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&2

1990—2023 4F- 1 53 X+ M F1) FH 28 700 5 PO 70 A 25 R 48R 45 M (2

#1&1990 *#110_:1995 *»w_:zooo #2005 #2010 #2015 #2020 #2023
0l ||
A Miﬂ_nwo ﬁﬂttﬂyws E%?}:M_azooo FH 1412005 HHR102010 #2015 k102020 A H2023
I I | |
&*#*1990 .slvktmovs. lx**zooo S#AH£2005 AAH£2010 2015 SEARK2020 AIK2023
\ X A OF
111990 » Eimwos : & 152000 E51h2005 Hitbthih2010  H{bHI$2015  mfppkih2020  Hfbbkith2023
3112010 2015 w2020 = 462023
\
HABAH1990  EfbFRi1995  EAbHkH2000  HfbiA#2005 .
e = — — fb 2010  HfF#h2015 3 2020 i 2023
RAEMHI0  IUEMHI995  HfbFH2000  HfhAHb2005 e ikl i A ®ig Ay
= = = " skigiz010 ®igMihoo1s - FLiEME2020  HitF62023
7Kk15,1990 7k 451995 7Kk152000 7}dﬁzoos \ o= = - -
= ;gi&ﬁ;:mws e Fﬁ-ﬁ& S Fﬁh - Hikkitb2010 7kh§2015 7kiﬁ|:2:ozo 7)(%023
i A H1990 H i 14
EHitkith1990 Hitkih1995 ;ﬁmmﬂow Feth 12005 / Hithib2015 itk 12020 itk ith2023
o 3192010

MERSHMUB1990 MRS 1995 ‘ﬁ.?—‘%?&i&zooo REARS 52005 3&#51&1&2010 MRS MN2015 MK SHN2020 MRS REH2023

A3 W5 DX A b R 2 20 2 7 R B

Fig.3 Land use type transition matrix in the study area

S N T e A RV B N NS S N 2 N B 1 A B N NI A = [ R
b 5 2015 47 DL 5 R 1) E ORORR LB MR A AR hn1.46% . BARFI H 2015 4E R I B A8 (b K, J5



5% 2 3 iR &

VDV LT A 3 X e i R P 8 T B ke A= 25 R e IR 55 0 (L A 52 R F 50 199

2% AT MR 1990—1995 4F = FE 3R B0 F 1) E K
A P S AR M M R R RN S
by FH b 2 1) AT MR M TRDRRBE T 3. 92 %65 2010 4F i
PR Hb I 1] M B E RN B AR D K R,
M AR MR AL S A MR B R TR TR
A3 20104F f5 , R RIN 5 L RN B 5 5
N TR 22 /N AG N 1. 77 %0, 3R BT 201048
AR R K , JG 22 .

5% X 1990—2023 4F ¥ A MK | i AR b T R Hip
WIE sh K, 5 R 18 0% sh 1 F . G AEVE R AR 2R
[ Bl A AR b At T b [ R b 5 AR A
T ROBR, TEFR G N 20 %0 5 55 A AR i ) BT
Hi G bR 5 b, A MR | LAt A AT R
NP R A A T 17.61% 5 2000 4 &2
2010 4F 32 2 R I Ui m) 5 H G At FH b B AR
AL R A AR A T B i 8.85% 5
2010 - DAJG , ME AR PR R B 5 R b A Mk B
LR NS E R =3 E S N TR AR f N NI ¥
TG HA AR A AR T4 = 25 Dy R
EFHEARMR e A Ry it 5 M TR N 6. 72 %0 5
BT B O R S A M AU > T
7. 45% 52015 4 Ji5 # ) b 5 bRl LR R b
TEABR A PR BEb AL A, SR RS

KR 5 K R IR R A DGR A L AT LR AR Ak T
5AF F2 B 0] O A R B K TR TR

18100 3 55 A TLAF [A] & By B b W R AR A
VR HiL 5 Sk K R, 7 R D TEBURE in T 8. 56 %6 5 2000
—20154F , 2 FR I PRIl AF M E R | b
ESREVR AR e D R b YR B
Hiv TR N 2015 47 J5 3 1) B b B b A AR
TEA MR SR b B A AR B L

2.2 AB5RGRENETUR L HAATETL

skl

2.2.1 HFRFENA LA DL TG
W T AL S VDU 1, S KRB SR A DG K
Drge Al B2 InVEST A AF 7= /K 5 45 B2 4 4
Wof T 7% A i SR ) T 7K 2 T ST A i B R T B K
b, R MR 2R R SR % R HE Y S RO R
BRI 2% X =K B SR IR R aE ) . 5 R HEE K
A iz 07 B Bas [k 5 ] AL RRE , B S8
WHEEE 5 TRk RHE LD kR A
H 4% 2 o iR 2 B0 45 AR PR OK B (R 2) L BoR
AEFE KR IME R 5. 399 TAZ t. Hovh A5 M b 53k R
ek, b7 BRI 33.08%, i st ok, Hl sh 5 4 X
AR AL — B, 5 0 2 X 8 K B A S L . HE R K BTk
R 19.84% , BB B /N 5 B TTRR R 17, 740,
W sh 5 B oK E AR AT — 2R BAR M S
14.52% , HoAts FH st 7K 8 HE At bR b 34 1l 55 i )
M, BTEK S N 7.67%.2.99% . 2.83% .
0.72%.0.59% .0.28%.

22 1990—2023 4F A [a] 4= b ) 2840 7 oK &

Tab.2 Water yield in different land use types from 1990 to 2023 X 10°t

T+ e 19904 19954 2000 4F 2005 4F 20104F 20154F 2020 4F 2023 4F
Wit 4.6347 4.2360 3.9356 4.2286 4.234 4 3.9889 4.546 9 3.344 9

A 19.486 7 18.997 1 15.990 3 17.958 8 18.348 9 16.743 2 19.4516 15.344 1
THEAMK 10.6387 11.346 4 9.9939 10.717 0 10.841 2 10.5630 10.392°9 10. 866 5
5 PRl 8.707 6 8.299 1 6.2753 8.166 2 8.3186 7.4643 8.8480 6.3889
Al 3 0.667 1 0.3890 0.2479 0.256 8 0.4805 0.2054 0.702 2 0.159 3
i 10.340 2 9.422°9 7.9797 9.467 3 10.480 8 9.1934 10.726 5 9.0436
KR 1.5800 1.5316 1.6435 1.6777 1.5316 1.6435 1.6151 1.008 8
e b 0.1756 0.1802 0.1370 0.1370 0.1802 0.1370 0.1756 0.070 8
AU 0.0527 0.064 8 0.062 0 1.866 1 0.2102 0.1027 0.1053 0.1239
oAt A b 1.7029 1.3832 1.2396 1.7633 1.9820 1.609 3 1.8258 1.398 1
X 57.986 0 55.850 3 47.504 7 56.238 8 56. 608 4 51.650 7 58.389 8 47.7490

K 2b S22 43 fir Bxt 1990—2023 4F4F 7 /K & 1F
oy 2y 23 8] o A . A28 2R 80 6] o 72 K i 4%
SRS A oA S 1 A SRR A S - A
FH 2SR 23 A 45 W W) 6 1, 22 4 R A R BE AR B

TE . KA G M e A Ay e R AR A B A R
JK B i v (R v o3 A TR AT B A RS R R
554V BEERE A6 B A SR A R RN ORI SR
PEB IS vh A . A T HL R R R A A R



200 AR TS TR 27 2 4T O SRR 2 WO

560 %

LKA S 0 A, 7E S B m T S AS I
W ARV AR 22 5 5 S HH A M i Y D) 3% 2 IR SR 4R
A3 AT AE T ST A I e B /N Y B 2 B e B AR
A R AR AR 5 (R
A TE © 3 LT 8 4 A VDT A I AR BV R Y SR
R[4 T Vi R S I b v A VAR 2R B, B AR AR
ARV AT AT — 5 IS, 2 B M A &
FROBE Bk R AR AR BL BT D SO0 T A R
T Bk R AR A B K P2 4
i FESER PR S WA T kA E B
I A IAT 4% 2 5 v T AR 0% 3 55 o e sk U b L B
S N TN = A T i i e L1 § 113
fir, & 3 B LA 7 B T B P 20 o s 5 Ak
AR L5 A, 2l K B RO R ARk
T RE) B 5 77 7K B B A B 32 B AE P T B R Al A B
R A S R IR ) DR A A L B R B S AR
B SR ] S ) S R OB HOR o A, S R A A
B KR B 5 K R AR AE AR VLA B R
FLAZ U 48 A 5 BoRh e EL 5% VN 1 v AR BE B kA
A2+ 2 W o e R oy, 322l o ol | ik
FH HiL A HE 380 5 330 4 A4 A
MK B AEBR AR R HFSE X 1990—2023 4
RN/ &l R IR R (AN S R
2000 4E F1 2015 4, 2005— 2010 4E K F- & W, fe &
TE 2020 4F . AR b 32 B0 PR 2 < i L XA Aol E R
AR S AR R B T A A v o AR L
Hiu, rf L A 2 R B R Ui AR 2 R R BEA A
b T L 3 1) g VR XSO | B Sk E R PR B
AR 5 v A5 (R T ARG N, D SO, HA B B

LI oA RN R TR A ) S AT AR W s
EEAR R e TR S W R S E RN FE i s R
50 BE T 5 Uit A AR 28 4 Y B %) L B b S 2% 30
Bl A MR bV R OMR B Sk bR M 5 AR AR B AR
LT RS A Y B LR R AR B A s LR 5C
S uy ef BET 2% [ HOF- 28 A Hofh R b st
SR B M, B M T R G I, T A 9 A R 0 A
PR Hl b 5 T A R L LAt - A B AR
18] AR AR B /N ROK T AR AL TR e R AL
W R F W, oK 28 ] A3 A A R SR ARG 7K
Ty B R AR 25 8] 47 B 52 HOW K 8 6] 52 ), &R RS
AR S BE A ST A R A T A R AR
HIE, 2% B A 3 ) FH 2 R0 OR 2 5 i 7 K R v G A o
— P, MY B K A A T 25 S 2 Y R
AR RGO R S 55 o 1ok 5w 7 K i, o
55 7 A b R 2 R0 AR b X A S IR S5 A (B B 5 T
TR .

2,22 BEF LA LA ANL TG A
FIH InVEST #288Jg V0 i # b BL D, ¥ DEM .
Pl BIEE MmN CSVD S AR R #E 1
rh g R R 0 B 2 b ) T 26 R 4% D 4
P (R 3). IR 3 AT, & VT 1 i i) 23 Hh X A7
PR+ 50 3,023 242 1. Horp | B b BTk R 45 oK,
hi42.20% DL b R R RS e X AR — B,
Xof PR AR AR e K, L e A R Bl e T R
RAT AT AR H AR PR AR AR R R TR
1k 2 3 5 o 27.38% .10.51% .3.48% . 13.66%,
K s e M A 4 55 0.75% .0, 10% , R =
g = 5 Uk B ARk

23 1990—2023 4 A [a] 4= b A FH 2 AL 7 4 5

Tab.3 Soil conservation capacity of different land use types from 1990 to 2023 X 10° t
% 1990 4F 1995 4F 2000 4F 2005 4F 2010 4F 2015 4F 2020 4F 2023 4F
B b 102.238 5 88.660 0 114.9616 88. 826 5 135.2939 82.031 6 133.969 3 97.2130
A s 852.756 2 900. 839 6 982.890 5 780. 520 2 922.801 6 572.910 3 950.919 3 658. 446 9
T A 376.550 5 488.866 9 441.108 9 359. 160 9 485.7550 307.803 4 519.019 7 324.566 7
B 281.637 6 293.497 3 312.8205 240. 505 5 410.3756 262. 460 1 419.796 1 320.651 2
HoAth b st 0.1616 0.299 3 0.2003 0.1222 13.2858 9.6137 13.6688 7.7524
F 1346.4182  1324.7175 1566.9456  1294.2955  1417.5172  883.2740  1455.7030  918.4417
K8 23.4878 17.542 0 27.744 3 22.664 4 25.3100 15.951 2 30.372 4 18.892 1
WV 5 3.1151 2.6785 3.067 8 2.3227 3.4520 2.548 3 3.5175 3.0130
R 1.4324 1.3650 1.4257 1.2958 1.7495 1.3351 2.0345 1.4497
oA b 43.0214 52.327 1 55.5955 39.592 4 70.812 1 34.908 8 66.071 4 43.8880
&K 3030.8193  3170.7931 3506.7608 2829.3061 3486.3527 2172.8365 3595.0718  2394.3148




5% 2 3 B VDT LU DX A R e S LR AR 2 AR BRI S5 (B ) S M BT 5 201

Kl 2c @R, 1990—2023 4F 4 + & 1Y 25 7] 53 fi
FEAE . OR R TP AE B T — A B B R R
i — P B 7E A g R VT — VB
B 3% BT BE A S It e 4 v S B BH Y SR A A L
WEZNN U E I B Pl i S S E A e el e
i 1 TR R S0 TR 4 2 H, 5L OK T AR a4 4 B
W, L R T R A bR b | A B AR
L AR (R S R T E o G B2/ S = N (T
G BT R AU AL W L M B S A
1R R 2 I AR AR % X R o FE S T S L 1
ELYE e B0 T R 2 R ARE S
g Ry R AR A A, 2L iy A AR | A 5 R
MG B 5 O IR AE X 7R IRV 3R 7 30 Bk 2 31 2
Tt AR ) T 3 5% T2 39 AN = A s b g
i B A 5 R 4R, R Bl At b B e EUR
e M B b | FE BT 0 S R B . R R DR
AU KR R B AR B AE S T A X, % X
SR SN R SR N NI ST S | R IR 1)
MAEG L 3 b i B I B A O B AR Bk £
dE TR R A B R B S T o Rl
14 395 IFS M 5 rboiRE L — A5 R R AR, i
Hiy AT AR T ARG Ak Sy i bCHE 5 M b £ - e
I e EE R R AR EL BT O I R
b B 7 Ak Ay AV R OBR AT MR R -
A PR B 5 A A BLRL T A8 B BT A B, U
TA[ 2% VO 2 i) - 5 35 b e H il bR M | g S 5 i 2
Hi BRIk VR S b A B DRl
A M 5 AR SS ) AE AR Ak (H A R
T /D 5 R TS O R X R TR 0 i 4 B
LB BT PR AR EL R ST T T Ak o R BGA
D VA 5 K b 5 K R A R K R Ak Sk e U
HiL T AR A ek 2D, VR B G L I B L R O
Je v T A SN A it T X S R A A
AR EYEE VLA B AR VR AN R AR 4K
L% G AT BB B A AR A Ak AR
. DA 3 B A b R 2R A KON S
AR A, Bz 5 e DX R S AR
2.2.3 AT AR LA A L T AL R
FEF = M R RN - 1 B 5 S RO B LG RS R
fith 18 40 43 S M B MR A R ERIBE T A HL
Yy B X 5 AN B ST PR . F IR 1 TR g AT
oI E LOF L A FH2E B b MR L 3 S A,
FAA MU, H2 A Ho R 2 B G T 45 0Tl A 2k (11 4).
FI T ArcGIS 43 50 B0 6 Bk it ek 73k 5446 9, BT 4

78 1990—2023 4F 4 Hhu 1| F 25 AU AR filk it 12 S 4% +
Hb ) 2 A 78 5 A SF R g i L A G R A (E N
12.929 2424 t. 7 K Ho XF B fiff & o1 kR de oK, N
40. 16 %4 , A5 b 15 B {4 47 ik it 0 AH AL . 3% BH A AR
S 5 DX A% 0 Bl T 2 TR e T e A% O B, L AE
KNG R 55 28 B bR 3 288 g JBE DG, 55 LT AR
A5 A, S [7] 52w DX 11 5k R 7 14 78 Ak 5 5 b e i ek TG
Z L B A X 27.46% A% IT £ E b TR A
P AR DX, AR 2 /N D B BT S B U R
PR G T R K R R R I o S IX k5 O R A T ik R
di S 2096, 15 00 BE AR A S e A B A Y
L ETI0ARE B R JE e T AR RIE R ME &
B I ML 2 5 BB b B A LGSl 11.30%6, 18T
AR S Ak R X, 2005 4R BT I ) F B, )5 i
A 2010 4F 55 °F A 1], 2005 4F 2 2010 4F 2 30 o0 1 K
15 B M5 R A9 0. 80% , 15 JT A T B 4if e 41
DX, 55 B bR Ml AR Ak A L. KB e VR L
Hiy G A FH A5 0T AR Kb A A o B AIROKOF | B
R 8] A5 16 38 8 /)N

Pl 2d 55 ) 4 A Tl S 7 XS Ak i o 2 ) S Joi
L AR E XN P ER B oA R &
TF B AR B, — A 2 AR A A% LT
Fole B U R RS AR A A G PR R 7E T U
ks EL 1 T EL AT T A R I AR 1 L b SR A I A
i 5 E AR LRI e B il K i
B AR mitahmEX N EsE AR, &
TR Y L s B A ok B A A A LR RO B
WA UV T I 5 2 W 82 25 IR 20 A, 7 B S0 T 4
oy RHERE  FEMEEE A ERESENESYIT L
T T % ) 52 2 B AR AR L YR B AR SR LB Y
WS SR BT 5 XSS A B it
L IX 2 R TR L Ml e B8 X A0 A T3z, P B
B 5o B K e 0 s BRI R o B o S,
SR EBEYOR  E REE Ea R 2 e
YL i L b 1 b 5 Yk A bR M A2 A Bk B
M) i i 42k v AV A - 9% B S0k 9 b, o 4 B r
R e BB N A R S S R A R b T
JE B ARR 5 B A MR IX S 2 R B HOIR 4 7 7 T 3 2
SO ETEAR R A E S P g R A K
AR CERBEA M O ABEDSES . N
AEBRAS L T Bk by b P M A 5 P b A TR
A, T ARG i, AT B BB D 3G 0 A bR 1] 3 R R
B AR M Ak TR B BRI D 08 R
AR ER AR L e A T RS i B Y D g



202 T AR RPN

60 %

S8R, AR A AE AT A R g AR L M R AR R g
b AR DR H Al e A i P M A A T RR O
W]ty D) RE 6 9 , A AR 7R BB B B8 N T A5 o B 22 i

Bhig AL
S - v w & v o =9 ® ©

i R AU B SRR W A A T R
B I [ B BE ) A RN R

1 2 3 4 51 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 51 2 3 4 5 1 2 3 4 5 1 2 3 45

19904F 19954F- 20004F 20054F

20104 20154F 2020%F 20234F

“Efy
L 7 46 A A T A s 245 A48 s 3 o 465 JH A MRt 0 4B AP A58 s S IR AR A58 00E 04k 15 . A 5 ot LA T 3 Ak
WO Wbk WA WAkl LA R WOKBR WOEIR S W R w L

B4 1990—2023 4 - i 1] FH 2 Y £ A [ 25 4 sk fh o AR P
Fig.4 Carbon storage histogram of land use types on different levels from 1990 to 2023

2.2.4 ABRBIEAR LA AL T Y Y
W BRI RN AR A B R RS RS
PRALE T A RURDRE AT A M BT R 5 AR T i
PE SRR InVEST A2 A 2K J 1+ 1 A FH 7 2
B A= Y 78 T L 5 NS v s M R A5 il
JEAE WG UR S SR 0 T R R S8 R M S A RN T BE Y
fiE 1 B i s B R A ALV . R InVEST A%
AU BRI B D) R, 3R L AR R T A ST
BRI T2 XA 15 T e 48 B(E (R 4 81 5) . #e o i 5K
AR ArcGIS B ok A= B o 5 %00 R 544 9. K
5 78 1990—2023 4F 4% + #b 1| 2 B AE 5 AR 8
Jo e AR R TR LB 9T X 1990—2023 AF 46 K
g3 Hb DX A 55 0T R BCRR = T 0.7, BB AE 0. 83 L
b R AR 5 AR 22 0. 027 2, 3R B X df %
NG AT N =PI U R o WS- A I =R E (8 KL STH
FEARTE R S XL A5 800, 94 L b, K 8 4% e K AR Ak
T3 i A X, A B8 T B AR BUAE 0. 894 4~0. 940 0, %
AL #R Ak 76 v 45 X, $8 50 AE 0. 774 5~0. 894 4
(i), AL A b, 5 e, R b AT A X, 48 BUHE 0. 728~
0. 774 5 (8] ; B b 55 Al AR M U 5 0 1l L 2
M R R AR AL TR AR AR B R AN T
0.728.1990—2023 4, H = 55 A= B3 5T 42t 180 AR R B
Je U BT RG22 R T BEACE B0, BAK
PRI Ny < LA AU I FF#) 3 401. 983 8 km®, ¥
H4250. 879 9 km®, J& Bk = 2015 441, J5 g LT,
% 2023 4F35 %) 3 100. 842 9 km”.

F 2e R 1990—2023 4F- A4 53 i H A B g 25
] 73 S AR . B S AR BE BT i EEAE VLT

Fd AIA] A 2 B A 5 oA X
A [a] 130 P - 0 R
Tab.4 Habitat quality sensitivity table of different land use

types to different stress factors

Jiip 36 1R F
B i
- il 1 2 ‘ ,J»R B HI _
ifHE B (ks T,
JH 3
Ji B Hb)
B 0.5 0.3 0.5 0.4
EERN ! 1.0 0.5 0.8 0.3
THE AR 0.8 0.45 0.5 0.25
B AR 0.6 0.4 0.7 0.2
HoAth A it 0.4 0.35 0.7 0.25
O 0.6 0.45 0.6 0.25
PSRN ME N
0.9 0.6 0.75 0.3
IR ST )
Pk Uk 5 Wl 0.2 0.2 0.2 0.2
AU (ke T
0 0 0
W R )
Hofth FH 3t 0 0 0 0

K SEUAR A% WA A L3 B 1 T i, B R AE i
QWAL B AR R R S B BT AR
o s s A RS BER GK
Sl e B S S M R R
S SOMER R gL A A AL T VS BREERR A iR
SR E e G I [ 16 B A N T SR v ) L
AR T S ROIR AR IR A 5 U A A B I AR
T] A5 T 000 ) L1 3 3y L, SR e KO A e p B A



5% 2 3 OB &Y

UL b R A i DX i ) AR A e X A 3 AR G I S5 A (L R e B 203

HR T 8R4 I 3t L ) 2 SR L TR] M H R
SRR R, BT A 0 A T B A A
BT3B RS o LS, TR R ) U
T A LR S A, T By K B PR A R 5 A A 8 T
A A VD VLA R4 U R AR 3T 2 A AR B
b R G T B S A S 2 A, B AR AR o
WAL . AEfE AR B A A R A B A R B
B0, 8 T O3 A EL 3 BIORE 0, A% SR BROIR U 32 T
TH S Ji 7E PR A B 5 7 A BT 28 SR AR R 8 Adb
SN FRIR AR b DX S 2 R TR A AR R
T A HAE 5 A bR AR 4 5 A ROIR N BREBRIR

5000

4500

1 /km®

500

v
=3

oy A, PR B, ME DL S8R, I B A
5. 050 , BR T 72 ] 25 - 22 Jrg 6 i 4f7 5 2 0% % A= 35 o
A 7E 3 5 SO T SRR AR X 22 M
S R AR AR TE A, A T 2 A BRI I P e
DI, 55 K A 28, A Jm BRI A 3t Y i S
078 A PR A | R A s A (R S AR AR R
3 AR AE T I R SO AT A IR R 3T 22
AT B M DX, B AR R B OIR U 32 2
P SE 5%, 7100 45 JT el b Jrg 38 X Je 52 2 A SR AR 0 A
AT MU R AR 5 R i Bk A AR
VR 5 M 3t e TS | HG A A A

4000
3500
3000
2500
2000
1500
CLILLILLILLILL
f I I I T

0
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 51 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 45

19904 19954 20004 20054 20104 20154 20204 20234

Dy
1R A 2 B0 A 3 P AR 4 BAIR AR S (IR WP WAk WA WA Wbk MR WOREC RGN W AR WO

KI5 1990—2023 AF B 52 X - i A H 26 Y £ 45 4 B3 Jo 45k 45 20 A il BRLAE IR 4]
Fig.5 Area histogram of land use types in each habitat quality grade in the study area from 1990 to 2023

M 6 T AR AR T 1) 5 W A 85 R AR
Febfdm . RS pUR TR EE RN 1) s
S5 A BT IR O b A B L IS AR BT R
BAE G AT AR B AR N T AR Bl g T
LN B & 5N =l I B A o e o L
Ui T 4 22 L0 308 B A T 90 R BK 2 O e B A5 bk 3
i) e TR A DX 5 2) 50 vl A0 A 35 o B B R R A VR
R A R IS SR . 3 BUAE VKl B b LA i
BN K AR AW e 78 O A TR AR W) sl 0 AR B, A A A
T A PN [ 15 9 A ARG AL DX P 2 b s, o it (T 43 T
e Ak K S B L Wi K e i 9 A T T 5K
a4 5 3) e PR TR [ B AR IR AL 3R
IRy AT AR 1) ARy B b 2 A A DA UK A bR
AR A AR A T AR, A8 A S T 10T 4% 00 v g
i PR L 3t 2 3 DX A At o A I i e pE R B
A M HLA 7 58 S A v BEAT A% [ 3 AT 4 1) BH SF 2%
Wb TR IX

AT AR R BUE  D) BRARSE ) p
B AR R L, BRI AR R

iy Al M AT bR M K ek FE Ak, R Bl DA A H A
/R KN N N T P N N 2 8
2) BARSF AR R o 4 R AL E
BRI A PR ML R b AT AR K SR A A A
TR R RS W BT AR AR Ol TR R K AE A
B 3) AR T s A EE R A
by P 0T A 4 T N Hh R A AR TR R MR . kAR
7 U 3 2245 5 Bri] 48 19 OIS v L 3 b R b VB KRR
B A MR . AR R K TR
TR, R I XA T A TR T . AR Ak
[H] 77 5UF 1T 20 4R B 3h K, 7 2010—20154FF- /5
5 WS- 22 14, 3% W] S AR 45 AR 4 T e A Ak 2 B
- b ) A A2 b B G A b R R 2 R Al R | AR f
GAUUE .

3 5t

1) WF5E X A 1l ) 28 0 DASE 3ib A bR oy 32
B AR AR B . B3t 5 A Ml o e i 60. 0000,
TEARMR g AR 5 R I 20 %0, Bk 5 8 B T AL



204 AR TS TR 27 2 4T O SRR 2 WO

560 %

4,835 . A ARHLAL T T & S T MR A
VARG b 25 vy Ly 30 3 R 90 265 v X3 5 o R B A
Bl 5547 MRHb ], 53 A L35 5 E R R L A 43
A AE] 45 b B S R A S . DR - R
23 [6] 434 3% H IV R il 508, & i S  43 A 46 Sy 45 b
TE A AR 5 B A 1 . 30 Z24F >, A7 MK Ml 1) B M L
by g s T | LA bR Ml A S R e 4, KRR N TR
AR A B HE AR R AR R R AR S
(BRI S L5 LA T R S N T A
K 80 A5 2 T B 4, 3R I AR T AR TR R bR R AR
SR AR R B, B N5 A TR AR RO 5 AR fE
K, FEIE 2010 F T 2 TR I8,/ aT
2%, AR TR D 3 ) Bk A AR
by S5 2 A A, R IR R W) A TR R AR
A R A R T AR Al BEAS e A AR 4 VDU R K
AR T A8 LA P AT K R K L T R 22 B X
K HL R BT K St S ket A b ) R e R R
o DS R 2y 1 R g T P Sy < B P
AU S T4 b 3 45 M X 3 30— 207 2015 4F AR 2
IOV J2E DR AT K R TT & 5, 7K ek AR B SG H n  4e
Ul 1) A2 A, 26 IR K B HE R AR b BE M R TR
5 M b 1) B T BRAE AR D | A i A T R B
K85 YT S i B v i g A DX M T 7 e 3R B
G, 2% LR Ml T RO M U 5 R b T S K R, R
HH K 3ol M T 5 M b o R 67 5 S () 4 A, KO
KT %2 5 1 X il b 2 S R GRS R K

2) FROK A ) S e, A R 2SR Tk
RS, REAE = WA sh FREAS L. A A
b X 4 XA 77 7K BT R R B R R, XA SR I K
AR AR FE M FE AN K. A b TE B 2010 4F /i % 2h KA
TS XK R A AN —8, EENR
2005—2010 4F A kb 5 50y | E AR bR | AR 3 L
B, BOE A KIS ok s EX R R A
ARHL | HE ARPR AR D AR B, B X 7 K R e AN
KB (X 322 B b B AR AR A, TP
X 32 2y AR B K IO A, I 2
BRI N R R A S & i (S S A
T Ml 7K FE M b 5 R T 2. B PR L G A
Hiy 7K 3 AR 5 e 7 K AR AR R L R AE K
B M B A AR M S R A, K A A
Wy 5 B AR, AR AR, K B A O e B
iy b TR LA bR L, 51 R R e (X T AR
A, 7K i BE 2 W Bl . A H R 2SR A K
R M N R AR b T IO R A ] - b S

RUMEERS . =K i i K2 B 2w 4 K, BAT M
JUAR A e T A0 R RO BE A A R AE L 30 2 4R
oK, 23 (8] 40 A b SR SE AR RS E |, 1 b ) 28 R0 i e o)
PR A WY R A B AE DB b AR K R
Shy 2 A KX AR B A B Bk AR Ak g
T 2% TF I Ak 7K 3 B T BRSO | 7 v O B S A AR B
T 57 U P AR 25 2 7 B 1L 3k b g AR b A LT 28
Sl i B M AR M T R AR Sy bR b YT 1 T
- 28 3k b HAth T b 3 T b 2 A Bk b

3) B S5 MO RS B 7006, 2
SV T AR, A5 1R o 2 TR S 4 2 A
R 2y . B a4 X 42.20% UL |, B =ik =
iR Sl N S VN e =10 | N R =N S T N
M AR AT PR b 4, S R BT BT — A
BERN SRl — P B 7 A Bk R KT —
Bt 3 K BT 34 BT B 11 S Ik e 45 b AT B G A SR L L
1A MR 2 A 5L, LT B S 2k R R AE AT Dk
A AR Hh AR AR 5 L TR 2 M O TR
HELE AT 5 X At AR B B X S A e 5
AN B, DT A B A 0% L 22 3 5 9 R L b ) BE
B S B SLRIC A S VLT R SSICAL o A
e RS 5 EL 3 B AR X ph oAt + 3t 78 35 FH 3t e
U5 W B | g FE T B 2 B A A . AEAIRTE AR
SF- 20 5 7 3 22 b K i AR b 11 K S B T2 T T S 4 52
T[T A2 X = A Al A R O A 2N R
PRI S5 ) 2o T b, 1 30 2 K AR B2 40 A T
I AV 2 452 1 B8 Jmd 8 SR A A3 A . 13 B PR o 43 A A%
Jai 52 M I 5 - SR [ ] 29 R A AR R SR
) 8 R A 2 IR 85 AR Ak b b b B AR e AR P
B PR 5 7 26 B DR S, b ) 28 8 3 2 o b b £
BRI . A X A AR E R AR
AR B AAHEL |t - b R P 2 R A VAR R, |
B L TR L, S B A e AR & A T
B PR AR BB N Y bR v AR

4) 7 MR H R G R R R CRITI IE Bl KL s 1)
Sy R AR IR s R S R g AR AL,
ST Hb 2B S R G AR A A RV A Bk i
eI A MR X B R DR SR IR K, R b L Al bR
Hiu A A PR TR R AR DX 8RR O i L % 4
FIVE R . JURD = 2 1) FH 28 Rk it 1 R 2 90k 2010 4F
s KA —ERRIE, 58 T PR .
B BE R/ NE, BRI R R A W 22 5% . A
Rl VEAPR B ARH R =Z,  H fhbR b R B
iy S AT K, At 28 B W) Ak B AR KT ARl fi



%2 FISIE &

G VDU LU T A b DX 3 R P e R R A 25 R e IR 55 0 {52 R DF 5 205

e R A X e A A A iR
TR SRL 1) o DX o h i 85 A8 b A — 22 A9 R . W b
P EC il P | 7 38 MR B A IR X ) R X
FERS AT b it e B 2 10 5 A PR b g VB R RR L
MK b 2 Ak, DX SRR T i T A S 5 R B R A AR
Mo R B FE N BRI D) RE G 0

5) WFSE X R A BE i ik, B s/, BT —
25 [A) S P . AR BE i AR KR S RGN B
W) Y Fh e 54 dr = E . R AL
- by 2 Y 43 A A e e TR e DS ZE B L
Je ot ER RS LR R A R
N 5 48 BIX 32 22 A M R B, TR 2 R K B
L, TR 2 3 B R R I, 8 B IR X T 22
P b b, 5 5 2, e B DX 0y H A - R FH 2
RUZH B 5 HLUR , 5 48 H00%5 G a) A b 2K 3 R o X35
A 5 R AR AL . T 2015 4F R B v S LB i 4% T AR
52 B N R R LR S SR 7 N N T S
A ARG AR R HE AR HE b AR, A AR
T PR D R BAE H b T B A 0 B AT U AR AR
& i B i AR L oy A AR U L BRI AE X
] S B A e Ak R
b At P 1) A7 M K SR AR R AR TG R
Pk BN TMEE AR N e AbR K AEAE B, b AR
A B e I A BT AR BRAE (L 2010 4F 3% 30
B R T 35 107 AR B R o s . DA e 2 0
i AF AL, 2015 4E A B b 2 3 A ot LAt A 3t K
Il 2 1) A BR ML, R A A AR L E R
BN TGS AR Ry 75 AR bR K A A B, K 8 3% .
HRCHEL |l ) AT ARCHEL K U 4 A BN TP (I 9
BAS B TR A AR R TR AR K A R, 2R B
P o R Y o R AR BT AR R
I o A5 A [ A B A A 2 P 8 e, A 2 ) 2 A
k25 S Bk R 5T X A B T S H At X
WA 25 WIS G 2 KR AE SRR
oAl b IX 5 AE NG B 5 AR AR AR B R
T RGeS A B At X N 3 B2 X I8 A
R A At X o L

B AR F L BT DA LA
PP .

SE W

[1] A bk, SRS, 0™ F, 45 . 080 L4 0 3R I A G 15
95 500+ A VI e (D). KRR R (330,
2025, 56(12): 113-126.

[2]

LI Z L, GONG ] G, FAN Y W, et al. Identification and
analysis of morphological characteristics of alpine—gorge
rivers: a case study of upper reaches of Jinsha River [J].
Water Resources and Hydropower Engineering, 2025, 56
(12): 113-126. (Ch).

FULTL, B, B AR, &L S UUL BRSO B R
By 3 s 47 07 ik WE 52 [T]. K Jy e, 2024, 50(6) : 84-
90;116.

XU H Y, ZHAO Q D, HAN P D, et al. Research on
medium and long term coordinated operation method of hydro-
photovoltaic complementary system in upper reaches of Jinsha
River[J]. Water Power, 2024, 50(6): 84-90;116. (Ch).
I TR CE S b W o AL /N R U/ S
WEgElT]. PNk T &, 2025, 44(5): 7-11.

XIA Y, ZHU H X. Optimization study on the impoundment
of Yebatan Hydropower Project in the upstream of the Jinsha
River[J]. Sichuan Water Power, 2025, 44(5): 7-11. (Ch).
ORI, FRATRI . B vb T b U U 2 K R s A A BT AT S
[T]. /KHEGBETE, 2025, 41(1): 35-38.

LEI B T, ZHENG F G. General layout design of Boluo
hydropower station in the upper reach of Jinsha River [J].
Design of Hydroelectric Power Station, 2025, 41(1): 35-38.
(Ch).

FERW, WP . HTF PLUS-InVEST-Geodector B iy =
VLR T 80 el Bk i e o 25 AR AR R R Bl Ty [T, R BB
2024, 45(10) : 5931-5942.

JIA'T C, HU X W. Spatial-temporal change and driving
force of carbon storage in three-river—source national park
PLUS-InVEST-geodector ~ model  [J].
Environmental Science, 2024, 45(10): 5931-5942. (Ch).
FOHERS, BT, R HL A, G JET InVEST #E8 FI LY £ FF
PE A b o B DA 358 0 23 5 P A —— DA AR N T A ] [T
PHAL AR B 2= 42, 2025, 40(6) : 261-272.

GAO Y L, HUANG H, ZHU L Y, et al. Comprehensive

based on

assessment of habitat quality in mountainous urban areas based
on the INVEST model and terrain diversity: a case study of
Fuzhou City [J].
2025, 40(6): 261-272. (Ch).

LI'Y, QIU L, LUO G J, et al. Zoning optimization of

Journal of Northwest Forestry University,

ecosystem service value and landscape ecological risk in
typical karst areas in southwest China [J/OL]. Scientific
Reports, 2025, 15[2026-03-11]. https://doi. org/10. 1038/
$41598-025-17904-3.

W, SRR, KRB, AL P EES R GRS B
[J]. WRIERL:, 2015, 37(9): 1740-1746.

XIE G D, ZHANG C X, ZHANG C S, et al. The value of
ecosystem services in China[ J]. Resources Science, 2015, 37
(9): 1740-1746. (Ch).

e, SR, SR, &5 BT AL AU (E Y 4 R T
M A S R GRS A T it (7] ARSI =4, 2015,
30(8): 1243-1254.

XIE G D, ZHANG C X, ZHANG L M, et al. Improvement

of the evaluation method for ecosystem service value based on



206

AR TS TR 27 2 4T O SRR 2 WO

560 %

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

per unit area[J]. Journal of Natural Resources, 2015, 30(8):
1243-1254. (Ch).
LI Z T, ZHANG B, LUO 17,

synergistic

et al. Research on the

evolution of land wuse transformation and
ecosystem service value in the Anning River Basin[J/OL].
Scientific Reports, 2025, 15 [2026-03-11]. https://doi.
org/10. 1038/s41598-025-12657-5.

COSTANZA R, FARBER S. Introduction to the special
issue on the dynamics and value of ecosystem services:
integrating economic and perspectives  [J].
Ecological Economics, 2002, 41(3): 367-373.
SERNA-CHAVEZ H M, SCHULP C

BODEGOM P M,

ecological

J E, VAN
et al. A quantitative framework for
assessing spatial flows of ecosystem services[J].
Indicators, 2014, 39: 24-33.

EB B, R, BiAR . 3T 2 ) 29 5 K-means B8 (19 K
S I A A RGNS I A R R AR Ay XS LT ). A3
4, 2024, 44(16) : 7087-7104.

WANG Y Z, YU HR, LU L. Spatio-temporal pattern and

Ecological

functional zoning of ecosystem services in the Yangtze River
delta region based on spatially constrained K-means [J].
Acta Ecologica Sinica, 2024, 44(16): 7087-7104. (Ch).
it , PRI, £, A A VLHE K 5 A 57 D e A A% R
[1]. AZ24i, 2013, 33(3): 789-797.

FU B, XU P, WANG Y K, et al. Spatial pattern of water
retention in Dujiangyan County[J]. Acta Ecologica Sinica,
2013, 33(3): 789-797. (Ch).

AoHbe, B, TR, B RV R R L bR
HEOK o ABFRAEDE ST LT]. BT A 25 4 4, 2003, 14(1)
15-19.

YU X X, ZHAO Y T, ZHANG Z Q, et al. Characteristics
of soil water infiltration in sub-alpine dark coniferous
ecosystem of upper reaches of Yangtze River [J]. Chinese
Journal of Applied Ecology, 2003, 14(1): 15-19. (Ch).
RSO, EAR L, IRk . =R AR ORI B O R ) R
—— LA R R RS e O [T vk R A, 2023, 45
(1): 130-139.

ZHANG W X, WANG G X, HU Z Y. Comparison of three
evapotranspiration calculation methods: a case study of
Fenghuoshan area in Qinghai-Xizang Plateau[J]. Journal of
Glaciology and Geocryology, 2023, 45(1): 130-139. (Ch).
R, P fes i BEHAAE | b AR D TR A A T A K AR A
TR T TSR LT]. BE £ R B ,2015,25(21):222;224.
ZHU H, TANG T T, CAI Y R. Research progress on
factors of soil and water conservation measures in soil erosion
prediction model [J]. Science and Technology, 2015, 25
(21):222;224. (Ch).

A, B . = m ST EUK R BT R 2L+
A M BE5ELT]. %4, 2002, 20(S1) : 18-30.
YANG Z S, LIANG L H. Study on sustainable land use
planning with soil and water conservation in Jinsha River
Basin of Yunnan Province[ J]. Mountain Research, 2002, 20
(S1): 18-30. (Ch).

[19]

[20]

[23]

[25]

[27]

R gk, kTR, SE . o [ Bl R A AL A A 5
L HAHE e A [T ], i L e 5 0, 2010(6) = 75-79.
LIANG E, CAI D X, ZHANG D C, et al. Terrestrial soil
organic carbon storage in China: estimates and uncertainty
[J]. Soils and Fertilizers Sciences in China, 2010(6) : 75—
79. (Ch).

Fu, R, ik, & b E e ALK R B s ] 4y
ATFEAE T[T ], M B2, 2000, 55(5): 533-544.
WANG S Q, ZHOU C H, LI K R, et al. Analysis on
spatial distribution characteristics of soil organic carbon
reservoir in China[J].
(5): 533-544. (Ch).
[0k, BRBHAE, TR R, 45 . 7 J8m I L A ek i it 5
WEAALT]. LM, 2008, 45(5) : 933-942.

TIAN Y Q, OUYANG H, XU X L, et al. Distribution

Acta Geographica Sinica, 2000, 55

characteristics of soil organic carbon storage and density on
the Qinghai-Xizang Plateau [J].
2008, 45(5): 933-942. (Ch).

Acta Pedologica Sinica,

WA, JKR 22, W . T DR 2 98 ML IX - HE K A 1
25 A5 TR (T]. s R 2 2 i (B 2% L), 2008, 54(4) :
414-420.

LIU L J, ZHANG H, LUO L. Spatial heterogeneity of soil
water of alpine area in eastern Qinghai-Xizang Plateau [J].
Journal of Wuhan University (Natural Science Edition) ,
2008, 54(4): 414-420. (Ch).

SRAENE, RUBEAR , AT, SF L 2000—2030 4F 25 B R S B ik
A AR BT A I S M R AR [T M B AT, 2024, 43(9)
1485-1497.

GUO JH, LIU X H, LI H Y, et al. Evolution of spatial
and temporal patterns of carbon stocks and habitat quality on
during  2000-2030 [J].
Geological Bulletin of China, 2024, 43 (9) : 1485-1497.
(Ch).

RIEDLER B, LANG S. A spatially explicit patch model of

the Yunnan—Guizhou Plateau

habitat quality, integrating spatio-structural indicators [J].
Ecological Indicators, 2018, 94: 128-141.

INERNTER T, 5k . HUIB A6 LBl R 53 5z 1l X 2000
—2023 4F - Hb R A8 Ak K H AR SRR AR [T/OL ], a5l
%, 2025 [2026-03-07]. https://doi. org/10.13227/].
hjkx. 202507274. (Ch).

SUN D Z, WANG F Y, ZHANG L. Land use change and

E

its eco—environmental effects in Wuling Mountain area of
Guizhou Province driven by topographic gradient from 2000
to 2023 [J/OL]. Environmental Science, 2025 [2026-03-
07]. https://doi. org/10. 13227/j. hjkx. 202507274. (Ch).

HADDAD N M, BRUDVIG L A, CLOBERT J, et al.
Habitat fragmentation and its lasting impact on Earth’ s
Science Advances, 2015, 1(2)[2026~
org/doi/10. 1126/

ecosystems[J/OL].
03-20].
sciadv. 1500052.

KA, A, B BT R RS R A Y XA
B 2s A Al gy BT (7). Hb B A 4R, 2020, 75(1)
160-178.

https://www.  science.



5% 2 3

iR &

VDV LT A 3 X e i R P 8 T B ke A= 25 R e IR 55 0 (L A 52 R F 50 207

[28]

ZHANG X R, ZHOU J, LI M M. Analysis on spatial and
temporal changes of regional habitat quality based on the
spatial pattern reconstruction of land use [J]. Acta
Geographica Sinica, 2020, 75(1): 160-178. (Ch).

FRWE, 7F &, 718 . T InVEST A58 1 4 3 A FH A% 5 28
AT X Jal ROJEE A 35 S5 A S i AF Y PLAE sl (7]

JEm R AR (A SRR, 2016, 52(3) : 553-562.
CHEN Y, QIAO F, JIANG L. Effects of land use pattern
change on regional scale habitat quality based on InVEST
model: a case study in Beijing [J]. Acta Scientiarum
Naturalium Universitatis Pekinensis, 2016, 52 (3) : 553~
562. (Ch).

Study on land use change and its impact on ecosystem service

value in the upper Jinsha River Valley
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Abstract: Using the land use transfer matrix and the In'VEST model, this study analyzed the
characteristics of land use change in the upper Jinsha River valley from 1990 to 2023.
Evaluating ecosystem service values (ESV) includes water yield, soil conservation, carbon
storage, and habitat quality, and further explores the impacts of land use change on ESV.
Results are shown as follows. 1) During the period of 1990-2023, the grassland was mainly
converted to and from forest land and cropland, with both forest land and grassland showing a
decreasing trend. Water bodies were mainly converted from grassland, forest land, and
cropland, and partly transformed into tidal flats and shoals, resulting in decrease in
area. 2) Forest land contributed the most to water yield, accounting for more than 33. 08% of
the total, showing a fluctuating pattern with three peaks and two troughs; shrubland ranked
second with a contribution rate of 19.84% and relatively small fluctuations. Grassland
accounted for the largest share of soil conservation, exceeding 42. 20% of the total, followed
by forest land at 27. 38%. Soil conservation of various land use types exhibited a fluctuating
trend with three peaks and three troughs, showing an overall decreasing tendency. Forest
land had the largest carbon storage, accounting for 40.16%, followed by grassland at
27.46% , forming the most important regional carbon sink. Carbon sequestration capacity
showed a rapid decline in the early stage followed by a slight increase. The mean habitat
quality index remained above 0.83 with small fluctuations over time. 3) From 1990 to 2023,
the spatial distribution of ecosystem service values showed significant heterogeneity. The
direction of land use conversion determined the changes in spatial heterogeneity, while the
overall spatial differentiation pattern of ecosystem service values remained relatively stable.

Key words: upper Jinsha River Valley; land use change; ecosystem service value



