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Changes in water retention function of the Yarlung Zangbo River ecosystem and

identification of its leading influencing factors
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Abstract: The Yarlung Zangbo River Basin, a typical area characterized by ecological fragility and sensitivity to
environmental changes, boasts diverse vegetation and plentiful water energy resources. Water retention is an important
function of ecosystem services. It is important to study the spatial-temporal distribution characteristics and influencing factors
of water retention for the water protection, development , utilization and comprehensive management of water resources in the
region. However, previous studies have mostly focused on the runoff response within the river basin, neglecting the water
retention capacity of various ecosystem types within it and the contribution of different water budget variables to retention

function. To accurately quantify the water retention capacity of different ecosystems, this study verified the applicability of

BEEWA  FRR T ARS8 (52125901)
rfs B #:2024-06-21 ; W £ tH A B 48 :2025-01-02
# MIRFEH Corresponding author.E-mail; wanggq@ bnu.edu.cn

http ://www.ecologica.cn



3158 xR 45 4

the VIC model in the Yarlung Zangbo River Basin and quantified changes in water budget variables. It quantitatively
evaluated and analyzed the changes in the water retention capacity of the ecosystem over the past 35 years, compared the
water retention capacity in the basin according to different ecosystem types, and included water variables in the driving
factors combined with the geographic detector index to identify the contribution of factors. The results show that; (1) The
study area’s climate conditions exhibit trends of warming and increasing humidity. During the 35 years, precipitation
increased at a rate of 7.01 mm/10a, and vegetation evapotranspiration and surface runoff depth increased at rates of 6.15
mm/10a and 4. 81 mm/10a, respectively. However, there was no obvious trend in groundwater runoff, vegetation
interception ,and soil moisture. (2) From 1980 to 2015, the water retention capacity of the basin exhibited a yearly
decreasing trend , changing at a rate of —0.02 billion m’/a. The upper, middle and lower reaches conserved 7.175 billion,
8.101 billion and 8.242 billion m’ of water, respectively, and the entire basin could conserve an average of about 23.518
billion m’ of water. (3) The geographic detector results indicate that increases in precipitation and evapotranspiration are
the primary factors influencing water retention fluctuations in the region, contributing to the overall decline in the Yarlung
Zangho River's water retention capacity. The above changes in the water retention capacity of the ecosystem indicate a
decrease in the water support function of vegetation in ecologically sensitive and fragile areas, which should be taken

seriously in regional ecological restoration.

Key Words: The Yarlung Zangbo River Basin; water retention function; water budget; VIC mode; geographic detector
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Table 1 Parameters of the VIC model in Yarlung Zangbo River Basin
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2 23
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Fig.2 Runoff validation of VIC model in Yarlung Zangbo River Basin
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Fig.4 Water retention changing trend of the study area
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Fig.5 Spatial distribution of annual water retention and its changing trend for each five years
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Table 2 Statistics on water retention in different ecosystems in the upper,middle and lower reaches of the study area

AT Bsia Upstream F1iiF Midstream
Landeover type T HFEHE e T HRFERE ) FEES
A,/ (7 km?) WR,/mm WR/(fZ. m®) A,/ (Ji km?) WR,/mm WR/({Z m*)
4¢ M Farmland 5 109.53 0.54 14 119.15 1.62
Mt Forest 35 167.37 5.78 129 149.70 19.38
1 P 15 5O High coverage grassland 88 174.62 15.29 78 149.96 11.65
Hh 7 25 R Medium coverage grassland 138 170.37 23.53 144 170.11 24.54
{7 55 FH Low coverage grassland 152 175.51 26.62 142 168.03 23.83
At Total 719 159.48 71.75 720 151.39 81.01
o B
Landcover type A B Ty A I FERE B
A/ (J3 km?) WR,/mm WR/(fZm®) A/ (J7 km?) WR,/mm WR/ (fZ.m?)
A% [ Farmland 2 117.89 0.29 0.21 115.52 2.45
b Forest 296 120.81 35.75 4.60 145.96 60.91
=7 35 5 High coverage grassland 296 104.61 30.96 4.61 143.06 57.89
FP7E 35 5 Medium coverage grassland 16 142.36 2.28 2.98 160.95 50.35
R FHHH Low coverage grassland 75 174.79 13.14 3.69 172.78 63.58
&t Total 704 132.09 82.42 16.09 147.65 235.18

A;: Area of ith ecosystem; WR,: Water Retention cpacity; WR: Water Retention
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ARG PERE R IR B2 R B — 52 A X K IR 77 RE ) B STk e T 20 B, 0 S 2 RN 3R 3 o, A52R&
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RTINS A2 PR v B KRR TR R /K URUER 77 52 Wi ) T STk IR 1, AR 0 23510 0 0.42 Al
0.40, ZEHUL SN ARIL | S K b i K IR IR B 04 SRR B B P2 R 1240 0.38—0.39,
VEAEB LA B RAE N 5 ,NDVI B g {E24 0.34 7P AT SRS N 1R HEA 2R 6, T3 RE 55 3 2 vog 7 O it B
TR 0.16 F110.27 , 15k W 7EHE & A VI ekt 1 30T 7K IR e 7 D BE A2 A1

®3 BEFMIIREUKEBEFRINGEE—RHEFEZESIT

Table 3 Statistics on water retention of different ecosystems of the Yarlung Zangbo River Basin and importance order of single driving factors

R B (1922 KB 1 B qfH HEVEHET
Factor classification Designator Driving factor Unit q value Importance order
HJE % Terrian factors X1 Slop (°) 0.02 10

X2 DEM m 0.16 8
FE#HE 3 Vegetation factors X3 NDVI - 0.34 6
S A5 4L Climate factors X4 Pre mm 0.42 1

X5 Tem C 0.03 9
KA Water budget X6 LULC mm 0.40 2

X7 Eva mm 0.38 3

X8 Rs mm 0.30 7

X9 Rg mm 0.38 4

X10 SWC % 0.38 5

Slop: ¢ ; DEM . £ = B Digital elevation model; NDVI: JH—fbAE#FE4L Normalized difference vegetation index; Pre: 4 YIRE TN & Mean

annual precipitation; Tem: AE YA VR B Mean annual temperature; LULC: M 3 55 258 The land-cover; Eva: 4F 1Y 7% B & Mean annual

evapotranspiration; Rs : HIZRFHIR Surface runoff depth; Rg : Groundwater runoff depth; SWC ; F-3#/K 7% & Soil water content.
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Fig.6 Variable interaction detection ¢ value based on geodetector
X1:Slop 3 ;X2 . DEM BU5 = F#H 8 Digital Elevation Model ; X3 ; NDVT JH—{b A #35%% Normalized Difference Vegetation Index ; X4 Pre 4E3
[4FHH Mean annual precipitation ; X5;Tem 4EHJIEJ Mean annual temperature ;X6; LULC #1367 35257 The land-cover ; X7 Eva 4E17E K
Mean annual evapotranspiration ; X8 Rs #1424 Surface runoff depth ; X9:Rg Groundwater runoff depth ; X10;SWC 1 /K435 Soil water

content.

4 e

ARMFFEAEFE T VIC BEHAE 1 220 1 7K 3 05 S 728 e 1 SR At 356 K o S iy 5 5 380 10 Y 97 33 A 7 D5 3
BRI ZAEEYE R 235.18 42 m’ , 5 LIAEA 78 H = VLR X P 24 K TR R 97 6 o 24201 42 m’ 38 R A
I R AT AR P S AR AR E VIC BRI SR, A A5 2 45 00 A VL k45 350 o K ol S AR
5 BN IR KRR IR DI RE IE A DL 0.48 42 m’ 1Y 3 B8 SB AF I W 2536 . A IR G0 0 A A 9 S5 A 2 L F 5
DX —— B T 58 DX ) 7 T 35 e X S 2 (W e R A T T AR AT, TA A B K RIS A 28 1O R ) 3 380 T T U
DX KR T % B AN 2 SRS A — 3, YA TR ICR R K I A7 B = IR AR S R Gk 4y
WAFERE ST, R B WIR X [ 2005 4F LUK G BOK IR SR A BT T2 SARB S5 ietH  (EA3 0 A,
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T i TSR A R SRS TR X K S e UL A5 SR 2 IR A 22 S L 28 AP I, 3 AT RS AN () A A
WO ER 2RI IR A B MR T 2R P LA R B A e . AR R B9 VIC AR R — A Bl 2 ol 1 od
PR | ELAT i (4 ) LA | REASRE U A (Il i At A A 5 W Mk Bl A 7 D B - S 2R W M BR
P BT —E ok 2R Y R [ IR 47 il — = 18] FE - 087 1K S~ AL, T S8 0 S 7 7 8 s I A A A AR
G 1 555 XA v RN 8 | EL O IR I 20 i BT AR 3 L RSB AESE T, LA VIC AR i
TR | AR R D ) 4t 2 A8 A o A 257K S A A W) 17 5 TRT A 5 R A DL 34, R B A 1 R D K 10 T 7
Xt AR BN Bl S A AL M 7 A AN 2 1

ABEFERI LSRR MRt MRS o A R 2 PR I BE R I AR S R, R B R AR s, ik
RARE AT 30 {574y, W AERTSER W, AR A R GE BB R A AR AR e 3t 01308 el B A 558 19 TeR SR RE T, T
R E S R FR R AR ™ A I E R — 5. X5 20 a2 AR AR M A E PO 7E 23 X 1Y & J o
A A ARG A B ST R R, LA 10 A PR AR 1) e st e A S, BRUAR TP i AT A — R RN S AR A A A
PRI TR SN , 75— E R B LA B ToK IR IR i i i ey, SR T RO AR S Bk i 3, b b iR
IR TR RE STV BIEAH 22 A K (H A XA 22 5 W1 I, HLLA Pl i 20 S v e K i T3k 143.8 42 m* ; Ry
25K 104.4 /2 m?* 5 BRI/, 22 540 56.32 4 m®, kR0 22 S 5 HE VT A A AR 0 9 U LA
B 10 225 ) 3 S PR B DDA G Ll e (9 i A B Ao B — 3 PR Aoy AR AL B ot P S BBCHOK IR SR 8 ) 5
(] 22 S PR/ T P i 5 R R B LR R AR e o NSRBI ] ., S8 TR I 22 5

ABIEFER N, T ORE VT A K UEEER 57 BE /) 2 B DR A e A A 28 A R RIS I UIAR G . LATEBEXT
PR 2R AR A5 IR SR DI BE A B Bl 23R A 0 B 25 SRR W] /K R 28 HIUA S 52 R AR DK R R 5% B 7 114 F 2 0K 2y
IR, ARSI A R — 20 RIRASSGA N KRR R ) A8 A0 5 R KA AR B A 3, 3 Uk R 2 2R
8 — 7 T2 F TRV S A AR o A B R A, LA S BIE S I B DA B B SIS LA A v bR i) s ) e A 1 O
SRR MR BRI v | RO 14 kSN AL A% 1 0 I ) e /K A8 i S 2 I B AR 30, AT T
PARTR , 2R TAERON K PR AR T 5 53— 7 T, B /K S T i SR AMZ R H 3 8 I AR B A8 O SR .
H RRERN B Il 2 T EUK IR A SR A AR sl pl D a3, X — A AR R 3 A A AU 55 X ALK
O3 AR DI RER BRI, 70 XA A 5 d el v i Y S R EE A

ASBIRFE RIS ARG S 3t T A e % A 2 R SR IR SR D RE R TE B . M N AR TR AR Kl i R R R
BERIH T SRR R XK AR AT SKZ R KR . MR K PEERS A SRR 7
YA F KR (AT T AR ) A8 B, AT PR IE AR 25 R SRR At /K ZEAT5 A B8 E K JRBE T, (AR 7R AR 25
e 55 SURRIX AR A A T AR N E R 5 () ARG DN A A 5 B X /A R0 % 18 DT R AR TR AN K, SR T ik
THIBAE R BC A R P AR PN AT 22000, DR A i 2 O BIE 5, 732 08 32 BB A9 1) 55 WL A0 L B A
BERNIESFE R LR FE UG LA SRAB B S A AR 2SR YE 553 DX AR /K DECR I F 5 (A B A S

5 #ig

(1) VIC A5 AL JEAR VLI 8 P A R, A 4B 30 A K o S AR RS B v, 7F 35 AR T, i i 3k
(K B AR AL R R 377—566 mm , [RIIF LA 7.01 mm/10a (4728 4k 38 R 36 K R 258 IR i 2 42 i TR 1 48 K LA
9 6.15 mm/10a F1 4.81 mm/10a AR ZEIG AN, i HL AR AR B A B A - 5K A 30 A . 1 AR fh R 3, Ui BH
R A 3G N F2 A E T 2RO R R AR I 7 A

(2) 7E 1980—2015 4F:[H] , Jiidsk i 7K IR A 77 g 1 2 B AT BRI 1 AR fh e 3, AR AL Rl Ry 329—424 12 m® 2%
HHE AR H-0.20 1 m*/a, b A RIS FE 71,75 .81.01 .82.42 12 m® 7K &, 4 U B F 2 1T LA 5% 24
235.18 A2 m’ By 7K i , A bR b AIG S5 75 25 88 19 5 b T R 0 1 T 77 K B B g, 43l g2 60.91.63.58 42 m*,

(3) FE KR M 42 L TR ) B — AR A X AR T3 5 ) 1) 7= A SR AR, R 143 310 0.42 F10.40, FR/K AN
FETBR 1058 15K 28 2 R M 12 i DX /R VR0 % R 1l ) 2 B2 R 3R, G ) S 80 1 5 e A VT /K DR 77 T A A /S ¢
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