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Fig. 1 Overview of the study area



951 SV« HE R0 T 7Y b X K U TR D i 5 A S Sl i 191
Y SE BN AR A R G . ISR AF B A & 20 0% R THAARE AOTE BETHBE

4 4 B , NJE T Bl i 5%, FLA 25 IR E B >4
b A A R B B () PR AR ST 7Y XA
Z G55 T REAE AL, 2 AR K IRER 3R O T, X K
BERAUALAE FE A B A BSOS

1.2 HRF=*

121 AEKRBITHEFZE

N2 248 B N800 S X AR S RS
el P 28, 76 8 B AN AT By T B A Tz
PEY NI AR AR R R A TR
B PR T Fps & et HA B2 Y AR SR
A N VB A TRIET G (I RNk B AL 5 4
0% 0 RTIL ARNE SFHI LY SN Y RIS (=4 G
Gy, A NS SRR

HF =1, + Ly + Iy + Ly, + Iy (1)
Kb : HF R ZAZ 00 N I N2 R il 48 20, (6 55
R 0~50 43, 431 R = A 3R NS0 o e 5 1, 3R
TRIZAG T PN 1) b R FH 28 705 i 528 BRU(E O~
105 7, R 7N ZAG TTIL I N 0 N 1 %3 5 52 e i J32,
15 0~10; 1, 72 /< IZ R TT TG Bl N (8 78 TR AT 516 52 e 528
JE  BUE 0~103 1, 278 1 A8 03 [l P9 38 % 1) 5 1] 52
& BUE 0~10 I, 72 78 A8 T0 0 1 PR R 1% 1) 52 T 54
JE U 0~10",
122 AEFEIFEREFENRE

+- MR AR AR AN 2RSSR TRt b2 2 (0 5
BTy AR B [ A 2 S e 205 By ik J3E e 1A%
W F o AR SCHES 25 SCRR LA 17 X6 4% 1 iR
FRZSRI(—2 502 J S W ) N 2056 Bl i R/ NitEA 7
IR, B =, AR A RIS S R (R 1),

N 5% By 6 AR A T A R R, RV
TEHE AR NS T V% J5 00 X, N %% B AR Tl 2
BRGIREREIN T B A AR SCLER 5 I
PUHL X 247 A 1 8y, DA P b X 2010—2020 4F A
1% B BF 5% B0, P AN RN % R KT AT
RAE

TLIAVAT D5 B I S0 2l o B () 3R AIE , AT AR
422 1 N2 F b, T DATE A oAt 38 s 10— 2 i
B NG Shom o T 7 b X R R AT O A S, 2
BELEIRAERN T A5 M, Ry T U S T P b X4 i
KT OGER B R/ 2010 4R E] KT SR 0 iR R 45
Be 2545 53 R 0, H A 22 (8] T S Y DX 3 43 1 10 4>
R RE B FR P ERR RS, A T34

Table 1 Assignment of Land use type,
population density, nightlight
LAY M {43
o T JE R 10
Bt 7
b
K3k
L8
RA
>1400
250~1 400
70~250
36~70
30~36
0~30
0
69~150
34~69
16.6~34
8.2~16.6
4.1~8.2
2.2~4.1
1.2~2.2
0.7~1.2
0.5~0.7
0.0~0.5

A A

—_— N W W

AR/ - km™)

—_
(=]

S = W w9 O

AT e fE

—_
(=}

[ \C RS SO e N I

AR AT Y6 TT oA, 4 ArcGIS 10.2 Fh il 20 504y
FT7 PR 2010 4F A 73 B 10 45 9%, IFAH AT 10
A BMEAE bR AERE 2015 45 12020 4 A9 72 (8] £T 65K
PR

TH I R X 2 Ak 2 e R AN T B ) A
43, XF NI Bl () R R B A A TR, AR
T, it 5 3 5% 1) R 30, V4 7 A 1) [ 4R 9 (A R e
15 Y AR 22 T R, X R A SIS RE . AL
B3R T sh W 8 R, 8 S 0T X8l 55 R 11 A e
AR BE R, DT 52 1) A DX 383 BBl PN 1) 26 2 i
FE o ABIFSE TR PG b XN 28 2 38 7K | A SOKE I
R SASFGIATRE WA, LA R T
TH | ELTE R A 2N B N B T 2 11 i R R ) i
BB N 5.5 km, il I RV TE B 043 SR ZE v X S
I N BN 3 O AU B S ISR v (P NS S
5 5 1 R 55 AT IR AL . 2% v IX )3 % 1) 0N | T
B P N 2T Bl B R, W A 5 B =z b s, T
E RIS o X Ah 3, AT DA b s AN [R)
NS Bl R, DT 43 BT 0 R A AR IR 15



192 ik

[

%44 %

Wi o iz 8 A P A R B R X AR 25 TN, T3
AR 3.5 km JE [ A, FR T AR B {6 A0 R A R e K
Ja RO A2 8 1R A, DR IR 38 52 s B A

Bk T P9 BB AR P fE 3.5 km NPT L AR R AE
m#k2,
*2 EERBE
Table 2 Assignment of Road and railroad
FEES/km
TH R
0~0.5 0.5~1.5 1.5~2.5 2.5~3.5 3.5-4.5 4.5-5.5
AR 10 9 7 5 3 1
E=Bi1 10 8 5 3 1 0
il 9 6 3 2 1 0
i 8 5 3 1 0 0
HAbi 8 5 3 1 0 0
i 8 4 2 1 0 0

SRS ATT AT PG b XN 20 o)y 5ik B s 25 AR Ak
FRAE A4 HFEE X AT sl B R4 T 40 24
RAEHLIX (0<HF<4) , B ARAE HLIX (4<HF<10) , 1 {H
HiL X (10<HF<16) , 55 i {E b X (15<HF<20) U M 5
5 BE 4 [X (20<HF<50) .

1.2.3 KiEEFINEEEL T

InVEST #5780 ( A= 25 2 40 M 55 FIRUAS 10 25 4 Al
) F T 3E AR K 2% L B AR OR3P 6 R WWF 3 [F]
Ko ERYRE UL TR R SR 8 BUAS [F] £
MR E 5¢ R A R G0 b 22 A T i AR, 3F
il NG S0 b A >, 3@ 2t InVEST A
() 7= K AR B (Water Yield ) 3433 — X B i) 77 7K
I, SN BT b A A ek 2 2R R Y 25 (B R
K ARG R e 2 AR Y
Rk i, O 48 85, 1 3800 A K SR R
B P K G AT IE AR AR K IR 77 i, AR5
AT .

AET,
ny:(l_ p Aj)xp.’c (2)

Ky, 30K 7 28 R O =R A x 17 K
AET 375 j 28 TR FH 7 20T A o 0 SEBRAFE 25 HE
3 p e x BIT AR [ K i

)X min(l’ 0.9 x TI)X

Retention = min ( 1, 3

Velocity

: Ksat -
mm(l, 300)>< Yield (3)

_ Drainage Area (4)
Soil Depth x Percent Slope

L H : Retention Ry /K IR 3 i (mm) ; Velocity A it i
FHGK N IR FKZE (mm-d ™), RIS Y
FRL RN AR B T AR R T OB R K,
Drainage_Area 57K X W& 4t ; Soil_Depth 4 1
R (mm) ; Percent_Slpoe WY H 43t
124 WEETEBEHEXER

25 8] 15 R G2 i it DX sl B 5T b o ol P 4
o B — @ 5 AR X T b ] — B4 U
{ERH DG AR BE A S B AR A , 45 4w 23 1] [ A DGR
#R 23 [8] § A1 5¢ , 22k H Moran's I #l Local Moran's /

REH R Moran's ITRECGTE AR

S0, (x, - %) (x, = 1)

n
ZZw” Z(x,. -x)

A 1o R 4 JRy 25 TR H AR DGR n Sl A 8K
i, 78 MR 5 1,00 W% 5t Jy 38 25 (8] [ AH DG 4
B IBE R, -1 RIFAESRGE RS 5 A5G350
SR I AU 5 B R OC 2R, Herh 1>0 HOBGE T 1, I3
WA S R G0 R 55 5 N0 sl o B 2R 30 b Ia) O &=
P[] 32 K 5 1=0 , D) 350 B 790 5 A = 30 Sy AU 3 1)
K F 5 1<0 FLERE T T -1, D0 156 B R 3 B AT G 2R ik
.

TI

I= (5)

1.3 HIEERIR

ARG B FE T P Hb X 2020 4F A9 K i Y
ARG R R R R A A (R
3), FERVE T B R 5 £ [ (http : //data. cma.
cn/) , 7€ ArcGIS GBS 2125 (8] 4 A i 162 . &
A 2 R B A 5 v AR B 1ok A b R e E
TR BB 22 8088 o0 (http 2 //www.resde.cn/) , + 3l
I FHZE RV B AL 45 2020 4F 1 1, T2 H T4l vy
Hi DA [R] 4 R FH 2SR AR S RSk 55 DD fig iy 22
o AR T A FEER EE S5 AS
RGNS EEZ MR R . T HEEE £ 2 Adh 1
S8 Jo by A A B R A L O T B L RO
(HWSD) H iy i [ 3845 L, 38 4o 28 5 15 217 74 b
X 398 b 5 TR BE () 25 (0] o A A BT 2, 2L
T AR 5K MRS, NH%E
B ok A R A B B R PR BT R A g oo



5513

FRWCREF A = H 7R 18T PG 3t DK A 57 D) RE -5 I 1 2l i JE 3 A

193

®3 HIEkRFESLE

Table 3 Data sources and processing

Hm el A6 S Bl Hedi b ¥
SGHE rp S5 8 9 (http:/data.cma.cn/) Rk SFRESIR SFRIR AE ArcGIS R B2 23 ] 43 Ml 141
XA | H R A Z
A v RL2E B B IR R 2 A P (http:// LRI A E TR
LSRN Y E www.resdc.cn/)
IR 5+ BB 2 (HWSD) AR AR AT BT AT B P 4 X -3 T S+
SRR B 11 2 (1] 43 AT AR 11 )2
UNEEE v RL2EBE IR PR AR 2 R P UNEEYi
i K Open Street Map TH A Bk {71 GIS Tl VI B 22 vh X, JFIRAE
(http://www.overpass—api.de/index.html)
R NPP/VIIRS % [AI %] 6 £ 4E (https://eogdata. BT e EE R AT FNER Y , et A iy Ak

mines.edu/products/dmsp/#monthly)

B ZR I B, A5 2 DX e o

(http: //'www.resdc.cn/) i 13 %k 55 75 21707 P4 b XA [
A R B2, EE AT AR R IHE . A
K4 £ 25k A Open Street Map, ffi F GIS M HiAth
BT IT 38 BB , AT 80 L0028 R E g SR
A o BIRNAT 6 4 >R F DMSP-OLS il NPP-VI-
IRS PR [HAT i sl

2 FHRESMH
2.1 UEMK A KRBT AHE

2010—2020 4, Y] P4 1 X (4 N1 3y B 5 4
FETHESE R 2) . 2010—2015 4F A5 S KA
R, 2015—2020 MKk 22 . NI K] 53 i oY
b X PR AE K B T B A S BE | I AF R 26 FE I IR E
XS BRI X T — B o o DRI B

8 R SR

5 | ks A 6.98°3878 L 250000
631
01 200000
i z
N 54 o)
% q 150000 §
2 A
7 o
3 100000
2 =2
E 2
50000
1 -
0- Lo
2010 2015 2020
i/
& 2

XI5 e /%

701 66.8

() DX 7 bR b BT i X AIRE X
) 5 FE M 2010 419 66.8% T B 2 2020 4F- 1 50.9%,
BT DXk 22 B S RIS SRS S s 35, DA 2010
AE ) 18.0%, /NIE R BE 2 17.7%, i J5 X BT =
19.9%, A 1 X6h o4 X Ml XN 28 3% sl 5 1) 1 T
BB AT AT O A X B S E X
DL R e A DX A 0 AT v 1 a3, 2010—2015
AR TP X e L DA g DX B N 2 A2 i 4 il
BT 4.6%.2.7% F13.1%,2015—2020 4E P X
A R (EL DX R XA N2 AR B I K T
2% 1% F10.7% , 34 AT Pl %% . 25 SRR W, £ 10
AFTA] 0] P M IX B AN ZETE SNV R TR
A NRTE B R R E R AE 0 . UL, B
JEE e NI B A 45 SRR R s b T B ) E, IR
B Bsp ) 42 it ok I 45 N 20 Bk A SRR SR AN R
SO, DU 25 2R G MER A ] 34 R

A X

AR X

B E X
50.9 EREREEKX

2010 2015

4y

ATV 3 XN R 5 B DX o L

Fig.2 Human footprint intensity and regional share in the Hexi region
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Fig.3 Spatial distribution of human footprint counties in the Hexi region
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Analysis of the spatial and temporal evolution of water resources
conservation and human activity intensity in
the Hexi region of Gansu Province

Zheng Chengwei'?, Deng Xiaohong®, Li Zongxing'?, Xue Jian™*, Ma Libang',
He Juan®, Lu Shuxiang’, Shao Jianxiong’, Cai Shiyu’, Zhao Peiyi’
(1.College of Geography and Environmental Science, Northwest Normal University, Lanzhou 730070, China; 2.Obser-
vation and Research Station of Eco-Hydrology and National Park by Stable Isotope Tracing in Alpine region / Gansu Qil-
ian Mountains Ecology Research Center/ Key Laboratory of Ecological Safety and Sustainable Development in Arid
Lands, Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, China;
3. Institute of County Economic Development / Institute of Rural Revitalization Strategy, Lanzhou University, Lanzhou
730000, China; 4.University of Chinese Academy of Sciences, Beijing 100049, China; 5.Gansu Yanchiwan National Na-

ture Reserve Management Center , Jiuquan 736300, Gansu, China)

Abstract: A thorough analysis of the spatiotemporal patterns and relationships between water conservation func-
tions and human activities in arid and semi-arid regions is a necessary prerequisite for the scientific implementa-
tion of regional ecological restoration and water resource management. Employing a combination of the Human
Footprint and InVEST models, quantitative assessments were conducted on the intensity of human activities and
water conservation functions in the Hexi region. Additionally, spatial relationships between human activities and
water conservation in the Hexi region were analyzed using bivariate Moran's / and other methods. The research
findings indicate that there has been a trend of increasing human activity levels from 2010 to 2020, with an over-
all pattern showing higher activity in the southeast and lower activity in the northwest. The average water conser-
vation capacity per unit area during the period from 2010 to 2020 was 8.64 mm. It showed an upward trend from
2010 to 2015 but declined from 2015 to 2020. The overall spatial distribution displayed a pattern of higher conser-
vation capacity in the south and lower in the north. The bivariate Moran's 7 index for 2010, 2015, and 2020 were
0.292, 0.277, and 0.348, respectively, indicating a significant positive spatial correlation between human activi-
ties and water conservation service functions.

Key words: human activities; water conservation; InVEST model; spatial autocorrelation; Hexi region



