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Fig. I Location and basin of the study area
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Fig. 2 Variations in water yield in Qinling Mountains
from 2000 to 2018
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Fig. 3 Annual average water yield and basic geographic data in Qinling Mountains
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F1 FWEREFHER. BA. TEESEISKE
Table 1 Average elevation, precipitation, proportion of underlying surface and water yield of each basin

in Qinling Mountains

ek SRR /m SFHIRE K /mm B H /% 4477 /K it /mm
TR 2 3742.05 687.28 0/6/90 141.15
KA 5Pk 3153.08 613.09 11/35/51 77.65
T AL, T 2084.54 564.90 31/24/42 57.06
TR FEAG Ik 22 Rl B 1702.31 743.37 6/65/29 166.12
TR PH 223 0 1371.40 699.94 18/41/39 85.87
Tl 2 = eI X ] 1083.33 653.91 20/49/31 95.23
ST R/ INRE X 1] 878.91 596.95 23/36/40 59.14
aaat) 882.27 718.47 32/45/19 149.02
SR ZE AR B T3 X ] 341.31 675.06 34/23/39 185.51
RS Ae il 499.01 774.53 43/38/13 238.41
B AYLAMRIT 3 3123.93 849.83 4/43/52 380.18
I 2061.77 1019.32 11/71/16 632.97
JUIoCHAERL E 2032.98 653.49 20/36/42 93.18
WL 2080.98 805.42 12/57/30 274.00
PRI 1134.33 1217.35 32/49/19 590.96
JTOCHAE AR TR 1322.71 983.36 23/56/20 401.45
HIERHE TR 1069.97 1069.20 21/68/10 459.57
FHTALL L 993.80 859.18 22/45/31 231.00
JE ] 536.05 892.00 29/59/8 288.21
PHLE LR 775.30 911.63 12/83/3 280.03
HE BRI+ 543.51 1057.67 14/80/3 438.51
a b

>z
>z

" b L
g = AL =it
i s UL G T A = s )
= OREE TR — WA = MRS — g O 100km

Fl4  2000—2018 AEZ2 A X 7= /K IR 55 A Ak a3 K e ShRL

Fig. 4 Spatial trend and stability of water yield in Qinling Mountains from 2000 to 2018
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BRAE, WA .
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Fig. 5 Area proportion of spatial trend and stability of water yield in Qinling Mountains
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2.2.1 MM

ZISHIX Pk AR SRR . WGl SR FRK . SEPRZERE . NPP LI NDVI
AR AR AE 0.01 FU Y AR K- A AHDG ,  S4m S 1 AR B 3A7E 0.05 ZU0 Y B4
KOS ARG (F2), P /\Fh [ 28 B g A BREh H AR R0t — 20 e A0 ek &
SN2 18]35 o ARPEAHICTE A EE SR mT i, 55 K R AR A B 1A DG 1 R AR R
Ml Sy R BN/ BEZKEE>NPP> T > KGE>NDVI, 577 /K AR a3 B ARG IR 52
My e KBNSy s SEPRZE >R S > TR

®2 HEXMESWER

Table 2 Results of correlation analysis
IR A TRLEE A LI Vs Rk ZEHC NPP NDVI
MXRE -0.0737 0.066™ -0.143" 0.097" 0.935" -0.426" 0.196" 0.012"
e "FORASEMESE 0.01 EREE; FRMIEMELE0.05 FRE .

2.2.2 HoBHAA BT 43 By

3 A, GWRHELAZE R AlCe WEUE S8/ — 3L (OLS) fI&45 R+ AlCe
M 2ZZME RT3, LU GWR L OLS LG4 R, B 47", GWRBIAIALIE Rl
09117, BALGM ARt/ (OLS) [RIEFRIE S T 0.0335 4 5fv, K E T2
[P R Y GWR AR Z8 00 1l DX 7™ 7K gt A 4EL A 0 B i T 4 S AR, T DB e M i A 45
PRI X 7Kk s A Y Jmy S R

%3 OLS5GWREHELZRxfLE
Table 3 Comparison of the results of OLS and GWR models

RIS EL AR ELEN] ATCe HRZEAN T 75 22 Sigma R FZIE R
OLS 57 3197 0.3461 0.8784 0.8782
GWR 7Y 1812 0.2952 0.9134 0.9117

A 6 AT, GWR B ZE R 78 X 5 1015 R BORN TR, S et AS [) PR 28 A AN [ A 5
DX P VB FH 3 B2 A A 22 1) o BRI 9 IX = /K AR fb IE s 8 %, ek IRl R ECR B
R K PR R 1) R B E S IR B, o R AR LTS R 43 A 72 0.37~1.08, FEMIAR K
S A R TS R, UK Z KR SCPRZE RO X K AR
ARV 8, SEBRZE HCE 19 [ U5 R BRI XA R (e, 1A R 5O A3 il o A
FE-0.64~-0.29 Z ], FEZS (] LXK s ma 2 300 il s AR VA mI i, mE s e,
VA Z2 08 v R 0 b X S PR 28 T P A IV E R R A B o A SR —PEAE = 01 (NPP) X
FEAK R B B e A 25 St IR R A R R A E, AR AR TE B AR 7E-0.10~
0.03, X 7= 7K 4 52 i & BA 7 23 4 U0 R P B 40 b IX 80k B mI R0, FEZRUA ) vh
R B IX BN IE 18], HEAR R NPP IR B R A/, A KEIEARH . H—1k
HBEFEEL (NDVI) XERFST X P2 K AR A p= AR I SR TN, 2 22 P AR S A 40 A R AE o
A1) 22 B0 AR A Bl AR AE-0.11~0.06, Z2 U4 T [l X 38k ND VX 77 7K 2 05 22 30 A 55 1)
URENVER, ANCAE 25 04 R 3 A0 v i 38 0 i DX e BRI R/ T o TR e 9 IX 7 /K AR 1k
FERIE MR, (AR5 b X RN R AR SR, 1013 R 5y 28 A o A
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Fig. 6 Spatial distribution of regression coefficients of influencing factors of water yield

TE-0.18~0.32, FEZUA ML IX b P4 AN ZR LR LK, A5 B B A9 P KA SR ot .
FEXS =K AR A R RN, HSR R, BIH R 7E-0.22~0.24, FERFIEIX %
U4 ZR A b DX AT PG G 53 1l X e B Ry ik R VR, At il IX R B B2 Gy il R o
IR IR B X6 T 77 7K B S i AR R A B B 3l R BUE A, IRl R BGE L 3501 -0.12~
0.2 F1-0.26~0.16, FEMFFE X XF 777K (8 52 10 T BH I 114 25 (6] o A AR, 2 AN SR 4R rh
O, HSZm G

R4 TIHL, ZIEHLIX 7K &2 [k R R R, BRI 2 110345 km?, i
TR LR 38.55% A2k 3 1 X E 2 AR oA TR0 M X il (1817), Bl 7K
ORI, E 8 AZFK 5, HIR ANPP (18.34%) FISEhrzEfiiE (16.71%), SEbr

*4 FSEHERFEERALL
Table 4 Area proportion statistics of driving factors
ERHR RiE7K ZERE NDVI NPP AUE LEEIE fi1ES A
THAVkm’ 110345 48194 7307 52508 8046 31401 13111 15345
AR 5 L/ % 38.55 16.84 2.55 18.34 2.81 10.97 4.58 5.36




2516 H % % | % i 36

ZEHE £ X M T RIS ki
X, NPP F 3 X 40 T 58 X AR b b X
FPGACHL DX, 150 B K o A5 Y DX,
NPP H1 52 s 7% FC i A2 5 W) 7 7K 1 32 22 A
. SR NDVIL, SR, IR A
TERFSE X BT R R AN, 2

T UK R

SIARTER A FRAL RPTLBIX 361K 0 e
PEOKRARSECD BRI I Nt s
#5552 2 PN ZR R o — iy O 100km

WRGCAT AR 7 AL 0 FE7  ZRUEHLIX K g5 B UK s R K s [ 4 A
SRR 251k . PRI T Fig. 7 Spat;al?distribution of dominant driving/f;jors of water
Z F R FAF (K5), Hrpzp yield in Qinling Mountains
— B S 0 P R AR
TRUEC A Bl 171 300 DX PR A0 =1 Tl 28 /NYR G DX ) = AN, HoAth i sk iy =7k i A8 fh 22 22
F RIS AR, ZFEK E R RS HARTLAIRYL T . 8L, | ookl
L EERLARVLI S, A2 PR R T U R SR 2 | R ERH
R, PHIOLLE, ZNDVI ESHFiA . MNREZRERE D0 TR E . FEEXE

x5 FRFZRERHEZERALL

Table 5 Area proportion of driving factors of each basin in Qinling Mountains (%)
T Rk ZEE NDVI NPP S LTI RTy TRLEE A
bE ST 2.75 0 0 79.16 0.00 18.09 0 0
FELIA Sk 0 0 0 5.90 5.54 88.56 0 0
T EXGWELL T 0 0.22 0 0 23.61 61.81 14.36 0
TEAT S X 2 Rl BH 0 99.56 0 0 0.44 0 0 0
TR Jal PH 22 73 ¢ 0 62.16 0 0 0 0 0 37.84
AR E ] i e ] 0 0 0 5.59 0 0 0 94.41
=1 e 22/ NRIE X TR 0 0 0 100.00 0 0 0 0
antat) 0 0 10.28 53.03 0 0 0 36.69
/IR RS 2 A4 el 11 T3 DX [ 0 0 100.00 0 0 0 0 0
ERCAPA N[z 0 0 69.68 30.18 0 0.14 0 0
FATLAR LT 97.23 0 0 2.77 0 0. 0 0
TBIL 100.00 0 0 0 0 0 0 0
JTonmfE L 29.08 0.79 0 20.86 8.33 20.79 20.16 0
T 100.00 0 0 0 0 0 0 0
YT 92.09 0 0 0 0 7.91 0 0
JToEME LR TR 53.83 46.17 0 0 0 0 0 0
HEETS TR 65.90 33.59 0 0 0 0.51 0 0
FHLALL | 33.63 36.76 0 22.50 0.42 0.10 0.05 6.53
JE A 8.44 0 2.93 88.63 0 0 0 0
FHLOLIF i 70.31 0 0 29.69 0 0 0 0
HE 2R R 98.37 1.63 0 0 0 0 0 0
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Spatio-temporal variation of water yield and its driving factors
in Qinling Mountains barrier region

WANG Xiao-feng'?, FU Xin-xin’, CHU Bing-yang’, LI Yue-hao®, YAN Yu’, FENG Xiao-ming'
(1. College of Land Engineering, Chang'an University, Xi'an 710064, China; 2. Shaanxi Key Laboratory of Land
Consolidation, Xi'an 710064, China; 3. College of Earth Science and Resources, Chang'an University, Xi'an
710054, China; 4. Research Center for Eco-Environmental Sciences, CAS, Beijing 100085, China)

Abstract: The Qinling Mountains region, an important water conservation region and ecologi-
cal function support region, as well as a major ecological barrier in China, plays a critical role
in conserving water resources. Based on the data of meteorology and land use, this paper esti-
mates the water yield service in the Qinling region based on InVEST model, and uses spatio-
temporal analysis method and geographically weighted regression (GWR) to discuss the varia-
tion characteristics and driving factors of water- producing services in the study region from
2000 to 2018. The results show that the average annual water yield in Qinling is 235.16 mm,
showing a weak downward trend in 2019 with the highest value (470.17 mm) in 2003 and the
lowest (75.57 mm) in 2007. The spatial distribution of water yield gradually decreased from the
south to the north with obvious "stepped" distribution characteristics. The change trend of wa-
ter yield has an insignificant increase and decrease (95.99%), and a small number of regions
with a significant increase are formed at higher altitude in the Central and Western Qinling re-
gion. There are obvious spatial differences in the fluctuation of water yield in the region, which
present a trend of "higher in the north than in the south, mainly with medium and low fluctua-
tion and strong fluctuation in the northwest". The influence of various factors on water produc-
tion services has obvious spatial heterogeneity. The study region is dominated by precipitation
(33.18%), which is concentrated in the southern part of Qinling Mountains with more water pro-
duction, followed by NPP (17.90% ) and actual evapotranspiration (16.71% ), which are the
main influencing factors in the Central and Northern Qinling Mountains. The research results
provide theoretical and technical support for the safety and sustainable utilization of water re-
sources in the Qinling region.

Keywords: ecosystem services; water yield; spatio- temporal heterogeneity; driving factors;

Qinling Mountains barrier region



