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Keeping track

One hundred and ninety-three countries have committed to the United Nations’ 17 Sustainable
Development Goals (SDGs). These goals cover a range of issues including poverty, gender
equality and climate change. To date, it has been difficult to assess spatio-temporal progress
towards achieving the SDGs. In this week’s issue, Jianguo Liu and his colleagues present
systematic methods that can be used to quantify progress towards the goals at multiple
organizational levels over time. The researchers demonstrate their methods using China as a test
case, finding that the scores for 13 of the 17 goals had improved nationally over the period 2000
to 2015, while revealing regional differences within the country.
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Get the Sustainable
Development Goals
backontrack

Most of the goals will be missed. Here’s how to
put them back on the right path.

n 2015, world leaders met in New York at alandmark

conference of the United Nations. Their aim: to end

poverty, stop environmental destruction and boost

well-being. In the world of multilateral diplomacy,

such meetings are not uncommon, but they tend to
focus onindividual areas, such as climate change or food
security. The 2015 summit was different because heads
of state and governments pledged concrete action across
anintegrated set of economic, environmental and social
issues. They signed up to the Sustainable Development
Goals (SDGs), a package of 17 goals and associated targets
for ending hunger, eliminating extreme poverty, reducing
inequality, tackling climate change and halting the loss of
biodiversity and ecosystems — all by 2030.

With that deadline now a decade away, the world is set
to miss most of the SDGs. Just two of them — eliminating
preventable deaths among newborns and under-fives,
and getting children into primary schools — are closest
among all the goals to being achieved. By contrast, the
goal toeliminate extreme poverty willnot be metbecause
some 430 million people are expected still to be living in
such conditions in 2030.

Targets to end hunger and to protect climate and bio-
diversity are completely off track. Whereas some of the
richer countries are making a degree of progress in the
SDGs overall, two-thirds of poorer ones are not expected
to meet those that relate even to their most basic needs.

The SDGs are extremely valuable, and five years is
too short a time to see real progress towards economic
transformation, which must happen if the goals are to be
achievedin full. Butat the same time, the SDGs have had a
considerable positive impact — including in research and
higher education. Institutions globally are signing up to
supporting the SDGs, and staff and students are taking
on responsibilities, from eliminating single-use plastic,
toswitching torenewable energy. The goals’ cross-cutting
nature hasfuelled research, too, providing scientists with
opportunities in the fields of the environment, engineer-
ing, health policy, development economics and beyond.

But these bright spots cannot mask what is still a bleak
trend. The UN secretary-general, Antonio Guterres, puts
the halting progress downto alack of funding — especially
from the governments of developed countries. The goals
come with a price tag of between US$5 trillion and $7 tril-
lion per year, and the shortfall has been put at $2.5 trillion.

Butthere’salargerobstacle. Thegoalsarestillavoluntary

dd

Timeis
short, and
there’salot
todowhena
decadeisall
we have.”

effort, although monitoring of progress is extensive. A
UN-affiliated organization called the Sustainable Develop-
ment Solutions Network produces an annual report that
shows how well countries are performing onthe SDGs, and
on page 74 of thisissue, researchers from the United States
and China describe how progress can be more accurately
recorded (Z. Xu et al. Nature 577,74-78; 2020) (see also
page 8). Butit’s not compulsory for countries to report
how they are doing.

Tobeachieved, the SDGs need to become mandatory —
not necessarily in the legal sense, but in the sense that
nations have to know that there’s no alternative but to make
them happen. One analogy is the way in which countries
report their economic data. There’s no international law
that says every country must report data, such as on con-
sumer spending, that go into calculating its gross domestic
product (GDP). But for more than 50 years, these data have
been collected at a granular level and are now reported
every quarter by national statistics offices. Every agency
of government understands that a nation’seconomy must
always be seen to be growing, and so the data underlying
the GDP must also always be increasing. That’s why there’s
amassive national effort to make sure that everyone works
towards what could be called the ‘GDP goals’. The SDGs are
unlikely tobe achieved unless they, too, sit at the apex of a
similar national effort.

At the same time — and as is often pointed out — some
GDP goals are in opposition to sustainability efforts such
as the SDGs. Take new sources of fossil-fuel energy. They
provide much-needed power for communities lacking
basic needs and contribute positively to economic growth.
But they also have a negative impact on the environment
and on human health. Yet it’s only the positive economic
impact that counts in official data, and that is one
reason —although not the only one, by far —why it’s proving
sodifficult to shift power torenewable-energy platforms.
One solution might be to factor the cost of degrading the
environmentinto national accounting — although thereis
as yet little consensus on how this would be done.

Tighter focus

One research-led effort where there is more consensus
is the Global Sustainable Development Report (GSDR).
Due to be published every four years, it is commissioned
by the UN secretary-general and written by a team of
15 authors nominated by UN member states, but working
independently with the wider scientificcommunity. The first
reportwas published last September, and the UN will appoint
authors for the second one, due in 2023, later this month.
Thefirstreport’sauthorsare aware that the SDGslack a
mandatory reporting mechanism, and thatin some cases
the goals are competing with GDP goals. And they have
come up withaninnovative solution. They recommend that
nations consider redistributing the 17 SDGs into 6 ‘entry
points’. These are: humanwell-being (including eliminating
poverty and improving health and education); sustainable
economies (including reducing inequality); access to food
and nutrition; access to — and decarbonizing — energy;
urban development; and the global commons (combining
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biodiversity and climate change).

Thisis asensible recommendation. Afocus onasmaller,
moreintegrated set of goals could help toreduce instances
in whichimplementing one of the SDGs has the potential
to hinder another. Take the case of wind energy. This has a
partto playinmeetingthe climate action SDG, but if wind
farmsaresitedinthe wrong places, orif the turbines are the
wrong height, they can potentially harm bird populations,
which would affect the SDG on protecting biodiversity
and ecosystems. Under the GSDR proposals, climate and
biodiversity would sit under one category for action. If
properly implemented, this would mean that decisions
on new energy sources would need to consider the impli-
cations for biodiversity — reducing the numbers of wind
power plants thatend up ininappropriate locations.

So how could the GSDR’s recommendations be imple-
mented? So far, it’s not clear that they have reached the
ministries of finance and economics, and the central
banks, where they need to be heard. Last month, Guterres
appointed the departing Bank of England governor Mark
Carney as UN climate envoy. That is a positive move
because Carney’s office has the potential to expand the
report’s footprint by creating a formal link between the
GSDR team and economic policymakers.

Asthel5scientists tasked with preparing the next report
taketheir posts, they must also urge Guterres to give them
the resources to raise the profile of their work further, so
that it becomes as well known and influential as the UN
reports on climate and biodiversity.

The SDGs were launched in a 2015 UN report called
Transforming our World. That’s because a world without
hunger and disease, with meaningful jobs and a clean
environment, requires transformational change. But, on
present trends, there are few signs that such change will
be achieved by 2030. That’s a reason to redouble policy
efforts guided by evidence. Real change won’t come until
the research-policy interface is strengthened. Time is
short, and there’s alot to do when adecade is all we have.

Index of
improvement

A US-Chinese team shows how sustainability
metrics can be improved.

ow canacountry tell thatit’smaking progress
on sustainability? How can it work out, from
year to year, whether its environment is
improving, along with the economy and
well-being?

This is incredibly difficult. A successful measure must
have atleast three characteristics: it needs tobe based on
acomprehensive set of reliable data; it must be accessible
to non-specialists; and it has to be updated regularly and
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It’s possible
tomeasure
progress
towards the
Sustainable
Development
Goals,and to
reveal where
countriesfall
short.”

presented so that progress (or lack of it) can be seen easily.

For decades, researchers and policymakers have been
searching for a measure that everyone can agree on. But
most efforts, from the Human Development Index to the
Genuine Progress Indicator, end up lacking some aspect
ofthose three characteristics.

The need is becoming more urgent now that the inter-
national community is set on its 2030 deadline to meet
the United Nations’ 17 Sustainable Development Goals
(SDGs), which aim to end poverty and hunger, tackle
climate change and more.

The UN publishes anannual report that ranks countries
ontheir progress towards each goal, withascore out of 100.
It shows how nations are doing relative to each other and
whether they’re on track to meeting the goals (most are
not —see page 7). But thereport doesn’t record local-level
data, and inter-year comparisons are hard.

For example, Denmark — the top-ranked countryin the
2019 report, withanimpressive aggregate score of 85.2 —
stillhas some way to go in reaching Goal 14, which measures
the health of the marine environment (‘life below water’).
But those who want to know whether Denmark’s score
hasimproved over time are forced to comb through PDFs
of the previous years’ reports, and these include nothing
comparing different parts of the country.

But help could be at hand. In Nature this week, ateam led
by researchers fromMichigan State Universityin East Lansing
and China Agricultural University in Beijing show how it’s
possible to use the SDG reporting framework to construct
anindex thatallows progressto be compared acrossregions
and over periods oftime (Z. Xuetal. Nature 577,74-78; 2020).

The team chose China as its case study, and the results
show that the country’s overall SDG score increased from
45.5in 2000 to 55.4 in 2015. Each of its 31 provinces also
increased its score. Nationally, the trend is in the right
direction, althoughtherate of progress so farisnotenough
to meet the 2030 target. Moreover, China’s scores have
fallenin four goals — life below water, responsible produc-
tionand consumption, gender equality, and climate action.

Can such an approach to data gathering be scaled up?
Yes, but it needs a large literature base to draw on, and
public authorities must be willing to recognize the value
of such an effort — and must know how to use it.

China’s government is aware of the environmental and
socialrisks of rapidindustrialization, and the country hasan
active community of researchers and policymakers working
onsustainability measures. The authors of the paper went
tonational data sources such as the National Bureau of Sta-
tistics of China, as well as specialized sources that hold data
on health, energy and population — all of which are acces-
sible for research. But that is expensive on a global scale.
Inmany low-and middle-income countries, especially, the
infrastructure to collect such data still needs to be built.

Thisworkis amilestone, nonetheless, becauseit shows
how it’s possible to measure detailed progress towards
the SDGs, and to reveal where countries fall short. With
17 goals and just 10 years in which to achieve them, the
world needs better measures to see both how far we have
come, and how far we have to go.

© 2020 Springer Nature Limited. All rights reserved.
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To address global challenges'™*,193 countries have committed to the 17 United

Nations Sustainable Development Goals (SDGs)®. Quantifying progress towards
achieving the SDGsiis essential to track global efforts towards sustainable
development and guide policy development and implementation. However,
systematic methods for assessing spatio-temporal progress towards achieving

the SDGs are lacking. Here we develop and test systematic methods to quantify
progress towards the 17 SDGs at national and subnational levels in China. Our analyses
indicate that China’s SDG Index score (an aggregate score representing the overall
performance towards achieving all 17 SDGs) increased at the national level from
2000 to 2015. Every province also increased its SDG Index score over this period.
There were large spatio-temporal variations across regions. For example, eastern
Chinahad ahigher SDG Index score than western China in the 2000s, and southern
Chinahad ahigher SDG Index score than northern Chinain 2015. At the national level,
the scores of 13 of the 17 SDGs improved over time, but the scores of four SDGs
declined. This study suggests the need to track the spatio-temporal dynamics of
progress towards SDGs at the global level and in other nations.

To achieve these ambitious SDGs, the world needs to monitor pro-
gress towards all 17 SDGs by assessing past and current conditions
at national and subnational levels®. However, no study has explored
the spatio-temporal dynamics of progress towards the SDGs at both
national and subnational levels. Such informationis urgently needed,
as many countries face the challenge of achieving sustainability in
times of growing population, uneven development across regions
within their borders and resource scarcity under rapidly developing
economies. A spatio-temporal analysis of sustainable development can
help countries to identify hotspot regions for targeted policy action
and for tracking progress towards achieving the SDGs. Understand-
ingthe differencesin sustainable development between developed and
developing regions over time can help anation to balance sustainable
developmentacrossits regions.

Inthis study, we developed systematic methods to quantify the SDGs
and provided ademonstration of quantification by performing acom-
prehensive spatio-temporal analysis of progress towards all17 SDGs in
China, the largest developing country both in areal extent and popu-
lation. Over the past several decades, China has experienced rapid
economic development, reflected in its exceptional growth in gross
domestic product (GDP)” and becoming the world’s second-largest
economy. However, China also faces large socioeconomic challenges
suchasincome and gender inequality®, and environmental challenges

such as water scarcity and pollution, energy shortages, and air and
soil pollution®. These socioeconomic and environmental challenges
within China vary substantially fromregion to region and have changed
noticeably over time'®", Chinais trying to achieve sustainability under
complex environmental and socioeconomic challenges and policies'.
To promote sustainable development, Chinahasimplemented a variety
of policies such as the ‘Western Development Strategy’ and the ‘Natural
Forest Conservation Program™ 5,

We tracked China’s progress towards achieving the SDGs at the
national and subnational (provincial) levels by quantifying (scoring)
the SDGs over time (see details in the Methods). We addressed four
major questions. First, how has sustainable developmentin China, as
measured in terms of the SDGs, evolved at the national level? Second,
how has sustainable development varied across China’s provinces over
time? Third, how have differences in sustainable development between
more-developed and less-developed provinces in China evolved over
time? Fourth, how has progress varied among the different SDGs?

To answer these questions, we used annual time series datarelevant
to the 17 SDGs from 2000 to 2015 at the national level and calculated
the SDG Index score (0-100)*, which consists of individual scores for
the 17 SDGs and represents China’s overall performance in achieving
all 17 SDGs™ (see details in the Methods). In total, 119 SDG indicators
were used in this assessment (see data sources and indicator sources
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Fig.1|Changein China’s SDGIndex score and individual SDG scores. a, SDG
Indexscore.b,Scores of selected SDGs (2, 6,9,15and 17) at the national level
from2000 to 2015. For datasources, see Methods.

in Supplementary Table 1). We detected spatio-temporal changes
in SDG Index scores across China’s provinces based on data for the
17 SDGs at the provincial level in 2000, 2005, 2010 and 2015. We then
comparedthe change in SDG Index scores over time between developed
and developing provinces (determined by each province’s average GDP
per capita during 2000-2015; see details in the Methods) during the
same period. Finally, by comparing scores for the individual SDGs we
examined the relative progress toward achieving the different SDGs.

Results

Ourresultsindicate that China hasimprovedits SDG Index score at the
national level over time (Fig. 1; Extended Data Fig. 1). Its national SDG
Index score increased by approximately 21.9%, from a score of 45.5in
2000 t0 55.4in 2015.

Notably, at the provincial level, eastern China had a higher SDG Index
score than western China in the 2000s, while southern China had a
higher SDG Index score than northern China in 2015, suggesting that
substantial changes in sustainable development occurred across dif-
ferentregions (Fig.2; see Supplementary Tables 2,3). SDG Index scores
atthe provincial level ranged from 31.4 to 54.1withamean value 0f 42.2
in2000, from 38.1to 57.6 with a mean value of 45.2in 2005, from 42.5
to 63.9 with a mean value of 49.8 in 2010, and from 47.0 to 66.1 with
amean value of 54.9 in 2015, reflecting a 30.0% increase in the mean
value of the SDG Index score across provinces over time. The change
in SDG Index score among provinces from 2000 to 2015 ranged from
all.1%increase (Shanghai) to a 51.8% increase (Ningxia).

All provinces increased their SDG Index scores from 2000 to 2015
(Fig.2; Supplementary Table 3). Developed provinces had higher SDG
Index scores than developing provinces throughout our study period
(Fig.3; Supplementary Table 4). However, developing provinces experi-
enced agreater growthratein their average SDG Index scores than did
developed provinces. These dynamics were also observed between the
top five developed provinces and the bottom five developing provinces
(Fig. 3; see details in the Methods).

Atthenationallevel, the scores of 13 of the 17 SDGs improved, while
the scores of the remaining four SDGs decreased over time (Fig.4). The
four SDGs with declining scores, in order of greatest to least decline,
were SDG 14 (life below water), SDG 12 (responsible consumption and
production), SDG 5 (achieve gender equality) and SDG 13 (climate
action) (Fig. 4). The three SDGs that improved the most, in order of
greatest to leastimprovement, were SDG 9 (industry, innovation and
infrastructure), SDG 10 (reduced inequalities), and SDG 17 (afford-
able and clean energy) . Generally, the changes in SDG scores at the
provincial level showed similar dynamics as those at the national level
(Supplementary Table 5). In terms of absolute SDG score, the bottom
five SDGs, which lagged behind the other SDGs at the national level
in 2015, included SDGs 15 (life on land), 14 (life below water), 17 (part-
nerships for the goals), 8 (decent work and economic growth) and 10
(reduced inequalities); see Supplementary Table 3.

Discussion

The spatio-temporal patterns of China’s SDG Index scores may result
from a number of factors, including the implementation of policies
that have different regional impacts, geographical conditions, cli-
mate and infrastructure™ . At the national level, factors such as
governmental support for sustainability and investment in science
and technology can strongly promote progressin national sustainable
development (Supplementary Discussion). For the Chinese reform and
opening-up policies that began in the late 1970s and early 1980s, the
Chinese government focused on facilitating economic development
more in eastern coastal regions than in inland regions, resulting in
more advanced social services such as education and healthcare in
eastern China®™. Eastern China’s relatively flat topography and favour-
able climate also make it more conducive for human habitation, as
wellas industrial and agricultural development'. Conversely, western
China’s rugged topography™, combined with its distance from the
coast, complicates transportation within the region and to and from
otherregions. Asaresult,in 2000, western China experienced limited
urbanization and socioeconomic development and had the lowest
industrialization level and highest poverty rate in China'®. Western
China’secological assets have also historically limited its development
(Supplementary Discussion). To alleviate this regional disparity, the
Chinese governmentimplemented the Western Development Strategy
in1999 to improve environmental and socioeconomic conditions in
western China®.1n1999, only 29% of the Chinese government’s fiscal
transfers were allocated to western China, but this reached 39.4% in
2010%. Under the Western Development Strategy, both infrastruc-
ture development and ecological conservationinwestern China have
greatly improved” (Supplementary Discussion). Meanwhile, after
2010 the growth rate of progress towards sustainable development
(SDG Index score) in northeastern China fell behind other regions
in socioeconomic development and environmental conservation
because of low efficiency in resource use, unsustainable economic
development and severe environmental pollution (Supplementary
Discussion). Developed provinces experienced smaller increases in
the SDG Index score than developing provinces mainly because they
face problems associated with rapidly growing economies, such as a
tendency for socioeconomic and gender inequality™ to increase, as
well as intensive resource consumption and severe environmental
pollution (Supplementary Discussion).
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China’srapid technological advances, improved social services such
aseducationand healthcare, and environmental conservation policies
have all enhanced sustainability’**'*?°, However, environmental
problems such as water pollution and scarcity and land degradation
still pose agreat threat to China’s sustainability because these burdens
are often associated with other environmental problems such as bio-
diversity loss and severe droughts. Moreover, China’s social problems,
such as inequality, can be linked to other complex social problems
(such as mentalillness, violence, obesity, imprisonment, homicide,
teen pregnancy, drug abuse and poor academic performance)? that
make sustainability difficult to achieve. The Chinese government could
therefore prioritize the SDGs that lag behind other SDGs, suchas SDG
14 and SDG 15, while facilitating holistic sustainability through inte-
grated policy action (Supplementary Discussion). In particular, for
these SDGs more effective policies aimed at protecting life in water
and onland are required. China canbuild on previous successes to deal
with regional discrepancies. For example, policymakers could consider
more strategies to promote development in northern China in order
to reduce the gap in sustainable development between northern and
southern China. Since the gap in sustainable development between
western and eastern China has shrunk since the Western Development
Strategy wasimplemented, lessonslearned from the Western Develop-
ment Strategy may help to close the gap in sustainable development
between northern and southern China.
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indicatesanincreaseinthescore from 2000 to 2015, while anegative value
(red) indicates adecreaseinthescorefrom2000 to2015. For datasources,
see Methods.

Future research could focus on the spillover effects of one region’s
actions on the sustainable development of other regions within
China as well as on spillover effects across national borders? (Sup-
plementary Discussion). Furthermore, exploring trade-offs and syn-
ergies between SDGs can help to reveal the complex mechanisms
and consequences of sustainable development?’. Research assess-
ing the complex impacts of policies on sustainable development is
also needed.

This study provides a temporal sustainability assessment of all 17
SDGs at national and subnational levels. China has mandated the moni-
toring of the progress toward the SDGs*, but it has not developed sys-
tematic and comprehensive evaluation methods. Thus, the methods
outlined in our paper are of value to China’s monitoring efforts. Our
approach might also lay a foundation for analysing spatio-temporal
patterns of SDG progress for other countries and across local to global
levels.

Online content

Any methods, additional references, Nature Research reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author con-
tributions and competing interests; and statements of data and code
availability are available at https://doi.org/10.1038/s41586-019-1846-3.
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Methods

Six interrelated steps for calculating and comparing SDG scores
Step 1: indicator selection and data sources. We selected indica-
tors from a combination of the United Nations’ official list of global
Sustainable Development Goal indicators?, the 2018 SDG Index and
Dashboards Report**and areport of the United Nations titled “Indicators
andaMonitoring Framework for the Sustainable Development Goals™*.
The 2018 SDG Index and Dashboards Report and the Monitoring Frame-
work Report were published by the Sustainable Development Solutions
Network, which operates under the auspices of the United Nations to
promote theimplementation of the SDGs and the Paris Climate Agree-
ment. The 2018 SDG Index and Dashboards Report provides a robust,
quantitative and transparent method of measuring SDG baselines at the
country level that has been used in asubsequent peer-reviewed paper®.
Inaddition to the aboveindicators, we also constructed additional indi-
cators based on our understanding of the SDG targets.

ForeachSDG, we chose asmany SDGindicators as was feasible from
thelistof recommended indicators, based on dataavailability both at
the provincial and national levels and the availability of theindicators
across organizational levels and temporal scales (see Supplementary
Methods for anexample of indicator selectionfor SDG 6). Thisapproach
follows that of previous studies??%. Our list of indicators included a
total of 119 SDG indicators at both the national level and provincial
level over time, which is greater than the number of indicators in the
2018 SDG Index and Dashboards Report (which used 88 indicators to
assess China’s SDGs performances for a single year).

Data for the selected indicators in this study were obtained from
the following authoritative sources: the National Bureau of Statistics
ofthe People’s Republic of China, the China Statistical Yearbook®, the
Finance Yearbook of China*, the China Statistical Yearbook on the
Environment®, the Educational Statistics Yearbook of China®, the China
Health Statistics Yearbook?, the China Energy Statistical Yearbook**
and the China Population Statistics Yearbook™®. See Supplementary
Table1foralist of SDGs and their corresponding indicators and the data
sources used in this paper.

Step 2: bound selection. To ensure comparability across different
SDGs, theindicator values for each SDG were normalized to astandard
scaleranging from O (worst-performing indicator value towards achiev-
ing SDGs, or worst performance) to 100 (best-performing indicator
value towards achieving SDGs, or best performance). ‘Performance’
refersto the progress of a nation or subnational unit towards achieving a
single SDG or all17 SDGs as awhole, measured in terms of SDG indicator
values. A higher normalized SDG score indicates better performance
towards achieving an SDG. For the national level analysis, we pooled
the annual values for 2000-2015 for the selected indicator metrics of
each SDG. Thus, the datafor each SDG indicator includes 16 indicator
values (one per year) that reflect the temporal dynamics of China’s
overall performance towards that SDGindicator. At the provincial level,
we pooled, again separately for each SDG indicator, the values of the
indicator metric for the 31 provinces for four years (2000, 2005,2010
and 2015). Inthis case, the datareflect the temporal dynamics for each
province towards meeting the individual SDGs.

We followed the methods proposed by the 2018 SDG Index and Dash-
boards Report™ to normalize the national and provincial data arrays
foreachSDGindicator. These methods of establishing an upperand a
lower bound minimize the potential effects of skewed databecause they
offset the effects of extreme values on both tails of the data distribution.

Similarly, we identified upper and lower bounds for each SDG indica-
tor in order to minimize the potential effects of skewed data distribu-
tions on the standardized values during normalization. Our method
for setting the upper bound is similar to the approach usedin the 2018
SDG Index and Dashboards reportin order to make it easier to compare
China with other countries. The upper bound for each indicator was

determined using a five-step decision tree. If the condition for an earlier
stepismet, thenall of the later steps are skipped. First, for allindicators
that are also used in the 2018 SDG Index and Dashboards report, we
adopted thebound usedinthe 2018 SDG Index and Dashboards report.
Second, we used relevant absolute quantitative thresholds for SDGs
and targets, suchas ‘no poverty’ and ‘absolute gender equality’. Third,
ifno explicit SDG target was stated, we adopted the principle of ‘leave
no one behind’ to determine the upper bound of zero deprivation or
universal access for the following types of indicators: (1) public service
coverage, and disease and pollution control, (2) measures of ending
hunger (consistent with the SDG purpose to remove extreme hunger in
allforms), and (3) access to basic infrastructure (for example, mobile
phone coverage). Fourth, where they exist, we used science-based
targets set for2030 or later. Fifth, we set the upper bound for all other
indicators equal to the average of the top five performers across the
provincial and national levels together.

Interms of lower bound, for allindicators that were used in the 2018
SDG Index and Dashboards report, we adopted the lower bound used
in the 2018 SDG Index and Dashboards report. For other indicators,
the lower bound was defined as the SDG indicator value (one data
point) located close to the value of the bottom 2.5th-percentile per-
former (across all provinces over four time steps (2000, 2005, 2010
and 2015) and entire China over time (2000-2015 annually)) of the
sorted arrays, whichwas also similar to criteriain the 2018 SDG Index
and Dashboard report for selecting the lower bound™. If the place
of the bottom 2.5th percentile was located between two consecu-
tive integers, the larger or smaller interger was used as the place for
thelowerbound whenalargerindicator datavalue represented better
or worse performance. We specified ‘top-performing SDG indicator
values’ and ‘bottom-performing SDG indicator values’ rather than
referring to the data points as simply high or low values, because alow
value may represent high performance in some SDGs (for example,
zero poverty) but poor performance in others (for example, amount
of protected areas).

Step 3: normalization of indicator values. After establishing the lower
and upper bound for eachindicator, we used the following formula to
normalize SDG indicator values towards meeting a SDG target at the
national and provincial levels on a scale of 0 to 100 (ref.™):

_ x- min(x)
~ max(x) - min(x)

’

x100

wherexis the original data value of each SDG indicator, max/min rep-
resents the upper/lower bounds for the best/worst performance, and
x’isthe normalized individual score foragiven SDG indicator. All nor-
malized values greater than the upper bound received a score of 100,
andallnormalized values less than the lower bound received a score of
0. Valuesbetween the upper and lower bounds were distributed along
the spectrum fromthe worst performance (score 0) to the best perfor-
mance (score 100). A province with a score of 50 is halfway towards
achieving the best performance. The normalized scores can be used
to evaluaterelative performance over time and space towards achiev-
ingthe SDGs. For example, if for a particular SDG indicator a province
lagged behind all other provincesin both 2000 and 2015 butimproved
overtime, its score for that SDG indicatorin2015would be greater than
itsscorein 2000, butin both years, its score would be lower than that
of the other provinces. We normalized the data across provincial and
national levels together, so that the SDG scores are comparable across
Chinaand its provinces.

Step 4: calculation of SDG Index scores. We calculated SDG Index
scores at the national and provincial levels using arithmetic means,
following the approach used in the 2018 SDG Index and Dashboards
Report™. This is an aggregate score that consists of individual scores
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forall17 SDGs and represents China’s overall performance in achieving
all17 SDGs over time™. AllSDGs were weighted equally inthe SDG Index
score to convey the importance of integrated solutions that equally
address all 17 SDGs™. Consistent with previous research®*, thereis no
apriorireason to give one measure greater weight thananother®™. The
equal weightingis also consistent with the spirit that all countries need
toachieve all17 SDGs through integrated strategies®™*. Within each SDG
eachindicatorisequally weighted, which meansthat everyindicatoris
weighted inversely to the number of indicators available for that SDG™.

Step 5: calculation of SDG Index scores and individual SDG score
over time and between organization levels. At the national level, we
aggregated China’s 17 SDG scores into one national SDG Index score
for each year from 2000 to 2015, yielding 16 SDG Index scores. At the
provincial level, we aggregated each province’s17 SDG scores for 2000,
2005, 2010 and 2015, separately, yielding four SDG Index scores per
province.Inaddition, we calculated the change inSDG scores separately
foreachofthe17individual SDG scores and for Chinaandits provinces,
by subtracting the normalized score in 2000 from the score in 2015.
The SDGs with the bottom five scores in 2015 were considered to be
the bottom five SDGs, lagging behind other SDGs.

Step 6: comparison of SDG Index scores between developing and
developed regions. Ten developing provinces and ten developed
provincesin Chinawere selected to compare SDG Index scores between
relatively more-and less-developed regions, based oneach province’s
average GDP per capita from 2000 to 2015%. Provinces with the highest
ten GDP values per capitawere considered to be developed provinces,
whereas provinces with the lowest ten GDP values per capitawere con-
sidered to be developing provinces. We also designated provinces
with the highest five GDP values as the top five developed provinces
and provinces with the lowest five GDPs as the bottom five develop-
ing provinces. Finally, we compared the average SDG Index scores,
calculated across all SDGs, between developed and developing
provinces.

Uncertainty and sensitivity analysis for SDG scores
Toexplore the uncertainty introduced by the number of SDG indicators,
we ran uncertainty analyses. For each SDG, we analysed all possible
combinations of SDG indicators for all possible numbers of SDG indica-
tors, whichyielded adistribution of SDG scores for Chinain 2015. This
allowed usto determine theimpact of different numbers of indicators
and different combinations of indicators on the SDG score. We found
thatasthe number of indicatorsincreased, the uncertainty (variation) in
the SDG score decreased. When the number of indicators per SDG is two
or larger, the median SDG score was almost constant (Extended Data
Fig.2). We performed an uncertainty analysis for SDG 9 as an example
using all combinations of SDG indicators, under all possible numbers of
SDG indicators. Given that the total number of indicators for SDG 9 is
14, the possible number of indicators to be selected for an uncertainty
analysisrangesfrom1,2,... to14. The number of possible combinations
of indicators can be calculated based on the theory of combinations.
When we choose mindicators fromatotal of nindicators, the number
of possible combinationsis:

n!
m _
Cn'= m™(n—m)!

Forexample, whenselecting oneindicator, there are only 14 possible
combinations (thatis, 1,2, 3,...,14).

When we choose 2 indicators from 14 indicators, the number of pos-
sible combinationsis

1x2x,..x12x13x14

2: =
Cla (1x2)x (1x2x...x10x11x12)
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When selecting 3-13 indicators, the numbers of combinations are
364,1,001,2,002,3,003, 3,432,3,003,2,002,1,001, 364,91 and 14,
respectively. Whenselecting all 14 indicators for analysis, thereis only
one combination.

Nextwe calculated the scores of SDG 9 for all these combinations of
SDG indicators under different possible numbers of selected indica-
tors. We obtained the distribution of SDG 9 scores for Chinain2015to
determine the effect of the number of indicators under all potential
combinations of indicators on the SDG score. We found that as the
number of indicators for SDG 9 increased, the uncertainty (variation)
decreased. When the number ofindicators for SDG 9 was two or larger,
the median SDG score remained almost constant (Extended Data Fig. 2).

We also ran a sensitivity analysis” to assess the sensitivity of the SDG
scores to different values of variables that affect the SDG scores. We
employed a widely used sensitivity index to measure the degree of
sensitivity®®: S, = (AX/X)/(AP/P) where X is the SDG score under the
original condition for a performer of interest, AXis the difference of
the SDG score for the performer of interest (for example, one province
in a specific year) between the original and modified conditions due
to changes in the performer’s data value of a certain SDG indicator. P
represents the value of an SDG indicator of the performer of interest
under the original condition and APis the differencein the datavalue of
theSDG indicator of the performer between the original and modified
conditions. S, refers to the change in the SDG score of the performer
duetothe changeinthe datavalue of the SDGindicator. We decreased
andincreased (separately) the value for eachindicator by 10% for China
at the national level as well as for three randomly chosen provinces
(Beijing, Henan and Gansu) from provinces at three sustainable devel-
opmentlevels (average SDG Index scoresin years 2000,2005,2010 and
2015:1st to 10th-highest as high level, 11th to 20th as middle level, 21st
to 31st as low level) as examples and recalculated their SDG score and
obtained the sensitivity index S,. We found that the sensitivity of SDG
scores to changes in an indicator’s data value is very small (less than
0.2) (Extended DataFig. 3).

To assess where China stands relative to the rest of the world, we
recalculated China’s SDG Index score using the indicators that over-
lapped between our paper and the 2018 SDG Index and Dashboards
report. China’s SDG Index score over time relative to the rest of world
inone year is shown (Extended Data Fig. 4).

To examine the spatio-temporal heterogeneity of SDGs at the pro-
vincial level, we calculated the coefficient of variation for each SDG
score across provinces over time (Extended Data Fig. 5).

Reporting summary
Further information on research design is available in the Nature
Research Reporting Summary linked to this paper.

Data availability

All dataareavailable from the corresponding authors upon reasonable
request. Datathat support the findings of this study are available within
the paper and its Supplementary Information.
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Extended DataFig.3|Sensitivity of SDG scores to changesin each indicator.
The sensitivity index S, of SDG scores is shown when each SDG indicator’s
original datavalue decreased by 10%, (1)-(16), or increased by 10%, (17)-(32),
for Chinaand for three example provinces (Beijing, Henan and Gansu) at three
levels (high, middle and low) of the average SDG scoresin2000,2005,2010 and

2015. Thesamplesize nfor each figureis119 indicators. The x axes display the
SDG indicators arranged from1to119. The y axis is the sensitivity index S, of
SDGscores duetothe10% decrease orincrease in the original value of each
indicator.
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Extended DataFig.4|China’s SDG Index score compared with another156 upper whisker is equal to Q3 +1.5 x IQR***, Otherwise, the upper whisker is
countriesbased on overlappingindicators. The box plot depicts the equal to the maximum observed SDG Index score. When the minimum
distribution of SDG Index scores (n=156) for 156 countries in one year. The observed SDG Index scoreisless than Q1 -1.5xIQR, the lower whisker is equal
central rectangle spans the first quartile Ql to the third quartile Q3, whichisthe  to Ql-1.5xIQR***, Otherwise, the lower whisker is the minimum observed
IQR***, while the line segment inside the rectangle shows the median. When SDG Index score*®*. The green line segment within the box is the median

the maximum observed SDG Index scores are greater than Q3 +1.5xIQR, the value of SDG Index scores for the 156 countries.
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Extended DataFig. 5| Coefficient of variation for SDG scores. a, Coefficient of variation (CV) for SDG scores of provincesin 2000,2005,2010 and 2015.
b, Average value of the coefficient of variation for SDG scores at the provincial level in2000, 2005, 2010 and 2015.
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