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Country-level evenness measure in assessing
progress towards Sustainable Development
Goals (SDGs)
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Achieving the United Nations' Sustainable Development Goals (SDGs) requires an overall
and well-balanced achievement of all SDGs rather than cherry-picking a few. While it is vital
to assess the evenness of SDGs achievement, such analysis, particularly on a global scale, is
still evidently absent from the existing literature. To remedy such a scholarly gap, this paper
measures the evenness of SDGs achievement for 193 countries from 2010 to 2019
by adapting the evenness assessment method originating from ecology and biodiversity
literature. Our analyses regarding the country-level SDG evenness index scores (EIS) indicate
a significant heterogeneity across countries. Global South countries usually underperform in
the evenness of 17 goals, while a significant portion of Global North countries also suffer from
the unbalanced developments in SDGs. By integrating the evenness measures into the
conventional global SDG monitoring framework, this study identifies six development paths in
pursuing the SDGs and shows that maintaining the overall SDGs improvements while
balancing the development of each goal is practical but has not taken place in at least 35% of
countries. We estimate that the SDG evenness and average performance could further
increase by 3.5 p.p. and 2.1 p.p., or 74 percent and 50 percent of the growth in the baseline
continue past paths scenario, respectively, if each country could follow the effective
development path of frontier counterparts with similar income levels. Our SDG evenness
measures, complemented by inter-temporal cross-country analyses, could inform policies
and cooperation strategies to identify the weaknesses in sustainable development, boost
effective growth, and protect unevenly developed countries. Future research could further
develop these measures to provide deeper insights into achieving rapid and well-balanced
development of SDGs at various levels.
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Introduction

he United Nations introduced the 17 sustainable devel-

opment goals (SDGs) in 2015 (United Nations 2015),

which constitute a global initiative designed to address a
range of pressing challenges facing the world, with the ultimate
target of eliminating poverty, safeguarding the planet, and
ensuring prosperity for all by 2030, scholars and international
organizations have explored a wide range of methods to assess
countries’ progress towards the SDGs and inspiring potential
policies. However, despite that the uneven development of SDGs
may compromise the overall achievement of SDGs, the existing
assessments of SDGs have largely neglected the distributional
characteristics among SDG indicators (Liu et al. 2021). For
example, the annually published Sustainable Development Report
(SDR) (Sachs et al. 2021) uses SDG Index scores based on the
arithmetic mean of all 17 SDGs scores to track and rank the
progress towards SDGs of all UN member states, which might be
biased and over-optimistic if large variances exist among 17 SDGs
scores (Liu et al. 2021). To be more specific, a comprehensive
achievement of sustainable development implies that a satisfac-
tory achievement has been made on any single SDG, even the
most underperformed one. However, the mean value of 17 SDGs
may be exaggerated by some SDGs with superb performance
while concealing the poor achievement of other SDGs. In parti-
cular, a country might have half of all SDGs achieving a score of
100 (the best performance), while the other half might only get a
score of 0 (the worst performance), resulting in an SDG Index of
50. Due to its heavily unbalanced achievements, such a country
cannot be regarded as being halfway to achieving the SDGs.

The concept of evenness in ecology describes the distribution of
relative abundance among species in the measurements of bio-
diversity (Smith and Wilson 1996; Tuomisto 2012), which could
be used to augment the existing SDGs assessments by accounting
for the distributional characteristics among SDG indicators.
Extending beyond ecology, geographers apply the concept of
evenness to analyze the spatial patterns of socio-economic phe-
nomena and broader human activities. These patterns often
exhibit notable agglomeration concentrated at specific locales and
dispersion across different places. The spatial configurations of
socio-economic activities, whether agglomerated or dispersed, are
frequently attributed to cumulative causation or multiplier effects,
contributing to spatial unevenness in regional economic growth
(Haggett 1965; Myrdal 1957; Richard Chorley 1967). Considering
that the concept of development should encompass more than
just economic growth, the evenness of broader development, as
represented by the discourse of the SDGs, warrants further
investigation. In this sense, evenness could be used to augment
the existing evaluation of SDGs achievement by investigating the
differences in performance among the 17 SDGs, which take the
critical perspective of synergic and trade-off interactions between
SDGs into consideration. The inclusion of the evenness dimen-
sion in SDGs assessments can diminish the potential over-
estimation of SDG performance by using the SDG mean value
only. It may also assist policymakers in implementing adaptive
strategies to better achieve SDGs by allocating more resources to
weaker SDG indicators (Liu et al. 2021). Evenness offers new
insights on tracking countries’ progress towards SDGs,
responding to an urgent need to analyze and monitor the SDGs in
an integrated and balanced way.

While assessing the evenness of SDGs achievement is impor-
tant, such analysis devoted to measuring the evenness, particu-
larly on a global scale, is still evidently absent from existing
literature. Since the SDGs were introduced as “the blueprint to
achieve a better and more sustainable future for all”, researchers
have eagerly attempted to provide various comprehensive mea-
sures to monitor the progress towards SDGs at global, national
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and subnational levels (Sachs et al. 2021; Schmidt-Traub et al.
2017; United Nations 2020; World Banks 2020; Xiao et al. 2022;
Xu et al. 2020). Notably, the accomplishment of SDGs is not a to-
do list containing 17 tasks which could be completed one by one.
The progress in one specific SDG may promote or hinder pro-
gress in other SDGs. Given that, the correlations between the 17
SDGs have attracted much academic discussion (Dawes 2022;
Lusseau and Mancini 2019; Nilsson et al. 2016; Pradhan et al.
2017; Schmidt-Traub et al. 2017; Wu et al. 2022). Based on the
correlations between SDGs, a holistic understanding of SDGs is
required while monitoring the implementation and progress of
SDGs (Biggeri et al. 2019; Fu et al. 2019). The correlations
between the 17 SDGs may amplify the pre-existing development
gaps between SDGs and cause a greater unevenness in the general
achievement of SDGs. The mean value of 17 SDGs providing only
an overall score is not enough and the evenness across different
SDGs has been thought of importance in accomplishing the
eventual sustainable development (Liu et al. 2021). While the
measurements of evenness have been well established in the
research on ecology and biodiversity (Smith and Wilson 1996;
Tuomisto 2012), the solely existing research on measuring SDG
evenness focuses merely on China (Liu et al. 2021). To address
the existing gap, three key questions were explored in this paper.
First, the inquiry delved into the proper measurement of Sus-
tainable Development Goal (SDG) evenness at the country level.
Second, attention was given to the integration of the evenness
index into monitoring and tracking the balanced growth of SDGs
at the country level. Third, consideration was extended to how the
SDG evenness index might influence the developmental trajec-
tories of distinct income groups of countries, as classified by the
World Bank, facilitating more efficient SDG achievement
by 2030.

Here, we provide the measures of SDG evenness for 193
countries from 2010 to 2019 by adapting the evenness assessment
method originating from ecology and biodiversity literature
(Smith and Wilson 1996; Tuomisto 2012). The researched
countries covered 98% of the global GDP and 99% of the world’s
population in 2019 according to the World Bank. We use an
improved radar chart method to construct the SDG evenness
index score (EIS, more details on generating the index, see
Methods). The indicators for each SDG are extracted from the
widely used SDG database provided by the Sustainable Develop-
ment Report (Sachs et al. 2021). Based on the proposed country-
level SDG evenness index, our study presents quantitative evi-
dence of the spatio-temporal patterns of SDGs balanced growth
by exploring the evolution of evenness scores for each country.
We pay particular attention to comparing the difference between
SDG evenness measures and the SDG Index from the Sustainable
Development Report (referring to the mean index score thereafter,
MIS) in assessing countries’ progress towards SDGs, the latter has
been widely utilized by scholars, governments and international
organizations to monitor the SDG achievements of countries (e.g.,
(Sachs et al. 2021; Xu et al. 2020). By doing so, we illustrate how
accounting for the evenness dimension may contribute to the
global effort in tracking countries’ progress towards SDGs, and
promote SDGs by distinguishing the differences in the develop-
ment paths of different countries. Given the approaching deadline
of 2030, we also estimate the global sustainable development
potential by simulating the SDG performance up to 2030 when
underperforming countries could adopt the mean-evenness
integrated effective growth paths, and identify underlying han-
dles that policymakers could utilize to boost sustainable devel-
opment for different country groups.

Our results reveal a substantial heterogeneity across countries
in terms of SDG evenness. Low-income countries usually suffer
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from greater SDG unevenness compared to middle- and high-
income countries and the gaps have widened in the last decade.
The analysis of the growth path of each country suggests that
maintaining the overall SDGs improvements while balancing the
development of each goal is practical but has not taken place in at
least 35 percent of countries. We estimate that the evenness and
mean index scores could further increase by 3.5 p.p. and 2.1 p.p. if
each country could follow the effective development path of
frontier countries with similar income levels. This is significant
given that the actual improvements of mean index score and
evenness index score were only 4.9 p.p. and 4.1 p.p. respectively
in the baseline continue past paths scenario by 2030. The result
illustrates evenness as an attention-worthy perspective in the
evaluation of sustainable development achievement. The SDG
evenness scores and the related inter-temporal cross-country
analyses presented in the paper could inform policies and coop-
eration strategies to identify the deficiencies in sustainable
development, boost effective growth, and protect unevenly
developed countries. Moreover, the evenness framework could be
further developed in future research aiming at an exhaustive
probe into well-balanced SDGs achievements at various levels.
This paper contributes to the scholarship of SDGs in two ways.
First, the country-level evenness index scores presented in this
study provide a valuable addition to the existing SDG Index that
has been widely utilized by scholars and international organiza-
tions (Asadikia et al. 2021; Dawes 2022; Sachs et al. 2019; Xu et al.
2020). Tracking progress towards SDGs is crucial for ensuring
transparency and accountability at all levels of governance, and
shaping new strategic policy visions for sustainable development.
The constructed SDG evenness measures, if properly applied and
updated, have the potential to guide balanced development in
each country to achieve the SDGs by 2030. Second, the analysis of
SDG evenness across countries, such as identifying uneven
countries and the six different development paths proposed in
this study, can assist national decision-makers in prioritizing
resources and targeting interventions in areas where progress is
lagging. Furthermore, the study emphasizes the potential for
enhancing relevant international cooperation to address common
challenges and opportunities and facilitate learning and colla-
boration across countries. The proposed binary framework, which
combines both overall and evenness measures, offers new insights
on tracking countries’ progress towards SDGs in an integrated
manner, which helps promote global sustainable development
while accounting for synergies and trade-offs among 17 goals.

Method

Data. We adopt the SDG assessment framework (Sachs et al.
2021) and collect the same set of indicators used in global time
trend analysis in the Sustainable Development Report (SDR) 2021
to describe the progress of SDG for 193 countries from 2010 to
2019 (Sachs et al. 2021). Since 2015, the annual SDR has provided
the most up-to-date data to track and rank the performance of all
UN member states on the SDGs (Sachs et al. 2021). The SDG
index scores and rankings reported in SDR have been widely
utilized by scholars, governments, and international organizations
to monitor countries’ sustainable development (Asadikia et al.
2021; Dawes 2022; Sachs et al. 2019; Xu et al. 2020). The indi-
cators collected in the SDR dataset are internationally comparable
and applicable to all countries. Official data from national gov-
ernments constitutes around two-thirds of their data, which helps
to ensure that concepts, collection methods, and results are
consistent and comparable. The remaining data comes from
unofficial sources collected by universities, NGOs, and private
sector organizations using a variety of techniques, which can be
used to bridge some of the data gaps in official sources. For SDG

12 and SDG 10 which lack sufficient time-series data in SDR, we
retrieve the representative SDG indicators from the United
Nations Statistics Division (United Nations 2020) and World
Bank Atlas of Sustainable Development Goals (World Banks
2020). In total, we use 67 series for all 17 SDGs. The full list of the
indicators and their data source are reported in Supplementary
Table S1. We decided to exclude the post-2020 dataset in this
paper because we wish to present the typical pattern of SDG
evenness without the shock of COVID-19 and there existed
missing SDG data for some countries during the pandemic period
at the point of our writing. However, the authors will continue to
update and publicly share the data and related analyses in the
future to closely monitor the impact of global events and devel-
opment trends in the recent few years on the SDG evenness and
the overall SDG achievement.

Method
The scores of 17 SDGs. Following Sachs et al. (2021), we generate
the score of all 17 SDGs using the standard Composite Index
Analysis Method, which has been widely utilized in existing
scholarship and many international organizations to generate the
cross-entity comparable index. Calculating the SDG index com-
prises three steps: (i) establish performance thresholds and censor
extreme values from the distribution of each indicator; (ii) rescale
the data to ensure comparability across indicators (normal-
ization); (iii) aggregate the indicators within SDGs.

We adopt the upper bound as a result of a five-step decision
tree and the lower bound as the 2.5" percentile of the
distribution. For more details on the five-step decision tree in
selecting the upper bound, see (Sachs et al. 2021). The values of
upper and lower bounds for all the used variables are presented in
Supplementary Table S1. After establishing the upper and lower
bounds, variables are transformed linearly to a scale between 0
and 100 using the following rescaling formula for the range
[0, 100]:

, _ x—min(x)

" max(x) — min(x) x 100, W

! — M x 100, )
max(x) — min(x)

where x is the raw data value; max/min denotes the upper and
lower bounds respectively; and x’ is the normalized value after
rescaling. Equation (1) is valid for indicators with higher values
representing better performance (e.g., percentage of the popula-
tion with access to electricity); Eq. (2) is valid for indicators with
lower values representing better performance (e.g., poverty rate).
The rescaling equation ensures that all rescaled variables are
expressed as ascending variables (i.e., higher values denote better
performance). In this way, the rescaled data become easy to
interpret and compare across all indicators: a country that scores
50 on a variable is halfway towards achieving the optimum value;
a country with a score of 75 has accomplished three-quarters of
the best achievement. After normalizing the indicators, we adopt
the authentic mean within SDGs to calculate scores for each SDG,
which is denoted as Tp where j=1,2,...,17.

Measuring the overall progress in 17 SDGs: SDG mean index
score (MIS). The authentic mean or geometric mean has been
widely used to generate a single aggregate measure in Composite
Index Analysis. The Human Development Index (HDI) is per-
haps the most obvious and well-known example (United Nations
Development Programme 2020). A notable advantage of a single
aggregate measure is that it provides a straightforward and easy-
to-interpret summary of overall performance that might be
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difficult to discern from analyzing multiple targets and indicators
that often overlap and move in different directions. For com-
parison with the SDG evenness, we use the authentic mean across
17 SDGs to construct the generally used mean index score (MIS)
as in policy reports such as (Sachs et al. 2021), and academic
studies such as (Xu et al. 2020):
55
MIS, = —r,., 3
owEa Y ®)
Where i refers to the number of countries in our sample,
i=1,2,..,193.

Accounting for the evenness: SDG evenness index score (EIS). We
adopt the improved radar chart method from the ecology and
biodiversity literature to assess the evenness dimension in sus-
tainable development. Previous studies have demonstrated that
the improved radar chart method has better performance than
other methods (Li et al. 2008; Smith and Wilson 1996). The
method also has a clear geometric interpretation and simple
mathematical representation.

The improved radar chart method explores the nature of radar
charts in visualizing the 17 SDGs. The perimeter in the radar
chart stands for the evenness among all 17 SDGs while the radius
of each SDG indicates the score of each SDG. The commonly
used SDG mean index is represented by its area. The area (S) and
perimeter (L) of the radar chart are expressed mathematically as
follows:

17 71,
S; :j; Sij :];ﬁnrij,] =1,2,...

17, (4)

i,min|
n ) (€))

+j§11—172nr1—]-,j= 1,2,...,17

n
L= ng Li=2[r e — 7

Where r,,, and r_,, respectively denote the maximum and
minimum among 17 SDG scores. The r; refers to the score of the

i SDG. Notably, the doubled value of the difference between
Tmaxl and 7, refers to the part of the perimeter other than the
total length of all arcs (the total length of all lines between two
adjacent arcs). 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):

ES; =S,/ [n(L,. /27[)2] x 100 = 4007S,/L?, (6)

Where S; and L; are derived from Egs. (4) and (5) respectively.
The ratio between §; and L; are multiplied by 100 to obtain the
ES;, the evenness score comparable with the SDG mean index
score which ranges from 0 to 100. The area of the radar chart with
a fixed perimeter reaches its largest (100) when it is a circle, that is
when all SDGs have the same score, and decreases with increasing
unevenness among all radii (referring to scores of all 17 SDGs in
the present study).

Incorporating evenness measures to monitor the balanced
growth in SDG. After constructing the temporal SDG evenness
index scores (EIS) for 194 countries, this article accounts for how
the evenness could contribute to global efforts in monitoring the
progress toward sustainable development goals. We extend the
conventional single aggregate measure (solely based on mean
index score, MIS) to the binary analysis framework (combine MIS
with EIS). By plotting the levels and dynamics of MIS (x-axis) and
EIS (y-axis) in a unified two-dimensional diagram, we reveal the

4

development pathways for all the countries from 2010 to 2019. To
facilitate the analysis, we follow (Liu et al. 2021) and broadly
classify all the countries into six types based on the slope of the
growth path. We define the perfect pathway, which means a
completely even improvement in all 17 SDGs, as the vector with a
slope of one. We divided the 90-degree space centered on the
perfect pathway into two 45-degree ranges (Supplementary
Fig. S1). Based on such divisions and the defined perfect pathway,
that is the central 45° line, five subgroups could be further
identified, namely uneven (0°<6<22.59, slightly uneven
(22.5°<0<37.59, relatively ideal (37.5°<6<52.59, slightly
underdeveloped (52.5°<0<67.5) uneven and underdeveloped
(67.5°< 6 < 909. The rest of the countries with either a decrease in
MIS or EIS are classified as others.

Scenario analysis: adopting the effective development paths from
the frontier countries. In the scenario analysis, we assess the
impact of the different development pathways that countries
adopt on the EIS and MIS and estimate the growth potential of 17
SDGs for each country by 2030. We formulate the following four
scenarios. Scenario 1 (S1) is called the group frontier scenario,
which is the most desirable scenario, where all countries follow
the path of the top 20% of countries in each income group. To be
more specific, in this scenario, we first select the top 20% coun-
tries in each income group according to their performance over
the sample period, according to their averaged growth of MIS and
EIS in the 2010s; second, we generate the most desirable growth
pathway of every income group through averaging the MIS and
EIS scores of the top 20% countries; third, we apply the most
desirable growth pathway for the remaining 80% countries in
each income group to calculate the possible changes in global EIS
and MIS and simulate the potential SDG scores of each country
by 2030. Scenario 2 (S2) is called the moderate catch-up scenario,
whose process is similar to S1. In S2, we generate the average
development pathway of the top 50% of countries in each income
group and simulate what if the remaining 50% of countries follow
the pathway of countries in the first half. Scenario 3 (S3) is the
leaving-no-one-behind scenario. Different from the S1 and S2, we
take the development pathway of the country with median mean-
evenness integrated SDG performance in each income group as
the simulation criteria instead of the pathways of top countries.
S3 provides the results if the countries with less satisfactory SDG
performance (below intermediate level) follow the paths of
median countries. The continue past paths scenario (S4) assumes
the existing trends in the 2010s will continue until 2030. Similar
scenarios and settings conducted in this research have been
recently applied to simulate sustainable development paths or
CO,; reduction capacity in other studies (Shan et al. 2018; Shen
et al. 2023; Xiao et al. 2022).

Results
The evenness index scores (EIS) provide an assessment of a
country’s overall magnitude of SDG evenness by summarizing the
distributional properties of progress towards 17 SDGs for each
country (more details on constructing the EIS, see Methods). The
index score signifies a country’s position between the least even
(0) and the most even (100) in achieving a balance across the 17
SDGs. That is, a lower score means a nation is less even, and a
higher score means a nation is more even. We calculate SDG
evenness measures for 193 countries from 2010 to 2019 and
report the results of 2019 (Fig. 1, baseline) as the baseline status of
SDG evenness for each country.

In subsection “The SDG evenness across countries”, we report
the quantitative evidence of the spatio-temporal patterns of
balanced growth in SDGs by exploring the evolution of EIS for
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a. The spatial pattern of SDG evenness in 2019

EIS

B 692758

B (667,602
(65.5, 66.7]
(637, 65.5]
(62.0,63.7]
(587, 62.0]
(56.0, 58.7]
(52.1,56.0]

B ©s0,521]

B ©14.480]
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b. The SDG evenness of representative countries in 2019

France
(score: 75.85)

Norway
(score: 65.64)

17 1

China
(score: 57.98)

Democratic Republic of Congo
(score: 42.53)

0 T 8 10
9 9

Fig. 1 The evenness index score (EIS) across countries. a We adopt the quantile classification scheme so that each category has an equal number of
countries, i.e. clusters of high scores above average in green, and clusters of low scores below average in red. The values of EIS for individual countries are
reported in Supplementary Table S2. NA, data not available. For more details on constructing the EIS, see Methods. b The SDGT1 for the Democratic

Republic of the Congo is 0.43.

each country. In subsection “Tracking countries’ progress
towards SDGs with evenness measures”, we pay particular
attention to comparing the difference between SDG evenness
measures and mean index scores in assessing countries’ progress
towards SDGs. We illustrate how accounting for the evenness
dimension may contribute to the global effort in tracking the
progress towards SDGs, and promote SDGs by distinguishing the
differences in the development paths of various countries. In
subsection “Simulation of the SDG performances up to 2030
when adopting themean-evenness integrated development paths”,
given the approaching deadline of 2030, we simulate the SDG
performance up to 2030 when adopting the mean-evenness
integrated effective growth paths, and identify underlying handles
that policymakers could utilize to boost sustainable development
for different country groups.

The SDG evenness across countries. Figure la reveals the sig-
nificant spatial heterogeneity of SDG evenness across countries.
The results show that the Global North generally performs better
in achieving a balance across the 17 SDGs than the Global South,
indicating a North-South division regarding the SDG evenness.
The list of countries with the highest evenness score was domi-
nated by Global North countries (Fig. 1a, Supplementary Table
S2). All top 20 countries, except Thailand, were the Organization
for Economic Cooperation and Development (OECD) countries.
Three European countries topped the 2019 evenness score:

France, Sweden, and the Czech Republic (Supplementary Table
S2). These countries outperformed other countries because of
their relatively advanced economic development levels as well as
their capability and willingness to coordinate all 17 SDGs in
pursuing sustainable development. Notably, even economically
developed OECD countries might encounter significant chal-
lenges in achieving balanced growth in all 17 SDGs. Many OECD
countries, such as Australia, Norway, and the USA, were seriously
exposed to the challenges related to SDG13 (Climate action),
SDG2 (Zero hunger, with the full title of “End hunger, achieve
food security and improved nutrition and promote sustainable
agriculture”), SDG12 (Responsible consumption and production),
and SDGI10 (Reduce inequality). Figure 1b displays the dis-
aggregated SDG structure that leads to the distinct evenness
status among Global North countries, using France and Norway
as examples. Although both countries exhibited good perfor-
mance in overall SDG reflected by satisfactory mean values of 17
SDG scores, France shows notable endeavors in balancing them.
In contrast, Norway shows a disproportionately low score in the
indicators of Prevalence of obesity (23.1%), Human Trophic Level
(2.526), and Sustainable Nitrogen Management Index (0.845) for
SDG 2, and CO, emissions from fossil fuel combustion and
cement production (7.969 tCO,/capita), and CO, emissions
embodied in imports (5.994 tCO,/capita) for the SDG 13 (Sup-
plementary Table S1). These differences between France and
Norway led to France as rank #1, and Norway as rank #54 from
the SDG evenness perspective although they had similar rankings
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a. Changes in SDG evenness in the 2010s

EIS changes
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b. The changes in SDG evenness for the representative countries
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Fig. 2 Performance of change in SDG evenness in the 2010s. a The spatial pattern of changes in SDG evenness index score between 2010 and 2019 for
193 countries. For more details on constructing the EIS, see Methods. NA, data not available. b The blue line refers to the values of each SDG in 2010, and

the orange line refers to 2019.

(no. 7 for Norway and no. 8 for France) in terms of SDG Index
measured by mean value in the 2021 Sustainable Development
Report (Sachs et al. 2021).

Global South countries tend to have a lower level of evenness in
sustainable development, which is mainly due to their poor
performance on social and economic SDGs, such as SDG1, SDG9,
SDG4, and SDG?7 (Fig. 1a, Supplementary Table S2). Meanwhile,
Global South countries, in particular low-income countries,
generally have good performance on environmental SDGs, such
as SDG13, SDG14, and SDGI15. Overall, compared to the Global
North, Global South countries lack adequate economic, fiscal, and
technological capacity, and sufficient international assistance, to
advance their underperformed SDGs, which leads to their overall
unbalanced status of 17 SDGs. Eritrea, Democratic Republic of
the Congo, Somalia, Central African Republic, and Niger are the
latest 5 countries in terms of SDG evenness (Fig. 1b,
Supplementary Table S2). In contrast, emerging markets such
as China and India have moderate evenness in SDG develop-
ments (Fig. 1b, Supplementary Table S2).

In addition to the status quo of national SDG evenness, the
temporal changes in each country’s SDG evenness are also
extremely noteworthy, which reflects whether a country has
attempted to prioritize the development of relatively backward
SDG indicators while making progress towards SDGs. Figure 2a
shows temporal changes in SDG evenness score in the 2010s for
the sample countries, and Fig. 2b details the changes of 17 SDGs
and evenness for some representative countries. Our findings
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show that the dynamics of SDG evenness in a country in the
2010s may not be necessarily relevant to its general socio-
economic development level and its current SDG evenness status.
Even the European countries, which were economically developed
and had the best performance of SDG evenness, had made merely
below-average progress in terms of SDG evenness in the 2010s. It
might be because of the relatively high SDG evenness at the
beginning of the sample period, which had restricted the
improvement space in these countries. In contrast, developing
countries in the Global South topped the list of evenness
improvement. For example, Southeast Asian countries have
witnessed the fastest growing SDG evenness, such as Thailand,
Vietnam, and Indonesia. In the sample decade, the shortcomings
of these countries, such as SDG9, SDG10, SDG1, and SDG2, had
been rapidly improved alongside the process of economic
development, thus enhancing the SDG evenness. For example,
while maintaining the advanced SDGs, Thailand’s main short-
comings, SDG9 and SDG10, had been significantly improved in
the 2010s (Fig. 2b). In contrast, countries such as China were
rapidly achieving their goals such as SDG 1 and SDG 9 thanks to
unrivaled economic growth (Fig. 2b), resulting in a significant
improvement in overall SDGs. Particularly, initiatives and
policies, such as ‘The China Rural Poverty Alleviation and
Development Program (2011-2020)" and the ‘Targeted Poverty
Alleviation Strategy’ have greatly contributed to the achievement
of SDG 1 (Li et al. 2016; Zhang et al. 2020). However, its pre-
existing shortcomings regarding SDG10, SDG14, and SDG15 had
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Fig. 3 Incorporating evenness measures to track the balanced growth in SDGs. Figure a shows rankings difference based on two measures of evenness
index score (EIS) and mean index score (MIS) in assessing the countries’ progress towards SDGs in 2019. A positive value means a country scores a higher
rank in terms of SDG EIS compared to MIS in assessing its progress towards SDGs, and vice versa. Figure b focuses on the changes, and displays countries’
rankings difference between growth in EIS and MIS in the 2010s. NA data not available.

limited improvements, leading to moderate improvements in
SDG evenness.

Tracking countries’ progress towards SDGs with evenness
measures. In this section, we show how accounting for evenness
measures could benefit global efforts in tracking the countries’
progress toward SDGs. First, we pay particular attention to
comparing the difference between the SDG evenness index score
(EIS) and mean index score (MIS) in assessing the SDGs. The
latter has been widely used as an aggregate measure to monitor
and rank the progress toward SDGs across countries or regions by
scholars, governments, and international organizations (Asadikia
et al. 2021; Dawes 2022; Sachs et al. 2019; Xu et al. 2020). Second,

we show how integrating the evenness measures into the con-
ventional global SDG monitoring framework could prevent the
states and related organizations from being over-optimistic about
SDG achievements and benefit more deficiency-dependent stra-
tegies towards SDGs by distinguishing the differences in the
development paths of different countries.

Figure 3a shows the rankings difference between the two
measures of EIS and MIS in assessing the progress towards SDGs
in 2019. A positive value means a country scores a higher rank in
terms of EIS compared to MIS in assessing its progress towards
SDGs, and vice versa; Fig. 3b focuses on the changes, and displays
countries’ rankings difference between growth in EIS and MIS in
the 2010s. While the SDG EIS in general positively correlated
with the MIS, Fig. 3a shows that significant gaps exist between the
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Fig. 4 Incorporating evenness measures to monitor the balanced growth in SDG. Vector diagram visualizing the development pathways of 193 countries
in the 2010s according to countries’ performance in both averaged growth in 17 SDG and evenness dimension; The gray diagonal marks the defined perfect
pathway with a slope of 1, and the colored arrows visualize the pathways of countries. For more details on the defined six growth paths, see Methods.
a Countries are doing well. b Uneven countries. ¢ Underdeveloped countries. d Other countries.

two evaluation criteria. Focusing on the single year of 2019, the
average (absolute) ranking difference between the two SDG
evaluation criteria is about 20. In particular, while three Nordic
countries (Denmark, Sweden, and Finland) topped the SDG MIS
in 2019, they have significantly lower rankings in terms of the
SDG EIS. Only 2 of the top 10 countries in EIS are also recorded
as top 10 countries in MIS. Luxembourg, the United Arab
Emirates, and Australia were noted as the three countries with the
largest negative ranking gaps between EIS and MIS. That is to say,
the three countries had a high level of overall sustainable
development but with significant unevenness. The unbalanced
development was mainly caused by poor performance in SDG12
(Lower Responsible Consumption and Production), SDG13
(Climate Action), and SDG2 (Zero Hunger). Suriname, Jordan,
and Indonesia were the three countries with the largest positive
ranking gap. The results show that although they show a well-
balanced development among different SDGs, the overall SDG
level of these countries is less satisfactory.

Figure 3b shows the gaps between the two evaluation criteria of
EIS and MIS were even larger when considering the temporal
patterns that monitor the progress toward SDGs in the 2010s.
The average ranking difference between EIS growth and MIS
growth was about 43. The results highlighted that countries with
rapid growth in MIS were not necessarily accompanied by
balanced development. Such results underscored a certain degree
of tradeoff among the SDGs. For example, countries such as

8

China and India were rapidly achieving their goals such as SDG 1
and SDG 9 thanks to their unrivaled economic growth, resulting a
significant growth in MIS. However, their pre-existing short-
comings regarding SDG10, SDG14, and SDGI15 had limited
improvements, leading to the MIS growth outperforming the EIS
growth. Overall, our findings reveal the significant gaps between
the two evaluation criteria, and demonstrate that the SDG
evenness measure could provide a valuable addition to the
existing SDG MIS in assessing and guiding global sustainable
development.

After identifying the difference between the evenness and mean
value of 17 SDGs in assessing the countries’ performance, we
present the development path for each country by developing a
bivariate assessment framework with both the dimensions of
overall and evenness of 17 SDGs. We identify six types of
development paths in achieving the SDGs according to countries’
performance in both averaged growth in 17 SDG and evenness
dimension (More details on six growth paths, see Methods). The
results are presented in Fig. 4. Our results documented those 49
(25.4%) countries, such as France and Germany, have achieved
relatively ideal growth paths, with a balance between the mean
and evenness in all 17 SDGs along their developments.
Additionally, 48 (24.9%) and 27 (13.9%) countries have been
able to achieve an almost balanced relationship between SDG
overall development and evenness, respectively falling into the
category of slightly underdeveloped or slightly uneven. However,
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Fig. 5 Performance of global SDG evenness and mean index scores in the 2010s and the scenario-based projections up to 2030. The performance of
global averaged EIS and MIS in the 2010s are on the left side of each graph, while the simulations of the global EIS and MIS for 2030 are on the right side.

there are still a considerable number of countries that have moved
forward in only one dimension of progress in SDGs while
ignoring the other. 27 (13.9%) countries have belonged to the
category of underdeveloped and 19 (9.8%) countries have been
identified as the category of uneven. At the same time, 23 (11.9%)
countries have moved backwards in either the development
dimension or the evenness dimension, which were defined as
others. In sum, we identify at least 35% of all the countries have
underperformed due to their unbalanced development paths. Our
results show different growth paths that countries have adopted
in pursuing the SDGs. The results suggest that maintaining the
overall SDGs improvements while balancing the development of
each goal is practical but has not taken place in at least 35% of
countries (underdeveloped 4+ uneven + other countries). Thus,
there are potential opportunities to improve the countries’ SDG
performance by having underperforming countries strive to learn
from higher achieving countries in adopting the mean-evenness
integrated effective development paths.

Simulation of the SDG performances up to 2030 when
adopting the mean-evenness integrated development paths.
Given the approaching deadline of 2030, this study conducted a
scenario analysis to simulate the SDG performance up to 2030
when underperforming countries learn from the frontiers by
adopting the mean-evenness integrated effective development
paths. By doing so, we also identify underlying handles that
policymakers could utilize to boost sustainable development for
different country groups. In particular, we formulate the follow-
ing four scenarios: The group frontier scenario (S1) is the most
desirable scenario in which each country follows the growth paths
of the top 20% of countries within its income group (e.g., top
countries within the low-income group). The group top 20%
country are selected by integrated changes in EIS and MIS in the
2010s; for more details and explanations, see Methods. In a
moderate catch-up scenario (52), each country follows the growth
paths of the top 50% of countries within its group. The leave-no-
one-behind scenario (S3) focuses on what if those left-behind
countries in each income group catch up with the average paths

of their group. The continue past paths scenario (S4) assumes the
existing trends in the 2010s will continue until 2030. Similar
scenario settings have been recently applied to simulate sustain-
able development paths or CO, reduction capacity (Shan et al.
2018; Shen et al. 2023; Xiao et al. 2022).

Figure 5 shows that if countries continue the past paths (S4),
the global EIS and MIS of SDGs would increase respectively by
4.9 p.p. and 4.1 p.p. from 2019 to 2030. Notably, an extra increase
of 3.5 p.p. could have been witnessed in the global SDG EIS and
2.1 p.p. in MIS if all countries had followed the effective
development paths of their frontier fellows (S1), although the
scale and drivers of mitigation vary between countries and
country groups (Fig. 6). Similarly, the moderate catch-up scenario
(S2) delivers significant benefits as well, with EIS and MIS
additionally improved by 2.1 p.p. and 1.0 p.p. respectively. The
leave-no-one-behind scenario (S3) indicates the most limited
improvements of both MIS and EIS among scenarios 1 to 3,
which, however, has been measurable enough. More precisely, the
EIS and MIS could have further increased respectively by 1.1 p.p.
and 0.5 p.p. compared to the baseline continue past paths
scenario (S4). Note that S3 is also the least challenging scenario
among the first three as only the bottom countries needed to
catch up with the median level of their group.

The identified drivers of effective development vary across
different income groups of countries. The top five drivers of all
income groups are reported in Fig. 7, which depends on their
average contribution to the additional growth of EIS and MIS in
scenarios 1-3, compared to the baseline scenario 4. For high-
income countries, the key drivers of their effective development
include SDGY (the improvement in the Industry, Innovation and
Infrastructure), SDG10 (Reduced Inequality), and SDG5 (Gender
Equality); while for low-income and lower-middle-income
countries, the major drivers are SDG1 (No Poverty) and SDG4
(Quality Education). For the upper middle-income countries, in
addition to the drivers overlapping with high- and low-income
countries, SDG14 (Life Below Waters) and SDG16 (Peace, Justice
and Strong Institutions) also play important roles. Meanwhile,
learning from the top runners will significantly deliver more
increments in SDG performance for low-income and lower-
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middle-income countries than others, showing the importance of
promoting the within-group catch-up for these countries. In sum,
our results suggest that policymakers should carefully deploy
appropriate handles to stimulate effective sustainable develop-
ment according to the status quo of different countries.

Conclusion

Sustainable development goals (SDGs) emphasize a holistic
achievement across every single goal instead of selectively com-
pleting a few. Thus, a balanced progress of SDGs is as important
as the overall progress of SDGs. However, there have been very
few assessments that consider the perspective of evenness,
although the measure of evenness could efficiently help monitor
the progress of SDGs achievement and further inform future
policy-making and relevant implementations. Here, we adapt the
evenness concept from the scholarship of ecological systems and
biodiversity to assess sustainable development, through which the
SDG evenness index of 193 countries from 2010 to 2019 is gen-
erated. The revealed spatio-temporal patterns of SDG evenness
could facilitate national policy-making regarding sustainable
development and relevant international cooperation. The con-
structed evenness scores could complement the SDG Index pro-
vided by the Sustainable Development Report (Sachs et al. 2021),
which has been widely utilized by scholars and international
organizations to track and rank the countries’ progress toward
SDGs (Asadikia et al. 2021; Dawes 2022; Sachs et al. 2019; Xu
et al. 2020).

10

Our results suggest that a high mean value of SDG is not
necessarily associated with a high SDG evenness, which holds
true even for developed OECD countries, as highlighted in Sec-
tion 3.1. The slowest progress of SDG evenness has been usually
witnessed in low-income countries. As outlined in Section 3.2, the
investigation of the development paths of countries suggests that
maintaining the overall improvements while enhancing the
evenness during achieving SDGs is practical but has not taken
place yet in at least 35% of all countries. According to our sce-
nario analyses, the global MIS and EIS of SDGs could have
experienced an extra increase of 3.5 p.p. and 2.1 p.p. respectively
compared to the baseline continue past paths scenario, if all
countries could have followed the effective development path of
frontiers countries with similar income levels. Our study suggests
that it is critical to include the measure of evenness in assessing
and guiding the process toward achieving SDGs. The proposed
monitoring framework containing MIS and EIS can be used to
identify geographical disparities and deserves further academic
examinations to provide deeper insights into rapid and balanced
progress toward SDGs.

Based on our findings, it’s crucial to highlight the importance
of prioritizing social and economic SDGs for nations in the global
South, as they are fundamental for both SDG advancement and
maintaining balance. Economic development acts as a catalyst for
fostering coordinated progress in SDG attainment among coun-
tries in this region, as evidenced by the experiences of Thailand,
China, and India. In particular, initiatives like ‘The China Rural
Poverty Alleviation and Development Program (2011-2020)
have demonstrated success and can serve as models for other
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global South countries with poor SDG evenness indexes. Con-
versely, countries in the global North should prioritize environ-
mental dimensions to achieve a more balanced development
trajectory. In particular, initiatives like Germany’s designated task
force through the German Coal Commission (GCC) and Cana-
da’s task force on just transition for Canadian coal power
workers, focused on SDG 13 (Climate Actions), can provide
valuable insights. These strategies can be adapted and applied to
other countries in the global North to ensure environmental goals
are pursued without compromising progress on other social and
economic SDGs. Our findings emphasize the importance of tai-
lored strategies and collaborative efforts to address the diverse
needs and challenges faced by countries at different stages of
development. By addressing the specific challenges faced by each
nation within the context of their socio-economic and environ-
mental circumstances, policymakers and stakeholders can better
support inclusive and resilient pathways towards achieving the
SDGs on a global scale.

Our evenness measures of SDGs capture the nature of syner-
gies and trade-offs among economic, social, and environmental
dimensions of sustainable development. As discussed in Section
3.3, the accomplishment of the Agenda 2030 requires a balanced
and integrated achievement of all SDGs. Therefore, we establish
the evenness score as an aggregate framework to analyze and

monitor the SDGs, which effectively makes up for existing eva-
luation approaches of SDG achievements, particularly the mean
scores presented in SDG annual reports. Given that the EIS
proposed by this paper illustrates the notable policy impact on
SDGs, the EIS helps ensure transparency and accountability of
governance of sustainable development across international,
national and sub-national scales, and shedding fresh insights into
the making of development strategies. While this paper admits
the critical and influential role of the SDG Index introduced by
the Sustainable Development Report (Sachs et al. 2021), the EIS
remedies its weakness, that is the neglect of the trade-offs and
synergies between single SDGs or between targets/indicators
within single goals. For example, economic growth in China and
India, driven by industrialization and infrastructure development,
has historically been associated with increased carbon emissions
due to the reliance on fossil fuels. This interaction between eco-
nomic growth and carbon emissions highlights the challenge of
achieving a balance between economic prosperity and environ-
mental sustainability. Addressing trade-offs among SDGs requires
a comprehensive and integrated approach, including prioritiza-
tion of goals and targets, targeted policy interventions, dialogue
between stakeholders, and further research on the interlinkages
among SDGs (Lusseau and Mancini 2019; Moreno et al. 2023;
Nilsson et al. 2016). By identifying leverage points and
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intervention opportunities, countries can design policies and
programs that address underlying drivers of trade-offs while
promoting positive outcomes across multiple goals. Given the
year 2030 as the firm deadline for SDGs, there remain only seven
years to deliver the unprecedented joint mission of human beings.
Accelerating sustainable solutions backed by multidimensional
SDG measures are required to solve the biggest challenges in the
world, including poverty, gender, climate change, and inequality
(United Nations 2022).

The concept of evenness in SDGs is also in line with the vital
principle of “leaving no one behind”, but focusing on helping the
disadvantaged goals and targets instead of population. Overall, as
a globally common goal, sustainable development will not be
achieved if any single goal or target fails to do so. For nations in
the Global North, Climate Actions (SDG 13) constitute a major
obstacle, while in the Global South, goals related to fundamental
human needs such as No Poverty (SDG 1), Zero Hunger (SDG 2),
and Good Health and Well-being (SDG 3) are hindrances. It is
noteworthy that recent global events, such as the COVID-19
pandemic and the Russo-Ukrainian Conflict, have potentially
exacerbated lagged SDG in affected countries. For example, the
Russo-Ukrainian Conflict in 2022 led to an increase in energy and
food prices worldwide, which adversely impacted the provision of
basic living necessities for disadvantaged populations in low-
income countries, which increased the unevenness of SDGs in
these countries (Bai et al. 2022). The post-COVID-19 recovery
efforts in the Global North may also have detrimental effects on
Climate Actions, as these efforts may follow ‘dirty recovery’ paths
that come at the expense of increased CO, emissions (Le Billon
et al. 2021; Shan et al. 2021). The remarkable dynamic impacts of
COVID-19 and the Russo-Ukrainian Conflict on SDG evenness
point out the necessity to continuously monitor and probe SDG
evenness in the contemporary era full of uncertainties. None-
theless, these crises provide an opportunity for countries to re-
evaluate their policies, strategies, and implementation plans to
ensure the attainment of SDGs.

Data availability

All datasets and code used in this paper would be available upon
reasonable request, including (a) Data tables required to calculate
SDG evenness measures across 193 countries from 2010 to 2019;
(b) Python and R code. The database compiled by Sustainable
Development Report 2021 (Sachs et al., 2021) is publicly available
and can be downloaded from their website (https://www.
sdgindex.org/reports/sustainable-development-report-2021/).
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