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Abstract: [Objective] This study aimed to evaluate the ecosystem service values in Yunnan Province of
southwestern China and examine their spatial distribution and temporal changes. [Method] Utilizing the
InVEST model, we evaluated soil conservation, carbon storage, water conservation, and water purification
services in Yunnan Province for year 2010 and 2020. Quantile segmentation was employed to identify
service boundaries, and fitting methods were used to determine constraints between services. Space scale,
time scale were analyzed to comprehend the spatiotemporal evolution of ecosystem functions. The value of

these services was estimated using cost replacement and other methods. [Result] (1) Except for water
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purification, ecosystem services in Yunnan Province generally exhibited a west-high-east-low quality
pattern. Most areas had low nitrogen and phosphorus outputs, with high-output zones being sporadically
distributed. (2) High-quality service areas, excluding water purification, were predominantly located at
altitudes between 2 400-2 800 m. (3) Compared with 2010, soil conservation and carbon storage were
improved in 2020, whereas water retention and purification services were degraded. (4) In 2010, except for a
negative linear relationship between nitrogen load and soil conservation concerning water purification, other
service constraints displayed hump-shaped and double camel-hump patterns with increased sensitivity to
constraint variables. The overall threshold showed a left shift trend. (5) From 2010 to 2020, the overall value
of ecosystem services in Yunnan Province decreased, mainly due to water retention. In 2010, the total
service value was 1.79 x 10" CNY (4.54 x 10° CNY/km?), dropping to 1.71 x 10" CNY (4.33 x 10°
CNY/km?) in 2020. [Conclusion] Ecosystem service value in Yunnan Province is substantial. Over the past
decade, soil conservation and carbon storage have improved, water retention and purification have declined.
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Fig. 1 Elevation and land use of Yunnan Province
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Fig.2 Spatial distribution of soil conservation, carbon storage, water source conservation, and water purification in Yunnan Province in 2010
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Fig.3 Spatial distribution of soil conservation, carbon storage, water source conservation, and water purification in Yunnan Province in 2020

il At 2 ECD (B 4. RCE D,

7 7K B B fe ) DX 38R TR AR 4K 2 000 ~ 2 400 m TEHER 4 000 m S A, &0 6 mr 2l AR
X 8], 762 Fd PU R IR B0 IX, S22 X2, Bk 78 s o XA, BRI s, A et ahmd .
o MK > 2400 m I, PKEREER T mIEET S MR &R B, B A & kb 4 000 m B EIX



108 b M ok Ko ¥ R o5 46 %
E
= 215000 g1 350001 919 600 -=2010
Sl 12020 < 30000-2020 £ 500 12020
£ 210000 L 8 25000 2 = 400
s B S 20000 g 2
= % % 2300
1] -3 = g 15000 e
% g O 5000 = 100
3 0 0
H% L RL M RH H EH L RL M RH H EH L RL M RH H EH
2 K Altitude K Altitude K Altitude
0.9 0.30
o 0.8 mm2010 2 005 mm2010
= 07 12020 = 12020
=g 0.6 i & 020
=205 £y
g g 04 & g 0.15
K 2 gg # < 0.10
£ 0. g
Z o1 = 0.05
0 0

L RL M RH H EH

MR Altitude

L RL M RH H EH

W Altitude

L. ¥k < 2000 m; RL. 2 000 m < ¥4k < 2400 m; M. 2 400 m <¥F{K
EH. # 4% > 4 000 m. L, altitude < 2 000 m; RL, 2 000 m < altitude
3300 m; H, 3 300 m < altitude < 4 000 m; EH, altitude >4 000 m.

B4 ZWAESRARS R EMEST

Fig. 4 Vertical gradient statistics of ecosystem service functions in Yunnan Province

2 800 m; RH. 2 800 m <4k < 3 300 m; H. 3 300 m <4k < 4 000 m;
2 400 m; M, 2 400 m <altitude < 2 800 m; RH, 2 800 m <altitude

NN

<

=

SRR Tl BT BT 38 0, % X A AL TR R R, AR
AR, R B AT R KT 4).
212 =@ AAESZRERS AR T

SIERT mMEAESREGMSE e A2
o T IELREEE M 2010 4E 1 1.08 x 10% t 34 2=
2020 “FH) 1.25 x 10% t, 3K 1.62 x 107 to T IELREF
R T IR A O 1.35 x 10° km?, /5 4248 TH BRI

+ ¥ Soil conservation Bfiff it Carbon storage

0 80 160 320 km

£ faf Phosphorus load

AU I faf Nitrogen load

0 80 160 320 km

35.36%; BT AN 0.99 x 10° km?, 5 25.87%, %
HHTE VG B A AR AL

Befig B M 2010 £E (1) 8.25 x 10° t BEIN A 2020 4F
] 8.26 x 10° t, 31 1.19 x 107 t. B fils i i 2 1 K1
WAL RIR S RIIEIE, I A PR
9. 10 4 8] il B8 [ THAR N 8.74% 10" km?, 5
AR THAR 22.85%, BN 8.63% 10* km’.

72K Water yield

0 80 160 320 km
[ —'

z) —~

| [ iR 1k Significantly degraded
@ iBfk Degraded

O A% Unchanged

@ 3% Improved

B I %45 Significantly improved

520102020 F R FE LS RGMST T REAZ (L2 18] 20 AR

Fig. 5 Spatial distribution of changes in ecosystem service functions in Yunnan Province from 2010 to 2020



P11

T 3% ST InVEST BB =i A S RGNS ks

Al 109

2010 £E 448 “F 377 /K & 444.73 mm, 2020 4%
2 424.67 mm, /K= AN 1.32 % 10° km?, 1Y
IR 7.58 x 10°km®. 98020 X 384 A 3 A7 7 AR
FL A o SCuln s 2090 K 7 R 0 P R A A
T, S0 X3 A B A T R 200 SO B AR EA
ST BT -

A 2010 FEH 2.74 x 107 kg 3013 2020
I 6.29 x 107 kg Tt A & AN 8.90 x 10° kg 14 hn#|
1.65 x 107 kg. A 47 E N A 5.06 x 10* km?,
WD AR 4.77 x 10* km?, B 6 47 5 48 i AR O
4.41 x 10" km?, I/ TN 4.65 x 10* km®. % Hk 71
o 38 001 X 3 32 43 A TR LRI e S L X, 982 X
3o 32 B0 A T R AR AL

2010—2020 4, 38 ORFF L ik fifh & e 55 4 T mT
RE 5 2 F A B AR TR ARG G 5% o Tl HEA AR T AR
%Vmiﬁ’mz/'\ Al RE 2 T BUK IR FE 5 K5 4L

K55 IR AL E R R & (E 5),
213 ZHAEBZRAGREHRFELZ TN

X} 2010+ 2020 4F 2 48 LR OR R KRR TR R
2% 5K IR S 2 (B 2R O6 Rt AT &AL, 15 4%

R RG RS LR K R ER I G AL
gplg R Fut i (K 6).

A 3R IR 55 5 /KRR 7 Al 2% 2 T 2 0 2 iy
2o 24 2010, 2020 477 7K & 4 Al AL T BIE 640.78.
593.41 mm I, T3 0REF B B 5 RAE, B 61 664.16,
60 995.34 t/(hm*a). 4772 /K& /N T BRAE, KITKTR
55 %oF - 438 ORRF R 25 B 20 PR 70k 55 42 K& R T

BRI, AKIRIATE IR SS Xof 3R RE R 25 20 PR 3 i
B AT 57K E R R M2 2HLIEIEAL . 2010,
2020 4F B AT A WA (4.81. 4.58 kg) X M [ 77 7K &
Iy 1N 745.82. 834.93 mm. 2477 K BN TR I,
KRR IR AR 55 %o AT (R 20 SR 0k 5 s 7= K &K
TERIE T, AU IR R 25 0 A A7 IR 20 B 77 38 5
Bl i far 577 K B QR il 26 2 BRI AL . 2010,
2020 FERE A7 AT HI AR (2,93, 2.96 kg) X B 77 7K &
73 N 881.63« 811.62 mm. 477 /K & /T B T,
IR URRR F7 AR 55 %o B8l G AT (R 20 SR k5 s 2= /K &K
T BB, 7R TR IR 55 R 47 s R 29 3R 7738 0
2010 Eﬁﬁiﬁ 5 g r a2 0 28, 2020
R GEIERY . 2020 4F IR B EEAE N 60 087.12
t/(hm*a), Xﬁfﬂ’a&ﬂﬁﬁﬁ 3.00 kgo M AT & D
T AR, Z AT 3R A A R 005 A
Bufig 8K T BE I, S e oo LI R FF R I 20 )
W5
W oy 5 AR R B XS E R, H 2020 R
25 2010 SFHEAR /2 F5 . 20104 2020 4F IR FF B
FABLXF L 2 57 2951 M 3,00, 2.49 kg, X B ) +- 33
TRFR R 09 7.06% 10% 6.65% 10* t/(hm*a).
22 ZEEESRERSMESESITEME
23S R G0 RS U 3 v IX 3 3 2 43 A A 7 6
VG R B R AT AT B A X I, A% X 4 3 AR
R ER S AL X (B 7). 2010 R4 2 R GRS
fH N 1.79 x 10" Jt; 1M1 2020 FE %N 1.71 x 10" J¢,
/DT 8.00 x 10" JE(FK 20, HIELFR AR =K%

5200000 14, 45,
T 12l o 4.0} 2010: R2=0.93
L ' 150000 2010: R*=0.86 %”10_ 5 = 35} 2020: R2=0.92
£Z 2020: B2 = 0.89 E 2010:R=095 35 &30
< £ 100 000} o 2000:R=095 = £ 201
2 ‘ e % #2300
# g i ® S s = a5},
2 i g 4} i
L. = \ = : . @ |
%ﬁ% 2 50 000 J £ | \ £ 1.0
= 8 i ‘ ~ 0.5}
H= 0 - - - : 0 - .0 - - s -
3 500 1000 1500 2 000 500 1000 1500 2000 500 1000 1500 2000
Pk Pk i Pkt
Water yield/mm Water yield/mm Water yield/mm
5: 200 000 ‘: 200 000
~8 ~8 ) .
‘«: > s U Scatter point
o T 150000 F o 75 150000 F + 2010 4F31 %15 Boundary point in 2010
EZ E< 2020 431 95 Boundary point in 2020
&3 I 2010: R*=0.36 51 — 2010 4E#13i2k Constrained edge in 2010
[H % 100 000 2020: R2=0.61 l:ﬂE+ g 100 000 f 2020 42 HEL Constrained edge in 2020
# g i g rrrrrr 2010 4FFIA S %54k
Q | . K 9 | Threshold point reference line in 2010
§ g 50 000 T § g 50000 fssgeie i 2020 4EH{EHSHL
'H 2 _1 2 Threshold point reference line in 2020
=] 0 L L " 5 o 0 ]
2 2 4 6 g 7 4
Nitrogen load/kg Phosphorus load/kg
B 6 2010, 2020 FHHRED RGMF Z LR FR

Fig. 6 Constraints between various ecosystem services in 2010 and 2020
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Fig. 7 Spatial distribution of ecosystem service value and changes in Yunnan Province in 2010 and 2020
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