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Figure 1 Scientific cognition system for modern human-earth system zoning identification, classification diagnosis, and grading evaluation
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Figure 2 Multi-level scales and spatio-temporal conductivity of human-earth system zoning identification, classification diagnosis, and grading

evaluation
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Bl 3 2000~20204F 1 [ A R GE B 45 43070, (a) 20004F; (b) 20054F; (c) 20104F; (d) 20154F; (e) 20204F; (f) 2000~20204F (i & 7 L AEfk
Figure 3 Spatio-temporal distribution of human-earth system in China from 2000 to 2020. (a) 2000; (b) 2005; (c) 2010; (d) 2015; (e) 2020; (f) changes
in area and proportion from 2000 to 2020
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Bl 4 2000~20204FH [ A R G ZAIAYZS (0] 4347 . (a) 20004F; (b) 20054F; () 20104F; (d) 20154F; (e) 20204F
Figure 4 Spatio-temporal distribution of human-earth system types in China from 2000 to 2020. (a) 2000; (b) 2005; (c) 2010; (d) 2015; (e) 2020
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F 1 200020205 F ERR AR F LR S L HERE & (%)

Table 1 Area proportion of different human-earth system types in China from 2000 to 2020 (%)

ZH 20004F 20054F 20104F 20154F 20204F
W AR G 0.56 0.70 0.88 1.14 1.31
FHERI MRS 1.39 1.41 1.45 1.48 1.52
Al B R G 18.97 18.89 18.76 18.83 18.77
RN RS 33.00 32.94 32.95 32.71 32.54

AP RAEAT AR A 3 R G AR 5K9.59%, Aok & FHR%
NFEEAFE S A A A, (e S R ik R g hE
AU HB PR R S, I ah, ARl R FIA: 257 A M R ST
R HAE S A b R o B S/ R, T AR (A )4y
S 182.12J7km’(18.97%)F1316.75 Jkm>(32.94%) F F&
Z180.1977km’(18.77%) F1312.43 J7km’(32.54%), THiF
FAME A3 3 —1.06% 1 —1.37%, A3 vk — A nsm b
APV A 2 1R, (R X 2t £ IR 5 T 4P .

(2) AR, 2000~20204F 1 62.51%(4.53 77
k) 9 97184 30 T 250 A b 2R G U T AR A H R B (R
S4), WY KX VR Az 7 R e 42 ok Bl 2 5
HE AT R Gt FEORIE TR B A R 458,
e T AR 2,76 T km?, [RlIHLA 1.2577 kA 75
NI RGFEAR A ARS8, iR 2+ &R
st Rl BE, 3550 £ A R i i - AR 5 45 7 5K
FEAS Jp Bk, W AR RN M B G B A Ry A
N HB R (4.96 k), HLWCA Il T 9 A AR A Ml
A4, FEZBPRHAME FEASER TR, Wi
KA S MRS L R, H ROl R R 5
FRBETHESHINM ARG HRES RS, w5
25156.88 T km Fl14.60 T km”, B sk i A= A R4 19 5%
Wi 5K, AR IR Al A 7 R A 2SR 22 ] AU A
SHEICER. WA B A FR G LA Rl
TG, H MR A R S5 (1.97 T km?).

(3) A7k, 2000~20204F4% 45 F I T 8 b 2
GrmFUE USRI BE R, Hoh Wi, fEa. YL
WAL, TIOh. R LR IR FIBE P A B i
Eat 2%, R b S IR T 50%,
WL FEAE(ES3). AR A AR R R R 52
TR, BRI 5 —11.09%F1-10.13%; HAlA4
Ppsm, AP, v AT LA R, 4k
95.83%- 57.30%F150.70%. KEBHEHy a4l A4
SRR G AR, Hd Ll &, dt
T WL RETRVLIR AL YN 28 45 1t AR e i ke

456

-10%, WA BIRIT. TR A S £
S5 T AR R IR AT — 10%.  Hr s AR e VT A AN B b 5
G2 VIR B I 53 53] R 24.95%H117.75%.

4.3 PE ARG R R AR

(1) BAZEAE. 2000~20204F H = A ZS1E S5 i
FERREEM, IR i S ZHFIH 5,663 2
6.28; o A RS HIHFIH 9.284 5424 2510.25, M4
T0.97, HEH10%(&5). HFI>30FIHFI=20~301% A b
RO A A A 3.39%F10.63 %3 2 4.84% Fil
1.59%, TMHFI<4f) ARG & i 16.22% % =
14.82%(722). X ULHIHFIEEXY 5K (IRE XA, A
UG SR RIS A R, HS s (Rl AR SR Ak

(2) ArZAIAR . v E 4D 3B R G A A
PIHFIA 3. 2000~20204FFHE R . Al I
AR R GEHFIRFZEIE N, 4300 #117.03. 133140
6.341 231924, 14.24516.79, BEIE/3 5 412.95%.
7.04%F17.01%(F3). KM, I Hb RS HF L 34
Jin, BREH20004F426.99 K542 £ 20104F1929.04;
2010~201 54F 3 T 2\ M 22 58 AR i 397 5K0.26 T km”
(29.89%), FHCLHFU/IMEN/0.84; 11 f5 SIS 2 20204F
1928.57.

(3) B, 20204 LIFHFHFECR, ik
31.22; dbmt. Ky, VLA FUEAIIR|TAYHFI A
20; VA T BTERAIN SN HFEIE, YR
6.54(&1S4). 2000~20204F4 45 HE T4 A [R) P2 B8 A 1 i,
HAP T AR S IR K, 0 512823.35%F123.16%.
MARE . PO A eV LHF B IR/, 5k
1.94%. 2.58%. 3.64%7H14.40%.

5 whHihe
51 &5

AHL R GEAs [R5 ZEBNS WA AL 2 A



Bl 5 2000~20204F Hh [ A R 8N\ S I058 B2 (9 25 [ 73 7. (a) 20004F; (b) 20054F; (c) 20104F; (d) 20154F; (e) 20204F
Figure 5 Spatio-temporal human footprint intensity distribution of human-earth system in China from 2000 to 2020. (a) 2000; (b) 2005; (c) 2010; (d)

2015; (e) 2020
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2 2000~20205F HERFE AR REBRER AR SR &G (%)

Table 2 Area proportion of human-earth system with different human footprint intensities (%) in China from 2000 to 2020

N IR 20004F 20054F 20104F 20154F 20204F
0~4 16.22 16.16 16.27 15.08 14.82
4~10 16.77 16.62 16.55 16.77 16.51
10~20 16.88 16.56 16.04 16.67 16.38
20~30 3.39 3.66 4.03 438 4.84
30~45 0.63 0.92 1.14 125 1.59
F 3 2000~20204E P ERR AR F LRI A SRR E RS
Table 3 Human footprint intensity of different human-earth system types in China from 2000 to 2020
eIy 20004F 20054F 20104F 20154F 20204
WAL R 5 26.99 28.42 29.04 28.20 28.57
FHEA AR 58 17.03 17.62 17.96 18.35 19.24
Vi 2PN 13.31 13.50 13.65 13.86 14.24
HERR RS 6.34 6.41 6.44 6.67 6.79
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The human-earth system (HES) is a complex adaptive system that embodies the interconnection and interaction between
human activities and the geographical environment, characterized by a variety of features such as comprehensiveness,
regionality, complexity, openness, and dynamics. Socio-economic development is facing increasingly serious regional
problems such as land degradation, environmental pollution, and biodiversity loss. In essence, it is the result of the
intensified impact of human activities on the earth system, resulting in the coupling disorder and functional imbalance of
HES. Therefore, the spatial identification, type diagnosis, and intensity evaluation of HES are critical topics in modern
HES science and comprehensive geography. These themes form the foundation for scientifically cognizing the evolution
process and mechanisms of HES, as well as for supporting decision-making aimed at HES coordination and sustainable
development.

Based on the theory of human-earth relationship areal system and the geographic methodology of “main function-
oriented zoning, dominant type classification, and principal purpose grading”, this study constructed a top-down scientific
cognition and method system for modern HES identification-diagnosis-evaluation. The study integrated multi-source
spatial data of land use, population density, nighttime light index, and point of interest, adopted multiple quantitative
methods of decision tree, spatial clustering, and human footprint intensity index, and conducted the geospatial
identification, dominant type diagnosis, activity intensity evaluation of the HES in China from 2000 to 2020.

The results indicated that: (1) The area proportion of China’s HES has increased from 53.9% to 54.1%, stabilizing at
around 54%. Spatially, it was characterized by a differentiation feature of high-values in the southeast and low-values in the
northwest. The HES proportion in plain areas, cultivated land, and concentrated urban areas was significantly higher than
that in mountainous and sparsely populated areas. The proportion of living functional zone in the HES increased from
3.61% to 5.24%, and the proportions of production and ecological functional zones decreased from 35.19% and 61.20% to
34.66% and 60.10%, respectively. (2) Rapid urbanization and rural revitalization have resulted in an increase in the area of
urban HES and rural HES by 135.45% and 9.59%, respectively. However, these increases were mostly from agricultural
HES. The agricultural HES and ecological HES have been affected by the Grain for Green Project and cultivated land
expansion, resulting in mutual transformation between the two types and the decrease of 1.06% and 1.37%. (3) The human
footprint intensity of China’s HES has increased from 9.28 to 10.25, with an increase of 10%. This increase was
characterized by the expansion of high-value areas and the reduction of low-value areas, indicating the growing and spatial
clustering of human activities.

The findings of this study have provided hierarchical answers to key questions such as where are the distributions, what
are the types, and what are the grades for HES. The scientific cognition and detection methods of modern HES can deepen
the scientific understanding of the coupling process, mechanism, and pattern of HES, and support decision-making for HES
coordination and sustainable development.

modern human-earth system science, human-earth relationship areal system, geospatial identification, dominant
type diagnosis, activity intensity evaluation
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