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Abstract: China has experienced urbanization at high speed and at an unprecedented scale. As a key support system for
human survival and development, city is a typical case of coupled human and natural systems ( CHANS). Harmonization of
coupled human and natural systems in urban area is an important content of understanding the coupling mechanism between
human and nature, which is of great significance to reveal the impact of human activities on ecological environment and
plays a key role in guiding city construction. In this study, we created a comprehensive index system with water resource
intensity , land development intensity, water supply capacity, effluent intensity and carbon emission intensity to estimate the
impact of urban development on the natural environment. Based on calculation of the harmonization index for 146 major
cities in China in 2016, we analyzed how population scale, economic level, social development level and eco-geographical
regions would relate to harmonization of coupled human and natural systems. The results show that (1) in 2016 the national
harmonization index was 87.90, but there was a large range in the level of harmonization across cities, with the best city was

98.83 and the worst was 14.39. (2) The degree of harmonization was negatively correlated with city population size, and the
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harmonization index order was the “small and medium size city” (89.11) >the “big city” (88.10) >the “mega-city” (87.
26) >the “super city” (76.12). (3) Under different economic levels, harmonization was also negatively related to the
economic level. The order of harmonization index was as follows, the “class IV city” (94.02) >the “class III city” (86.83) >
the “class II city” (81.56) >the “class I city” (78.07). (4) The harmonization index had a significantly negative
correlation with the level of urban social development. The higher per capita GDP, the lower harmonization index. (5) For
the harmonization index values of the six eco-geographical regions, the Southwest received a score of 92.81 while the
Northwest only was scored 82.25. It is found that the urban construction and development in China still have a huge impact
on the natural environment, which is reflected in the following aspects: (1) the urban development in China is still in the
development stage with high demand and caused high emission. (2) The carrying capacity of ecological environment plays
an important role on affecting the cities’ harmonization of coupled human and natural systems. (3) Improving efficiency of
energy utilization and reducing intensity of the carbon emission will engage the acceleration of the harmonization of coupled
human and natural systems in urban areas. Last but not least, we make some policy suggestions from the aspects of
optimizing the urban layout, improving the efficiency of water and energy utilization, controlling environmental pollution,
etc., which can provide reference and basis for evaluating the construction and sustainable development of urban ecological

civilization.
Key Words: coupled human and natural systems (CHANS) ; city; harmonization; city size; eco-geographical regions
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B SUMMEEE (r=-0.246,P=0.003) BA A E K E,
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Table 1 Harmonization index of cities with different population sizes

K BEIR +-Hi T IKBEIR NI . . "
. " -~ - . 2R REE R Blh i A
Sy AL TRt S peadE s ey R et
. . . HECR B Carbon emission Harmonization
City population sizes Water resource  Land development Water supply . . . . . .
. . . X . Effluent intensity intensity index
intensity intensity capacity
HBKIRTT Super city 88.74 78.70 78.51 67.84 90.97 76.12
FERIETT Mega-city 94.22 81.47 99.00 78.12 86.63 87.26
KIRTT Big city 93.51 87.56 94.66 87.17 84.85 88.10
VAN
kil 90.31 89.07 97.85 92.90 84.83 89.11

Small and medium size city
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Table 2 Harmonization index of different eco-geographical regions

KB + T KGR AN R ) - . "
N K : ol R R 48

A HIX V&S KR Hanhe HER 3 B - o
X . . X Carbon emission Harmonization
Eco-geographical regions Water resource  Land development Water supply Effluent . . .

. . . . . . . intensity index

intensity intensity capacity intensity
PiFE Southwest 94.31 89.62 99.00 90.11 92.41 92.81
PG Northwest 74.94 89.45 88.38 91.88 89.14 82.25
#£7R Eastern China 95.48 86.18 95.62 86.92 86.71 89.60
7Rt Northeast 97.56 91.18 99.00 91.08 83.79 90.20
#£8 South China 94.04 85.61 95.30 84.25 83.34 86.52
454 North China 84.21 90.27 94.33 92.16 76.84 84.77
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(86.52) >1E4k (84.77) >Pdt (82.25) .
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Table 3 Spearman correlation analysis results of each index

) \ 7k%7),ﬁ TP RRE KB Hfﬁzﬁ%’%% B
bR AR ZH T 558k B Land Breiae HepR B .
Index name Parameters Water resource development Water supply Effluent parhor.l emssion

intensity intensity capacity intensity intensity

TKBEIEH K i B AR FREL 1.000 0.387 0.757 " 0.279 0.191
Water resource intensity BEM(BUR) 0.125 0.000 0.277 0.462

e 17 17 17 17 17
T R AR R AL 0.387 1.000 0.597 " 0.949 ** 0.074
Land development intensity &M (XUE)  0.125 0.011 0.000 0.779

e 17 17 17 17 17
KB AL BE FHIE R B 0.757"* 0.597" 1.000 0.560 * 0.123
Water supply capacity WBEEGUZ)  0.000 0.011 0.019 0.639

EZ 17 17 17 17 17
TS G itk HHE R 0.279 0.949** 0.560 " 1.000 0.076
Effluent intensity WEEGUR)  0.277 0.000 0.019 0.772

e 17 17 17 17 17
BRI 3 LIPS 0.191 0.074 0.123 0.076 1.000
Carbon emission intensity ~ BEM(BE)  0.462 0.779 0.639 0.772

e 17 17 17 17 17

o FIRAE 0.01 GO (BUR )  ARMER S + FRTE 0.05 20 (U= ), MIZErE 3%

REVR AN 2 5 2 5 DRSS TB] B HE R b1 25 S 0 B B2 IR, Sl 1 I T R DR L 45 | R Bl e 1k £ g
R, 305 S8 T R K L BTR, R0  JE S I BE XURE oMb, S50 3% RE IR 19 0 ) ) i P BIL ) B 5 5
Bt BERSA R ER T i RE TR AL G AR . R, B B YRR B0 7 M B A% 1D, B SRR T P B9 4 R
SN AEAR SRR B R ) K ) S e b RS e A b i S 1 JneHETL
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