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a b s t r a c t 

America is a paradox: one of the world’s economically leading countries, lagging in sustainable development 
(SD). Drawing on many studies, the problems caused by imbalances between the environment and economy often 
result in resource drains at the local level, leaving the state and local government officials to devise solutions 
to address such imbalances. While there are a few UN studies available analyzing this phenomenon at the state 
scale, no studies have observed SDGs across 3,142 localities (counties or county-equivalents) within the USA. 
The study categorized these SDGs into three pillars of SD: Social, Economic, and Environmental, to analyze the 
balance and imbalance between the pillars of SD across all states and localities within the USA. An indicator-based 
approach was used to measure SDGs for the years 2010 and 2015. Results confirmed the uniform distribution 
of overall SDG Index distribution across states, but some localities performed poorly, mainly in the Southern 
Region. Rank-wise, top scorers upheld balanced scores across three pillars and bottom ranks showed imbalances. 
Overall, the social pillar was less predominant, but the economic and environmental pillars predominated in the 
northern and southern parts of the nation, respectively. The outcome of the study can help collaborate and build 
networks, targeting clustered areas through collective actions and planning local strategies for the outliers and 
other localities. While localization is the key, balancing between three pillars is essential to make progress on 
the path of SD. Therefore, the present study can be used as a framework to prioritize SDG actions at sub-national 
scales. 
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. Introduction 

The United Nations (UN) has adopted Sustainable Development (SD)
s a guiding principle to achieve economic, environmental, and social
evelopment. SD aspires “to meet the needs of the present without com-
romising the ability of future generations to meet their own needs and
n equitable sharing of the environmental costs and benefits of economic
evelopment between and within countries. ” [32] . 

The United Nations Millennium Declaration [73] committed world
eaders to combat poverty, hunger, disease, illiteracy, environmen-
al degradation, and discrimination against women. The UN Millen-
ium Development Goals (MDGs) were adopted to fulfill these com-
itments with targets set to be achieved by 2015, but the progress
as limited and uneven across countries [67 , 70 , 80] . In 2015, partici-
ating nations adopted the UN Sustainable Development Goals (SDGs)
o continue the momentum generated through MDGs and guide the
lobal SD framework further. Global 17 SDGs were implemented as
 part of the 2030 Agenda with a 15-year plan to achieve these
oals [71] . 
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The annual SDG progress reports suggest that every wealthy coun-
ry faces challenges to meet SDGs related to sustainable consumption,
nvironment, and biodiversity [54–56 , 58] . In particular, indicators of
rogress for SDG 12 (Sustainable Consumption and Production), 13 (Cli-
ate Action), 14 (Life below Water), and 15 (Life on Land) suggest

hat OECD (Organization for Economic Co-operation and Development)
ountries are far from reaching these goals and that many are stagnating
r retreating [52,53 , 55 , 56–59] . 

The top 20 national slots – ranked by the overall SDG Index scores,
ere secured by rich OCED countries. However, the USA – the world’s

eventh-highest per capita GDP (nominal) and the eighth-highest per
apita GDP (PPP) as of 2022 [26] , scored 74.6 percent on the SDG Index,
anking 41st among all 163 participating countries [53] . Moreover, the
SA. Whereas Scandinavian countries (Finland, Denmark, and Sweden)
on the honor of the top three ranks in progress, as measured by the
DG Index, with scores between 86.51 - 85.19, while ranked 21st, 12th , 

nd 17th by per capita GDP (PPP) [26] . 
The USA has one of the most powerful economies globally, at the

orefront of technological advances, especially in computers, pharma-
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Fig. 1. Sustainable Development Goals Index Dashboard for the USA [53] . 
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euticals, medical, aerospace, and military equipment [26] . Also, the
nancial sector appears resilient, with low leverage and limited funding
isk [69] . However, the USA scored “red, ” meaning 25% achievement,
ndicating seriously far from the 100% achievement for 6 out of 17 of
he SDGs [53] . 

Fig. 1 . 1 Most of the SDGs focus heavily on poverty, extending suste-
ance, and access to basic services and infrastructure (SDGs 1–9), but
he USA did not score green (75–100% achievement of the targets) for
ny of the SDGs. The economic goals not only include the GDP increase,
ut other goals such as distribution of wealth, innovation, and infras-
ructure are also essential to move towards SD. The USA scored over
he 50% mark for SDG9 but lagged on SDG8 and SDG10 [53] . 

While national and international studies on SD are important, the
rubber hits the road ” at the local level. Problems caused by imbalances
etween the environment and the economy often result in resource
rains at the local level, leaving the state and local government officials
o devise solutions to address such imbalances [35 , 60] . While national
overnments have adopted SDGs, sub-national governments are the key
o achieving them. In a federal system, the state governments enjoy ex-
ensive authority. Each state has its written constitution. Also, under
he Tenth Amendment to the U.S. Constitution, all powers not granted
o the federal government are reserved for the states and the people. 

Each state establishes local governments to assist it in conducting
ts constitutional powers. Local governments often provide local ser-
ices and are responsible for law enforcement and keeping vital records.
ities throughout the world are learning from each other as they inte-
rate the SDGs into existing planning processes, address data and com-
unication gaps created by administrations, and provide leadership in
nderstanding and addressing local needs toward long-term, large-scale
hange [35] . 

The state and local governments often have a greater impact on peo-
le’s lives than the federal government. State governments have a wide
rray of functions, encompassing conservation, highway, and motor ve-
icle supervision, public safety, corrections, professional licensing, reg-
lations of agriculture, intrastate business, industry, certain aspects of
ducation, public health, and welfare. Moreover, the state government
s flexible enough to address local circumstances. For example, the fed-
ral government has established minimum requirements and standards
1 Original dashboard [58] was rearranged to represent SDGs under three pil- 
ars of SD. 
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e  

c  

2 
n areas such as pollution control, but active state and local governments
ave tailored those regulations to broaden the scope of their activities.
inally, in terms of addressing political change, Americans rate local
overnment more favorably than federal and state governments (Pew
esearch Center, 2009, 2015). 

Lynch et al. suggested that localization is key when comparing re-
ults from the city, state, and global SDG indices, or looking at cities
n the USA of similar sizes or geographies (2019). Localization is the
rocess of considering sub-national contexts in the achievement of the
030 Agenda. Localization relates both to how local and regional gov-
rnments can support the achievement of the SDGs through action from
he bottom up and to how the SDGs can provide a framework for local
evelopment policy [20] . 

The SDSN report in 2019 included 105 cities, up from 100 cities in
revious reports. The latest report included 100 of the 101 most pop-
lous Metropolitan Statistical Areas (MSAs); San Juan, Puerto Rico, al-
hough the 32nd largest MSA, was not included in this or previous re-
orts due to insufficient data coverage. Thus, SDGs across all localities
ithin the USA are needed to identify and prioritize lagging SDGs at a

ocal scale. 
In the context of the SDGs, there is a risk of countries prioritizing

ertain goals, thereby creating trade-offs and threatening policy coher-
nce [6 , 34 , 41 , 45 , 63] . To address these issues, studies have conceptual-
zed prioritization in the context of the SDGs as the strategic ordering of
he goals according to their relative perceived importance [19] . A gov-
rnment may for example choose to prioritize economic goals that are
lready in line with national strategic plans over environmental goals. 

The SDGs are the most intriguing global initiative on the path of
D (Biermann, Kanie, and Kim, 2017). The SDGs promote a sophisti-
ated and innovative message: the combination of SD aspects into a
hree pillars approach to human well ‐being combining the environment
environmental sustainability), economy (economic development), and
ociety (social inclusion) [71] . The three-pillars model of SD employs
hree interconnected “pillars ” [7] , “dimensions ” [40] , “aspects ” (Tan-
uay et al. 2010), etc. encompassing economic, social, and environmen-
al (or ecological) factors or goals. As per the three-pillars model, SD
equires all three pillars to work together in harmony. 

Many studies have employed the three pillars of SD: to express SDGs
hrough sustainability communicators [2 , 12 , 78] to develop a vision for
ducation on SD [15 , 78] and in case studies that organize SDGs as con-
ept maps or framework for modeling SD strategies [12 , 49] . The SDG
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Fig. 2. Methodological framework. 
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ndex reports [54–56 , 58] provide an overview of the world’s SDG net
mplementation progress to date 2 but did not consider using the three
illars concept of SD. Therefore, the present study will further categorize
ocalized SDGs under three pillars of SD. Tackling the complex web of
hallenges facing American states and localities require that their gov-
rnment leaders take a holistic approach, considering social, economic,
nd environmental pillars concurrently while setting ambitious long-
erm goals that provide a roadmap for the future. [5] . 

The present study intended to analyze the SD within the USA at a
ub-national scale: across all states and localities (counties and county
quivalents). The SD was estimated using 51 indicators representing the
rst 16 SDGs categorized under three pillars of SD. This study aimed to

dentify areas where the three pillars of SD are pursued simultaneously
o assess whether the harmonious pursuit of the three pillars of SD is the
ey to progress. Detailed information on the indicator selection criteria,
 list of indicators with data sources, and SDGs categorization under
hree pillars of SD are provided in the following methodology section. 

. Methodology 

.1. Study area and period 

The present study focuses on SD progress in terms of UN SDGs at
wo sub-national scales within the USA: 1. across 50 states and Wash-
ngton DC; 2. Across 3142 localities (counties and county-equivalents).
he present study evaluated SDGs for baseline years 2010 and 2015. 

.2. Methodological framework 

The present study used the three pillars framework of SD to cate-
orize the first 16 SDGs into three pillars: Social, Economic, and Envi-
onmental ( Fig. 2 ). SDG17 was not included due to its distinctly inter-
2 Since the indicators, data, and methodology have been revised for the SDG 

018 Index [54] , the rankings and scores are not comparable with the 2017 and 
016 editions. Therefore, a change in a country’s ranking does not necessarily 
ignify a change in its SDG performance. 

t  

e
o

3 
ational scope and unavailability of such data at sub-national scales.
DG17 mainly focuses on global partnerships and has been considered
n institutional goal [51] . Some of the SDGs could be placed under
ultiple pillars, for example –SDG7 could be placed under the social
illar for access to and affordability of energy, but the clean energy
spect could also be considered under the environmental pillar. Thus,
he SDGs were categorized using the Rockström and Sukhdev [51] ap-
roach 3 and Sachs, et al., [54] as well as using the main objectives of
ach goal ( Table 1 ). 

As portrayed in Fig. 2 , selected indicators data were processed to
alculate individual SDG goal-level indices and then aggregated into So-
ial (SOCI), Environmental (ENVI), and Economic (ECONI) pillar-level
ndices. The three pillar-level indices were aggregated into the overall
DG Index (SDGI). 

.2.1. Selection of indicator data 

Existing literature and published data available in the environmen-
al, economic, and social dimensions of SD were integrated to estimate
DGs. The economic (ECONI), social (SOCI), and environmental (ENVI)
ndices were derived from 51 indicators representing 16 SDGs at the
ocality and state scales. The following selection criteria were used to
creen prospects for the selected indicators; each must: 

i Represent an issue that is important or contributes to one of the 16
examined sustainable development goals. 

ii Be meaningful and understandable to a general audience, even if the
methodology behind the indicator is complicated. 

iii Be quantifiable. 
iv Be based on available data. 
v Be scalable to regional, state, and local levels, where appropriate for

the issue under consideration 

Further, indicators were selected based on the best available measure
o represent the specific SDG, and where possible, indicators were se-
3 According to the cake model of SDGs [51] , SDG 6 was categorized under 
nvironment, but it has been considered under social dimension based on its 
bjective which is to provide safe drinking water and sanitation to all. 
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Table 1 

Description of 17 SDGs [54] . 

Goals Name Objective 

SDG1 No Poverty Eradicate extreme poverty for all people everywhere 
SDG2 Zero Hunger End hunger, achieve food security, improve nutrition, and promote sustainable agriculture 
SDG3 Good Health and Wellbeing Ensure healthy lives and promote well-being for all at all ages 
SDG4 Quality Education Ensure inclusive and equitable quality education and promote lifelong learning opportunities for all 
SDG5 Gender Equality Achieve gender equality and empower all women and girls 
SDG6 Clean Water and Sanitation Ensure availability and sustainable management of water and sanitation for all 
SDG7 Affordable and Clean Energy Ensure access to affordable, reliable, sustainable, and modern energy for all 
SDG8 Decent Work and Economic Growth Promote sustained, inclusive, and sustainable economic growth, full and productive employment, and 

decent work for all 
SDG9 Industry, Innovation, and Infrastructure Build resilient infrastructure, promote inclusive and sustainable industrialization, and foster innovation 
SDG10 Reduced Inequality Reduce income inequality within and among countries 
SDG11 Sustainable Cities and Communities Make cities and human settlements inclusive, safe, resilient, and sustainable 
SDG12 Responsible Consumption and Production Ensure sustainable consumption and production patterns 
SDG13 Climate Action Take urgent action to combat climate change and its impacts by regulating emissions and promoting 

developments in renewable energy 
SDG14 Life below Water Conserve and sustainably use the oceans, seas, and marine resources for sustainable development 
SDG15 Life on Land Protect, restore, and promote sustainable use of terrestrial ecosystems, sustainably manage forests, 

combat desertification, and halt and reverse land degradation and halt biodiversity loss 
SDG16 Promote Justice, Peaceful and Inclusive Societies Promote peaceful and inclusive societies for sustainable development, provide access to justice for all, 

and build effective, accountable, and inclusive institutions at all levels 
SDG17 Revitalize the Global Partnership for Sustainable 

Development 
Strengthen the means of implementation and revitalize the global partnership for sustainable 
development 
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ected from the published lists of indicators in Sachs et al., [55–58] and
genda 21 [14] . Data sources of indicators selected are provided in the
ppendix – used for the indices Table 1 . 

.2.2. Data 

Indicator data were collected for the baseline years, 2010 and 2015.
t was difficult to collect all the data from the same period due to cer-
ain data unavailability and as most of the indicator data were from the
-year and 3-year surveys. Survey data provided a multi-year average
alue for the indicator. Therefore, the indicator data for the year 2010
ere collected using the conditions listed in Table 2 , and it was the same
Fig. 3. The overall SDG Index

4 
pplied for the year 2015 (2010–2015). Also, where 3-year and 5-year
atasets were available, the "5-year" average dataset was preferred. 

.2.3. Construction of the indices 

Indices were estimated particularly on the methodology used by
achs et al., in the SDG Index and Dashboards (2017), and the method-
logy proposed by Swaminathan [68] . 

i Outliers 

The arithmetic aggregation method is sensitive to extreme values;
he estimated SDGs could also be seriously affected by extreme values
 (SDGI) by states, USA. 
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Fig. 4. The SDG Index clusters across states, USA. 

Fig. 5. Percentage of localities by their SDGI 
score in the years 2010 and 2015, USA. 

Fig. 6. Localities ranked by the overall SDGI scores, 2010. 

Table 2 

Conditions for the data timelines. 

If the data for indicator “x ” is 
available for 

Then USE 

2005 to 2010 (not including 3-year or 
5-year survey data) 

Data for the year 2010 

3-year OR 5-year survey data The average value over 3 or 5 years: 
2008–10 or 2006–10 

3-year AND 5-year survey data The average value over 5 years: 2006–10 
and 2011–2015 

2006 and 2010 Data for the year 2010 
For only one year from the 
2006–2010 period 
Example: Only 2007 data is available. 

Available data 

5 
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i Aggregate the indicators within and across SDGs 
r outlier indicators. This situation worsens as highly correlated indica-
ors (or SDGs) are combined because that way double counting is intro-
uced into the index [21 , 42] . Moreover, the choice of upper and lower
ounds with which to rescale the data is a sensitive one and can intro-
uce unintended effects into datasets due to extreme values and outliers
54] . To account for these considerations, the study used science-based
hresholds, but the Interquartile Range (IQR) to remove outliers where
eeded. 

No extreme values needed to be addressed at the state scale, but
utliers were removed using the Interquartile Range (IQR) at the county
cale to eliminate the confounding effect of extreme values, which can
kew the results of a composite index. An outlier was defined as any
oint of data that lies over 1.5 IQRs (Interquartile range) below the first
uartile (Q1) or above the third quartile (Q3) in a data set. 

i Rescaling and addressing extreme values 

Each variable was rescaled between 0 – 100 to make the data compa-
able across indicators where 0 means the worst and 100 indicates the
est performance among all states/localities. The associated rescaling
Fig. 8. The overall SDG Index (S

6 
quation had been adapted from the methodology used by Swaminathan
nd Saleth, described below in detail [61] . 

Let X’ ijky denote the value of the i th variable, the j th goal of the k th 

ocation in y th year, and X’ is the normalized value after rescaling: 
Eq. (1) : Rescaling for positive variables 

 

′
𝑖𝑗𝑘𝑦 = 

𝑋 𝑖𝑗𝑘𝑦 − Lower bound 
(
𝑋 𝑖𝑗𝑘𝑦 

)

Upper bound 
(
𝑋 𝑖𝑗𝑘𝑦 

)
− Lower bound 

(
𝑋 𝑖𝑗𝑘𝑦 

) × 100 (1)

Eq. (2) : Rescaling for negative variables 

 

′
𝑖𝑗𝑘𝑦 = 

Upper bound 
(
𝑋 𝑖𝑗𝑘𝑦 

)
− 𝑋 𝑖𝑗𝑘𝑦 

Upper bound 
(
𝑋 𝑖𝑗𝑘𝑦 

)
− Lower bound 

(
𝑋 𝑖𝑗𝑘𝑦 

) × 100 (2)

In Eq. (1) and [Eq. (2)] , “Lower bound Xijky ” denotes the worst value
f the i th variable, the j th goal of the total number of observations –
ombining the data for both years at state and local scales. Likewise,
Upper bound Xijky ” denotes the best value. 

Eq. (1) was applied to variables having positive implications toward
DGs and Eq. (2) was applied to variables having negative implications.
he numerators in both equations measured the extent by which the k th 

rea did better in the i th variable representing the j th goal as compared to
he area(s) showing the worst performance. The denominator is the total
ange, i.e., the difference between the maximum and minimum values of
 given variable across the states or localities. The denominator served
s a scale or measuring stick by which the performance of each location
as evaluated for a given variable. Where possible, upper, and lower
ounds were derived from technically feasible maxima or thresholds
hat must be met to achieve sustainable development and to leave no
ne behind. For example, the upper boundary for the female education
ate is set at 100%. For some variables, no absolute upper bounds or
ower bounds could be identified as it might be practically impossible to
chieve certain absolute limits, for example, zero infant mortality rate.
n such cases, the best performer at the local scale was considered as an
pper threshold. The threshold values used for rescaling are provided
n the appendix – used for the indices Table 1 . 
DGI) across localities, USA. 
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Fig. 9. The SDGI clustering across localities, USA. 

Fig. 10. The difference in the SDGI scores from 2010 to 2015, localities, USA. 
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Having rescaled all variables, the indices for various goals were cal-
ulated as arithmetic means of all the indicators under the same goal.
he arithmetic mean aggregation method has been widely applied in
he calculation of composite indices as compared to the other meth-
ds for its ease of application and communication [27 , 31 , 53 , 62] , Other
unctional forms usually used for aggregation in calculating compos-
7 
te indices are the geometric mean and Leontief production function
21 , 23] . 

The arithmetic average assumes equal weighting for all indicators
orresponding to each SDG, and equal weighting for all computed SDGs
n the construction of the index, which justifies as a reflection of the com-
itment by policymakers to treat all SDGs as equally important [21 , 53] .
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Fig. 11. Mapping three pillars of SD by localities, USA. 

Fig. 12. Predominance of sustainability pillars by localities, USA. 
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The geometric mean follows the economic concept of “limited sub-
titutability ” [42] , which states that being strong on one goal does not
ully substitute for being weak on another. Progress on one goal cannot
ffset the lack of progress on another, which translates into the necessity
f countries to progress toward every goal [36 , 54] . Despite the geomet-
ic mean being mostly preferred by academics, recent evidence suggests
hat differences in results are negligible [54] . As per Guijarro & Poyatos,
8 
21] , the Leontief production function over-weights the worst-case ele-
ents. Such a pessimistic approach has the disadvantage of focusing on
 single attribute, thus discarding the remaining elements of sustainable
evelopment. 

Thus, the limitations of traditional aggregation methods are related
o the weighting process of indicators and goals. The arithmetic mean
ssumes equal weighting. The geometric and Leontief aggregation meth-
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Fig. 13. The Economic index (ECONI) clustering across states, USA. 
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Table 3 

Moran’s Index for SDGI values across states, USA. 

Input Feature Moran’s Index z-score p-value 

State SDGi (51indicators) _2010 0.119 4.04 0.000054 
State SDGi (51indicators) _2015 0.145 4.83 0.000001 
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(

ds over-weight the worst performer indicators and goals, which, can
ause some places to remain as the worst SDG performers regardless of
ow well they perform in other indicators [21] . 

Eq. (3) : SDG “Goal ” indices 

 𝑗𝑘𝑦 = 

∑𝐼 𝑗 

𝑖 =1 𝑋 

′
𝑖𝑗𝑘𝑦 

𝐼 𝑗 
(3)

here, i = indicators representing goal j (1, 2, 3,.……, I j ); 
j = sustainable development goals ( J = 16); 
k = state or locality (1, 2, 3, …, 51 states and 3142 localities); 
y = years (2010 and 2015) 
Then, the social, environmental, and economic indices and overall

DG Index for each region were calculated as weighted arithmetic means
f the goal indices. 

Eq. (4) : The overall SDGI/Social/Environmental/Economic In-

ex 

DGI ∕ Social ∕ Environmental ∕ Economic index = 

∑𝐽 

𝑗=1 𝑊 𝑗𝑘𝑦 𝑌 𝑗𝑘𝑦 

𝐽 
(4)

The Wjk in Equation [4] denotes the weight assigned to the
th Goal in the Kth region and has the property that: Wik
 …………………… + Wjk = 1, which means that a system of equal
eights was assumed. As a normative assumption, equal weights were
ssigned to every SDG to reflect policymakers’ commitment to treating
ll SDGs equally and as an “integrated and indivisible ” set of goals [71] .
his approach also allows for the later addition of new variables for an
DG without affecting the relative weight of each SDG in the overall
core. 

.3. Comparing indices across states and localities 

To compare indices scores across states and localities, the SDGI
cores and sub-indices values were presented using four color ranges:
–25 (red), 25–50 (orange), 50–75 (yellow), and 75–100 (green). The
reen band is bounded by the maximum that can be achieved for each
ariable (i.e. the upper bound) and the threshold for achieving the SDG.
9 
hree color bands ranging from yellow to orange and red denote an
ncreasing distance from SDG achievement. The red band is the lower
ound meaning the farthest from the best threshold for achieving SDG.
he upper and lower bounds are the same as for the SDG Index. When all
tates scored in the yellow range, sub-divisions within that yellow range
ere used to visualize the variations across states (example: Fig. 3 ). 

.4. Distribution of indices across states and localities 

The overall distribution of the indices across the states and localities
as studied using spatial autocorrelation. When a clustered pattern ap-
eared, Anselin Local Moran’s I was performed to identify the areas that
re similar or different to their neighborhood. 

. Results 

.1. The overall SDG index (SDGI) 

All states scored in the range of 54–73 on the overall SDGI, mean-
ng states were at the 50–75 (yellow) mark towards the possible upper
hresholds (green: 75–100) to achieve all 16 SDGs ( Fig. 3 ). However,
he spatial distribution of SDGI values across states was clustered, given
he z-scores 4.04 and 4.83 ( Table 3 ), there is a less than 0.1% likelihood
hat this clustered pattern could be the result of random chance. 

As per Fig. 4 , low-low (LL) values are clustered in the Southern re-
ion meaning a state with a low SDGI score is surrounded by neighbor-
ng states with similar low SDGI values. Likewise, high-high (HH) values
re clustered in the Northeastern region for both years 2010 and 2015
 Fig. 4 ). 
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Fig. 14. Economic SDGs (SDG 8, 9, and 10) by states, USA. 
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Fig. 15. Economic SDGs (SDG 8, 9, and 10) by localities, USA 2010. 
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Table 4 

Moran’s Index for SDGI values across localities, USA. 

Input Feature Moran’s Index z-score p-value 

Localities SDGI_2010 0.18 106.43 0 
Localities SDGI_2015 0.06 36.32 0 
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6  
At the local scale, 78% and 79% of all 3142 localities scored between
0 – 75 on SDGI for the years 2010 and 2015, respectively ( Fig. 5 ). While
one of the localities scored in red (below 25), 22% and 20% of the
ocalities scored between 25 – 50 (orange) for the years 2010 and 2015,
espectively. Only one locality (Kalawao, HI) in 2010 and 11 localities
n 2015 scored between 75 – 100, meaning close to achieving the goal,
ith first rank out of 3142 localities ( Fig. 6 ). While top 5 and bottom 5

anking localities did not reveal enough information about distribution
f these 3142 localities, but it highlights that southern localities are also
n the top 5 ranks ( Figs. 6 and 7 ). 

Most of these 22% and 20% orange localities mentioned in Fig. 5 are
eographically in the Midwestern (47%) and Southern (41%) regions
 Fig. 8 ). Also, almost every locality in the northeast region scored in the
ellow range for both years. 

Corresponding to states, the SDGI distribution across localities was
lustered ( Table 4 ). A few local high-high (HH) clusters were observed
n the Northeastern, Midwestern, and Western regions. Conversely, low-
11 
ow (LL) clusters were observed mainly in the Southern region of the
ountry. However, high-low (HL) outliers in Southern regions, and
ow-high (LH) outliers in the remaining regions, were also noticeable.
 Fig. 9 ). 

Although temporal trends cannot be considered dependable as some
f the underlying indicators were missing for either year, it was worth
oticing that the percentages of localities with SDGI scores in the range
f green and yellow increased by 0.32% and 5.23%, respectively, from
he years 2010 to 2015 ( Fig. 5 ). A total of 350 (51%) localities out of
82 (22% of a total of 3142 localities) observed an increase in the SDGI
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Fig. 16. Economic SDGs (SDG 8, 9, and 10) by localities, USA 2015. 
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cores from orange to yellow in the year 2015, the majority (194) local-
ties were recorded in the Southern states ( Fig. 8 ). The SDGI score for
2% (304) of localities out of 2457 (78% of the total 3142 localities)
ecreased from yellow in 2010 to the orange range in the year 2015.
he majority (213) of these 304 localities are also in the Southern states
 Fig. 8 ). Only one locality (Kalawao, HI) scored in green in the year 2010
nd then maintained the score in the same range in 2015. Additionally,
0 localities in the Western region show an increase from the yellow to
reen range in the year 2015. The remaining localities displayed either a
light positive change or were able to maintain the same status in 2015.
he difference map ( Fig. 10 ) portrayed the relative improvement and a
ecrease in the SDGI scores in 5 years. 

.2. Sub-indices based on the three pillars of SD 

While overall SDGI scores provide the SD status for every state
nd locality within the USA, sub-indices such as Environmental index
12 
ENVI), Economic index (ECONI), and Social index (SOCI) identified the
tates and localities pursuing all three pillars of SD concurrently. 

In the year 2010, the top thirty states (except for HI, CO, OR, IL, and
A) by SDGI ranks, simultaneously scored in the yellow range for all
hree sub-indices, possibly presenting the three-pillars model approach
o achieve SD ( Table 5 ). In the case of exceptions, the environmental
ndex was scored in green, relatively higher than the economic and so-
ial pillars of SD. It was quite different for the year 2015, except for
ebraska, where all three sub-indices were scored in the yellow range.
he remaining states in the top 30 ranks recorded a higher score for the
nvironmental index compared to social and economic aspects in the
ear 2015. The bottom (ranks 31–51) states scored green or yellow on
NVI (except for WY) and yellow on SOCI (except AK) in both years
010 and 2015. However, 12 and 7 states lagged on ECONI with scores
n the orange range for the years 2010 and 2015, respectively ( Table 5 ).

Few states in the bottom ranks, such as DE, NC, ND, MT, TX, NV,
nd OK, also simultaneously scored in the yellow range for all three
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Table 5 

List of states by SDGi ranks, and sub-indices using 48 indicators. 
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Fig. 17. The Economic index (ECONI) clustering across localities, USA. 
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ub-indices in 2010. Nevada’s outstanding performance was evident as
t moved from the rank of 42nd to 14th in the year 2015. Amongst
he bottom-ranking states, ND, MT, TX, and OK maintained balanced
cores across the three sub-indices, while making the progress in terms of
verall SDGI in the year 2015. Also, the bottom-ranked states such as IN,
Y, AR, and WV appeared to be pursuing all three pillars concurrently

n the year 2015. 
In Fig. 11 , localities presented with SDGI scores, recorded all three

ub-indices (ECONI, ENVI, and SOCI) in the same color range, meaning
ossibly presenting the three-pillars concept of SD. The remaining, gray-
olored localities presented the imbalance between the three pillars of
D. About 50% of the localities in the Northeastern and Midwestern
egions, 40% of the Western localities, and about 30% of the Southern
ocalities scored parallelly high in all three pillars of SD. 

Fig. 12 shows the predominance of the SD pillars by localities while
ndicating the need for prioritizing the other two sub-indices to work in
nison and progress towards SD. In terms of the predominance of SD
illars across localities ( Fig. 12 ), lighter shades (33.5–42) mean nearly
alanced pillar indices, meaning no significant predominance and the
arker color shows increasing predominance. Accordingly. the North-
astern localities are showing lower strengths of predominance, the eco-
omic pillar is predominating in the northern part and the environmen-
al pillar is predominating in the southern part of the country. Most
outhern localities (44%) observed higher scores for ENVI as compared
o the other two in the year 2010. In 2015, about 27% and 21% of
outhern localities recorded a higher score in the environmental and
conomic dimensions, respectively. Whereas 30% of Midwestern local-
ties represented high economic status as compared to the social and
nvironmental dimensions of SD for both years. The economic dimen-
ion was also relatively high among the three dimensions of SD in the
ortheastern (18%) and Western (20%) localities for both years. The
east share of localities in each region represented the higher score for
ocial dimension compared to economic and environmental dimensions.

While there was no significant clustering was observed in terms of lo-
alities presenting balanced scores of sub-indices, the overall percentage
14 
f localities increased from 39% to 44% in the year 2015. The individ-
al sub-indices were studied further to provide more insights in terms
f the spatial distribution of these indices and to identify and prioritize
ocalities by SD dimensions and by SDGs when needed. 

.2.1. Economic index (ECONI) 

Lower ECONI scores (25 – 50) are clustered in the Southern part of
he country for both years ( Fig. 13 ). This could be the result of lower
cores of underlying SDGs 8, 9, and 10 in the year 2010 ( Fig. 14 - A,
, and E). Likewise, SDGs 8 and 10 could be held accountable for the

ower ECONI in southern states in the year 2015 ( Fig. 14 - B, D, and F).
igh-value clustering in the Northeastern and in between the Western

MT) and Midwestern (ND, SD) regions was consistent for both years
 Fig. 13 ). 

Likewise, the underlying SDGs 8, 9, and 10 were scored lower in the
outhern localities in the year 2010 ( Fig. 15 ), but only SDGs 8 and 10
re accountable for the lower values in the southern region in the year
015 ( Fig. 16 ). 

Overall, the ECONI distribution across localities upheld a weak clus-
ering of low values in the Southern region and high values clustering
n the Midwestern region for both years 2010 and 2015 ( Fig. 17 ). Lo-
alities in the Northeastern and Western regions also scored relatively
igher, but no significant clustering is observed, except for states such
s Montana, Wyoming, Colorado, and Utah. 

.2.2. Environmental index (ENVI) 

Although there was no statistically significant clustering observed in
he distribution of ENVI across states, states such, as HI, CO, OR, IL, CA,
L, TN, AZ, GA, AL, and SC scored in the green range in 2015 ( Table 5 ).
lso, WY was consistently laggard on ENVI by scoring in orange for both
ears ( Table 5 ). 

In the year 2010, almost every state recorded the SDG12 index in
he yellow range, except for MO and ME (scored in orange); WY (red);
nd NY, NJ, and MA (scored in green) from the Northeastern region
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Fig. 18. Environmental SDGs (12, 13, 14, and 15) by states, USA 2010. 
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 Fig. 18 - A). Similarly, SDG14 scores 4 were in the yellow range for a
ajority of the states, but TX, OK, MD, and DE in the Southern; NV in

he Western; MN and OH in the Midwestern; and PA, NY, NJ, MA, and
H in the Northeastern region, scored in orange ( Fig. 18 - C). Only two

tates, NV and GA scored in the green range on SDG14 for the year 2010.
As per SDG13 ( Figs. 18 - B and 19 - B), there was no difference be-

ween 2010 and 2015, in terms of spatial distribution as almost every
tate scored in green except for, WY, LA, ND, and WV. Nevertheless, the
nderlying indicators are GHG and CO2 emissions reported by facilities
nd summarized by states to estimate the emissions for each state. The
rawback of these indicators includes that more extensive are likely to
mit more GHGs, and probably provide the services to a larger popu-
ation, but they were normalized with location state population. The
4 The SDG14 data were not available for the year 2015, hence it was excluded 
rom the ENVI evaluation for the year 2015. 

t
a

15 
eason for using this facility scale data was that county scale emissions
re not being recorded, and for comparison purposes, the same list of
ndicators was maintained at both scales. For SDG15 5 indicators (Birds,
ammals, Amphibians, and Trees richness) in 2010, green scores are

bserved in the Southern and Western parts of the country ( Fig. 18 - D).
lso, the lowest performance (25–50) was observed in the states such
s North- Hampshire, Iowa, Nevada, Wisconsin, and Minnesota ( Fig. 18 -
). SDG15 (indicator-protected area for biodiversity) for the year 2015,
as recorded in the green range for most (35) states ( Fig. 19 - C). 

While there was no significant clustering was observed, the majority
f the lower ENVI scores were observed in the Midwestern and Western
egions in the year 2010 ( Fig. 20 - A). Based on distinct environmental
5 Data for five out of six indicators relevant to SDG15 were not available in 
he year 2015, and the only available SDG 15 indicator data for 2015 was not 
vailable for the year 2010. 
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Fig. 19. Environmental SDGs (12, 13, and 15) by states, USA 2015. 
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ndicators available for the year 2015, most of the lower scores (0–50)
ere observed in Midwestern and Southern states ( Fig. 20 - B). 

Underlying SDGs at the local scale revealed the poor performance (0
50) of localities in terms of SDG12 in the Western (48%) and Midwest-
rn (34%) regions in the year 2010 ( Fig. 21 - A). Outstandingly, most
ocalities recorded in green and yellow on SDG 12 in the year 2015,
ut 30% of localities in the Western region still presented scores below
0. ( Fig. 22 - A). Likewise, poor performance on SDG 14 was observed
or most localities in the Western (61%) and Midwestern (54%) regions
 Fig. 21 - C). Also, SDG15 was recorded in red or orange for most locali-
ies for both years ( Figs. 21 - D and 22 - C), except for the Western region
n 2015 ( Fig. 22 - C). 

.2.3. Social index (SOCI) 

Though all the states scored in the same range (yellow) for both
ears, it appeared like there is a parallel line somewhat in the middle
f the country, dividing it into two parts ( Fig. 23 ). Though this divide
oes not start at the Mason-Dixon line which is a boundary between
ennsylvania and Maryland at 39° 43 ′ N, it is similarly dividing the
ountry into Southern states with poor performance and the Upper part
s Northern states with high scores. 
16 
Likewise, 38% and 31% of the localities in the Southern region
ecorded SOCI in the orange range for the years 2010 and 2015, re-
pectively ( Fig. 24 ). Furthermore, Fig. 25 confirmed the state-wise low-
ow clustering in the Southern region, and high values clustering in the
ortheast region mainly. 

A weak clustering was observed at the local scale ( Fig. 26 ), with a
ew high-values (HH) clusters in the Northeast and Midwest regions. A
ew low-values (LL) clusters were also observed in the Southern region
 Fig. 26 ). 

The social SDGs at the local scale are presented priority-wise in Figs.
7–29 . Approximately 60 – 70% of localities out of the total 3142, con-
istently scored below 50 for SDGs – SDG2, SDG4, and SDG5 in both
ears ( Fig. 27 ). Also, over 35% of localities scored in either red or orange
n SDG1 and SDG3 for both years and were located mostly in Southern
tates. ( Fig. 28 ). 

Most of the localities consistently scored in the yellow range for
DG11 (Sustainable Cities and Communities) in both years, and ap-
roximately 10% of the localities, majorly in the Southern region,
agged on SDG11 with scores under 50 ( Fig. 29 ). While most lo-
alities scored in green for SDG6 (Clean Water and Sanitation) for
oth years, SDG6 can be prioritized at the local level, to improve
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Fig. 20. The Environmental index (ENVI) by localities, USA, 2010, and 2015. 
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t  
he scores for around 6% of localities that are in the yellow range
 Fig. 29 C-D). 

The social SDGs 7 and 16 are presented state-wise for the years 2010
nd 2015 in Fig. 30 . Local-scale data for SDGs 7 and 16 are lacking
ver 50% of the localities, available locality data presented scores in
ither the green or yellow range for both years. Per Fig. 30 (A, B), most
tates scored high on SDG16, but states in the yellow range were also
oticeable in the Southern and Western regions. Also, almost every state
except WY, ND, VT, and WV) states consistently scored in green for
DG7 ( Fig. 30 ). WY lagged on SDG7 with scores below 50 in both years.
thers such as ND, WV scored in the yellow range for the years 2010
nd 2015, and VT scored in orange in 2015. 

. Discussion 

.1. The overall SDGI and three pillars of SD 

The overall SDGI scores observed at the state scale for both years
010 and 2015, probably haven’t changed much considering the USA
cored (72.7 – 74.6) in the yellow range for the Overall SDGI for the
ears 2016–2022 [53–59] . From the national to state scale, all states
cored in the yellow range looked perfect in terms of uniform progress
cross all states. However, there is quite a bit of variation across all US
ensus regions, the entire Southern region performed poorly, none of
he Southern states were ranked in the top 20 and high performers were
lustered in the Northeastern region. Moreover, UN studies reported a
imilar geographic clustering in the index scores, with American states
n the Northeastern and Pacific Northwest near the top of the index and
tates in the three southern regions performing poorly, despite using
ifferent indicators [36 , 54] . 

Corresponding to states, a few of the low-performing localities are
lustered in the Southern region, and high-performing localities are in
he Northeastern region. Nevertheless, most of the localities did not
resent a significant clustering. Subsequently, Sachs et al. [58] recorded
an Francisco Oakland-Hayward, California (Western region) as the
17 
est-performing city, and Baton Rouge, Louisiana (Southern region) as
he worst. The geography of discontent is a symptom of an underlying
olicy failure. A focus on aggregate performance at the national level
as obscured that struggling regions require distinct solutions. Only if
olicymakers address this fundamental issue will they be able to deal
ith the cause behind the geography of discontent [46] . 

Many countries have taken steps to address geographical inequal-
ties. For example, Namibia is committed to ensuring both urban and
ural electrification, including through solar and wind systems [22] .
olombia focuses on malnutrition in the regions most affected to en-
ure people from these areas are not left behind [8] . Egypt started an
nitiative to improve living conditions in their poorest villages. Mada-
ascar demonstrates regional action especially by strengthening efforts
o combat food insecurity in the south of the country [72] . 

Spatial and location-specific coalitions that bring together compa-
ies, investors, governments, civil society, and citizens to agree on
hared priorities and develop common plans for action offer high poten-
ial to achieve scale and systemic impact [43] . The SDGs at sub-national
cales provide a unique opportunity to rethink drastically the design and
mplementation of public policies, in a shared responsibility across lev-
ls of government and stakeholders to foster greater accountability, eq-
ity, inclusion, and cohesion now and in the future. This will contribute
o addressing some of the root causes of the geography of discontent in
 place-based manner. For example, in Southern Denmark, the SDGs are
sed to shape regional policy dialog. The overall concept of well-being
nd quality of life, the specific regional goals, and as well as the action of
he region are linked to specific SDGs and are designed to contribute to
heir achievement. In particular, the Southern Denmark region has pri-
ritized 11 SDGs that are most relevant for its work: SDG 3 on health,
DG 4 on education, SDG 5 on gender, SDG 6 on water, SDG 7 on clean
nergy, SDG 9 on industry and infrastructure, SDG 10 on inequalities,
DG 11 on sustainable cities and communities, SDG 12 on sustainable
onsumption, SDG 13 on climate and SDG 14 on life below water [47] .

However, this prioritization comes with the risk of unbalanced atten-
ion being given to the SDGs. Excessive and prejudicial goal prioritiza-
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Fig. 21. Environmental SDGs (12, 13, 14, and 15) by localities, USA 2010. 
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ion goes against the intent of the 2030 Agenda for Sustainable Develop-
ent and could pose a significant threat to the integrity and coherence

f the supposedly “integrated and indivisible ” SDGs [19] . 
To be fair, prioritization is not entirely avoidable especially to ad-

ress geographic inequalities as mentioned earlier in the discussion.
ome researchers argue that certain goals are, or should be recognized
s, more important than others [11 , 24] . To identify the prioritization
nd associated risks, Forestier & Kim, [19] grouped the SDGs accord-
ng to the three pillars of sustainable development as defined by Waage
t al., [79] , the results confirmed the conventional understanding that
s a country develops, it transitions from selective prioritizing socioe-
onomic objectives towards a more balanced consideration of all three
illars of sustainable development. Comparably, the present study ob-
erved that most of the high-performing states in the Northeastern, Mid-
estern, and Western regions, also upheld a balance between three

economic, social, and environmental) pillars of SD for the year 2010.
18 
hough, it was not the same in 2015 as most states scored higher on the
nvironmental dimension. Contrary, poor-performing Southern states,
ith Wyoming (the bottom-most state) in the Western region, presented
n uneven SD performance across three pillars. States showing imbal-
nce across of three pillars of SD, recorded higher scores for the envi-
onmental pillar, in the Western region (AZ and NM), Northeastern re-
ion (VT), and the Southern (LA, MS, AL, GA, and SC) regions. Whereas
yoming, North Dakota, and Alaska portrayed higher scores for the

conomic pillar. Sachs et al. [54] also noted that the Northeastern and
acific Northwest regions with the best overall SDG are also doing the
est across social, environmental, and economically grouped SDGs, the
nvironmental dimension was leading across all states. 

When drilled down to the local scale, not all the high-performing
ocalities presented a three pillars approach to SD, there is a significant
ariation across localities. However, the overall pattern is sustained as
ver 40% of localities in the Northeastern, Midwestern, and Western lo-
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Fig. 22. Environmental SDGs (12, 13, and 15) by localities, USA 2015. 
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alities presented the balance scores across sub-indices. In the Southern
egion, most localities (about 70%) did not show the balance across the
hree pillars of SD. This suggests that to achieve all SDGs, balancing be-
ween or harmoniously pursuing these three pillars of SD is essential.
he economic pillar predominated in most parts of the Midwestern re-
ion, with about 20% of the localities in the Northeastern, and Southern
tates such as Texas. Whereas most of the Southern localities represented
nvironmental predominance in both years. 

Although temporal variation is a bit ambiguous in the present study
ue to the unavailability of the underlying data, it was worth noticing
hat the best five localities in the year 2015, were scored lower in the
ear 2010, with balanced scores of sub-indices for two out of 5 localities
n 2010. Conversely, the worst five localities in the year 2015 are at the
ottom due to a decrease in the SDGI scores with an increased imbal-
nce between sub-indices in the year 2015 as compared to 2010. This
otentially indicates that success towards sustainable development is
chieved when three dimensions of SD are pursued concurrently. There-
ore, balancing between the three pillars of SD should be considered
rucial and incorporated into a decision-making process to prioritize
ctions towards SDGs at the sub-national scales. 
19 
.2. Economic, environmental, and social SDGs across states and localities 

Social and economic pillars are distributed concurrently across states
nd localities, with minimal variation between the distribution patterns
f these two pillar indices. The southern states have performed poorly
n the economic dimension mainly due to underperformance related to
pecific underlying SDGs. The per capita income (one of the indicators
nder SDG8), did increase between the years 2010 and 2015, but the
nemployment rate (SDG8 indicator) was high in most parts (MS, SC,
L, FL, GA, DC, TN, KY, LA, AR, and WV) of Southern region. This indi-
ated the growing inequality with a growing economy, which was again
vident with SDG10 distribution across states and localities. The entire
outhern region was recorded with high-income inequality as compared
o other states. This is a reminder of the famous Mason-Dixon line be-
ween Pennsylvania and Maryland, during the Civil Wars. The original
ntention of this line was to simply put a constitutional boundary, which
ltimately becomes a divide of the country into parts, bottom Southern
tates, and upper Northern states. Initially, it was limited to Southern
laves and Northern free land divisions, later it became a cultural bound-
ry, and the shadow of this divide still exists even after centuries. How-
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Fig. 23. The Social index (SOCI) by states, USA. 

Fig. 24. The Social index (SOCI) by localities, USA. 
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ver, it is worth noting that the employment-to-population ratio under
DG8 rated well (scores above 50) across all states, including South-
rn states. Also, these economic distribution patterns can help to prior-
tize the SD pillars, underlying SDGs, and even economic indicators if

eeded. s  

20 
Corresponding to the economic dimension in Southern states, high
CONI values in the Northeastern region resulted from SDGs 8, 9, and
0, with SDG10 being the major concern as it portrayed the lowest
cores of the region (representing high-income inequality) in the states
uch as MA, RI, NJ, and NY. Also, SDG9 recorded higher scores in com-
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Fig. 25. The Social index clustering across states, USA. 

Fig. 26. The Social index (SOCI) clustering across localities, USA. 
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(  
arison to SDG8 and SDG10 for most of the Northeastern states, indicat-
ng that SDG8 should be the next priority. Likewise, economic perfor-
ance at the local scale can help prioritize local actions based on SDGs

nd underlying indicators. 
In the social pillar, SDGs such as Quality Education (SDG4), Zero

unger (SDG2), Gender Inequality (SDG5), No Poverty (SDG1), and
21 
ood Health and well-being (SDG3), contributed to the lower perfor-
ance of the states and localities and need to be prioritized, respec-

ively over other social SDGs such as sustainable cities and communi-
ies (SDG11) and clean water and sanitation (SDG6). Most of the South-
rn states and localities performed poorly in terms of the social index
SOCI). This suggests that a certain minimum economic status is a pre-
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Fig. 27. Social SDGs (2, 4, and 5) by localities, USA. 

22 
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Fig. 28. Social SDGs (1 and 3) by localities, USA. 
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equisite to getting access to all social needs. Sachs et al. also recorded
hat, poverty hinders progress toward other development targets and
revents access to services for those who need them most (2018). For
xample, considering access, at best there are 51 affordable and avail-
ble rental units per 100 low-income renters (Alabama), indicating that
or low-income families across the US, there is little to no choice about
here to live [54] . Another example is the prevalence of food insecurity,
hich is also affected by income and employment, as well as state-level

haracteristics such as average wages, cost of housing, unemployment,
nd State-level policies that affect access to unemployment insurance,
he State Earned Income Tax Credit, and nutrition assistance programs
4] . As per the State and U.S. estimates for the 3 years of 2019–21, the
revalence of food insecurity was higher (i.e., statistically significantly
igher) than the national average in 9 States (AL, AR, KY, LA, MS, OK,
C, TX, and WV) and lower than the national average in the District of
olumbia and 14 States (CA, IA, MA, MD, MN, ND, NH, NJ, PA, RI, SD,
A, VT, and WA) [10] . 
23 
The present study recorded SDG6 mostly in green across states and
ocalities using indicators such as the percentage of occupied households
ith complete plumbing facilities, the percentage population served
ith public water supply, and the percentage population that has ac-

ess to water supply (public/private). Contrary, Sachs et al. [54] ob-
erved extreme differences in access to safe drinking water within the
S. Accordingly, in Minnesota, the best performer in avoiding water vi-
lations, 1.3% of communities were served by a community water sys-
em with a Safe Drinking Water Act (SDWA) violation. In contrast, over
1% of communities in Delaware had violations, and those are only the
iolations that are reported [54] . 

The green SDGs such as SDG7 (Affordable and clean energy), SDG13
climate action), and SDG16 (Peace, Justice, and Strong Institution)
ere recorded mostly in green for all states, but over 60% of data were
issing at the local scale. However, the results of a similar study show

hat low-income households are extremely energy burdened in all 50
tates [16] . Spending 11% of income on energy is considered a high
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Fig. 29. Social SDGs (6 and 11) by localities, USA 2010 and 2015. 
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urden [16] ; in every state except Hawaii, households below 50% of
he poverty line are spending upwards of 20% of their income on en-
rgy – with Hawaii performing only marginally better at 19% [54] . 

Contrary to economic and social dimensions, the environmental di-
ension did not represent significant clustering at the state scale with

lmost every state scoring in the yellow range, leaving ND (orange) and
Y (red) behind. Also, almost every state scored relatively higher on

he environmental dimension in the year 2015, with a distinct set of
ndicators. The difference between the years 2010 and 2015 in terms
f ENVI, cannot be interpreted as a change in the environmental di-
ension during 5years period, as SDG15 for the year, 2010 used mainly

iodiversity indicators whereas SDG15 for the year 2015 used protected
rea indicators. Also, SDG14 data was not available for the year 2015. 6 
6 In the year 2010, SDG 14 was represented by fish richness, stream habi- 
at condition index, and coastal habitat condition index in the year 2010, data 
roducts from the 2010 national assessment of fish habitat, conducted in sup- 

p
s
i
b
1

24 
owever, the underlying goal indices for SDG12 and SDG13 for both
ears 2010 and 2015 did not show much of a change. Hence, not show-
ng any significant changes in 5 years could also be interpreted as there
as no progress towards the SDGs, which can be argued by considering

he timeline of the new 17 SDGs started in the year 2015 with targets
o be achieved by 2030 and/or the inconsistent period of the data used
nderneath. 

Considering the spatial distribution of environmental index scores
cross localities in the year 2015, lower scores of ENVI resulted from
ower values of SDG15 (Life on land –% protected area). But lower val-
es in the year 2010 were represented by SDG 14, and higher values
ort of the National Fish Habitat Action Plan (NFHAP). However, oceans at the 
ub-national level in the US presents difficulties and oceans are managed at the 
nterstate, national, and international scales. However, efforts could and should 
e made to better understand state-level impacts on the oceans to include Goal 
4 in future editions of the index [54] . 
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Fig. 30. Social SDGs (SDG 7 and 16) by states, USA 2010 and 2015. 
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n the southern region were due to underlying biodiversity indicators
SDG15) and climate change indicators (SDG13). However, SDG13 was
epresented by total GHG emissions and CO 2 emissions equivalent to
O 2 metric tons, by facilities, which was converted into per-capita emis-
ions, and every state scored in green leaving WY, ND, WV, and LA be-
ind in the year 2015. Historically the US has been one of the largest
nnual per capita and total emitters in the world [1] . This dispropor-
ionate contribution to global emissions impacts international efforts to
itigate and adapt to climate change and hampers the achievement of

DG13 (Climate Action). According to Sachs et al. [54] , the US per-
orms poorly on Goal 13, with significant variation between states, and
he worst performer, Wyoming, has emissions thirteen times higher than
ew York, the best performer. 

Overall, sub-indices across both scales seemed to express a possibil-
ty of a positive association between social and economic dimensions
ut had a bit confusing, as in negative or decoupling, association with
he environmental dimension. Likewise, overlaying the SDGs within and
25 
cross the three pillars of SD, appeared to be interconnected. For ex-
mple, the economic SDGs (8, 9, and 10) were observed lowest in the
outhern region, SDGs 1 to 5 from the social dimension also performed
oorly in this region. Contrary, SDG12 was recorded higher in the south-
rn region. Also, SDG14 and SDG15 represented the same possibility of
 negative or decoupling with economic and social goals in the year
010. Just as poor outcomes in one SDG can hinder the achievement
f others, progress on one goal can create benefits and opportunities in
ther aspects of development [33] . 

The SDGs are integrated and interdisciplinary development agendas
nd the results of the index in their study strengthen the claim that
o SDG can be achieved alone – solutions and progress must be pur-
ued in cross-cutting ways which acknowledge that outcomes are in-
erently connected across environmental, social, and economic devel-
pment [3 , 54] . However, these interactions need to be studied further
o confirm the association between the three pillars of SD as well as
etween the 17 SDGs. 
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The indicator-based approach is imperative for monitoring and as-
essing sustainable development, as it provides a basis on which to
udge whether sustainable development is being achieved, to analyze
he problems, and to understand their complexity while providing a
eference for policymaking [37] . However, these indices are sensitive
o the selection of indicators [50 , 81] . To observe and compare SDGs
rom local, state, and national scales, a consolidated list of indicators
epresenting targets set under 17 SDGs, should also be recorded and
racked at sub-national scales. In collaboration with the US Office of
anagement and Budget, Office of Information and Regulatory Affairs:

he US Department of State, Office of International Organizations; the
S General Services Administration; and the US Office of Science and
echnology Policy, the USA has already started working on provid-

ng information on the U.S. National Statistics for the U.N. Sustain-
ble Development Goals. Subsequently, states and localities also should
ake reporting initiatives following the same framework as the national
cale. 

. Conclusion 

The present study provided the consolidated list of local indicators
nd SDGI measures across all states and localities (3142 counties and
ounty-equivalent) to identify the local needs and prioritize the pil-
ars and SDGs accordingly. The present study also supports the need
or localization in planning and prioritizing the SDGs and highlighted
he need for identifying and monitoring the same set of SDG indica-
ors as created for national SDGI at sub-national scales. While the na-
ional performance provided the standing of the USA among 167 par-
icipating countries in this global collective action [58] , the underlying
tate-scale analysis helped highlight the clusters of relatively well and
oor-performing states. Though all states were recorded in the yellow
50–75) range for overall performance, underlying localities revealed an
neven distribution, emphasizing the need for locality-specific actions
o resolve issues at a local level. Also, states can incorporate local scale
ustomization in the planning and decision-making process to make sure
hat planned actions are precisely targeting the area(s) in need, whether
t is a state’s collaborative action with other states facing a similar issue
r a state-specific action. 
26 
Analyzing the first 16 SDGs using the three pillars framework of SD
emonstrated that most high SDGI scorer states and localities showed
 balance between the three pillars (economic, social, and environ-
ental) of SD. Additionally, findings indicated a possibility of a pos-

tive association between economic and social dimensions as distribu-
ion patterns across states and localities varied parallel to each other.
onversely, the environmental dimension is associated negatively with
he other two dimensions, though it was not consistent spatially. The
nteractions between the three pillars of SD require further theoret-
cally and empirically compelling research to confirm the associa-
ions and causality between the three dimensions of SD. Further, in-
ices can be evaluated and monitored to study and track these pat-
erns more accurately, using the same list of indicators that are be-
ng tracked at the national scale, to make it more consistent across the
cales. 

While localization is the key to moving forward toward sustainable
evelopment, balancing between the three pillars (economic, social, and
nvironmental) of SD is essential to make progress on the path of SD.
herefore, the present study can be used as a framework to replicate
ountry-specific domestic analysis and prioritize local actions. 
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Table A1 

List of indicators and the data sources and the thresholds used for the indices. 

SDG Name Indicators Locality State Source Best 
(value = 100) 

Worst 
(value = 0) 

T1 (2006–2010) T2 (2011–2015) T1 (2006–2010) T2 (2011–2015) 

Goal 1 No Poverty 1.1 Population living below the 
national poverty line (%) 

2010 2015 2010 2015 [ [65] , [66] ] 0 32 

Goal 2 Zero Hunger 2.1 Households with food 
insecurity (%) 

NA 2015 NA 2014 [38] 4.1 22.7 

2.2 Population with low access 
to grocery stores (%) 

2010 2015 2010 2015 [77] 0 55.93 

2.3 Forest area (%) 2006 2011 2006 2011 [25] Multi-Resolution Land 
Characteristics Consortium (MRLC) 

93.5 0.1 

2.4 Agriculture area (%) 2006 2011 2006 2011 93.3 0.1 

Goal 3 Good health and 

wellbeing 

3.1 Average annual neonatal 
( < 28 days of age) mortality 
rate per 1000 live births 
over 5 years 

2006–10 2011–15 2006–10 2011–15 (Centers for Disease Control and 
Prevention [ [9] , n.d.] 

1.52 7.18 

3.2 Total fertility rate per 1000 
women 

2006–10 2011–15 2006–10 2011–15 1163.6 2942.1 

3.3 Population without health 
insurance (%) 

2010 2015 2010 2015 U.S. Census Bureau, Small Area 
Health Insurance Estimates [64] 

0 33.3 

3.4 Low Birth Weight Babies 
(less than 2500 grams) (%) 

2010 2015 2010 2015 (Centers for Disease Control and 
Prevention [ [9] , n.d.] 

2.6 10.4 

3.5 Average annual perinatal 
mortality per 1000 live 
births over 5 years 

2006–10 2011–15 2006–10 2011–15 2.84 9.86 

3.6 Adult population obese Body 
Mass Index (BMI) ≥ 30 (%) 

2008 2013 2010 2015 20.1 42 

Goal 4 Quality education 4.1 Age 25 and older not 
completing high school (% 

high school dropouts) 

2006–10 2011–15 2006–10 2011–15 U.S. Census Bureau (ACS): DP02 0.7 36.5 

4.2 Population (age 25 and 
over) with higher (Master, 
professional, doctorate) 
education (%) 

2006–10 2011–15 2006–10 2011–15 U.S. Census Bureau (ACS): DP02 0.35 31.25 

Goal 5 Gender equality 5.1 Gender wage gap (%) 2006–10 2011–15 2006–10 2011–15 U.S. Census Bureau (ACS): DP03 4.38 45.55 

5.2 Female population (age 25 
and over) with higher 
education (%) 

2006–10 2011–15 2006–10 2011–15 U.S. Census Bureau (ACS): B15002 31.01 0.48 

5.3 Female employees in local 
government (%) 

2006–10 2011–15 2006–10 2011–15 U.S. Census Bureau (ACS): S2409 77.1 30.8 

5.4 Female employees in state 
government (%) 

2006–10 2011–15 2006–10 2011–15 88.4 21.7 

5.5 Female employees in federal 
government (%) 

2006–10 2011–15 2006–10 2011–15 87.9 1.8 

5.6 Female labor force 
participation rate (%) 

2010 2015 2006–10 2011–15 U.S. Census Bureau (ACS): S2301 90.9 48.6 

Goal 6 Clean water and 

sanitation 

6.1 Households with complete 
plumbing facilities (%) 

2006–10 2011–15 2006–10 2011–15 U.S. Census Bureau (ACS): S2504 100 0 

6.2 Total population served with 
public water supply (%) 

2010 2015 2010 2015 The U.S. Geological Survey 
[ [13] , [39] ] 

100 10.18 

6.3 Total population served with 
water (public 
supplied + self-supplied) (%) 

2010 2015 2010 2015 100 0 

Goal 7 Affordable and clean 

energy 

7.1 Per capita GHG emission 
from electricity generation 
(MT CO 2 ), as reported by 
facilities 

2010 2015 2010 2015 The United States Environmental 
Protection Agency [74] 

0 349 

( continued on next page ) 
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Table A1 ( continued ) 

SDG Name 
Indicators Locality State Source Best 

(value = 100) 
Worst 
(value = 0) 

T1 (2006–2010) T2 (2011–2015) T1 (2006–2010) T2 (2011–2015) 

Goal 8 Decent work and 

economic growth 

8.1 Per capita income in the past 
12 months (dollars) 

2006–10 2011–15 2006–10 2011–15 U.S. Census Bureau (ACS): B19301 47,675 5426.5 

8.2 Average Annual 
Unemployment rate 
(population 16 years and 
over) (%) 

2006–10 2011–15 2006–10 2011–15 U.S. Census Bureau (ACS): S2301 0.2 16 

8.3 Employment to population 
ratio (%) 

2006–10 2011–15 2006–10 2011–15 77.6 10.62 

Goal 9 Industry, innovation, 

and infrastructure 

9.1 Occupied housing unit with 
telephone service (%) 

2006–10 2011–15 2006–10 2011–15 U.S. Census Bureau (ACS): S2504 100 90.8 

Goal 10 Reduced inequality 10.1 Gini Index of Income 
Inequality (0–1) 

2006–10 2011–15 2006–10 2011–15 U.S. Census Bureau (ACS): B19083 0.34 0.54 

Goal 11 Sustainable cities and 

communities 

11.1 Occupied housing units with 
complete kitchen facilities 
(%) 

2006–10 2011–15 2006–10 2011–15 U.S. Census Bureau (ACS): S2504 100 92.2 

11.2 Annual average ambient 
concentrations of PM2.5 
(μg/m3) 

2010 2014 2010 2014 (Centers for Disease Control and 
Prevention [ [9] , n.d.] 

3.7 15.3 

11.3 Average one-way 
commuting time (minutes) 

2006–10 2011–15 2006–10 2011–15 U.S. Census Bureau (ACS): DP03 7 39 

11.4 Households with more 
people than rooms (%) 

2006–10 2011–15 2006–10 2011–15 U.S. Census Bureau (ACS): S2501 0.1 10.48 

11.5 The population has access to 
parks/recreational spaces 
(%) 

2010 2015 2010 2015 Centers for Disease Control and 
Prevention (CDC) 

96 1 

Goal 12 Responsible 

consumption and 

protection 

12.1 Annual gross withdrawals of 
crude oil (numbers of 
barrels) 

2010 2011 2010 2011 [76] 0 105 

12.2 Annual gross withdrawals of 
natural gas (1000 cubic feet) 

2010 2011 2010 2011 0 1675.43 

12.3 Per capita total water 
withdrawal 
(ground + surface) (gal/day) 

2010 2015 2010 2015 The U.S. Geological Survey 
[ [13] , [39] ] 

0.074 7763.07 

12.4 The working population uses 
public transport to work (%) 

2006–10 2011–15 2006–10 2011–15 U.S. Census Bureau (ACS): DP03 37.58 0.01 

12.5 Per capita domestic water 
use (gal/day) 

2010 2015 2010 2015 The U.S. Geological Survey 
[ [13] , [39] ] 

26.06 245.3 

Goal 13 Climate Action 13.1 Per capita, GHG emission 
reported by facilities (MT 
CO 2 ) 

2010 2015 2010 2015 The United States Environmental 
Protection Agency [74] 

0 107.7 

13.2 Per capita, CO2 emission 
reported by facilities (MT 
CO 2 ) 

2010 2015 2010 2015 0 107 

Goal 14 Life below Water 14.1 Fish richness 2010 NA 2010 NA [ [28–30] , [48] ] 238 9 

14.2 Stream Habitat Condition 
Index (HCI) scores 

2010 NA 2010 NA ( NFHAP , n.d.-a; [44] ) 4.69 0.04 

14.3 Coastal Habitat Condition 
Index Scores 

2010 NA 2010 NA 0.95 0.02 

Goal 15 Life on Land 15.1 Birds richness 2010 NA 2010 NA [ [28–30] , [48] ] 249 126 

15.2 Mammals richness 2010 NA 2010 NA 88 36 

15.3 Amphibians richness 2010 NA 2010 NA 46 3 

15.4 Reptiles richness 2010 NA 2010 NA 69 1 

15.5 Trees richness 2010 NA 2010 NA 138 2 

15.6 Protected areas for 
biodiversity (GAP 1 and 2) 
(%) 

NA 2016 NA 2016 (U.S. Geological Survey [75] , 
2016) 

86.96 0 

Goal 16 Promote justice, 

peaceful and inclusive 

societies 

16.1 The total annual number of 
violent crimes reported (per 
1000 individuals) 

2010 2015 2010 2015 [ [17] , [18] ] 1 162 

2
8
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