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reaches of Yarlung Zangbo River
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Abstract; [ Objective ] The spatiotemporal evolution characteristics and attributes of land desertification in the
middle and upper reaches of Yarlung Zangbo River were analyzed and identified to provide scientific support
for ecological restoration and protection and promote a virtuous cycle of the ecosystem in this region.
[ Methods] An improved desertification difference index method based on the three-dimensional space of
vegetation, surface reflectance, and soil moisture (NDVI-Albedo-Wet) were employed to analyze the

spatiotemporal evolution of land desertification in the research area during 1990-—2020. On this basis,
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attribute analysis of land desertification was conducted from the perspectives of temporal changes and spatial
differentiation using principal component analysis and geographical detector methods, respectively. [ Results |
The total area of land desertification decreased from 3.48 X 10" km”® in 1990 to 1.67 X 10" km?® in 2020;
however, the degree of land desertification increased in certain areas, particularly in the western part of the
study area, such as Saga and Jilong, and the southeastern parts, such as Kangma and Qiongjie County. The
spatial distribution of land desertification exhibited a strip-like pattern along the main river channel from west
to east, being concentrated on gentle slopes, moderate slopes, grasslands, and unused land. During 1990—
2020, the reversal of land desertification in the study area was primarily influenced by human activities, with
the principal contributing factors accounting for 59.1% of the total reversal. The spatial differentiation of
land desertification shifted from dependence on natural geographical factors, such as elevation and wind
speed, in 1990, to the synergistic influence of multiple factors, including natural and socioeconomic factors,
in 2020, with the impact of various driving factors on the spatial distribution of land desertification exhibiting
dual-factor enhancement and non-linear increase. [ Conclusion] The degree of land desertification in the
middle and upper reaches of the Yarlung Zangbo River basin was alleviated between 1988 and 2020;
however, local exacerbations persisted. Hence, further strengthening the ecological restoration of the source

area and enhancing sand source management and vegetation cultivation within a 10 km radius of both the left

and right banks of the river is necessary.
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% 5 IR A F 4 B HHOT B

X ANBEE/ (N km™?) AR 8

o XS R /(10" 0 - km Y AN A 8
ANEWEHE . o g = . e

X/ (10" 98 « km ™ 2) HARMAY: 8

X, LR i 43 2% 6

XsNDVI AW S 8

. X1 RN 12

WS\ oy o) fRBEEE 8

XsFf/m AR 8

Xo R E/(m® » m ™) HAW L 8

X B K i /mm AR 8

Xy H B /b AR 8

WRE y s Ty TCI

X AR/ % HAW L 8

X AEB R/ (m e s™h) EE =t




%013

BV IR BRAT < HE B JB0A VL P b i i b v (I 2 S A 20 A 5 A B R 109

2 R5aPr

2.1 HETIHhEFDETHEETK

BT 1990—2020 4F 11 W ¥0 Ak - b 22 2% i 15 45
L GETHRE VL A b U0 U O [ R EE VD Ak i I R Ak
(B 1. B L 4087l B 58 X 70 Ak 4 b g i AR
1990 4E#A 1Y 3.48 X 10" km?, W /> & 2020 4F ] iy
1.67X10" km® , RIPfL MG K A 1 300 km*/3 a /2
o Hop, 5V Ak 4 Hb v AR B A R, AR kR 4
600 km*/3 a, H1 1990 WA 1.13 X 10" km*, i > &
2020 AR 4 900 km?®, (& V0 Ak A M B ALY H A5 e
32.5 Y08/ & 29.3 %6 5 v B RV BE VD Ak - b 1T AR L2 0
AN 8 SR Ak A R TR B 43 e 1990 4R
WA 17.7 % H0 8.7 Yo hsi/NE 2020 AN 11.7 Yo 4.7 %4 5
T LA R W R VD A b AR AR R 1990 4RI
() 1.43 10" km?® , J8 /> 2 2020 4EWI0 9 100 km? ,H 5
Ak S AR LA 411 26 B2 54500,

5 | U U u U H H 15
£ 43"”“““'"U~ ------ LJ ______ H vab
= ST =
= y=0.130 7x+16.267 o
R 37 R*=0.6703 119 =
= =
] 2t 41%
A s
A BN
g Ly \/—\«_— 123 'Hé

o = 25

\gqb \99% \996 \999 qu’L qus r)p“% q’Q\\ rLQ\b( rLQ\'\ PLQ’)’Q

&

Cer OO kg =)y O gEy O Rk ---- R 8%

B 1 #STeR EERE 1990—2020 Fib L L it F 4L
Fig.1 Temporal changes of land desertification in middle and upper
reaches of Yarlung Zangbo River basin from 1990 to 2020

2.2 I BT EETN

LAy i A A5 &, AV Ak 43 2448 50 (DDD iy H A8
S, 2RV [ U5 A5 20 R VT A 3 v Ak 4 G 4R B
30 a BYAEL R, R 43 U Ak 1+ b B 2555 1k 19 45 8] 43 A ks
JR(E 2>, MIE 2 AT T 30 a FEVTH LU i 3l 1
DAL IR 5 33 7 e 3 ARAE AR JR) 3+ b v AR i B 42
Y0 A3 7 DX 3 A TR B 24 3.13 <10 km? o T FH LG 451 24 R
65.6 %6 5 3 E 4> A AR B 5T X PG 3 A Ah L L RN e B 5
PRACIX S U0 Ak in ) X888 i AR 29 1.64 X 10" km”,
TR B Ry 34,4 %6 5 3 B4 A7 A2 BF 5% X 7 3 1 B
B OHEBEE R X AR RS B B 5%,

2020 AR (B HE Y b Ui 9 3 70 Ak + b HL A5
TR V5 [0) 7R 7 45 ) 40 5 46 Jey o 16 0 60 DX ol 8 L
BEIE EL AR B L T AL GA 8 000 km? , (5 #F ¢ X ¥4k £
MR TR 48 %6, H LA S (B 3) . [F S, iF

I8 X YDA A b B A 5 3 08 I AT o A R S, I
10 km {1 [FEl . A [A] 72 B2 V0 AL T ARGA 1.02 X 10" km”
Fefilik 61% . o 3iE 1 km 3 BV Ak 1 A B 491
9.6 %0 » b A5 0 T R A I B AE A L 2 L) B v Ak T AR L
B 2 48 H N o K B PRREN [FI3E BE Ay AR L
(<I5°) (2 (8°~15°) M Bk Ik (15°~25) ¥4k + H 4y
AT AL B4 A 41.1%,19.9% A1 18.7% . AN
T 7 1 DA < o O S S e = A DR B 7B D
v AR 3 BT LA 54.1 Y0 R 32.1 %6 (4D,

B eswn [0 s 0 100 300k
[ Yo Ak i B B % o
B2 BIMEBSHTHHSRTTEASHRE

Fig.2 Spatial distribution pattern of dynamic changes of
land desertification in middle and upper reaches of
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Fig.6 Driving factor influence statistics for spatial differentiation of land desertification in typical years

VTR E OB 19902020 4F ¥ 4k + M i ) 25
PR B A R0 25 S R BT, T 30 a 5T X 4 b Vb 4k 5
W A T B R KR N R R e, 3 R I
F(PCHBTHR IR 59.1 %0 » Bd W T4 F By Y3 v T
YERCRC 3 . Zead Z 9 W25 AR B PG 9 A 36 X 18 Ak
T AR 0 i J3 U8 g S B 1 S AR RN Vb Ak - b T
TR U B 5 45 S0 2 B %o 5 g A VL o b 3 9 L 4
THZE S, T 20 a A B 35 (NDVD LA 0.02/10 a 281k
PR B K VAT B AL T R AR R X
AEVL Ui U B 0D Ak - b AR Ak 08 T R A X AN

550 1 —— ERK — W/EIFH - - BEH
500 -
=t 4
g 450
HLHH
~N 400 -
p: N
350 | »=0.293 9x-149.25
R’=0.0028
300 L L L L L )
1990 1995 2000 2005 2010 2015 2020
&
28 —A—FEYYRE —— W ---BEH

»=-0.002x+6.500 1
R’=0.0106

2.6 p
y

24 F T TT T TR -

KGE/(m s

22t

2.0

1990 1995 2005 2010 2015 2020

F 4

2000

HE 7, BT (PCHTTERFE N 11.4% . ARG
RS R N T AR AR SE 345 1 (| 7 L HE TR R
BT 30 a FE/K 5 0.3 mm/a Sy, —J7 | bR
BRI HE AL T A R K 4 A0 3 — T T R K 3G
Al AR E K SR F AR R 0.03 °C/a P B
LT Oy AR 2 R, T A, O £ v R A
W5 5 — 7 I, O Al Ak R R R 5
2 DR B 38 Bl A8 A L B R S B O, AN S BT B
GENLKTESh Z R LR ] R SO VL T b U O 3
- MDAk 1 R S

Il r —— FHRE WEEY —-- Bl
10
@)
P
r
9T 1=0.034 5x-59.49
8 . . . . . )
1990 1995 2000 2005 2010 2015 2020
F
557 —— HXEE — WIHTH --- T
= s0f
el
I
= =-0.258 2x+566.42
HE 45t R=0.4448
40 1 L 1 1 1 )
1990 1995 2000 2005 2010 2015 2020
F

B 7 ML LR 1990—2020 £5ETL
Fig.7 Climate changes in middle and upper reaches of Yarlung Zangbo River basin from 1990 to 2020



112 K R E

545 &

oAkt b s fa) 43 S v R 2 A 1990 4F 3 A VT
b R BT Ak b s R g3 A S A7 e R b P A
AAGH A AR A 1Y 52 L 5 E A B 9T 4 e A L
ARG AT RE VA B T 9T X A B AR Gl A A T ARG
VPR M DX VDA A )2 A, BRI R £ R
A X K SR 2 K AR TR 5 200 m DL XK,
RER Pl U 4 R AE IR 5 200 m LB K BRE, 3T
30 a 52 N2 B R A5 AR Ak i WUE AR L 1 58 X 70 Ak
- Ml ] A A SR B B A AR M R O T, I 2 ]
F ORI AE . 2 2020 AR, BF ST IX V0 4L 1 M
23 (8143 52 RGGHE R 7K v A L Ik 3 R A % A 2
RIMLRG R, 25 B 52 1 {EB T 0.05~0.06,
TR 1) 2 L 25 9K 3l 7 O SR AR FH 52 e 7 Ak 1 i
(4 223 [8] 43 A o BB B) A7 6 DM R8O . i B 4 0 2 A1
28 HAE I 25 5 PR R R A8 B XV AR - b s ] )
AP S R SR e LN QLI DI L L
&0 JJHEFF AT 3 B 43 B = B (INDVIL & A2 N
JAGHE DA B v B V38— 7=l = 2%

qfE
0.18

=

M 4

I
—
[ %)

5 A 5

D4
(=]
(=]
(=)}

£

=
=3
S

XK K KK K K K K Ky Ko Ko Ke Ko
W5 A1
B8 ti#ik=momEHRFIEERAZEASIT
Fig.8 Statistical analysis of interactive influence of driving
factors on spatial distribution of land desertification
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