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Driving mechanism of water yield in the ecological and water conservation zone of

east Tibet and west Sichuan province
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Abstract; The east Tibet and west Sichuan ecological and water conservation zone, a notable ecological vulnerable area with
low anti-disturbance capability and climate sensitivity, is located in the northern part of Southwest Alpine Canyon Region of
China. It is important to study the spatio-temporal distribution characteristics and influencing factors of water yield for the
water resources protection, conservation, development and utilization. We simulated the water yield by using the Annual
Water Yield module of the InVEST model, mainly based on the data set of surface cover products, climate, bedrock depth,
soil, and topography from 2000 to 2020, and analyzed the explanatory power of the factors contributing to the spatial
variability of water yield by combining with GeoDetector (GDM) , and for the factors with ¢>0.1 were introduced into the
multiscale geographically weighted regression (MGWR) to analyze their influence on water yield in different geographic
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locations of the region, and the spatio-temporal variation characteristics and dominant factors of water yield were obtained by
using the Theil-Sen trend analysis and the Mann-Kendall significance test, and in the meantime.Hurst index was used to
predict the upward or downward trend of water yield in the future for a short period of time and the fluctuation level of water
yield during the study period at different spatial locations was assessed. The results showed that; 1) the spatial distribution
of precipitation and water yield presented a distribution pattern of “higher in the east and west, lower in the middle” , the
greatest amount of precipitation in the Minjiang River basin, the greatest amount of evapotranspiration in the Jinsha River
basin, and the amount of water yield in the Nujiang River basin was more than other three basins. 2) except for
precipitation and evapotranspiration, the main factors affecting water yield were climate factors (annual mean humidity and
annual mean wind speed) , topographic factors (DEM) , soil type, vegetation factors (NDVI and NPP) ,and social factors
(LULC and HAI), especially precipitation, evapotranspiration, DEM, NDVI, NPP and surface cover type were the
dominant influencing factors on water yield. 3) There were sirong synergies between precipitation, DEM and HAI, and
strong trade-offs between evapotranspiration, NDVI and NPP to water yield services. 4) The water yield fluctuation level
was higher in the southern part of the region and in the short-term future, the water yield showed a decreasing trend in the
95.30% of the study area. 5) Increasing the artificial vegetation coverage blindly should not be the primary solution to
increase water yield in the region, and the priority was to pay attention to of natural forest protection and rocky

desertification prevention.

Key Words: InVEST model; water yield; spatial differentiation; geographic detector; multiscale geographically

weighted regression
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Fig.1 Geographic location of the study area
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Table 1 Data Sources and processing
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Data type Data name Unit Time span Spatial scale Data source

ER:y e Rk & 0.1mm 2000—2020 4F%H  1km hitp ://www.geodata.cn

Natural data R EE i 2000—2020 4F-% A lkm http ://www.geodata.cn
Mk 0.1mm 2000—2020 4F%H  1km hitp : //www.geodata.cn
IA—fbAT AR 2L — 2000—2020 “Fi% A lkm hitp : //www. geodata.cn
HRHE T T gCm~2a”! — 0.5km https : //Ipdaac. usgs.gov/
B A m — 1km http : //www.gscloud.cn
ez ° — 1km FH DEM 25
ez e/ — — 1km https : //data.tpde.ac.cn
AR m — 0.1km https : //www.nature. com

[ARES VeI Hh BT T — 2000—2020 4 0.03km http://zenodo. org

Social data Hb DX A= 7= J6/km? 2000—2020 4§ 1km hitp : //www.resdc.cn
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Table 3 Impact factor classification and statistical methods

432 K5 K+ [i%=2 Stk
Factor classification Driving factor Designator Statistical methods
ST Climate factors Pre MGWR
Eva MGWR
Rhu X, GDM+MGWR
Tem X, GDM+MGWR
Ws X GDM+MGWR
T3P F Soil factor Sot X, GDM
HuIE [HF Terrain factors DEM X; GDM+MGWR
Slop X GDM+MGWR
HE 4% K F Vegetation factors NDVI X, GDM+MGWR
NPP Xy GDM+MGWR
23 F Social factors LULC X, GDM
HAI X,0 GDM+MGWR
GDP X GDM+MGWR

Pre: 4E 3% i f Mean annual precipitation ; Eva; sE 7€ H{ % Mean annual evapotranspiration ; Rhu ; 443 J# Mean annual humidity ; Tem ; 4F- 35
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Fig.2 Spatial distribution of precipitation, evapotranspiration and water yield
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Fig.3 Spatial variation in precipitation, evapotranspiration and water yield from 2000 to 2020
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Fig.4 The g values of single factor detection
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Fig.5 The g values of interaction factor detection

322 PUKESFERNRFEXR

N T K S RN RN R 5 (¢>0.1) Pk Z [ ZS (R SG 2R AR 000 R -1 74 A4
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Table 4  Statistic coefficients for MGWR and GWR

il 2000 FHETTREL 2010 FFGETTREL 2020 FELEiH R ERCEWI B
Model Statistical coefficients for 2000 Statistical coefficients for 2010  Statistical coefficients for 2020 Average statistical coefficient
MGWR 0.869 0.863 0.9 0.877

GWR 0.615 0.604 0.656 0.625
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Fig.6 Distribution of regression coefficients of main driving factors

http ; //www.ecologica.cn



9530 JAE = 44 %

IR 55 1 5% M) 32 0L Ay SR SR 4 TF 1) VR FH , T 26 8% \NDVI i1 NPP i 91 L1 S50 (9 67 1 4 1 . 2000 ,2010 1 2020
AR FEIREH N R 577K RS2 [0 6 R G5 AN TR 20 7R )1 P 3B IX, 9K Bl R 28 5% i 7K SF- 2 B i 500
14728 ) 5 S 1, B3 OGS 772 7K R 55 114) S Wi 7 4 FR 300+ 0 36 199 L ) 800, D0 HEAE AT 5 DX AR G Y 3t 3 e DX 3
VG Bl 72 0 8 5 28 H0 A P 5 X VG S YA A 2 v b XK 7 7K IR 55 W ) 7 1) A P A KG9 R XLt 5 7 /K
IR E RO 22, S 1] DL Z AN T 5 e B2 9 1 )V FH A PG B A Y T RN 4 VDV T SR 8 oy 3 2R Ve T
JCHS AN A VP VT 3R SR AEAE 7 A s NDVI NPP X6 7= 7K R 45 (49 5% A P ARLB, 726 e 8 oo LAt o e M1
HuIX, SRR LR ] LA Z W (E 7 AR MR T ek , 3 %o 7 K IR 55 10 B0 ) SN A7 A, T BRI R A, AN ) T
NPP ,NDVI 7 & VP TT 388 AR SR AFAE K R 577 7K Ml 5 56 RN IURR IX 358, HLZE TR Ve VT3 8, NDVI 9 17 ) 7 F
B T NPP s A6 sl 5 7= /K R 45 1E [ 86007 36 22 H BRAE IR VT3 350N 4 VYT R

MR E | AR Se e N T HILE GDM 4815 MGWR 00445 R p R PIUFL BE BRI 12 ek | &

SR T AR SSIR R XGEAT HAT 78 MGWR AR AL 485 5 rp R BN, T LAAR SO =35 51 s 32 52 i ]

FA7%, % T LULC Joikiz [ MGWR i & 520 S K B AR K B 28, H GDM 45 R iR ¢>0.2, T
DA HMA FFHEERE T, SRR ZEBUR | m R  NDVI NPP Fl LULC & A 52 Mo 58 4R -1 | PG 11X
PR E SR,
33 PKERENSFESFEMENELR

AT 20 AFJEAR-1| PG M DX 77 K AR S AR RS R R 4y
S anE 7 frs, Co (HA T 0—1.33 Z[a], ¥ {H K
0.22, MIEFSKE W98 X =K R Ph g 4r , I sk

B BHIKF-

S F AR = AN A EE 4 TR 32.40% .36.32% ,20.71% |

8.469% M 2.11% , ABFS K B, 55185 e 5 5 D s 4 X — i

TE T A Y VT S 4 VD YT AR A A A A AR T, A — P o  240km
HiIX A A, A, Akl 8, A LS T Bk LULC W 7 —

§b 7ok B SR 22 ) B R 51K 450 87 O smensh
SRS, Hrh ME SRS, K S Fig.7 Spatial distribution of Cy grade

SRR LA L TR BRI s AR AL AR g LA L TH FR
H7 FEAR R T [ 328 77 100 B 2 (A Bl K S RRARG 5 W6 R ONDIVIE Al NPP = b 32 S 3K 5l R 25 s {8 X AH WG A8 X M 36
FEK B R E MRS 2R B RE TR I L X, Pk R E MR 22 . £ L TIE  FEROK BN R LR B R R
Ik NPP A% NDVI FARAY DX, 77 K S I K A M 22 FE AR A B IR TR I H 3 0] 3k £ [X 3,
it
3.4 ARSRFEHIN K AR AT

AHFFE A2 F Hurst $8 5506 A H S 1] P94 -1 PG L DX 7= e A 7 J00 | L3 () 43 A 285 SR A& 9 Fieos , H A
F0.13—0.80 Z 8], HARKEHNAE EFHEF(H>0.5) 59 X3 m AL S AU 4.11%, Wil b iR, it
ArcGIS 10.8 B #aFA T E5 A Hurst F8E0HEAT B N30T 5 I, DFFE DX AR U AR R VT3 3800 43 bl DX A e 282 1 Tt
TR HAA 2.92% fHARK T BEFIHFEE T B 35 DX TR o H ik 95.30% , JL-F- 348 T AT IX
FEZS )L PP 7K AR A N R B R R R B 3 5 B K 1T BRI ZE HIOK -1 LT3 ANAT 43

4 e

4.1  F IR E T XS KRS R

GDM F1 MGWR £5 58500 K, A SR P25 7 K Bl 55 B i KO i FAt & &R LABR K ZE B il A AR
FH AR TR 3R S 5 AR - ) | DG 1 DX 7™ 7K IR 55 149 223 ) 43 AT FNAS R B, AR R IR K ZEBIUR 5 77 7K IR 55 1E
23 (8] b B oA AR A LR — B0, 3E7 K IR S5 25 (8] 3 A 1 75, JH S (B DA 201 78 PE AT ) e v

http ; //www.ecologica.cn



21 4] ERRDE A5 AR P AR S HEP R PR R X K B S Sl L 9531

Wk B IR

20 40 60 80 100
B R VA — LA R L

(=}

{&— 5 Low—high

20 40 60 80 100
A 5 Ee Proportion of area/%

[ =3

0

(=]

20 40 60 80 1

(=}

e E ]

WeshkE

[ RS
L] sespahasfh
[ hsseshish
] smmahisik
[ e

20 40 60 80 100
R Proportion of area/%

(=}

8 FAEBOELZEETSEAZTUTERSLLL

Fig.8 The area proportion of water yield Cv grade under the change of dominant factors
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Fig.9 Spatial distribution of the Hurst Index and future trends in water yield
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Table 5 Land cover transfer matrix from 2000 to 2020

Bt b HEAM HH K35k N b RigK i Bt

Gropland ~ Woodland Shrub Grassland Water Snow/ice Barren  Impervious Total

Hi#h Gropland 1339 626 734 2650 35 1 44 13 5441
MH Woodland 801 38213 8020 22764 74 27 2457 6 72361
AR Shrub 482 5558 14598 17049 43 28 1850 3 39611
B i Grassland 1272 14179 14126 117720 249 1186 20392 19 169142
JKIBE Water 63 119 101 671 180 7 54 0 1195
VK E Snow/ice 0 27 45 570 2 1009 1051 1 2706
b Barren 20 1003 806 8805 25 1093 17053 0 28804
AN K i Impervious 36 14 17 101 2 0 3 19 193
A3t Total 4012 59739 38447 170330 611 3351 42904 60 319454

4.2 W5 SRR AR
SECAS - )1 7 M DX MBI AR AR B R AR S R G B 2k, 3T InVEST AR KR BE R AL A9 A 8 R 58 IR
- Ihhe, HOKS FEARMERS 2 I0IE . 76 = v Ho L X Rl =5 AR = o) 1 Rl 33 358 0 7K 6 7 7K i A I 78 2 AN ] Z 1)
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