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Evaluation of Ecosystem Services and Tradeoff and Synergy in the Alpine and Canyon
Region of Southwest China Based on Multi-source Geographic Data

LIU Jing, XIANG Jiayi, ZHANG Donghai, LAN Mengyao, GUAN Yinghui
(School of Soil and Water Conservation » Beijing Forestry University » Beijing 100083, China)
Abstract: [ Objective ] The alpine and canyon region of Southwest China is a crucial ecological security barrier
within the national “Three Zones and Four Belts” strategy, and it plays an essential role in ensuring national
ecological security and promoting regional high-quality development. However, the ecosystem services and
their trade-offs and synergies in this area remain unclear. [ Methods| Three typical ecosystem services in the
alpine and canyon region of southwest China from 2000 to 2020 were systematically evaluated using the
InVEST model, RUSLE model, and WR index, in combination with multi-source geographic datasets.
[Results | (1) From 2000 to 2020, carbon sequestration and water retention services in the alpine and canyon
region of southwest China were steadily improved. with annual carbon sequestration increasing from 1 927 g/
(m?® + a) to 1985 g/(m? « a), and the WR index rising from 0.062 to 0.067. Spatially, carbon sequestration
gradually increased from northwest to southeast, while water retention exhibited strong spatial
heterogeneity. In contrast, soil retention services was overall deteriorated, decreasing from 263.50 t/(km? -

a) to 226.25 t/(km® « a), with a reduction of 27.50% in the northwest Yunnan alpine canyon ecological
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maintenance zone. (2) The proportion of the area of ecosystem service hotspot areas increased by 5.41%,
following a distribution pattern of the first-class hotspot areas = the non-hot spot areas > the second-class
hotspot areas > the third-class hotspot areas form 2000 to 2020. (3) Carbon sequestration services exhibited
a synergistic relationship with both water retention services and soil retention services, with synergy areas
accounting for 54.91% and 44.46% of the total area, respectively. These synergies were mainly located in the
southeastern Tibetan alpine canyon ecological maintenance zone and the eastern Tibetan-western Sichuan
alpine canyon ecological maintenance and water retention zone. However, water retention and soil retention
services displayed a trade-off relationship, with the synergy area accounting for only 20.14% of the total area.
[Conclusion]| The results can provide necessary references for scientifically formulating and implementing

ecological protection policies and optimizing resource management strategies in the alpine and canyon region

of Southwest China.
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Fig.2 Changes in carbon sequestration services of the alpine and canyon region of Southwest China from 2000 to 2020

225 AXRGRHEEWRXEZ HEHTI3IMESR
GRS BT R NG T R A S R G ik
51 B2 R AR G R A . A AHOC R B 1E , W) 2 Fh iR 55
K FRHNWT R B R O 2R 5 45 AH DG RO 0, W) 2 iR 55
R FH W R AUAT DG 7 5 T HAR i AH DG 2 5800 4 %0 {H K
N AR DG M R

S (@) ()

R., _Jii% (z, 7;)2J’§l (v *;)2

KR, WAEE « My ISR S, vy MBI @ 4
2 LS RS OB Ty h 2 FES RG-S »
HERIMTIIE, 25 2 FIIRSS A C R R, J F, 0] 2 Fof
ARG RN TR [ 2, MR B A TR E R .
THEZE AR B SR 2SR 5B 55 PR 5%

3 HZREHSW

3.0 EXEERSHHETBETHH

3.1.1 B EIR4 2000 4F,2010 4E 1 2020 4F [ fiK
B 1927,1952,1 985 g/(m® » &), Bk EEE &
w3, M asiE EF - 2) , TE R L A X[ Rk AR 55
R R AR EE AR R A A R . R K AR RS
Do (L 3) 5 IV DX [T sk Al 95 e i 4F 7 B (B R 2 225
g/(m” = a), Il DX A [ fie IR 55 S5 I, 45 SF- 247 181 e iR 55
A1 824 g/(m* » a), Il X AMA— NIV & Lk 4y
A S AR OK IR SR X, AR R IR 4 261,78 m, AR
TREEARE 0.76 C L J& T m FE R Al X, 12 X I ol 7 o5
JEE A 5 T A 55 ) i O 553

5 (c) 2020 o

(6)

[ 1200~1600 = s00~1200

I8 IX R R IR 55 43 B A 263.50,261.74,226.25 t/
(km® « a) , b 3 25 [A] 45 Jay Sy v (EAES D4 ) s (L S)
- R E IR 55 7E 2000—2010 4EREAR 0.67 % ,2010—
2020 AFNIFEAL 13.56 %0, B BH T 10 4F V4 B i 1L e 5
R G o 1 N 1 P10 s E W e oy s W O W 3
(L 3) o IV IR A 4 R R IR 55 0 Ak e 34 e g ™ B %
R B iR 3 27.5% .
3.2 AEBRGRSWILE S

455K 6 R F 20002020 4F VG g LR A IX
[ e 17K 5 TR 5 R 55 2 194 0 B 1% T B H 4 i)
}90.90 %6 1 80.07 4, HE A4 3 B g 34 hin ; + PR 5 IR

http: // stbexb.alljournal.com.cn



218 KO FE =R

5 38 &

55 AR LW D 115 08 R L B B9 AR 0 A B0 Lt
86.28 %, [HBR IR 55 434 Jin i) IX 3L 78 55 R A5 X
(7)o FE£ A ) BE A, 7K U T8 57 IR 55 388 i) X sk
5 R FE 0 0 1 X A A R T AR S,
20002020 4, 7K A T3 8020 1) DX 3R 4 498 PR 45 IR 55

~400 - 2300 [ 5 0.14
o — (@ IKX
N'.s 360 | = 2200 | R
£ . " 2100 | 4 0.10 &R
=320 ¢ 4 0.08
R 22000 - ig
£ m 1900 | {004 2
ﬁmo -%51300 s 1 0.02
Ha00 L 1700 ' : ' 0
2000 2010 2020
F
~400 - 2300 [ 5 0.14
< o~
. i | 4 0.12
< 360 | "= 2200
§ " (c) X { 0.10 %
S a0 | B2I00 | =
~ 202000 | 1 0'08?§
% 280 | 'QR 4 0.06 ko)
t = 1900 {0042
oK 940 & |
® i 1800 4 0.02
Ha0 Ll 1700 ' : ' 0
2000 2010 2020
F
—=— ERRE

—— LRRFRSE

Sy XS 23 () B BAT R BE R Ak . MO TR B e i
KRR AR R 55 0 A S DR A 55 £ 25 18] 23 A _E A7 A/E—5E
PR OC 2R o e Ah R R TR 37 M 55 A0 - 38 £ 45 il 55 1
2010—2020 4FHY AL LS 2000—2020 4F2E 4B, L1
AT 10 4F (A AR BEAH AR 10 447 BTl .

~400 ¢ 2300 [ 5 0.14
“ ~ x
. 360 - e 2200 | (k) T 1 0.12
5 R 1
= 0 52100 | 0.10 &R
2320 ¢ { 0.08
xR 282000 ig
= 280 | & : ., o006
¥ = 1900 — "] 0.04 2
§240 "2 1500 | 1 0.02
H200 L 1700 e, 0
2000 2010 2020

£
~400 - 2300 5 0.14
< o~
. 9 . {0.12
8 » @ VK 4 0.10 %R
L0 | B21O0T =
& 22000 |- | O'OSE
280 [k 10.06 2
i = 4 0.04 %
%240 '?élsoo_ ./ 1 002
Ha00 L 1700 : L : 0

2000 2010 2020
£ &

—o— KIRBFREF

B3 EESUESEK 2000—2020 ERESRESRGERSTLIFT

Fig.3
to 2020
(a) 20004

AFEF [ 0.20~1.00 [ 0.05~0.20

(b) 20104

Characteristics of ecosystem service changes in different regions of the alpine and canyon region of Southwest China from 2000

(c) 20204F

I 0~0.01

[ 0.03~0.05 [ 0.01~0.03

B4 AESLBESEK 2000—2020 £KEEHFRSTWL

Fig.4 Changes in water conservation service of the alpine and canyon region of Southwest China from 2000 to 2020
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Fig.5 Changes in soil conservation services of the alpine and canyon region of Southwest from 2000 to 2020
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Fig.10 Spatial distribution and variation of NDVI in the alpine and canyon region of Southwest China from 2000 to 2020
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