51 % 2 ) HbBR R} 2 Earth Science Vol. 51 No. 2
2026 “F2H http://www .earth-science.net Feb. 2026

https://doi.org/10.3799/dqkx.2024.134

FIRILEBEAELRBRAXEINEE
SINGE B R B g R o R E

A ERES R BLEINLE O
2,3,4, ),’i"ﬂ_JJ 4S’/rf\%%3,4,6,78,§§§%7E\_2,3,4,5

K ERFAEAIESR,EGHE 710054
CKEXFRFIELNAFR, KT HE 710054
KERFESASKBEARIL, &G L 710054
CKERFERE A FAAFHRR, & B E 710054
CHEHRFABEELERE GG % 710054

KR FARAGRILFER, G &% 710054
FRUETFTALEASHBEHRFHREL LT, B HL 710054
RAFEZRAEASKILERZEATEZRE, REGHRE 710054

@ H
m\%

OB N TR ACTE VY R B EIE S AR S R G R SR A R S HCGRAE AR IS S0 5 InVEST B RT AR
B RGMRSS VIHE, T 20 a ZR WS JLAE T 42 Be A\ 2835 3l 5 4 25 R e IR 55 i 2 A L, 6 2% — 3 TR IR SRObE B I 0 2 1) STk

FRAE . 55 R 35 20 afF 5T IX. i FNER (e S5 G N 200 Sl 5t B IX T B4 304 K T 5.99 £ A 1.85 4% . AU 2l 5 B 42 o5 1) IX )
EER 2 Lo <oy A S = O O PN s ) Ry e s 1= R A/ 3 2 a1 ) - e o 3 Lo | W N AR R b N T R
JRP . A dE AR S R G KRR TR | AR R R i i 32 B0 N 2 B 1 R i R R A 055 L AR MR BT AR T 5 AR B R A
J 3% 2 A8 Ak 2R NG A U AR L XA SIS TR Sl 5 B Y B R 55 T AR B R RO AR E M L R0 LTI A M OC R A7 A B W TR 4
AR . 28I B — AR A R G IR S5 DG IR AR AE 1y B R 28 04 A i X b B 981 43 DX, AT ARG U AR 28 04 AL T 4 g A\ b i 52 3R B X
(<<853 m) ; A {0 i 2 4 X (853~1 105 m) 5 A i B 81 BUR% X (1 105~1 576 m) AL M R P45 X (>1 576 m).

SRR TR ISR s N ZIE B AR S RSSO R M H A M P R 4 X

mESES: PI0L XEHS: 1000—2383(2026)02—432—14 W5 B #8: 2024-12-23

Elevation Gradient Characteristics of the Interfeeding between Human A ctivities and
Ecological Environment in Xi “an Section of the Northern Foot of Qinling Mountains

Wang Rui"**, Shen Yanjun®***", Wang Lei', L.i Chao®, i Shaojie', Mu

2,3,4,5 3,4,6,7,8 2,3,4,5

Qingyi***°,Ning Yibing , Xu Panpan’ , Peng Jianbing

1. School of Civil Engineering, Chang’ an University, Xi’an 710054, China

EE&TH: IR E LUK H (No. 2024YFF1306502); % [ 25 ) 2 3 4 501 H (No. 42341101); £ 22 K rp e i &% 0 55 5 45 B A 00 B
(No. 300102263401) ; 74 4 115 25 W b 7 L1 K Ak ) B vb — R Ak £ 97 5548 52 T8 F 351 H (No. 2203-610100-04-05-321562).

EEB N E5(1992— ), 5 @I, EENF A+ TS TREMBEH . ORCID: 0000-0002-7794-358X. E-mail: wangrui@chd. edu. cn

* BWAEE 1%, ORCID: 0000-0001-8109-4819. E-mail:shenyj@chd. edu. cn

IR Eh, %, £, BN, B BE I, T 2K, R B, AT, 2026, Z8 0 A0 E (V4 %2 B ) N ZE T 3 15 A 25 PR AR ) U 4R L
RHAE . M BRFLA:,51(2) :432— 445,

Citation: Wang Rui, Shen Yanjun, Wang Lei, Li Chao, Li Shaojie, Mu Qingyi, Ning Yibing, Xu Panpan, Peng Jianbing, 2026.Elevation Gradient
Characteristics of the Interfeeding between Human Activities and Ecological Environment in Xi ‘an Section of the Northern Foot of Qinling Moun-

tains.Earth Science,51(2) :432—445.



5 2 ) TR AU LA (P BB ) A K B 5 A FRE 1 4 b O 433

. School of Geological Engineering and Geomatics, Chang'an University, Xi'an 710054, China

. Academy of Qinling Ecological Environment, Chang'an University, Xi'an 710054, China

. Academy of Yellow River Sciences of ShaanXi Province, Chang'an University, Xi'an 710054, China

. State Key Laboratory of Loess Science, Xi'an 710054, China

. School of Water and Environment, Chang'an University, Xi'an 710054, China

. Key Laboratory of Subsurface Hydrology and Ecological Effect in Arid Region of the Ministry of Education , Xi'an 710054, China

. Key Laboratory of Eco-Hydrology and Water Security in Arid and Semi-Arid Regions of Ministry of Water Resources, Chang'an
University, Xi'an 710054, China

0 N > Ul W N

Abstract: In order toelucidate the impact of human activities on ecosystem in Xi 'an section of the northern foot of Qinling
Mountains, the spatio -temporal evolution of human activities and ecosystem services in the region in the past 20 years was
analyzed in the present study.The human footprint index is adopted to quantify intensity of human activities. The InVEST model is
used to evaluate the ecosystem services. Their spatial correlation characteristics are analyzed from the perspective of altitude
gradient. The results indicate that the area of high and relatively high level human activity intensity increased by 5.99 times and 1.85
times, respectively. The areas where the intensity of human activities increased were mainly concentrated in the plain area of
Zhouzhi County, the control zone in front of mountains and the four main valley roads. Urbanization, highway construction and
tourism development are the main reasons for the increase of human activities in the northern foot of Qinling Mountains. In the past
20 years, the water conservation, soil conservation and carbon storage service functions of the ecosystem in the northern foot of
the Qinling Mountains have been gradually weakened by human activities. Their stability has improved. However, habitat quality
has become more sensitive to changes in human activities. The increasing intensity of human activities in the low mountainous
areas weakened the stability of habitat quality. The coordination areas between human activities and ecological environment in the
northern foot of Qinling Mountains can be divided into four categories: intense conflict area of human-land relationship (<853 m),
unbalance area of human-land coordination (853~1 105 m), sensitive area of human-land coordination (1 105~1 576 m), balance
area of human-land relationship (1 576 m).

Key words: engineering geology; northern foot of Qinling Mountains; human activities; ecological environment; ecosystem

services; elevation; human-land coordination area.
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Fig.3 Spatial distribution of human footprint index in the northern foot of Qinling Mountains from 2000 to 2020
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Fig.6 Change of human activities in the northern foot of Qinling Mountains from 2000 to 2020
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Fig.7 Spatial distribution of ecosystem services in the northern foot of Qinling Mountains in 2020
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Fig.10 Spatial correlation between human activity intensity and ecosystem service function in the northern foot of Qinling Moun-

tains in 2020

60 F  ——20004 —-—- 20154F @ L-H
| = = = 20054 20204F @ H-L
sob & ---- 20104F @ Non-signficant

40

30 -

KR F7(%)

20

10

1 2 3 4 5 6 7 8 9 10

TIRFF(%)

1 2 3 4 5 6 7 8 9 10
AN 1) ¥ A5 S
B 11 ASFEEH B - HFI-ESs 4% 8] 8 5 E
Fig.11 Spatial aggregation characteristics of HFI-ESs in different altitude gradient belts

FPG L DX 2 04 U RE N b B R OB IX, N 2R TE B
FE b DX 3851 A8 b X A 25 3R B 1 R M ) B Dy
& WET IR, 2B E) A O A D BE 52 B FE R A B
AR Y S [F] 52, i 55 AR S 5 Ah = IRk 95
AE 4 23 (8] 73 A A7 78 22 5, QR AR AE A BB ik
LR ANRES SAEBRRERF AW
XUAZ 7 Moran’s | 4 %5 Fifi isf [] 22 4k B8 A 40 1#1 12 e
AL LUVEN,ANRED SSRGS Z A 20

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10
AN [R i 44 b P

BB B0 SR DG G & L 7R IE 20 a L, N 28T 3 5 /K IR
TSR | DR R M e 8 ) S0 G Y S B ¥ D55
Mk, LU EBRGER AR5 e B AR
A4 5 ) R R 2 T e 5, B A 2 AR G RO AR E VAT P
T

EAR R 2 L 20 a BN ZRTE 3 5 A4 5 B
Z 8] (4 SR SR AT i K, 3 I A 05 o A X N
2y 748 Ak 2 B S I BORR . AR B IO A Y B AR AR A7 3



4492 HiEkF#  htp://www.earth-science.net %51 %
J—— 4 ZRUAILHE (P62 BD) A ML DR 4 X

LT Y I 20 a % I 3t A (75 % BE) A 26 30 98 e 1 K

E -0y ik {4y D3R AT LA 53 A S, — 2 A A 9 7o A 26 A i 9
- —_—— -T 13 5 e N YN e Y,

éﬂm-""méﬁﬁ B vy DX (AR R A ) & B i DX L A o A v

O Hlpe e $ 400~900 m ) , Ik 551 b Rl e I Il 9 % B S % X

ussl T B3R T 1 BRI 5 2 P i 3R AR

T T —— O 35 MO 7 X (B £ B U A B 0

) 3 VI W 4R 600~1 500 m) | 25 F 45 B 1 A1 o 33

12 HPTESs Moran's LK U A U e N6 S T

Fig.12 HFTESs Moran's [ index Y B A R A K AR TR I R R AR X ik

020t £ 55 4 el e ki R ET UL A 2 B R R U

(% H-H, H-L, L-LAIL-HY 2£)

T

JEE 8] J920004F 56 I AR5 4F

WH-H [[JH-L ML-L [L-H []Non-signficant

BI13  2000—2020 4F A 21 3h 5 A 58 i 4 5C B A A 2 (]
AR S ML

Fig.13 Spatial variation of correlation characteristics be-
tween human activities and habitat quality from

2000 to 2020

H AR R BRI AL [F 520 . InVEST A% 785 1 + 3
IR 75 b x5 A 1 22 M D R ok Ak B A 85 I
i, NN R S 800 1 bR A fb 2 A B T
B FEEHZE (Ma et al., 2023). 2 TR H B iR
FUAE R JE N, 32 B 2000 — 2020 4E A3 50 5 4 55 R
i OCHR AR IR 23 8] A48 S A an 1 13 o . % b vl LA
i, 20 4F o Z2 04 A6 BE N 53 3l 5 A 5% 0 R OC R ARRAE
4 728 A A B0 S H-L BT -1 T80 56 08¢ X3 A4 s /b, —
oy A B T AR R T N B 5 A B R Y
TRk L H-L 8 SEBE X B /0 T 27 km”, L-L &1 5¢
I X B /0 T 68 km®, 2R S8 T AKX
5 A 8 U Ak 2 [ 1) B AH G R S R L X LG IR 6 R LR
A DI AR B AR B TR R AR T N B
SHRE A B T B O AR B T A 09 AR M (RROCHF A
2023) ;WK 853~1 105 m MK 1 X A ZE 356 Bl 5 1
BRI ) 55 T AR B R A AR E M . N B Ak 3k it
HEBE N A B A 4 X B DL RN I 55 h B9 Tk n] g
2T B W L RE AR X A 85 R AR A IR
H1(Zhang et al., 2021).

b & R 5 2 08 AL E N ST Bl 5 R K R
B DAL OGN Ml P 9 6 A R OE TR 2 ELOF ORI
4 1 DX N 28 06 Bl B, N Hb v o8 3 B0
aR v N BE RS ST S YN SR R i i
N H P E O R A A

G 11 RN 13 fros N2 3 5 AR AR B
Y OCHRRRAE 2 [A] AR S LA, & MR AR T 1 105 m
B X8 DA ey NS Bl B — (R A S R G e g5 AL OG
BCBRAE R 35/ T 1105 m % m gl X RAUAIR N 260
Bl BE — A AN R G S5 B OCHR AR AE Sy =, AT DL Vg
#1105 m ] LAAE Ay IX 43 28 04 AL E N Ml B 45 AR AIE 19
HESH WM. A, NG S5 ERRERS )
AE VA W . DG 1B DX 3 118 i 1 X 40 A 78 ¥ 4K 853~1
576 m fY HR L X, 2 B B N |l P 0 DG R AR
23 M) B SR R AR, A Sk O R A, NG
Bl AE I Xk A A2 Al X A 3SR G 0 AR e M S e A X
B B, AT LU 3R 853~1 576 m i [H
A HRAEG L DX 2 04 L N b B A8 ) URR X L 1 6
[ 132 B 3 4K 853~1 105 m B 1l X A 25 4% 3h
SR FEE Y 1S KM 55 T AR R T R i AR 1k

FH G AT D0, 28 04 b E N 25T 3l o B i A8 Ak e
545 BRGRS Z 8 5B 5C R A7 W 8 IR
O3 SRR AR VAR T R 28 0 A6 T N ML P 9 43 IDXRT
DL Ay 4 T R B0 X PN 1 N M OGRS Tk AR
s N 4 55 A DX S 0 IR o0 A R K 2R 0k b
JE 4 S N HiL w5 i Z X (<2853 m) A HiL I 9 2K
X (853~1 105 m) . A Hli B 9 SR X (1 105~1 576
m) AT M F S X (=1 576 m) , 41 & 14 ff 7 .
3 3 i SCAHT T, T 20 a RS L E SRR Bh A5 4k
A58 Sy i) B0 DX 43 AT A R T XL A A
W BT L R DRI T S, R X B



%2

EOESE R IURE (V4 22 Be) N2 B 15 A AN BRI LAk ) VA 4B 2 R AIE 443

0 40 km

N\ b 5% 5 Z1 X
- K 6 X
A R A X
- T X
— i

%

Bl14 36T ARG 3 — R R GRS A OCIE Y 2 0% L T (74 22 B A B9 4 IXC

Fig.14 Human-land coordination area in northern Qinling Mountains based on the correlation between human activities and eco-
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