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Abstract: Rapid urbanization has brought many problems, including housing shortages, traffic
congestion, air pollution, and lack of public space. To solve these problems, the United Nations pro-
posed “The 2030 Agenda for Sustainable Development”, which contains 17 Sustainable Development
Goals covering three dimensions: economy, society, and environment. Among them, Sustainable
Development Goal 11 (SDG11), “Make cities and human settlements inclusive, safe, resilient and
sustainable”, can be measured at the city level. So far SDG11 still lacks three-quarters of the data
required to accurately assess progress towards the goal. In this paper, we localized the indicators
of SDG11 and collected Earth observation data, statistical data, and monitoring data at the city and
county levels to build a better urban sustainable development assessment framework. Overall, we
found that Haikou and Sanya were close to achieving sustainable development goals, while other
cities were still some distance away. In Hainan Province, there was a spatial distribution pattern of
high development levels in the north and south, but low levels in the middle and west. Through
the Moran’s I Index of Hainan Province, we found that the sustainable development of Hainan
Province did not yet form part of integrated development planning. The sustainable development
assessment framework and localization methods proposed in this paper at the city and county levels
provide references for the sustainable development of Hainan. At the same time, it also provides
a reference for the evaluation of county-level sustainable development goals in cities in China and
even the world.

Keywords: Sustainable Development Goal 11 (SDG11); spatiotemporal clustering; city and county
level;, Hainan

1. Introduction

Over the past few decades, the world has been in the process of rapid urbanization.
In 1950, only 30% of the world’s population lived in cities. By 2018, this proportion had
increased to 55% and is expected to increase to 68% by 2050 [1]. Although urban areas
account for less than 1% of the global land cover, they contribute 75% of global GDP, con-
sume 60-80% of energy, and produce 75% of the global waste [2]. Rapid urbanization has
brought many challenges, including insufficient housing, traffic congestion, environmental
pollution, and insufficient public space.

In order to measure, monitor, and report on the sustainable development of cities, the
United Nations proposed 17 Sustainable Development Goals (SDGs) covering the three
dimensions of economy, society, and environment. In the 2030 Agenda for Sustainable
Development announced in 2015 [1], Sustainable Development Goal 11 (SDG11), “Build-
ing inclusive, safe, resilient, and sustainable cities and human settlements”, is critical
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to achieving all the other SDGs [3]. The SDGs can be broken down into 169 indicators,
and SDG11 includes seven technical targets and three policy targets, with a total of 15
measurable indicators of progress towards those targets. As of 29 March 2021, ten of those
indicators presented problems to do with missing data in monitoring and evaluation, and
one indicator was temporarily removed with no suitable substitute. In addition, SDG11
is linked to at least 11 other SDGs, and about one-third of the more than 230 SDG indi-
cators can be measured at the city level [4-7]. China is the largest developing country in
the world and has always insisted that development is the priority [8]. In 2016, China
formulated the National Plan for the Implementation of the 2030 Agenda for Sustainable
Development [9], and issued the Plan for the Construction of Innovation Demonstration
Zones for the Implementation of the 2030 Agenda [10].

At present, the monitoring, comprehensive evaluation, and application of the United
Nations” SDG indicators have become an international research frontier. The United
Nations, national government departments, international organizations, and research insti-
tutes in China and elsewhere have carried out monitoring and comprehensive assessments
of urban sustainable development indicators using statistical data. For example, experts
from the Sustainable Development Solution Network (SDSN) carried out a comprehensive
urban sustainability assessment for 45 European capital cities and 105 large American
cities [11,12]. Based on statistical data, China’s experts have also made sustainable develop-
ment assessments of China’s national, provincial, and municipal levels [13-15]. The recent
studies did not use geospatial data, so it was difficult for them to effectively reflect the
nation’s spatial pattern and its variation in the SDG indicators. With the rapid development
of satellite earth observation, some researchers have attempted to conduct evaluation and
monitoring of SDGs combining statistics and geographic data [16-20]. However, in general,
they are still at the stage of conceptual design, method discussion, and single indicator eval-
uation of small-scale pilot projects, and there has not yet been a comprehensive evaluation
report of a complete administrative region [21-23].

Hainan Province is the newest province in China, and its urbanization development
started relatively late, so it is easier to discover the impact of urbanization on sustainable
development. In 2018, the Chinese government proposed the construction of the Hainan
Free Trade Port, and released an overall plan for construction in 2020. Therefore, it is
of great research significance to comprehensively assess urban sustainable development
within the context of SDG11 in Hainan Province, and it is also a national strategic demand.
The increasing urban population in Hainan brings many difficulties to the planning of
urban public space, especially in the replanning of the old city. Therefore, in the context of
provincial urbanization, unplanned urban expansion makes the urban ecological environ-
ment relatively fragile, and the ecological security situation is very grim [24-26]. Hainan
Province has four cities and fifteen counties. Among them, 15 cities/counties have scarce
statistical data, which cannot satisfy the sustainable development assessment of cities in
Hainan Province.

Therefore, this paper takes Hainan Province as the study area, using Earth observation,
statistics, and other data sources to carry out: (1) the construction of a localization system
of SDG11 indicators in Hainan Province; and (2) quantitative and systematic monitoring
and comprehensive assessment of SDG11 indicators at the municipal and county level of
Hainan Province from 2010 to 2018. Our research can provide approaches and solutions
for other provinces and regions to implement the SDGs.

2. Study Area and Data
2.1. Study Area

Hainan Province is located in the southernmost part of China, in a Special Economic
Zone and Pilot Free Trade Zone. This research area includes three prefecture-level cities,
five county-level cities, four counties, and six ethnic minority autonomous counties in
Hainan Province, but excludes Sansha City, for a total of 18 cities and counties (Figure 1).



Sustainability 2021, 13, 11092

3of 14

o o Danzhou
,.Ch/angjiar—lz Csa, A

I‘)inga';r-"_' \&J’T 4

hg“

Legend

Population

106000
177201
333901
669347

Srma00 [ (43
333900 |
- 669346 |
2973949 |
973950 -

N
|
|

: Dongfang

\?_ Baisha ,f;

& i
‘A\'&,,. " %

B it
it

b
{ N — 4

L 4

Built-up Area
~.9..39

GDP

O ooe

9.39 - 16.69
16. 69 - 36. 32
| 36.32 - 51.63

2327000 [ 5. 63

182, 90

i e

{ = f;" o
?{Vuzhshapﬁ\’ :1\4\—"\"—\"1"’”/ Wanning .

h By
LI f‘:

L4 v

{ S,
1. 3
“Tunchang E
N
o
g

{ S 4
“._.Qiongzhong

L

\Baotin Zingsh i

0 15 30

-{7 5]
&=y /
ctnate

{
|
A’v

Ry

90 120

60
T T — A

Figure 1. A map showing the study area of Hainan. Note: the data in the figure comes from the People’s Government of

Hainan Province [27].

2.2. Obtaining Data on SDG11 in Hainan

SDG11, “Sustainable Cities and Communities”, includes 10 specific targets and 15
indicators according to the United Nations Statistical Commission in the 2030 Agenda for
Sustainable Development. The technical targets are related to housing, transportation, land
use efficiency, heritage protection, urban disasters, and public open space [3]. Considering
the actual situation of Hainan Province, however, the quantity of relevant data and the
evaluation method cannot match these indicators completely. Therefore, it is necessary to
adopt reliable, high-quality data applicable to the local situation of Hainan Province to
localize the SDG11 indicators. This study mainly adopts statistics, Earth observation, and
ground observation data, and the time scale is from 2010 to 2018 (Table 1).

Table 1. Data related to SD!

G11 used in the study.

Localized Temporal
Indicators [1,28] Data Interval Data Sources
11.1.1—— (1) Rate of .
subsistence allowances Number of subsistence 2010-2018 Statistical data [27]
allowances
(-)
1121 (2) Passenger Passenger volume 2010, 2015, 2020 Statistical data [29]
volume (+)
Remote sensing data
11.3.1—— (3) Ratio of (Sentinel-1A /210m
land consumption rate ~ Urban population and 2010, 2015, 2020 time series data,

to population growth
rate (—)

urban built-up area

WorldPop Global
Project Population Data
100 x 100 m) [30]
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Table 1. Cont.

Localized Temporal
Indicators [1,28] Data Interval Data Sources
e Total population of the
1151 ‘a te(zllfertlhty city and the number of 2010-2018 Statistical data [27]
victims
Total population of the
1151 (.5) Rate of city and the number of 2010-2018 Statistical data [27]
dead and missing (—) dead and missing
11.5.2—— (6) Direct GDP and direct
economic loss in . . ..
disasters to global GDP ecorlloiglsctigsss in 2010-2018 Statistical data [27]
(-)
11.6.1—— (7) Domestic Domestic earbage
garbage clearance learance %olurr%e 2010-2018 Statistical data [27]
volume (+)
. Remote sensing data
11.6.2—— (.8) PM; 5 PMj; 5 remote sensing 2010-2018 (AOD Data 1° x 1°)
concentrations (—) data [31]
11.6.2.—. (9) CO, CO, emissions 20102018 Ground monitoring
emissions (—) data [32]
11.62 (.10) NO, NO, concentration 2010-2018 Statistical data [27]
concentration (—)
11.62 (.11) 502 SO, concentration 2010-2018 Statistical data [27]
concentration (—)
11.'7'1 (12) Per Per capita park green -
capita park green area 2010-2018 Statistical data [27]

area

(+)

Note: + (—) means the higher (lower) the indicator, the better the level for sustainability.

3. Construction and Research Method of the Index System
3.1. Remote Sensing Data Preprocessing

In this study, the remote sensing data used were obtained from Google Earth Engine
and the Atmospheric Composition Analysis Group [30,31]. From these sources, the urban
built-up area was obtained based on the same definition of urban agglomeration area [33].

The standardized built-up area was converted from the impervious surface (ISA) data,
which were obtained from the time series of Sentinel-1A /2 data in ascending/descending
orbits [34]. First, the areas of urban patches were linked to form a continuous main urban
area. After the small polygons and holes were removed, the built-up area was obtained
through visual interpretation of the images on Google Earth Engine following the definition
of the United Nations. For more details, please refer to the study by Jiang et al. [35].

3.2. Urban Sustainable Development Index System Based on SDG11

Given that SDGs are monitored based on country-level assessments, it is not possible
to fully reflect the specific situation of different regions and local-scale administrative areas.
Therefore, SDG indicators cannot be directly applied to a designated research area [36,37].
According to the regional characteristics of Hainan Province, the actual significance and
use of each indicator of SDGs should be analyzed and improved to build a localized SDG
indicator system [38]. Due to different administrative levels in the study area, some data
cannot be used directly. Therefore, data need to be collated and processed to be applicable
to all cities and counties and match SDG indicators. The data processing method is shown
in Table 2.
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Table 2. Construction and localization method of the SDG11 indicator system in Hainan.

SDG11 Indicators [1,28]

Localized Indicators

Method

11.1.1 Proportion of urban population
living in slums, informal settlements or
inadequate housing

(1) Rate of subsistence allowances

_ Number of subsistence allowances o,
X1 = Total population x 100%
[39]

11.2.1 Proportion of population that has
convenient access to public transport, by
sex, age, and persons with disabilities

(2) Passenger volume

Statistics [27]

11.3.1 Ratio of land consumption rate to
population growth rate

(3) Ratio of land consumption rate to
population growth rate

- _ In(Urbyy, /Urby) o
X3 = LCRPGR = m x 100%

[39,40]

11.5.1 Number of deaths, missing persons
and directly affected persons attributed
to disasters per 100,000 population

(4) Fertility rate
(5) Rate of dead and missing

_ Number of victims o
Xy = Total population > 100% [39]

_ Number of dead and missing o
X5 = Total population x100% [39]

11.5.2 Direct economic loss in relation to
global GDP, damage to critical
infrastructure, and number of disruptions
to basic services, attributed to disasters

(6) Direct economic loss in disasters to
global GDP

Xg = Direct economéch%ss in disasters < 100%,
[39]

11.6.1 Proportion of municipal solid
waste collected and managed in
controlled facilities out of total municipal
waste generated by cities

(7) Domestic garbage clearance volume

Statistics [27]

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

(8) PM; 5 remote sensing data
(9) CO, emissions

(10) NO; concentration

(11) SO, concentration

Remote sensing data used to calculate the
local average PM; 5 concentration
[29]/ statistics [27]

11.7.1 Average share of the built-up area
of cities that is open space for public use
for all, by sex, age, and persons with
disabilities

(12) Per capita park green area

Statistics [27]

LCRPGR represents the ratio of land use rate to population growth rate; Urb; represents the area of the built-up area in the past as the initial
value; Urb represents the area after n years of urban expansion, as the final value; Pop; represents the number of the city’s population in
the past as the initial value; Pop;, represents the number after n years of urban population growth as the final value.

3.3. Methods

In order to better identify the development degree of a single indicator of a city, a
dashboard like a traffic light is introduced using green, yellow, orange, and red to give the
scores of the indicators [41]. Its purpose is to highlight the need of each city to pay special
attention to the indicators with poor performance, remind relevant departments to priori-
tize their optimization, and improvement measures for the indicators. The comprehensive
assessment of urban sustainable development mainly includes three steps: (I) screen data
extremes and obtain a single index score through normalization; (II) build a dashboard
for each indicator with its trend; and (III) calculate the city’s comprehensive sustainable
development score.

3.3.1. Single Indicator Score

Due to different city levels, some data are different in orders of magnitude. To
ensure the comparability of these data, the largest or smallest outliers of each indicator
are excluded. The maximum and minimum thresholds are obtained from the three largest
and smallest data scores, respectively. After normalizing the data, each data score is 0-100,
where 0 represents the lowest level of sustainable development, and 100 represents the best
level of sustainable development.

The single index scoring method, namely normalization method is described below:

/ X = Ximin

X == Tmin 5100 1)

Xmax — Xmin
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where x is the original data, X4y / Xi,, represent the upper and lower bounds of the data,
respectively, and x’ represents the normalized value after scaling the single index score.
If the larger indicator means low sustainability, the normalized Equation (2) is used to
get the score:
X = Xpi
x' =100 — —""— x 100 2
Xmax — Xmin
where x is the original data, x4y / X, represent the upper and lower bounds of the data,
respectively, and x’ represents the normalized value after scaling the single index score.

3.3.2. Single Indicator Trend

In order to better show the long-term trend of a single indicator, we introduced the
same method as used to derive the score of a single indicator to calculate the trend of a
single indicator.

Specifically, we calculated the growth rate of each index. If the large index means high
sustainability, then the growth rate formula (3) can be used to obtain the growth rate:

1

Xer = ()" % 100% 3)

X
Xn
where X is the growth rate, x is the data value of this year, and x;, is the data value of n
years ago.

If the high index means low sustainability, then Equation (4) is used to obtain the
growth rate:

Xor = (x?”)”‘1 % 100% )

If the denominator is 0 in the calculation of the trend index, the trend index value is
determined in three cases: if the numerator is positive, the trend index value is 3; if the
numerator is 0, the trend index value is 0; and if the numerator is negative the trend index
is —1.

In consultation with experts, the indicators were divided into four levels, as shown in
Table 3 [42,43].

Table 3. Classification threshold for the trend of each indicator.

Substantial Fair Progress but Limited or No Deterioration
Progress/on Track  Acceleration Needed Progress
11.1.1 x>02 01<x<02 0<x<01 x<0
11.2.1 x>03 01<x<03 0<x<01 x <0
11.3.1 x>02 0.05<x<02 0.05 < x < —0.05 x < —0.05
11.5.1 x>05 01<x<05 0<x<01 x<0
11.5.2 x>1 05<x<1 0<x<05 x<0
11.6.1 x>0.1 005<x<1 —0.05 < x < 0.05 x < —0.05
11.6.2 x> 0.01 0<x<001 —0.01<x<0 x < —0.01
11.7.1 x>0.1 0.05 <x <01 —0.05 < x < 0.05 x < —0.05

3.3.3. Comprehensive Evaluation Method

The sustainable development level of a city cannot be shown by the evaluation of a
single index, so it is necessary to construct a comprehensive urban score to evaluate the
relative sustainable development level of a city. We averaged all the indicators for each city
in each year with equal weights to get a comprehensive score for the city:

VS

n

X' ©)

where 7 is the total number of indicators and x’; is the score of a single indicator.
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4. Results and Analysis
4.1. Single Index Ranking and Change Trend Analysis

Sanya had the largest number of “green indicators”, with household garbage and per
capita green area scores leading those of most cities and counties every year. Haikou had a
stable ranking in each index, with rates of subsistence allowance, passenger volume, and
solid waste leading those of most cities and counties. Changjiang and Ledong counties
had the highest number of “red indicators” in 2010, Qiongzhong County had the highest
number in 2015, and Ding’an and Qiongzhong counties had the highest number in 2018
(Figure 2).

No.l No2 No3 No4 No5 Noé6 No7 No8 No.l1 No2 No3 No4 No5 No6 No7 NoB No.1 No2 No3 No4 No5 No6 No7 No8
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Wanning © @ O @ O O @ @ Warning @ @ © @ O © © @ Waming @ O ® @ @ ®@ O O
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Tunchang @ @ @ O O O @ @ Tunchang @ @ @ O @ @ ® @ Tunchang @ ©@ @ O ©@ @ @ @
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Danzhou @ O ©® ©® ® @ ® ® Danzhou @ O @ © © @ @ O Danzhou @ @ © © © © @ ©
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Lngshui @ @ @ @ @ @ @ O Lngshui @ @ @ @ @ O O @ lLngshi O ® © ® ® O @ @
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Figure 2. Single index score dashboard of cities in Hainan in 2010, 2015, and 2018. The indexes corresponding to the

horizontal axis are No. 1: The proportion of people enjoying the minimum living security, No. 2: annual passenger capacity,

No. 3: land utilization rate, No. 4: population disaster rate, No. 5: ratio of direct economic losses to GDP, No. 6: domestic

garbage removal volume, No. 7: air quality index, No. 8: park green area per capita.

From the city-level perspective, the change trends of Hainan’s main indicators are
mainly as follows (Figure 3). (1) Haikou and Sanya are in the middle stage of sustainable
development. Rapid urbanization drives the development of various industries, such as
transportation and industry. As pilot cities of national environment programs and tourism,
Haikou and Sanya are still maintaining the development of environmental indicators while
developing their economies. (2) The cities and counties, led by Lingao County, are in
the early stage of sustainable development, and all the indicators show an upward trend
except the environmental indicators. (3) Wanning City and Danzhou City are leading the
cities and counties in the middle and early stages of sustainable development, and the
development trend of each index fluctuates greatly. In general, after the 13th Five-Year
Plan, the development trend of all indicators has improved, especially the environmental
indicators, including air quality, per capita park green space area, and gas emissions, which
are closer to the sustainable development goals.
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Figure 3. Single index progress chart of cities in Hainan in 2018. The indexes corresponding to the horizontal axis are: No.
1: the proportion of people enjoying the minimum living security; No. 2: annual passenger traffic; No. 3: land utilization;
No. 4: population disaster rate; No. 5: direct economy loss as a percentage of GDP; No.6: domestic waste removal and
transportation; No.7: air quality (PM; 5, COy, SO, NOy); No.8: per capita park green area.

From the index level, with the introduction and implementation of China’s “poverty
alleviation” policies in 2013, all cities and counties showed a good trend in the proportion of
people enjoying subsistence allowances from 2010 to 2018. From 2010 to 2018, the disaster
risk of Hainan Province and its cities and counties showed an obvious trend of reduction,
especially since the 13th Five-Year Plan. During the rapid urbanization process of most
cities and counties in Hainan Province, environmental protection was ignored, and the
air quality index and per capita green area index were on a stagnant trend. After the 13th
Five-Year Plan of Hainan Province, Hainan adhered to green development principles and
focused on building “national ecological civilization demonstration zones”. Therefore,
Hainan’s future air quality index and per capita green area index might be closer to the
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direction of sustainable development. The development of other indicators is relatively
stable, showing a steady upward trend.

4.2. Analysis of Temporal Evolution and Spatial Patterns

The cities” highest score increased from 72.72 points in 2010 to 81.34 points in 2018.
The average score for cities rose to 53.79 from 49.93 in 2010. From 2010 to 2015, the
comprehensive index of sustainable development of 18 cities and counties in Hainan
fluctuated unsteadily every year, and the comprehensive index of sustainable development
increased rapidly after 2015 (Figure 4).

Max.

100
y Ave.

90 -
70
60
B A I

40

Scores

30
20 +

10 +

o+ ¥¥¥r—+—7—
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Years

Figure 4. Comprehensive scoring showing the development trend of 18 cities in Hainan Province.

The top two cities in 2010, 2015, and 2018 were Haikou and Sanya, while other cities
and counties had a large gap in their scores. The scores of other cities were basically
around 60 (Figure 5). Due to the rapid urbanization of Changjiang County, Wenchang
County, and Ledong County in 2015, they neglected the impact of public space and the
environment, resulting in a low total score. Wuzhishan City was the city with the lowest
score for sustainable development.

As shown in Figure 6, Hainan’s development was unevenly distributed, mainly
high in the north and south while low in the central and western regions. Haikou, the
administrative center of Hainan Province, and Sanya, an important tourist city in China,
had the highest level of sustainable development, with annual comprehensive scores of
more than 70 points. Ledong County and Wuzhishan City in the southwest performed
poorly in the sustainable development indicators. After 2015, influenced by Sanya City, the
sustainable development level of Ledong County rose rapidly to third place in the province
in 2018. In Danzhou City, Dongfang City, Chengmai County and Changjiang County, the
main heavy industry bases in Hainan Province, the overall sustainable development index
performance was poor, although the urban sustainable development index performed
well in some years. The central inland region had a low urbanization rate, poor urban
modernization, and the lowest level of sustainable urban development. In 2018, the city
with the best sustainable development level in the province was Sanya City (81.34 points),
followed by Haikou City (73.60 points). In the same year, Wuzhishan City only scored
31.93 points, while other cities scored between 45 and 60 points.
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Figure 5. Score chart for cities in Hainan in 2010, 2015, and 2018.

i

Figure 6. Spatial distribution of sustainability in 18 cities and counties in Hainan Province. HK: Haikou City, SY: Sanya City,
DZ: Danzhou City, WZS: Wuzhishan City, QH: Qionghai City, WCS: Wenchang City, WN: Wanning City, DF: Dongfang City,
DA: Ding’an County, TC: Tunchang County, CM: Chengmai County, LG: Lingao County, BS: Baisha Li Autonomous County,
CJ: Changjiang Li Autonomous County, LD: Ledong Li Autonomous County, LS: Lingshui Li Autonomous County, BT:

Baoting Li and Miao Autonomous County, QZ: Qiongzhong Li and Miao Autonomous County.
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4.3. Spatiotemporal Clustering Analysis

By the local spatial autocorrelation analysis of Moran’s I from 2010 to 2018 (Figure 7,
Table 4), it was found that the overall Moran’s I of Hainan Province was low and the sus-
tainable development efforts did not have a comprehensive effect. Most cities developed
independently along their own lines, not directly benefiting neighboring cities. From 2011
to 2013, the urban agglomerations in Hainan Province, led by Ledong County, Baisha
County, and Wuzhishan City, showed low-low clusters and high-low clusters, which indi-
cated that these cities had a negative impact on the surrounding areas. High—high clusters
appeared in Sanya City in 2018. The development of Sanya City drove the development of
surrounding counties and cities, but an integrated development did not form. Obviously,
the sustainable development of cities was influenced by the combined effects of nature,
economics, and culture and was not determined by any single aspect.
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Figure 7. Hotspot areas of urban sustainability in Hainan Province. HK: Haikou City, SY: Sanya City, DZ: Danzhou
City, WZS: Wuzhishan City, QH: Qionghai City, WCS: Wenchang City, WN: Wanning City, DF: Dongfang City, DA:
Ding’an County, TC: Tunchang County, CM: Chengmai County, LG: Lingao County, BS: Baisha Li Autonomous County, CJ:
Changjiang Li Autonomous County, LD: Ledong Li Autonomous County, LS: Lingshui Li Autonomous County, BT: Baoting
Li and Miao Autonomous County, QZ: Qiongzhong Li and Miao Autonomous County.

Table 4. Global Moran’s I of the sustainable development level in Hainan.

Year 2010 2011 2012 2013 2014 2015 2016 2017 2018
Moran’sI  0.148 0.197 0.178 0.081 —0.004 —-0.010 0.095 0.038  —0.056

5. Discussion

In contrast with previous studies, Ma et al. used four SDG11 indicators to obtain
the conclusion that the level of sustainable urbanization in Jilin Province fluctuated and
the development trend was increasing year by year [15]. We have also reached similar
conclusions that the level of sustainable urbanization in Hainan Province has been increas-
ing year by year, based on twelve SDG11 indicators. Research by Xu et al. found that
cities in the Yangtze River Delta have not formed an integrated development model [14].
Similarly, our research found that cities and counties in Hainan Province have not formed
an integrated development model yet, indicating that large cities in Hainan, such as Haikou
and Sanya, have not prompted the development of surrounding cities. This is possibly due
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to the fact that the cities in Hainan basically focus on a single tourism economy structure
originating from their own environment and cultural characteristics, and lack of high-tech
industries [44]. It will be necessary to adjust the urban development model gradually to
promote integrated development through cooperation between cities to improve sustain-
ability [45,46].

Judging from our comprehensive assessment, the cities and counties of Hainan
Province initially achieved sustainable development, but the degree of development of each
city is different. High-scoring indicators should be maintained in the current development
path and sustained; low-scoring indicators, such as disaster indicators, should be viewed
as warnings. From 2010 to 2018, Ding’an’s per capita green area indicator scores were
low and still in a downward trend. The government should introduce relevant policies to
increase the per capita green area. The air quality indicators of Hainan Province are in a
good and stable state. The municipal and county governments in Hainan should continue
to adhere to green development and maintain this state.

Similar studies mainly focused on a larger spatial scale (for example at city level) and
most of them used statistical data [11,12,15,16]. Our method can be applied at finer county-
level scale due to the introduction of earth observation data, and provide a demonstration
of evaluating sustainable development at the county level. Compared with the study of
Ma et al., which used city-related indicators, our study focused on SDG11, which may
have some limitations regarding indicator numbers [15]. Some spatial-related indicators
still came from statistics. In the future, we will attempt to use more earth observation data
instead of traditional statistics with more city-related indicators.

6. Conclusions

The conclusions of this paper are as follows. (1) From 2010 to 2015, the overall
sustainable development score of all cities and counties in Hainan fluctuated greatly.
After 2015, with the promotion of the 13th Five-Year Plan of Hainan Province, the overall
sustainable development level of Hainan increased rapidly. (2) From 2010 to 2018, the
level of sustainable development in Hainan Province had a spatial distribution pattern
showing that development was high in the north and south, but low in the central and
western regions. Haikou as the administrative center and Sanya as the tourism center
had the highest levels of sustainable development. The overall sustainable development
level of Wuzhishan City needs to be strengthened. (3) From 2010 to 2018, the Moran’s I
index of Hainan Province has been low, indicating that the development of cities in Hainan
Province has not significantly affescted the surrounding development.

Combining earth observation and statistical data is proposed to solve the problem
of insufficient data for assessing the sustainable development status of cities/counties in
Hainan Province, China. This evaluation system and method can also be used in other
administrative regions with various scales.
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