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I. Introduction
The 2030 Agenda for Sustainable Development is an ambitious and holistic agenda for
development that encompasses a broad spectrum of economic, social and environmental issues.
Building upon the Millennium Development Goals, the 2030 Agenda includes a more diverse
and comprehensive set of aspirational Sustainable Development Goals (hereafter referred to as
Goals) applicable to all countries, be they developing or developed (United Nations, 2015).
However, unlike the Millennium Development Goals, the specific targets for the Goals rarely
include measurable outcomes, making their implementation more amenable to adaptation to
country-specific circumstances, capacities and aspirations. While this flexibility is highly
desirable, it also demands a deeper level of stakeholder engagement and country ownership in
deciding which areas of the 2030 Agenda can be most productively prioritized and effectively
implemented, taking into account the unique level of development, capacities and comparative
strengths of each country.
This is a difficult task because the attainment of the Goals and targets of the 2030 Agenda are
characterized by interdependencies, including synergies and trade-offs. For example, there
seems to be a close relationship between Goal 1 (no poverty), Goal 2 (zero hunger), Goal 3
(good health and well-being) and Goal 8 (decent work and economic growth). Devising policies
that move forward the 2030 Agenda in these four areas in a holistic and coordinated way could
take advantage of potential synergies among them, resulting in much more effective
implementation. On the other hand, a popular view holds that a trade-off exists between Goal 8
(decent work and economic growth) and Goals 11-15 related to environmental sustainability.
Such a trade-off needs to be taken into account for a balanced and effective implementation of
the Goals associated with the three pillars of sustainable development. This suggests that a clear
understanding of the interdependencies, synergies and trade-offs across Goals and targets is
essential for the successful implementation of the 2030 Agenda (UN OHRLLS, 2012).
The interdependencies among the Goals and related targets are not new. They have been
recognized by the United Nations, political leaders and scientists in academia for a long time.1
For example, at the United Nations Conference on Human Environment, later called the
Stockholm Conference, in 1972, the Indian Prime Minister, Indira Gandhi, advocated an
integrated approach to development: “The population explosion, poverty, ignorance and disease,
the pollution of our surroundings, the stockpiling of nuclear weapons and biological and
chemical agents of destruction are all parts of a vicious circle. Each is important and urgent but
dealing with them one by one would be wasted effort” (United Nations, 2015). Similarly, the
Brundtland Commission’s definition of sustainable development as “development that meets the
needs of the present without compromising the ability of future generations to meet their own
needs” underlies an integrated view of development in which issues such as economic growth,
intra- and intergenerational equity and environmental sustainability influence and reinforce each
other and evolve in tandem.
This paper argues that considering the interdependencies among the Goals and targets is critical
in effectively promoting sustainable development. For that purpose, it proposes an analytical
framework that accounts for the complementarities, synergies and trade-offs across Goals and
targets at the national level, taking into account each country’s unique level of development
capacities and structural characteristics. The framework allows for the identification of optimal
strategies of implementation of the Goals, including specific recommendations for the
1

See, for instance, ICSU and ISSC (2015).
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prioritization and sequencing necessary to achieve each Goal. It is based on the premise that it is
possible to conceptualize the Goals as a complex system composed of countries and degrees of
attainment of a number of indicators representative of the 17 Goals and their associated targets.
By allowing a systematic evaluation of the benefits of alternative policies and pathways for
progress towards the achievement of the Goals, it is expected that the proposed framework will
contribute to deliberations on the design of plans and strategies for the adaptation of the 2030
Agenda to national contexts.

II. Data
A.

Indicator selection and data coverage

At the time of writing, the inter-agency and Expert Group on Sustainable Development Goal
Indicators was in the process of refining and fine-tuning the list of indicators that will be used to
track progress for each of the 17 Goals and 169 targets, and data for these indicators will
gradually become available in coming years. Therefore, the indicators used for the analysis of
this paper (see annex for the full list of indicators) were selected as follows:
(a) All the indicators used to track progress towards the Millennium Development Goals
that overlap in meaning and scope with the Goals and related targets were selected,
provided that they have reasonable coverage across countries;
(b) Among the indicators tentatively agreed to be included in the final list of Goal
indicators at the 2nd meeting of the Inter-agency and Expert Group, those that have data
readily available from official sources and do not overlap with indicators selected from
the first criterion were added, again provided that they have reasonable coverage across
countries;
(c) Other internationally comparable indicators that closely reflect the Goals and their
targets and have reasonable coverage across countries were added to cover Goals for
which relevant indicators could not be found using the first two criteria.
It is important to note that the analysis of the Goals as a complex system requires as much
information about the “system” as possible, including as many countries as possible and a wide
variety of indicators relevant to the Goals. However, there is a trade-off between including more
indicators and including more countries. Taking into account this trade-off, the final analysis
was conducted on the basis of 82 indicators that broadly cover all 17 Goals, while providing
decent data coverage across countries. The data set is based on the most recent data available for
each country. The finalized data set includes data spanning from 2006 to 2014, with the majority
of data points for 2010 or later years. The median number of indicators per Goal is 4, with a
minimum of 2 for Goals 1 and 10 and a maximum of 10 for Goals 3 and 9. The correspondence
between indicators and Goals is included in annex.
After selecting the 82 indicators with reasonable country coverage, 120 out of 209 countries had
missing data points. This presented a problem because the methods used in the analyses perform
poorly with incomplete data sets. Instead of limiting our analysis to just the 89 countries for
which a full data set was available, Multiple Imputation (Rubin, 2004) technique was used to
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impute missing data. 2 The technique was applied to countries with missing data for no more
than 20 out of the 82 indicators. After imputation, the number of countries in the data set
increased to 174.
Such imputation methods are advantageous over complete-case analysis in this setting due to
two reasons. First, much information about the system is lost if analysis only takes place on the
89 countries, and given that the methods used in this report utilize information regarding the
linkages between countries, a smaller subset of countries may potentially distort relationships.
Second, the subset of 89 countries is in itself a biased sample in that it is most likely that
countries for which full data is not available are those that have less institutional capacities to
collect statistical information, and thus analyses conducted on this subset is not fully
representative. The use of imputation is therefore important to ensure the representativeness of
the data used for the analysis. Among the 174 countries included in the data set, there were 22
Asia-Pacific countries with special needs (CSN), including 9 least developed countries
(Afghanistan, Bangladesh, Bhutan, Cambodia, the Lao People’s Democratic Republic,
Myanmar, Nepal, Solomon Island and Vanuatu), 8 landlocked developing countries (Armenia,
Azerbaijan, Kazakhstan, Kyrgyzstan, Mongolia, Tajikistan, Turkmenistan and Uzbekistan), and
5 small island developing States (Fiji, Maldives, Papua New Guinea, Samoa and Tonga).3
B.

Normalization of indicator attainment levels

For the indicators used in this paper, there are no clear thresholds (i.e. maximum and minimum
values that an indicator can take) that can be used as reference in normalization. Thus, as one
possible alternative, the maximum value for an indicator can be set to be the highest observed
value for the indicator given the countries in the sample, and vice-versa for the minimum value.
However, setting the threshold in this manner is vulnerable to the existence of outliers because
the scale (the difference between the maximum and minimum) can be greatly increased by a
data point with an extreme value. For example, if Greenland were included in the sample, the
scale of normalization for the indicator related to internal freshwater resources per capita would
be extremely large, with Greenland having maximum attainment while other countries
uniformly having attainment levels close to zero. Thus, in order to control for such extremities,
the 90th and 10th percentiles are used instead of the absolute maximum and minimum. For a
country that is above the 90th percentile, the 90th percentile value is replaced for the original
value, and a country that is below the 10th percentile is given the corresponding 10th percentile
value:
  
  , 90ℎ    
=
  , 10ℎ    

  ≥ 90ℎ  
  ≤ 10ℎ  .

Then, the normalized attainment levels are calculated such that
      =

   − 10ℎ  
× 100
90ℎ   − 10ℎ  

2

Multiple imputation utilizes information on the relationships among all 82 indicators, as well as with other
indicators, such as nominal GDP, population, population growth and land area, to predict missing value. See
Rubin (2004).
3
Asia-Pacific CSN that fit into more than one category are grouped so that least developed countries that are
also landlocked developing countries or small island developing States are classified as least developed
countries.
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for indicators where a larger value is better, and
      =

90ℎ   −   
× 100
90ℎ   − 10ℎ  

for indicators where a smaller value is better. The normalized attainment for any indicator thus
takes a value between 0 and 100, with a higher value corresponding to higher levels of
attainment.

III.

The Sustainable Development Goals as a complex system

An effective way to facilitate the understanding of the interdependencies, synergies and tradeoffs across the Goals and targets of the 2030 Agenda at the national level is to view the set of
Goals and countries as a complex system. In essence, a complex system is a nexus of diverse,
multiple interconnected elements in which the whole is not equal to the sum of the parts (Simon,
1991). Academic researchers from various disciplines have been increasingly using complex
system approaches for the analysis of economic phenomena and sustainable development. 4
ESCAP (2015) has also conducted research on this topic with regard to measuring productive
capacities in the Asia-Pacific region, where such capacities are measured using information on
interlinkages among products and countries.5
In this paper, the Sustainable Development System (hereafter SDG system) is conceptualized as
a network consisting of (a) the indicators relevant to each of the Goals, (b) the countries and (c)
the linkages among and between countries and indicators. The following subsection describes
how the third component of the system can be measured, by considering proximity values as
characterizing the link weights in the network. This allows the construction of two distinct types
of networks, one for indicators and one for countries, which are described in the subsequent
subsections.
A.

The concept of proximity

We assume that the SDG system is comprised of a set of indicators and a set of countries ,
∗
including the reference country  ∗ . The proximity ,
between indicators and  for country  ∗
is the minimum of the pairwise conditional probabilities that countries have a higher level of
attainment in one indicator compared to country  ∗ , given that those countries have a higher
level of attainment in the other indicator. Formally,

,
=
∗

 { (




>

∗







>  ,   >  
0
ℎ 
∗

∗




>

∗
 



∀ ≠

This measure of proximity is similar to the measure used by Hidalgo and others (2007), with
some key distinctions. First, the measure is country specific, thus producing distinct proximity
values for the same pair of indicators across different countries. Second, the measure utilizes the
information of countries that are doing better than the reference country, with the view that this
4

See, for example: Arthur (1991; 1999 and 2014); Arthur, Durlauf and Lane (1997); Hidalgo and Hausmann
(2009); Hidalgo and others (2007); ICSU and ISSC (2015); and Meadowcroft (2007).
5
See also Le Blanc (2015).
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is more representative of countries “looking forward” as they develop.6 The interpretation of this
measure is that similar levels of attainment in a pair of indicators compared to the rest of the
world reveal the existence of similar underlying capacities in the country. In contrast,
dissimilarities in the levels of attainment in a pair of indicators suggest that they require different
sets of underlying capacities.

The proximity measure ,
between any two indicators is interpreted as the link weights that
connect the two indicators in a one-mode network of all indicators. Under this interpretation, the
∗
network structure can be represented by the  ×  adjacency matrix  , where each element
∗
in the matrix is the proximity measure defined above and  is the number of indicators used
,
in the analysis. By construction, this matrix is symmetric about the diagonal, with zeros on all
diagonal elements.
∗

B.

The network of indicators

The advantage of viewing the indicators related to the Goals as a network is that it makes it clear
how they are interlinked, revealing their synergies and trade-offs. The information provided by
an indicator network can allow policymakers to devise plans of action that take advantage of the
spillovers that are present among the indicators, while identifying potential trade-offs that need
to be reconciled. The indicator network also allows for the identification of bottlenecks that act
as barriers to the attainment of the broader 2030 Agenda.
Before we visualize the network of indicators for particular countries, we first construct the
network based on proximity values that are defined based on the average attainment levels of the
Asia-Pacific CSN, to derive a broad picture of the relationships between Goals and targets.
Formally, the specification of proximity is identical to the country specific case, after replacing
∗
̅
∗
̅
̅
̅
 with  and  with  , where  and  are the average levels of attainment across the AsiaPacific CSN for indicators i and j.
The network visualization is based on the method used in Hidalgo and others (2007), where in
∗
the first step, a “skeleton” of the network represented by ! is constructed using the Maximum
Spanning Tree (MST) algorithm. In essence, the MST algorithm produces a set of  − 1 links
( being the number of indicators) that connect all nodes in the network with its most proximal
partner. It is implemented by first considering the strongest link within the network, and
connecting the two nodes that are at the opposite ends of this strongest link. Subsequent links are
added by considering the set of nodes that are not already connected, and choosing the maximal
link that connects the otherwise unconnected node to the set of nodes that are already connected.
The algorithm stops when all nodes are connected to each other.
While the skeleton of the network constructed by the MST algorithm is enlightening on its own,
nonetheless there exists some strong links that are not necessarily in the MST. Thus in the
second step, all the links above a certain threshold are added to the MST, to differentiate
between nodes that are strongly connected to many other nodes and those that are relatively
isolated. The threshold chosen is 0.75, which gives a good representation of the network that is
not too overwhelmed by links, while still being able to differentiate between better and less
connected nodes. After construction of the underlying network, the Force Atlas 2 algorithm
(Jacomy and others, 2014) was implemented in Gephi (an open source network analysis
6

This measure is, therefore, most appropriate for developing countries. Future work will explore alternative
ways to measure proximity.
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software package) for final visualization.
We define a measure of indicator “importance,” to capture the fact that nodes within a network
differ in their influence, or power. Here, the importance of an indicator is based on two distinct
characteristics. The first characteristic defining importance is their weighted degree centrality, or
how well connected each indicator is with the other indicators, in the sense of being proximal to
many other indicators. Weighted degree centrality is one of a family of measures that can
quantify how important a node is within a network. Quantifying the importance of a node – or in
network terms its “centrality” – is helpful in distinguishing nodes that exert more influence
within the greater network, where influence can be defined in many ways. Degree centrality is a
simple measure of influence that is defined as the number of connections a node possesses. It is
intuitive in the sense that a better connected node (thus having higher “degree”) will have more
power in the network, compared to a node that has fewer links and is thus relatively isolated.
Weighted degree centrality is identical to degree centrality, with the difference that it weights
each link by its strength.
The second characteristic is their betweenness centrality, which measures how important the
indicator is in serving as a gatekeeper between different portions of the network, where
gatekeeper indicators represent bottlenecks that one must pass in order to cross between
otherwise unconnected groups. The intuition behind betweenness centrality is simple. Consider a
node that is connected to only two neighbours, where the neighbours are part of distinct clusters.
Consider further that without the particular node, the two clusters would be disconnected. This
particular node has relatively low degree centrality compared to other nodes that are part of a
cluster, since a node within a cluster will have many connections to other nodes within the same
cluster. However, this node is influential in the sense that it serves as the sole connection
between clusters, and thus will always be crossed when something is exchanged between the
two groups (such as information, cars, electricity etc.). The intuition for measuring this type of
influence is quantifying how many pairs of individuals (i.e. nodes) would have to go through
you in order to reach one another. Formally, betweenness centrality is measured as
"  #( ) = $


% ( )
,
%

where % ( ) is the number of shortest paths connecting  and & that pass through , and % is
the total number of shortest paths.
Figure 1 presents the graphical representation of the indicator network, with proximity values
calculated based on Asia-Pacific CSN averages. This figure is constructed so that all indicators
are first connected to its closest indicator, forming a skeleton that represents the backbone of the
network. Afterwards, links representing probabilities of 0.75 or more are added to this skeleton
to differentiate between indicators that are in close proximity to other indicators and indicators
that are relatively distant from others. Notice that network diagrams like this are country
specific.
The indicators are coloured based on the average attainment levels for the Asia-Pacific CSN in
the sample, with those in red representing the indicators for which average attainment is below
the 50th percentile. The figure shows that these countries have low levels of attainment in a
number of important indicators, such as income (GDP per capita, GDP per capita at purchasing
power parity), telephone and Internet access, gender and human inequality and years of
schooling. Their relative centrality within the network suggests that an improved performance in
7

An analytical framework for identifying optimal pathways towards sustainable development

these indicators could have positive spillover effects on the attainment of other relevant
indicators.
The network of indicators suggests a clear core-periphery structure, with indicators related to
health, hunger, infrastructure and poverty occupying a prominent space within the densely
connected core. Life expectancy, infant mortality, food supply and agriculture value added are at
the very centre of this core, for they represent essential needs that form the basis for higher
attainment in other indicators. Poverty headcount, poverty-gap ratio, malnutrition, maternal and
child mortality and years of schooling are also central for similar reasons. Infrastructure
indicators regarding telephone, cellular and Internet subscriptions are also relatively central
within this core. This is consistent with the new institutional economics viewpoint that
facilitating information exchange is important in transforming the political economy of a
society, resulting in lower transaction costs, alleviation of information asymmetries and thus a
more sustainable socioeconomic development (Coase, 1998).
The red links in figure 1 represent indicators that are relatively less connected to each other.
They show that many of the indicators related to the environment — such as CO2 emissions per
capita, consumption and production of renewable energy and fertilizer consumption —reside in
the lower portion of the network and are not directly connected to the core. This could be
interpreted as representing a trade-off between environmental and socioeconomic indicators.
However, the two main gatekeeper indicators that connect this lower portion of the network and
the upper core are resource depletion and CO2 emissions per $1 GDP. The figure suggests that
addressing these two particular environmental indicators can facilitate the attainment by the
Asia-Pacific CSN of other environmental indicators in the lower portion of the network.
Overall, the network representation for the Asia-Pacific CSN shows a dense core of highly
interrelated socio-economic indicators and a periphery that includes a number of environmental
indicators. The representation shows that these countries have relatively low levels of attainment
in a number of indicators that are both in the core and highly connected to other indicators. This
suggests that implementing policies to improve the attainment of such indicators could have
positive spillover effects, facilitating the attainment of other core indicators.
However, the representation also shows that a number of indicators related to environmental
sustainability are in the periphery of the network. Because of their lower degree of connection to
the socio-economic indicators at the core of the network, the representation suggests that their
attainment is less likely to benefit from positive spillover effects, suggesting the existence of
trade-offs between the achievement of the socio-economic and the environmental pillars of
sustainable development.

8
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Figure 1. The network of indicators for the Asia-Pacific countries with special needs, based on
proximities

Source: Authors.
Notes: (a) The red links represent proximity values that are less than 0.75; (b) the size of indicators is based on the
average of an indicator’s weighted degree and betweenness centrality; and (c) red indicators are those for which the
average attainment for Asia-Pacific CSN is below the 50th percentile of attainment across all the countries included
in the analysis.

C.

The network of countries

Countries can also be linked together in a network, where the links are representative of how
similar two countries are in attainment across the 82 indicators included in the analysis. The
proximity measure in this case is defined as
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where ̅  is the average level of attainment across the indicators for country  . Figure 2 shows a
graphical representation of this network, which is constructed in the same manner as the network
of indicators. The sizes of the countries are based on their income levels. The network shows
distinct clusters of countries, with low-income countries at the bottom and developed economies
at the top.
Figure 2. The network of countries, based on proximities
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Source: Authors.
Notes: (a) The red links represent proximity values that are less than 0.75; (b) the size of a country is based on
nominal GDP per capita (2014); and (c) red, green and blue countries are least developed countries, landlocked
developing countries and small island developing States, respectively.

Countries belonging to different groups of Asia-Pacific CSN – least developed countries,
landlocked developing countries and small island developing States – tend to be located close to
each other in the network, suggesting that they have similar levels of attainment in the
indicators. Eight of the nine least developed countries for which data are available (Bangladesh,
Bhutan, Cambodia, Lao People’s Democratic Republic, Myanmar, Nepal, Solomon Islands and
Vanuatu) are, in fact, located next to each other, in the bottom-centre of the network. The other
least developed country, Afghanistan, is located in the bottom-left of the network, close to least
developed countries from other regions, such as Sudan and Haiti.
Of the five small island developing States in the database, four (Fiji, Samoa, Tonga and
Maldives) are clustered in the middle-right portion of the network. The fifth one, Papua New
Guinea, is located in the bottom-centre of the network, suggesting that this country’s level of
attainment across the indicators is similar to that of the region’s least developed countries.
The Asian landlocked developing countries are widely spread out across the network, illustrating
the heterogeneity among countries within the landlocked developing country grouping. They are
broadly dispersed into three small clusters: (a) Armenia, Turkmenistan and Uzbekistan are
located close to the Asia-Pacific small island developing States; (b) Mongolia and Tajikistan are
in the bottom of the network, close to a number of Asian developing countries; and (c)
Azerbaijan and Kazakhstan are located near the top of the network, close to countries such as
Bahrain, Brunei, Qatar and the Russian Federation, which are ail-exporting countries.
Although the data used to construct the countries’ network are cross-sectional, the network can
be interpreted as representing potential pathways for progress towards the Sustainable
Development Goals. For instance, for the groups of Asia-Pacific least developed countries at the
bottom-centre of the network one pathway for progress would be to initially strive for levels of
attainment across the indicators similar to Indonesia, Viet Nam and China and Thailand. At a
later stage, they could try to achieve similar patterns of attainment to countries that are
positioned higher up the network, such as Mexico, Slovakia, Dominican Republic, Albania and
the Former Yugoslav Republic of Macedonia.
However, the countries’ network also identifies obstacles to the development of lower income
countries. The red links in figure 2 represent comparatively weaker links, in the sense that the
two countries that share such links are less similar to each other in their attainment of the
indicators. The figure shows that the majority of the weaker links reside in the bottom portion of
the network. Examples of weak links in the figure include the link between Bangladesh and
Indonesia – which separates the region’s least developed countries from developing countries
such as the Philippines, Viet Nam, Sri Lanka, China and Thailand – and the links of Afghanistan
and Papua New Guinea with other least developed countries. Such weak links are indicative of
structural differences between the countries connected by them. Addressing them would require
targeted agendas, such as the Istanbul Programme of Action, and special measures of support by
the international community aimed at reducing their structural impediments to sustainable
development.
As mentioned above, the network of countries suggests that the region’s least developed
countries are a very homogeneous group with regard to their attainment across the 82 indicators
included in the analysis. Their similarities as least developed countries are more important than
11
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possible differences associated with geographic characteristics such as being landlocked or a
small island developing State.

IV.

Calculating SDG capacity

The attainment of the Sustainable Development Goals requires countries to possess specific
capacities related to the effective implementation of socioeconomic and environmental policies,
which are very difficult — if not impossible —to directly observe and measure. They could
include a Government’s capacities to design and implement policies, as well as capacities in the
population at large to contribute to the attainment of the Goals. In the present paper – in a similar
fashion to ESCAP (2015) in the case of productive capacities – the SDG capacities of a country
are measured using information provided by the SDG system.
Traditional measures such as GDP per capita or even relatively more comprehensive measures,
such as the human development index are insufficient in gauging SDG capacities because they
omit important aspects that are vital in Goal implementation, such as vulnerabilities to climate
change, peaceful societies, strong institutions or gender equality. For example, Kazakhstan, with
a relatively high GDP per capita of roughly $12,500 (2014, current $) and a high human
development index value of 0.76 (2013) has attained less compared with least developed
countries in Goals such as responsible consumption and production (Goal 12), climate action
(Goal 13) and life on land (Goal 15), which is not captured in traditional measures of income or
human development.
Using the 82 indicators included in the analysis, the simplest way to construct a measure of SDG
capacities for a particular country is to calculate the average level of attainment across all the
indicators. However, this measure is unsatisfactory either because it does not take into
consideration that different indicators are characterized by different degrees of complexity. For
instance, it is reasonable to assume that it would take considerably more resources for a country
to increase its number of articles published in scientific and technical journals than to increase
the number of users of mobile phones.
It is possible, however, to indirectly measure the SDG capacities of a country using the
information provided by the Goal system. To do this, the capacities of countries are thought of
as building blocks (or a Lego piece), with a specific Goal being equivalent to a Lego model, and
a country being equivalent to a bucket of Lego pieces (Hidalgo and others, 2007; Hidalgo and
Hausmann, 2009). A particular indicator is assumed to embody a particular capacity (one Lego
piece) relevant to Goal attainment, and thus the group of indicators as a set becomes the set of
building blocks for attainment of the Goals. Countries are able to achieve higher attainment in a
particular Goal (a more complex Lego model) only if the relevant capacities (Lego pieces)
needed to increase attainment in an indicator are available within the country’s set of capacities
(the Lego bucket).
We assume that the degree of complexity of an indicator is inversely related to the number of
countries that have high attainment in it. That is, if many countries are doing well in a particular
indicator, its complexity is assumed to be lower. Thus a more accurate measure of the SDG
capacities of a country is a weighted average of the levels of attainment in the indicators, using
each indicator’s complexity as weights. The measurement of SDG capacities can be further
refined using the Method of Reflections, which will be detailed in the following subsection. The
more refined measures of SDG capacities are higher if a country is doing well in indicators that
12
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other countries are struggling with, since this suggests that the country possesses unique
capacities that others do not have.
A. The method of reflections
The SDG capacities of countries is calculated using the Method of Reflections proposed by
Hidalgo and Hausmann (2009), with some modifications. The Method of Reflections uses the
information of the constructed bipartite network of 1) countries and 2) indicators to calculate
measures of SDG capacity and indicator complexity. Here, the links connect only countries with
indicators, and no links exist between countries or between indicators. Any link between a
country and indicator is defined by the country’s normalized attainment for the particular
indicator in question, where the link weights take a value between 0 and 100.
Taking countries as a starting point, the simple sum of normalized attainment across the
indicators for a particular country is calculated to produce a first order measure of “SDG
capacity.” Countries with relatively high levels of attainment across the 82 indicators used will
have high first order SDG capacities. The same can be done for the indicators, where the
normalized attainment across countries is summed up for a particular indicator. Indicators with
high first order “ubiquity” will be ones where many countries having comparatively high
attainment levels. Thus such indicators are considered to be less complex, or in other words
easier to improve upon. Consider a bipartite network M described by the adjacency matrix ' ,
where each element in the matrix  is defined as the normalized attainment values of country
 in indicator . Then,
(, = ∑ '
*, = ∑ '
where (, is the first order SDG capacity for country c, and *, is the first order ubiquity for
indicator i. While intuitive, this first-order measure of capacity in itself is unsatisfactory, as
mentioned above, since it does not take into consideration the complexity of a particular
indicator over another.
The information provided by the interlinkages among all the countries and indicators can be
used to infer a measure of indicator complexity. This is done by assuming that if many countries
are doing well in a particular indicator (thus being strongly “linked” to that indicator), the
complexity of that indicator is less and vice versa. The SDG capacities of a country are
calculated by taking the sum of the overall attainment levels across indicators, weighted by each
indicator’s complexity. The complexity measure for a particular indicator, and thus the SDG
capacity for a certain country, becomes more and more refined as more information of the Goal
network is taken into consideration, where more information of the Goal network refers to
considering not only direct (first-order) linkages, but also indirect linkages of subsequent order.
In essence, the SDG capacities calculated for each country are higher if a country is doing well
in indicators that other countries are struggling with, since this suggests that the country
possesses unique capacities that others do not have.
The Method of Reflections iterates by using the information collected at the first order to
calculate a second order measure, using information provided by second order (the link weights
between a link neighbour and the link neighbour’s neighbour) linkages. Subsequent iterations of
higher order utilize more and more information regarding indirect linkages between distant
neighbours. For example, the second order SDG capacity measure for countries would not
13
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simply sum the link weights of first order linkages, but would weight these links based on the
ubiquity levels calculated for the indicators in the first order. Higher reflections for countries
represent generalized measures of SDG capacities in that the difficulty in achieving a certain
level in a particular indicator is taken into consideration, rather than simply summing up the raw
attainment levels. The same applies for indicators, where the higher order reflections generate
generalized measures of ubiquity in that the SDG capacities of countries are taken into
consideration.
Higher order reflections are the recursive set of calculated values defined as
(, =

,బ

∑ ' *,

*, =

,బ

∑ ' (,

for  ≥ 1. For countries, the even reflections ((,, (, , (, , . . . ) are generalized measures of
attainment, and thus reflective of SDG capacities, while the even reflections for indicators (*, ,
*, , *, , . . . ) are generalized measures of ubiquity (inverse of complexity). In network terms,
(, and *, are the average nearest neighbour degree. Higher order reflections can be
interpreted as linear combinations of the properties of all of the nodes in the network. In the
analysis for this paper, (, is used as the generalized measure of SDG capacity for a country,
and *, is used as the measure of indicator ubiquity. The 8th reflection for countries and
indicators is used, for higher order reflections did not result in any substantial change in rank
among countries or indicators given the data.
B. The SDG capacities index
Figure 3 compares the country rankings among Asia-Pacific countries, from raw attainment, the
sum of attainment across the 82 indicators, to more refined measures of SDG capacities. The
figure shows that countries such as Kyrgyzstan and Tajikistan drop substantially in rank while
others, such as Maldives and Turkmenistan, gain in rank. For Kyrgyzstan and Tajikistan, this is
because their comparative advantage across Goals is in indicators related to affordable and clean
energy (Goal 7) and life on land (Goal 15), which have relatively low complexity. Maldives
gains significantly in rank because it is doing very well in indicators such as water productivity,
measured as GDP divided by annual total water withdrawal, and mobile cellular subscriptions
per 100, for which complexity is very high. The movement of Turkmenistan up the rankings can
be explained by its strength in education-related indicators that go beyond measuring basic
primary education, such as mean years of schooling or the proportion of the population with
some secondary education, for which again complexity is comparatively high.
Figure 4 shows the SDG capacities of the Asia-Pacific CSN. It shows that four small island
developing States are among the top six, while the nine least developed countries are among the
bottom 11 CSN from the region in SDG capacities. Landlocked developing countries are seen to
have heterogeneous levels of capacities, with five countries in the middle of the distribution, two
(Kazakhstan and Armenia) among the top five and one (Tajikistan) in the bottom half. In a
similar fashion to the countries’ network, Papua New Guinea is an outlier small island
developing State. Armenia, Azerbaijan, Fiji, Kazakhstan, Maldives, Samoa and Tonga are seen
to have higher levels of SDG capacities compared with the average of developing Asia-Pacific
countries. While the lower levels of SDG capacities of least developed countries reinforce the
message of the countries’ network that these countries need particular attention and support from
14
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the international community for the implementation of the 2030 Agenda, other countries that are
not least developed countries will also need such support.
Figure 3. Relationship between raw attainment and SDG capacity measures, country rankings,
Asia-Pacific countries
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Figure 4. SDG capacities, Asia-Pacific countries with special needs
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Figure 5. SDG capacities versus gross national income per capita and the human development
index

Source: Authors.
Note: The SDG capacities for each country are normalized so as to be between 0 and 100, with 100 being the highest
and 0 being the lowest level of capacity observed within the total set of countries included in the analysis.

Figure 5 shows that SDG capacities are, to varying degrees, correlated with both income levels
and the human development index, although the relationships are non-linear in both cases. The
top panel of the figure shows that when comparing income levels measured by GNI per capita
with SDG capacities, there is a tipping point at income levels of around $40,000 (roughly 4.6 on
the logarithmic scale), where a further increase in income levels actually results in a decline in
SDG capacity. The reason is that although the overall attainment levels across the indicators are
high for high-income countries, these countries have lower attainment levels in indicators related
17
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to the environment, food production and sustainable energy. For example, Luxembourg and
Qatar, the two highest income countries in the sample, have very poor attainment in indicators
such as CO2 emissions per capita, renewable energy consumption and output and air pollution
from particulate matter, all of which are considerably lower than even the least developed
country.
Because per capita income refers to only one of the three pillars of sustainable development, a
better way to gauge the appropriateness of the proposed measure of SDG capacities is by
comparing it with the human development index, which includes life expectancy and education
in addition to per capita income. Not surprisingly, the figure shows that SDG capacities
correlated more with the human development index than with income per capita. What is more
interesting is that the relationship between the human development index and SDG capacities is
also characterized by diminishing returns: for higher index levels, a unit increase has less of an
impact on SDG capacities compared with a unit increase at lower index levels. This result could
also be caused by the absence of environmental indicators in the human development index,
along with a poorer performance in such indicators for countries with higher levels of human
development.
For CSN, there exist some countries that deviate substantially from the predicted trend line for
income levels and to a lesser extent the human development index. For example, the SDG
capacity of Kyrgyzstan is measured at approximately 66 out of a maximum of 100, which is
much higher than the predicted level of capacity at around 40 given its income level of $1,250
(approximately 3.1 on the logarithmic scale). For countries that are above the trend line, the
deviations suggest that there exists more room for progress towards attaining the Goals relative
to countries with similar levels of income or human development, since their SDG capacities are
higher than average. However, this also suggests that these countries may be able to achieve
higher levels of income or human development given their levels of SDG capacity, which
implies that the capacities of these countries are currently underutilized. The opposite is true for
countries that are below the trend line, such as Papua New Guinea or the Lao People’s
Democratic Republic, where lower than average SDG capacities suggest that there is less room
for progress towards the Goals given their respective levels of income or human development.
In sum, the figure is reassuring in that the proposed measure of SDG capacities is highly
correlated to existing measures of economic and socioeconomic progress. Moreover,
considering that the 2030 Agenda is multidimensional and applies to countries of all levels of
income, SDG capacities is more relevant because it is constructed from a broad set of indicators
covering not only the three pillars of sustainable development but also governance and means of
implementation.

V.

Identifying optimal pathways for progress

The proposed SDG capacity measure is advantageous in many ways, including its
comprehensiveness, its direct relationship with indicators relevant to the Goals and its
relatedness with other traditional measures of development potential such as income and the
human development index. In essence, it provides a synthetic way for countries to assess their
progress towards the achievement of the 2030 Agenda. It can be also useful as a planning tool to
guide countries on the prioritization and sequencing of the attainment of indicators over time.
When it comes to devising an optimal pathway for country-specific progress, what is required is
well-targeted policy measures tailored to the current state and the specific needs of the country,
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as well as consideration of administrative and institutional capacities. Devising such countryspecific pathways of Goal implementation is one of the main obstacles for development in AsiaPacific CSN, for one overarching, universal pathway for progress is neither feasible nor useful.
This can easily be seen in the heterogeneity of current attainment levels for the indicators across
CSN (see figures 1 to 4). For example, Vanuatu, which has a high level of attainment across
indicators related to responsible consumption and production (Goal 12), may benefit more from
improving in indicators in which it is comparatively weak. Other countries, such as
Turkmenistan, which have relatively low levels of attainment in Goal 12 might benefit from
improving upon indicators related to that specific Goal.
In view of the above, it becomes intuitive to conceptualize development as choosing to improve
upon different areas of the Goals during different stages of development, such that the SDG
capacities of a country can be maximized. Here, an important aspect of the SDG capacity
measure comes into play, namely its decomposability. By construction, SDG capacity is
calculated based on the attainment levels for each indicator, and thus the levels of attainment for
each indicator become the piecewise inputs (the Lego blocks), with the output being the
aggregate SDG capacity index. By comparing the potential increases in SDG capacity of a
country brought about by potential increases in attainment for different indicators, it is
straightforward to evaluate which indicator brings about the largest increase in SDG capacity.
Multiple increases in attainment across indicators can be represented by stepwise maximization
of SDG capacity, in which a country improves upon one indicator by a small increment in each
step. In short, the value of the SDG capacities measure is calculated for a small increase in the
value of a number of indicators, one at a time, selecting the indicator that yields the largest
increase in SDG capacities. Iterating this calculation many times can produce an “optimal”
pathway for progress towards the achievement of the Goals.
This calculation is country-specific, as it depends both on the specific levels of attainment of a
country in each of the indicators and on the position of the country in the SDG system. The latter
provides critical information about both the interlinkages, synergies and trade-offs between
indicators and the degree of complexity of each indicator. This information facilitates the
selection of those indicators that will contribute the most to increasing SDG capacities. For
instance, it seems intuitive to assume that it will be more costly for a country to make progress in
an indicator characterized by a high degree of complexity compared with making progress in a
less complex indicator, which could represent a “low hanging fruit”.
However, it is also the case that countries are limited in the indicators that they can improve
upon. This is due to many reasons, including (a) its current level of SDG capacity, (b) the
current attainment level of the potential candidate indicator and (c) the current attainment levels
across closely related indicators. It is assumed that countries with relatively low levels of SDG
capacity will face increased difficulties improving upon indicators that are comparatively more
complex, having to concentrate instead on indicators that are more common priorities or for
which progress is being made by many countries. The second point relates to the fact that as
attainment for an indicator increases, it becomes more and more difficult to improve upon. For
example, when seeking to decrease CO2 emissions, small changes in behaviours, such as
increased use of public transport, cycling or walking, can bring about large reductions. However,
as emissions are lowered, more significant investments are required for further decreases, for
example, in significant behavioural and urban development and social planning solutions such
as transit-oriented development. Similarly, the provision of various services, ranging from the
Internet to education, is subject to agglomeration economies, as the same investment in
infrastructure can reach significantly more people in densely populated areas, such as large
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cities, than in sparsely populated rural areas. The third point is critical in viewing the set of
Goals and targets as interlinked. Because the Goals — and thus the relevant indicators — are
interlinked, it is much easier for a country to improve upon indicators for which strongly related
indicators already exhibit relatively high levels of attainment.
In sum, a country-specific, optimal pathway for the implementation of the Goals can be derived
by choosing to improve the attainment of those indicators that contribute the most to increasing
a country’s SDG capacities. By constraining the set of indicators eligible for improvement based
on the criteria described above, the derived optimal pathway is specific to the current situation,
capacities and levels of development of each country.
A.

The optimization problem

Before we formalize the optimization problem, we must identify how a country is constrained
by its current circumstances, including SDG capacity and current attainment levels. To do this,
first, the set  of country  ∗ ’s peers is defined as countries that have similar levels of SDG
capacities (denoted as ) calculated from the Method of Reflections. Formally,
 =  ∈ :  ∗ − ̅ ≤  ≤  ∗ + ̅  ,

where ̅ is the threshold value that is used to select the group of a particular country’s peers.
Country  ∗ is said to be populating indicator if country  ∗ has a higher level of attainment in
indicator compared to the average level of attainment for that indicator among a group of the
country’s peers . The group of indicators that country  ∗ is populating determines the position
of that country within the network of indicators. For example, if a particular country is
populating indicators related to Goal 4 (quality education), 5 (gender equality), and 16 (peace,
justice and strong institutions), it can be said that that country is positioned within the social area
of the SDG network. For the analysis, the threshold value ̅ was chosen such that the number of
peers for each country was 20.
After identifying which indicators a country populates, a density measure is constructed which
in essence measures the average proximity of a particular indicator to other indicators that a
country is populating in the SDG network. Formally,
∗


=

∑

∗ ∗
 , 

−1

,

≠

where  is the density around indicator  given the position of country  ∗ within the SDG
∗
network,  is the number of indicators, and  is 1 if country  ∗ is populating indicator and 0
otherwise. A high density value means that a country has many indicators with high proximity
∗
relative to indicator  that are populated. If   is defined to be a column vector where each
∗
element is  , the above can be rewritten in matrix notation as
∗

 =
∗

1
∗
∗
    ,
−1

where each element of the  × 1 column vector  is the corresponding density value
each indicator.
∗
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In addition, it is assumed that not all indicators are equal in their complexity. For example,
indicators such as scientific and technical journal articles encompass a wide range of different
capacities including education, infrastructure and technology, and thus would be harder to
improve upon compared to other more basic indicators such as crop production. The “ubiquity”
measure  , which is ,଼ for indicator i calculated from the Method of Reflections (see annex),
is used as a proxy for complexity, with lower values indicating higher complexity.  is
normalized to be between 0 and 1, with 1 being the highest and 0 being the lowest ubiquity
levels observed given the set of indicators used for the analysis. Here, U is defined to be a  × 1
column vector such that the row values correspond to the ubiquity measure  (,଼ ) for each
indicator. Notably, U is not country specific for it refers to the ubiquity calculated using the
information of all countries, and thus has no country superscript.
Finally, it is assumed that the attainment level for any indicator also determines the relative cost
of improvement. This is because, given any indicator (such as CO2 emissions per capita), it is
relatively easier to improve upon the indicator early on, when attainment levels are relatively
low. However, it is more costly to improve upon the indicator as attainment levels increase, for
more involved measures need to be taken in order to improve upon an indicator that already has
a relatively high level of attainment. The cost of improvement can be defined using an inverted
∗
distance measure  such that it is more costly to improve upon an indicator for which a
country is further away from the mean attainment of its peers. Formally,
∗


ଶ
∗
̅
(
∈
∗
̅
= 1 − 100 − 100  ∀  > ∈
1
ℎ 

̅
where  is the attainment level for indicator in country  ∗ , and ∈
is the average attainment
∗
∗
level in indicator for country  ’s peers . Higher levels of  close to 1 indicate that the
indicator is less costly to improve upon.
∗

Then, the overall ease   in improving upon indicator , given its density value, ubiquity, and
effort needed is defined as
∗

E =   + U + !  ,
∗

∗

∗

where E and ! are  × 1 column vectors where the elements correspond to   and 
∗
∗
∗
respectively. E takes a value between 0 and 3, for each element  , U, and ! takes values
∗
between 0 and 1. Defining a certain threshold ̅ for the measure of ease   , the indicators for
which country  ∗ can improve upon is limited such that only indicators that are above the
threshold are eligible for improvement. Here,
∗

∗

∗

∗

" ̅ = # ∈ ":   ≥ ̅ $ ,
∗

∗

where " ̅ is the set of indicators that are above threshold ̅ . For the analysis, the threshold of 1.5
is chosen, which does not constrain too heavily the set of indicators eligible for improvement
while also being able to differentiate between indicators of varying ease.
∗

The optimization problem is such that country  ∗ chooses to improve on an indicator by an
amount % out of the set of indicators that are above the threshold ̅ which maximizes the
unobserved capacity  ∗ . Formally,
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max  ∗ %ଵ , … , %ே  =  ∗ %ଵ + ଵ , … , %ே
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The optimization problem is simplified by assuming that for one step, country  ∗ can only
increase attainment in one indicator by an amount of 1, which is captured in the first two
constraints. Subsequent rounds of the optimization using updated levels of attainment from the
previous round provide for a detailed, optimal pathway that a country should follow in order to
maximize its capacities.
The objective function is not well-behaved, and as such a computational algorithm needs to be
implemented to derive the optimal pathway for progress of a country. The algorithm is
implemented in 11 steps, defined below.
1. Calculate the SDG capacities of country  ∗ as well as the ubiquity matrix U for
indicators using the Method of Reflections.
∗
2. Calculate the adjacency matrix   defined by the proximity values.
∗
3. Calculate the column vector   indicating which indicators country  ∗ populates,
based on country  ∗ ’s peers determined by the Method of Reflections.
∗
∗
∗
4. Calculate density  based on   and   .
∗
5. Calculate distance ! based on country  ∗ ’s peers determined by the Method of
Reflections.
∗
∗
∗
6. Calculate the “ease” index E based on  , U, and ! .
7. Choose indicators that are above threshold ̅ (1.5 in this case) as being eligible for
improvement.
8. Calculate the new potential SDG capacities through the Method of Reflections for
each eligible indicator, where each calculation assumes that only one indicator will be
improved upon by an increment of 1. Here, the number of times the Method of
Reflections needs to be run will be equal to the number of indicators that cross the
threshold in a particular step.
9. Choose the indicator that results in the highest level of increased SDG capacities.
∗
10. Update raw attainment levels  for country  ∗ .
11. Iterate from steps 1 to 10 for as many rounds as needed.

Each step of the optimization exercise highlighted above encompasses a certain amount of
“effort” needed by a country in order to improve attainment on an indicator. Thus, a measure of
how many steps a country can take in one year needs to be calculated. To do this, first the crosssectional relationship between aggregate raw attainment (', ) and the human development
index (()" ) for countries was examined, where
()" = *,௦௧ + *ଵ,௦௧ ∗ ', + +
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The R-squared value for this regression was 0.86, sufficiently high enough to predict the human
development index levels based on raw attainment. Since the unit increase in ', is the
piecewise input used to calculate the increase in SDG capacity in each step, examining this
relationship allows for the calculation of the increase in the human development index brought
about by one step of optimization. Given the set of countries in the sample, *ଵ,௦௧ was
estimated to be 0.0001227, suggesting that one unit increase in ', results in an increase in the
human development index of 0.0001227.
Afterwards, the historical trend in the human development index for a particular country
(Bangladesh, Kazakhstan, and Fiji in this paper) is used to predict yearly increases in the index
for each country. It was estimated that given historical trends, from 1980 to 2014, Bangladesh,
Kazakhstan, and Fiji would experience yearly increases in the human development index of
roughly 0.0071, 0.0041, and 0.0038 respectively. The R-squares for all country regressions were
greater than 0.95. This information, coupled with the increase in the human development index
brought by one step of optimization allows for the calculation of the number of steps the
countries can take in one year. Thus, the number of steps that can be taken for Bangladesh,
Kazakhstan, and Fiji yearly were calculated to be 58, 33, and 31 respectively.
The following section illustrate results from the derivation of optimal pathways for the
implementation of the 2030 Agenda in a least developed country (Bangladesh), a landlocked
developing country (Kazakhstan) and a small island developing State (Fiji). The selection of
countries was on the basis of their representation of the three groups of Asia-Pacific CSN as well
as their data availability: Bangladesh and Kazakhstan had data available for all 82 indicators,
while Fiji had data for 75 indicators.7
B.

Pathways for Goal implementation: Bangladesh, Kazakhstan and Fiji

Tables 1 to 3 lay out the suggested areas for Bangladesh, Kazakhstan and Fiji based on the
objective of maximizing SDG capacities. The results are aggregated into three five-year phases:
2016-2020, 2021—2015 and 2026-2030. The priority levels for each indicator are calculated as
the percentage of steps in each phase for which the indicator is chosen as a priority, relative to
the total number of steps in each phase.
The first characteristic of the optimal pathways for the implementation of the 2030 Agenda in
the countries shown in tables 1 to 3 is a large concentration in a relatively small number of
indicators. Although the top indicators for each country and phase shown in the tables represent
10% or less of the total number of indicators in the data, the small number of indicators
concentrate around 80% of the steps taken by each country in each phase. This suggests a very
strategic approach for the achievement of the Goals, with a heavy policy focus on selected areas
of great importance to the country. A second characteristic of the optimal pathways is
sequencing, in the sense that the priorities vary from phase to phase. A third characteristic is that
the results are dependent on each country’s level of capacities and position in the SDG system,
tending to emphasize “low hanging fruits” or indicators in which the country underperforms
compared with other countries with similar levels of SDG capacities.
In the case of Bangladesh, the optimal pathway emphasizes improvements in education as the
top priority area in the first phase (2016-2020), with 23.6% of the improvements directed
towards increasing years of schooling and the percentage of the population with secondary
education. This is consistent with the fact that Bangladesh is underperforming in Goal 4 (quality
7

See Cho, Isgut and Tateno (2016) for an application of the proposed analytical framework to Pakistan.
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education). Additional priority areas in the first phase include two inequality indicators
representing 18.6% of the improvements, and two infrastructure indicators, representing 18.4%
of the improvements. Again, these indicators are ones in which Bangladesh is below the 20th
percentile in terms of attainment, when compared with the set of countries included in the
analysis. In the early stages, while growth in the form of increases in income (GDP per capita) is
also seen to be somewhat of a priority (7.8% of total improvements), the prevalence of education
and inequality indicators that precede growth in importance suggests that Bangladesh needs to
improve upon overall levels of human capital before economic growth can actually take place.
In the second phase (2026-2030), the top priority indicators for Bangladesh is ease of doing
business (17.2%), followed by infant mortality (12.1%) and water productivity (10%). This is
understandable considering that such areas require a certain amount of investment in social
indicators as well as economic growth in order to be feasible as improvement targets. The two
education indicators that are so highly prioritized in the first phase receive a lower, but still
important, priority in the second phase (9%), further highlighting the urgency for Bangladesh to
invest heavily in education early on. The overall importance of growth itself declines in the
transition phase from roughly 8% in the previous stage to 5%, suggesting that prioritization of
other relevant areas needs to precede economic growth and development.
In the third phase, overall life satisfaction becomes the top indicator on which the country should
focus (12.1%), followed by improved sanitation (9.7%) and life expectancy (8.3%). The top
priority of overall live satisfaction in this phase is consistent with the strong investments in
education recommended for phase 1 and in ease of doing business in phase 2, as it is well
documented that life satisfaction is positively related to human capital and governance.8 Three
infrastructure and innovations indicators – the Internet, air transportation and scientific technical
journal articles – represent 20.7% of the improvements in the third phase. The emergence of
these indicators suggests again that improvements in other core indicators must take place first
in order for Bangladesh to obtain the required SDG capacities to improve upon these indicators.
The top priority indicators for Kazakhstan differ greatly from and are much more concentrated
than those for Bangladesh. In the first phase, three indicators related to transport and
telecommunications infrastructure represent as much as 45.5% of the improvements. This heavy
concentration on connectivity is understandable in light of the country’s status of landlocked
developing country. Some of these indicators, including scientific and technical journal articles
(11.6%) and agriculture value added (13.1%) are of relatively high complexity, reflecting the
high SDG capacities of Kazakhstan.
In the second phase, the priority on transport and telecommucations infrastructure drops
significantly, reinforcing the importance for the country to invest heavily and early on in this
area. The top indicators in this phase is commercial banking (22.4%), for which the current level
of attainment of Kazakhstan is currently very low, below the 2nd percentile, even less than
Bangladesh, which stands at the 15th percentile. While more complex and difficult to improve
upon compared with other more basic indicators, commercial banking has many positive
spillover effects on economic growth and development, strong institutions and financing for the
attainment of the Goals, among others. Thus, its importance as a driver for improving SDG
capacity is understandable, especially for Kazakhstan due to the country’s relatively advanced
status among CSN and comparatively low levels of current attainment in the indicator.
Expanding commercial banking therefore seems like a reasonable “low hanging fruit” for
Kazakhstan to enjoy.
8

See, for example, Abdallah, Thompson and Marks (2008) and Helliwell and Huang (2008).
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Table 1. Top priority indicators for the implementation of the 2030 Agenda in
Bangladesh
First phase (2016-2020)
Goal
4. Quality education
4. Quality education

Indicator
Education index (years of schooling)
Secondary education

10. Reduced inequalities
9. Industry, innovation and infrastructure

Human inequality (health, education and income)
Internet users

9. Industry, innovation and infrastructure

Trade and transport-related infrastructure
Gender inequality (health, empowerment and
labour)
GDP per capita
Food supply

5. Gender equality
8. Decent work and economic growth
2. Zero hunger
8. Decent work and economic growth
Other

Commercial banking

Priority level (%)
12.1
11.5
10.6
10.1
8.3
8.0
7.8
7.5
6.3
17.8

Second phase (2021-2025)
Goal
8. Decent work and economic growth
3. Good health and well-being

Indicator
Ease of doing business index (regulations)
Infant mortality

6. Clean water and sanitation
2. Zero hunger

Water productivity
Food supply

16. Peace, justice and strong institutions
9. Industry, innovation and infrastructure

Overall life satisfaction index
Trade and transport-related infrastructure

5.5
5.2

8. Decent work and economic growth
4. Quality education

GDP per capita
Education index (years of schooling)

4.8
4.5

4. Quality education
10. Reduced inequalities

Secondary education
Human inequality (health, education and income)

4.5
4.1

Other

Priority level (%)
17.2
12.1
10.0
5.5

26.6

Third phase (2026-2030)
Goal
16. Peace, justice and strong institutions

Indicator
Overall life satisfaction index

Priority level (%)
12.1

6. Clean water and sanitation
3. Good health and well-being

Improved sanitation
Health index (life expectancy)

9.7
8.3

9. Industry, innovation and infrastructure
9. Industry, innovation and infrastructure

Internet users
Air transportation

7.2
6.9

9. Industry, innovation and infrastructure
2. Zero hunger

Scientific and technical journal articles
Agriculture value added

6.6
5.2

3. Good health and well-being
4. Quality education

Infant mortality
Secondary education

4.8
4.8

10. Reduced inequalities
Human inequality (health, education and income)
4.8
Other
29.7
Source: Authors.
Note: Priority levels for the indicators are calculated as the percentage of steps in each phase for which the
indicator is chosen as a priority relative to the total number of steps in each phase.

25

An analytical framework for identifying optimal pathways towards sustainable development

Table 2. Top priority indicators for the implementation of the 2030 Agenda in
Kazakhstan
First phase (2016-2020)
Goal

Indicator

9. Industry, innovation and infrastructure

Trade and transport-related infrastructure

23.7

2. Zero hunger

Agriculture value added

13.1

9. Industry, innovation and infrastructure

Air transportation

11.6

9. Industry, innovation and infrastructure

Scientific and technical journal articles

11.6

5. Gender equality

Gender inequality (health, empowerment and
labour)

11.1

8. Decent work and economic growth

Commercial banking

10.6

9. Industry, innovation and infrastructure

Internet users

10.1

Other

Priority level (%)

8.1

Second phase (2021-2025)
Goal

Indicator

8. Decent work and economic growth

Commercial banking

8. Decent work and economic growth

Ease of doing business index (regulations)

8.5

9. Industry, innovation and infrastructure

Air transportation

8.5

9. Industry, innovation and infrastructure

Scientific and technical journal articles

8.5

2. Zero hunger

Food supply

7.9

2. Zero hunger

Agriculture value added

6.7

8. Decent work and economic growth

GDP per capita

6.7

9. Industry, innovation and infrastructure

Fixed-telephone users

6.7

Other

Priority level (%)
22.4

24.2

Third phase (2026-2030)
Goal

Indicator

6. Clean water and sanitation

Water productivity

3. Good health and well-being

Infant mortality

9.7

9. Industry, innovation and infrastructure

Air transportation

9.1

8. Decent work and economic growth

Ease of doing business index (regulations)

7.3

8. Decent work and economic growth

GDP per capita

6.7

2. Zero hunger

Agriculture value added

6.1

10. Reduced inequalities

Human inequality (health, education and income)

6.1

Other

Priority level (%)
34.5

20.6

Source: Authors.
Note: See note in table 1.
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Table 3. Top priority indicators for the implementation of the 2030 Agenda in Fiji
First phase (2016-2020)
Goal

Indicator

Priority level (%)

5. Gender equality

Gender inequality (health, empowerment and labour)

19.9

9. Industry, innovation and infrastructure

Trade and transport-related infrastructure

15.7

9. Industry, innovation and infrastructure

Fixed-telephone users

13.9

9. Industry, innovation and infrastructure

Internet users

12.0

8. Decent work and economic growth

GDP per capita

10.6

2. Zero hunger

Agriculture value added

8.3
19.4

Other
Second phase (2021-2025)
Goal

Indicator

Priority level (%)

8. Decent work and economic growth

Commercial banking

12.2

9. Industry, innovation and infrastructure

Fixed-telephone users

11.1

2. Zero hunger

Food supply

10.0

9. Industry, innovation and infrastructure

Trade and transport-related infrastructure

9.4

10. Reduced inequalities

Human inequality (health, education and income)

8.3

8. Decent work and economic growth

GDP per capita

7.8

9. Industry, innovation and infrastructure

Scientific and technical journal articles

7.8

4. Quality education

Secondary education

7.2

5. Gender equality

Gender inequality (health, empowerment and labour)

6.7
19.4

Other
Third phase (2026-2030)
Goal

Indicator

Priority level (%)

4. Quality education

Secondary education

15.8

8. Decent work and economic growth

Ease of doing business index (regulations)

14.7

2. Zero hunger

Agriculture value added

12.1

8. Decent work and economic growth

GDP per capita

10.0

9. Industry, innovation and infrastructure

Scientific and technical journal articles

7.8

9. Industry, innovation and infrastructure

Trade and transport-related infrastructure

7.2

9. Industry, innovation and infrastructure

Internet users

6.1

10. Reduced inequalities

Human inequality (health, education and income)

5.0
21.3

Other

Source: Authors.
Note: See note in table 1.

In the third phase, the optimal pathway for progress in Kazakhstan identifies water productivity
as GDP per cubic metre of total freshwater withdrawal, as the key area for improvement, with a
priority level of 34.5%. Such results highlight the specific circumstances of Kazakhstan, which
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has an attainment level for water productivity close to the 3rd percentile and the fact that the
country has traditionally experienced water deficits, relying heavily on neighbouring Kyrgyzstan
for the bulk of its water supply. The emergence of water productivity as a driving factor in the
latter phase may signal the need for Kazakhstan to diversify its output base, which is dominated
by oil production, to other less water-intensive sectors as the economy develops toward
maturity. 9
The optimal pathway for Fiji has some similarities with that of Kazakhstan. For instance, both
countries assign a high priority to transport and telecommunications infrastructure in the first
phase, totaling 41.6% of the improvements in the case of Fiji. This could be explained by the
high cost of international trade, which characterizes both landlocked developing countries and
small developing States. Interestingly, the composition of this initial high investment in
infrastructure is different for both countries, with Fiji assigning a significantly larger role to
telecommunications. This may be due to Fiji’s larger distance from international markets, which
may make the cost of international trade in services lower compared with merchandize trade, as
well as the remoteness of islands within the country among each other.
A peculiarity of Fiji is the strong priority accorded to gender inequality (19.9%) in the first
phase. This could be due to the fact that the current level of attainment of Fiji in gender
inequality index, which measures inequalities in health, empowerment and labour, is around the
25th percentile, substantially lower than other countries with similar levels of SDG capacities.
The low participation of women in the labour force, coupled with inequalities in health and
empowerment, has an impact on the overall productivity of the population, and thus the optimal
pathway suggests that gender inequality is the main constraining factor for Fiji in the first phase
of development.
Another similarity is the top priority of commercial banking in the second phase in Fiji, although
with a lower level of priority (12.2%) than in the case of Kazakhstan. These similarities could be
related to the fact that both countries have similar and relatively high levels of SDG capacities,
which enables them to focus on relatively complex indicators such as banking. The optimal
pathway also points to the importance of food supply, measured as kcal per capita per day, as a
limiting factor in the transition phase, which is seen to be comparatively more important for Fiji
compared with Kazakhstan or even Bangladesh. Although Fiji has overall higher levels of
attainment in food supply at roughly the 60th percentile compared to the 13th percentile for
Bangladesh, its levels of attainment are still significantly lower than countries with similar levels
of SDG capacity and is thus in need of improvement. The importance of scientific journal
articles increases for Fiji as the country develops in the third phase, which, coupled with the
increasing importance of the percentage of the population with secondary education, illustrates
the importance of education on innovation and capacity development in the latter phases of
development.
C. Identifying bottlenecks in developing SDG capacity
The optimal pathways, illustrated in the previous section for the cases of Bangladesh,
Kazakhstan and Fiji, are built so that they focus on improving the indicators in the most
effective manner. This implies, as previously discussed, a preference for indicators in which the
9

In 2010, global withdrawal of water for energy production were estimated by the International Energy Agency
(2012) to be 583 billion cubic metres or 15% of the world’s total water withdrawals. Based on data in current
United States dollars from the United Nations National Accounts Main Aggregates Database, the share of
mining and utilities in world GDP was 7% that year. Therefore, it is clear that energy is a highly water-intensive
sector.
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country is lagging behind compared with other countries with similar SDG capacities, for
instance to take advantage of agglomeration economies, as well as for indicators that are
relatively less complex and thus easier to make progress faster on them. This discussion in the
previous section provided some examples of these choices. The present section complements the
previous discussion by showing graphically the progress of the three countries in the
implementation of the 2030 Agenda in their respective indicators networks.
In the indicator networks for Bangladesh, Kazakhstan and Fiji shown in figures 6 to 8, the red
nodes represent indicators in which the countries are performing better than other countries with
similar levels of SDG capacity (its “peers”) at the present. As described in section III.A., a
country’s peer are defined as a group of 20 countries comparing those that occupy the 10
positions in the ranking of SDG capacities immediately above and immediately below the
country. The green nodes represent indicators in which the country is progressing from below
the mean for the peer group at present to above the mean in 2030. These indicators are
prioritized in the optimal pathway, indicating that improving their attainment is effective for the
country. Finally, the white nodes represent indicators that are still below the average for the
country’s peer by 2030. These are indicators for which the country may have found difficulties
in making much progress, either because of their complexity or because of the absent of
synergies with other nearby indicators in the network. Some of the white nodes are large,
representing indicators that are “important” within the network because of the number and
strength of their connections with other indicators or because of their positions as “gatekeepers”
between separate clusters of indicators. We refer to them as “bottlenecks”.
Much like how correlation does not always imply causality, each link in the network, on its own
at least, does not necessarily capture causal linkages between two indicators, since two
indicators moving in tandem do not always mean that there is a causal linkage between the two.
However, a relatively accurate indication of strong relationships among certain indicators can be
inferred if a group of indicators as a whole are closely clustered together. Furthermore, when a
certain indicator acts as a bridge between different strongly connected clusters, there is a high
probability that those indicators serve as the key indicators that connect different areas of the
network and thus act as gatekeepers.
Figure 6 shows that the optimal pathway of Bangladesh for the implementation of the 2030
Agenda include improvements in indicators that are near other indicators in which Bangladesh is
already performing between than its peer. There indicators, which are mostly clustered in the
bottom portion of the network, include the gender index, GDP per capita, average years of
schooling and human inequality (shown in green). The top portion of the network shows a
cluster of indicators in which Bangladesh will not be able to outperform its peers by the year
2030. These include high complexity indicators such as tax revenue, the percentage of high-tech
exports and export diversification as well as some indicators broadly related to health and
infrastructure (show in white). The depiction of the optimal pathway of Bangladesh also shows a
number of bottlenecks, represented by large white nodes. These include poverty headcount,
poverty gap ratio, the prevalence of tuberculosis and urban. At present, Bangladesh has very low
levels of attainment for these bottleneck indicators (below the 5th percentile), which suggests
that there are conditions specific to Bangladesh that are impeding it from progressing in these
areas. The analysis suggests that these impediments may take more time or require higher SDG
capacity to improve upon.
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Figure 7 shows that the optimal pathway of Kazakhstan includes improvements in indicators
such as Internet usage, scientific journal articles, the business environment and agriculture value
added, for which complexity is relatively high. Much like Bangladesh, however, by 2030
Kazakhstan is still predicted to need improvements in indicators clustered at the top portion of
the network. Considering that Kazakhstan has a high initial level of SDG capacity and will have
significantly higher levels of SDG capacities by 2030 if it follows the optimal pathway, the
indicators in which Kazakhstan will fail to improve its performance are more related to the
country’s specific circumstances than the complexity of the indicators themselves.
Kazakhstan currently has attainment levels at the very bottom, close to the 1st percentile, in
indicators such as natural resource depletion, CO2 emissions per capita and per $1 GDP and
renewable energy consumption, which reflect the unique circumstances of Kazakhstan as a
commodity exporter and landlocked country. While Kazakhstan is expected to outperform its
peers in some indicators in the top cluster, such as commercial banking and water productivity,
the network representation suggests that tackling bottlenecks, such as drinking water provision,
increased life expectancy and preventing tuberculosis, will further augment the process of
developing SDG capacity. This is understandable given that these bottlenecks are key in tackling
environment-related indicators and also given that they relate to infrastructure provision and
health indicators, such as infant mortality, in which Kazakhstan already has a comparative
advantage.
Figure 8 shows that the main bottleneck to the implementation of the 2030 Agenda in Fiji is
access to electricity. The importance of electricity access for Fiji and other Pacific island
economies can be seen by its role as a gatekeeper between the top and bottom portions of the
network and by its strong relationships with many other indicators. Fiji has traditionally had
difficulty in access to electricity, given its geographic circumstances and the remoteness of the
islands within the country. The figure shows that most of the progress of Fiji by 2030 is
expected to take place in the lower portion of the network. This suggests that addressing this
important bottleneck will be necessary for Fiji to make progress in the upper portion of the
network.
The network representations for the three countries suggest that indicators broadly related to
environmental sustainability are less central to the development of SDG capacities than
socioeconomic indicators. For Bangladesh, indicators related to Goals 13 (climate action), Goal
14 (life below water) and Goal 15 (life on land) are located in the periphery and are only
connected to the core of the network through relatively weak links. The same is true for
Kazakhstan, where indicators such as protected terrestrial areas, renewable energy output, air
pollution and renewable internal freshwater resources are located at the edge of the network.
It should be noted that the three countries, with the exception of Kazakhstan for natural
resources and CO2 emissions indicators, have relatively high initial levels of attainment in
environmental indicators. However, none of the green nodes in the countries’ network
representations is related to the environmental Goals. This could be explained by the peripheral
position of environmental indicators. In a similar fashion to the bottlenecks identified in the
present section, the absence of progress in the environmental pillar may require special
consideration both by national policymakers and by the international community.
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Figure 6. Progress across indicators in Bangladesh

Initial high attainment (2015)
Predicted high attainment (2030)
Low attainment (2015 – 2030)

Source: Authors.
Notes: (a) The red links represent proximity values that are less than 0.75; (b) the size of indicators is based on the
average of weighted degree and betweenness centrality; and (c) indicators are coloured based on the level of
attainment of Bangladesh compared with its peers, identified as those countries with similar levels of SDG capacity.
Red indicators are those in which Bangladesh exhibits higher attainment levels compared with its peers at the
present, while green indicators are those in which Bangladesh is predicted to exhibit higher attainment levels relative
to its peers in 2030 if it follows the optimal pathway.
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Figure 7. Progress across indicators in Kazakhstan

Initial high attainment (2015)
Predicted high attainment (2030)
Low attainment (2015 – 2030)

Source: Authors.
Note: See note in figure 6.
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Figure 8. Progress across indicators in Fiji

Initial high attainment (2015)
Predicted high attainment (2030)
Low attainment (2015 – 2030)

Source: Authors.
Note: See note in figure 6.

D. Scenario analysis
The present section compares predicted time series of SDG capacities for the optimal paths and
two alternative scenarios. In addition to the optimal scenario, two alternative scenarios are
analysed: (a) the pathway that countries follow when they make improvements only on selected
Goals associated with the main areas of focus of their respective programmes of action; and (b) a
random pathway, which does not give precedence to any particular indicator. The former
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pathway limits the indicators that are eligible for improvement to those that relate to the areas of
focus of each programme of action.
The Goals associated with the main areas of focus of a programme of action are those for which
the programme of action covers 50% of more of their targets. According to ESCAP (2016), this
criterion implies the following areas of focus for each programme of action:
a) Istanbul Programme of Action: Goal 1(no poverty), Goal 2 (zero hunger), Goal 4
(quality education), Goal 6 (clean water and sanitation), Goal 7 (affordable and clean
energy), Goal 8 (decent work and economic growth), Goal 9 (industry, innovation and
infrastructure), Goal 10 (reduced inequalities), Goal 13 (climate action), Goal 16
(peace, justice and strong institutions) and Goal 17 (partnerships for the Goals);
b) Vienna Programme of Action: Goal 7 (affordable and clean energy) and Goal 9
(industry, innovation and infrastructure);
c) Samoa Pathway: Goal 2 (zero hunger), Goal 5 (gender equality), Goal 6 (clean water
and sanitation), Goal 13 (climate action), Goal 14 (life below water) and Goal 15 (life
on land).
The random pathway for progress assumes that countries do not optimize their SDG capacities,
randomly choosing indicators for improvement. While this third scenario is rather extreme and
unrealistic, it serves as the baseline for comparison purposes. It could also present a situation in
which there is no policy coordination among various government agencies and levels of
Government.
Figures 9 compares the three scenarios in Bangladesh, Kazakhstan and Fiji, respectively. For
these three countries, the optimal pathway results in higher levels of SDG capacities compared
with the pathway obtained from addressing only the main areas of focus of their respective
programmes of action, with the random pathway leading to low or negligible increases in SDG
capacities. For comparison purposes, the figure shows the historical trends in the human
development index for each country expressed in terms of SDG capacities. To be more precise,
the regression equation shown in figure 5 is used to convert predicted values from historical
trends of the human development index into SDG capacities.
The most interesting differences across countries are those between Bangladesh and the two
other countries. In the case of Bangladesh, the optimal pathway and the pathway defined by the
Istanbul Programme of Action follow almost identical courses up to 2025, after which the
optimal pathway results in a slightly faster growth in SDG capacities. This suggests that the
Istanbul Programme of Action is both comprehensive and a good match for the priorities of
Bangladesh with regard to implementing the 2030 Agenda. The predicted trajectories in SDG
capacities associated with both the optimal and the pathway defined by the Istanbul Programme
of Action exceed the historical trend of the human development index. The random pathway
would be unable to guarantee that Bangladesh could keep up with or exceed past trends in
annual increases.
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Figure 9. Comparison of scenarios
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In contrast, in the case of Kazakhstan and Fiji, the optimal scenarios are predicted to bring about
increases in SDG capacities that are substantially higher than the pathway derived from
considering only the focus areas of the Vienna Programme of Action and the Samoa Pathway. In
the case of the Vienna Programme of Action, this is due to the fact that only Goals 7 and 9
satisfy the criterion for inclusion in the scenario described above. Although Goal 9 is very
important to Kazakhstan, as is clear from table 2, focusing exclusively on infrastructure prevents
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the country from exploiting synergies between infrastructure and other areas of the 2030 Agenda.
This is illustrated by the proximity in the network of Kazakhstan (figure 7) of indicators such as
the Internet, air transport, ease of doing business, agriculture value added and child mortality.
Fiji also performs poorly when the country focuses exclusively on a relatively small number of
Goals. To be sure, the Samoa Pathway covers almost all the Goals of the 2030 Agenda and
addresses the social, economic and environmental pillars in a balanced manner. However, when
applying the criterions of including in the scenario only Goals for which the Samoa Pathway
covers more than 50% of their targets, only Goals 2, 5, 6, 13, 14 and 15 are selected. Of these six
Goals, Fiji prioritizes only Goals 2 and 5 in its optimal pathway (table 3). This leaves out the
important priority assigned in the optimal pathway to Goal 8 (decent work and economic
growth) and Goal 9 (industry, innovation and infrastructure), as well to other areas with lower
but still meaningful priority, such as Goal 4 (quality education) and Goal 10 (reduced
inequalities). As in the case of Kazakhstan, restricting the indicators for improvement prevents
Fiji from exploiting synergies among indicators, such as those between agriculture value added
and the Internet or between the gender index and trade infrastructure (figure 8).
In sum, the results show that although the main areas of focus of the Istanbul Programme of
Action provide very good guidance for the implementation of the 2030 Agenda in Bangladesh,
those of the Vienna Programme of Action and the Samoa Pathway are too limited to boost
sustainable development in, respectively, Kazakhstan and Fiji. To be sure, estimations should
always be interpreted with caution and the criterion of restricting the choice of indicators to
Goals for which a programme of action covers 50% or more of their targets may be too strict. It
would be desirable to explore other criteria for the alternative scenarios. The main conclusion of
the present section is, nevertheless, very clear. It tells us that restricting the indicators may
impede the exploitation of synergies across indicators from different areas. Taking full
advantage of such synergies, which requires an understanding of the position of a country in the
SDG system, can allow the country to make significantly more progress in boosting its SDG
capacities and moving faster towards the attainment of the Goals.

VI.

Concluding remarks

The paper has proposed a solution to the very complex problem of how to best prioritize and
sequence the attainment of the Goals in the most effective manner, taking into account the
unique circumstances, capacities and levels of development of individual countries. The solution
is based on viewing a set of 82 indicators that are representative of the 17 Goals and 174
countries for which data are available as comprising a complex system, referred to as the SDG
system. The SDG system provides detailed information on the interlinkages, synergies and
trade-offs across different indicators from the viewpoint of each individual country. The SDG
system also allows the calculation of a summary measure of the attainment of the Goals for
individual countries, which we refer to as SDG capacities. This summary measure, along with
information in the SDG system, allows us to obtain optimal, country-specific pathways of
progress towards the Goals.
The paper illustrates the use of the proposed analytical framework to derive optimal pathways
towards the Goals in three countries: Bangladesh, Kazakhstan and Fiji. The optimal pathways
for the three countries have similarities in that they strongly prioritize attainment in a relatively
small number of indicators, and that such priorities are sequenced over time. Another common
characteristic is that the countries’ priorities tend to include “low hanging fruits” or indicators in
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which the country underperforms compared with other countries with similar levels of SDG
capacities.
In spite of these common, general characteristics, the specific indicators prioritized in each
country are unique and distinct. In Bangladesh, for instance, the first phase (2016-2020) of the
optimal pathway has a strong focus on education, reduction of inequalities and infrastructure.
The first two elements could be related to the importance of human capital for a country to
increase the diversification and sophistication of its production and the potential for a more even
distribution of income to boost aggregate demand. In Kazakhstan and Fiji, which are more
advanced countries than Bangladesh, the focus of the first phase is overwhelmingly on
infrastructure. However, the composition of this initial high investment in infrastructure is
different for both countries, with Fiji assigning a significantly larger role to telecommunications.
This may be due to the greater distance of Fiji from international markets, which may make the
cost of international trade in services lower compared with merchandize trade.
The analysis of the optimal pathways also uncovers a number of country-specific bottlenecks,
defined as indicators in which the country is not expected to make substantial progress by 2030
that are highly connected with other indicators. The optimal pathways also show a perplexing
lack of progress in the environmental indicators, which is explained by their peripheral location
in the network representations of the countries analysed. Such a peripheral position indicates a
lack of synergies both among the environmental indicators and between them and the
socioeconomic indicators, which makes it relatively more costly to address them. The
importance of taking into account synergies in planning how to prioritize and sequence the
attainment of the Goals is also a strong message from the analyses of alternative scenarios.
Finally, the very low performance of SDG capacities in the random pathways justifies the need
for policy coordination across government agencies and levels of Government.
Identifying country-specific bottlenecks and underperforming indicators through the derivation
of optimal pathways for the implementation of the 2030 Agenda is very important because they
may call for special measures to address them. This information is useful to both national
policymakers and development partners, as they could contribute to maximizing the efficacy of
support measures.
It should be emphasized, though, that the analysis conducted in the present paper is based on a
preliminary set of indicators, as the final list of Goal indicators has not been finalized at the time
of writing. As new indicators and additional data for more countries become available in the
coming years, the proposed analytical framework will be refined and improved by enhancing its
coverage and representativeness of the Goals and their targets.
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Annex
List of indicators used for analysis
Goal

1

Indicator
Population below $1.25 per day
(purchasing power parity,
percentage)
Poverty gap ratio at $1.25 a day
(purchasing power parity,
percentage)
Population undernourished
(percentage)

Arable land (hectares per person)

2

Crop production index
(2004-2006 = 100)
Food production index
(2004-2006 = 100)

Source

Notes

World Bank
High income countries with missing values are assumed to
have a value of 0.
World Bank
Food and
Agricultural
Organization
(FAO)

Includes land defined by the FAO as land under temporary
crops, temporary meadows for mowing or for pasture, land
under market or kitchen gardens, and land temporarily fallow.
Crop production index shows agricultural production for each
year relative to the base period 2004-2006.
Food production index covers food crops that are considered
edible and that contain nutrients.
Livestock production index includes meat and milk from all
sources, dairy products such as cheese, and eggs, honey, raw
silk, wool, and hides and skins.

FAO
FAO
FAO

Livestock production index
(2004-2006 = 100)

FAO

Food supply (kcal/capita/day)

FAO

Percentage of the population whose food intake is insufficient
to meet dietary energy requirements.

A measure of agricultural productivity. Value added in
Agriculture value added per worker
FAO/World Bank agriculture measures the output of the agricultural sector (ISIC
(constant 2005 US$)
divisions 1-5) less the value of intermediate inputs.

3

Health index

United Nations
Development
Programme
(UNDP)

Tuberculosis detection rate under
DOTS (percentage)

World Health
Organization
(WHO)

Tuberculosis incidence rate

WHO

Tuberculosis prevalence rate

WHO

Life expectancy at birth expressed as an index using a
minimum value of 35 years and a maximum value of 85 years
Percentage of estimated new infectious tuberculosis cases
detected under the internationally recommended tuberculosis
control strategy directly observed treatment short course
(DOTS).
Estimated number of new tuberculosis cases arising in one year
per 100,000.
Estimated number of tuberculosis cases in a given point per
100,000.
Estimated number of tuberculosis deaths per 100,000.

WHO
United Nations
Children's
Children immunized against measles
Children refer to those that are 1 year old
Emergency Fund
(percentage)
(UNICEF)
Recurrent and capital spending from government budgets,
Health expenditure, total
WHO
external borrowings and grants, and social health insurance
(% of GDP)
funds.
UNICEF
per 100,000 live births
Maternal mortality ratio
Tuberculosis death rate

Children under five mortality rate

UNICEF

per 1,000 live births

Infant mortality rate

UNICEF

per 1,000 live births
Calculated using Mean Years of Schooling and Expected Years
of Schooling. For technical notes, see
http://hdr.undp.org/sites/default/files/hdr14_technical_notes.pdf
.

Education index

UNDP

4
Government expenditure on
education, total (% of GDP)

United Nations
Educational,
Scientific and
Cultural
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Goal

Indicator

Source

Notes

Organization
(UNESCO)
Population with at least some
secondary education (percentage)
Seats held by women in national
parliament (percentage)
Gender Parity Index in primary
level enrolment

5

Labour force participation rate,
female (percentage)

Gender inequality index
Female to male ratio of Human
Development Index
Account at a financial institution,
female (percentage age 15+)

UNDP
InterParliamentary
Union
United National
Statistics
Department
(UNSD)
International
Labour
Organization
(ILO)
UNDP
UNDP
World Bank

Proportion of the population using
improved drinking water sources

UNICEF/WHO

Proportion of the population using
improved sanitation facilities

UNICEF/WHO

6

Water productivity
Renewable electricity output
Renewable energy consumption
7

Energy intensity level of primary
energy (MJ/$2011 purchasing power
parity, GDP)
Access to electricity
(percentage of population)
Labour force participation rate
Unemployment rate
Ease of doing business index

8

GDP per capita, logarithm
(current United States dollar)
GDP per capita, PPP, logarithm
(constant 2011 international dollar)
Number of commercial bank
branches per 100,000 adults
GDP growth (annual %)
Export diversification index

9

Fixed-telephone subscriptions per
100 inhabitants
Mobile-cellular subscriptions per 100
inhabitants
Internet users per 100 inhabitants

FAO/World Bank
International
Energy Agency
(IEA)
IEA
IEA

Percentage of the population ages 25 and older that reached at
least a secondary level of education.
Inter-Parliamentary Union data used by the United National
Statistics Department.
Ratio of the number of female students enrolled at primary,
secondary and tertiary levels of education to the number of
male students in each level.

Modelled ILO estimate (% of female population ages 15-64).
A composite measure reflecting inequality in achievement
between women and men in three dimensions: reproductive
health, empowerment and the labour market.
Ratio of female to male Human Development Index (HDI)
value .
Denotes the percentage of respondents who report having an
account at a bank or another type of financial institution
Percentage of the population who use any of the following
types of water supply for drinking: piped water into dwelling,
plot or yard; public tap/standpipe; borehole/tube well; protected
dug well; protected spring; rainwater collection and bottled
water.
Percentage of the population with access to facilities that
hygienically separate human excreta from human contact.
Constant 2005 (United States dollar) GDP per cubic meter of
total freshwater withdrawal
Renewable electricity is the share of electricity generated by
renewable power plants in total electricity generated by all
types of plants.
percent of total final energy consumption
Ratio between energy supply and gross domestic product
measured at purchasing power parity. Energy intensity is an
indication of how much energy is used to produce one unit of
economic output.

World Bank
ILO
ILO
World Bank

Modelled ILO estimate (% of total population ages 15-64)
Modelled ILO estimate (% of total labour force)
Ease of doing business ranks economies with first place being
the best. A high ranking (a low numerical rank) means that the
regulatory environment is conducive to business operation.

World Bank
World Bank
International
Calculated as: (number of commercial banks + number of
Monetary Fund commercial bank branches) X 100,000 / adult population
World Bank
UNCTAD
UNSD
UNSD
UNSD
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Goal

Indicator
Air transport, registered carrier
departures worldwide per capita

Source

International Civil
Aviation
Civil Aviation Statistics of the World and ICAO staff estimates.
Organization
(ICAO)

Air transport, passengers carried per
ICAO
capita
Logistics performance index:
World Bank
Quality of trade and transportrelated infrastructure
Universal Postal
Average area covered by a
Union
permanent post office (km²)
United Nations
Commodity
High-technology exports (percentage
Trade Statistics
of manufactured exports)
(Comtrade)
Database
Scientific and technical journal
articles

Manufacturing, value added
(percentage of GDP)

GINI index
10

Coefficient of human inequality

11

12

Proportion of the population using
improved sanitation facilities, urban

WHO/UNICEF

13

Carbon dioxide (CO2) emissions
(metric tons of CO2 per capita)
Carbon dioxide (CO2) emissions (kg
CO2 per $1 GDP, purchasing power
perity)
Population affected by natural
disasters (per million)

1=low to 5=high. Evaluates the quality of trade and transport
related infrastructure (e.g. ports, railroads, roads, information
technology).

High-technology exports are products with high research and
development intensity, such as in aerospace, computers,
pharmaceuticals, scientific instruments, and electrical
machinery.

Average inequality in three basic dimensions of human
development. See Technical note 2 at http://hdr.undp.org/en.

UNDP

WHO/UNICEF

Natural resource depletion

Civil Aviation Statistics of the World and ICAO staff estimates.

Number of scientific and engineering articles published in the
National Science
following fields: physics, biology, chemistry, mathematics,
Foundation of the
clinical medicine, biomedical research, engineering and
United States
technology, and earth and space sciences.
World Bank/
Manufacturing refers to industries belonging to International
Organisation for
Standard Industrial Classification divisions 15-37. Value added
Economic Cois the net output of a sector after adding up all outputs and
operation and
subtracting intermediate inputs.
Development
World Bank/
United Nations World Bank PovcalNet data is supplemented by UNU-WIDER
University and the Standardized World Income Inequality Database
World Institute (SWIID). Documentation for UNU-WIDER data can be found
for Development at https://www.wider.unu.edu/project/wiid-world-incomeinequality-database. Documentation for SWIID can be found at
Economics
Research (UNU- http://myweb.uiowa.edu/fsolt/swiid/swiid.html.
WIDER)

Proportion of the population using
improved drinking water sources,
urban

Access to electricity, urban
(percentage of urban population)
PM2.5 air pollution, mean annual
exposure (micrograms per cubic
meter)
PM2.5 air pollution, population
exposed to levels exceeding WHO
guideline value (percentage)

Notes

World Bank

World Bank Sustainable Energy for All (SE4ALL) data

Brauer and others Institute for Health Metrics and Evaluation, University of
(2013)
Washington, Seattle.
Brauer and others, 2015. "Ambient Air Pollution Exposure
Brauer and others Estimation for the Global Burden of Disease 2013."
Data taken from World Bank database.
(2013)
Monetary expression of energy, mineral and forest depletion,
expressed as a percentage of total gross national income (GNI).

UNDP
UNSD

Uses Carbon Dioxide Information Analysis Center and United
Nations Framework Convention on Climate Change data

UNSD
Emergency
Events Database,
Centre for
Research on the
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People requiring immediate assistance during a period of
emergency as a result of a natural disaster, including displaced,
evacuated, homeless and injured people, expressed per million
people.
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Goal

Indicator

Source

Notes

Epidemiology of
Disasters

14

Emissions of methane and nitrous
oxide produced from agricultural
activities

FAO

Contains all the emissions produced in the different agricultural
emissions sub-domains, providing a picture of the contribution
to the total amount of greenhouse gas emissions from
agriculture.

Renewable internal freshwater
resources per capita

FAO

Renewable internal freshwater resources flows refer to internal
renewable resources (internal river flows and groundwater from
rainfall) in the country.

Fertilizer consumption (kilograms
per hectare of arable land)

FAO

Fertilizer consumption measures the quantity of plant nutrients
used per unit of arable land. Fertilizer products cover
nitrogenous, potash, and phosphate fertilizers.

Fish Base
database

Fish species are based on Froese, R. and Pauly, D. (eds). 2008.
Threatened species are the number of species classified by the
IUCN as endangered, vulnerable, rare, indeterminate, out of
danger, or insufficiently known.

United Nations
Environment
Programme
(UNEP)

Terrestrial protected areas are protected areas of at least 1,000
hectares designated by national authorities as scientific reserves
with limited public access, national parks, natural monuments,
nature reserves or wildlife sanctuaries, protected landscapes,
and areas managed mainly for sustainable use. Marine
protected areas are areas of intertidal or subtidal terrain that
have been reserved by law or other effective means to protect
part or all of the enclosed environment.

UNEP

Mammal species are mammals excluding whales and
porpoises. Threatened species are the number of species
classified by the International Union for Conservation of Nature
(IUCN) as endangered, vulnerable, rare, indeterminate, out of
danger, or insufficiently known.

Plant species (higher), threatened

UNEP

Higher plants are native vascular plant species. Threatened
species are the number of species classified by the IUCN as
endangered, vulnerable, rare, indeterminate, out of danger, or
insufficiently known.

Percent change in forest area
(1990-2011)

FAO

Percentage of the population living
on severely or very severely
degraded land.

FAO

Land degradation estimates consider biomass, soil health, water
quantity and biodiversity.

Refugee population by country or
territory of origin per capita

UNHCR

Refugees are people who are recognized as refugees under the
1951 Convention Relating to the Status of Refugees. Country
of origin generally refers to the nationality or country of
citizenship of a claimant.

Homicide rate

UNODC

Fish species, threatened

Terrestrial and marine areas
protected to total territorial area
(percentage)

Mammal species, threatened
15

16

Overall life satisfaction index

UNDP

Satisfaction with local labour market
Trust in other people

Average responses to related Gallup World Poll questions.
UNDP

Satisfaction with community
Satisfaction with efforts to deal with
the poor
Satisfaction with actions to preserve

Number of unlawful deaths purposefully inflicted on a person
by another person, expressed per 100,000 people.
Average response to the Gallup World Poll question relating to
the indicator.

These three indicators are averaged into a single indicator
relating to communities and society.
Average responses to related Gallup World Poll questions.

UNDP
These three indicators are averaged into a single indicator
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Goal

Indicator
the environment
Trust in national government
Foreign direct investment, net
inflows
(Balance of payment, logarithm,
current United States dollar)

17

Tax revenue (percentage of GDP)

Source

Notes
relating to government.

IMF

Foreign direct investment refers to direct investment equity
flows in the reporting economy. It is the sum of equity capital,
reinvestment of earnings, and other capital.

IMF

Tax revenue refers to compulsory transfers to the central
government for public purposes.

Time to prepare and pay taxes
(hours)

World Bank

Statistical capability

ESCAP
calculations

42

The total number of indicators out of the 81 used for analysis
that are available for each country.
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