 2% F- 347 B Mean temperature of the
driest quarter;Biol0; flE 2 F- 147 B Mean temperature of the warmest quarter; Biol 1 ; £z¥8 25 F-3 & Mean temperature of the coldest quarter;Biol2:
AEFE K Annual precipitation ; Biol3 : F¢ i A 7K it Precipitation of the wettest month ; Biol4 : f¢ - H F&7K i Precipitation of the driest month ; Biol5 ; f#
IK 2 AR Ak Precipitation seasonality ; Biol6: B I 25 fR oK = Precipitation of the wettest quarter; Biol7; % T Z= K & Precipitation of the driest
quarter;BiolS;i?iﬂ}EéF%7kﬁ Precipitation of the warmest quaﬂer;BiolQ:EE'i‘(/q‘r\éﬁ%7kﬁ Precipitation of the coldest qual‘ter;ELE:‘@?f)‘z Elevation; SLO ;
YeE Slope; ASP .3 [1] Aspect
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Table 3 Screening results of environmental factors for PFTs in southwest China
4 ; AR KA ”
HYHRER HE Tfnxeijure K Pllgfcf( ijion e
Plant functional types Temperature/C p . Precipitation/mm p . Terrain
varlation varlation
PFT1 Bio6 Bio3 Bio4 Biol2 — — ELE —_— ASP
PFT2 Bio6 — Bio4 Biol3 — Biol5 ELE SLO ASP
PFT3 Bio6 Bio3 Bio4 Biol2 Biol9 Biol5 ELE SLO —
PFT4 Bio6 Bio3 Bio7 Biol3 Biol4 Biol5 ELE SLO ASP
PFT5 Bio6 Bio3 Bio7 — Biol7 Biol5 ELE SLO ASP
PFT6 Biol0 Bio3 Bio4 Biol3 — Biol5 ELE SLO —
PFT7 Bio9 Bio3 Bio4 Biol3 Biol9 Biol5 ELE SLO —
PFT8 Bio6 — Bio2 Biol8 Biol4 Biol5 ELE SLO —
PFT9 Bioll — Bio7 Biol3 Biol9 Biol5 ELE SLO —
PFTO Bioll Bio3 Bio7 Biol8 Biol7 Biol5 ELE SLO ASP
PFT11 BiolO — Bio7 Biol8 Biol9 Biol5 ELE SLO ASP
PFT12 Bio6 Bio3 Bio2 Biol2 Biol4 Biol5 ELE SLO ASP
PFT13 Biol Bio3 Bio2 Biol2 — Biol5 ELE SLO ASP
PFT14 Bio6 — Bio2 Biol2 Biol4 — ELE SLO —
PFT15 Biol — Bio7 Biol3 — Biol5 ELE SLO —
ASP R
SLO 1.00
ELE
Biol9 0.80
Biol8
Biol7 0.60
, Biol6
& Biol5 0.40
& Biol4
£ Biol3 0.20
£ Biol2
£ Bioll 0
£ Biol0
o Bio9 -0.20
R Bio8
& Bio7 -0.40
£ Bios
Bio5 -0.60
Bio4
Bio3 -0.80
Bio2
Biol - -1.00
se2Ig85%2S98I2czaagy |
R R~ - - = B B o R = = N> N = W= B > B
[aajiyaalyaalyasiiyaaliyaaiyaaiyasiaa) AR AR AARRADARA b own <
FFBE ¥ Environment factors
B2 FrEihXE SRR EFHEXHE

seasonality ; Bio5 : it #4 A
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Fig.2 Correlation of common environmental factors in southwest China
Biol : 4F ¥R & Annual mean temperature;BioZ;/ﬁiE'l H %24 Mean diurnal range;Bi03;%?E'1’|"'1" Isothennality;Bio4;%ﬁ$_ﬁ5ﬂ£"ft Temperature

R Max. temperature of the warmest month ; Bio6 ; 18 H F i< E Min. temperature of the coldest month ; Bio7

R 4E 3 25 Temperature of annual range; Bio8: iz ¥ 2= V- #4 /i £ Mean temperature of the wettest quarter; Bio9: fix T 7 - 2 i £ Mean
temperature of the driest quarter; Biol0: fz % Z= 34 E Mean temperature of the warmest quarter; Biol 1 ; 5% Z5F-HJ i i Mean temperature of the
coldest quarter;BiolZ;f:FF%ﬂ(E Annual precipitation ; Biol3 ; f i H [k Precipitation of the wettest month; Biol4 ; iz 1 H [ K & Precipitation
of the driest month; Biol5; [ /K ZE 15481k Precipitation seasonality ; Biol6 : it Z=[#/K & Precipitation of the wettest quarter; Biol7 ; it T Z= [ /K
8 Precipitation of the driest quarter; Biol8 : fz % Z= [ /K i Precipitation of the warmest quarter; Biol9; ¥ ZE[# /K & Precipitation of the coldest
quarter; ELE ; 4% Elevation ; SLO ;3 J¥ Slope; ASP .3 [7] Aspect
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L5 KRR

UTAFEA , F T Wy i v 7 B 0 A1 T AF 5 ) A A AR U A5 B B & e, 3284 GARP ( Genetic Algorithm
for Ruleset Prediction) \ENFA (Ecological Niche Factor Analysis) ,Bioclim( Bioclimatic Prediction System) ,Domain
(Domain model) \MaxEnt( Maximum Entropy model) apl1on] OpEgE 2 B MaxEnt A5 50 F 0 25 S0 T[] A
JEHIEAEWIFN S AT B A 2 AT B TSR BEAS BB B 45 12 | BB B0 S5 L (6 BRI i, &) T R4 7
RS R

ARHFFER FH MaxEnt A5 JEAT P4 1 M DA ) DO RE 2 ) b PO A AU, ORe 20 A b 8 (CSV A% L) S
Ao PR 5508l ( ASCIT 4% 520) S A MaxEnt BERUER I | i B S ROATRA,  BENLIERE 75% A0 A e Ve I 2R 4
FHT R AR T4 25% W70 AT B VR AR | FH T A S0 A 4 e e i | o 025 SRR B 10 Ik, R Z
B TAEFHEMZ (ROC) T YT AR, B AUC {EDX S 57 09 S KA BRI M AT PE M . AUC BUE VS L
(0,17, HARBR SRR BB MBI 7 , AUC I M PPAR AR IE N W26 4 IRt A3 Hr SR 58 7 4 i 5
DX 45 A A DT R AL S () 43 DURR R, A8 52 000 45 A 4 DT R AR B A0 A1 1) 2 SR 2

R4 AUC EEEBFNARIEHX R

Table 4 Relation between AUC value and prediction accuracy of the model

R g — B ARAEHR W HERR PiES
Accuracy Poor Fair Good Very good Excellent Perfect
AUC 0.5—0.6 0.6—0.7 0.7—0.8 0.8—0.9 0.9—1.0 1.0

AUC: Z IR TAEFRE 2 T 5 245l B B TN Area under curve
e MBI AT D25 A AT D) RE B AE FUI b X () A7 ZEAE R P BUETE R 0—1, ARIEGE T4 B, A5
TS X AR P<0.05 WA/ IMIER 1 FE e U ARIE BLIX ™ FEBH EUF IR AR AL & 1] 2% 5
£(IPCC) X THPA AT REbE RO RN FRIEIG 45 D5 X 45 R BRI A 0 5 4 26 (2 5) ™)

®5 SEEEMIIRE

Table 5 Climatic suitability classification criteria

TFHERE R Existence probability 0—0.05 0.05—0.33 0.5—0.66 .66—1
& A0 Suitable level RERE K R R RERE R
2 HBRESH

2.1 VYRgHB X AEY D RE ALK o

WRPEAE ) AT (TR FEARFNREAS) % (B SR RN ) 250 (] i B ) AR 0 0T 7K 43 | Tl B TR
TR R X A DI R B HEA T 308 AR 43 K PU RS A ARAR B 4R 40 R A EAE I DI RE Y A S
16 AT AFEYIIRER , 16 FIEARIHY) DIGERY 8 P AAHY I AERL (£ 6) o

e R BRI DI RE R A FERE b ARYEF I X H SRAE DL A SEPR IGO0 , 2 BRANAEAE R | ol T 3y 5 -
TR (4 AFE D) FNEHE R B (1 AR ) P AE ) D R AU T AR /N BEAS JBUIN T 5, 8 L8 1 31 25 [H) A I
PRI RERL A5 2 P ML X 15 FIAEY DI RERY , A0 Fh 6 R TR AZE 6 R AR 3 Fh B ARAI Y D RE AL (£
6).
2.2 ARAGE MRS

ARICR AUC 1A, B2 3038 TAERE I ZE (ROC) T (A THIFR, XoF Sl 7 09 i O 452 78 %) ASE 400 o 8 1k 2R A 7 1T
fro BERVEG 15 FPAE Y DI RERLAY AUC {ER W], R G it IR ARRTHOORG B2 — i ; WAy 8 & i it I K
RO 5 238 B T R T BRGH B N\ BF0 A vE  HCAt 11 SRINBE BB KT 0.8 (32 7) , BI'E T A B U A5 )
SRR BIAR WA 1) 7K, PR LM i O AR ] FH 3K [ 75 i A ) ) B TR b 0 A5 5 SR I G R F9E
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Table 6 Theoretical and practical division of PFTs in southwest China

A Tropical W #4717 Subtropical 7 Temperate %€ Alpine
EI e e T N VB S R R R LRI TR A EES ST EiwN
Arbors Pelr e IR AR TS T RE TR kit o N [EES AN TS
S ST T A THEHRETA T WAARAA IR
Pelr s AR WA EF TR A TR [HES U RUPTE
A TR R LRI AR PR Sk B - HE R T LR A o0 FE W i R
Shrubs oy dge - AR M Fts v I R AR TR I - A 15 FET [ A
Po e Er AR PR BT AR TR R AR [HES S A RU RS
Polr et EHEA WA TN E AR T R [HES AR RIS
FAR P B ) B TR B B T B ) B e FE B ) B
Herbs P B i B TP B B DA RE T B B o FE B L
* 25 PG T L DX SERRAEAE (AR Dl fiE Y
®7 RABERENFERBXEYINEERN AUCE
Table 7 MaxEnt simulates AUC values of PFTs in the southwest of China
ik piy el AUC T e AUC fA
Plant functional types Value of AUC Plant functional types Value of AUC
PFT1 0.987 PFT8 0.950
PFT2 0.750 PFT9 0.969
PFT3 0.836 PFT10 0.930
PFT4 0.654 PFT11 0.972
PFTS 0.772 PFT12 0.919
PFT6 0.835 PFT13 0.842
PFT7 0.762 PFT14 0.905
PFT15 0.898

2.3 ViR X R D RE A oA () B IR B R AT

i 1o i KA R 16 AR 32 RN — AL AL B, 7531 19 SRS AR 15 06} 75 1 b X 45 400 ) 8 280 o A R 3 19 1/ 4
SRR (K 3) o

F AT 2T 5 M A 5 S B P TR AR 43 A 11 3 R BE R 1 e A I AR TR (Bio6) (AEFE /K & (Biol2) ,
ST TR 90.3% , 2% B V4 B b X I AF ) D) B AL 437 32 B2 27 B IR AN AR R /K a2 1) PR A

AT AR Y D e B 43 A S A2 B AR AR s e, FR AR IR AR A PREE K DTRRE S Ik 41.7% 5 IEAE,
et H BRI (Bio6 ) XEHH: AR AKE D) 19 53 A sE MK, BRIT DTk 2R 17.7% ; Rl b, S0 44T 2 ]
IR ARSI (SLO) BISEIR K, TTRRFEN 40.9%

TR A D RE B (Y 53 A0 2 B 7K R RS K B s e oK, JLEREE IR - STk 745 40.19% ; Hor Rl
SRET I TEAR Y 3 A0 32 A ZE R 7K B (Biol8) I RE MK, DT K 29.4% ; ity B ST TR AR 1 7340 52 551
R 7K i (Biol3) SN e K, DTRREE R 49.7% s LU AL, it 7 i Iia) i 7 A IR A B ) B 1) 53 A1 A2 e ¥ ) e (IR B
(Bio6) S IA  K , GTRR 53 90N 34.7% 1 44.8% .,

o FE S ] R 3 A B2 AR EE (Biol ) VU H 825 (Bio2) AR (ELE ) M52, it srmk %
86.0% ; 5% =y FE T W ] TR AR P APy D R AU (1) 32 PR IR 7 S AR B 7K it (Biol2) e T H B#7K i (Biold) (<
I H 322 (Bio2) M 1% H AR BE (Bio6) , R TTHRFE 94.7% ; = F& FEfa) 1 43 A W) 3 232 4FF- 243 B
(Biol) Fii H FE/K 2 (Biol3) AV ( ELE) BY5EM , R 5THk3Ik 94.7%

LB KT  TRARSAE Y D RE R 4345 52 e v H IR ( Bio6) I SE I e K, TTRR Ky 28.1% ; HE AR FIRIA
FAE )T RE R 3 A 52 Uk FE FE IR A - AR A o, [ i 2R AR D e B A2 B (SLO) B2 M 8K 1
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Contribution percentage of environmental factors for PFTs in southwest China
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Table 8 Percentage of geographical distribution area of PFTs under different climatic scenarios
SR SR
Climate scenarios Suitable PFT1 PFT2 PFT3 PFT4 PFT5S PFT6 PFKTI7 PFT8 PFT9 PFT10 PFT11 PFTI12 PFT13 PFT14 PFTIS
level
AR 5 AWEHKX 931 102 369 4.6 258 547 226 747 89.0 684 8.6 69.5 538 737 672
Current climate fGEHX 50 475 374 230 332 151 383 19.0 8.8 238 140 19.0 17.0 9.3 13.7
scenario PEEKX 14 375 225 689 389 289 353 49 16 61 32 9.6 27.6 164 17.8
MEHEKX 05 48 32 35 2.1 1.4 3.8 1.4 05 1.7 13 1.9 16 0.6 1.3
2050 RCP2.6 AEEIX 945 7.1 427 3.2 270 579 205 77.0 86.8 58.2 529 67.5 584 69.6 73.0
fGEHX 45 464 272 432 348 121 404 17.1 10.7 325 252 225 204 152 15.8
FEEX 0.7 400 259 525 38.0 248 384 5.1 1.8 7.8 10.9 83 21.0 144 11.1
SIEEX 01 65 42 1.1 02 52 07 08 07 1.5 10.9 1.7 02 09 0.1
2050 RCP4.5 AEEX 911 108 41.7 1.6 256 57.5 197 79.3 89.1 63.8 61.5 69.0 59.7 74.1 73.3
fGEHEX 7.1 481 266 259 305 11.4 37.0 16.6 8.2 28.1 19.6 21.4 19.6 128 17.5
PEEK 1.5 366 23.8 69.3 434 243 405 3.7 21 65 10.0 7.9 205 12.6 9.0
MIEHEX 03 45 7.9 32 05 68 28 04 0.6 15 89 1.7 02 0.6 0.2
2050 RCP8.5 AEFEX 90.6 6.7 399 2.7 268 552 200 90.1 903 612 63.0 78.8 825 86.4 79.5
fGEHEX 8.1 460 292 493 362 125 37.0 6.6 6.9 283 17.7 163 11.2 126 20.5
FEEX 1.2 403 19.4 47.8  36.7 23.1 39.6 25 2.1 8.7 10.1 42 62 1.1 =0.0
MIEEX 02 7. 115 02 04 92 34 07 07 1.8 9.1 0.8 =0.0 =0.0 0.0
6=

2050 RCP2.6:2050 RCP2.

SABEIE 5 2050 RCP2.6 climate scenario; 2050 RCP4.5:

RCP8.5:2050 RCP8.5 S5 2050 RCP8.5 climate scenario

2050 RCP4.5 S %1 5t 2050 RCP4.5 climate scenario ; 2050
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Fig.4 Geographical distribution and center of mass of tropical evergreen broad-leaved trees under different climatic scenarios
I HRTUBENER current climate scenario; 1T ;2050 RCP2.6 {6 5% 2050 RCP2.6 climate scenario; Il ;2050 RCP4.5 S f5 1% 5% 2050 RCP4.5
climate scenario; IV :2050 RCP8.5 “Uf&1# 5% 2050 RCP8.5 climate scenario
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Fig.5 Geographical distribution and center of mass of subtropical PFTs under different climatic scenarios
I A= NS 5 current climate scenario; I ;2050 RCP2.6 S 5 2050 RCP2.6 climate scenario; Il :2050 RCP 4.5 M1 5% 2050 RCP4.
5 climate scenario; IV :2050 RCP8.5 S f& 5t 2050 RCP8.5 climate scenario
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Fig.6  Geographical distribution and center of mass of temperate PFTs under different climatic scenarios

I M7 %NS 5 current climate scenario; Il 12050 RCP2.6 M [ 5t 2050 RCP2.6 climate scenario; Il ;2050 RCP4.5 S i1 5 2050 RCP4.5

climate scenario; IV ;2050 RCP8.5 % £t 2050 RCP8.5 climate scenario
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Fig.7  Geographical distribution and center of mass of alpine PFTs under different climatic scenarios
I A7 5 current climate scenario; II 12050 RCP2.6 & [ 5t 2050 RCP2.6 climate scenario; Il ;2050 RCP4.5 S i1 5 2050 RCP4.5
climate scenario; IV ;2050 RCP8.5 &% 5t 2050 RCP8.5 climate scenario
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