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Abstract: The Yellow River Basin, a pivotal concentration area for China’s population and industry, suffers from acute
water shortages, ecological decline, and environmental pollution. Investigating the region’s human-nature interaction is
crucial for enhancing ecological conservation and sustainable development. However, research on this relationship at a grid
scale, essential for national spatial planning and ecological management, remains insufficient. In this study, we utilized the
Human Footprint ( HF') and the Ecosystem Quality Index (EQI) as indicators to represent the human-nature interface.

Employing the Sen+MK trend analysis, we delineated the spatio-temporal dynamics of human activities and ecosystem
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quality across the basin at a 1kmx1km grid scale from 2000 to 2020. The four-quadrant diagram was applied to quantify the
synergies and conflicts between the two. Moreover, various regression models were used to evaluate the degree and spatio-
temporal variability of human impacts on ecosystem quality within the basin. The study revealed that both the EQI and HF in
the Yellow River Basin exhibited an overall upward trend from 2000 to 2020. Areas with significant increases in EQI
accounted for 64.2% of the region, while those for HF comprised 49.2%. The basin exhibits a trend of coordinated human-
nature evolution. Coordinated interactions predominantly occur on the Loess Plateau, the western Taihang foothills, and
along Ningxia's Yellow River areas. Conflict zones, constituting only 8%, are mainly in rapidly urbanizing regions and
upstream areas with delicate ecosystems. Controlling for natural variables like temperature, precipitation, sunlight, and
elevation, HF significantly and negatively impacts the EQI, with each 1% increase in HF decreasing EQI by 0.067%. This
effect exhibits spatio-temporal heterogeneity, being more pronounced in the middle and lower Yellow River Basin. The
overall negative influence of HF on EQI is gradually intensifying. The study introduces a novel methodology for grid-scale

human-nature interaction research and informs policy development for human-nature harmony in the Yellow River Basin.

Key Words: Yellow River Basin; human-nature relationship; harmonious coexistence of humans and nature; human

footprint; ecosystem quality; conflict and coordination

NI F S L BR 2R SR BF 58 B R A0, 2 i A A AR 2SR iR D N S A U Y e AR
SRR T, NS AR FNE LA BE R R AN hE ST 2L & B9 A O, B2 A [ AR AR i A J 2
SR 2015 4R A EHR I T 17 Al F54E & B AAR(SDGs ), Hedh HAR 6.7.11.,12.13 14 F1 15, 4% 5 16 0
AR 2N RS Ta s S AN K 5 I 5 12 1 't IS AL K - e A W A RAINE s 7/ 2 ol o | e s ¥
R 55 R TR Bl 22 BUR - 5 S5 2 BRI R AU 1 H 800 FRE NS BRI EPLH AR, SoRET A
RN B a5 A FEe i & B as a], LASE PR T Fak e & et

BT P E AT S R R AVE S L 207 B T o EE R B A SR, — 7 1A T I 7K B YR A
B AN R AL RS Y B AR A — Oy T A A T A AR P R Pl DL RE TR AL
T JERRE ARl &5 U R RN P G S R 98 AR R i IX I — T S AR
ASWTAE T S T R AR 2SSO A, B H SR L A L AR LD 1 R SR S KR HE NS A SR A R AR A
TS EACAL B 7T, 2019 4F A [ BOR RS 20T 38 A 25 PR 3 R 57 o B kR A S b B R TR 4R RO | 4R
ST TP N Ml G FR A I 23 i AR B R Ee S S,

BT T B MO R PR AT T A B BT, T AR A A K RN ik 5 AR S R
BN MR E e AERE Y AR RGIRS S A EAET SR SRR A EXERY S
FeiE, FEFHLTGORE 9 NS Sl it T A EE PR PR BT KR A B 21 A DOk 1/5 X AR BT R
Tk Er R AL S A A IR EE A PR B L THE R AR HLE B LI BT YRS U i G 2 A A
Rl NG R RS ST A R T 1990—2018 4F 68.34% I X EL ST IR T W H A RO A
Hod K R 5 2 3 K RPN TN AKGEIR PRAsat 16 K B 3 TR & B AR K i Y A
FEH LA K BT K SRR A 5 A PRSP R A A A 5 T BT K R YR ) T R A R A
B AR KU MWAES R GRS, TEAS T N3 B B A A A DR 2806 3 9] i del 4% M T A 2 &R
SR 55 52 R A ) S b 270 o B s B o PR b = ] R L ot A S R GRS I (S e e R
HRERES LA 488 T B O T A PR S A 5 KO RS R AL S R IR L SR TR S5 R AT
2013 4F DA 8 YAT 7 3 A 2SR 7K S0 o e e, (e o R R S AN 0 AR R R Rk B
AH R

At AR SCERR IR R B B A, SR 2 A O R ST LUIA T X O 5 T, Bk = A RUOBE RO BIF SR, TEik
YA E 423 RS AT A S AR AL WA SR A TR . R TATECR TN AT DL S BOR Y

http ; //www.ecologica.cn



15 1 XUERAR A TP RURE A S T U A O R N 2B 5 T 6501

g AT PP ARG A DT AC T2 HL A 8 2 43 B MRS RURE RS RE A5 - 55 bR B 4 ek B, A5 1)
T daSm R 2SR PRSI T ) [ s AR A A n B AL, A SG R 0 R R
A, Y, H AT A#OC RIS E 07 5 R B G UMA B BEIRER SRR A R SR B B 4y
B EKC RS0 457 560y 1k 2 OCTE AN RG22 6] 1 GRS 7 0 2, T LABEAE 1) 4 W A b 2R e 2 Ak i1y
A B2 T HABRZX N 5 b P 52, ZEANRS RUBE 1 B P AZ BR

T ARSI R (HF ) MRS R GEBUE AR EU(EQD) /o BT iU M 2R G i AU 1 1 ]
Br 7 MG UG HF F0EQI Iy 2 S AL, 1 1Mz T DU R R P i ik A 1 P 9 0 5 b R AL C R e
FeT 2P [l AR AT 1 BT A S B A 25 R G S R RN 2 S ST AT AT XA JLBE N
bR FR UM A S B 7 125 v AT T 27 WIF S48 2R AT by ] it el ) A 25 DR 0 g S5 i R A LRl o S
HESRIR N NS A SRR A R R

1 BES5RZE
1.1 R

BETA] AT R e DR ) BB R L & R, F PR R AR TR 9 N (AR X)) 1Y 448 AN IXCEL B & At , &K
5464km , FAIE AL 79.5 J7 km®, WAL 1 BTN B0 S 34 UG 1 AR AR, D SS9 R B 41 AR AGER. 4000m , 155
LU ) AT A b K1 A SRS A N AR A 20 5 v b DX MR R ZE 1000—2000m , 322 4 ¥ + W5, 2 [
TEEREVR S 4 X, KW LIR A3 B T & AR Ol 36 30 5 850K B2 7 B 5 AR EB B 2R B BUOT R e b [
BT 7 DOR Tl He b, I ARG RAE Z 20 AL T AbR FiHh R ML RS, BT
BRI A GDP A EOA AL R G2 B AL S AR PRI G T 2 EPERKERY . AD 577k £ 8 7
SEPEITTRE  SC P OT SRR TTRE LU AR S T AR 7 IR P T IS X A, i I A
ik, ARSI | & R I ek AN o) AN 2404 2 B YT A8 3 A 1 174 7 R [ A

>z

o HEWi EWETE | AR

1 HUREHERREE

Fig.1 Yellow River Basin map
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Table 1 Framework of mapping annual Human Footprint
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Fig.2 Illustration of emerging hot spot analysis
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Fig.4 Spatiotemporal trend of the EQI in the Yellow River Basin from 2000 to 2020
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Fig.5 Spatiotemporal trend of the HF in the Yellow River Basin from 2000 to 2020
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Fig.6 Spatiotemporal hotspots of EQI and HF in the Yellow River Basin from 2000 to 2020
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Fig.7 Human-nature coupling relationships in the Yellow River Basin, 2000—2020
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Table 3 Results of the panel fixed effects model

A B | AL 2 A 3 AL 4 HAY 5
Variable Model 1 Model 2 Model 3 Model 4 Model 5
InHF 0.042""* -0.023 """ -0.041""" -0.052""" -0.067 ***
(7.42) (-5.47) (-9.98) (-10.02) (-11.00)
InP 0.358 *** 0.384 """ 0.290 *** 0.280 """
(69.96) (41.66) (41.34) (38.61)
InS -0.275""" -0.248 *** -0.261 """
(-19.68) (-15.91) (-16.70)
InT 0.026 """ 0.007
(6.23) (1.49)
InE -0.016 """
(-10.99)
Constant 3.675 0.859 3.674 3.306 3,742
(195.99) (19.52) (23.81) (19.06) (20.88)
Cluster-robust standard errors YES YES YES YES YES
Observations 9408 9408 9408 9408 9408
F-statistics 14.82 240.24 281.11 285.46 341.57
R? 0.032 0.452 0.469 0.470 0.477
Adjusted R? 0.030 0.450 0.467 0.469 0.475
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Fig.8 Spatial distribution of EQI impact factor coefficients from 2000 to 2020
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