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Abstract

Background: Evaluating the governance capacity of urban public health is the key to improving the level of
urban public health. We aimed to evaluate the governance ability of urban public health.

Methods: An index system of governance ability of urban public health was established. The governance abil-
ity of urban public health was evaluated, and major constraints against the ability improvement were analyzed
through the EM (Entropy Method)-AHP (Analytic Hierarchy Process)-TOPSIS (Technique for Order Prefer-
ence by Similarity to an Ideal Solution) model and data of urban agglomeration in Yangtze River Delta, China
in 2023.

Results: Shanghai, Nanjing, Hangzhou, Suzhou, and Ningbo rank top 5 in terms of governance ability of pub-
lic health, and they are in the first echelon. Hefei, Yancheng, Wuxi, Taizhou and Shaoxing rank 610, and they
are in the second echelon. The remaining 17 cities are in the third echelon. Major soutces of governance ability
of urban public health and major factors that decrease governance ability are Medical Facility (A12), Health
Improvement (A33), Medical Staff (A13), Government Ability (A11), and Health Loss (A34). For urban ag-
glomeration in Yangtze River Delta, China, public health foundations, environmental exposure risks, public
health performance, and public health emergencies all can influence the governance ability of public health.
Conclusion: Accurate evaluation of the governance ability of urban public health can provide guidance and
policy propositions to improve the governance system of public health and improve the emergency coordina-
tion ability of the government.
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Introduction

Currently, the management of urban public
health encounters frequent occurrences of public
health accidents, and this situation has attracted
considerable attention from experts and scholars.
If great urban public health emergencies are not
handled timely and inaccurately, this situation

often will develop into large-scale comprehensive
public crises and disasters, which bring serious
consequences (1). Therefore, many experts and
scholars have studied the governance ability of
urban public health systematically by using differ-
ent research methods and integrating different

Copyright © 2024 Shou et al. Published by Tehran University of Medical Sciences.
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license.
(https://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided the original work is properly cited

Available at:  http://ijph.tums.ac.ir




Shou & Shou: Evaluating the Governance Ability of Urban Public Health ...

disciplines, such as management engineering,
laws, and politics. The complicated and diversi-
fied urban environment and high concentration
of urban population in China have increased the
frequency of occurrence of urban emergencies
and increased the risk coefficient, which makes
the rescue process complicated (2). Urban public
health events greatly threaten social stability,
people’s property safety, and the lasting political
stability of a country. According to the practice
experiences of developed countries, urban eco-
nomic level increases quickly and various emer-
gency events occur continuously in the accelerat-
ed urbanization process. As a result, cities enter
into the high-risk phase and become the “vulner-
able” places. The governance ability of urban
public health is closely related to people’s life
safety, property safety, and production safety (3).
It is the foundation of social economic order and
national safety (4). Therefore, evaluating the gov-
ernance ability of urban public health and opti-
mizing its governance mode can help urban man-
agers cope with various urban public safety
events accurately and effectively. It is important
in decreasing casualties to the maximum extent,
avoiding economic loss, and realizing sustainable
sound, and stable development of cities.

Three main methods are used to measure public
health, namely, the index method, the efficiency
value method, and the establishment of a com-
prehensive evaluation index. Specifically, the in-
dex method mainly chose indexes related to
physical health, and most indexes are negative
ones, such as the number of death for disease of
the respiratory system (5), total death rate (6-7),
and number of outpatient and emergency treat-
ments in oncology department (8). The efficiency
value method mainly measures the regional pub-
lic health level by its input-output efficiency. For
example, the regional health production efficien-
cy is measured with the DEA method by using
the number of health technical personnel per
1,000 people, the number of beds in health insti-
tutions per 1,000 people, and the total health cost
per capita as the input variables, with the average
expected life as the output variable (9). Moreover,
the health production efficiency of residents is
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measured dynamically with the DEA—Malmquist
model by using the number of beds in health in-
stitutions per 1,000 people and the number of
health technical personnel in 1,000 people as the
input variables, with the maternal mortality rate,
the perinatal mortality rate, and the incidence rate
of infectious disease as the output variables (10).
Relatively few studies are available on establish-
ing a comprehensive evaluation index. For in-
stance, the weighted mean of residents’ expected
life, birth rate, and death rate is used to build the
health level index of residents for reflecting the
health input effect of different regions (11). Al-
ternatively, evaluation indexes are built from the
perspective of individual education and income
level (12-13), family harmonious atmosphere and
health environment (14), social status, medical
resource configuration, urbanization, and air pol-
lution (15) on the social economic level.

With respect to the emergency capacity of urban
public health, relevant studies have attracted wide
attention since the SARS event in 2003. Owing to
the chain effect, composition, and complexity of
influences of the COVID-19 pandemic, the im-
portance and urgency to strengthen the emergen-
cy management system and ability construction
of public health are highlighted. In addition, close
attention should be paid to the uniqueness of
public health emergency management (16). The
COVID-19 pandemic has proposed a great chal-
lenge to the emergency governance ability of
public health. The application of big data should
be promoted in the field of public health emer-
gency management to improve the aforemen-
tioned ability (17). With respect to the evaluation
index system for public health emergency ability,
the indexes of resource guarantee ability, resource
configuration ability, crisis processing capacity,
and post-event dealing ability are scored by com-
bining the Delphi method and the analytic hierar-
chy process (AHP) (18), which enables improv-
ing and determining the final ability index system.
In summary, urban public health has been a key
research area in the academic circle. Relevant
studies emphasize on measuring urban public
health and the ability to cope with emergency
events related to urban public health. However,
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few systematic studies are available on the com-
prehensive evaluation of the governance ability of
urban public health. Thus, fully disclosing the
development level, highlighted problems and re-
gional differences of governance ability of urban
public health in China is difficult. On this basis,
this study attempted to develop an evaluation
index system for the governance ability of urban
public health based on the explicit connotation of
urban public health theory and explicit logics.
Then, the public health governance ability of ur-
ban agglomeration in Yangtze River Delta, China
was measured scientifically by combining EM
(Entropy Method), AHP (Analytic Hierarchy
Process), and TOPSIS (Technique for Order
Preference by Similarity to an Ideal Solution).
The development level of public health govern-
ance ability and the multi-dimensional influencing
factors of urban agglomeration were investigated
systematically. Conclusions can provide decision-
making support to improve urban public health.

Methods

The governance ability of urban public health
was evaluated by using EM—AHP combined
weighting and the TOPSIS method. The weights
of indexes were calculated through EM—AHP
combined weighting before using the TOPSIS
method.

Combined weighting model

At present, the control variables are mostly
ranked through the Delphi or questionnaire sur-
vey method. However, ranking results often have
very strong subjectivity and cannot be changed
according to the relative changing degree of con-
trol variables. As a result, evaluation results lack
objectivity and reasonability. Evaluation indexes
were ranked by the EM-AHP combined
weighting method according to importance,
which guaranteed objectivity and reasonability of
the evaluation of governance ability of urban
public health.
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EM method

The EM method is an objective weighting meth-
od to determine the statistical dispersion degree
of indexes. When little information is available,
the greater uncertainty leads to the higher entro-
py. When such information is provided, the en-
tropy decreases with the decline in uncertainty.
The weights of evaluation indexes are determined
according to entropy. The index with greater rela-
tive changes has higher weights. The general pro-
cess of the entropy method can be divided into
the following steps:

1) Calculate the ratio ( ;) of x; , where

b

X

Yy =5 (=123, m, j=1,2,3,m) [1]
2%
i=1

2) Calculate the entropy value (p;) of the ™ in-

dex, where

pj :_k;}/ij lnyija(i:15253a"')m’j :1,2,3,"‘,7’1)

, k= 1 (m is the sample size) [2]
Inm

3) Calculate the difference coefficient (u;) of the
j" index, where 4, =1 p, 3]

:th

4) Calculate the weight (w;) of the j” index,
H;

2,
Jj=1

5) Determine the weight W = (w;,w,,---,w,) of

where w, =

[4]

indexes at the outer layer in the index system ac-
cording to the abovementioned steps. Calculate
the sum of the weights of the indexes in the low-
er layer to obtain the weights of the indexes in
the upper layer.

6) Rank the evaluation indexes of governance
ability of urban public health in China in terms of
importance according to the weight vector
W =(w,w,,--,w,), which generates the total

sequence of indexes.
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AHP method

In the hierarchical structural model, the bottom
layer is usually the factor layer, and various rec-
ognized fundamental risk factors are used as the
level-2 indexes for risk evaluation. The middle
layer is the criterion layer, and risk factors are
classified as level-1 indexes for risk evaluation.
The top layer is the target layer, that is, the deci-
sion target that has to be reached in risk quantifi-
cation. After the evaluation goal, plan, standards,
and indexes are determined, a hierarchical model
of the system can be built to recognize and ana-
lyze risk factors comprehensively. According to
the built risk hierarchical structure, a pairwise
comparison of factors is conducted.

The product of matrix elements @; is determined
according to row calculation, which yields a new
vector M,:

M, =]]a,j=1,2,3-,n)

Jj=1
(5]
The #™ root of each element of the new vector
M, is calculated, which produces the vector 7;:

r=xM, (6]

Subsequently, the weight vector (Wi), largest ei-
genvalue (A_ ), consistency index (7'), and con-
sistency ratio (Q) are obtained through the nor-

malization of ri. The calculation formulas are
shown in Eqgs. [7]-[10]. Whether the matrix pass-
es the consistency test is ascertained through the
consistency ratio.

W=r/n [7]
i=1
(a, 7))

1 _1"; n 8]
‘max n — W;

//imax B n
T = 1 [9]

T
0=-- [10]
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Determination of comprehensive weights

The subjective weight vector () and objective
weight vector () are obtained using the EM
method and the AHP method, respectively. The
comprehensive weight is composed of two
weights. The weights of different indexes in the
evaluation process can be fully reflected through
their complementarity. To ensure that the com-
prehensive weight (®,) of indexes is close to ¢,

and B as much as possible, the comprehensive

weight (®,) is obtained through the principle of

minimum distinguishing information. The target
function is

min J(w) :Z(a)l. lnﬂ+a)ilnﬂ)

i=1 i i

S.I.Z(Oi =lL,w >0 i=12,---,n
i=1
[11]
The comprehensive weight is obtained by solving
the optimization model:

o= 12
>

The comprehensive weight vector is expressed as
Eq. [13]:

a):[a)l,a)z,---,a)n]T [13]
TOPSIS method

The TOPSIS method eliminates the dimensional
influences of different indexes through the nor-
malization and common trend processing of the
initial data, which enables to reflect the real dif-
ference among schemes objectively. First, 7z ob-
jects (finite targets) and # attributes are consid-
ered. The evaluation value of experts to the /*

attribute of the target is X, and the initial

b

judgment matrix () is
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i X
Xor Xy
V=
Xt
_xml xm2

[14]
Given that indexes have different dimensions, the
judgment matrix (V) is obtained through the

normalization of the initial judgment matrix (V ):

xll x12
‘x21 x22
A
Xit
_xr'nl X,
[15]
where
x;j=xij/ /Zx;,i=1,2...m;j=l,2...n
k=1
[10]

Next, the experts’ information weight matrix (B)
of attributes is acquired using the AHP method,
which forms the weighting judgment matrix (Z):

X X ot X, (| YW Wi
Xy Xyttt X, || W Wn
Z=VB=| | ,
Xy X Wi Wi
_xml xm2 xmn_ _Wml Wm2
[17]

According to the weighted judgment matrix, the
positive ideal solution ( fj*) and the negative ideal
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solution ( f, 1) of the evaluation goal are obtained:

. [max(f),jeJ

= o j=12,..,n

/ min(f;),j €J
min(f,),jeJ

_mint) g S

7 |max(f;),jeJ

18]
where J s the cost index and J~ is the efficien-
cy index. The Euclidean distance between target

values and the ideal value is calculated according
to Eq. [19].

S = (S F =12
5= /z(f O i=12n
[19

Finally, the relative closeness (C;) of different
targets was calculated as follows:

C = *Sl‘ i=12,..,m
S, +58,

[20]

The targets are ranked according to C, .

Establishment of an evaluation index system

The level of urban public health was measured
based on its explicit connotations. Based on pre-
vious analysis and relevant representative results,
an evaluation index system for the governance
ability of urban public health was built from four
perspectives of public health foundation, envi-
ronmental exposure risks, public health perfor-
mance, and public health emergency by observing
the principle of scientific validity, comprehen-
siveness, representativeness, balance, and opera-

bility (Table 1).

Available at:  http://ijph.tums.ac.ir




Shou & Shou: Evaluating the Governance Ability of Urban Public Health ...

Table 1: Evaluation index system for the governance ability of urban public health

Level-1 index- Signs Level-2 indexes Signs Description of indexes Index proper-
es ty
Public health Al Government Abil- All Per capita expenditures for fiscal Positive
foundation ity medical care and public health
(CNY)
Medical Facility Al2 Number of health agencies per Positive
10,000 people
Medical Staff Al3 Number of doctors per 10,000 peo- Positive
ple (person)
Dietary Nutrition Al4 Per capita consumption of aquatic Positive
products (kg)
Environmental A2 Ecological Envi- A21 PM2.5 annual average concentration Negative
exposure risks ronment (ng/md)
Built Environment A22 Traffic jam condition (person/m?) Negative
Social Environ- A23 Urban registered unemployment Negative
ment rate (%)
Open Environ- A24 Travel activeness (%o) Negative
ment
Public health A3 Health Literacy A31 Basic health literacy of residents Positive
performance (petson)
Health Behaviors A32 Health examination population den- Positive
sity (person/km?)
Health Improve- A33 Survival rate of population (%0) Positive
ment
Health Loss A34 Incidence rate of urban infectious Negative
diseases (1/100,000)
Public health A4 Prevention Stage A41 Proportion of public health emer- Positive
emergency gency staff (%)
Process Control A42 Handling time of public health Positive
emergency event (days)
Efficacy Evalua- A43 Supporting funds for public health Positive
tion emergency events (10,000 CNY /
person)
Recovery Measure Ad4 Time for recovery and rebuilding Positive
(days)

Data source

Results

The original data came from the China Statistical
Yeatbook, Statistical Bulletin of National Eco-
nomic and Social Development, the official web-
sites of the State Statistics Bureau, and the Na-
tional Data Website in 2023. Indexes involving
price changes were deflated based on the data in
2003.
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Determination of weights of indexes at different
levels

Public health foundation, environmental expo-
sure risks, public health performance, and public
health emergency should be evaluated compre-
hensively to analyze the governance ability of ur-
ban public health in China. According to the
TOPSIS evaluation model based on EM—AHP
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combined weighting, the weights of indexes were tion method. The weights of indexes at three lev-
determined first by using the EM—AHP combina- els were calculated (Table 2).

Table 2: Calculation results of EM—AHP combined weighting

Level-1 index- Signs Level-2 indexes Signs EM AHP Comprehensive weight  Ranks
es weight weight
Public health Al Government Ability All 0.0687 0.0943 0.1027 4
foundation Medical Facility Al2 0.1110 0.0737 0.1298 1
Medical Staff Al3 0.1233 0.0533 0.1042 3

Dietary Nutrition Al4 0.0363 0.0473 0.0272 14
Environmental = A2 Ecological Environ- A21 0.0516 0.0492 0.0403 10
exposure risks ment

Built environment A22 0.0426 0.1005 0.0679 8

Social environment A23 0.0587 0.0357 0.0333 11

Open environment A24 0.0356 0.0525 0.0296 13
Public health A3 health literacy A31 0.0607 0.0768 0.0739 7
performance Health behaviors A32 0.0844 0.0167 0.0224 15

Health Improvement A33 0.0587 0.0941 0.0876 5
Health Loss A34 0.0699 0.0981 0.1088 2

Public health A4 Prevention Stage A41 0.0572 0.0897 0.0813 6
emergency Process Control A42 0.0404 0.0673 0.0495 9

Efficacy Evaluation A43 0.0592 0.0347 0.0325 12

Recovery Measure Ad4 0.0357 0.0160 0.0090 16
TOPSIS results were determined, and the positive trend of evalu-
The TOPSIS method evaluates the relative ad- ation indexes was guaranteed (a higher value is
vantages and disadvantages of evaluation objects preferred). The calculation results are shown in
by ranking their distances to the positive and Table 3.

negative ideal solutions. First, evaluation indexes

Table 3: Positive ideal solution and negative ideal solution

Terms Positive ideal solution A Negative ideal solution A—
All 0.069 0.001
Al12 0.112 0.001
Al3 0.124 0.001
Al4 0.037 0
A21 0.052 0.001
A22 0.046 0
A23 0.059 0.001
A24 0.036 0
A31 0.061 0.001
A32 0.087 0.001
A33 0.059 0.001
A34 0.071 0.001
A41 0.058 0.001
A42 0.047 0
A43 0.06 0.001
A44 0.036 0
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The positive and negative ideal solutions in Table
4 were the middle process values when calculat-
ing the positive and negative distances (D+ and
D-). They had small relative significance. The

positive ideal solution A+ expresses the maxi-
mum of evaluation indexes, whereas the negative
ideal solution A— was the minimum of evaluation
indexes.

Table 4: Calculation results of TOPSIS evaluation

Terms Distance to the positive Distance to the negative Relative closeness Ranking results
ideal solution D ideal solution D— C
Shanghai 0.381 0.866 0.695 1
Nanjing 0.418 0.689 0.622 2
Wuxi 0.04 0.478 0.428 8
Changzhou 0.731 0.394 0.351 16
Suzhou 0.483 0.624 0.564 4
Nantong 0.678 0.414 0.379 12
Yancheng 0.632 0.544 0.463 7
Yangzhou 0.761 0.384 0.335 21
Zhenjiang 0.718 0.417 0.368 13
Taizhou 0.771 0.438 0.362 14
Hangzhou 0.442 0.706 0.615 3
Ningbo 0.519 0.595 0.534 5
Wenzhou 0.753 0.388 0.34 19
Jiaxing 0.784 0.353 0.31 25
Huzhou 0.76 0.402 0.346 18
Shaoxing 0.681 0.43 0.387 10
Jinhua 0.738 0.406 0.355 15
Zhoushan 0.777 0.312 0.287 26
Taizhou 0.686 0.471 0.407 9
Hefei 0.582 0.543 0.483 6
Wuhu 0.777 0.396 0.337 20
Maanshan 0.795 0.401 0.335 22
Tongling 0.754 0.403 0.348 17
Anging 0.708 0.443 0.385 11
Chuzhou 0.813 0.367 0.311 24
Chizhou 0.805 0.405 0.335 23
Xuancheng 0.859 0.304 0.261 27

In Table 4, D+ and D— represented the distances
of the evaluation objects to the positive and neg-
ative ideal solutions, respectively. C expressed the
closeness between the evaluation objects and the
optimal scheme. The greater value of C indicated
the closer distance to the optimal scheme. The
urban agglomeration in Yangtze River Delta,
China was used in the verification test. The pub-
lic health governance ability of urban agglomera-
tion in Yangtze River Delta, China was evaluated
by the built model to verify the effectiveness of
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the model. According to analysis on evaluation
results for public health governance ability of ur-
ban agglomeration in Yangtze River Delta, China,
Shanghai, Nanjing, Hangzhou, Suzhou, and
Ningbo ranked top 5 in terms of the governance
ability of public health, and were in the first eche-
lon. Hefei, Yancheng, Wuxi, Taizhou, and
Shaoxing ranked 6—10, and they were in the sec-
ond echelon. The remaining 17 cities were in the
third echelon. However, Shanghai, which ranked
first still had some relatively weak fields. For ex-
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ample, it still had some improvement spaces in
the mental health and emergency field.

Discussion

The governance ability system of urban public
health is a comprehensive strategy to solve public
health problems and cope with human health
challenges. Building the evaluation index system
for urban public health governance ability is ben-
eficial to recognize problems in urban public
health governance. Based on the analysis frame-
work of urban public health correlations, a com-
prehensive evaluation model for the governance
ability of urban public health based on “multiple
factors, multiple dimensions, and multiple scales”
was built to evaluate public health governance
ability of urban agglomeration in Yangtze River
Delta. It concludes that five cities, including
Shanghali, are in the first echelon in terms of the
governance ability of public health. Moreover,
five cities, including Hefei, are in the second
echelon. Finally, the remaining cities are in the
third echelon.

According to the research results, the combined
weights of Medical Facility (A12), Health Im-
provement (A33), Medical Staff (A13), Govern-
ment Ability (A11), and Health Loss (A34) rank
in the top 5, and they are the core factors that
influence the governance ability of urban public
health. Specifically, cities in the third echelon
have relatively weak medical infrastructure, insuf-
ficient medical technological strength, and inade-
quate medical technicians. Although patients are
accepted in public conventional departments of
many comprehensive hospitals, effective isolation
and prevention cannot be realized due to the lack
of relevant control facilities, and effective oppor-
tunities to discover and control infection sources
are lost (1). Cities in the third echelon should
strengthen management and improve public
health governance ability from five perspectives
Medical Facility (A12), Health Improvement
(A33), Medical Staff (A13), Government Ability
(A11), and Health Loss (A34).
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This study is not for commending but shall rec-
ognize shortages and improve them. At present,
public health governance ability management sys-
tem of urban agglomeration in the Yangtze River
Delta, China still has development imbalances
among regions (19). The governance ability
scores for public health of first-tier and second-
tier cities are relatively high, while the scores of
third-tier cities are relatively low, which deserves
high concerns. Considering the lack of chain ef-
fect among cities, cooperation of public health
governance based on economic and traffic ad-
vantages of urban agglomeration in Yangtze Riv-
er Delta needs to be strengthened (20). In sum-
mary, the EM—AHP-TOPSIS method has simple
principle, easy understanding, and intuitivel).
Moreover, the construction health of public
health hospitals should be increased. County
hospitals in basic regions with weak ability can set
up a single public health department first to con-
trol public health events effectively. Second, cities
in the first echelon of urban agglomeration in
Yangtze River Delta always rank top in terms of
public health service accessibility. However, they
need further efforts in refined migrant population
management and input of maternal and child
medical care resources. Cities in the third echelon
have to improve residents’ health level, especially
maternal and child medical care level. Moreovet,
health consciousness and primary medical service
ability of rural regions should be improved (5).
Cities with high proportions of old population
and migrant population, close foreign contacts,
and a large migrant population should strengthen
the construction of public health infrastructure
and increase the effective coverage of public
health. Public health infrastructures should be
strengthened to ensure that residents can prevent
and control the outburst of infectious diseases.

Conclusion
A comprehensive evaluation index system for the
governance ability of urban public health is built

from four perspectives of public health founda-
tion, environmental exposure risks, public health
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performance, and public health emergency. Ac-
curate positioning and measurement of public
health governance ability of 27 cities in the Yang-
tze River Delta, China are conducted using EM—
AHP combined weighting and the TOPSIS
method. Moreover, key influencing factors are
recognized. On this basis, accurate and high-
efficiency planning intervention strategies are
proposed, which have practical importance in

improving the governance ability levels of urban
public health.
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