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Abstract: City disaster resilience and urban environmental cleanliness are two representative indicators
used to assess the safety of human settlements in China’s Sustainability Development Goals (SDGs).
Traditional research on SDGs mainly concentrated at large-scale spatial level, such as global level
or national level. It brings unclear significance to the implementation of SDGs in the county-level.
The goal of this paper is to find a new calculation method to apply the index of urban disaster
resilience and urban environmental cleanliness to the evaluation of county-level areas. A localization
of county-level city disaster resilience and urban environmental cleanliness based on Deqging County’s
situation was carried out. With quantification and projections of local data, the assessments of city
disaster resilience and urban environmental cleanliness have completed. The evaluation showed that
city disaster resilience is maintained at a low level, while indicators of urban cleanliness are lower than
standards. The prediction of urban per capita environmental impact index based on Grey Time-Series
Prediction Model was finished. The forecast showed that the urban per capita impact indicators in the
next three years have not exceeded the standard line. The two indicators used to assess the safety of
human settlements were consistent with the sustainable development of urban settlement. Partial
results of this research were reported as a “county sample” at the first UN Geographic Information
Conference held in Deqing in 2018.

Keywords: SDG 11; city disaster resilience; urban environmental cleanliness; county-level sample;
Degqing County

1. Introduction

Natural ecosystems were once considered an inexhaustible resource [1], but with the advent of
industrial societies, this traditional cognition has been challenged. Many problems emerged because of
industrial expansion and urbanization, especially in developing countries [2]. Thriving urbanization in
those countries brought environmental pollution and ecological damage. Consequently, the sustainable
development of urban settlement has attracted a lot of attention [3,4]. In 2015, a set of goals—the
Sustainable Development Goals (SDGs)—were created (https://undocs.org/ch/A/). RES/70/1) [5], serving
as a continuation of the Millennium Development Goals (MDGs). The SDGs are an integral part of
the 2030 Agenda, which is a formal declaration adopted by the UN members. The Agenda is a global
action plan to seek sustainability in all countries [6], guided by the 17 SDGs, managing all aspects of
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the economy, society and the environment [7-9]. In the 2030 Agenda, human settlements are illustrated
as an important indicator of the ability of cities to sustain their development.

With cities now being home to the majority of the global population, their importance for global
development is undisputed [10]. “Building cities and human settlements that are inclusive, safe,
adaptable and sustainable” (SDG11) is considered the minimum required for sustainable urban
development in the 2030 Agenda. The city disaster resilience and urban environmental cleanliness can
partially describe SDG11 from two aspects: sudden characterization and persistence characterization.
At the same time, to support the Chinese government to complete the SDGs assessment of Deqing
smoothly, authors and the relevant scientists who participated in this work discussed many times and
gave the following conclusions: to carry out the Single SDG evaluation, the specific target (Targets)
were divided into 3 subsets according to the local situation. Indicator 11.5 (disaster resilience) and
indicator 11.6 (environmental cleanliness) in SDG11 are divided into one subset for evaluating human
settlement security in the published Deqing’s Progress Report on Implementing the 2030 Agenda for
Sustainable Development [11]. Here are reasons:

(1) With the continuous strengthening of human activities on the environmental impact, the risk
of disasters in human settlements is increasing [12]. Due to the urbanization and accumulation
of wealth, the occurrence of catastrophes can produce Domino Effect. It turns isolated disaster
into catastrophic events, even those last for a short time. Many elements of human settlement
construction are affected by natural disasters. Therefore, the 2030 Agenda emphasizes the urgent
need for humans to mitigate disaster risks, especially for strengthening the disaster resilience of
cities and human settlements. It is necessary for city managers to reconsider the effects of climate
change, reasonably reduce disaster risk and build resilience to natural disasters when building
human settlements. Through studying on explaining the determinants of disaster resilience, the
ability to measure resilience is increasingly being identified as a key step toward disaster risk
reduction [13].

(2) Improving environmental quality is critical to accelerate the process of urban resilience. It has
also become a mandatory goal to implement the 2030 Agenda for the Chinese government.
By optimizing the management of natural resources, human can reduce the possibility of natural
disasters and the possibility of large-scale outbreaks of environmental pollution caused by
disasters. The current high consumption economic model will bring a lot of pressure to the
environmental carrying capacity. The positive impact of environmental factors in “2030 Agenda”
needs to be used to address the challenges posed by climate change, environmental pollution and
waste management [14-16].

At present, the construction of indicator system and proposal of evaluation method for SDGs,
included SDGI11 “urban sustainable development”, are mostly based on the study at national
level [10,17,18]. There is little research on how to conduct assessments of relevant indicators for
SDG 11 at county level. Assessing city disaster resilience and urban environmental cleanliness based on
SDG11 is a work that needs to be implemented for most cities in the world to carry out urban sustainable
development. In order to complete the evaluation of city disaster resilience and urban environmental
cleanliness in Deqing County, the traditional research on different spatial scales of disasters and the
environment is used as a reference [19,20]. At present, a lot of research has been accumulated in large
spatial scale, like global scale or national scale [21-23]. Actually, their research often concentrated on
major urban agglomerations and some major cities [24-27] because of rich data of those large spatial
scale regions.

In addition to a functional institutional framework, the existence of concrete action plans and
the coherence of sustainable development policies are essential to achieving SDG11 [28]. Although
some researchers have made some progress in the evaluation index system of SDG11, there are still
some defects on the city disaster resilience and urban environmental cleanliness of human settlements.
Indicator availability, spatial scale, and disaggregation are addressed firstly when implementing
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sustainable development at county level. The traditional research on SDG11 related indicators focuses
on the analysis of existing data. However, with persistent characteristics of sustainability indicators,
some indicators can be analyzed from the predictive perspective to enrich the research content of
sustainable development.

In order to better apply SDGs to China’s assessment, it is necessary to address the impact of data
shortages and indicator applicability on city disaster resilience and urban environmental cleanliness.
Aiming at the actual situation of Deqing County in this study area, a new county-level urban resilience
and urban environmental cleanliness evaluation method was proposed. First, a method for localization
of indicators was presented to select indicators for county-level disaster and environment in SDG 11
for county-level assessments. Second, to enrich the reporting on SDG indicators, in this paper, the Grey
Time-Series Prediction Model was used to predict urban per capita environmental impact. To verify
the feasibility of proposed approach, the statistical data of Deqing County have collected as material
for evaluation of county-level sustainable development.

The goal of this paper is to find a new calculation method to apply the index of urban disaster
resilience and urban environmental cleanliness to the evaluation of county-level areas. The paper is
organized as follows: after this introduction that outlines the main research question of this work and
regards city disaster resilience and urban environmental cleanliness as more specific objectives for
evaluation in Section 1. The study area and data sources used for the analysis and the methodology
for calculating city disaster resilience and urban environmental cleanliness of human settlements are
discussed in Section 2. The method part included the localization of indicators for the research area and
the calculation method for index quantification. A model for prediction, Grey Time-Series Prediction
Model, is also proposed for the next research. The two indexes are evaluated quantitatively in Section 3.
At the same time, aiming at the inadequacy of urban environmental cleanliness data, Grey Time-Series
Prediction Model was used to forecast and expand the urban environmental cleanliness data. More
information that is relevant and working plans were discussed for a richer discussion in the Section 4,
and conclusions are drawn in the Section 5.

2. Materials and Methods

2.1. County Situation Introduction

Deqing County is located in the north of Zhejiang Province, China. Its geographical position is
shown in Figure 1. The total area of Deqing is 937.92 km? and the registered population is 430,000.
With many mountains in the west, the relief amplitude in Deqing County is very high. It belongs to
the subtropical wet monsoon climate with abundant heat and rich precipitation. The change of wind
direction has distinct characteristics in different seasons [29].
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Figure 1. Geographical distribution map of Deqging County.
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Deqing County’s sustainable development and green development practices have achieved
outstanding results, but making cities and human settlements inclusive, safe, resilient and sustainable
remains the most pressing issue. In particular, disaster resilience and environmental cleanliness, which
have a direct impact on human survival, should be taken seriously in the process of sustainable urban
development. Deqing County is an integral part of Hangzhou metropolitan area, which is located in
the center of Yangtze River Delta urban agglomeration. It is affected by the concentrated emission of
various atmospheric pollutants from surrounding cities, the urban pollution prevention planning of
Degqing County is facing challenges [30]. Deqing County has implemented a management model of
urban construction with local characteristics in order to promote sustainable development.

2.2. Data Collection

The fundamental step of this paper was to conduct a survey on the SDGs, collecting data and
gathering information from Deqing County. With the support of Deqing County Government, disaster
loss data (from 2011 to 2017), solid waste collection and utilization data (from 2014 to 2017), fine
particulate matter annual concentration data (from 2014 to 2017) and population data (from 2014 to
2017) were collected as the basic database for this study. These data will be used to calculate indicators
of city disaster resilience and urban environmental cleanliness.

2.3. Methodology

2.3.1. Localization of Indicators

In the United Nations World Geographic Information held in 2018, the Progress report for Deqing’s
Progress Report on Implementing the 2030 Agenda for Sustainable Development (2017) pointed out
that Indicator 11.5 (City disaster resilience) and Indicator 11.6(Urban environmental cleanliness) from
the SDGs are commonly used to evaluate settlement security. To assess the security and sustainability
of human settlements, indicators 11.5 and 11.6 were selected as study indicators based on the content
of the report.

Regular missing of data and estimates makes it more difficult to assess the indicators, meanwhile,
many SDG targets cannot be properly translated into measurable indicators due to the conceptual
complexity [31]. Based on the two reasons above, the empirically assess interlinkages between the
SDGs in a comprehensive manner are not always available. In this paper, the localization of indicators
should be applied to the evaluation of indicators in Deqing County. The localization of indicators
refers to the formation of a set of indicators with local characteristics by retaining or modifying SDGs,
on the basis of fully understanding the 2030 Agenda and combining with the actual situation of Deging
County. Localization of indicators is shown in Table 1.

City disaster resilience mainly reflects the impact of regional disasters on human settlement
security and urban construction [13]. This impact can be quantified by calculating Indicator 11.5.1 and
Indicator 11.5.2. The content of Indicator 11.5.2 has been modified to enhance the applicability and
comparability of the indicator in Deqging County. Urban environmental cleanliness mainly indicates
the ability of the regional environmental system to withstand various types of pollutants produced by
economic and social activities. In view of the functional orientation of cities and human settlements,
Indicator 11.6.1 and Indicator 11.6.2 were used to comprehensively reflect the sustainability of urban
environmental cleanliness. Also, the evaluation of urban solid waste in Indicator 11.6.1 was divided
into two parts: living solid waste and industrial solid waste, making the evaluation content more
specific. According to the Announcement on the status of Ecological Environment in China issued
by the Ministry of Ecological Environment of the People’s Republic of China, PM; 5 and PM;, are
the main pollutants in most parts of China. Combined with the air pollution in the study area, the
pollutants represented by PM; 5 and PM1 will be used as the target for the calculation of annual mean
levels of fine particulate matter in Indicator 11.6.2.
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Table 1. United Nations SDGs and Localization of indicators.

SDG 11: Make cities and human settlements inclusive, safe, resilient and sustainable [32]

Target ?

11.5: By 2030, significantly reduce the number of
deaths and the number of people affected and
substantially decrease the direct economic losses
relative to global gross domestic product caused
by disasters, including water-related disasters,
with a focus on protecting the poor and people in
vulnerable situations.

11.6: By 2030, reduce the adverse per
capita environmental impact of cities,
including by paying special attention to
air quality and municipal and other
waste management.

Indicator P

11.5.1: Number of deaths, missing persons and
persons affected by disaster per 100,000 people

11.6.1: Proportion of urban solid waste
regularly collected and with adequate

final discharge out of total urban solid
waste generated, by cities

11.5.2: Direct disaster economic loss in relation to
global GDP, including disaster damage to critical
infrastructure and disruption of basic services

11.6.2: Annual mean levels of fine
particulate matter (e.g. PMy 5 and PM;g)
in cities (population weighted)

11.5.1: Number of deaths, missing persons and

11.6.1: Proportion of urban solid waste
(living solid waste and industrial solid

Indicator . waste) regularly collected and with
localization © persons affected by disaster per 100,000 people adequate final discharge out of total
urban solid waste generated, by cities
11.5.2: Direct disaster economic loss in relation to  11.6.2: Annual mean levels of fine
global GDP, including disaster damage to critical ~ particulate matter (e.g. PMj 5 and PMy)
infrastructure and disruption of basic services in cities (population weighted)
Description ¢ 11.5.1: Adopted the original indicator 11.6.1: Revised the original indicator

11.5.2: Revised the original indicator

11.6.2: Adopted the original indicator

2 The definition of Target 11.5 and Target 11.6 in SDG11; b The definition of Indicator 11.5.1, Indicator 11.5.2, Indicator
11.6.1 and Indicator 11.6.2 in SDG11; © The definition after localization of the original indicator 11.5.1, Indicator
11.5.2, Indicator 11.6.1 and Indicator 11.6.2; 4 The instructions for adopting or revising the original indicator.

2.3.2. Calculation of Localized Indicators

While some of these indicators are easy to define and measure, roughly half of them lack acceptable

country coverage, cross-regional comparability, or agreed-upon methodologies for measurement. Based
on the localization innovation of indicators, the calculation formulas of indicators 11.5.1, indicators
11.5.2, indicators 11.6.1 and indicators 11.6.2 were innovatively proposed. The calculation of the
formulas can complete the evaluation of city disaster resilience and urban environmental cleanliness in
Deging County, and to make the evaluation results comparable.

The number of deaths, missing persons and persons affected by disaster per 100,000 people can be
calculated. The calculation results of Equation (1) were used as the basis for evaluation of indicator 11.5.1.:

1 X¢
F(X) = ;W(ZER,Z = 1,2,"'1’1)

@

Among them, F(X) has three values per year, representing the number of deaths (direct deaths
during or after disasters), missing persons (missing people due to disasters) and people affected
by disasters (people affected by disasters) per 100,000 people; X stands for the statistical number
of deaths caused by disasters of all kinds; a represents the types of disasters (such as snowstorms,
floods, earthquakes, droughts, etc.); i represents the year; P;/W represents the weight of population; Pi
represents the total population of different years; W is 100,000 people.

The relationship between the economic loss of disasters and GDP in the whole county is calculated
by proportion. The evaluation of indicator 11.5.2 depended on the calculation result of Equation (2):
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n

) COStdisaster(i/ ])

p(i) = o7 (ieRjeR,i=1,2-m) ?)
i

where E(i) represents the proportion of disaster economic loss to GDP in the whole county; Cost gisster
represents the economic losses caused by disasters; (i,j) represents the j disaster that occurred in year i.

Environmental cleanliness indicators for calculating the comprehensive utilization rate of solid
wastes are described by Equation (3):

" Re
_ ®) . 1000
Sw = E Tot, 100% 3)

where Sw represents solid waste recycling share; Re represents the volume of recycled share; Tot
represents total collected waste; t represents the villages and streets within the study area; Sw is
subdivided into industrial solid waste and domestic solid waste for statistics and calculation.

The formula for calculating the per capita environmental impact is given by Equation (4):

1 AN(X
AX) =) (P;EV\;) )

i=1

where A(X) represents the annual average concentration of PMjy and PM;5; A*(X) represents the
annual average concentration of PMjy and PMj 5 per year; i represents year; P;/W represents population
weight (total population /100,000).

2.3.3. Grey Time-Series Prediction Model

Since 2013, the Chinese government has added PM; 5 and PM;( concentration monitoring to
air quality monitoring. It means the limitations and shortages of the statistical data used to research
time series variation in PM; 5 and PM;g concentrations need to consider. The relationship between
environmental indicators and influencing factors is very complicated, and it maintains a certain regular
change over a long period of time. The calculation and evaluation of indicators require sufficient data,
and the extra predicted data as a supplement to the results of per capita environmental impact through
small samples. With existing data and forecast data as the basis for evaluation of indicators, a more
accurate and abundant expression of indicators can be obtained. The Grey Time-Series Prediction
Model is better to resolve the poor information questions in the process of predicting, weakens of the
randomness of historical data disturbance factors and reveals the inherent and regularity of the history
time series of chaos [33]. It can realize an accurate description and understanding of the real world by
processing mining the information of existing data [34,35]. The Grey Time-Series Prediction Model has
been used for hydrology time series prediction, meteorological sequence prediction and forecast of
greenhouse gas emissions [36-38]. The Grey Time-Series Prediction Model was used to predict the
trends of the Indicator 11.6.2, which represent the per capita environmental impact in the next few
years. The related calculations are shown in Equations (5)—(7).

(1) Sample X of population and environmental pollutant concentration has N available ata:
X0 = {X(O)(l),X(O) 2),...,x© (n)},a new sequence X(1) = {X(l)(l),X(l)(Z),...,X(l)(n)} can
be generated by accumulation [39]. The corresponding differential equation of GM (1,1) is:

ax®
dt

+axM) =y (5)

Among them: «a is called development gray number; y is called endogenous control gray number.
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(2) Let & be the parameter vector to be estimated: & = (ﬁ), which can be solved by the least squares
method. The solution is:

-1
a=(B"B) BTY, (6)
By solving the differential equation, the prediction model of per capita environmental impact can
be obtained:
KD (k1) = [X(O)(l) - g]e_“k n g,k —0,1,2..,n @)
3. Results

3.1. Evaluation Results

According to Indicator 11.5.1 on “Disaster impact”, city disasters consist of two factors:
meteorological disasters (such as heavy rain, drought, frost and low temperature, etc.) and geological
disasters (landslides, debris flows, ground collapse, etc.). The deaths, missing persons and persons
affected by disaster are the main evaluation factors for disaster assessment. The meteorological disasters
in Deqing County are dominated by typhoons and blizzards, thus the result of disaster indicators is
only applied for meteorological disasters. Based on Equation (1), the content of Indicator 11.5.1 was
quantified. The results are shown in Figure 2.

2011 0.6247
2012
2013

2016

2017 B Number of people affected per 100,000 people

0 0.1 0.2 0.3 04 0.5 0.6 0.7
Number of people (with population weight)

Figure 2. Number of people death, missing and affected by disasters (adding population weight). There
are no deaths or missing persons as a result of the disaster, the two calculations are not shown in the figure.

For indicator 11.5.2 on “economic loss”, the quantitative results of the economic impact by disasters
in Deging County are shown in Table 2. Except for individual years, the economic losses caused by
disasters make obvious effects on the economic development of Deqing County.

Table 2. Ratio of economic losses caused by disasters.

Year Percentage of Economic Losses Caused by Disasters
2011 0.92%
2012 0.22%
2013 0.27%
2016 2.69%
2017 0.74%

Deqing County is a place where the frequency of the disasters is low and the disaster category is
relatively singular. In order to make the evaluation results more targeted, the quantitative results based
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on index 11.5 of Deging County are briefly explained. With the abovementioned results of Indicator
11.5.1 and Indicator 11.5.2, the meteorological disasters stay at a low level. Therefore, considering
that the disaster has less influence on the sustainable development of Deqging County, human security
settlements can be built in Deqing County. The results can be a reference for Deqing County to gradually
realize the management from subjective to scientific in disaster reduction.

For indicator 11.6.1 on “solid waste”, the comprehensive utilization rate of solid waste was
calculated according to Equation (2) from the obtained data. In the United Nations World Geographic
Information held in 2018, the Progress report for Deqing’s Progress Report on Implementing the
2030 Agenda for Sustainable Development (2017) pointed out that the utilization rate of solid waste
in China is 69.3%. The calculation results showed that the living solid waste in Deqing County
maintains a comprehensive utilization rate of 100% all the year. The comprehensive utilization rate
of industrial solid waste exceeds 93%, which is much higher than the national average in China.
This is due to the environmental protection concept of Deqging County changed from “treatment
after pollution” to “environmental protection priority”. The concept holds that people should give
prevention and treatment to the rapid development of solid waste pollution in urbanization to reach
advanced standards. It meets the basic requirement of growing ecological needs and human settlement
security. As stated above, the recycling share of solid waste is confirmed to meet the standard for
sustainable development of urban environmental cleanliness in Deqing County.

For indicator 11.6.2 on “air quality”, per capita fine particulate matter (PM;5 and PM;yg)
concentration is an effective method to measure the air quality under the condition of different
population in various cities. This issue is described by the metadata file issued by the United Nations
to guide the implementation of SDGs. By adding population weight, the calculated results of indicator
can be compared quantitatively between different regions. The annual average data of fine particle
concentration (PM; 5 and PM;p) and population data were provided by the Deqing County Government.
The data was used for the calculation of indicator 11.6.2. Based on Equation (3), the per capita fine
particulate matter (PM; 5 and PMjg) concentration from 2014 to 2017 in Deging County was calculated.
The calculation results are shown in Table 3.

Table 3. Annual average of PM;g and PM; 5 (with population weight).

Year PM;y (with Population Weight)/(ug/m?) PM, 5 (with Population Weight)/(ug/m>)
2014 14.87 23.32
2015 12.24 19.66
2016 9.74 15.46
2017 9.29 14.32

With reference to the evaluation criteria for per capita environmental impact in the SDGs Index
and Reference Standard (evaluation criteria for some SDGs), the per capita PM;5 concentration
has reached the goal of sustainable development in 2017 (per capita PMj5 concentration) <10).
Referring to the formulation of PM, 5 (<35 ug/m?’ ) and PM; (<70 pg/m3) concentrations in the Chinese
government’s environmental air quality standards (without population weight), when the per capita
PM;y concentration is less than 20 ug/m3, the per capita PMjj concentration meets the sustainable
development standards. According to the results of Table 3, per capita PM1y concentration has reached
the standard (per capita PM;g concentration) <20) in 2015, and the calculated value from 2015 to 2017
has maintained a downward trend.

Combined with the evaluation results of Indicators 11.6.1 and Indicators 11.6.2, the environmental
cleanliness of Deqing County has reached the basic requirements for building a human settlement.

3.2. Prediction Results of Urban per Capita Environmental Impact

To better promote the realization of SDGs, China has released its national plan for the
implementation of the 2030 Agenda for Sustainable Development (referred to as the “China plan”).
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As the stage goal of implementing urban environmental cleaning, “by 2020, the number of days
of heavy pollution in cities will be reduced by 25%", which has been put forward in China plan.
In addition, the studies on PM; 5 and PM;( concentration are based on the real-time data observed by
air quality monitoring stations established at national and local levels, and no related trend prediction
research has been carried out. In this paper, fine particulate matter (PM; 5 and PMjg) concentration and
population in Deqing County from 2014 to 2017 are used as input data of Grey Time-Series Prediction
Model to predict the changes of PM; 5, PM;g and population from 2018 to 2020. Using the predicted
value, the results of urban per capita environmental impact in the next few years can be calculated.
The forecast results can be used as part of the evaluation basis for judging whether the goal of “reducing
urban heavy pollution days by 25% in 2020” can be successfully achieved, and also can provide some
decision and data support for forward-looking policy making and schedule planning. The results are
shown in Figure 3.

I Annual average concentration of PM2.5
70.00 5.00
e P\]2.5 Concentration

7~ 60.00 490
° : Population
£ P 4.80
X
gS0.00 4.70 .
< ©
c o
© 40.00 460 =
o} X
© 450 =
€ 30.00 5
8 ~— 440 3
82000 447 430 3
n i 12.24 o
s 974 929 44 a20 %
& 10.00 ‘ 6.75 5.83
100
0.00 4.00
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Year
(a) PM25 concentration and population forecast.
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X
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2 60.00 X
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(b) PMi1o concentration and population forecast.

Figure 3. Prediction of PM; 5 and PMy per capita.
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The PM, 5 concentration (Figure 3a) and PM;g concentration (Figure 3b) from 2018 to 2020 were
predicted. Figure 3 shows some interesting information: (1) Both indicators are decreasing year by
year; (2) By the end of 2020, PM, 5 concentration and PM;( concentration will have decreased by more
than 50% compared with 2014. As two representative indicators, PMj 5 and PM;q directly affect the air
quality. The decline in the concentration of PM; 5 and PM; can directly lead to a downward trend in
the number of heavy pollution days, thus achieving the goal of China plan will be achieved by 2030.
Meanwhile, based on the results of PM; 5 and PMjg concentration prediction, the annual per capita
PM, 5 concentration and annual per capita PM;g concentration were calculated. The results unfolded
that the per capita PM; 5 concentration and the per capita PMjy concentration presented a trend of
decreasing year by year. The prediction results are verified by the population data and fine particle
concentration data of Deqing County in 2018, and the similarity between the calculated results and the
predicted results is more than 75%. The predicted results can be used to describe the changing trend of
per capita fine particulate matter (PM; 5 and PM;g) concentration in Deqging County from 2018 to 2020.
Per capita fine particulate matter (PM, 5 and PMjg) concentration can be seen as an indicator that can
meet the sustainable development of human settlements.

4. Discussion

The key to sustainable development is carrying out a comprehensive analysis of the economy,
the society and the environment. However, the city disaster resilience and urban environmental
cleanliness which have been completed can only partially describe SDG11 from two aspects: sudden
characterization and persistence characterization. It is not enough to build a complete evaluation system
of urban sustainable development. At the same time, in order to make the evaluation system generally
applicable to different cities in China, the evaluation of sustainable development in different regions
will be carried out. The complete SDGs consist of 17 sustainable development goals and 169 targets,
and the relationship and integration of the indicators are very important for the implementation of the
indicators. The purpose of the United Nations Development Summit is to achieve economic, social and
environmental dimensions of sustainable development more integrated by 2030. In response to this
purpose, and achieve a comprehensive description of sustainable development, the intrinsic relevance
and coordination of 17 SDG indicators need to be analyzed in the next step of work. For example, an
in-depth analysis of SDG1, SDG3, SDG4, and SDG5 with the same social indicators as SDG11 is carried
out. Furthermore, through the integration and analysis of the relevant SDG indicators, the research
based on city disaster resilience and urban environmental cleanliness will be further deepened, and a
more complete, systematic and targeted sustainable development construction scheme will be obtained.

5. Conclusions

Based on our deep analysis of SDG11, a conclusion can be found that city disaster resilience and
urban environmental cleanliness are two important factors in assessing the safety of cities and human
settlements, and they play a primary and necessary part of the sustainable development of cities.
The SDG holds promise to translate aspirational targets into equally impressive actions. However, if
the connection will be made between goals and action in cities, better detailed interpretation of the
indicators will be essential.

A primary issue emerging from this paper involves how to implement the indicator localization
of city disaster resilience and urban environmental cleanliness in China. On the premise of satisfying
existing requirements, more targeted measures should be used to link these indicators with local
realities. In this article, a concrete example was provided to verify the applicability of localized
indicators of city disaster resilience and urban environmental cleanliness in China. Deqing County, as
a research area, is a county-level region that developed rapidly in recent years. The implementation of
sustainability assessments in such a region is very representative in China.

Interpretation of Indicator evaluation from the Target 11.5 show that the city disaster resilience of
Deging County remains at a high level. Therefore, Deqing County’s city disaster resistance was used as



Sustainability 2019, 11, 5713 11 of 13

a basis for assessing the sustainable development of human settlements. As for Target 11.6, prominent
advantages and positive merits were found in the inclusion of solid waste and air quality. In Deqing
County, the living solid waste maintains a comprehensive utilization rate of 100% all the year, and
the comprehensive utilization rate of industrial solid waste exceeds 93%, which is much higher than
the national average in China. The per capita PM; 5 concentration decreased to 9.29 ug/m?’, and the
per capita PMjy concentration decreased to 14.32 pg/m3, which all met the criteria for sustainable
development. To further characterize the per capita environmental impact, the concentration of fine
particulate matter (PM; 5 and PM;y) and the population in the next three years were predicted. Based
on measured and predicted data, the per capita concentration of PM; 5 and PM;( were calculated
which showed the trend of decreasing year by year.

Our research concludes that localization of indicators and local data can support researchers in
assessing city disaster resilience and urban environmental cleanliness in Deqing County. The findings
of our study can provide a theoretical basis for sustainable development planning and environmental
policy formulation in Deqing County. Also, it can provide county-level samples for “2030 Agenda for
Sustainable Development”, contribute to further research of sustainable development.
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