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Fig. 1 Changes in low-carbon development policies in the Yangtze River Delta at national and regional levels
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Fig. 2 Study area and spatial distribution of per capita carbon emissions in the Yangtze River Delta in 2020
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Tab. 1 Index system of urban low-carbon competitiveness and index weight
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Tab. 3 Types of spatio-temporal transition
BRAT 25 BRAT 5 BRATFEAE
Type B 5 AR R A BT HH—HH.,. HL—HL.,. LH—LH.,. LL—LL.,
Type: 5 &4 BRITE, HAREA2  HH—LH.,. HL—LL.,. LH—HH.,, LL—HL.,
Type: FBARAS, &RUR A BRAE HH—HL.,, HL—HH.,, LH—LL.,. LL—LH.,
Type; Typess  F1 5 5ARBRTE Iy I —3L HH—LL.,, LL—HH.,

Typess  H G54 UE Ty 1740 HL—LH.,, LH—HL,,
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Fig. 3 The framework of low-carbon competitiveness evaluation and spatio-temporal evolution in the Yangtze River Delta
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Fig.4 Evolutions of urban low-carbon competitiveness and its subdimensions in the Yangtze River Delta
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Fig. 5 Average time series of low-carbon competitiveness clusters based on value distance and correlation

4
Tab. 4 Classification of urban low-carbon competitiveness development in the Yangtze River Delta
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Fig. 6 Global differences and spatial correlation features of low-carbon competitiveness in the Yangtze River Delta
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Fig. 7 Time path feature spatial distribution of low-carbon competitiveness and subdimensions in the Yangtze River Delta
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Tab. 5 The spatio-temporal transition matrix of low-carbon competitiveness and subdimensions in the Yangtze River Delta
310y tt+1  HH LH LL HL B B Wl A0l e

R4 HH 0833 0.094 0017 0.056 Type, 658 0.802 [ 0900  0.811

LH 0131 0774 0.095 0.000  Type 93 0.113  JIIE 0792

LL 0012 0065 0827 0097  Type 61  0.074 HHTH  0.823

HL  0.094 0.006 0.146 0.754  Type: 8 0.010 “LBA 0813
etk HH 0939 0.034 0.000 0.027 Type, 734 0895 Fiffili  0.850  0.895

LH 0147 0707 0.093 0.053  Type 520063 TG 0915

LL  0.000 0019 0942 0.040  Type: 28 0.034 WA 0.882
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ZUORHEE  tH o 0481 0746 0073 0000 Type, 91 0011 {THAE 0754
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LL  0.092 0063 0802 0043  Type 71 0.087 WrLA  0.759
HL 0207 0.034 0224 0.534  Type; 71 0.087 EEA  0.869
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Tab. 6 Spatio-temporal evolution types of urban low-carbon competitiveness in the Yangtze River Delta
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Fig. 8 Distribution of spatio-temporal evolution types of urban low-carbon competitiveness in the Yangtze River Delta
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Fig. 9 Driving mechanism of the spatiotemporal evolution of the low-carbon competitiveness in the Yangtze River Delta
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Spatio-temporal evolution of urban low-carbon competitiveness
in the Yangtze River Delta from 2000 to 2020

KONG Minwei', HU Hong"?, ZHANG Hongyun', DU Sihan'

(1. School of Architecture and Urban Planning, Nanjing University, Nanjing 211093, China; 2. Smart City
Research Base of Jiangsu, Nanjing 211093, China)

Abstract: To achieve the carbon peaking and carbon neutrality goals, it is necessary to analyze
the low-carbon competitiveness of cities on a regional scale. In other words, it is important to
recognize the spatio- temporal evolution patterns of the low- carbon development in various
cities in regional scope. This paper aims to analyze the low-carbon competitiveness of 41 cities
in the Yangtze River Delta (YRD) from 2000 to 2020. It first constructed the comprehensive
index system for evaluating urban low-carbon competitiveness, consisting of three dimensions
of carbon emissions, socio-economic correlation factors, low-carbon technologies and policies.
It then analyzed the time-series evolution characteristics of urban low-carbon competitiveness
in the study area based on the TOPSIS- grey relational analysis method, and identified the
spatial evolution pattern of urban low-carbon competitiveness by employing LISA time path
and space-time transition models. It finally divided the 41 cities into seven spatio- temporal
evolution types. Results have shown that: (1) The urban low- carbon competitiveness in the
YRD changed significantly within the 20 years, and nearly half of the cities showed fluctuating
evolution with an upward trend, and the average level of low- carbon competitiveness is
Shanghai > Zhejiang > Jiangsu > Anhui ; (2) The spatial correlation of the dimension of carbon
emissions varied greatly among cities, while the spatial correlation of the dimension of socio-
economic factors was relatively weak, and the spatio-temporal coordination of the dimension of
low- carbon technologies and policies was becoming better. (3) The probability of none-
transition between spatio-temporal types or the same transition direction in the cities is 81.1%,
indicating that there was certain path dependence in the spatial pattern evolution of low-carbon
competitiveness in the YRD. (4) Different spatio- temporal evolution types of low- carbon
competitiveness in the YRD were identified, for instance, the low-level solidification type in
the northern areas, the high-level synergy type in southern Anhui and Zhejiang, the high-level
overflow type in the central areas such as Hangzhou and Ningbo, which drove the low-carbon
development of surrounding areas, the high-level centrality type such as Shanghai, Nanjing and
Hefei, which were regional centers yet not fully played a leading role. In general, there are
certain coordination and transformation existing in the external and internal factors of the three
dimensions of urban low-carbon competitiveness, which drive the overall evolution of low-
carbon competitiveness in the YRD. This paper could shed light on policy- making of low
carbon oriented regional integration.

Keywords: Yangtze River Delta; low- carbon competitiveness; spatio- temporal evolution;
TOPSIS-grey relational analysis; exploratory spatio-temporal data analysis
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