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Abstract
This paper establishes a high-quality development (HQD) evaluation index system for the emergency industry to analyze its
spatio-temporal evolution. The entropy weighting method is applied to comprehensively assess the development level of
China’s emergency industry during the observation period. Results indicate that the overall HQD index follows an upward
trajectory, although it remains relatively low (rising from 0.211 to 0.255). The 2020 regional analysis highlights a hierarchical
pattern in industrial development: coastal regions (0.321) . inland regions (0.246) . border regions (0.153). The overall Gini
coefficient has remained stable at 0.22. Specifically, coastal areas (0.19) and inland areas (0.16) exhibit notable disparities,
whereas border regions show minimal variation (0.10). The Gini coefficient between coastal and Border regions increased
from 0.31 to 0.36, whereas that between coastal and inland areas declined after 2011, falling from 0.29 to 0.23. Regional var-
iation, accounting for 59% of the total, emerges as the primary source of inequality. The Moran index identifies a significant
spatial autocorrelation, indicating clear spatial self-correlation in the development levels of China’s emergency industry.
Kernel density analysis further illustrates that the national development level has steadily improved. However, the industry as
a whole does not exhibit s-convergence. The novelty of this study lies in constructing an HQD index system for China’s
emergency industry and employing multiple analytical methods to examine its spatiotemporal evolution.

Keywords
emergency industry, high-quality development, evaluation indicators, new development concepts, entropy weight, Dagum
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Introduction

High-quality development (HQD) has become a signifi-
cant research focus in sustainable development globally
(Luo et al.,2024). This concept underscores not only eco-
nomic growth (Hafiz et al., 2024) but also a holistic
model of development that integrates innovation and
green initiatives (Z. Chen & Xing, 2025) while promoting
coordination, openness, and shared prosperity (Dai,
2025). China faces frequent natural disasters across its
diverse geography. The southwest region experiences
earthquakes and geological hazards, while the southeast
coast is prone to typhoons and other meteorological
events. In the post-pandemic era, public health emer-
gency response demands have intensified significantly.

Consequently, China’s emergency industry has entered a
phase of rapid development. In its narrow sense, the
emergency industry refers to the industrial complex that
supplies emergency-specific products and services in
response to natural disasters, accidents, public health
crises, and social security incidents. It emphasizes emer-
gency demands under non-routine, critical conditions. In
its broader definition, the emergency industry also
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encompasses routine preparedness, including all indus-
trial systems capable of providing emergency products
and services. This industry is characterized by eight key
attributes: rigid demand, public welfare, specialization,
practicality, timeliness, contingency, transformability,
and comprehensiveness.

The HQD of the emergency industry should align with
the new development concept, which is based on five
major principles that impact the quality of development
through both government and foreign direct investment
(Jahanger, 2021; X. Yang et al., 2022).

Research on the Connotation and Extension
Characteristics of HQD

The definition of HQD remains a subject of academic
debate, lacking a universally accepted consensus. In the
first stage, many relied on single indicators such as total
factor productivity (Yu et al., 2019), and ecological wel-
fare intensity (Xiao, 2019; Z. Li & Wang, 2019), which
oversimplified the concept and failed to reflect its com-
plexity (Nie & Jian, 2020), often resulting in unstable eva-
luation outcomes (Guo et al., 2020). Following the 19th
National Congress in October 2017, the second stage saw
a shift from single-dimensional to multidimensional fra-
meworks (F. Wang & Shi, 2022), with scholars redefining
HQD through the lenses of quality, efficiency, and driver
transformations (Ren, 2022; Y. Liu & Nie, 2023; Yin
et al., 2023). Despite these advances, distinctions remain
between the quality of economic growth and the broader
notion of HQD. The third stage, initiated by the Sixth
Plenary Session of the 19th CPC Central Committee in
November 2021, clarified that HQD entails innovation
as the primary driver, coordination as an intrinsic char-
acteristic, greenness as the prevailing mode, openness as
a necessary path, and sharing as the fundamental goal
(X. Li, 2021). The core tenets of HQD can be encapsu-
lated in five key principles: innovation-driven, balanced
coordination, greenness, low-carbon transition, open-
ness, sharing, and resilient security. However, the specific
characteristics of HQD in manufacturing industries, par-
ticularly those involving emergency response, have not
been sufficiently explored, and there remains a significant
gap in the development of industry-specific measurement
frameworks.

Research on Indicator Systems and Measurement
Methods for HQD

In the context of China’s macroeconomic HQD, scholars
have developed comprehensive indicator systems (J.
Zhang, 2019; T. Zhang, 2020) and applied various statis-
tical and econometric methods (e.g., the entropy-
weighted TOPSIS method; Wei & Li, 2018) to measure

development levels. Although many of these studies offer
insights at the macro level, relatively few focus on the
meso-level development of the manufacturing industry.
Some scholars from economic performance (Jiang et al.,
2019), technological innovation, green development (F.
Wang & Shi, 2022), brand quality, integration of infor-
matization and industrialization have continuously dee-
pened the indicator systems (three-dimensional system,
Chao et al., 2021; seven-dimensional system, Fang &
Dai, 2024), and measurement methods (horizontal-verti-
cal ranking methods, Chao et al., 2021; entropy method,
Z. Liu et al., 2024) for HQD in manufacturing.

While these studies reflect the development and struc-
tural trends of the manufacturing sector, they adopted a
narrow definition of HQD. As Z. He and Hui (2023)
argue, such frameworks fail to adequately capture the
broader requirements placed on manufacturing within
China’s high-quality economic development agenda. An
increasing number of scholars (L. Chen & Huo, 2022)
have adopted indicator systems based on the five devel-
opment concepts for comprehensive evaluation, better
aligning with national development goals. L. Qu et al.
(2021) and Z. He and Hui (2023) expanded the frame-
work to include a sixth dimension, security. Such
research frameworks (Z. He & Hui, 2023) have gained
widespread application in macro and regional studies of
China’s economy (Ou et al., 2020; T. Zhang, 2020).
However, the literature on the HQD of the emergency
industry remains scarce, particularly regarding the devel-
opment and empirical testing of a dedicated measure-
ment indicator system. There remains considerable room
for further advancement:

1. Incomplete indicator coverage: Many existing
frameworks fail to capture HQD’s comprehensive
and extended connotation fully. They do not
reflect a ‘‘complete, accurate, and comprehensive
implementation’’ of the new development philo-
sophy. Furthermore, indicator selection often suf-
fers from data unavailability or subjective
arbitrariness.

2. Simplistic methodologies: The analytical methods
adopted are often limited in scope, and the result-
ing measurements may be biased or imprecise.
Issues such as inappropriate weight assignment
or unscientific data standardization compromise
the robustness and reliability of results.

3. Lack of meso-level focus: Current literature pri-
marily concentrates on macroeconomic assess-
ments, with scant attention to the meso-level,
particularly provincial and sector-specific analy-
ses. There is a notable absence of dedicated
research addressing the HQD of the emergency
industry.
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The innovations in this article are as follows: First,
the construction of the indicator system. Based on the
five major development concepts, an HQD index system
for the emergency industry should be built to meet the
research needs of China’s high-quality economic devel-
opment. Second, innovation in research methods. Based
on comprehensive evaluation and horizontal analysis,
this paper uses the Moran index, the Dagum Gini coeffi-
cient, and other techniques to analyze the longitudinal
study of HQD in the emergency industry across various
provinces. Third, a broader temporal span and a more
focused research object, which are more conducive to
guiding the HQD of the emergency industry in each
province.

Methods

Construction and Measurement of Evaluation Criteria

HQD is highly nuanced and complicated to measure
with a single indicator, and scholars such as Nardo et al.
(2005) argue that composite indicators can aggregate
complex indicator information. This study draws on the
work of Y. Yang and Zhang (2021), who presented a
measurement and spatio-temporal analysis of HQD in
China’s industry.

HQD is intrinsically linked to industrial policy, resili-
ence, and theories of spatial inequality. Industrial policy
serves as the driving engine, resilience constitutes the sta-
bilizing foundation, and spatial coordination functions
as the vehicle for fairness. Industrial policy must shift
from a scale-driven to a quality-led paradigm, fostering
targeted support for research and development and for
upgrading high-value segments within the value chain,
thereby breaking free from the low-end lock-in trap. The
resilience of industrial chains provides systemic stability
for HQD, with its dual dimensions of risk resistance and
adaptive innovation jointly underpinning the sustainabil-
ity of economic quality upgrading. Addressing spatial
inequality requires transcending traditional gradient the-
ory by enabling cross-regional coordination of produc-
tion factors and building feasible capabilities, thereby
facilitating nonlinear leaps in less developed regions
rather than mere passive industrial relocation.

This paper draws on the conceptual framework and
index design of T. Zhang (2020) to construct an evalua-
tion index system for the HQD of China’s emergency
industry, comprising 6 dimensions, 12 first-level indica-
tors, and 24 second-level indicators.

Innovation. Innovation is the key driver for HQD, crucial
for tackling structural imbalances and environmental
issues. Technological advancements play a vital role in
this process. As a technology-intensive sector, the

emergency industry naturally demands the transforma-
tion and application of scientific and technological
achievements. Following the approach of Wei and Li
(2018), we evaluate innovation using four secondary
indicators: R&D investment intensity, the proportion of
R&D personnel among total employees, the share of
invention patent applications among total patent appli-
cations, and the proportion of new product sales revenue
relative to primary business income. The indicators
above encompass innovative inputs (funding, personnel),
outputs (patents), and outcomes (new product sales reve-
nue). This structure aligns with the systematic design
principles of the HQD indicator system for the manufac-
turing sector. It is positively associated with HQD out-
comes in the emergency industry, such as improvements
in overall labor productivity.

Green. Sustainable development is a foundational princi-
ple for the HQD of the emergency industry. China’s
‘‘14th Five-Year Plan’’ emphasizes the urgent need for
green transformation. Drawing on the work of Lin and
Xu (2022) and Z. He and Hui (2023), four secondary
indicators are employed: investment in industrial pollu-
tion control per 1,000 RMB of industrial added value,
the share of energy conservation and environmental pro-
tection expenditure in the local general public budget,
energy consumption per unit of industrial added value,
and power consumption per GDP (gross domestic prod-
uct). These indicators, from the critical perspectives of
green governance capabilities and energy consumption
rate, quantitatively assess sustainable development,
thereby capturing the green dimension of the HQD of
the emergency industry.

Openness. Openness is vital to the HQD of the emergency
industry, reflecting a broader global integration trend.
Based on the frameworks proposed by J. Liu and Bian
(2022) as well as T. Zhang (2020), openness is evaluated
through four indicators: the ratio of foreign capital to
paid-in capital, the ratio of total import and export of
goods to regional GDP, total foreign investment, and on-
financial OFDI (Outward Foreign Direct Investment)
flows. These indicators help assess the sector’s levels of
foreign trade and capital openness.

Sharing. The concept of sharing promotes a people-
centered approach to development, ensuring that the
benefits of economic and security progress are distributed
fairly. The emergency industry must support equitable
employment, income distribution, and broader societal
inclusion to contribute to HQD. Building on the work of
Gao and Yang (2020) and T. Zhang (2020), we assess this
dimension using indicators such as the average wage of

Wei et al. 3



employed persons in urban units and the number of listed
companies per 10,000 companies limited by shares. These
metrics reflect both revenue sharing and social sharing
within industry. When the average wages in the emer-
gency industry reach twice the local average, distributive
justice in the form of primary allocation is achieved
through risk–value compensation. When publicly listed
emergency enterprises allocate more than 12% of their
profits back to society, the secondary allocation is ele-
vated through the universalization of capital gains. These
four key indicators together constitute the ‘‘compass of
distributive justice’’ for China’s emergency industry.

Coordination. Coordination is a key feature of high-
quality industrial development, highlighting the sector’s
internal efficiency and balance. According to the ‘‘14th
Five-Year Plan’’ and the long-term goals for 2035, coor-
dinated development, especially in labor and energy effi-
ciency, is critical for sustainable growth. Guided by
research from Chao et al. (2021) and Z. He and Hui
(2023), per capita sales revenue represents the industry’s
coordination and operational efficiency. A per capita
sales revenue of at least 1.5 million RMB serves as a
threshold for ensuring the economic sustainability of the
emergency industry. When the value of finished products
exceeds 460 million RMB, it reflects the delivery capacity
of an individual emergency enterprise. Achieving energy-
saving production capacity and efficiency at twice the
industry average enables the emergency industry to over-
come the resource constraints associated with ‘‘energy.’’
The coordination dimension of HQD in the emergency
industry is embodied in the unified advancement of labor
utilization and energy efficiency.

Security. Security reflects HQD’s stability dimension.
Recent global shifts, including heightened technology
export controls and constrained international coopera-
tion, have increased uncertainty and potential vulnerabil-
ities in the emergency industry. In addition, domestic
financial risks, such as high corporate debt, pose serious
challenges. Drawing on the studies by L. Qu et al.
(2021), T. Zhang (2020), and Z. He and Hui (2023), we
use the ratio of current assets to current liabilities and
the proportion of public security expenditure in the gen-
eral public budget to assess internal financial stability
and external safety assurance, respectively. The return
on assets serves as a strategic breakthrough mechanism
against technological blockades in the emergency indus-
try; the operating margin functions as the lifeline sustain-
ing wartime capital flows; the liquidity ratio acts as an
extinguisher in supply chain crises; and the industry’s
financial dependence constitutes the Achilles’ heel of
industrial security.

Data Acquisition and Processing

At present, China has not yet issued an official statistical
yearbook specifically entitled Emergency Industry
Statistical Yearbook; however, relevant statistical data
on the emergency industry can be obtained through
authoritative channels. The research data are sourced
from Chinese statistical yearbooks, including the China
Industrial Statistical Yearbook, China Energy Statistical
Yearbook, China Science and Technology Statistical
Yearbook, and China Foreign Economic Trade Statistical
Yearbook. Due to the inherent time lag in data collec-
tion, statistical yearbook data are limited in their ability
to capture real-time economic dynamics. The sample
period for this study spans 2010 to 2020 and covers 30
provinces in mainland China (excluding Tibet).

This study selects six representative manufacturing
sectors from category C: C27, C35, C37, C38, C39, and
C40. The wage indicators presented in this study are
measured at current prices and have been adjusted using
urban resident consumer price indices to ensure temporal
comparability across years. Sparse missing values were
addressed through imputation via the interpolation
method. The data is standardized to eliminate differences
in dimensions between indicators. For beneficial criteria,
the data are normalized using Equation 1.

x0=
xij �min xj

max xj �min xj

ð1Þ

For cost criteria, the data is normalized using
Equation 2.

x0=
max xj � xij

max xj �min xj

ð2Þ

where x0 is the normalized data, xij is the ith sample of the
jth indicator, max xj is the maximum value of the jth indi-
cator, and min xj is the jth minimum value of the item
metric.

Evaluation Methods

Weighting Method. The entropy weighting method
(EWM) is an objective weighting technique grounded in
information entropy theory, employed to determine the
relative importance of indicators within a multi-criteria
evaluation framework. Its fundamental principle involves
calculating the entropy of each indicator and assigning
weights based on the magnitude of their entropies. EWM
enables the data to ‘‘speak for themselves’’: if a dataset is
completely uniform, its corresponding weight is zero;
conversely, the greater the variability of an indicator’s
values, the higher its weight. Consequently, this study
employs the entropy weighting method to evaluate the
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HQD of emergency industries comprehensively. The
method evaluates the annual HQD level of emergency
industries across provinces by determining indicator
weights based on the information content of the sample
data and by calculating comprehensive scores based on
the quantity of indicator information. The amount of
information an indicator carries determines its weight,
and the comprehensive scores are calculated as follows.
The HQD index system is presented in Table 1.

Step 1. Find the contribution of the ith sample to the
indicator under the item j

Pij =
xijPn

i= 1

xj

ð3Þ

where Pij is the contribution of the ith sample to the indi-
cator under item j, and xij is the ith of the jth indicator
samples, xj is the jth indicator.

Step 2. Calculate the entropy value of the j-item
indicator:

ej =� k
Xn

i= 1

pij ln (pij), j= 1, 2, . . .m: ð4Þ

where k = 1=ln nð Þ.0 satisfies eij.0

Step 3. Calculate the information entropy redundancy
of each indicator:

dj = 1� ej, j= 1, 2, . . .m: ð5Þ

Step 4. Calculate the weight of each indicator:

wj =
djPm

j= 1

dj

, j= 1, . . . m ð6Þ

where wj is the weight of the j indicator.

Step 5. The scores of each region are calculated.

sj =
Xn

j= 1

wjxij, i= 1, . . . , n ð7Þ

where xij is the ith sample of the jth item metric after
normalization.

Dagum Gini Coefficient. The Gini coefficient is an interna-
tionally recognized metric for measuring income inequal-
ity within a country or region. The traditional Gini
coefficient, however, can only reflect the overall degree
of inequality in an economic variable and cannot identify
the specific sources of this disparity (Dagum, 1997). The
Dagum Gini coefficient, which is often referred to as the
‘‘magnifying glass of regional disparities,’’ not only accu-
rately reveals the spatial sources of variation in economic
variables but also allows for an intuitive observation of
the dynamic changes in the contribution rates of three
distinct components. This decomposition disaggregates
the overall Gini coefficient into three parts: the intra-
regional inequality contribution, the inter-regional
inequality contribution, and the overlapping density.
The transvariation density (Gt) captures the frictional
costs between regions, reflecting additional disparities
arising from policy or geographical barriers between
adjacent areas. The total equals the sum of these three
components (G=Gw + Gnb + Gi), where the latter two
constitute the total inter-regional difference contribution.
This approach measures the sources of regional dispari-
ties and addresses sample crossover overlap issues plus
subsample distribution considerations (Jin, 2018). This
characteristic meets the needs of this study, so this paper
uses the Dagum Gini coefficient and its decomposition
method to examine the spatial pattern of HQD levels in
the emergency industry across 30 provinces, municipali-
ties, and autonomous regions. The overall Gini coeffi-
cient is computed as follows:

G=

Pk
j= 1

Pk
h= 1

Pnj

i= 1

Pnh

r = 1

jyji � yhrj

2n2m
ð8Þ

m indicates the HQD level of China’s emergency
industry; yji yhrð Þ is expressed as the HQD level of the
emergency industry in any province or city in j= hð Þ
region; n= 30 represents the total number of provinces
and territories; k=3 represents the number of areas
divided; nj nhð Þ represents the number of provinces in the
nj nhð Þ j(h) area. The Gini coefficient is sorted according
to each region’s HQD level of the emergency industry
before being decomposed to facilitate the calculation.

The formula for calculating the Gini coefficient within
the subgroup is:

Wei et al. 5



T
a
b

le
1
.

In
d
ex

Sy
st

em
fo

r
H

Q
D

o
f
th

e
E
m

er
ge

n
cy

In
d
u
st

ry
.

D
im

en
si

o
n

m
et

ri
cs

P
ri

m
ar

y
co

m
p
o
si

te
in

d
ic

at
o
rs

Se
co

n
d
ar

y
co

m
p
o
si

te
in

d
ic

at
o
rs

M
ea

su
re

m
en

t
va

lu
es

In
n
o
va

ti
o
n

(C
1
)

In
ve

st
in

in
n
o
va

ti
o
n

(C
1
-1

)
In

n
o
va

ti
ve

in
p
u
t

ca
p
ac

it
y

(C
1
-1

-1
)

T
h
e

R
&

D
ex

p
en

d
it
u
re

in
p
u
t

in
te

n
si

ty
In

n
o
va

ti
ve

in
te

lle
ct

u
al

in
ve

st
m

en
t

(C
1
-1

-2
)

N
o
.
o
f
R

&
D

p
er

so
n
n
el

ac
co

u
n
ts

fo
r

th
e

to
ta

l
N

o
.
o
f

em
p
lo

ye
es

In
n
o
va

ti
o
n

o
u
tp

u
t

ca
p
ac

it
y

(C
1
-2

)
In

te
lle

ct
u
al

p
ro

p
er

ty
cr

ea
ti
vi

ty
(C

1
-2

-1
)

T
h
e

p
ro

po
rt

io
n

o
f
in

ve
n
ti
o
n

p
at

en
t

ap
p
lic

at
io

n
s

in
th

e
to

ta
l
n
u
m

b
er

o
f
p
at

en
t

ap
p
lic

at
io

n
s

In
n
o
va

ti
ve

va
lu

e
re

al
iz

at
io

n
ab

ili
ty

(C
1
-2

-2
)

N
ew

p
ro

d
u
ct

sa
le

s
re

ve
n
u
e

ac
co

u
nt

ed
fo

r
a

p
ro

p
o
rt

io
n

o
f

th
e

p
ri

m
ar

y
b
u
si

n
es

s
in

co
m

e
G

re
en

(C
2
)

G
re

en
go

ve
rn

an
ce

ca
p
ab

ili
ti
es

(C
2
-1

)
E
nv

ir
o
n
m

en
ta

l
p
ro

te
ct

io
n

in
ve

st
m

en
t

(C
2
-1

-1
)

T
h
e

am
o
u
n
t

o
f
in

ve
st

m
en

t
in

in
d
u
st

ri
al

p
o
llu

ti
o
n

co
n
tr

o
l

p
er

1
,0

0
0

yu
an

o
f
in

d
u
st

ri
al

ad
d
ed

va
lu

e
h
as

b
ee

n
co

m
p
le

te
d

G
re

en
gu

ar
an

te
es

(C
2
-1

-2
)

T
h
e

p
ro

po
rt

io
n

o
f
en

er
gy

co
n
se

rv
at

io
n

an
d

en
vi

ro
n
m

en
ta

l
p
ro

te
ct

io
n

ex
p
en

d
it
u
re

in
th

e
lo

ca
l
ge

n
er

al
p
u
b
lic

b
u
d
ge

t
ex

p
en

d
it
u
re

E
n
er

gy
lo

ss
ra

te
(C

2
-2

)
To

ta
l
en

er
gy

co
n
su

m
p
ti
o
n

ra
te

a
(C

2
-2

-1
)

E
n
er

gy
co

n
su

m
p
ti
o
n

p
er

u
n
it

G
D

P
E
le

ct
ri

c
en

er
gy

co
n
su

m
p
ti
o
n

ra
te

a
(C

2
-2

-2
)

Po
w

er
co

n
su

m
p
ti
o
n

p
er

G
D

P
O

p
en

n
es

s
(C

3
)

Le
ve

l
o
f
fo

re
ig

n
tr

ad
e

o
p
en

n
es

s
(C

3
-1

)
P
ro

p
o
rt

io
n

o
f
fo

re
ig

n
ca

p
it
al

(C
3
-1

-1
)

T
h
e

p
ro

po
rt

io
n

o
f
fo

re
ig

n
ca

p
it
al

to
p
ai

d
-i
n

ca
p
it
al

P
ro

p
o
rt

io
n

o
f
fo

re
ig

n
in

ve
st

m
en

t
(C

3
-1

-2
)

T
h
e

p
ro

po
rt

io
n

o
f
to

ta
l
im

p
o
rt

s
an

d
ex

p
o
rt

s
o
f
go

o
d
s

to
th

e
re

gi
o
n
al

G
D

P
Le

ve
l
o
f
ca

p
it
al

o
pe

n
n
es

s
(C

3
-2

)
To

ta
l
fo

re
ig

n
in

ve
st

m
en

t
(C

3
-2

-1
)

To
ta

l
fo

re
ig

n
in

ve
st

m
en

t
In

ve
st

m
en

t
ca

p
ac

it
y

(C
3
-2

-2
)

o
n
-f

in
an

ci
al

O
FD

I
flo

w
s

Sh
ar

in
g

(C
4
)

Le
ve

l
o
f
re

ve
n
u
e

sh
ar

in
g

(C
4
-1

)
D

is
tr

ib
u
ti
o
n

ef
fic

ie
n
cy

(C
4
-1

-1
)

A
ve

ra
ge

w
ag

es
o
f
em

p
lo

ye
d

p
er

so
n
s

in
u
rb

an
u
n
it
s

Pe
rc

en
ta

ge
o
f
re

ve
n
u
e

d
is

tr
ib

u
ti
o
n

(C
4
-1

-2
)

G
ro

ss
w

ag
es

/G
D

P
o
f
em

p
lo

ye
d

p
er

so
n
s

in
u
rb

an
u
n
it
s

Le
ve

l
o
f
so

ci
al

sh
ar

in
g

(C
4
-2

)
A

ch
ie

ve
p
u
b
lic

sh
ar

eh
o
ld

in
g

ca
p
ab

ili
ti
es

(C
4
-2

-1
)

N
o
.
o
f
lis

te
d

co
m

p
an

ie
s

p
er

1
0
,0

0
0

co
m

p
an

ie
s

lim
it
ed

b
y

sh
ar

es
A

ch
ie

ve
se

rv
ic

e
ca

p
ab

ili
ti
es

(C
4
-2

-2
)

T
h
e

ad
d
ed

va
lu

e
o
f
so

ci
al

se
rv

ic
es

ac
co

u
n
ts

fo
r

th
e

p
ro

p
o
rt

io
n

o
f
G

D
P

C
o
o
rd

in
at

io
n

(C
5
)

La
b
o
r

u
ti
liz

at
io

n
(C

5
-1

)
La

b
o
r

p
ro

d
u
ct

iv
it
y

(C
5
-1

-1
)

Pe
r

ca
p
it
a

sa
le

s
re

ve
n
u
e

(1
0
,0

0
0

yu
an

/p
er

so
n
)

In
d
u
st

ri
al

p
ro

d
u
ct

io
n

ef
fic

ie
n
cy

(C
5
-1

-2
)

V
al

u
e

o
f
fin

is
h
ed

p
ro

d
uc

ts
/N

o
.
o
f
en

te
rp

ri
se

s
E
n
er

gy
ef

fic
ie

n
cy

(C
5
-2

)
E
n
er

gy
-s

av
in

g
p
ro

d
u
ct

io
n

ca
p
ac

it
y

(C
5
-2

-1
)

U
n
it

in
d
u
st

ri
al

ad
d
ed

va
lu

e/
st

an
d
ar

d
en

er
gy

co
n
su

m
p
ti
o
n

E
n
er

gy
ef

fic
ie

n
t

p
ro

d
u
ct

io
n

ef
fic

ie
n
cy

(C
5
-2

-2
)

G
ro

ss
re

gi
o
n
al

p
ro

d
u
ct

/c
o
n
su

m
p
ti
o
n

o
f
m

aj
o
r

en
er

gy
p
ro

d
u
ct

s
Se

cu
ri

ty
(C

6
)

In
te

rn
al

se
cu

ri
ty

le
ve

l
(C

6
-1

)
R

et
u
rn

o
n

as
se

ts
(C

6
-1

-1
)

To
ta

l
p
ro

fit
as

a
p
er

ce
n
ta

ge
o
f
to

ta
l
as

se
ts

O
p
er

at
in

g
m

ar
gi

n
(C

6
-1

-2
)

O
p
er

at
in

g
p
ro

fit
as

a
p
ro

p
o
rt

io
n

o
f
o
p
er

at
in

g
in

co
m

e
E
x
te

rn
al

se
cu

ri
ty

le
ve

l
(C

6
-2

)
Li

q
u
id

it
y

ra
ti
o

(C
6
-2

-1
)

C
u
rr

en
t

as
se

t/
lia

b
ili

ty
flo

w
Fi

n
an

ci
al

d
ep

en
d
en

ce
o
f
th

e
in

d
u
st

ry
(C

6
-2

-2
)

P
u
b
lic

se
cu

ri
ty

ex
p
en

d
it
u
re

as
a

p
ro

p
o
rt

io
n

o
f
th

e
ge

n
er

al
p
u
b
lic

b
u
d
ge

t
ex

p
en

d
it
u
re

a C
o
st

cr
it
er

ia
,
o
th

er
s

ar
e

b
en

ef
ic

ia
l
cr

it
er

ia
.

6



Gjj =

Pnj

i= 1

Pnj
r= 1

jyji � yhrj

2minj
2

ð9Þ

The contribution of within-subgroup differences to the
overall Gini coefficient is calculated as:

Gw =
Xnj

i= 1

GjjPjSj ð10Þ

The Gini coefficient between subgroup h and sub-
group j is calculated as:

Gjh =

Pnj

i= 1

Pnh

r= 1

jyji � yhrj

njnh(mj +mh)
ð11Þ

The contribution of the equity gap between subgroups
to the overall Gini coefficient is calculated as follows:

Gnb =
Xk

j= 1

Xj�1

h= 1

Gjh PjSh +PhSj

� �
Djh ð12Þ

The formula for calculating the contribution of super-
variable density is:

Gt =
Xk

j= 1

Xj�1

h= 1

Gjh PjSh +PhSj

� �
1� Djh

� �
ð13Þ

Where:

Djh =
djh � pjh

djh + pjh

ð14Þ

djh =

ð‘

0

dFj yð Þ
ðy

0

y� xð ÞdFh xð Þ ð15Þ

pjh =

ð‘

0

dh yð Þ
ðy

0

y� xð Þdj xð Þ ð16Þ

The difference in the regional economic HQD compo-
site index between regions j and h are denoted as djh. The
super-variable first moment (pjh) is the weighted average
of all (yhr � yji) values under the condition that
yhr � yji

� �
.0, when mj.mh.

Spatial Self-Correlation Analysis.

1. Economic distance matrix construction: The level
of economic development, the level of trade in
goods, the level of labor mobility, the level of
capital flow, etc., can be used to measure the

economic distance in space. The most common
indicator used to construct economic distance is
GDP per capita because the indicator reflecting
the level of economic development is the most
intuitive. The data is easy to obtain (J. He & Lv,
2015). Therefore, this paper chooses to use the
GDP per capita of each province to construct the
economic distance matrix, and its formula is:

wij =
1

jyi � yjj
ð17Þ

where yi and yj are the per capital GDP of region i and j,
respectively, and the GDP per capita of both places The
absolute value of the difference can be reasonably reci-
procal Reflects the economic distance between the two
regions.

2. Moran index: The Moran’s index is a fundamen-
tal statistical metric for measuring spatial auto-
correlation, employed to analyze the clustering or
dispersion patterns of attribute values of geo-
graphic features across space. The global Moran
index is one of the leading spatial autocorrelation
indices. This paper uses the global Moran index
to study the spatial aggregation characteristics of
the HQD of emerging industries in various prov-
inces. The Moran index formula is as follows:

I=
n

S0

Pn
i= 1

Pn
j= 1

wij(xi � x)(yj � y)

Pn
i= 1

(xi � x)2

=

1
S0

Pn
i= 1

Pn
j= 1

wij(xi � x)(yj � y)

1
n

Pn
i= 1

(xi � x)2

=

Pn
i= 1

Pn
j= 1

wij(xi � x)(yj � y)

S2 �
Pn

i= 1

Pn
j= 1

wij

ð18Þ

where S2 =
1

n� 1

Xn

i= 1

(xi � x)2 represents the variance of

province I’s HQD index, and S0 =
Pn
i= 1

Pn
j= 1

wij denotes

the spatial weight between provinces i and j. The middle
expression shows that the numerator is the covariance of
data x considering geographic adjacency relationships
(weighted), while the denominator represents the simple

Wei et al. 7



variance of data x without weighting. The Moran’s I
index is the ratio between the weighted and unweighted
variance. The standardized value of Moran’s I is calcu-
lated by dividing the difference between observed values
and expected values by the standard deviation through
linear transformation.

The Z2
i calculation formula for the statistic is:

ZI =
I � E½I �ffiffiffiffiffiffiffiffiffi

V ½I �
p ð19Þ

Therefore:

E½I �=� 1=(n� 1) ð20Þ

V ½I �=E½I2� � E½I �2 ð21Þ

Nonparametric Kernel Density Estimation. The Kernel den-
sity estimation (KDE) method employs a smooth kernel
function to fit the probability density of sample data.
Essentially, each sample data point, together with the
bandwidth, is substituted into the kernel function for lin-
ear superposition, followed by a weighted averaging pro-
cess to generate a continuous KDE curve. This curve is
then used to characterize both the temporal evolution
trends and the spatial agglomeration patterns of the
HQD of the emergency industry. Conceptually, employ-
ing KDE is analogous to replacing a ‘‘two-dimensional
X-ray image’’ (histogram) with a ‘‘three-dimensional CT
scan,’’ thereby enabling a more refined and multidimen-
sional visualization of the gradual spatial heterogeneity
in development. The kernel density curve is drawn using
the information characteristics of the annual HQD score
of the emergency industry in each region, which has the
characteristics of weak dependence on the model and
strong robustness. The calculation formula of kernel
density estimation is:

f yð Þ= 1

nh

Xn

i= 1

K
yi � �Y

h

� �
ð22Þ

The Gaussian kernel density function is:

K(x)=
1ffiffiffiffiffiffi
2p
p exp (� x2

2
) ð23Þ

where yi represents the score of HQD of the emergency
industry in the i region, and Y represents the average; n

is the number of samples; K(x) is the kernel function, and
the Gaussian kernel density function is selected in this
paper; h is the function bandwidth, which is determined
by referring to scholars such as Xie et al. (2022) accord-
ing to Silverman’s thumb method.

Dynamic Change Trend of HQD. This paper uses the non-
parametric kernel density estimation method to analyze
the distribution characteristics and dynamic trends of
HQD levels of emergency industries in various regions of
China. It also provides high-quality 3D kernel density
estimation curves for emergency industries in multiple
regions for easy plotting and analysis.

Furthermore, a s-convergence analysis is conducted.
The s-convergence refers to the process by which certain
gaps narrow over time. The s-convergence model can
reflect the evolution trend of the development level of
the emergency industry in various regions during the
national observation period, and the s formula of the
convergence test equation is as follows:

sj =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

n

Xn

i= 1

ln (xij)�
1

n

Xn

i= 1

ln (xij)

 !2
vuut ð24Þ

where sj refers to the convergence coefficient value of s

in the jth year, n refers to the number of regions, and xij

refers to the j of the i region The score of the HQD level
of the emergency industry in the year.

Results

Based on the entropy weight method, the calculated
weights for the innovation, green development, open-
ness, sharing, coordination, and security dimensions are
26.7%, 13.2%, 20.4%, 18.4%, 11.1%, and 10.1%,
respectively. Innovation, openness, and sharing indica-
tors carry more weight than other first-level indicators,
indicating that innovation and open concepts are of
great significance to the HQD of the emergency industry.
Innovation is the source of scientific and technological
development, and the development of the emergency
industry is inseparable from scientific and technological
development. Openness is an essential decision for China
to move toward international development. Sharing
reflects the industry’s development and adheres to
people-centered development thinking. The low weight
of coordination indicators indicates that there may be
regional differences in the HQD of China’s emergency
industry, and the national development needs to be
balanced.

Based on the entropy weighting method and the HQD
evaluation system for the emergency industry, this paper
considers data availability. It divides the 30 provinces,
autonomous regions, and municipalities directly under
the central government of the Chinese mainland Tibet
into three regions: coastal, inland, and Border, which
were comprehensively evaluated from 2010 to 2020 The
HQD level of the emergency industry was comprehen-
sively evaluated, and the data of 11 years were jointly

8 SAGE Open



comprehensively evaluated, and these scores are shown
in Table 2.

Overall Plot Analysis

The HQD level scores of the emergency industry in Table
2 and the three major regions are obtained and plotted.
The HQD of the emergency industry in Border region
fluctuated, but there was no upward trend, and the score
was stable between 0.149 and 0.162.

Analysis of Measured Results for HQD of China’s
Emergency Industry

Overall Analysis. Analysis of Table 2 reveals that the HQD
level of the emergency industry at the national level, as
well as in coastal and inland areas, showed a gradual
upward trend from 2010 to 2020, rising from 0.211 to
0.255, except for a decline observed in 2015. The HQD

level of coastal regions (0.301) was higher than the
national average (0.230). In contrast, border regions
showed fluctuating emergency industry development,
with scores remaining stable at 0.149 to 0.162.
Additionally, similar to the overall trend, coastal region
development levels remained above the national and
inland averages throughout the period under study. The
scores of innovations, coordination, and sharing indica-
tors for the five major development concepts increased
steadily from 2010 to 2020, while green indicators fluctu-
ated, and security and openness indicators decreased
significantly.

Figure 1 shows the role of innovation in the devel-
opment of the emergency industry has increased year
by year, reflecting the importance of scientific and
technological innovation as a pillar of the industry’s
development, and that China’s emergency industry
development has become less dependent on openness
year by year.

Table 2. Measurement Results of HQD of the Emergency Industry in Various Regions.

Region Year 2010 2012 2014 2016 2018 2019 2020

Coastal Tianjin 0.367 0.377 0.390 0.378 0.382 0.385 0.348
Hebei 0.173 0.171 0.197 0.175 0.200 0.221 0.197
Liaoning 0.216 0.201 0.213 0.205 0.221 0.238 0.236
Shanghai 0.504 0.484 0.498 0.500 0.501 0.491 0.486
Jiangsu 0.335 0.349 0.354 0.365 0.387 0.399 0.412
Zhejiang 0.268 0.306 0.348 0.362 0.400 0.443 0.473
Fujian 0.261 0.263 0.254 0.270 0.281 0.325 0.339
Shandong 0.229 0.264 0.301 0.268 0.283 0.268 0.287
Guangdong 0.385 0.383 0.385 0.367 0.395 0.404 0.406
Guangxi 0.171 0.175 0.187 0.188 0.164 0.178 0.184
Hainan 0.187 0.229 0.245 0.198 0.187 0.172 0.159
Beijing 0.433 0.377 0.399 0.401 0.430 0.461 0.444

Inland Shanxi 0.128 0.175 0.172 0.169 0.193 0.190 0.201
Anhui 0.171 0.193 0.202 0.225 0.256 0.266 0.266
Jiangxi 0.154 0.155 0.171 0.167 0.186 0.218 0.240
Henan 0.140 0.141 0.163 0.168 0.193 0.195 0.229
Hubei 0.190 0.165 0.175 0.206 0.240 0.251 0.249
Hunan 0.164 0.184 0.198 0.204 0.223 0.238 0.263
Chongqing 0.176 0.189 0.211 0.225 0.260 0.257 0.320
Sichuan 0.149 0.154 0.181 0.183 0.199 0.209 0.227
Guizhou 0.157 0.131 0.125 0.128 0.148 0.156 0.174
Shaanxi 0.183 0.172 0.222 0.218 0.259 0.272 0.273
Qinghai 0.101 0.099 0.123 0.135 0.157 0.131 0.112
Ningxia 0.181 0.159 0.217 0.192 0.184 0.186 0.197

Border Inner Mongolia 0.118 0.126 0.160 0.147 0.132 0.124 0.121
Jilin 0.175 0.186 0.203 0.208 0.19 0.199 0.182
Heilongjiang 0.162 0.162 0.171 0.127 0.152 0.153 0.146
Yunnan 0.124 0.122 0.128 0.141 0.156 0.174 0.191
Gansu 0.132 0.146 0.13 0.118 0.106 0.127 0.113
Xinjiang 0.192 0.165 0.178 0.153 0.176 0.180 0.162

Coastal mean 0.281 0.291 0.307 0.298 0.309 0.32 0.321
Inland mean 0.179 0.177 0.197 0.202 0.225 0.233 0.246
Border mean 0.151 0.151 0.162 0.149 0.152 0.159 0.153
Nation 0.211 0.213 0.230 0.226 0.241 0.250 0.255

Wei et al. 9



Three Regional and Provincial-Level Analyses. The HQD score
for the emergency industry in each region in 2020 is pre-
sented in a bar chart.

Twelve provinces, including Qinghai, Gansu, and
Ningxia, recorded scores below 0.2. Ten provinces, such
as Shanxi and Shandong, scored between 0.2 and 0.3.
Only three provinces: Chongqing, Fujian, and Tianjin;
achieved scores above 0.3 but below 0.4. Provinces with
scores surpassing 0.4 are exclusively the most economically
developed regions, namely Guangdong, Jiangsu, Beijing,
Zhejiang, and Shanghai. The development of the emer-
gency industry across the country in 2020 was uneven,
with significant differences in levels of development.

Based on measurement results for the HQD of the
emergency industry across various regions of China, the
HQD level in 30 provinces directly under the Central
Government was evaluated. According to Xin and An
(2019), based on the ‘‘natural break-point method’’ and
combined with expert suggestions, the HQD level of the
emergency industry is divided as follows. This evaluation
system and grade division are still in the exploration
stage, and the grade classification only reflects relative
significance (Figure 2).

The first class of emergency industry development
areas, except for Beijing, is concentrated along the coast,
with Shanghai having the highest level of emergency
industry development (0.486), followed by Zhejiang
(0.473). These two regions are significantly ahead of the
rest of the world. There are second-class areas for emer-
gency industry development in coastal and inland areas,
but none in the Border. The three types of emergency
industry development areas are coastal. These develop-
ment areas are distributed along a long inland strip, but
most are concentrated there. Of the four regions, only

Qinghai is landlocked and has the lowest score (0.112),
while the others belong to the Border region. The first
category comprises all economically developed areas, and
the third and fourth categories comprise all financially
underdeveloped areas, indicating that the local economic
development level positively affects the development of
the emergency industry. The rapid improvement in the
innovation level of coastal and other developed areas has
promoted the HQD of the emergency industry, leading
China’s safety and emergency industry to follow the pat-
tern: Coastal. Inland.Border.

The ‘‘China Safety and Emergency Industry Map
White Paper (2020)’’ published by the official authorities
reveals that coastal regions have the most significant
overall industrial scale. The size of China’s emergency
industry is positively correlated with provincial GDP
and HQD of its coastal economic belt. Among these
regions, Jiangsu Province and Guangdong Province lead
the nation on an industrial scale. Borderland areas have
the most significant future potential, serving as the vital
path connecting domestic security and the emergency
industry protection with external development in inland
China (Tables 3 and 4).

Regional Differences in the HQD of the Emergency
Industry

Regional Difference Analysis. The Gini coefficients of the
country and its three major regions are plotted in Figure
3. The Gini coefficient of the emergency industry fluctu-
ated from 2010 to 2020 and remained 0:21� 0:23 above
2013 levels thereafter. The Gini coefficient’s stability
means that the emergency industry’s regional develop-
ment structure is also stable. The regional differences in
development have not changed significantly, indicating
that the emergency industry’s development structure
across the country has remained largely unchanged.
Internal disparities among coastal (0.19), inland (0.16),
and border regions (0.10) are significant, with the border
region exhibiting the least internal heterogeneity.

From the perspective of the three primary regional
levels, the Gini coefficient of inland regions also
increased and decreased. The distribution was gradually
balanced from 2016 to 2020. During the year, the inland
Gini coefficient fluctuated. The development pattern of
the emergency industry in coastal areas has changed little
from 2010 to 2020.

The Gini coefficients between the coastal-inland,
coastal-border, and inland-border regions are shown in
Figure 4. The trend of the interregional Gini coefficient
is calculated based on the Dagum Gini coefficient.

Analysis of the Gini Coefficient Between the Three Regions. The
interregional Gini coefficients indicate differences in the

Figure 1. Average scores of various dimensions of indicators.
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level of development of the emergency industry across
regions. During the observation period, the coastal-
border Gini coefficient exhibited an upward trend

(increasing from 0.31 to 0.36), indicating a widening dis-
parity in the emergency industry development between
coastal and Border regions. The Gini coefficient of the

Figure 2. Score of HQD of the emergency industry by region in 2020.

Table 3. A Comprehensive Score Divided by the Regional Level.

Grade Coastal Inland Border

D ø 0:35 (category-I) Shanghai, Zhejiang, Jiangsu,
Guangdong

Beijing —

0:35.D ø 0:25(category-II) Tianjin, Shandong, Fujian Anhui, Chongqing, Hunan, Shaanxi —
0:25.D ø 0:15(category-III) Hebei, Hainan, Liaoning, Guangxi Guizhou, Henan, Shanxi, Hubei,

Sichuan, Ningxia, Jiangxi
Jilin, Yunnan, Xinjiang

D\0:15 (category-IV) — Qinghai Inner Mongolia,
Heilongjiang, Gansu

Table 4. Moran Index for the HQD of Emergency Industries in Various Regions.

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Moran index 0.554 0.561 0.545 0.545 0.526 0.560 0.554 0.554 0.532 0.515 0.440
Z-value 5.949 6.024 5.857 5.861 5.668 6.013 5.953 5.950 5.731 5.559 4.799
p-value 0 0 0 0 0 0 0 0 0 0 0
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coastal-inland relationship demonstrated a downward
trajectory after 2011 (decreasing from 0.29 to 0.23), sug-
gesting that the development gap in the emergency
industry between coastal and inland areas narrowed dur-
ing this period. Meanwhile, the Gini coefficient for
inland and Border regions showed an ‘‘increase-decrease-
increase’’ pattern throughout the observation period.
Notably, after 2013, there was a rapid increase in the
Border-inland Gini coefficient (rising from 0.13 to 0.25).

According to the officially released White Paper on
China’s Safety and Emergency Industry Map (2020), sev-
eral major economic sectors have rapidly developed in

the Bohai Bay, Yangtze River Delta, and Pearl River
Delta regions, effectively driving HQD in their respective
areas. In the Bohai Bay region, Beijing, Tianjin, Hebei,
Liaoning, Jilin, and Shandong demonstrate significant
advantages in technological development, conversion,
and human resources. These regional strengths comple-
ment one another, promoting balanced development
across the region.

These initiatives serve as exemplary models for pro-
moting balanced HQD in emergency industries across
coastal and inland regions. However, due to geographical
limitations on industrial transfer distances between
coastal and bordering regions, disparities between these
areas have become increasingly unbalanced. The Gini
coefficient continues to widen in inland and bordering
regions, particularly in provinces like Inner Mongolia
and Gansu, where the emergency industry remains under-
developed, further exacerbating regional inequalities.

Gini Coefficient Decomposition Analysis of the Regional
Source. From the perspective of the changing trend in
the contribution rate of each gap source, the internal
structure of the gap between regions for China’s HQD
emergency industry has not changed much from 2010 to
2020. According to a previous analysis (with a contribu-
tion rate of 59%), it is likely related to differences in the
development of emergency industries across coastal,
Border, and inland areas.

Figure 3. Trend of the Gini coefficient.

Figure 4. Trends in Gini coefficient changes between regions.
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The super variable density is mainly used to identify
the cross-overlapping phenomenon between regions. For
example, although the overall emergency industry devel-
opment level of the coastal area is higher than that of the
inland province, the HQD level of the emergency indus-
try in an inland province is higher than that of some
coastal provinces. From the super-variable density curve
from 2010 to 2020, the phenomenon of crossover has
always existed in the development of the emergency
industry (Figure 5).

According to the Gini coefficient calculation formula,
the number of samples can affect the results, leading to
errors. However, the relevant studies show that the actual
error will be much smaller than the theoretical error
(Yan et al., 2017), so the impact of this error on this
study can be ignored.

Spatial Agglomeration Analysis of the Emergency
Industry Development Based on Moran’s Index

For the spatial agglomeration analysis based on Moran’s
index, the per capita GDP of each region was used of
each region is used to construct the economic distance
matrix. The global Moran index is selected to analyze
the HQD level of the emergency industry in various
regions in China from 2010 to 2020, and the results are
as follows:

The Moran index from 2010 to 2020 is significant at
the 1% level, which is of research significance. The
Moran index is positive, indicating strong spatial auto-
correlation and suggesting that the spatial difference in
the level of emergency industry development across
provinces in China is evident. Obvious spatial

autocorrelation, indicating a significant agglomeration
phenomenon that is directly related to the regional eco-
nomic development level. The Moran index is above 0.4,
and the maximum fluctuation does not exceed 0.12, indi-
cating that, to a certain extent, the development level of
the emergency industry across regions from 2010 to 2019
is highly similar, while regional development remains
uneven. There has been no significant change in this
nationwide development trend.

According to the ‘‘2022 China Safety and Emergency
Industry Cluster White Paper,’’ China’s emergency
industry exhibits a clear spatial agglomeration pattern,
gradually forming three major economic regions: the
Yangtze River Delta, the Guangdong-Hong Kong-
Macao Greater Bay Area, and the Beijing-Tianjin-Hebei.
The emergency industry has established a new regional
development landscape characterized by ‘‘three core
drivers leading with inland border areas progressing
together.’’ The coastal provinces of Shandong, Jiangsu,
Zhejiang, and Shanghai have formed an integrated clus-
ter, demonstrating clear spatial positive autocorrelation.
Similarly, the inland regions, including Anhui, Henan,
Hebei, Jiangxi, Sichuan, Chongqing, and Guizhou, also
exhibit distinct spatial autocorrelation relationships in
their HQD of emergency industries.

Spatial Distribution Characteristics and Dynamic
Evolution Trends of HQD in the Emergency Industry

Three-dimensional kernel density estimation curves for
the emergency industry HQD are plotted for each region
to facilitate visualization and analysis.

Figure 5. Contribution rate change trend.
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Analysis at the National Level. Figure 6 reports the nonpara-
metric kernel density estimation curves. The national
kernel density curves exhibit a clear evolution from a
pronounced bimodal distribution toward a unimodal
form, reaching a peak around 2013 and continuing to
shift to the right. This pattern indicates a general upward
trend in the HQD level of China’s emergency industry.
The persistent decline in kurtosis, coupled with the gra-
dual broadening of the curves, suggests an increasing dis-
persion in HQD levels across the country. The
distribution’s right skew implies that higher values exert
an upward pull on the overall national average. The den-
sity range fluctuates between 0 and 7, with values
approaching the maximum around 2013 before gradually
declining to below 4. The inland curve closely resembles
the national trend.

Analysis of the Three Regional Levels. In the coastal region,
the kernel density curves approximate a normal distribu-
tion, making the mean a more representative measure of
the overall trend. Kurtosis shows a general downward
trajectory, with the density range narrowing from
approximately 3 to 1 over time, while the curves become
increasingly broad. This indicates a gradual rise in inter-
nal dispersion and widening intra-regional disparities.

Simultaneously, the peak density values increase, reflect-
ing a steady improvement in the overall HQD level of
the coastal region. Compared with the national curve in
the first panel, the coastal region consistently exhibits
higher scores. The inland curve mirrors the national
pattern.

In contrast, the border region’s kernel density distri-
bution displays a more irregular pattern. The density
range spans from 0 to 16, with the mean showing a
steady annual increase. In 2019 and 2020, the distribu-
tion stabilized, accompanied by heightened dispersion.
Internal regional differences expand progressively amid
fluctuations. The consistent decline in peak density over
time indicates that the HQD of the emergency industry
in border provinces, as well as their multi-polar develop-
ment patterns, has undergone notable transformation.3.6
Spatial convergence analysis.

The s convergence was selected to analyze the trend
in HQD levels in the emergency industry from 2010 to
2020, and the results are shown in Figure 7.

Figure 7 shows the evolution of the s-convergence
coefficients for the emergency industry at the national
and regional levels during the sample period. Figure 7
shows that the development level of the emergency indus-
try across regions does not exhibit consistent s-conver-
gence overall but rather shows phased convergence, with

Figure 6. Nonparametric kernel density estimation curve.
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the national region in 2011 to 2013 showing a more obvi-
ous convergence phenomenon, followed by 2013 to 2015.

There was a more pronounced divergence over the
years. To a certain extent, the trend of the s convergence
coefficient across regions indicates that the development
structure of the emergency industry in multiple regions
has not changed much from 2010 to 2020, that develop-
ment differences between regions are apparent, and that
there is no obvious sign of catch-up convergence in less
developed areas. This is consistent with the conclusion
that the level of the emergency industry development
during the observation period of the Moran index analy-
sis shows a certain intensity of spatial agglomeration.

Discussion

Multidimensional Indicator Systems Provide More
Comprehensive and Reliable Evaluations Than
Unidimensional Results

Although single indicators are helpful such as labor pro-
ductivity (S. Chen & Chen, 2018), total factor productiv-
ity (Marcel et al., 2024; Z. Liu & Ling, 2020), green total
factor productivity (H. Li & Dong, 2021; Yu et al.,
2019), or the employment share of the secondary and ter-
tiary sectors (Z. Wang & Zhang, 2019), they cannot fully
capture the complexity of HQD. In contrast, multidimen-
sional indicator systems prioritize comprehensiveness by
integrating various aspects such as industrial develop-
ment, social progress, and ecological sustainability. We
propose a comprehensive framework for assessing the
HQD of China’s emergency industry. At the principal
level, the proposed indicator system emphasizes compre-
hensiveness, heterogeneity, stability, and dynamism; at

the technical level, it values transparency, accessibility,
and simplicity. We adopt six dimensions: innovation,
green development, openness, sharing, coordination, and
safety, to reflect industry-level HQD based on the work
of L. Qu et al. (2021). Using conventional statistical data,
we analyze and evaluate the HQD of emergency indus-
tries across China’s provinces, contributing theoretically
and practically to the field. Therefore, evaluations based
on multidimensional indicator systems are more compre-
hensive and reliable than unidimensional results and bet-
ter aligned with China’s research needs for high-quality
economic development.

Combining Multiple Research Methods Enhances the
Understanding of Spatiotemporal Evolution

The HQD of the emergency industry exhibits distinct
spatiotemporal characteristics. Existing studies have
employed clustering and correspondence analysis to
explore regional differences but have not effectively iden-
tified their sources. By integrating Moran’s I, the Dagum
Gini decomposition, and kernel density estimation, we
reveal the sources and dynamic evolution of disparities
in HQD across time and space. These methods accu-
rately diagnose regional weaknesses and provide valu-
able insights for building a modern industrial system,
strengthening manufacturing, and fostering service
industry prosperity (L. Liu et al., 2022).

J. Chen et al. (2020) used entropy weights, the Dagum
Gini coefficient, and kernel density estimation to mea-
sure the national HQD index of the Chinese economy
from 2004 to 2017 and analyze its spatial and temporal
trends. They found a generally low but upward trend in
the overall index, with an unbalanced regional distribu-
tion following an eastern-northeastern-central-western
hierarchy. Their findings corroborate our conclusions,
although differences in research objects and time frames
may explain contrasting results, such as their finding of a
narrowing gap in overall economic development. At the
same time, our study reveals a persistent disparity in the
emergency industry.

Broader Temporal Span, More Focused Research
Object, and Stronger Industry Relevance

Wei and Li (2018) were limited to the year 2016 and
lacked dynamic insights. The framework of T. Zhang
(2020) is unsuitable for industrial and regional sub-sector
studies over multiple time points. J. Chen et al. (2020)
expanded the research scope but did not focus on the
emergency industry.

This study finds that the HQD index of the emergency
industry closely aligns with indices reported in the 2024

Figure 7. Development level of the emergency industry s

convergence coefficient.
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China Safety and Emergency Industry Development
Report by CCID Research Institute, indicating the
robustness and practical validity of our findings. Our
computed indices (0.222–0.284) are comparable to those
found in other studies (e.g., J. Chen et al.’s (2020) 0.213–
0.279; Wei and Li’s (2018) 0.142–0.434), confirming that
China’s HQD level remains relatively low. Moreover,
consistent with Jahanger (2021), X. Yang et al. (2022),
and Y. Yang et al. (2021), innovation is the key driver of
HQD. Notably, our study reveals a declining trend in
the openness dimension, reflecting unique spatiotem-
poral patterns in the emergency industry. These insights
provide stronger, industry-specific guidance for regional
policy formulation.

Limitations and Future Research

This study has several limitations, primarily due to data
availability. This paper focuses on China’s emergency
industry manufacturing segment. In reality, the emer-
gency industry encompasses not only manufacturing but
also services such as monitoring, early warning, educa-
tion, training, consulting, logistics management, and
information platforms. It increasingly intersects with the
IT, telecommunications, and finance sectors, fostering
new models such as innovative emergency finance and
systems. The conclusions of this study are constrained by
the availability of provincial-level panel data in China
and by limitations in selecting HQD indicators at the
industrial level. These findings are therefore more applica-
ble to the HQD of the emergency industry across 30 prov-
inces in mainland China during the 11years prior to 2020.
Caution should be exercised when generalizing them to
the HQD of other industries or to regional HQD.

Future research can be further expanded in the follow-
ing aspect: First, as data becomes available, future work
should expand the scope of the emergency industry to
include the service sector (e.g., emergency consulting,
logistics, and information platforms) to provide a more
holistic assessment of its HQD. Second, employing alter-
native methodologies, such as spatial econometric mod-
els, could help identify the specific drivers and spillover
effects influencing the HQD of the emergency industry,
moving beyond measuring disparities to explain their
causes. Third, future research could conduct comparative
analyses with the emergency industries of other countries
to derive internationally relevant insights and policy les-
sons. Finally, extending the temporal scope of the analy-
sis beyond 2020 would be valuable for capturing post-
pandemic trends and evaluating the long-term effective-
ness of recent policy interventions.

Policy Recommendations

Based on the above findings, we propose the following
policy recommendations to advance the HQD of China’s
emergency industry:

1. Acknowledge the uneven development landscape:
Recognize the heterogeneity in development levels
across regions and address the contradiction
between regional equity and sufficiency. Strategic
intervention is needed to rebalance industrial com-
petition and achieve gradual, coordinated growth.

2. Expand openness and collaboration at a higher
level: With openness in decline, policymakers
must respond to external challenges by strength-
ening domestic circulation and enhancing interna-
tional cooperation. Industrial security should also
be prioritized, with efforts to improve profitabil-
ity, manage financial risk, guide the classification
of emergency products, and establish strategic
reserves. A dual-track model combining market
mechanisms and government procurement is
essential for stability.

3. Strengthen interregional collaboration: Address
inter- and intra-regional disparities by leveraging
the advantages of border regions, promoting
industrial transfers, and optimizing spatial lay-
outs. Increased investment in underdeveloped
areas like the Border should be paired with tar-
geted financial and policy support.

4. Enhance top-level design and macro policy gui-
dance: Industrial clusters in regions such as the
Yangtze River Delta, the Pearl River Delta, the
Bohai Rim, and the Chengdu–Chongqing area
should leverage their manufacturing strengths to
build complementary, specialized emergency
industries. Regional coordination and supply
chain integration are crucial to avoiding homoge-
neous competition and fostering sustainable
growth.

5. Breaking regional barriers to promote HQD of
the emergency industry: A three-dimensional
strategy: ‘‘policy guidance + factor reconfigura-
tion + scenario adaptation’’ should be imple-
mented in a coordinated manner to narrow
interregional disparities. Precision in fiscal trans-
fers: The central government should establish a
dedicated compensatory fund, prioritizing infra-
structure investment in Border and other disaster-
prone areas. Tax incentives should be used to
encourage coastal enterprises to establish produc-
tion bases in inland and border regions. In
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addition, a cross-provincial mechanism for dis-
patch compensation should be instituted to
ensure efficient interregional resource allocation.

Gradient innovation support: An integrated innova-
tion chain, ‘‘Coastal R&D, inland transformation,
Border application,’’ should be established. Coastal
regions would focus on breakthroughs in core technolo-
gies, such as intelligent early-warning algorithms; inland
regions would absorb the relocation of manufacturing
for equipment, such as sensors and unmanned aerial
vehicles (UAVs); Border would conduct specialized test-
ing and certification for extreme scenarios, such as high-
altitude, cold climates and mountainous terrain.
National laboratories should establish branch facilities
strategically distributed across regions based on regional
characteristics.

Differentiated disaster prevention planning: Coastal
regions should pilot the construction of ‘‘smart emer-
gency city clusters’’; inland regions should develop
industrial clusters specializing in the manufacturing of
emergency equipment; Border should strengthen disas-
ter prevention capabilities for border ecological
reserves and energy bases. A regularized mechanism
for cross-regional emergency drills should be estab-
lished to enhance the nationwide coordinated response
capacity.

Conclusions

A comprehensive evaluation index system is constructed
to assess the HQD of China’s emergency industry. The
paper employs the entropy weighting method to measure
the quality development index for 30 provinces from
2010 to 2020, then uses the Dagum Gini coefficient
decomposition method to analyze the sources of dispar-
ity, applies kernel density estimation to illustrate the dis-
tribution dynamics and evolution trend of HQD in the
emergency industry, and finally conducts convergence
analysis. This study provides policy references for pro-
moting HQD in provincial emergency industries.
Therefore, this paper has fully achieved its intended
research objectives.

First, six dimensions, that is, Innovation, Green,
Openness, Sharing, Coordination, and Security are
employed to construct a scientifically sound measure-
ment framework for accurately assessing provincial-level
high-quality emergency industry development in China.

Second, the overall index of China’s emergency indus-
try HQD shows an upward trend (reaching 0.255), and
coastal regions exhibit higher levels of development
(0.301) compared to the national average (0.230). Inland
areas demonstrate more substantial improvements in

their overall development levels. However, the rate of
improvement in the coastal regions’ emergency industry
HQD index is slower than that in inland regions. The
border regions exhibit fluctuating development patterns,
with no notable overall improvement.

Third, a statistically significant Moran’s I index indi-
cates strong spatial autocorrelation among regional
developments. There are apparent spatial dependence
and agglomeration phenomena in the development of
the emergency industry, and high-high and low-low
agglomeration at the national level. Significant differ-
ences exist in the development of the emergency industry
across different provinces, with no sign of this disparity
alleviating.

Fourth, the overall Gini coefficient of emergency
industry development across all provinces remained sta-
ble at around 0.22 from 2010 to 2020, without a signifi-
cant reduction. There are substantial disparities in
emergency industry development between coastal,
inland, and border regions. The gap between coastal and
inland regions has decreased annually. During the obser-
vation period, the Gini coefficient between coastal and
Border regions fluctuated upward (from 0.31 to 0.36),
indicating an expanding trend in the development gap in
the emergency industry between these areas. Disparities
in China’s emergency industry HQD primarily stem
from regional differences (accounting for 59% of the
variance), with a crossover phenomenon across regions.
This suggests an imbalanced pattern of development
across the three major regions. Furthermore, given each
region’s Gini coefficient, these disparities predominantly
originate in coastal high-income areas.

Finally, this paper offers a comprehensive, data-
driven assessment of HQD in China’s emergency indus-
try, revealing critical regional disparities, temporal
dynamics, and structural challenges. While progress has
been made, especially in inland areas, the uneven pace of
development, widening internal gaps, and systemic gov-
ernance limitations underscore the urgent need for tar-
geted policy refinement, interregional coordination, and
innovation-driven strategies to promote balanced, sus-
tainable advancement across all regions.
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