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ABSTRACT

Sustainable development goals (SDGs) emphasize a holistic achievement instead of cherry-picking a few.
However, no assessment has quantitatively considered the evenness among all 17 goals. Here, we propose a

systematic method, which first integrates both the evenness and the overall status of all goals, to distinguish

the ideal development pathways from the uneven ones and then revisit the development trajectory in China
from 2000 to 2015. Our results suggest that, despite the remarkable progress, a bottleneck has occurred in
China since 2013 due to the stagnant developments in some SDGs. However, many far-reaching policies in

China have been targeting these deficiencies since then, providing a perspective on how a country
approaches sustainable development by promoting evenness among all SDGs. Our results also indicate that

regions with the slowest progress are the developed provinces, owing to the persistent uneven status of all

goals. Our study demonstrates the importance of adopting evenness in assessing and guiding sustainable

development.
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INTRODUCTION

Since sustainable development goals (SDGs) were
addressed in 2015 [1], many studies have explored
different methods to assess all 17 goals to under-
stand the progress and to guide policy implemen-
tation towards SDGs [2-5]. Although most studies
have suggested that all 17 SDGs should be equally
addressed [2-4], still no current assessment index
has quantitatively included the developing evenness
of all 17 SDGs. As a widely used index in ecology
[6], the concept of ‘evenness’ originated as a sup-
plementary of species richness in the measurements
of biodiversity, which describes the distribution of
relative abundance among species. And a large
number of species with equal distributed relative
abundance is considered as ‘high biodiversity’. Anal-
ogously, evenness can be used to investigate the dif-
ferences in the performance among 17 SDGs. It is
important since many SDGs interact with one an-
other [7-9], while negative interactions might re-
sult in unevenness among all SDGs and impede

the holistic achievement of SDGs [10]. For in-
stance, fast economic development at the cost of
the environment is uneven and unsustainable (e.g.
a 100% performance on SDG 8, economic growth,
but a zero performance on SDG 15, life on land),
while simultaneous achievement in economic de-
velopment and environmental protection is even
(e.g. S0% performance on both SDG 8 and 15).
However, these two types of development could be
concluded with similar performances (50%, if all
other SDGs also have a 50% performance) based
on assessment only comparing the average perfor-
mance of all SDGs. Therefore, it is necessary to in-
tegrate evenness into SDG assessment to keep a
country from over-optimism and help it to imple-
ment more deficiency-dependent strategies towards
SDGs.

Moreover, integrating evenness might also help
governments to match adaptive strategies to places.
As shown in Fig. 1, regions in different developing
stages need different strategies towards SDGs.
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Figure 1. Pathways approaching sustainable develop-
ment by adopting evenness. All statuses refer to relative
statuses. S.D. stands for the relative ideal status towards
SDGs.

Relatively uneven regions may need more
deficiency-dependent strategies and relatively
underdeveloped regions may need more support
from the central government, while these regions
can collaborate in a mutually beneficial way. For
instance, economically developed regions with a
stressful environment are uneven, whereas they can
benefit from their adjacent underdeveloped regions
with a well-protected environment, such as clean
water. In turn, economically developed regions
can provide substantial support through ecological
compensations, to encourage the underdeveloped
regions to take sustainable economic development
with the least cost for the environment. As for the
underdeveloped and uneven regions, there are
three potential pathways (Fig. 1): (i) the ideal
is the blue pathway which achieves all 17 SDGs
simultaneously; (ii) the green pathway starts with
making up for the deficiency; (iii) the red pathway
can be unsustainable when the development is at the
cost of some SDGs. Therefore, evenness is crucial
for adaptive strategies approaching SDGs at both
national and regional levels.

Since the economic reform in 1978, China has
experienced rapid economic development. In the
meantime, many studies have suggested that China’s
development is unsustainable, especially at the cost
of the environment [11], with regard to unsustain-
able energy consumption [12,13], groundwater de-
pletion [14,15], water and air pollution [16,17],
and biodiversity decline [18,19]. Although a recent
study indicated that a notable improvement towards
SDGs had been made in China from 2000 to 2015
[2], it is still not sufficient to demonstrate whether
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or not China has been on the right track towards
sustainable development if evenness among all
SDGs was not considered. Therefore, the present
study is to address the following two questions:
(i) what pathway had China experienced from 2000
to 2015 when considering the evenness of 17 SDGs?
(i) What lessons can be learned from integrating
evenness in assessing sustainable development at
national and regional levels?

We used a radar chart method [20] to quantify
the evenness score (ES) of all SDGs over space and
time based on the SDG Index scores of China, which
were obtained from a previous study [2]. We devel-
oped the sustainable development score (SDS) to
re-evaluate China’s development from 2000-2015
atboth national and regional levels, and compare the
performance between economically developed and
developing provinces (see Methods), by integrating
both the evenness score from the present study and
the quoted SDG Index score (referring to the mean
index score in the present study, MIS). Then, we ex-
plored the developing pathway at both national and
regional levels and the existing challenges towards
SDGs in China.

RESULTS AND DISCUSSION

China’s progress towards SDGs by
improving evenness score at the
national level

Both the mean index score and evenness score in-
creased by over 20% in China from 2000 to 2015
(Fig. 2A). Based on these results, China’s develop-
ment since the 21st century might have inadequacies
as previous studies suggested [13,14,19,21]. How-
ever, remarkable progress has been made by China
towards SDGs, not only in the increase of overall
performance of all 17 SDGs [2], but also the notice-
able endeavors in balancing them.

Inconsistent with the stable increasing trend of
the mean index score since 2003, the evenness score
was likely to be stepped up during the study period
(Fig. 2A). Two increasing periods were identified as
2007-2008 and 2010-2013. A similar trend was also
found for the sustainable development score, which
had stagnated since 2013 (Fig. 2B). Many underde-
veloped SDGs had been largely improved in two pe-
riods, namely, 2000-2008 and 2008-2015 (Fig. S1).
For instance, the scores for SDG 9, 15 and 17 had in-
creased by 48%, 28% and 118%, respectively, from
2000 to 2008; the scores for SDG 1, 9 and 10 had
increased by 55%, 46% and 93%, respectively, from
2008 to 2015. These two dramatic increases in even-
ness were associated with two important periods
in China, the Beijing Olympic Games in 2008 and
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Figure 2. Changes in (A) China’s SDG mean index score and
evenness score, and (B) sustainable development score.

the new term of the central government since 2012.
Numerous efforts had been taken by the Chinese
government to improve the deficient SDGs dur-
ing these two periods, making China more open,
less unequal and more environmentally friendly. Af-
ter the Beijing Olympic Games, many previously
underdeveloped SDGs were significantly improved.
Among them, major progress was found on SDG
17 (partnerships for the goals). The total export—
import volume and foreign investments, indicators
of SDG 17, had increased by 358% and 60% re-
spectively from 2000 to 2008, with a dramatic in-
crease of foreign investments by 22% in 2008 com-
pared with those in the previous year [22]. These
increases demonstrated the Chinese government’s
resolution in expanding international cooperation.
The increasing international trade further promoted
the economic development of China [2], which is
indicated through the improvement of SDG 8 (de-
cent work and economic growth). Other intensive
actions were also conducted to approach SDG 7
(affordable and clean energy) [23,24]. After 2008,
China’s challenges towards SDGs were mainly con-
cerned with SDG 10 (reduced inequality), 9 (indus-
try, innovation and infrastructure), 14 (life below
water), 15 (life on land), 17 (partnerships for the
goals) and 1 (no poverty), starting from the lowest
SDG score (Fig. S1). Nevertheless, many endeavors

Page 3 of 10

had been made to reduce the unevenness among the
17 SDGs since 2008, particularly by the new term of
the central government since 2012. Initiatives and
policies, such as ‘China Rural Poverty Alleviation
and Development Program (2011-2020)’ and later
the Targeted Poverty Alleviation Strategy in 2013,
had been conducted to reduce poverty and eliminate
economic inequality [25]. ‘China Biodiversity Con-
servation Strategy and Action Plan (2011-2030)’
was proposed in 2010 to improve SDGs 14 and 15
[26]. Moreover, since 2012, the Chinese govern-
ment had paid unprecedented attention to ecologi-
cal conservation, by enacting a series of action plans
for the prevention and control of air pollution, water
pollution and soil pollution in 2013, 2015 and 2016,
respectively. With all these efforts, China’s economic
growth has decoupled from environmental impacts
and energy consumptions since 2015 [27,28]. Over-
all, China exhibited a quite desirable pathway to-
wards all SDGs at the national level, contradict-
ing previous conclusions that China’s development
focused too much on the economy and therefore
was unsustainable [11,29]. This suggests a trans-
formation of China’s policies towards sustainable
development since 2000.

China’s progress towards SDGs by
improving evenness score at the
regional level

At the regional level, all provinces had increased
evenness score and sustainable development score
from 2000 to 2015 (Fig. 3; Table S1). The improve-
ment in provincial evenness scores ranged from
2.94% (Shanghai) to 46.2% (Gansu) from 2000
to 2015, while the improvement in provincial sus-
tainable development scores ranged from a 6.95%
increase (Shanghai) to a 43.69% increase (Gansu)
from 2000 to 2015. Notably, provinces in northern
China had the highest average evenness score in
2000 and the lowest in 2015 (Table S1), and also the
least improvement in the sustainable development
score from 2000 to 2015 (Fig. 3F; Table S1), sug-
gesting an uneven developing pathway that needs
attention from local governments. These results
indicated a regional unevenness towards sustainable
development among 31 provinces; however, such
regional unevenness had decreased from 7% in
2000 to 4% in 2015 (referring to the coefficient of
variation of sustainable development score among
31 provinces). Moreover, most SDGs exhibited
an increasing evenness among all provinces from
2000 to 2015 (except for SDG 12, responsible con-
sumption and production, and SDG 1§, life on land;
Fig. S2; Table S2), suggesting a declining inequality
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Figure 3. The spatial pattern of evenness score (ES) and sustainable development score (SDS) in 2000 and 2015, and corresponding changes from 2000
to 2015. (A) and (B) ES in 2000 and 2015, respectively; (C) changes of ES; (D) and (E) SDS in 2000 and 2015, respectively; (F) changes of SDS. NA, not

available.

of the performance of most SDGs among provinces.
Notably, many uneven SDGs among provinces
in 2000 had been largely improved during these
15 years (e.g. SDG 10, reduced inequalities).
In 2015, the three most even SDGs among 31
provinces were SDG 3 (good health and well-
being), SDG 13 (climate action) and SDG 2 (zero
hunger), whereas the three most uneven SDGs
among 31 provinces were SDG 7 (affordable and
clean energy), SDG 9 (industry, innovation and
infrastructure) and SDG 14 (life below water)
(Table S2). These results indicated that holistic
action plans at the national level on the adjustment
of energy structure and industrial structure, along
with the protection of water environment, are
urgent in achieving SDGs [13,19].

Developing pathways and the bottleneck
towards SDGs at national and regional
levels

Our analyses visualized the footprint of China’s de-
velopment from 2000 to 201S. The ideal pathway
is defined as one which simultaneously achieves the
improvement of all 17 SDGs. In this regard, the
developing pathway is classified into five degrees:
slightly uneven, uneven, slightly underdeveloped,
underdeveloped, and relatively ideal, based on the
angle between the actual pathway and the ideal path-
way (see Methods). At the national level, significant
progress was found from 2010 to 2015 (Fig. S3).
Overall, China presented a quite even but slightly
underdeveloped pathway (6 = 54.8°). However, af-
ter 15 years’ development, a bottleneck seemed to
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occur in China (Fig. 2B). Although China’s perfor-
mance towards all 17 SDGs was relatively even in
2015, there were still afew poorly achieved SDGs, in-
cluding SDG 8 (decent work and economic growth),
14 (life below water), 15 (life on land) and 17 (part-
nerships for the goals). SDG 8 was proved to be
highly dependent on SDG 17 [2,29], whereas it was
negatively correlated with SDG 14 and 15 [30],
suggesting China was facing a dilemma of achiev-
ing both economic development and biodiversity
conservation. Additionally, China had been stuck in
promoting international collaborations since 2008,
indicating that the major impacts of the Beijing
Olympic Games did not last as time passed.

Atthe provinciallevel, 13 out of 31 provinces had
experienced a relatively ideal pathway with simul-
taneous improvement in both the evenness score
and the mean index score (Fig. 4A; Table S3). Only
four were considered as uneven (namely, Beijing,
Shanxi, Shanghai and Ningxia). Others were either
slightly uneven or slightly underdeveloped (Fig. 4A;
Table S3).

The effective development scores (EDS, see
Methods) were further used to quantify the progress
of 31 provinces towards SDGs from 2000 to 2015
through assessing the developing pathway. Four of
the top five economically developed regions had
nearly no improvement from 2000 to 2015 (namely,
Shanghai, Beijing, Tianjin and Jiangsu; Fig. 4B;
Table S4). Additionally, the average evenness score
for the economically developing provinces became
higher than that of the economically developed
provinces since 2010, and there was a significant
increase of evenness in developing provinces,
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Figure 4. Developing pathways and effective development scores of 31 provinces from 2000 to 2015. (A) Vector diagram
visualizing the developing pathways of 31 provinces (see Methods); (B) effective development scores (EDS) among provinces
sorted by geographical locations. The gray diagonal in (A) marks the perfect pathway with a slope of 1, and the colored
arrows visualize the pathways among provinces. The color depth in (B) refers to the EDS. The corresponding provinces in (B)
refer to Table S4, meanwhile the top five developed provinces are marked accordingly.

not in developed ones, between 2010 and 201$
(Fig. S4A; Table S5). Although economically
developed provinces always had higher average
sustainable development scores than economically
developing provinces, their growth rate in sus-
tainable development score was relatively lower
(21.63% vs. 32.48%; Fig. S4B; Table SS). Simi-
lar patterns were also observed between the top
five economically developed provinces and the
bottom five economically developing provinces,
whereas no significant increase in the sustainable
development score was detected in the top five
developed provinces from 2010 to 2015 (Fig. S4B).
These situations were mainly ascribed to the
persistent uneven status among all SDGs in
the economically developed regions, particu-
larly in Shanghai, Beijing, Tianjin and Jiangsu
(Table S1). These results suggested that the eco-
nomically developed regions are actually facing
more challenges in approaching SDGs, probably
due to the environmental stresses derived from their
high population density. These provinces were also
the top four provinces with the highest proportion
of urban areas in China in 2015 [22], suggesting
that the urbanization might have slowed down the
sustainable development progress in economically
developed regions. For example, both Beijing and
Shanghai were lacking in progress in SDG S (gender
equality), 6 (clean water and sanitation) and 1S
(life on land) in 2015. During the past few decades,
Beijing and Shanghai have experienced rapid urban-
ization [31,32], resulting in scarce natural habitats
for life on land [22]. The population growth along
with urbanization caused much higher water stress
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in Beijing and Shanghai compared with the rest of
China [2,22]. Additionally, Beijing and Shanghai
also had a much lower ratio of water footprint to
crop yield production [22], an indicator for SDG 6
[2], owing to the reduction of arable land and grain
yield resulting from urbanization [33]. All these
environmental stresses resulting from urbanization
had set an upper limit and left almost no room
for the improvement of SDG 6 and 185. Therefore,
the bottleneck for economically developed regions
in approaching SDGs is mainly ascribed to the
resource and environmental constraints derived
from their high population density along with ur-
banization. Additionally, gender equality is another
typical issue for developed regions, probably due to
the financial pressures for households. For instance,
the low maternal employment ratios in Beijing and
Shanghai [34] probably relate to the high expense
of child care [35], as some middle-class women stay
at home to attend children.

Current SDG status and policy
implications

All 31 provinces were divided into four categories in
terms of their relative SDG statusin 2015 (see Meth-
ods). About half the provinces were still relatively
uneven (although many were quite close to a rela-
tively sustainably developed status, e.g. the northeast
provinces and most of the central south provinces),
while only three provinces were relatively underde-
veloped; additionally, five were stuck in both (Fig. 5;
Table S6). North and Northwest China still faced
troubles on the route to sustainable development.
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Most northwest provinces were underdeveloped,
while all northern provinces were either quite
uneven, or uneven and underdeveloped (Fig. S;
Table S6). Therefore, regional integration and co-
operation might be effective in holistically achieving
SDGs across regions.

The relatively underdeveloped and uneven
regions may collaborate in a complementary way
towards SDGs, a method particularly beneficial for
economically developed regions (mostly uneven).
For instance, the stagnant progress in SDG 15 (life
on land) in Beijing may be improved by collaborat-
ing with its surrounding regions (e.g. Hebei, which
has much lower gross domestic product (GDP) per
capita than Beijing) on ecological conservation. A
teasible ecological compensation for Hebei province
and the industrial relocation from Beijing to Hebei
should help with the conservation and restoration of
natural habitats in Beijing and its surrounding areas,
and also help Hebei achieve economic develop-
ment. Such regional cooperation between relatively
uneven provinces (e.g. Beijing) and relatively
underdeveloped provinces (e.g. Hebei) could be
a chance to promote sustainable development in
North China. Moreover, the water crisis in Beijing
has been mitigated by the South-North Water
Transfer Project which transfers water from the
Hanjiang river basin to Beijing, where it has notably
increased water resources during the last decade
[14]. On the other hand, the Hanjiang river basin
also benefits from this project through investment
in ecological conservation and preservation as
well as reasonable ecological compensation [36].
Such a collaboration is especially effective between
underdeveloped regions with high gross ecosystem
production (GEP) but low efficiency to convert it
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into GDP, and developed regions with low GEP but
high efficiency to convert it into GDP, e.g. between
Qinghai (underdeveloped) and Shanghai (uneven),
both of which are linked by the Yangtze River. Such
cooperation between upstream and downstream
regions may help with sustainable development in
Northwest China, located in the upstream of the
Yangtze River and Yellow River.

CONCLUSION

As a retrospective study, we have explored whether
the Chinese government has taken action to re-
spond to the raised issues in 2015. Luckily, many
far-reaching policies have been targeting the four
identified deficiencies in SDGs in China since 2015.
For instance, the initiatives of ‘Mass Entrepreneur-
ship and Innovation’ and ‘Made in China 2025
aim at SDG 8, and the ecological civilization vi-
sion and relevant actions, such as the fishing ban
in the Yangtze River from 2020 to 2030, target
SDGs 14 and 15, and the Belt and Road initia-
tive at SDG 17. All these efforts have demonstrated
China’sresolution towards an even development. By
integrating all these findings, we are convinced that
evenness expands the implications of sustainable de-
velopment assessment and helps the government to
match adaptive strategies to places. Moreover, the
methods proposed in the present study can be ap-
plied to the rest of the world since they generally fol-
low the widely adopted methods in data selection,
normalization and calculation of SDG scores. Over-
all, our study provides a new perspective on how
a country approaches sustainable development by
promoting evenness among all SDGs.

METHODS

Data sources

All SDG scores (the score for each SDG) and SDG
index scores (average of all 17 SDG scores) over
time and space at national and regional levels were
quoted from Xu et al. [2]. More details on indicator
selection, data source and calculations can be found
in that article. Briefly, 119 SDG indicators were se-
lected in their calculations, with 3 to 18 for each
SDG. The score for each SDG was calculated using
the arithmetic mean of all corresponding SDG in-
dicators’ normalized values. The SDG index score
was the mean value of all 17 SDG scores. The meth-
ods for normalization and calculation were gener-
ally based on the 2018 SDG Index and Dashboards
Report [4]. Moreover, they also explored the uncer-
tainty introduced by the number of SDG indicators
selected for calculating each SDG score and found
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that the median SDG score was almost constant
when the number of selected indicators per SDG
was over two. Therefore, the SDG scores and index
scores used in the present study had been proven
to be reliable. In their study, the quantification of
progress towards SDGs at national and regional lev-
els was only based on the SDG index score, which
refers to the mean index score (MIS) in the present
study. We further calculated the SDG evenness score
(ES) based on all 17 SDG scores, then computed the
sustainable development score (SDS) thatis an inte-
gration of both ES and MIS to quantify the progress
towards all 17 SDGs at national and regional
levels in China. Additionally, we compared the
performance of sustainable development between
economically developing regions and economically
developed regions, which were defined by the av-
erage GDP per capita of each province from 2000
to 2015 [2]. Provinces with the highest 10 and the
lowest 10 GDP values were considered as economi-
cally developed provinces and developing provinces,
respectively.

Calculations for evenness score
and sustainable development score

The generally used index to assess the progress to-
wards sustainable development is an aggregate score
using the arithmetic mean of all 17 SDG scores [2,4],
which might be biased and over-optimistic when
large variances exist among 17 SDG scores. In such
a case, the achievement of SDGs mainly depends
on the poorly achieved SDGs rather than the al-
most accomplished ones, whereas the mean value of
17 SDGs could be high despite the existence of those
poorly achieved SDGs. Forinstance, aregion with an
SDG score of 100 (best performance) for half of its
SDGs and 0 (worst performance) for the rest still has
an SDG index score of 50; however, it is hard to say
that this region is halfway to achieving SDGs, given
that its efforts might mainly focus on a few selected
SDGs. Therefore, the evenness among all 17 SDGs
needs to be adopted to diminish the potential over-
estimation of sustainable development performance
by using the SDG index score only.

An improved radar chart method [20,37] was
used to compute the SDG evenness score from the
SDG index score, because (i) it could visualize the
SDG index score (by its area), the evenness among
all 17 SDGs (by its perimeter) and the score of each
SDG (by the radius of each SDG) (Fig. S1); (ii)
it provided a visualized comparison of the overall
status of all SDGs and scores for each SDG over
time or across space (Fig. S1); (iii) the calculation of
evenness score was not affected by the order of the
17 SDGs [37]. The score of each SDG at the
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nationallevel or a given province in a certain year was
used as the radius of each sector; therefore, the radar
chart was formed by 17 sectors corresponding to the
17 SDGs. The area (S) and perimeter (L) of the radar
chart are expressed as follows (Fig. S5):

n

n
S,’ :ZS} :Zﬂf}i’jz, j=1,2,...,f’l,
j=1 j=1
(1)

n
L= E L; =2 |rmax = "min
j=1

+ Y afiry, j=12,....n.  (2)

j=1

In the calculation of evenness among 17 SDGs at
national and regional levels, n represents the num-
ber of SDGs which is 17, ryay and 7y, represent the
maximum and minimum among 17 SDG scores, re-
spectively, and r; refers to the score of the j* SDG.
In the calculation of the evenness of a given SDG
among 31 provinces, n represents the number of
Pprovinces, ryay and ry;, represent the maximum and
minimum of the corresponding SDG score among
all 31 provinces, respectively, and r; refers to the cor-
responding SDG score of the j province. f; stands
for the weight of the j" SDG, which is 1/17 for all
SDGs because there is no reason to give one SDG
greater importance than another [3,4]. Notably, the
doubled value of the difference between rp,,, and i
refers to the part of perimeter other than the total
length of all arcs (the total length of all lines between
two adjacent arcs; Fig. SS). Evenness score refers to
the ratio between the total area of the radar chart
formed by the 17 SDGs and the area of a circle with
the same perimeter (the evenest distribution of all
SDGs with the same perimeter), which is calculated
with S; and L; based on equation (3). It is multiplied
by 100 to be comparable with the SDG index score
(0-100). The area of the radar chart with a fixed
perimeter reaches its largest (100) when it is a circle,
and decreases with increasing unevenness among all
radii (referring to scores of all 17 SDGs in the present
study) [37]. Therefore, the ES is the highest when all
SDGs have the same score.

ES =S/ [m(Li/27)*] x 100 = 4007 S; /L}.
(3)

The geometric mean of the evenness score and
the mean index score were used to represent the
SDS, which diminishes the potential overestima-
tion of sustainable development performance by us-
ing the mean index score only when large variances
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among 17 SDG scores exist. All these scores range
from 0 (worst performance) to 100 (best perfor-
mance). As the upper/lower boundary selection and
normalization of each SDG score were based on ac-
ceptable approaches worldwide, namely, the SDG
Index and Dashboards Report [4], our results can be
comparable to the existing SDGs assessment results
following the same approaches.

Overall, we annually calculated evenness scores
and sustainable development scores based on
China’s 17 SDG scores from 2000 to 2015, yielding
16 evenness scores and 16 sustainable development
scores at the national level. At the provincial level,
evenness scores and sustainable development scores
for each province were calculated from its 17 SDG
scores in the years of 2000, 2005, 2010 and 2015,
separately, yielding four evenness scores and four
sustainable development scores per province.

Definitions for the developing pathway
and the effective development score

By plotting the pairwise mean index score (x) and
evenness score (y) of China or a certain province
in 2000 and 2015, we could visualize the develop-
ing pathway from 2000 to 2015 by constructing a
vector starting with the paired values in 2000 and
ending with the paired values in 2015. The perfect
pathway was defined as the vector with a slope of
one, indicating a simultaneous improvement in all
17 SDGs. As a decreasing trend was found neither
in the mean index score nor in the evenness score,
the worst scenario is that only the mean index score
or the evenness score increases over time, limiting
the range of the angle (6) between the vector and
x-axis from 0° to 90°. Therefore, we divided the
90-degree space centered on the perfect pathway
into two 4S-degree ranges (Fig. 6). The central
45° was considered as a sound pathway, while it
was further divided into three subgroups, namely,
slightly uneven (22.5° < 6 < 37.5°), relatively ideal
(37.5° < 6 < 52.5°) and slightly underdeveloped
(52.5° < @ < 67.5°). The other two ends were
classified as uneven (0° < @ < 22.5°) and under-
developed (67.5° < 6 < 90°). Furthermore, con-
sidering both the change of mean index score and
evenness score, we developed an index called the
effective development score (EDS) to quantify the
progress towards SDGs from 2000 to 2018. The pro-
jected length (red line in Fig. 6) of a given path-
way (red vector) on the perfect pathway was used
to represent EDS, which helps to diminish the over-
estimation of progress towards SDGs over time
when the achievements are majorly embodied in
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Slightly
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Evenness score
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Mean index score

Figure 6. Sketch presenting the definition of the developing
pathway and the effective development score (EDS). 9 is the
angle between a given vector and the x-axis.

increasing mean index score (improvements only
shown in a few SDGs) or increasing evenness score
(increasing scores for the poorly achieved SDGs
while decreasing scores for the better accomplished
SDGs).

Assessment of the relative developing
status of 31 provinces in 2015

To explore the different stages towards SDGs among
31 provinces in China, we plotted the mean index
score (x) of each province against its evenness score
(y) in 201S. Then, we used the K-mean method to
divide the 31 provinces into two groups (relatively
high and relatively low) based on the mean index
score (MIS) or the evenness score (ES), respectively
(namely, the relatively high MIS group and the rel-
atively low MIS group, based on MIS; the relatively
high ES group and the relatively low ES group, based
on ES). Furthermore, all 31 provinces could be di-
vided into four categories in terms of the relative de-
veloping status, i.e. relatively sustainably developed
(provinces with relatively high MIS and ES), rela-
tively underdeveloped (provinces with relativelylow
MIS and high ES), relatively uneven (provinces with
relatively high MIS and low ES) and relatively un-
derdeveloped and uneven (provinces with relatively
low MIS and ES). The reader should notice that the
four categories were based on the relative developing
status among 31 provinces in 2015, instead of their
current SDG status.
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