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Abstract: Using Landsat remote sensing images in 1990, 2000, 2010 and 2019, land use types in the dry-hot valley area
of Jinsha River Basin are classified by combining visual interpretation with maximum likelihood, and the spatiotemporal
change and transfer process of land use types in the dry-hot valley area of Jinsha River Basin are also studied. The InVEST
model combining meteorological , soil and topographic data are used to evaluate the water-producing and water-conserving

function of different land use types in the dry-hot valley area of Jinsha River Basin from 1990 to 2019. The main conclusions
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are as follows: (1) from 1990 to 2019, grassland, forestland and cultivated land were the main types of land use in the dry-
hot valley area of Jinsha River Basin. In the past 30 years, the area of shrubland, construction land, transportation land and
water area has been increasing continuously and the area of grassland, forestland, cultivated land and bareland has been
decreased. (2) The area increase in construction land, shrubland, transportation land and water area came from grassland,
farmland and forestland from 1990 to 2019. (3) In the dry-hot valley area of Jinsha River Basin, the annual average water

3 . .
, and the average water conservation capacity was

yield was 26.09x10° m® | the water conservation amount was 7.26X10° m
68.74 mm showing a fluctuation of up-down-up. (4) From 1990 to 2019, the water conservation amount of different land
use types changed significantly, and the average water conservation amount of different land types was from large to small .

farmland>grassland>construction land>forestland>transportation land>shrubland>bareland>water area.

Key Words: land use; water yield; InVEST model; the dry-hot valley area of Jinsha River Basin
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Fig.1 The geographical location of the dry-hot valley area of Jinsha River basin
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Table 1 Land use area percentage from 1990 to 2019
5 & Proportion/ %

LA FHZET Land use type

1990 2000 2010 2019
il Grassland 37.89 43.23 32.68 28.90
Bt Cultivated land 22.81 25.37 22.79 22.34
TR AMH Forest land 23.74 17.28 20.68 16.08
HEAM ML Shrub land 4.96 1.14 2.95 5.44
U FHL Construction land 4.17 6.49 9.99 14.85
2238 32 4 F L Transportation land 2.57 2.73 5.27 5.97
#H Bare land 0.76 0.67 0.59 0.13
K3, Waters 3.10 3.09 5.05 6.29
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Table 2 1990—2019 land use transfer area and transfer proportion

2019 4F:
1990 4F ] i i il ‘ _
HH Bt WEAMM A 0 it TrAR M K H H A
i A A 14453.64 14557.32 2587.14 7260.84 328.86 834.30 601.83 40623.93
Grassland B 35.58 35.83 6.37 17.87 0.81 2.05 1.48
C 15.81 66.19 5.32 4.93 1.55 5.81 0.39
Bt A 7235.73 75119.40 36856.62 14020.29 113.40 28380.78 12473.19 174199.41
Cultivated land B 4.15 43.12 21.16 8.05 0.07 16.29 7.16
C 8.54 50.29 6.96 4.08 1.13 26.65 2.36
TEA M A 30300.48 85086.45 60173.28 24642.63 630.18 40180.05 16178.13 257191.20
Shrub land B 11.78 33.08 23.40 9.58 0.25 15.62 6.29
C 8.99 46.37 9.20 6.47 1.76 25.51 1.71
U A 2435.67 11774.97 14911.29 7800.30 109.35 1503.36 1292.76 39827.70
Construction land B 6.12 29.56 37.44 19.59 0.27 3.77 3.25
C 1.69 24.11 39.36 1.93 0.57 31.13 1.22
S IZ A 2258.28 6900.39 10485.45 2954.07 51.84 1245.78 870.75 24766.56
Transportation land B 9.12 27.86 42.34 11.93 0.21 5.03 3.52
C 11.97 23.11 40.63 12.86 1.25 7.08 3.10
Hiit A 709.56 1904.31 2844.72 867.51 759.78 733.86 182.25 8001.99
Bare land B 8.87 23.80 35.55 10.84 9.49 9.17 2.28
C 24.41 8.42 46.78 8.12 3.85 7.04 1.38
Te A M A 2657.61 45099.18 41331.06 47593.98 4294.62 94.77 14105.34 155176.56
Forest land B 1.71 29.06 26.63 30.67 2.77 0.06 9.09
C 1.13 38.30 54.22 2.03 1.68 0.99 1.66
K3, Waters A 178.20 3986.82 2763.72 1863.81 1879.20 18.63 1231.20 11921.58
B 1.49 33.44 23.18 15.63 15.76 0.16 10.33
C 1.32 27.29 35.40 2.83 1.91 0.40 30.86
AT
45775.53 169205.76  162012.96  152896.41 60657.66 1347.03 74109.33 45704.25

Area of transfer-in
FERATFIR 1990 4E1Y ¢ B LA FIZEAY, 51 FR 2019 4EHY § R L oA 2R, A F7R 1990 4R 1 - o I AUEE A8 2019 4E R L A FA2E R A T AR, B
FHERE T;B FR 1990 4F i - oA FHZSH (57 R B 40 L 5 C 7R 2019 FY § - bR A 6 ATRTAR I 43 LE
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R3 1990—2019 F£ARE T ihF| AR =Kk EFKIFEEFE/ (x10° m*)
Table 3 Water yield and Water conservation of different land use types from 1990 to 2019

" K IRIER SR

LLES Water yield/ (x10% m?) Water conservation/ ( x10% m?)
Land use type

1990 2000 2010 2019 1990 2000 2010 2019
B Grassland 8.44 9.80 3.94 3.66 2.30 3.15 1.09 1.02
HEHL Cultivated land 13.26 13.76 8.25 9.81 2.12 3.79 2.46 3.13
Fe AR Forest land 2.78 1.64 0.89 1.06 1.51 0.58 0.28 0.45
HEAHHL Shrub land 0.37 0.12 0.08 0.18 0.19 0.03 0.02 0.06
A% FHHE Construction land 2.63 3.86 4.45 6.40 0.21 0.93 1.36 2.05
Sk
*l‘]@mﬁ.ﬁﬂﬂ 1.61 1.65 2.59 2.53 0.11 0.58 0.79 0.71
Transportation land
b, Bare land 0.24 0.24 0.12 0.02 0.02 0.07 0.03 0.01
KK Waters 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 [X. Whole area 29.33 31.06 20.31 23.65 6.47 9.13 6.04 7.43

KM IE A8 EL I R B I A ORI AR 3] 1990—2019 4F £ VM VLI T #4075 X 2 4R F- #1K
TSR 7.26%10° m® , 1990—2019 4F- 4 VO YT 3 T #0458 X 7K U5 77 1t 1) A8 fb ka3 5 7 /K i A fb— 3,
LIRS e SRS AR AR B 1990—2010 4 /K A 37 i 1 AR fR R TR EL, 2000 4 T B K MH 9.13%10°
m’,2010 4F T RS ARE 6.04x10° m*, 77K it (AR 16 5 3 A 4 a4 XK IR & Ff i (R 3) , X 5T
AR WP 45ie—3, T oK EAE 2010—2019 ARG h, K PRI S5 R 2 7.43x10% m? ;29 4F3k | /K IE
AT RAERE N 0.03%10° m*

1990—2019 4F- 4 VIV T #0245 X, AR 7K PRI F7 76 25 [R] 0 A b B — 3ok, BRI TR AR M
DX g T Ll DX AER ) bR OO, G v 2 I 30 /K U 7 o v L DX e oy B S, 2 TR AR R L S Bkl ) 45
(B 7—E10) . 29 4F3% , G VDTS T 25 DX A K J5 00 SR e 00 BVARTE 3 5 | S 0 Se 1 i S it 30y A8
fhads SR IR FE6E S R 68.74 mm, FHirr 1990 4R -3 /K IR FEHE J1 R 49.20 mm , 7K U5 i 35 68 7 5 (A
T 190—336 mm , Kb IX 7K P56 77 BE 7K T 150 mm, 2000 4, ¥ /K R 55 8 1 . & 82 5, M 96.32
mm , RS TF 0—650.43 mm, 2010 =A% 2000 4F | SEHI K IR S BE /0 T 32.24 mm, i (R X 88 K VR
FERE W] T R, R A3 X S A 7K T e 5 B D Ak TR AKSF- . 2019 4F KRR FR e A BT B i, T 24 5 g
174 65.34 mm, AHEE 1990 4F, AN [R] DX 38k 14 7K 500 55 B8 77 A A R R B2 i B, 3935 00 T 16,14 mm, 1990—
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2019 4F, VTR IR R RE A s A P iy (36 3) i XU K Bt Y Tl A RSt |+ R
Fe FASAR A AL ORDI R 5 AT sh L[ A T 28 20 . 7 g 0 0 B AR > S e 2 SR R W ek a5 9
ZRIOUH K ELAT R, LR WA A XIS A 7 U T 77 i

N
A A
KPR 3 R/ mm y KPR SR R/ mm
T 336.951 65043
I 1%: 0 / %: 0

)T 4
T & B &

0 50km - "0 50km
:
B 7 1990 FHIKIFHRFRINRE = B 570 B8 2000 FKiFHFTINBEEE ST
Fig.7 Spatial distribution of water conservation of function in 1990 Fig.8 Spatial distribution of water conservation of function in 2000
A A
K B /mm ‘ K P Fe i /mm

I B 579.301 I B 645.435
1&: 0 1§: 0

o 50 km 0 50 km
L 1 z | I
9 2010 FKIFEHFRINAE= B 70 10 2019 FXIRHFRITEE =B 57
Fig.9 Spatial distribution of water conservation of function in 2010 Fig.10  Spatial distribution of water conservation of function in
2019

R B 7N [ b 1 11 2 B i 0 R T 5

1990—2019 4F- 4 VP IT J sk T HInT 453 [X 45 4= b A 2 A0 () 7= 7k B AR Ak (36 3) SR M K AR fb—30,
FRTR] = b A FH 2 78 [ AR 2 S A (o AR 5 il ) 22 A S 8 7 K R A, 430k 11.27%10° 16.46X10° m”,
LR by R FH Ml R A8 A2 i L, 53500 h 4.34%10° 2.09%10° m® , TR AR 1.59x10° m” | JEAR MR A 1) 7
IKEFEA 43510 0.19%10°,0.15x10° m? 5 i F A VTR TP 43 X A 25 & TR K 1 3—6 151, 3k
ISR P K R 2R 0,

1990—2019 4F  AS[w] A i ) FH IS Y () 7K U o0 5 it AR AR B K (3R 3) , vy, R TR AR M, | VB AR B b AT AR
L KRR TR RE S I, 28 I T 1.28x10° 1.06x10% ,0.14x10° ,0.02x10° m®, #FHh | 73 15 F Hb 01 52 3 12
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FH M 7K P58 S B8 T AN BT 25 A SN T 1.02x10° 1.84%x10° 0.6X10° m® , 52 7= 7K 5 1 51 | 7K 388 14 7K 5
FEEARLN 0, IT 30 HERAN[R] - Hi A FH 28 B0 7K P50 57 1 19 A8 b 5 HOm A AR AL a3/ — 3, 1990—2019 4, AN
[i] b 2 S- 2 K PRI 5 8 1 R /N YR SRy Bk b > 5 3 > 1% FH 3 > 7 AR MK b > 32 38 32 Hin FH Hb > T A bR b > #5 H >
7K,

4 itig

(1) A 3 A 7 =20 K DR A 75 D RE AN [] , = i ) F 28 78 32 S5 o 5% ) T 3 1T, 30 1T 5 ) 98 5 f0 4
SRR R R LS BK IR EELS . 1990—2019 4FE 4 VYT i B AT 28 X 4 F) FH LA B4 ( 35.68% ) |
TRAMHL(23.33% ) FIHEHL (19.45% ) 2 F, b7 B TE R 78.45% , s 158 L 7K 38 | 283 32 iy FH A1 A bR s 43
WIH 8.88% 4.38% 4.13% 3.62% , AT AT (5 0.54% . A [5) 4 Hiu ) FH 28 75058 157 7K Tk 75 1 19 K/ MR IR Ky
Bt b > 5 b > 218 P > T AR b > 58 38 32 i T b > VEE AP b > 4 b > K B8, M SERF R 4538 5 0 5 1 Bk
Je S RN g 2 R N R | 4 VPV I 2 e B SE, R A 0 XNV R AR A | Jafarzadeh ) ZE A )
PRI BOF ST, LA R XA BIF A 1 0 2 AR 0 220 3 SR 5 I e DX = V95 X ) 7K 6T 9 BB ) 405 SR A
AEAL,

(2) XA FH A 28 S L 28 Bl A RRAE B 40 BT, A3 Bl T 23 A 4 U0V T 00T 45 XK 506 77 D) e i 9K 2 [ 3
SRRk, 29 AEIA] Bl TR AOMRHE B A SR S e R e i R R AR RN AR A A X
S S I AN T AT L 228 5 I P M 3mSR T A M ) T R AR S R (R AR
3 328 Hin FH RIS ) T AR — B, 1990—2019 A3 [], B M Bk Ml | T AR ki R 43 50 5 40623.93
174199.41,155176.56 ,8001.99 hm*, 1% F Hb A bHb | 22 38 328 iy FH b A0 7K 358 1 40 ) 4% A 152896.41
162012.96 ,60657.66 45704.25 hm* , Horp ZEFE I () PUFRE AL 2 8] 1 80 . O M 58 Mo A7 78 A0 B 36 4, @ F v A
MRHlL— BRI HE 3k — A8 AR 32 S R 2, 2000 AR R 5K St R BHA AR T AR AR SRR 4 T/ i 3
Kt SBEMRIFTEAT Ay, SO B b A5 Sy b, T AOBRHE AR Sy B b R b, 7T St 1R B AR TR S R SR 2 Sy
M, AERE 5 AT ] 23 OB b | B b TR AR i — Sy 15 FH 5 ()0 b 1A b — 22 38 32 i FH b
@)HE 1 FHF H— KA ; @ F b FEAMHE 15 M3 i ) 32 2 JR PR T 30 AP R 3R B ok 5 f sl i 5
A% IR TR P 380 5 2 38 3 i FH ML %) 185 0 = 25T o A B A (R A, N DU R R A 28 2 R oo i B % s i I
S s K PARTET BRI N = VR A VOV I 45 DX M K FL Sty R 7K LS | AR A F il | A K Rl | VR
T T 7K FRL 3 R [ SR VLK vt 85 L HH SR 90 B RUBE K R il () 4, AR e AL M e P D ) = e vl
AR 388 T 0 = B R AR BE AR T AR AN KSR AR B TR, 5 A 450 X 2 g 15 % L A T 5 75 2R DL Y
2598,

(3) B VPVLR IR TP 28 X ZAEF- 277K 4 239.04 mm, 24 FHK TR E R 7.26x10° m*, F-H7K
VRIAFRAE TR 68.74 mm, FHP KPR IR S XTI BRI 45 ST, PR K A PR IR AR S B
B n—ps > — R AR KR R AR A S A B 2 DX KR IR . 1990—2019 4 VBT
T T AT 25 XK G 77 1 AR 28 [B) oA b HoA — 80k K I R B e S B AUk s B HE N
HEH AR L, S VDV 4 XA 7 24 K 50 5= BE 77 (68.74 mm) 5 11 XA [ K & (634 mm) BY FUAE K
10.8% , M R b IX 53 298 10.1% , FBYTHE ) Sy 21.7% , URYT. 13 Hy 25.8%—43.9% , #1131 26.5% —
37.8% , Hf BRI 24 45955, BRI 4 U0 VT $IAT 4% XA 247K U5 77 i 0 5 R R o X 32230t e
EHIXAE,

(4) ANTR) = A PSS B (R 7K D5 08 5% o A8 AL BH S, Bl TR AR i AbR b R4 L ) K D5 o 77 BE 0 T %
3> T 1.28%10° (1.06x10° ,0.14x10% 10.02x10° m* A4 | 8 15 FH b 1122 38 12 i FH b 1 7 U5 TR 55 BB ) AS I
P, 2B AN T 1.02x10° [ 1.84x10° ,0.6x10° m* , 37 /Kt B S IR , /K K PR IR B R0 0, 29 4Rk AN
[7] = i 1) FH 2 TR K U5 5 o 1) AR fb 5 FL T AR (b e 3 — 3K,
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(5) 7 KA RE T oK - SO 58 X0 Kk o, AT RAF A 8l S PPAROR 807i2 T T R RUEE AR 2%
FGRIS A ) ORI DI RE PP A AR L AR 45 o TR 2 1Bt 3K At T K 2 2R 1 3
My RATRTA DX L 45 X B i S AN A 5 T IG5k P T B X K B U o) A 8 2 A5 1 A, in 2z A 4y
FBA VB E S5 ML PRSI A S B L7 5 J] S PR SR D il DX SRS A It N, e — s R 2™
FEPAG DR 2E PRI SR 48 R I ER ' 23 i — E R A S b — P kitt 5 5838 . AP EZBIH e T
TEZWREE B FIH GIS HOR Bt WAL AN S E S VD VT A PR 45 DX AYFE R , 01 U il s YT
TR DOK IR TR RE . BFFEAE R AT N S UL B4 AL B 5 K L 236 BRI A AR BRI R 40 45
feft—E R EIE IS E M E,

5 it

PLAS VP VIR T4 X 1990 4F 2000 4F 2010 4EF1 2019 4F DU 3% BG4 R JLhl | /0 HTiZ X 30 4E 4%
HiZE B0 57284k, IR T InVEST BUTEAE 1990—2019 4F 4 Vh T 8 5] 4 XK 4% o 28 110 77 K 4 5 K
TR % B 1) B s AR ARARAE , S5 IR AT .

(1) VD TTA AT 25 DXAS [1] A b 1] FH 2 RSP 24 7K U5 77 2 118 R/ IR U R A > 7 > 158 T > T A A
> 2 30 32 i FH S VE AR > B > K 38, BRI E , DAOK TE0RA 35 04 # B2 8 &, 7R RUE B AR O 1S L, B K £
PREFMRAUK ISR SRR, FESOR R B DA REACh 32 AR EEE H R #0245 H B X — A 0 %
MAERERY | %5 AR U A “ Tt B i ( Savanna ) " AR AL —FF

(2)1990—2019 4FHAE] , G VDL I AR X Bl TR AR BRI RR b S A S s/ i 34 B Py T A T
FRASE /N | AR AR A DI AR 532 M A/ IN 17T P LA 22866 5 e 1 P L, 2 3 2 i P, 7 3R A bR b 1 1 AR AR 22
Bk o E B M, 5SS TR — B SRR TR ORIAMROR A TR Y
K HL TR AR B8 BORIGH [ TR A5 2 W Al b A FH 28 7R AR AL K R 7 o SRR AR 2R, i T 4
PRI SR DIRE , — 77 T SR AR R 55— 5 T, A ) DX I & B, Rk 2 o 9 i FH b R K F i 5
(4 BKRIASE , DR 22355 B R AR AR I R R

(3) & VP IT T I 24 XK R SR E T 68.74 mm, 5 E P HE HEIX AR LG, B8 T 5 R 0 Hh X 5
A BB E N B H XA, A T G A i B X KR SR T AR, N T AR A A &, BT DL R A VDT K
PR AR B AR 1 5 1 K TAREATANK A MR ST (8 7K GRS AR TR | b I i 50 30 B e K R Tk 75
/N, F DEM 8 5 A v VT FR0aT 25 DX A 3 B mT 0 O DX AR 30 B L ) 0—8° . 8—15° 15—25° [ 25—35°
1 35—79°%3 51 15 21.8% 20.7% 25.6% 20.2% 11 11.8% ,25° LA R 5 32% , M TREAG AR JE % &l LUK
KT 250 X Ik St i b s 5 1 TR, DA OH S AR AR I B8 |, B TR U TR 5 e

(4) G VP IT IR TP A X 4R 77K BE 1 239.04 mm , 4R PR K IR & 7.26x10° m* . N[
- R 2 AL AR A 77 A AL B ., B TR AP M | A MR b AT R b ) A VU 3R BE T B, A i T
1.28x10° | 1.06x10° ,0.14x10% ,0.02x10° m* , B Hhy | 152 F 152 300 s iy FH) ot 10 7 DR 36 5 R N B2 i, 0 1) 1
BT 1.02x10° . 1.84x10° ,0.6x10° m* , 52 7= 7K & (URE M, K A /K R IR R R 2N 0, 29 4F AN ] b A1 FH 2%
RUK P50 77 i A8 Ab 5 L AR ks 34—,
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