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Spatio-temporal migration characteristics of wild Chinese Asian elephants based

on land use change and ecosystem service supply and demand

YA Xijia, REN Huize, DONG Xiaobin*, ZHOU Xu
Faculty of Geographical Science, Beijing Normal University, Beijing 100875, China

Abstract: In April 2021, 15 Chinese Asian elephants ( Elephas maximus) migrating from XiShuangBanNa all the way north
to Kunming City have attracted worldwide attention. Analysis of land use changes in the distribution area of the Asian
elephants in China, the relationship between supply and demand of ecosystem services and the distribution of Asian
elephants is of great significance for the protection of Asian elephants and the enhancement of local residents’ well-being.
This paper adopted the method of equivalent value factor per unit ecosystem area and demand model for ecosystem services
to calculate the supply value and demand index of ecosystem services in the distribution area of Chinese Asian elephants in
1990, 2005 and 2015, and succeeded in matching four models for ecosystem services supply and demand through spatial
standardization to explore the supply and demand pattern of preferred distribution of Asian elephants in China. The results
demonstrate that forestland, grassland and arable land are the most important land use types. In 1990—2015, the rate of
change of the three land uses types were +1.09% , —4.82% , and —4.86%. The total value of ecosystem supply was 610.855
billion yuan (CNY) in 1990, 743.441 billion yuan (CNY) in 2005, and 1,397.337 billion yuan (CNY) in 2015; the

demand for ecosystem services continued to surge, and the overall distribution pattern illustrate a tendency of being high in
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the middle and low in all sides. The Asian elephants were located in high supply-high demand, high supply-low demand

areas, and were increasingly tending to move towards high supply-high demand areas.

Key Words: Asian elephants ( Elephas maximus) ; land use change; ecosystem service supply and demand

WG ( Elephas maximus) 5= TR IE E 5 1 A4 Y 3hYr, BRGIREEA NS H 2R 293 3k Ut F o
P PRV U T v EL A N 1956 AEUESE 2 g e A7 A6 B AR SN G2 LK | 24 % 3R [
WG ST RS SE , BIFFER I 3R B2 7 O 53 0 I 4T 4K 1000 m LAR /T 10 FER) I 4
SRR A S 22 AR AT TR A AR L A5 24 A R S I 52 3 Al 1) 43 A - R AR AR (1
LA BIF 5 2 B IV P 2 1 A DX 1) ] 00 b | AR T T30 P 3L I () e Xl e 20
SRR X8, L AR TN DS AP A R S I R TR BE SR YN 558 E G S A W 2
HB AL, SR IEA R geah, b R AR R e T AR S RS A W E R IR AR Db T S A
BFHMRIGER /3 FIK A3 BsR IR fa B WM R A AEAE . WNZ BT B YRR R W BOR (R VB, SR
HESFAEL B0 E N, AR KR EIE PRSP Jm

FRTE NG EAWT AT RS 2 A W R M, A ORISR, 207 23 FH A 2507 PR T AR ARG P AL
RGN IS S ST TR S E A, AR 3S AR P XU A R K G A SR A X ST
A 2SS AT TR, DA R TR S bR A R p AL Li ARSI 2 st &,
FHE AT 52 T WP G2 S s dE T, B8 1 G AR A A s il 7 TR WG [ L3R B 1 B A, 2
GV AT WS s i SRl N HLSs T AT R A D Bt AR A A R
i = S TR SRR S, ELR D I ORAPIE N R 5 2 P N2 R U A A B i 235 T i

S RGNS R AG LA R G MU A7 1 NS08 LA A: 77 FLR R I A B 2% AR 501 o N ek
B A S RGER BN FTA IR . FOREAMMUZ B RSB 2 2 S FoR A m > 42
LV IR PR S JE R K 1 b & TG BhE T AR S RS 5 DhRe ™ S BUE S BT HRIR, A4
VIR R0 B AIR TAE S R M LA RE 1 . Wil F AN BRI = J KO K, AT sRAD A 5 . it
W IR AT RE i U E AR L AR R GRS HE 45 2 46 R M X B AR TS R G W RUIR 55 e T
HEB RGNS T RACEAL ST A S RS R . B T AR RGNS BT R M th 24
FEIXIRAE 25 RGN S5 LA 0 P RS VPG DA AR b2 8 T A ik BE Z R A AR BE . (HOC TS
ARG MR RR G TR IR MR H . BRGNS BT RO NRAAE 5 R R A
SO A5 IR AAE 550 A1 Z AR B VIR R . AR R YT B SR O IX A3 v SR st
B AR X S W RAT 7 A TR, (BHAT AR S TR A D AR IE e TS
RGNS AT 5N o A S R e B 2 . WA RGENR 55 BERR X R M ER W IN G B A 5 40 A A
TESIRA R TN S P Al BT I, ASCRIBTSE FAREXT 19902005 2015 473k [ B A= W1 5273
A X A AR 5 A8 R G0 R 55 L7 O R ATV, U AR M R A3 5080 N R o4 L i, R
e ASSCE Sl T FE B A YR S0 DX A A2 AR S R GRS s S A SRAG 0, 2 TAE SRS
IR 55 (2 PRV SRIEEUR . SRIF X4 1 AV SR A8 B0 A 725 TRl AR AL, DR AR 2 PO Fp I X e 5 A5 =X
K, a4 B AR NG o A B , 4 A 3 1 B A N G Al & 53 A 0 B R A X S LR L, AR SR B8 a5 7 T
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Table 1 Population and distribution of wild Asian elephants in China in recent 35 years

AEAy WA I 4 550 Population of wild Asian elephants/3k PRl

Year [EpSTE| W I v (¥ JER ' References

1976 101 7 22 17 146 TR YIS — Bt & ke g 0]
1983 203 0 12 0 225 [ SvAR

1997 165—197 5 18 0 201—233 i~y [30)

2003 184—307 17 18 0 207—253 iy At
2005 12—24 80—100 40—80 0 161—266 J sy A1

2006 136—179 24—27 18—23 0 165—213 Zhang %3]
2009 — — — — 192—247 Zhang %13
2014 105—118 96—104 20—23 0 221—245 iy A4

2014 228—279 — — — 228—279 EERST
2015 — — — — 250 43k 1L 7 1]

2018 144 137 12 0 293 EREME T

2 BIESFHE

2.1 BUERIE

= M A P AR T v [ B2 g 0 VR A B Rk B U v ] A b R BRER: 22 JEAG I E5 B 2 30 m A HER
R . WIS A B IR T 2017 4F Lin 25 & R0 SCHY . BF9E XA NE 5 E RG>~
EHIRIE T A FEXE)Y , A /NE 5 B Kk 4 E 4 T 55 B4 R TR T P AR 7= A A% R A AR
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BRGESIRES M ES R F RIS TES RGNS Y B % 2 5 7R H Constanza 55 T 1997
AEERE I A ERAE S R GUIR S Y B D RS TR R SE g 1] 700 A7 o A 25 2 KA R VR IR A DL BT 4
B RN T3R5 T E LB OB 22, AR O KR #EA T A A5 BUAT 5 I SE PR 00 B A 25 R GU IR 55 I (24

TR, AP EAS RGN E S 7R L 3BT KURE, F, o %5 NPP Ay
B IS I XS WU S RGNS M BT, Fr, Gt Bk RS T XA S R GRS Y
AT, NPP T AR KR BT A T
P, =B,/B (4)
R, =W,/ W (5)
A, B AR j AR K i 4FF- ¥ NPP (g C/ha) , B 35 j 4F 4 EAEFH4 NPP (g C/ha) , W, 38 j 4E X 3K i 4Rk
i (mm/ha) , W38 j AE2EAEFHREKE (mm/ha) .
SE SCHART- B E S T A A 1/7 A2 T 07 1 LA S S5 M (2 B A I 2 B A (L 5, B
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PRI ARANT

1 m SLPm m
Ea=72"l[ m SQ ] (m=1,2,---,n) (6)
ESV, =FEa x F'; X X, (7)
ESV = ) ESV, (8)

K, Ea 2 A T ARAE SRS ME S & L BN B (JT/ha) ,m ZVEWRNE, P, 2 m PR EVEY) 2 EF
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R X IR T AL GDP ( JT/ha)
224 EBRGNMRS LT VCEC T
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MRHBTEER 7 LU ITE 69% LA b B b RIS 2 43 A T ARSI T Mo 199 - A FH 2 Y ) 1990—2015 48 43 A1 T AR
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Fig.2 the land use change of study area from 1990 to 2015
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Y5 B SEVH IR e EL AT PSS A B L K R e SRR R TR DN SRR 1%, I R L By
A5 T VU AU S T op 3 A T T L R 3, 1990—2015 43 [ B A= 7 U 42 49 A DX 1% S vk b T AR S o 20>
JE AN, BN S Al 28745.91 hm? B E A 1.09% , B #Fb ARG B s b, B B ARy
514 26817.93 hm* .26102.52 hm®, F&18E 7351 9 4.82% 4.86% , F5% FHHL K B AR s fin , Z251-34 i A i A7
394 13972.95 hm? ,10215.09 hm?, 3 & 43 51 5 15 178.68% 127.26% . A< F1] FH Hi 18 A2 A W sk 2L | (46 i hy
2.09% .

F2 1990 = 2015 £HRX TR AEN
Table 2 The area changes of different land use types of the study area from 1990 to 2015

A A T Bl b Bl K B AR i
Year Land use type Arable land Forestland Grassland Water land Built-up land Unused land
1990 i A/ hm? 537121.17 2644076.52 556581.51 8027.01 7819.92 645.57
o7 /% 14.31 70.43 14.83 0.21 0.21 0.02
2005 i A/ hm? 550878.30 2597898.15 586066.41 8055.54 10728.36 644.94
o /% 14.67 69.20 15.61 0.21 0.29 0.02
2015 i A/ hm? 511018.65 2672822.43 529763.58 18242.10 21792.87 632.07
fi b/ % 13.61 71.19 14.11 0.49 0.58 0.02
1990—2005 AL R/ hm? 13757.13 -46178.37 29484.90 28.53 2908.44 -0.63
AR % 2.56 -1.75 5.30 0.36 37.19 -0.10
2005—2015 AL AL/ hm? -39859.65 74924.28 -56302.83 10186.56 11064.51 -12.87
AAE /% -7.24 2.88 -9.61 126.45 103.13 -2.00
1990—2015 AL AL/ hm? -26102.52 28745.91 -26817.93 10215.09 13972.95 -13.50
AAE/ % -4.86 1.09 -4.82 127.26 178.68 -2.09

HH 3R 3 A1, 1990—2015 4F  BF53 X T b 1) FH2E AU 646 3 S A i 7E bRl R b AR b 2 [1] , FCrb kb it
I K, 2545 68349.06 hin® BB HiL 575 46 oAy LAl 4 i 0] FH 218 80 | 0 ot AT St 2 bR 2 B8 ) i T S
R 0 TR 17913.42 hm, F2 B AL R A RRE M 3 B ARG — a2 T R A A kg AR e A0 2 b
SRy | S 3/ B B A S

£3 HEEX 1990 E 2015 £ T 7| AREBIER
Table 3 The land use transfer matrix of study area during 1990 to 2015

+ A I A Bt i B K38 R R
Land use type Arable land/hm?>  Forestland/hm*>  Grassland/hm?> ~ Water land/hm*  Built-up land/hm>  Unused land/hm?
Bt Arable land 525859.65 6518.52 2858.76 7.29 1876.95 0

M Forestland 23048.10 2575727.46 44533.62 70.11 696.69 0.54

B i Grassland 1948.23 15603.66 538668.09 6.48 355.05 0

JKIK Water land 6.66 41.94 4.95 7971.39 2.07 0

U A Built-up land 14.49 6.57 0.99 0.27 7797.60 0

F A HIHL Unused land 1.17 0 0 0 0 644.40

3.2 EBRGWSMA M EAL

L 2020 4R 360E 53] 1990 42005 4F 2015 -5 X AR 25 R G0 IR 55 B Y A0 (B 20 51 962.76 Tt/
hm* [1250.65 JG/hm* .2282.07 JG/hm’, 1990 % 2015 % [F ¥ 4= G704 X A 28 R G IR SS HL45 fh(H e SR IR AT
Ky, 1990 4F 2005 4F 2015 4F AR 2N R G0k 55 45 AN (B 5 43 51 R 6108.55 4270, 7434.41 147C
13973.37 147G, 1990—2005 384 K T 23.34% , 2005 4F—2015 4K T 85.46% ,1990—2015 4F Bk K T
7864.82 {¢7T(128.75%)

FH 3R 4 W1, 1990—2015 REHF5E X 4T AE 8 R GRS L4 I it ) B K3 S RAEBRE IR
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BN E R A BREE MRS, Hh RS RENAES KRGS AN HEN KL, =5k 7176.39 12
JC, HHIES RGN T 562.15 270, A& A RGBT 90.16 4270, 7K 3 A= 25 22 G 184 hin el B8 e vy, >
417.25% BEINT 36.12 47T, M 5 A1, 1990—2015 4EAFST X 4% 254 45 2R G0 IR 55 Y94 AN TR) I 38 g 6 1, HE
oA ) ZREPE IR S5 K B R, B IR 1258.97 440G, TEITA MRS 8 AU B A p= R 55 1l 4 o 3 A2
Ham it hE 3 AL A S R RS L 2h f A AR Y DXk = 2240 A e v VR B TR Ve B i B it
TFEHR .
T4 1990 2015 EFRARREMBESREREHET
Table 4 The changes of ecosystem service supply in study area from 1990 to 2015

E BRGNS MR Hhith FUSN EL i K35k
Year Ecosystem services value ( ESV) Arable land Forestland Grassland Water land
1990 ESV/ZIt 100.92 5517.01 481.96 8.66
07 /% 1.65 90.32 7.89 0.14
2005 ESV/ZIt 129.10 6761.45 633.02 10.84
07 /% 1.71 89.74 8.40 0.14
2015 ESV/ZIT 191.07 12693.41 1044.11 44.78
07 /% 1.37 90.84 7.47 0.32
1990—2015 ESV Bt i/125T 90.16 7176.39 562.15 36.12
AR/ % 89.34 130.08 116.64 417.25
R5 1990 £ 2015 EFHRARESRARTURSHET
Table 5 The changes of ecosystem single service supply in study area from 1990 to 2015
o RS RS TS ey
4y LB RGMSS Provisioning services Regulating services Supporting services Cultural
Year E(:()%ystem services
services 'y JEORE K i K3 3 B k7] ¥
A A P P P Jib (S ZHE W
1990 ESV/{ZIT 95.38 604.58 918.81 875.73 878.63 412.56 900.07 975.76 447.04
it/ % 1.56 9.90 15.04 14.34 14.38 6.75 14.73 15.97 7.32
2005 ESV/{ZIT 119.14 742.52 1132.00 1079.59 1082.96 511.44 1112.23 1203.35 551.17
it/ % 1.58 9.86 15.02 14.33 14.37 6.79 14.76 15.97 7.32
2015 ESV/{Lot 188.17 1388.52 2104.68 2005.64 2022.06 947.62 2056.11 2234.73 1025.84
it/ % 1.35 9.94 15.06 14.35 14.47 6.78 14.71 15.99 7.34
1990—2015  ESV 28 fbi/ A0 92.79 783.94 1185.87 1129.92 1143.43 535.06 1156.04 1258.97 578.80
AR/ % 97.29 129.67 129.07 129.03 130.14 129.69 128.44 129.03 129.48

33 EBRRGMS T RAEL

H & 3 AT, 1990—2015 4F W58 KA RS T KON B =, ek 2 B (), DRI B o3 A 4 S o
Ho AR S R G55 77 K i (B s R A A T R i s i RSP X, 5 i b A — 2, AIRELS R85 1
TG B AR T E RSl A LR Eh e B dR ., 1990 4, i TN DD U R KRR,
X NS RGNS TR SR, BEE N A MK 20 Sta b ke, AT B R G R S 55
KRB REESRGMRS T K AT Y85 AL GDP A 1% B — 5 LR dee (1
A T B N N - %3 /TR VNI oy £ i
3.4 BB RGMSS HETE TR b

B 3 AT, m - A R BN (H-H X)) S HE AR TR SR B0 (H-L BE0) BRI R X FEMES RS
IR 45 bR A ok R o X T AR 0F 9 IXB T AR 909% L b, H-H R X 28 B & A b T 2 R P A
PR, A AT I X, R ARG X St T R XORE I EL R X e X A AR AR
PORNZE T K JRAR B T AP T s H-L B IX AR AR P o £ (R B & RN L b I & R FH AR BE AR,
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Fig.3 The distribution of ecosystem service supply, demand index, supply and demand model in the study area from 1990 to 2015

FLAY AR THIRGE X AR BB A PG 2 L B EL S R 00 R e BN B i B RS , S X N D IR R AR B AR, AR
ATEWEARTEE AR - S TR R (L-H AL MRS AR TR SR A (L-L AR 20 AR # D, o L-H X
U X SR8 5 R = b T 2 ) PR B e g, (EL AR S B P ARG R | 2240 A 7RI T X Hp P S S kT L Bl i
B BFEX R R XU DR, ERTIRFERR Z SRR AT R AR IR 55 AR
X, L-L A X k2% 2 i i - b % ) R B ARG L AR 25 98 P AR AN I, F 5% IX -1 B AR /0, i
BRI IX P A 2SR BE 2 i W47, HLK 280 s i 210 7 H & R
3.5 FREEFAE W NG o A LA S R R A A

F L 4 mAT Rl A4 S 9 G A5 Y TR P 2 B2 Ry v A5 DX, B H-H R H-L X8, H-H H-L KO0 3R
P A SN G AR g 53 A A DX, PR A 4

(1) EHEAXHI IR I S WEH] . A S R GRS e it NI LA A7 3, W St A S R Gl 55 it
BINZ 25 . RIS RE NGRS ) K WS S 15 00 5 R IR S5 RE R I N AR S Ay Ak
PET PR F A FRAF AT IR IR s SRR S RE A NG B Ry R 2Rt TR IR Sy, AR
8T MG AT S ERTA RIS R GIE RS, RTINS 2 KR b il S LA X I = 3T s

(2) f RN PN G A B s 5 VR, S NS A S B o G 5 2 N B R T A RARAR 47
LB o0 AT S A S RGN SS T SRR, PR S 9 52 AR AR 2 A (IR 5 oK Xk, SRt T A 10
AW I kSR 22 114 = Ml A hy e DA B O AR N A S R W D B R U AN AR Bl )
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