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Abstract 25 

By adopting the Sustainable Development Goals (SDGs), countries worldwide agreed to an agenda for 26 
achieving a prosperous, socially inclusive and environmentally sustainable future for all1. This ambition, 27 
however, also exposes a critical knowledge gap since science-based insights on how to achieve the 17 28 
SDGs simultaneously are lacking. Quantitative goal-seeking scenario studies could enable exploration of 29 
the systems' transformations required to achieve the SDGs, but this requires a clear definition of the 30 
"target space". The 169 targets and 232 indicators defined by the international community for monitoring 31 
SDG implementation cannot be directly used for this purpose. Here, we define a streamlined set of well-32 
defined, science-based indicators and associated target values that is quantifiable and actionable to make 33 
quantitative scenario analysis meaningful, relevant (i.e. reflecting societal goals), and yet simple enough 34 
to keep analysis transparent and communicable. The set of 36 targets is based on the UN 2030 Agenda, 35 
other existing multilateral agreements and insights from sustainability science and expert assessment, 36 
and it includes 2050 as an additional longer-term reference point. Thus, this target space provides a 37 
strategic focus to guide the scientific community in developing new global sustainable development 38 
pathways.  39 

 40 

1. Introduction 41 

The 2030 Agenda for Sustainable Development1, adopted in 2015 by the UN General Assembly, sets an 42 
ambitious agenda for the universal pursuit of economic, social, environmental, and institutional 43 
objectives, concretized in 17 Sustainable Development Goals (SDGs) and 169 associated targets. Together 44 
with other international agreements (such as the Paris Climate Agreement and the Aichi biodiversity 45 
targets2,3), the 2030 Agenda aims to ensure that development patterns lead to wellbeing and social 46 
inclusion while maintaining the stability of the earth's biophysical life support systems. Achieving the SDGs 47 
will require a fundamental transformation of today's societies4-7. Still, it is not easy to understand exactly 48 
what is needed. While for some goals (e.g. climate, SDG13), literature exists showing how to achieve them, 49 
for many others, such literature is sparse or lacking. More importantly, hardly any information exists on 50 
what is needed for achieving all SDGs together5, accounting for the linkages between SDGs and possible 51 
synergies or trade-offs4,8-12. For example, pursuing food security for all (SDG2) could foster water 52 
shortages (SDG6) that could cause social conflict (SDG16). Recent studies have looked at achieving 53 
multiple SDGs at the national level13 or specific groups of SDGs6,14-16. Still, no study looks at all 17 SDGs 54 
simultaneously or the longer-term implications, which is critical for genuinely sustainable planning as 55 
expressed by various policy reports and science programs (e.g., the Science-based Targets Initiative17 and 56 
the UN Global Sustainable Development Report)18.  The current situation caused by the COVID-19 57 
pandemic and the recovery process (which could enable or impede pathways towards implementing the 58 
SDG has made this even more important19,20. Scenarios showing how SDGs can be met could play a similar 59 
role as emission, and climate scenarios have in the climate realm, i.e., spur scientific research and help 60 
policymakers translating ambitions into concrete action. Identifying pathways to implement the SDGs has 61 
become even more urgent due to the slow implementation record in the past five years.  62 

Any exercise aiming to provide a quantitative analysis of pathways towards meeting the SDGs would need 63 
a precise formulation of the "target space" 9,21-24: i.e., a limited set of targets formulated unambiguously 64 
and providing comprehensive coverage of the ambition of the SDGs. While the current 169 targets and 65 
232 indicators allow tracking global and country-level progress on implementing the 2030 Agenda25, they 66 
are too broad, unstructured, and complex to support quantitative analyses of transformation trajectories. 67 
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As a result, progress on scenario development at all scales (global, national, or city level) is slowed down 68 
by the lack of a relatively simple framework that includes all relevant, sustainable development 69 
dimensions. This paper proposes a new set of targets that are the first systematic framework guiding 70 
sustainable development scenarios. These targets allow the representation of all the SDGs and their long-71 
term explorations. Based on this new set of targets, research will move beyond the more topic-oriented 72 
scenario exercises done so far (e.g. climate – IPCC, biodiversity – IPBES, food – FAO) towards integrated 73 
analyses of the people-planet framework.  74 

Defining such a target space is not easy. For instance, quantitative projections are only in their beginnings 75 
in several science areas relevant to the SDGs26,27. Moreover, any selection automatically leaves out 76 
important topics. Based on the criteria described here, below and in the Supplementary Information (SI), 77 
we explain why the targets were chosen. At the same time, it should be noted that the formulation of this 78 
target space intends to provide the scientific community with a first standardized set that can be tested 79 
and evaluated in scenario studies. No single model will be able to address all aspects of the target space 80 
meaningfully. As such, we expect and encourage the community to work together with sets of (coupled) 81 
models to provide a more comprehensive analysis28. In addition to the target space, transformation 82 
narratives will be critical for improving comparability and consistency across quantitative studies on the 83 
SDGs. We illustrate the use of this set of targets by applying it to available information for a middle-of-84 
the-road scenario29. With increasing experience and scenario applications, the target space is expected to 85 
be adapted and improved over time. Future studies could contribute to this exercise by using it, engaging 86 
in further refinement of indicators or targets and contributing to improved modelling of individual 87 
indicators or linkages.  88 

 89 

2. Defining a sustainable development target space  90 

The formulation of the target space draws upon expert discussions as part of the "The World in 2050" 91 
(TWI2050) initiative, which convenes scientists involved in scenario modelling, social and natural scientists 92 
and policy analysts from around the world for collaboration and deliberative consultation for the 93 
development and use of sustainable development pathways5 (see for further information and 94 
participating institutions the website). TWI2050 has identified six fundamental transformations, 95 
describing a set of interventions for simultaneously achieving the SDGs and extending sustainable 96 
development beyond 2030: i) advancing human capacities, ii) establishing responsible consumption and 97 
production patterns, iii) decarbonizing the energy system and providing access to energy services, iv) 98 
establishing sustainable land use management and access to food while safeguarding biodiversity, iv) 99 
developing sustainable cities and vi) aligning the digital revolution with the SDGs5 (Sachs et al. 7 provided 100 
a slightly adapted variant). These transformations were kept in mind in selecting the target space 101 
indicators. Around 60 scientists involved in TWI2050 assisted in formulating the target space. This involved 102 
the selection of indicators, as well as the associated target values. There were several steps in the process 103 
(Fig 1): 1) formulation of key principles for the target space and selection criteria, 2) the review of existing 104 
sets of indicators and targets in the literature, international agreements and associated with the SDGs, 105 
and 3) the final selection of a set of indicators and targets. 106 

 107 

Target space design: principles and criteria for indicator selection  108 
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As a starting point, a list of principles for selecting indicators and setting targets was developed (Table 1). 109 
A first principle is to ensure that the indicators are relevant for society, i.e. link to the societal agenda as 110 
expressed in the SDGs, which are the outcome of a global political consultation process. The set also needs 111 
to be science-based, i.e. it should be consistent with the insights of global sustainability science. This leads 112 
to the third principle that a longer-term perspective needs to be included (valid for 2030 and beyond). The 113 
fourth principle emphasizes that indicators need to be robustly quantifiable to enable quantitative 114 
analysis. Finally, the fifth principle of operational simplicity, transparency and usability aims to ensure the 115 
relevance of the quantitative analysis for policymakers (Table 1). This, for instance, means that the 116 
number of targets needs to be limited.  117 

Our ambition to keep the Sustainable Development target space analytically tractable and transparent 118 
subsequently translated into a criterion to choose only 2-3 targets per SDG. One way to do so was (if 119 
relevant) prioritizing those targets that represent endpoints in terms of the actual desired state and not 120 
the means of achieving this state. Another way is to avoid overlap between target indicators. As the SDGs 121 
are interlinked, an indicator selected for a given SDG can also cover aspects of other SDGs (for example, 122 
access to the internet and financial institutions relates to SDG9 on innovation and covers aspects of SDG10 123 
on reducing inequality). Each target should also be suitable for quantitative analysis and sensitive to policy 124 
choices. Regarding the choice of the specific numerical target values, we used three key criteria: 1) 125 
preferably, values are directly taken from the 2030 Agenda and other international agreements; 2) as an 126 
alternative, the values of top-performing countries are used; or 3) values assessed to be consistent with 127 
the basic principles underlying the SDGs.  128 

 129 

Selection of targets and target values 130 

The expert deliberations proposed a set of targets30 that has been iteratively refined based on the above 131 
criteria and existing literature (Table 2). Given the first principle, we started with an initial list of targets 132 
as part of the 2030 Agenda and multilateral agreements, complemented with the (scientific) literature31-133 
33 (more specific references are provided in the paragraphs describing indicator choice). In some cases, 134 
the targets needed to be defined more precisely to allow quantitative evaluation (e.g. the notion of 135 
"hunger" needs a specification of a number of kilocalories per person per day). Finally, our final set also 136 
includes examples for which target values could not yet be provided, such as quantifying peace by 137 
measuring the reduction of conflict-related deaths until 2030 and 2050. Two challenges have to be kept 138 
in mind when applying the target space. First, the targets are interlinked11,12. Synergies between SDGs 139 
reinforce the achievement of different targets (e.g. access to drinking water improves health) while trade-140 
offs may limit or hinder the achievement of other goals5,7. Second, while several targets are universal and 141 
can be applied at different geographic scales, others are currently focused on the global scale. We assume 142 
that in quantitative analysis, model teams will find ways to deal with these challenges and encourage the 143 
international community to explore further elaboration in future applications of the proposed target 144 
space34. 145 
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 146 

3. The selected indicators and target values 147 

We discuss the target and indicator selection in five clusters and provide additional information on the 148 
choices in the SI. The clusters are based on the key elements of sustainable development introduced in 149 
the preamble of the 2030 Agenda1, i.e. i) mobilizing people's potentials in dignity and equality, above all 150 
requiring the end of poverty (people); ii) ensuring that all human beings can enjoy prosperous and fulfilling 151 
lives (prosperity); iii) protecting the planet from degradation, including ensuring more sustainable 152 
management of key resources (planet), and iv) ensuring the development of well-governed, peaceful, just 153 
and inclusive societies which are free from fear and violence (peace). We have split the 'planet' element 154 
into two clusters on planetary integrity and sustainable resource management. The resulting clustering of 155 
targets and indicators serves as an accessible, yet meaningful, form of presenting the high number of 156 
indicators in a readable way. These clusters and the sequence of our discussion do not imply any form of 157 
hierarchy and do not consider interactions between SDGs yet. Use of the indicators in model-based 158 
scenario analyses will do so (and could be combined with the six transformations5,7). Table 2 summarizes 159 
the target space organized by SDG. More information about alternative indicators and why we opted for 160 
our selection can be found in the SI.  161 

 162 

People (SDGs 1, 3, 4 and 5) 163 

The SDGs addressing poverty eradication, health, education, and gender equality together represent a 164 
concept of human development. Several indices have previously been used to capture the multi-165 
dimensional nature of human development, aiming to assess progress over time beyond economic 166 
growth. The UNDP’s Human Development Index (HDI) encapsulates three dimensions of development: 167 
leading a long and healthy life, acquiring knowledge and achieving a decent standard of living35. In 168 
selecting indicators, we included the number of people suffering from extreme poverty for SDG1, the 169 
healthy life expectancy and under-5 mortality rate for SDG3, the completion of secondary education for 170 
SDG4, and gender gaps in education and income for SDG5.  171 

For SDG1, it is clear that one indicator needs to be related to the objective of no one living in extreme 172 
poverty by 2030. A key question is how to define extreme poverty. The World Bank global poverty line36, 173 
is chosen as the threshold for 2030. The global poverty line has been periodically updated to reflect these 174 
changes. Where Target 1.1 specifically mentions $1.25 per day, the World Bank has updated the absolute 175 
poverty line to $1.90 per day (US$ 2011). We use 2 US$ (US$ 2015) per capita per day for 2030 and 2050 176 
for practical reasons – and kept it constant over the time period (given the correction for inflation). 177 
Relative poverty is also included under SDG10 and discussed in the Prosperity cluster. SDG3 aims at 178 
ensuring healthy lives. Healthy life expectancy at birth is often proposed as a summary indicator33. The 179 
set of SDG targets includes several other indicators, including maternal mortality rates, and many other 180 
indicators are also used in the literature. However, the advantage of the healthy life expectancy indicator 181 
is that it is all-encompassing. The SDG target on under 5 mortality rate is used to track progress in 182 
developing countries. The SDG target level of 25 deaths per 1,000 live births is taken for 2030, further 183 
halved by 2050 to increase progress. Finally, alternative indicators that were considered include, among 184 
others, normal life expectancy at birth, a goal of avoiding 40% of premature deaths37 and the median 185 
health-related SDG index used by the Global Burden of Disease study38. The latter, however, will require 186 
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a much more comprehensive set of underlying indicators to be modelled. SDG4 aims for quality education. 187 
The addition of universal secondary education expanded the Millennium Development Goals (MDGs) 188 
ambition, which targeted universal primary education only. This addition is based partly on recent insights 189 
that, for poor countries to come out of poverty, universal primary education is not enough and must be 190 
complemented by secondary education for broad segments of the population39. We chose the share of 191 
young people achieving lower secondary education as this covers the compulsory schooling time in most 192 
countries. Considering current enrollment rates in primary education, achieving 100% completion of 193 
lower secondary education by 2030 is practically impossible, so the target values proposed are 80% in 194 
2030 and 100% in 2050. Alternative indicators may include literacy rates, expected years of schooling, 195 
participation in early childhood education, the share of the total population with lower secondary 196 
education, a measure of the quality of education through graduate employment and mean years of 197 
schooling. SDG5 aims for gender equality. Out of the broad domains covered by this SDG, we chose 198 
education and income to track female empowerment. The target values aim at full equality in 2030, as 199 
called for by SDG5. While some models cover differences in education, the wage gap is currently 200 
addressed in very few models – and might be a future alternative indicator. The advantage of the 201 
education-gap indicator is that it is directly related to future capacity and has an established link with 202 
other indicators such as fertility levels. Other indicators that are used to track current progress regarding 203 
gender equality include the female to male labor force participation rate, proportion of women in national 204 
parliaments, share of women in management roles, legal gender discrimination and rates of sexual 205 
violence. However, none of these are currently captured by integrated assessment models.  206 

 207 

Prosperity (SDGs 8, 9, 10, and 11) 208 

The SDGs on decent work and economic growth, industry, innovation and infrastructure, reduced 209 
inequalities and sustainable cities and communities are closely interlinked and relate to the socio-210 
economic configuration of society as a whole.  211 
SDG8 aims for sustained and inclusive economic growth and full and decent employment. As prosperity 212 
in high-income countries is no longer driven by economic growth per se40, a focus is placed on sufficient 213 
economic growth in low and lower-middle-income countries, eventually leading to a convergence of living 214 
standards. We, therefore, propose an indicator of economic convergence as measured by the ratio of 215 
GDP/capita in the target country to the average OECD GDP/capita (both measured in PPP). Our 216 
quantitative targets are based on historical examples of rapid GDP/capita growth and income 217 
convergence, particularly the Asian “tiger economies” in the period 1960-1995 and China post-1990. In 218 
these cases, GDP/capita relative to the developed economies multiplied by a factor of ≥ 4 in a few 219 
decades, with per capita growth rates of ~7%41 (see further SI). As an aside, we note that for many 220 
countries, these targets will be met under an SSP1 GDP and population scenario42. The second proposed 221 
indicator for SDG8 is related to employment and decent work (targets 8.5-8.8). Work serves two crucial 222 
purposes. It gives individuals access to financial income for entertaining a life of their choosing, and it 223 
provides meaning and organizing structure to life. In addition to a decent income, there needs to be a 224 
sufficient supply of meaningful activities, i.e. decent employment opportunities or other activities of 225 
societal value such as caretaking or community service. We focus on employment as indicator but 226 
acknowledge that the future of work is likely to change substantially with increasing digitalization and 227 
automation43. We, therefore, may eventually require a broader notion of activities with economic or 228 
societal value to cover the goal of decent work. Following O'Neill et al. 33, we set a target of less than 6% 229 
of the labour force being unemployed (or more broadly being without valued activity). SDG8 also contains 230 
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the fundamental goals of eradicating forced and child labour (target 8.7), protecting labour rights, and 231 
promoting a safe working environment (target 8.8). These fundamental goals are not singled out explicitly 232 
in our set of indicators. However, they are implied by a range of indicators relating to poverty eradication 233 
(SDG1), universal education (SDG4), broad access to socio-economic activities (SDG9), decent income 234 
(SDG10) and living conditions (SDGs 3, 6, 7, 11), and gender equality (SDG5). 235 
 236 
The indicators proposed for SDG9 aim to capture multiple aspects of infrastructure (both physical and 237 
non-physical) and innovation, focusing on technologies and services that can serve as critical enablers. 238 
Following the proposal in the literature, we select a country's R&D intensity as a proxy for innovation and 239 
the fractions of the population with access to the internet, access to financial services, and access to 240 
economic hubs represented by travel time to the nearest major city44 as proxies for infrastructure. SDG10 241 
calls for reducing inequality both across and within countries. The inequality dimension across countries 242 
is already covered by the income convergence indicator proposed for SDG8. For inequality within 243 
countries, we focus on relative poverty and use the OECD definition45 of people living below half of the 244 
national median income (cf. target 10.2.1). To derive a quantitative target for this indicator, we examine 245 
national statistics for the Gini index taken from the World Development Indicators46. In recent years the 246 
lowest measured Gini indices are around 25, with around 15-20% of the countries with available data 247 
having Gini indices below 30. We, therefore, take a value of ≤30 as an ambitious but still realistic target 248 
to be reached by 2050. Under the assumption of a lognormal income distribution, we can analytically 249 
relate the Gini coefficient to our proposed indicator. This yields a target of at most 10% of the population 250 
living below half of the median income (independently of the average income level) in 2050. We propose 251 
an intermediate target of at most 15% of the population in relative poverty by 2030. Finally, for SDG11, 252 
we focus on two central aspects of sustainable cities: adequate and safe housing, represented by the 253 
number of people living in slums, and a healthy environment represented by the share of people exposed 254 
to an annual average pollution level of particulate matter (PM2.5). The threshold for PM2.5 follows the 255 
upper value (24-hour mean) of the WHO guideline47 (WHO, 2018) and coincides with the annual average 256 
threshold value used by the EU. As targets, we propose that less than 10% of the urban population is 257 
exposed to higher annual average levels of PM2.5 by 2050 and less than 20% by 2030. These values are 258 
comparable to current values in the EU48. Taken together, the selected indicators provide a robust proxy 259 
for the ability of an economy to deliver equal access to decent work, income, and living conditions40.  260 
 261 

Planet integrity (SDGs 13, 14, and 15) 262 

The SDGs on climate action and aquatic and terrestrial biodiversity relate to the condition of the natural 263 
environment and the planetary boundaries31,49. Given the ongoing work on the Planetary Boundary 264 
framework, we have decided to look for synergy for some of the indicators and goals. For SDG13, we 265 
follow the target of the Paris Agreement, i.e. well below 2oC and pursue efforts to stay below 1.5oC. Global 266 
IAMs models can use this target directly. However, other models (e.g. at the national scale) need derived 267 
information, such as existing IAM emission profiles50 or national carbon budgets over a specific period. 268 
We have selected a greenhouse gas emission target – but did not specify the downscaling method given 269 
the difficult (political) choices involved. Moreover, we also left it up to the user to interpret the Paris 270 
Agreement for the temperature goals and only set an upper bound. Future work could further specify this 271 
target. The target for ocean acidification (SDG14) is also related to CO2 emissions and is assumed to be 272 
covered by the climate target. In addition, for SDG14, eutrophication can be covered by the phosphorous 273 
flow from freshwater systems into the ocean (based on the planetary boundaries) or the index of coastal 274 
eutrophication (selected from the SDGs)51. The latter is more refined but does need further modelling of 275 
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coastal systems. Further, the fraction of fish stocks within safe biological limits52 represents the 276 
sustainable use of fish resources31. We also considered the Ocean Health index – or other work on 277 
biodiversity indicators for aquatic systems (such as the mean species abundance), but considered work 278 
not advanced enough to add them at this stage, given the relatively complicated calculation schemes. For 279 
terrestrial biodiversity, in principle, multiple dimensions of biodiversity would need to be covered53. In 280 
order to limit the number of targets, however, the planetary boundary indicators are proposed, i.e. the 281 
minimum extent of forest cover in different forest biomes, the balance of nitrogen into soils, and the 282 
biodiversity intactness index (BII)54. For the latter, also alternative aggregated biodiversity indicators exist 283 
and possibly a comparison project can show whether these can be used as a replacement (if applied 284 
relative to reference year). 285 

 286 

Sustainable resource management (SDGs 2, 6, 7 and 12)   287 

The consumption and production of food, energy and water (nexus resources) play a crucial role in many 288 
sustainable development challenges, while large parts of society still lack sufficient access55-57. The 289 
relevant SDGs aim to ensure access to these critical resources for all people while also limiting possible 290 
negative consequences of their production and use.  291 

The first indicator is the number of undernourished people (proposed by many other publications, 292 
including 33). The target of 0 people undernourished by 2030 is taken from the SDG and needs to be 293 
sustained beyond 2050. As the threshold for undernourishment, we apply the minimum daily energy 294 
requirement (MDER, kcal/cap/day) suggested by FAO (2017). FAO (2017) calculates country-specific 295 
minimum daily energy requirements. The 2030 and 2050 global average minimum thresholds are based 296 
on calculations by Hasegawa for SSP1 58. The future mean MDER is calculated for each year and country 297 
using the mean MDER in the base year at the country level26 and allowing for an adjustment coefficient 298 
for the MDER in different age and sex groups27. This can be done using future population demographics28 299 
to reflect differences in the MDER across age and sex 58. As SDG2 also covers malnourishment, the 300 
prevalence of malnourishment and stunting and wasting could also have considered as alternative 301 
indicators, but the proposed indicator is assumed to be more encompassing. In the future, it might be 302 
interesting to include an indicator going beyond the mere energy content of diets (kcal) and include 303 
aspects related to health59,60. We also added an indicator related to obesity. Obesity is on the rise globally, 304 
also in developed countries, and has severe health impacts (linked to SDG3), but also clear links to 305 
consumption patterns (SDG12) and the overall impact of the agriculture system on the environment (also 306 
given the role of animal products). Work on diets in relation to sustainable development (e.g. EAT-Lancet 307 
Commission) and as well as health impacts (non-communicable diseases) is evolving61 but setting target 308 
values and related thresholds still poses a challenge as it closely connected with lifestyle. SDG2 also covers 309 
agriculture and food production. We considered an indicator focusing on sustainable agriculture, but it 310 
should also be noted that it also links to the nutrient, energy, water, and climate indicators proposed 311 
under the environmental and resource SDGs (6, 7, 13, 14 and 15). For that reason, no additional indicator 312 
was added here.   313 

SDG6 covers water demand by human beings and the environment. The first indicators look at access to 314 
clean water. We use a threshold of sufficient access 50l/per/capita/day recommended as a basic water 315 
requirement62. This is proposed as a universal threshold focusing on meeting basic needs, including water 316 
for drinking, basic sanitation, plus some water for cooking and bathing. The second indicator is access to 317 
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sanitation services. Finally, for water scarcity, we use the proportion of an area or region under water 318 
stress. Here, water stress is defined as the ratio between total water use and availability. A value above 319 
40% is defined as areas suffering from severe water stress.  320 

SDG7 calls for both access to energy for all and the sustainable use of energy. We propose to focus on 321 
energy service levels (final energy demand), including heating/cooling and mobility service per household 322 
per day that allows a decent life (see 63), going beyond mere access. What is deemed “decent” is subject 323 
to national circumstances (e.g. also related to climate zone). Because of advances in technology and living 324 
standards, energy requirements in 2050 are subject to change.  325 

For SDG12, a range of indicators can be considered. Our selected indicators – Food loss and waste and 326 
Municipal material recovery – only cover a subset of the relevant resources involved in society’s processes 327 
of production and consumption, and target values will have to be even more ambitious in the long run. 328 
However, they can be regarded as illustrative of the capabilities of society to manage and recycle resource 329 
flows. These indicators are also well established - at least in industrialized countries - in statistical 330 
reporting and can be captured in a modelling framework in a stylized way (technologies, economic 331 
incentives). Suitable alternatives could be more comprehensive indicators and indices such as the human 332 
appropriation of natural primary productivity (HANNP)33, the ecological footprint, the material footprint, 333 
the global food loss index or recycling rates, but these indicators are hardly covered by models yet. Further 334 
development could also focus more on circular economy indicators and overall efficiency.  335 

 336 

Peace, political institutions and means of implementation (SDGs 16 and 17) 337 

Peaceful, just and inclusive societies and global partnership are not only desired outcomes of the 2030 338 
Agenda but also serve as essential enablers to achieve all other SDGs64-66. The number of battle-related 339 
deaths67 can be used to gauge progress towards more peaceful societies. In contrast, the equality before 340 
the law and individual liberty index68 and the equal access Index68 can be used to measure the 341 
development of robust and inclusive political institutions. For SDG17, the inclusiveness of the 342 
international civil society (data provided by the Yearbook of International Organizations69) can be used to 343 
assess viable societal partnerships. As also the availability of an adequate set of financial means will be 344 
crucial 70, we propose to measure the role of governments with the indicator total revenue as a percentage 345 
of GDP24,71, excluding revenues earned from natural resources ". This last aspect is key to avoid goal 346 
conflict and trade-off with other SDGs. Finally, we propose the source data dimension of the Statistical 347 
Capacity Indicator72 to capture the availability of crucial data for designing, implementing and evaluating 348 
policies towards the achievement of the SDG.  349 

 350 

4. Example application based on current scenarios  351 

In order to show the relevance of the targets, we use the target space to evaluate the projected trends in 352 
the so-called SSP2 scenario, the "middle of the road pathway" among the Shared Socioeconomic Pathways 353 
(SSPs), which describe different trajectories for socio-economic development and consequences for the 354 
earth system29. SSP2 represents a scenario describing median trends for population and economic growth, 355 
technology, lifestyle, and other variables within the set. Here, we use the SSP2 scenario to illustrate how 356 
the target space can be used within the broader range of values across other SSPs (see SI for a brief 357 
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description of the SSPs). The SSP2 scenario has been elaborated in multiple studies by different models 358 
but using the same storyline and key assumptions. The SSP values are illustrative as they are not based on 359 
a single model but have been derived from several publications elaborating on these scenarios.  360 

The results (Table 3) highlight that the SSP2 scenario depicts some improvements over time for most 361 
targets. However, these improvements are insufficient to meet all targets that were set for 2030 or 2050. 362 
For many environmental targets, developments even continue to go in the wrong direction (i.e. away from 363 
the target) even in the scenario among the SSPs that moves most in the direction of sustainable 364 
development (SSP1). We conclude that the implementation of sustainability policies needs to be 365 
enhanced significantly across the socio-economic and environmental domains to reach the sustainable 366 
development goals. The quantitative scenarios literature does not include any Sustainable Development 367 
Pathways (SDPs) that manage to meet all SDGs. Hence, the SSPs serve as a useful starting point that can 368 
be extended by additional elements to cover the full target space and thus enable a comprehensive 369 
assessment of SDG interactions and long-term sustainability73. 370 

 371 

5. The way forward 372 

The target space formulation presented above is critically important to provide a consistent analytical 373 
framing for quantitative analysis of the required transitions towards sustainable development. It provides 374 
an initial framework to guide the analyses of how to achieve the SDGs simultaneously. Using a common, 375 
transparent, and science-based definition of the targets permits the scientific community to work 376 
together on this endeavour and to start from a set of comparable and internally consistent assumptions. 377 
In many ways, the proposed approach for the SDGs is similar to how the climate research community has 378 
formulated pathways for meeting the goals of the Paris Agreement, and which were subsequently used 379 
in the scientific assessments of the IPCC for the formulation of consistent messages for policymakers. 380 
Developing a set of Sustainable Development Pathways requires organizing a comprehensive program for 381 
model-based scenario analysis focusing on systems transformations towards the quantitative goals of the 382 
target space. This, in turn, requires the pursuit of model improvements to deal better with sustainable 383 
development needs74. The current formulation of the target space should be understood as the first step 384 
of an iterative process among the worldwide scientific community and the policymakers and other 385 
stakeholders with interests in these pathways.  386 

Critical issues for further refinement are related to evaluating the indicators and target values, the 387 
treatment of non-linearities and interdependences within the target space as it evolves to 2050 and 388 
beyond, and the coherent use of indicators at different geographical scales34. In several cases, we have 389 
not yet formulated concrete targets. In other cases, we indicated that our current initial proposals could 390 
be improved, for example, due to limitations of data and modelling capacity. All these improvements will 391 
require more interdisciplinary engagement across sustainability science communities. Especially social 392 
science communities interested in modelling need to be engaged to advance the target space further. We 393 
see the need for an SDG-focused science-policy network, facilitating regular meetings to compare results 394 
and to exchange experiences with the target space framework. Ultimately, it will thus be up to societal 395 
actors, policymakers, and scientists to refine this target space by developing a tractable set of indicators 396 
and targets that can be used realistically in integrated policy and impact assessments that are still 397 
consistent with the spirit goals of the original 2030 Agenda. 398 
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 414 

 415 

Figure 1 Defining a sustainable development target space for Sustainable Development Pathway 416 
analysis. a) Conceptualization of the target space, showing how it relates to the required societal 417 
transformations (such as the six transformations described by TWI2050) and the long-term sustainability 418 
vision and b) The process for defining and applying the target space. 419 
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Table 1 Criteria for defining the sustainable development target space. 421 

Key principles underlying 
the target space 
Target indicators should be:  

Derived criteria for selection of targets Derived criteria for target values 

Societal relevance  The target space addresses areas of sustainable development organized around the 17 SDGs. 
Wherever possible, indicators and target values directly relate to SDG Targets or objectives from other 
international agreements.  

Science-based 
 

The indicators need to address the most pressing 
dimensions of human development (People), socio-
economic wellbeing (Prosperity), national and 
international security (Peace) and global 
environmental change (Planet) as discussed in the 
scientific literature, such as the processes 
prioritized in the Planetary Boundaries 
framework31.  

Where consensus exists on science-based 
targets that must be achieved by 2030 or later, 
these should be used. 

Valid for 2030 and beyond 
 

The indicators should be able to relate to both the 
SDG timeframe (2030) and the long-term (2050 and 
beyond) and account for path-dependency. 

For 2050, target values either retain absolute 
2030 measures (e.g., zero hunger, energy 
access for all), or even improve upon these 
values. In the latter cases, the values are set to 
achieve a decent life for all.  

Quantifiable The targets should be well suitable for inclusion in 
quantitative analyses, capturing as many features 
as possible in state-of-the-art integrative models. 
They also need to be unambiguous and measurable 

Target values need to be specified clearly and 
with appropriate precision, in order to be 
suitable for quantitative analysis  

Transparent: The set should be clearly defined, and individual 
indicators should be easy to understand (e.g. 
avoiding multi-dimensional indices). The number of 
indicators per issue should be as low and 
complementary as possible while capturing global 
features of Agenda 2030. We therefore aim to have 
at most 2 or 3 indicators per SDG, and some 
indicators assigned can be relevant for multiple 
SDGs. We prioritize the selection of indicators that 
describe end-values of system transformation 
rather than the means to achieve them. 

Target values should ensure consistency across 
the indicators for the different SDGs and should 
be linked to the principles underlying the SDGs, 
and the objectives of other international 
agreements. 

Actionable The indicators should be actionable, and sensitive 
to policy initiatives (and thus link to system 
transformations) 

The target values are derived from existing 
agreements. Targets should be reachable, for 
instance demonstrated by the fact that some 
countries have reached the target. 

 422 

  423 
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Table 2 Targets and indicators for the 2030 and 2050 target space. Most targets can be applied at the 424 
regional or national level. 425 

SDG TWI2050 
normative goal  

Indicator Current Situation (around 
2015) 

2030 
Target 

2050 
Target 

 End extreme 
poverty  

Number of people below 
international poverty line  

889 million (13%)46 0 0 

 End hunger Number of people 
undernourished (below minimum 
daily energy requirement)  

795 million (11%) people 
undernourished75 
 

0 0 

Healthy diets for 
all  

Number of people with obesity 
(BMI > 30) 76 

636 (9%) million in 201077 0 0 

  
 

Achieve adequate 
health care for all  

Healthy Life expectancy at birth 
(years) 

global mean 63.12 years  
country range [45.6-75.2]38 

> 65 33 
 

> 70  

 
Under 5 mortality rate (deaths per 
1,000 live births)  

global mean 43; 99 in sub-
Saharan Africa78  

25 12 

 

Universal lower 
secondary 
education 

Share of leaving cohort 
completing lower secondary 
education 

90% primary and 76.7% 
lower secondary completion 
rate46  

80% secondary;  
100% primary  

100% secondary 

  
 

End gender 
discrimination in 
education 

Gender gap in mean years of 
schooling of population aged 15 
years+ 

global mean: 0.7979 0 0 

Achieve gender 
pay parity  

Female estimated earned income 
over male 

52-87%]80 1 1 

  

Universal access 
to clean water 

Population without access to 
improved water source, piped  

660 milllion (9%)46 0 0 

Universal access 
to sanitation 

Population without access to 
improved sanitation facility 

2.4 billion (32%)46 0 0 

End water scarcity Area under water stress (water 
stress index for most water 
scarce month/season) 

11%81  no increase  no increase 

  

Universal modern 
energy services 
for all 

Population cooking with 
traditional biomass 

2.8 billion (37%)82 0 0 

 Population without basic 
electricity access 

1.1 billion (13%)82 0 0 

 

Work for all Unemployment rate (formal 
economy)  

6%75 
 

6%33 6% 

Global economic 
convergence 

Ratio of GDP per capita of a 
country to the average OECD 
GDP per capita (both in PPP)46; 
(can also be expressed as gini) 

Avg low income countries: 
5.0%; Avg lower-middle 
income countries: 16.7% 
(both 2018)  

Low income countries: 2-
fold increase; Lower-
middle income countries: 
increase by 50% 

Low income countries: 4-
fold increase (reaching at 
least 15%); Lower-middle 
income countries: 3-fold 
increase 

  

R&D R&D intensity, i.e. private and 
government-financed gross 
domestic R&D expenditure 
(GERD) in percent GDP 

1.7%83  3%84 3% 

Universal access 
to ICT 

Proportion of population using the 
internet (%) 

46%85 95% 95% 

Universal access 
to finance 

Proportion of adult population 
with account at financial 
institution (%)86 
 

 69% Middle & high income 
countries: 90% 
Low income countries: 
80% 

95% 

 Fast access to 
economic hub 

Travel time to nearest city with at 
least 50000 inhabitants44 

High income countries: less 
than one hour for 90% of 
population 
Low income countries: 20% 
have to travel for more than 
three hours 
 

Middle & high income 
countries: less than one 
hour for 90% of population 
Low income countries: less 
than three hours for 90% of 
population 

All countries: less than one 
hour for 90% of population 

  

Decrease relative 
poverty 

Number of people below 50% of 
median national daily income (% 
of population) 45 

>1.4 billion (~20%) people  
 

15% 10% 

 

Decent housing 
for all 

Population living in slums (urban) 880 million (30% of urban 
population)75 

10% 0 

Improve air quality 
in cities  

Population exposed to annual 
average PM2.5 >25μg/m³47 

65%46 20% 10% 

 

Reduce waste & 
pollution  

Food loss and waste 33%87 
 

<15% <15% 

 Municipal material recovery 34% in OECD88 59% (top5 countries2015) -  
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Limit global 
warming 

well below 2°C above 
preindustrial levels and pursuing 
efforts to limit the temperature 
increase to 1.5°C above pre-
industrial levels 

55 GtCO2-eq29 Pathway towards long-term 
goal; or globally at least 
below <31-45 GtCO2-eq50 
(1.5 and well below 2oC, 75th 
percentile) 

Pathway towards long-term 
goal; or globally at least 
below <10-20 GtCO2-eq50 
(1.5 and well below 2oC, 75th 
percentile) 

 

Balance 
phosphorus in 
oceans 

P flow from freshwater systems 
into the ocean 

~22 Tg P yr–131 
 

11 Tg P yr-1 31 11 Tg P yr-131 

Sustainably 
manage marine 
resources 

Proportion of fish stocks within 
biologically sustainable levels52 

6552 9089 10089 

 

Halt Land-system 
change 
(deforestation) 

Global: area of forested land as 
% of original forest cover 
Biome: area of forested land as 
% of potential forest 

~4,000 ha90 

 
No further loss of primary 
forest 

Global: 75% (75-54%) – 
specified by forest type31 

Balance nitrogen 
in soils 

Industrial and intentional 
biological fixation of N 

~150 Tg N yr–1 31 62 Tg N yr–1 31 62 Tg N yr–1 31 

Protect 
biodiversity  

Biodiversity Intactness Index (BII)  no degradation from 2020 
onwards 

no degradation from 2020 
onwards 

 

Reduce violence 
and related deaths 

Battle-related deaths and 
fatalities from one-sided violence  

>93,000 91 0 per country/year* 0 per country/year* 

Promote the rule 
of law and ensure 
equal access to 
justice for all 

Equality before the law and 
individual liberty index ‡ 

Global: 0.69 (based on 68) increase all individual 
country scores, at least 
>0.9* 

increase all individual 
country scores, at least 
>0.9* 

Ensure 
responsive, 
inclusive, 
participatory and 
representative 
decision-making 

Equal access index ‡ Global: 0.63 (based on 68) increase all individual 
country scores, at least 
>0.9* 

increase all individual 
country scores, at least 
>0.9* 

 

Increase statistical 
capacities  

Statistical Capacity score- Source 
Data (Second dimension of the 
Statistical Capacity Indicator by 
the World Bank) 

62.0 (global average for 
149 countries)92 

increase up to 100 for all 
countries" 

increase up to 100 for all 
countries" 

Strengthen 
domestic resource 
mobilization 

Total government revenue Global average: 24-28% 
(w/o,natural resources)  
for 2011- 2015 (based on 
71) 

increase to 20 % for 
countries currently below 
this threshold, otherwise 
maintain 

maintain the level of 2030 
the threshold without 
revenue generated by 
exploitation of natural 
resources 

Enhance 
interconnection 
with global civil 
society 

Number of international NGOs of 
which a country is a member, 
whether directly or through the 
presence of members in that 
country.‡ 

Average 386 
(countries>500.000)  
based on93 

increase value above the 
25th percentile based on 
data of 2017 for countries 
below this threshold, 
otherwise maintain 

increase value above the 
25th percentile based on 
data of 2030 for countries 
below this threshold, 
otherwise maintain 

‡ indicators where we are unaware of model-based long-term projections; * indicators for which we are unaware of model-426 
based thresholds. 427 

  428 
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Table 3: Example of use of the target space using data published for the SSP scenarios in various studies. 429 
The colours show evaluation of the scenario against the target values (red: situation becomes worse 430 
compared 2015, orange: situation improves but target is not met; light orange: situation improves and 431 
approaching target; green: target is met). The SSP2 scenario currently only provides information for a 432 
subset of the indicators of the target space.  433 

  Target 2050 2015 2030  2050  
 

    SSP2 SSP range SSP2 SSP range Reference 

SDG1: #People in absolute poverty Millions 0 886 441 [286-655] 119 [22-563] 
94 

SDG2: #People suffering from hunger Millions 0 837 295 [188-560] 92 [13-585] 
95 

SDG3: <5 mortality Per 1000 12 43 45 [31-71] 32 [15-70] 
96 

SDG4: #People w/o. sec. education Millions 0 1687 2396 [1839-3826] 2108 [1607-4875] 
97 

SDG5: Schooling gender gap Years 0 1 0.5 [0.5-0.7] 0.3 [0.2-0.6] 
97 

SDG6: Water stress % area 0 7 7.0 [7-7.1] 8.3 [7-8] 
98 

SDG6: #People w/o san/clean water Millions 0 4127 3636 [79-4251] 2199 [84-3979] 
99 

SDG7: #people w/o acc clean. cooking Millions 0 2590 3240 [1232-3742] 2323 [574-3904] 
100 

SDG7: #people w/o access electricity Millions 0 1810 845 [144-1080] 471 [89-1015] 
100 

SDG10: #people in relative poverty Millions 0 2232 2621 [2326-2909] 2816 [2055-3621] 
94 

SDG11: #people poor air quality Millions 0 4684 4825 [4683-5184] 4966 [4683-5685] 
101 

SDG13: CO2 emissions GtCO2/yr 18 42 47 [42-55] 57 [42-64] 
29 

SDG15: Loss of forest cover Mkm2 1500 2206 2232 [2211-2332] 2253 [2122-2429] 
102 

 434 

  435 



18 
 

References 436 

1 UN. in A/RES/70/1 (ed UN) (United Nations General Assembly, New York, 2015). 437 
2 UNFCCC.     (United Nations Framework Convention on Climate Change, Paris, 2015). 438 
3 CBD.     (Convention on Biodiversity, UNEP/CBD/COP/DEC/X/2, 2010). 439 
4 Stafford-Smith, M. et al. Integration: the key to implementing the Sustainable Development Goals. 440 

Sustainability Science 12, 911-919, doi:10.1007/s11625-016-0383-3 (2017). 441 
5 TWI2050. The World in 2050. Transformations to Achieve the Sustainable Development Goals. 442 

(Report prepared by the world in 2050 initiative. International Institute for Applied Systems 443 
Analysis (IIASA), Laxenburg, Austria, 2018). 444 

6 van Vuuren, D. P. et al. Pathways to achieve a set of ambitious global sustainability objectives by 445 
2050: Explorations using the IMAGE integrated assessment model. Technological Forecasting and 446 
Social Change 98, 303-323, doi:10.1016/j.techfore.2015.03.005 (2015). 447 

7 Sachs, J. D. et al. Six Transformations to achieve the Sustainable Development Goals. Nature 448 
Sustainability 2, 805-814, doi:10.1038/s41893-019-0352-9 (2019). 449 

8 Liu, J. et al. Systems integration for global sustainability. Science 347, 450 
doi:10.1126/science.1258832 (2015). 451 

9 Nakicenovic, N. et al. The world in 2050: towards pathways for global sustainable development. 452 
Nature (2018). 453 

10 Elder, M., Bengtsson, M. & Akenji, L. An optimistic analysis of the means of implementation for 454 
sustainable development goals: Thinking about goals as means. Sustainability (Switzerland) 8, 455 
doi:10.3390/su8090962 (2016). 456 

11 Nilsson, M., Griggs, D. & Visbeck, M. Policy: Map the interactions between Sustainable 457 
Development Goals. Nature 534, 320-322, doi:10.1038/534320a (2016). 458 

12 Breuer, A., Janetschek, H. & Malerba, D. Translating SDG Interdependencies into Policy Advice. 459 
Sustainability (2019). 460 

13 Allen, C., Metternicht, G. & Wiedmann, T. An Iterative Framework for National Scenario Modelling 461 
for the Sustainable Development Goals (SDGs). Sustainable Development 25, 372-385, 462 
doi:10.1002/sd.1662 (2017). 463 

14 Obersteiner, M. et al. Assessing the land resource–food price nexus of the Sustainable 464 
Development Goals. Science Advances 2, doi:10.1126/sciadv.1501499 (2016). 465 

15 Humpenöder, F. et al. Large-scale bioenergy production: How to resolve sustainability trade-offs? 466 
Environmental Research Letters 024011 (2018). 467 

16 Ringler, C., Bhaduri, A. & Lawford, R. The nexus across water, energy, land and food (WELF): 468 
Potential for improved resource use efficiency? Current Opinion in Environmental Sustainability 469 
5, 617-624, doi:10.1016/j.cosust.2013.11.002 (2013). 470 

17 https://sciencebasedtargets.org/about-the-science-based-targets-initiative/.  (2020). 471 
18 Independent Group of Scientists appointed by the Secretary-General. Global Sustainable 472 

Development Report 2019: The Future is Now – Science for Achieving Sustainable Developmen. 473 
((United Nations, New York, 2019). 474 

19 Naidoo, R. & Fisher, B. Reset Sustainable Development Goals for a pandemic world. COVID-19 is 475 
exposing the fragility of the goals adopted by the United Nations — two-thirds are now unlikely 476 
to be met. Nature 06 JULY 2020 (2020). 477 

20 Andrijevic, M., Crespo Cuaresma, J., Muttarak, R. & Schleussner, C.-F. Governance in 478 
socioeconomic pathways and its role for future adaptive capacity. Nature Sustainability 3 (2020). 479 

21 Hák, T., Janoušková, S. & Moldan, B. Sustainable Development Goals: A need for relevant 480 
indicators. Ecological Indicators 60, 565-573, doi:10.1016/j.ecolind.2015.08.003 (2016). 481 



19 
 

22 Allen, C. et al. Indicator-based assessments of progress towards the sustainable development 482 
goals (SDGs): a case study from the Arab region. Sustainability Science 12, 975-989, 483 
doi:10.1007/s11625-017-0437-1 (2017). 484 

23 Schmidt-Traub, G., Kroll, C., Teksoz, K., Durand-Delacre, D. & Sachs, J. D. National baselines for 485 
the Sustainable Development Goals assessed in the SDG Index and Dashboards. Nature 486 
Geoscience 10, 547-555, doi:10.1038/NGEO2985 (2017). 487 

24 O’Neill, D. W., Fanning, A. L., Lamb, W. F. & Steinberger, J. K. A good life for all within planetary 488 
boundaries. Nature Sustainability 1, 88-95, doi:10.1038/s41893-018-0021-4 (2018). 489 

25 Xu, Z. et al. Assessing progress towards sustainable development over space and time. Nature 490 
577, 74-78, doi:10.1038/s41586-019-1846-3 (2020). 491 

26 Hegre, H. et al. ViEWS: A political violence early-warning system. Journal of Peace Research, 492 
doi:10.1177/0022343319823860 (2019). 493 

27 Joshi, D. K., Hughes, B. B. & Sisk, T. D. Improving Governance for the Post-2015 Sustainable 494 
Development Goals: Scenario Forecasting the Next 50years. World Development 70, 286-302, 495 
doi:10.1016/j.worlddev.2015.01.013 (2015). 496 

28 Allen, C., Metternicht, G. & Wiedmann, T. National pathways to the Sustainable Development 497 
Goals (SDGs): A comparative review of scenario modelling tools. Environmental Science and Policy 498 
66, 199-207, doi:10.1016/j.envsci.2016.09.008 (2016). 499 

29 Riahi, K. et al. The Shared Socioeconomic Pathways and their energy, land use, and greenhouse 500 
gas emissions implications: An overview. Global Environmental Change 42, 153-168, 501 
doi:10.1016/j.gloenvcha.2016.05.009 (2017). 502 

30 Iiasa.     (2017). 503 
31 Steffen, W. et al. Planetary boundaries: Guiding human development on a changing planet. 504 

Science 347, doi:10.1126/science.1259855 (2015). 505 
32 Sachs, J. et al. SDG Index and Dashboards Report 2017. (Bertelsmann Stiftung and Sustainable 506 

Development Solutions Network (SDSN). New York, 2017). 507 
33 O'Neill, D. W., Fanning, A. L., Lamb, W. F. & Steinberger, J. K. A good life for all within planetary 508 

boundaries. Nature Sustainability 1, 88-95, doi:10.1038/s41893-018-0021-4 (2018). 509 
34 Häyhä, T., Lucas, P. L., van Vuuren, D. P., Cornell, S. E. & Hoff, H. From Planetary Boundaries to 510 

national fair shares of the global safe operating space — How can the scales be bridged? Global 511 
Environmental Change 40, 60-72, doi:10.1016/j.gloenvcha.2016.06.008 (2016). 512 

35 UNDP. Human Development Report - 2018 Statistical Update. (United Nations Development 513 
Programme, New York, 2018). 514 

36 World Bank. Policy Research Note No.3: Ending Extreme Poverty and Sharing Prosperity: Progress 515 
and Policies. (The World Bank, Washington D.C., 2015). 516 

37 Brende, B. & Høie, B. Towards evidence-based, quantitative Sustainable Development Goals for 517 
2030. The Lancet 385, 206-208, doi:10.1016/S0140-6736(14)61654-8 (2015). 518 

38 GBD. Global burden of desease - 2017. http://www.healthdata.org/node/835.  (2017). 519 
39 Lutz, W., Cuaresma, J. C. & Sanderson, W. Economics: The demography of educational attainment 520 

and economic growth. Science 319, 1047-1048, doi:10.1126/science.1151753 (2008). 521 
40 Jones, C. I. & Klenow, P. J. Beyond GDP? Welfare across Countries and Time. .American Economic 522 

Review 106, 2426-2457 (2016). 523 
41 Feenstra, R. C., Inklaar, R. & Timmer, M. P. The Next Generation of the Penn World Table. 524 

American Economic Review 105, 3150-3182 (2015). 525 
42 Dellink, R., Chateau, J., Lanzi, E. & Magné, B. Long-term economic growth projections in the 526 

Shared Socioeconomic Pathways. Global Environmental Change 42, 200-214, 527 
doi:10.1016/j.gloenvcha.2015.06.004 (2017). 528 



20 
 

43 Frey, C. B. & Osborne, M. The Future of Employment: How susceptible are jobs to 529 
computerisation? Working Paper. (Oxford Martin School, University of Oxford, 2013). 530 

44 Weiss, D. J. et al. A global map of travel time to cities to assess inequalities in accessibility in 2015. 531 
Nature 553, 333–336 (2018). 532 

45 OECD.     (2018). 533 
46 World Bank.     (World Bank, Washington, D.C., 2019). 534 
47 World Health Organization. Air Pollution Fact Sheet, https://www.who.int/en/news-room/fact-535 

sheets/detail/ambient-(outdoor)-air-quality-and-health. (2018). 536 
48 EEA. Exceedance of air quality standards in urban areas, https://www.eea.europa.eu/data-and-537 

maps/indicators/exceedance-of-air-quality-limit-3/assessment-5. (European Environment 538 
Agency, 2019). 539 

49 Rockström, J. et al. Planetary boundaries: Exploring the safe operating space for humanity. 540 
Ecology and Society 14 (2009). 541 

50 IPCC. Global Warming of 1.5 °C. (Intergovernmental panel on climate change, Geneva, 542 
Switserland, 2018). 543 

51 United Nations Environment Programme (UNEP).     (2020). 544 
52 FAO. http://www.fao.org/sustainable-development-goals/indicators/1441/en/.  (2020). 545 
53 Pereira, H. M. et al. Essential biodiversity variables. Science 339, 277-278, 546 

doi:10.1126/science.1229931 (2013). 547 
54 Scholes, R. J. & Biggs, R. A biodiversity intactness index. Nature 434, 45-49, 548 

doi:10.1038/nature03289 (2005). 549 
55 Conijn, J. G., Bindraban, P. S., Schröder, J. J. & Jongschaap, R. E. E. Can our global food system 550 

meet food demand within planetary boundaries? Agriculture, Ecosystems and Environment 251, 551 
244-256, doi:10.1016/j.agee.2017.06.001 (2018). 552 

56 Springmann, M. et al. Options for keeping the food system within environmental limits. Nature 553 
562, 519-525, doi:10.1038/s41586-018-0594-0 (2018). 554 

57 Bijl, D. L., Bogaart, P. W., Dekker, S. C. & van Vuuren, D. P. Unpacking the nexus: Different spatial 555 
scales for water, food and energy. Global Environmental Change 48, 22-31, 556 
doi:10.1016/j.gloenvcha.2017.11.005 (2018). 557 

58 Hasegawa, T. et al. Risk of increased food insecurity under stringent global climate change 558 
mitigation policy. Nature Climate Change 8, 699-703, doi:DOI:10.1038/s41558-018-0230-x. 559 
(2018). 560 

59 Willett, W. et al. Food in the Anthropocene: the EAT–Lancet Commission on healthy diets from 561 
sustainable food systems. The Lancet 393, 447-492, doi:10.1016/S0140-6736(18)31788-4 (2019). 562 

60 Lloyd, S. J. et al. A global-level model of the potential impacts of climate change on child stunting 563 
via income and food price in 2030. Environmental Health Perspectives 126, doi:10.1289/EHP2916 564 
(2018). 565 

61 Springmann, M. et al. Health and nutritional aspects of sustainable diet strategies and their 566 
association with environmental impacts: a global modelling analysis with country-level detail. The 567 
Lancet. Planetary Health 2, 451-461 (2018). 568 

62 Gleick, P. H. Basic Water Requirements for Human Activities: Meeting Basic Needs. Water 569 
International 21, 83-92, doi:10.1080/02508069608686494 (1996). 570 

63 Grubler, A. et al. A low energy demand scenario for meeting the 1.5 °c target and sustainable 571 
development goals without negative emission technologies. Nature Energy 3, 515-527, 572 
doi:10.1038/s41560-018-0172-6 (2018). 573 

64 Biermann, F., Kanie, N. & Kim, R. E. Global governance by goal-setting: the novel approach of the 574 
UN Sustainable Development Goals. Current Opinion in Environmental Sustainability 26-27, 26-575 
31, doi:10.1016/j.cosust.2017.01.010 (2017). 576 



21 
 

65 Tosun, J & Leininger, J. Governing the interlinkages between the Sustainable Development Goals: 577 
approaches to attain policy integration . . Global Challenges 13,  doi: 578 
10.1002/gch1002.201700036 (2018). 579 

66 Gates, S., Hegre, H., Nygård, H. M. & Strand, H. Development Consequences of Armed Conflict. 580 
World Development 40, 1713-1722, doi:10.1016/j.worlddev.2012.04.031 (2012). 581 

67 Allansson, M., Melander, E. & Themnér, L. Organized violence, 1989-2016. UCDP Battle-Related 582 
Deaths Dataset, Version Number: 17.1. Journal of Peace Research 54 (2017). 583 

68 Coppedge, M. et al. V-Dem Codebook v7.1. (Varieties of Democracy (V-Dem) Project., 2017). 584 
69 Union of International Associations. Yearbook of International Organizations: Guide to Global Civil 585 

Society Network.,  (Brill / Martinus Nijhoff Publishers, 2019). 586 
70 Schmidt-Traub, G. & Sachs, J. Financing sustainable development: Implementing the SDGs 587 

through effective investment strategies and partnerships. (United Nations Sustainable 588 
Development Solutions Network, 2015). 589 

71 ICTD/UNU-WIDER.     (2018). 590 
72 World Bank. World Development Indicators. Available at 591 

https://datacatalog.worldbank.org/dataset/world-development-indicators.  (2018). 592 
73 van Soest, H. L. et al. Analysing interactions among Sustainable Development Goals with 593 

Integrated Assessment Models. Global Transitions 1, 210-225, 594 
doi:https://doi.org/10.1016/j.glt.2019.10.004 (2019). 595 

74 Zimm, C., Sperling, F. & Busch, S. Identifying sustainability and knowledge gaps in socio-economic 596 
pathways vis-à-vis the sustainable development goals. Economies 6, 597 
doi:10.3390/economies6020020 (2018). 598 

75 UN. The Sustainable Development Goals Report 2016.,  (United Nations, Department of Economic 599 
and Social Affairs (DESA), 2016). 600 

76 Bodirsky B et al. Starved, stuffed and wasteful: symptoms of an advancing nutrition transition. 601 
Nature Food (2020). 602 

77 NCD-RisC. Worldwide trends in body-mass index, underweight, overweight, and obesity from 603 
1975 to 2016: a pooled analysis of 2416 population-based measurement studies in 128·9 million 604 
children, adolescents, and adults. . The Lancet 390, 2627–2642 (2017). 605 

78 WHO.     (World Health Organization, 2019). 606 
79 Lutz, W., Muttarak, R. & Striessnig, E. Universal education is key to enhanced climate adaptation. 607 

Science 346, 1061-1062, doi:10.1126/science.1257975 (2014). 608 
80 WEF. Global Gender Gap Report 2016. (World Economic Forum, Geneva, Switzerland, 2016). 609 
81 Burek, P. et al. Water Futures and Solution. (International Institute for Applied Systems Analysis, 610 

Laxenburg, Austria, 2016). 611 
82 IEA. World Energy Outlook 2017. (IEA, Paris, 2017). 612 
83 UNESCO Institute for Statistics. Global Investments in R&D. (2019). 613 
84 European Commission. Europe 2020: A strategy for smart, sustainable and inclusive growth, 614 

COM(2010) 2020 final. (Publications Office of the European Union, Luxembourg, 2010). 615 
85 ITU.     (International Telecommunication Union (ITU), Geneva, Switzerland, 2019). 616 
86 Demirgüç-Kunt, A., Klapper, L., Singer, D., Ansar, S. & Hess, J. The Global Findex Database 2017: 617 

Measuring Financial Inclusion and the Fintech Revolution. (World Bank, Washington, DC: , 2018). 618 
87 Gustavsson, J., Cederberg, C., Sonesson, U., van Otterdijk, R. & Meybeck, A. Global Food Losses 619 

and Food Waste. Extent,Causes and Prevention. (FAO, Rome, Italy, 2011). 620 
88 OECD. Green Growth Indicators 2017.  (2017). 621 
89 OHI.     (Ocean Health Index, 2019). 622 



22 
 

90 Keenan, R. J. et al. Dynamics of global forest area: Results from the FAO Global Forest Resources 623 
Assessment 2015. Forest Ecology and Management 352, 9-20, 624 
doi:https://doi.org/10.1016/j.foreco.2015.06.014 (2015). 625 

91 Allansson, M., Melander, E. & Themnér, L. Organized violence, 1989-2016. UCDP Battle-Related 626 
Deaths Dataset, Version Number: 17.1. Journal of Peace Research 54 (2017). 627 

92 World Bank.     (2018). 628 
93 UIA. Yearbook of International Organizations 2018/2019, available at: https://uia.org/yearbook 629 

(Union of International Associations, 2018). 630 
94 Rao, N., Sauer, P., Gidden, M. & Riahi, K. Income inequality projections for the Shared 631 

Socioeconomic Pathways (SSPs). . Futures DOI:10.1016/j.futures.2018.07.001 (2018). 632 
95 Hasegawa, T., Fujimori, S., Takahashi, K. & Masui, T. Scenarios for the risk of hunger in the twenty-633 

first century using Shared Socioeconomic Pathways. Environmental Research Letters 10, 634 
doi:10.1088/1748-9326/10/1/014010 (2015). 635 

96 Lucas, P. L. et al. Future impacts of environmental factors on achieving the SDG target on child 636 
mortality—A synergistic assessment. Global Environmental Change 57, 637 
doi:10.1016/j.gloenvcha.2019.05.009 (2019). 638 

97 Kc, S. & Lutz, W. The human core of the shared socioeconomic pathways: Population scenarios by 639 
age, sex and level of education for all countries to 2100. Global Environmental Change 42, 181-640 
192, doi:10.1016/j.gloenvcha.2014.06.004 (2017). 641 

98 Byers, E. et al. Global exposure and vulnerability to multi-sector development and climate change 642 
hotspots. Environmental Research Letters 13, doi:10.1088/1748-9326/aabf45 (2018). 643 

99 Parkinson, S. et al. Balancing clean water-climate change mitigation trade-offs. Environmental 644 
Research Letters 14, doi:10.1088/1748-9326/aaf2a3 (2019). 645 

100 Van Vuuren, D. P. et al. Energy, land-use and greenhouse gas emissions trajectories under a green 646 
growth paradigm. Global Environmental Change 42, 237-250, 647 
doi:10.1016/j.gloenvcha.2016.05.008 (2017). 648 

101 Rao, S. et al. Future air pollution in the Shared Socio-economic Pathways. Global Environmental 649 
Change 42, 346-358, doi:10.1016/j.gloenvcha.2016.05.012 (2017). 650 

102 Popp, A. et al. Land-use futures in the shared socio-economic pathways. Global Environmental 651 
Change 42, 331-345, doi:10.1016/j.gloenvcha.2016.10.002 (2017). 652 

 653 

  654 



23 
 

Supplementary information 655 

 656 

People (SDGs 1, 3, 4 and 5) 657 

SDG1 (no poverty), SDG3 (good health and well-being), SDG4 (quality education) and SDG5 (gender 658 
equality) all form fundamental building blocks for human development. Clearly, the issue of human 659 
development is also directly related to the SDGs in other clusters. Several indices have previously been 660 
used to capture the multi-dimensional nature of human development, aiming to assess progress over time 661 
beyond economic growth. The UNDP’s Human Development Index (HDI) encapsulates three dimensions 662 
of development, concerned with the abilities of leading a long and healthy life, acquiring knowledge and 663 
achieving a decent standard of living1. The focus here is on tracking advances towards improving basic 664 
aspects of human development. Through complementary indices, such as the gender development index 665 
and inequality adjusted HDI, which both built on the general HDI, UNDP seeks to further shed light on 666 
gender differences and prevalent conditions of inequality in the context of advancing human 667 
development. Other indicators aim to present a more comprehensive assessment of conditions of 668 
poverty, which are linked to various forms of deprivation. This includes for example the multi-dimensional 669 
poverty index (MPI), which was developed by the Oxford Poverty and Human Development Initiative and 670 
further modified in collaboration with UNDP (see 1). While being cognizant of this complexity of human 671 
development indicators, we wanted to select a limited number of targets that are representative of the 672 
SDGs contained in this cluster, and that are quantifiable and suited for modeling.  673 

For SDG1, it is clear that one indicator needs to be related to the objective of no one living in extreme 674 
poverty by 2030. Obviously, a key question is how to define extreme poverty. The World Bank global 675 
poverty line2 as suggested in the SDG target is chosen as the threshold for 2030. As differences in the cost 676 
of living across the world evolve, the global poverty line has been periodically updated to reflect these 677 
changes. Where Target 1.1 specifically mentions $1.25 per day, the World Bank has updated the absolute 678 
poverty line to $1.90 per day (US$ 2011). We use 2 US$ (US$ 2015) per capita per day for 2030 and 2050 679 
for practical reasons – and kept it constant over the time period (given the correction for inflation). 680 
Relative poverty is also included under SDG10 and discussed in the Prosperity cluster. 681 

SDG3 aims at ensuring healthy lives. We view healthy life expectancy at birth as a summary indicator3. 682 
The set of SDG targets includes several other indicators including maternal mortality rates and many other 683 
indicators are also used in the literature, but the advantage of the healthy life expectancy indicator is that 684 
it is all-encompassing. On country level, an additional indicator is included of a minimum increase in 685 
healthy life expectancy at birth of 3 years per decade3, which would be non-linear: countries with very 686 
low life expectancy at birth gain a lot of years by saving infants’ and children’s lives, while countries with 687 
higher life expectancies show smaller gains as the lives saved postpone age at death. The SDG target on 688 
under 5 mortality rate is used to track progress in developing countries. The SDG target level of 25 deaths 689 
per 1,000 live births is taken for 2030, which is further halved by 2050 to increase progress. Finally, 690 
alternative indicators that were considered include, among others, normal life expectancy at birth, a goal 691 
of avoiding 40% of premature deaths4 and the median health-related SDG index used by the Global Burden 692 
of Disease study5. The latter, however, will require a much wider set of underlying indicators to be 693 
modelled.  694 
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SDG4 aims for quality education. The addition of universal secondary education expanded the ambition 695 
of the Millennium Development Goals (MDGs), which targeted universal primary education only. This 696 
addition is based partly on recent insights that, for poor countries to come out of poverty, universal 697 
primary education is not enough and must be complemented by secondary education for broad segments 698 
of the population6. We chose the share of young people achieving lower secondary education as this 699 
covers the compulsory schooling time in most countries. Considering current enrollment rates in primary 700 
education, achieving 100% completion of lower secondary education by 2030 is practically impossible, so 701 
the target values proposed are 80% in 2030 and 100% in 2050. A supporting threshold is introduced of 702 
100% primary completion rate in 2030. Alternative indicators may include literacy rates, expected years 703 
of schooling, participation in early childhood education, share of total population with lower secondary 704 
education, measure of the quality of education through graduate employment and mean years of 705 
schooling.  706 

SDG5 aims for gender equality. Out of the wide domains covered by this SDG, we chose education and 707 
income to track female empowerment. The target values aim at full equality in 2030 as called for by SDG5. 708 
While differences in education are covered by some models, the wage gap is addressed in very few models 709 
– and might therefore only be a future alternative indicator. The advantage of the education-gap indicator 710 
is that it directly related to future capacity and also has an established link with other indicators such as 711 
fertility levels. Other indicators that are used to track current progress regarding gender equality include 712 
the female to male labor force participation rate, proportion of women in national parliaments, share of 713 
women in management roles, legal gender discrimination and rates of sexual violence. However, none of 714 
these are currently captured by integrated assessment models.  715 

 716 

Prosperity (SDGs 8, 9, 10, and 11) 717 

The cluster of SDGs 8, 9, 10 and 11 is envisaging societies and economies that offer a prosperous and 718 
fulfilling life for all.  719 

SDG8 aims for sustained and inclusive economic growth and full and decent employment. As prosperity 720 
in high income countries is no longer driven by economic growth per se7, a focus is placed on sufficient 721 
economic growth in low and lower-middle income countries, eventually leading to a convergence of living 722 
standards. We therefore propose an indicator of economic convergence as measured by the ratio of 723 
GDP/capita in the target country to the average OECD GDP/capita (both measured in PPP). This indicator 724 
reflects SDG target 8.1 (sustained per capita economic growth in accordance with national circumstances, 725 
including high growth rates in least developed countries) as well as the overarching goal of inclusive 726 
growth across countries. Our quantitative targets are based on historical examples of rapid GDP/capita 727 
growth and income convergence, in particular the Asian “tiger economies” in the period 1960-1995 and 728 
China post-1990. In these cases GDP/capita relative to the developed economies multiplied by a factor of 729 
≥ 4 in a few decades, with per capita growth rates of ~7%8.  730 

As a 2050 target for our convergence indicator we therefore suggest a fourfold increase for low-income 731 
countries (translating the World Bank income classification thresholds into $ 2011 PPP, these are countries 732 
with a GDP/capita below ~6.5% of the average OECD value). As some countries start from around 2% of 733 
the OECD value, we supplement this with an additional threshold of reaching at least 15% of the OECD 734 
value in 2050. For lower-middle income countries (in PPP below ~21% of the average OECD GDP/capita) 735 
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we propose a threefold increase as a target for 2050. Assuming an average GDP/capita growth rate of 736 
1.5% in OECD countries, these targets translate to annual GDP/capita growth rates of 6% in low-income 737 
and 5% in lower-middle income countries over the period 2019-2050. For calculating the intermediate 738 
2030 targets we assume 7% growth rate until 2030 declining by 1 percentage point each additional decade 739 
until 2050 in low income countries and the same growth rate of 5% in lower-middle income countries, 740 
leading to 2030 convergence factors of two for low-income and 1.5 for lower-middle-income countries. 741 
As an aside, we note that for many countries these targets will be met under an SSP1 GDP and population 742 
scenario9.  743 

The second proposed indicator for SDG8 is related to employment and decent work (targets 8.5-8.8). 744 
Work serves two important purposes. It gives individuals access to financial income for entertaining a life 745 
of their choosing, and it provides a meaning and organizing structure to life. Possible changes in the future 746 
of work could mean that these two dimensions do not necessarily need to coincide in the same activity 747 
anymore. Therefore, for the achievement of SDG8, it will be essential to provide every human with a 748 
stable income stream that will be the accumulation from different sources (labor income, capital income, 749 
transfer income). In our target set, access to decent income is covered by a combination of per capita GDP 750 
convergence between countries (see above) and reduced income inequality within countries (see our 751 
choice of indicator for SDG10). In addition to a decent income, there needs to be sufficient supply of 752 
meaningful activities, i.e. decent employment opportunities or other activities of societal value such as 753 
caretaking or community service. For the time being we focus on employment as indicator, but 754 
acknowledge that the future of work is likely to change substantially with increasing digitalization and 755 
automation10. We therefore may eventually require a broader notion of activities with economic or 756 
societal value to cover the goal of decent work. Following O'Neill et al3 we set a target of less than 6% of 757 
the labor force being unemployed (or more broadly being without valued activity). SDG8 also contains the 758 
fundamental goals of eradicating forced and child labor (target 8.7) and protecting labour rights and 759 
promoting a safe working environment (target 8.8). These fundamental goals are not singled out explicitly 760 
in our set of indicators, but are implied by a range of indicators relating to poverty eradication (SDG1), 761 
universal education (SDG4), broad access to socio-economic activities (SDG9), decent income (SDG10) and 762 
living conditions (SDGs 3, 6, 7, 11), and gender equality (SDG5). Likewise, other targets of SDG8 relating 763 
to innovation (targets 8.2 and 8.3) and access to finance (targets 8.3. and 8.10) are largely covered by our 764 
choice of indicators for SDG9, and the target 8.4 on global resource efficiency is covered by SDG12 on 765 
sustainable production and consumption.  766 

The indicators proposed for SDG9 aim to capture multiple aspects of infrastructure (both physical and 767 
non-physical) and innovation, with a focus on technologies and services that can serve as key enablers. 768 
SDG 9.1 emphasizes access to transport infrastructure to support economic development and human 769 
well-being. We adopt a broader concept of access to markets, knowledge and culture, both physically in 770 
terms of travel time to the nearest city and non-physically in terms of access to information and 771 
communications technologies (ICTs). As highlighted in SDG9, ICTs such as mobile phones and the Internet 772 
are key enabling technologies. We focus on Internet use (beyond mere access) here and adopt a target of 773 
near universal internet use among adults and teenagers, i.e. ca. 95% of the population, for 2030 and 774 
beyond (cf. SDG9). The target for physical access to market places and knowledge and culture hubs is 775 
based on the global map of travel time to the next city 11. Following their definition of a city (a contiguous 776 
area with population density above 1,500 km-2 or built-up area with at least 50,000 inhabitants) we use 777 
the typical values in high-income countries as a motivation for setting our target for 2050: less than one 778 
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hour for 90% of the population. This can be compared with the current situation in low income countries 779 
where less than half of the population lives within one hour of the next city and 20% of the population 780 
has to travel for more than three hours to the next city. For 2030 we propose intermediate target of less 781 
than 3 hours travel time to the next city for 90% of the population in low income countries while middle 782 
and high income countries should already have reached the long term target by 2030.  783 

Another important element for economic access is access to financial services. SDGs 9.3 and 8.3 focus on 784 
access of small and medium enterprises (SME) to such services as well as their market integration. Here 785 
we widen the consideration of financial service access to individuals in order to cover also the related SDG 786 
8.10. As a simple proxy for broad access to financial services, we use the share of the population with an 787 
account at a financial institution, including access to mobile-money-services12. We choose a mid-century 788 
target of 95% account ownership among the adult population reflecting near universal access to financial 789 
services. For 2030, we suggest a target of 90% in middle and high income countries which mirrors current 790 
values in OECD countries, and a target of 80% of the adult population in low income countries. The target 791 
should be reached in 2030 in middle and high income countries and 2050 in low income countries. Account 792 
ownership is a proxy indicator that focuses particular on financial inclusion. Financial development is a 793 
broader concept that also takes into account the depth and efficiency of financial markets. We 794 
acknowledge that those factors are relevant for the availability of credit as highlighted in SDGs 8.3 and 795 
9.3, but suitable and easily accessible indicators are hard to come by. There are attempts to include macro-796 
level indicators such as credit to GDP ratio and other indicators into compound indices for financial 797 
development13 but their direct relevance to the SDGs less clear and data availability is limited. In the SDG 798 
context, the finance gap for micro/small/medium enterprises (MSME) is a potentially relevant indicator 799 
for SDG9.3, but it is only available for emerging economies to date14. More work on SDG-oriented 800 
indicators for access to financial services is needed.  801 

Besides infrastructure and services, a key focus of SDG9 is innovation as captured in SDG9.5 which calls 802 
for enhancing scientific research and increasing public and private research and development (R&D) 803 
investments. We adopt private and government-financed gross domestic R&D expenditure (GERD) in 804 
percent GDP as central indicator for R&D investments (cf. target 9.5.1). The target is set to 3% of GDP in 805 
2030. This value is often used as a benchmark in country comparisons of R&D spending and was adopted 806 
as target by the European Union15. Currently, OECD countries spend around 2.5% of their GDP on R&D.  807 

Other elements of SDG9 such as specific goals for industry (target 9.2) have not been targeted explicitly 808 
as both industry and services will be nurtured by increased innovation and improved access to markets, 809 
knowledge and finance. Likewise, SDG target 9.4 which calls for increased resource efficiency and 810 
environmental soundness of industrial production is largely covered by SDG12. This allows us to limit the 811 
number of indicators for SDG9 to four, covering also aspects of SDG8. We note, however, that it remains 812 
a research challenge to better represent these indicators in future modelling efforts. 813 

SDG10 calls for reducing inequality both across and within countries. The inequality dimension across 814 
countries is already covered by the income convergence indicator proposed for SDG8. For inequality 815 
within countries we focus on relative poverty and use the OECD definition16 of people living below half of 816 
the national median income (cf. target 10.2.1). To derive a quantitative target for this indicator we 817 
examine national statistics for the Gini index taken from the World Development Indicators17. In recent 818 
years the lowest measured Gini indices are around 25, with around 15-20% of the countries with available 819 
data having Gini indices below 30. We therefore take a value of ≤30 as an ambitious but still realistic target 820 
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to be reached by 2050. Under the assumption of a lognormal income distribution we can analytically relate 821 
the Gini coefficient to our proposed indicator. This yields a target of at most 10% of the population living 822 
below half of the median income (independently of the average income level) in 2050. We propose an 823 
intermediate target of at most 15% of the population in relative poverty by 2030. These targets mandate 824 
a pathway of decreasing relative poverty for all countries which fulfills SDG10.1 calling for sustained 825 
income growth of the bottom 40% of the population at a rate higher than the national average. There are 826 
also other relative poverty concepts18, e.g., based on consumption patterns. Here we use relative income 827 
as proxy for relative poverty and inequality within countries as it is most widely used and easily accessible. 828 
Absolute poverty is targeted by SDG1. SDG10 includes a set of other goals on inclusion and equal 829 
opportunities for societal groups. Those are not explicitly mapped to indicators here as root causes are 830 
addressed by other SDGs, including the access indicators defined for SDG9.  831 

SDG11 deals with sustainable cities and communities. Our selected indicators focus on two key aspects: 832 
adequate housing and a healthy urban environment. We represent the former by the fraction of the urban 833 
population living in slums, with a target of zero by 2050 and an intermediate target of less than 10% in 834 
2030. While this intermediate target would not completely eliminate slums by 2030, it is nonetheless 835 
ambitious given recent trends19. The number of people living in slums is a useful composite indicator that 836 
already captures several important aspects of life in cities. Some of these dimensions are also cross-cutting 837 
with indicators from other SDGs, e.g. poverty (see SDG1), access to piped water (SDG6) or energy (SDG 7). 838 
Access to piped water and electricity can also serve as proxy indicators for quality of housing and 839 
municipal planning and infrastructure services.  840 

Our second indicator is the fraction of the urban population exposed to hazardous levels of air pollution, 841 
quantified by a threshold on the concentration of fine particulate matter (PM2.5) of 25 μg/m3. The 842 
threshold follows the upper value (24-hour mean) of the WHO guideline20 (WHO, 2018), and coincides 843 
with the annual average threshold value used by the EU. As targets we propose less than 10% of the urban 844 
population exposed to higher annual average levels of PM2.5 by 2050, and less than 20% by 2030. These 845 
values are comparable to current values in the EU21. Similar fractions are also obtained in SSP1-2.6W/m2 846 
projections22, note however that the latter refer to the total population and not the urban population 847 
used here (making them less ambitious). 848 

Clearly, two indicators can never fully capture the multi-faceted nature of life in cities. However, we argue 849 
that our selection, in combination with those aspects already covered in other SDGs, captures many of 850 
the important dimensions. We further note that data on these indicators are readily available, making it 851 
easy to track progress. 852 

 853 

Planet integrity (SDGs 13, 14, and 15) 854 

The SDGs on climate action and aquatic and terrestrial biodiversity relate to the condition of the natural 855 
environment and the planetary boundaries23,24. Given the ongoing work on the Planetary Boundary 856 
framework we have decided to look for synergy for some of the indicators and goals. For SDG13, we follow 857 
the target of the Paris Agreement, i.e. well below 2oC and pursue efforts to stay below 1.5oC. Global IAMs 858 
models can use this target directly, but others models (e.g. at the national scale) need derived information, 859 
such as existing IAM emission profiles25 or national carbon budgets over a certain time period. We have 860 
selected a greenhouse gas emission target – but did not specify exactly the downscaling method. 861 
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Moreover, we also left it up to the user at this stage how interpret the Paris Agreement with respect to 862 
the temperature goals and only set an upper bound. Future work could further specify this target. The 863 
target for ocean acidification (SDG14) is also related to CO2 emissions, and is for that reason assumed to 864 
be covered by the climate target. In addition, for SDG14, eutrophication can be covered by the 865 
phosphorous flow from freshwater systems into the ocean (based on the planetary boundaries) or 866 
alternatively, the index of coastal eutrophication (selected from the SDGs)26. The latter is more refined 867 
but does need further modelling of coastal systems. Further, the fraction of fish stocks within safe 868 
biological limits27 represents the sustainable use of fish resources23. We also considered the Ocean Health 869 
index – or other work on biodiversity indicators for aquatic systems (such as the mean species abundance), 870 
but considered work not advanced enough to add them at this stage, given the rather complication 871 
calculation schemes. For terrestrial biodiversity, in principle multiple dimensions of biodiversity would 872 
need to be covered28. In order to limit the number of targets, however, the planetary boundary indicators 873 
are proposed, i.e. the minimum extent of forest cover in different forest biomes, the balance of nitrogen 874 
into soils, and the biodiversity intactness index (BII)29. For the latter, also alternative aggregated 875 
biodiversity indicators exist and possibly a comparison project can show whether these can be used as 876 
replacement (if applied relative to reference year). 877 

 878 

Key resources (SDGs 2, 6, 7 and 12)  879 

Access to resources forms an important aspect of sustainable development, while at the same time these 880 
resources need to be properly maintained. Key resources include energy, food and water – while SDG12 881 
deals with consumption and production of resources in general. SDG2 focuses on both ending hunger and 882 
promoting sustainable agriculture practices. The first indicator is the number of undernourished people 883 
(proposed by many other publications, including 3). The target of 0 people undernourished by 2030 is 884 
taken from the SDG and needs to be sustained beyond 2050. As the threshold for undernourishment, we 885 
apply the minimum daily energy requirement (MDER, kcal/cap/day) suggested by FAO (2017). FAO (2017) 886 
calculates country specific minimum daily energy requirements. The 2030 and 2050 global average 887 
minimum thresholds are based on calculations by Hasegawa for SSP1 30. The future mean MDER is 888 
calculated for each year and country using the mean MDER in the base year at the country level26, 889 
adjustment coefficient for the MDER in different age and sex groups27 and the future population 890 
demographics28 to reflect differences in the MDER across age and sex 30. As SDG2 also covers 891 
malnourishment, the prevalence of malnourishment, and stunting and wasting could also be included. In 892 
general, reflecting the nutrient value of diet, beyond mere energy content (kcal), moving towards 893 
reflecting healthy diets for all should be a goal for modelling, and this is an active area of international 894 
research31,32. We also added an indicator related to obesity. Obesity is on the rise globally, also in 895 
developed countries, and has severe health impacts (linked to SDG3), but also clear links to consumption 896 
patterns (SDG12) and the overall impact of the agriculture system on the environment (also given the role 897 
of animal products). Work on diets in relation to sustainable development (e.g. EAT-Lancet Commission) 898 
and as well as health impacts (non-communicable diseases) is evolving33 but setting target values and 899 
related thresholds still poses a challenge as it closely connected with lifestyle and the goal would be to 900 
avoid diseases. SDG2 also covers agriculture and food production. An indicator on sustainable agriculture 901 
is desired but also links to indicators proposed under the environmental SDGs (13, 14 and 15) that can 902 
provide guardrails relevant to sustainable agriculture practices and therefore do not have to be added 903 
here.  904 
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SDG6 covers water demand by human beings and the environment. The first indicators look at access to 905 
clean water. We use as threshold of sufficient access 50l/per/capita/day recommended as basic water 906 
requirement34. This is proposed as universal threshold focusing on meeting basic needs, including water 907 
for drinking, basic sanitation, plus some water for cooking and bathing. The second indicator is access to 908 
sanitation services. Finally, for water scarcity we use the proportion of an area or region under water 909 
stress. Here, water stress is defined as the ratio between total water use and availability. A value above 910 
40% is defined as areas suffering from severe water stress. It is important to calculate a full balance 911 
(include water use from groundwater and environmental water needs) and the same for water availability 912 
(include sustainable groundwater availability, lakes but also technical solutions like desalination). This is 913 
pointing at groundwater over-use particularly but also some lakes and surface waters which are 914 
contracting in size/volume. It should be noted that the indicator is also strongly dependent on natural 915 
attributes. Other indicators considered include total water use (as in the planetary boundaries 916 
framework23), the number of people living in water scarce areas, environmental flows in freshwater 917 
ecosystems and water quality. However, these indicators either contain less actionable information or are 918 
more difficult to model in an integrative assessment framework.  919 

SDG7 calls for both access to energy for all and the sustainable use of energy. We propose to focus on 920 
energy service levels (final energy demand) including heating/cooling and mobility service per household 921 
per day that allow a decent life (see 35), going beyond mere access. What is deemed “decent” is subject 922 
to national circumstances (e.g. also related to climate zone). Because of advances in technology and living 923 
standards, energy requirements in 2050 are subject to change.  924 

For SDG12 a range of indicators can be considered. Our selected indicators – Food loss and waste and 925 
Municipal material recovery – only cover a subset of the relevant resources involved in society’s processes 926 
of production and consumption, and target values will have to be even more ambitious in the long run. 927 
They can however be regarded as illustrative of the capabilities of a society to manage and recycle 928 
resource flows. These indicators are also well established - at least in industrialized countries - in statistical 929 
reporting and can be captured in a modeling framework at least in stylized way (technologies, economic 930 
incentives). Suitable alternatives could be more comprehensive indicators and indices such as the human 931 
appropriation of natural primary productivity (HANNP)3, the ecological footprint, the material footprint, 932 
the global food loss index or recycling rates, but these indicators are hardly covered by models yet. Further 933 
development could also focus more on circular economy indicators and overall efficiency.  934 

 935 

Peace, Political Institutions and Means to Implement (SDGs 16 and 17) 936 

Compared to other SDG areas, the definition of lean and evidence based benchmarks for SDGs 16 and 17 937 
seems to be more challenging because of the contingent nature of governance, politics and peace. 938 
However, measuring these issues is not only possible but quite common. The use of quantified and 939 
standardized measures of governance, political institutions and violent conflict has become ubiquitous in 940 
political sciences and conflict research. We propose a series of numeric targets based on the insights from 941 
empirical studies and normative considerations of what we consider minimal quantifications of the 942 
political goals enshrined in the SDGs. Improving a list of indicators for SDGs 16 and 17 is a challenge, which 943 
has been acknowledged by the broader social science community since 2015. However, quantitatively 944 
projecting long-term scenarios of governance36,37 and political events such as violent conflict38-40, 945 
coups41,42 and regime change43 are on the rise. It will require more engagement with social science 946 
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communities interested in future scenarios to further advance the indicators and their application for 947 
integrated modelling. 948 

The proposed indicators for the target space approximate the larger set of targets in both SDG16 and 17, 949 
while being sufficiently narrow to allow quantitative modeling of pathways. They address some of the 950 
most important interlinkages to other goals, in particular SDG4, 5, and 10. We focus on measurable 951 
political and financial outcomes of institutions instead of the latter’s procedural attributes as proposed in 952 
some of the targets. This is based on the assumption that there is a significant correlation between 953 
institutions and outcomes linked to institutions. For instance, participatory political institutions are more 954 
likely to provide inclusive policies. In addition, political institutions are better to predict because they are 955 
more stable over time than contingent political events.  956 

Peaceful, just and inclusive societies (SDG16) as well as global partnership (SDG17) are not only desired 957 
outcomes of the 2030 Agenda but also serve as important enablers to achieve the remaining SDGs44,45. 958 
SDG16 and 17 describe the political goals defined by the Agenda 2030. SDG16 calls to significantly reduce 959 
all forms of violence, promote peace and build effective, accountable and inclusive institutions. Armed 960 
conflicts with high fatality numbers are known to perpetuate underdevelopment46. Accordingly, the high 961 
number of conflict-related deaths in recent years need to be reduced drastically if SDGs shall be achieved, 962 
especially in fragile states and conflict regions. Current trends indicate that the number of violent deaths 963 
has been increasing since 2005. SDG target 16.1 also aims to reduce violent crime. However, we propose 964 
the number of armed conflict fatalities as an indicator for two reasons. First, armed conflict has the 965 
potential to drastically undermine or even reverse development of the overall SDG agenda on a national 966 
or regional level. Moreover, in contrast to violent crime, global conflict fatality estimates are readily 967 
available in a standardized form dating back several decades. In contrast, e.g. homicide rates are often 968 
missing in the least developed countries during many years in the past, making global modelling 969 
challenging. While we endorse statistics of violent crime as a suitable measure for regionally restricted 970 
analyses, we propose fatalities from armed conflict as our preferred, globally available measure of the 971 
most severe form of insecurity. We choose a normative goal in line with the formulation of goal 16 and 972 
expect 0-fatalities by 2030 and 2050. Although this is not feasible globally, it is more likely on the country-973 
level.  974 

Beyond the absence of violence, strong, responsive and representative political institutions are central 975 
preconditions for sustainable development and (positive) peace47,48. We propose to measure these 976 
institutional aims using two indices. The Equality Before the Law and Individual Liberty Index49 broadly 977 
captures target 16.3 (“Promote the rule of law [...] and ensure equal access to justice for all”) as well as 978 
the protection of fundamental freedoms (target 16.10). Furthermore, the index includes information on 979 
torture, i.e. it captures the most severe violation of SDG16.2. Beyond these specific goals, improvements 980 
on this index also correlate with decreases in corruption (target 16.5) and effective and transparent 981 
institutions (target 16.6)50. Alongside more effective institutions, we can expect a reduction in crime 982 
(target 16.4) and states should be able to provide a legal identity to all, including birth registrations (target 983 
16.9). The second proposed measure, the Equal Access Index49, describes whether all social groups “enjoy 984 
equal de facto capabilities to participate, to serve in positions of political power, to put issues on the 985 
agenda, and to influence policymaking” 49 (target 16.7). In line with previous research, we expect that 986 
political equality decreases economic and social inequalities and, thus, has positive effects on achieving 987 
SDG10 (“Reduce inequality in and among countries”).  988 
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Given that both proposed indices are continuous, it is an empirical challenge to identify a threshold that 989 
classifies when the political goals of the SDGs are achieved. We used the following steps to define 990 
quantified and empirically grounded thresholds for each index:  991 

 First, we used the fact that each index is based on a larger set of individual, ordinal items that 992 
describe specific conditions in countries worldwide. For each of these individual items, we 993 
qualitatively identify the ordinal answer categories, which capture the normative goals enshrined 994 
in SDG16. Tables S1 and S2 outline for each index the content of each item, the available ordinal 995 
categories as well as the categories which we consider to be in line with the goals of SDG16.  996 

 Second, we draw on V-Dem’s empirical measurement of the most likely ordinal value for each 997 
item ("_ord" variables reported by V-Dem). Using this measurement, we extract for each index all 998 
country-years that reached (or exceeded) on all items of the index the respective ordinal category 999 
identified in step 1. This leaves us for each item with the precise subset of countries which, 1000 
according to V-Dems measurement, fulfilled all conditions outlined by SDG16, in a given year.  1001 

 Third, within this subset of country-years, we then calculate the lowest empirically estimated 1002 
index score for each index.  1003 

  1004 
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Application of target space to the SSP scenarios 1005 

The Table below indicates the data used in the assessment 1006 

 1007 

Target space indicator Implementation 
SDG1: #People in absolute poverty The data on income distribution in the different SSPs could be used to calculate the 

number of people below 2$ per person per day51 
SDG2: #People suffering from hunger The was directly reported by the AIM model and has been later also reported by 

multiple model studies (AIM data is used here)52 
SDG3: <5 mortality The data is available from the original population scenarios of the SSPs53. 
SDG3: Total fertility rate The data is available from the original population scenarios of the SSPs53. 
SDG4: #People w/o. sec. education The data is available from the original population scenarios of the SSPs53. 
SDG5: Schooling gender gap The data is available from the original population scenarios of the SSPs53. 
SDG6: Area under water stress Water stress indicators have been calculated for the SSPs by multiple teams. Here, the 

data of Byers et al is used54 
SDG6: #People w/o san/clean water Data based on SSP255 
SDG7: #people w/o access clean 
cooking 

Access to clean cooking was based on data from the IMAGE-team, but is also reported 
by other IAM models  

SDG7: #people w/o access electricity Access to electricity was based on data from the IMAGE-team, but is also reported by 
other IAM models 

SDG10: #people in relative poverty The data on income distribution in the different SSPs could be used to calculate the 
number of people below 2$ per person per day51 

SDG11: #people poor air quality Air quality data for the SSPs was reported Rao et al56 
SDG13: CO2 emissions Data from the marker scenario of the SSP database were used57 
SDG15: Loss of forest cover Emissions from the marker scenario of the SSP database were used57 

  1008 
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 1009 

Table S1: Questions contained in the Equal Access Index and SDG-conformable target categories 1010 

V-Dem variable 
name 

Question + answer categories 
Clarification (according to V-Dem codebook 
V 7.1 - July 2017) 

SDG-
conformable 
target 
categories 

v2pepwrgen 

Is political power distributed according to gender? 
0: Men have a near-monopoly on political power. 
1: Men have a dominant hold on political power. Women have 
only marginal influence. 
2: Men have much more political power but women have some 
areas of influence. 
3: Men have somewhat more political power than women. 
4: Men and women have roughly equal political power. 

/ 4 

v2pepwrsoc 

Is political power distributed according to social groups? 
0: Political power is monopolized by one social group comprising a 
minority of the population. This monopoly is institutionalized, i.e., 
not subject to frequent change. 
1: Political power is monopolized by several social groups 
comprising a minority of the population. This monopoly is 
institutionalized, i.e., not subject to frequent change. 
2: Political power is monopolized by several social groups 
comprising a majority of the population. This monopoly is 
institutionalized, i.e., not subject to frequent change. 
3: Either all social groups possess some political power, with some 
groups having more power than others; or different social groups 
alternate in power, with one group controlling much of the 
political power for a period of time, followed by another – but all 
significant groups have a turn at the seat of power. 
4: All social groups have roughly equal political power or there are 
no strong ethnic, caste, linguistic, racial, religious, or regional 
differences to speak of. Social group characteristics are not 
relevant to politics. 

A social group is differentiated within a 
country by caste, ethnicity, language, race, 
region, religion, or some combination 
thereof. (It does not include identities 
grounded in sexual orientation or 
socioeconomic status.) Social group identity 
is contextually defined and is likely to vary 
across countries and through time. Social 
group identities are also likely to cross-cut, 
so that a given person could be defined in 
multiple ways, i.e., as part of multiple 
groups. Nonetheless, at any given point in 
time there are social groups within a society 
that are understood - by those residing 
within that society – to be different, in ways 
that may be politically relevant. 

3 ; 4 

v2pepwrses 

Is political power distributed according to socioeconomic 
position? 
0: Wealthy people enjoy a virtual monopoly on political power. 
Average and poorer people have almost no influence. 
1: Wealthy people enjoy a dominant hold on political power. 
People of average income have little say. Poorer people have 
essentially no influence. 
2: Wealthy people have a very strong hold on political power. 
People of average or poorer income have some degree of 
influence but only on issues that matter less for wealthy people. 
3: Wealthy people have more political power than others. But 
people of average income have almost as much influence and 
poor people also have a significant degree of political power. 
4: Wealthy people have no more political power than those whose 
economic status is average or poor. Political power is more or less 
equally distributed across economic groups. 

All societies are characterized by some 
degree of economic (wealth and income) 
inequality. In some societies, income and 
wealth are distributed in a grossly unequal 
fashion. In others, the difference between 
rich and poor is not so great. Here, we are 
concerned not with the degree of social 
inequality but rather with the political 
effects of this inequality. Specifically, we are 
concerned with the extent to which wealth 
and income translates into political power. 

3 ; 4 

 1011 
 1012 

  1013 
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Table S2: Questions contained in the Equality before the law and individual liberties Index and SDG-conformable 1014 
target categories 1015 

V-Dem 
variable 
name 

Question + answer categories 
Clarification (according to V-Dem codebook V 7.1 - 
July 2017) 

SDG-
conformable 
target 
categories 

v2clrspct 

Are public officials rigorous and impartial in the 
performance of their duties? 
0: The law is not respected by public officials. 
Arbitrary or biased administration of the law is 
rampant. 
1: The law is weakly respected by public officials. 
Arbitrary or biased administration of the law is 
widespread. 
2: The law is modestly respected by public officials. 
Arbitrary or biased administration of the law is 
moderate. 
3: The law is mostly respected by public officials. 
Arbitrary or biased administration of the law is 
limited. 
4: The law is generally fully respected by the public 
officials. Arbitrary or biased administration of the 
law is very limited. 

This question focuses on the extent to which public 
officials generally abide by the law and treat like cases 
alike, or conversely, the extent to which public 
administration is characterized by arbitrariness and 
biases (i.e., nepotism, cronyism, or discrimination). 
The question covers the public officials that handle the 
cases of ordinary people. If no functioning public 
administration exists, the lowest score (0) applies. 

3 ; 4 

v2cltrnslw 

Are the laws of the land clear, well publicized, 
coherent (consistent with each other), relatively 
stable from year to year, and enforced in a 
predictable manner? 
0: Transparency and predictability are almost non-
existent. The laws of the land are created and/or 
enforced in completely arbitrary fashion. 
1: Transparency and predictability are severely 
limited. The laws of the land are more often than 
not created and/or enforced in arbitrary fashion. 
2: Transparency and predictability are somewhat 
limited. The laws of the land are mostly created in 
a non-arbitrary fashion but enforcement is rather 
arbitrary in some parts of the country. 
3: Transparency and predictability are fairly strong. 
The laws of the land are usually created and 
enforced in a non-arbitrary fashion. 
4: Transparency and predictability are very strong. 
The laws of the land are created and enforced in a 
non-arbitrary fashion. 

This question focuses on the transparency and 
predictability of the laws of the land. 

3 ; 4 

v2clacjstm 

Do men enjoy secure and effective access to 
justice? 
0: Secure and effective access to justice for men is 
non-existent. 
1: Secure and effective access to justice for men is 
usually not established or widely respected. 
2: Secure and effective access to justice for men is 
inconsistently observed. Minor problems 
characterize most cases or occur rather unevenly 
across different parts of the country. 
3: Secure and effective access to justice for men is 
usually observed. 
4: Secure and effective access to justice for men is 
almost always observed. 

This question specifies the extent to which men can 
bring cases before the courts without risk to their 
personal safety, trials are fair, and men have effective 
ability to seek redress if public authorities violate their 
rights, including the rights to counsel, defense, and 
appeal. This question does not ask you to assess the 
relative access to justice men and women. Thus, it is 
possible to assign the lowest possible score to a 
country even if men and women enjoy equal – and 
extremely limited – access to justice. 

3 ; 4 
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v2clacjstw 

Do women enjoy equal, secure, and effective 
access to justice? 
0: Secure and effective access to justice for women 
is non-existent. 
1: Secure and effective access to justice for women 
is usually not established or widely respected. 
2: Secure and effective access to justice for women 
is inconsistently observed. Minor problems 
characterize most cases or occur rather unevenly 
across different parts of the country. 
3: Secure and effective access to justice for women 
is usually observed. 
4: Secure and effective access to justice for women 
is almost always observed. 

This question specifies the extent to which women can 
bring cases before the courts without risk to their 
personal safety, trials are fair, and women have 
effective ability to seek redress if public authorities 
violate their rights, including the rights to counsel, 
defense, and appeal. This question does not ask you to 
assess the relative access to justice men and women. 
Thus, it is possible to assign the lowest possible score 
to a country even if men and women enjoy equal – 
and extremely limited – access to justice. 

3 ; 4 

v2clprptym 

Do men enjoy the right to private property? 
0: Virtually no men enjoy private property rights of 
any kind. 
1: Some men enjoy some private property rights, 
but most have none. 
2: Many men enjoy many private property rights, 
but a smaller proportion enjoys few or none. 
3: More than half of men enjoy most private 
property rights, yet a smaller share of men have 
much more restricted rights. 
4: Most men enjoy most private property rights but 
a small minority does not. 
5: Virtually all men enjoy all, or almost all property 
rights. 

Private property includes the right to acquire, possess, 
inherit, and sell private property, including land. Limits 
on property rights may come from the state (which 
may legally limit rights or fail to enforce them); 
customary laws and practices; or religious or social 
norms. This question concerns the right to private 
property, not actual ownership of property. This 
question does not ask you to assess the relative rights 
of men and women. Thus, it is possible to assign the 
lowest possible score to a country even if men and 
women enjoy equal – and very minimal – property 
rights. 

5 

v2clprptyw 

Do women enjoy the right to private property? 
0: Virtually no women enjoy private property rights 
of any kind. 
1: Some women enjoy some private property 
rights, but most have none. 
2: Many women enjoy many private property 
rights, but a smaller proportion enjoys few or none. 
3: More than half of women enjoy most private 
property rights, yet a smaller share of women have 
much more restricted rights. 
4: Most women enjoy most private property rights 
but a small minority does not. 
5: Virtually all women enjoy all, or almost all, 
property rights. 

Private property includes the right to acquire, possess, 
inherit, and sell private property, including land. Limits 
on property rights may come from the state (which 
may legally limit rights or fail to enforce them); 
customary laws and practices; or religious or social 
norms. This question concerns the right to private 
property, not actual ownership of property. This 
question does not ask you to assess the relative rights 
of men and women. Thus, it is possible to assign the 
lowest possible score to a country even if men and 
women enjoy equal – and very minimal – property 
rights. 

5 

v2cltort 

Is there freedom from torture? 
0: Not respected by public authorities. Torture is 
practiced systematically and is incited and 
approved by the leaders of government. 
1: Weakly respected by public authorities. Torture 
is practiced frequently but is often not incited or 
approved by top leaders of government. At the 
same time, leaders of government are not actively 
working to prevent it. 
2: Somewhat. Torture is practiced occasionally but 
is typically not approved by top leaders of 
government. 
3: Mostly respected by public authorities. Torture is 
practiced in a few isolated cases but is not incited 
or approved by top government leaders. 
4: Fully respected by public authorities. Torture is 
non-existent. 

Torture refers to the purposeful inflicting of extreme 
pain, whether mental or physical, with an aim to 
extract information or intimidate victims, who are in a 
state of incarceration. Here, we are concerned with 
torture practiced by state officials or other agents of 
the state (e.g., police, security forces, prison guards, 
and paramilitary groups). 

4 
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v2clkill 

Is there freedom from political killings? 
0: Not respected by public authorities. Political 
killings are practiced systematically and they are 
typically incited and approved by top leaders of 
government. 
1: Weakly respected by public authorities. Political 
killings are practiced frequently and top leaders of 
government are not actively working to prevent 
them. 
2: Somewhat respected by public authorities. 
Political killings are practiced occasionally but they 
are typically not incited and approved by top 
leaders of government. 
3: Mostly respected by public authorities. Political 
killings are practiced in a few isolated cases but 
they are not incited or approved by top leaders of 
government. 
4: Fully respected by public authorities. Political 
killings are non-existent. 

Political killings are killings by the state or its agents 
without due process of law for the purpose of 
eliminating political opponents. These killings are the 
result of deliberate use of lethal force by the police, 
security forces, prison officials, or other agents of the 
state (including paramilitary groups). 

4 

v2clslavem 

Are adult men free from servitude and other kinds 
of forced labor? 
0: Male servitude or other kinds of forced labor is 
widespread and accepted (perhaps even organized) 
by the state. 
1: Male servitude or other kinds of forced labor is 
substantial. Although officially opposed by the 
public authorities, the state is unwilling or unable 
to effectively contain the practice. 
2: Male servitude or other kinds of forced labor 
exists but is not widespread and usually actively 
opposed by public authorities, or only tolerated in 
some particular areas or among particular social 
groups. 
3: Male servitude or other kinds of forced labor is 
infrequent and only found in the criminal 
underground. It is actively and sincerely opposed 
by the public authorities. 
4: Male servitude or other kinds of forced labor is 
virtually non-existent. 

Involuntary servitude occurs when an adult is unable 
to quit a job s/he desires to leave – not by reason of 
economic necessity but rather by reason of employer’s 
coercion. This includes labor camps but not work or 
service which forms part of normal civic obligations 
such as conscription or employment in command 
economies. 

4 

v2clslavef 

Are adult women free from servitude and other 
kinds of forced labor? 
0: Female servitude or other kinds of forced labor is 
widespread and accepted (perhaps even organized) 
by the state. 
1: Female servitude or other kinds of forced labor is 
substantial. Although officially opposed by the 
public authorities, the state is unwilling or unable 
to effectively contain the practice. 
2: Female servitude or other kinds of forced labor 
exists but is not widespread and usually actively 
opposed by public authorities, or only tolerated in 
some particular areas or among particular social 
groups. 
3: Female servitude or other kinds of forced labor is 
infrequent and only found in the criminal 
underground. It is actively and sincerely opposed 
by the public authorities. 
4: Female servitude or other kinds of forced labor is 
virtually non-existent. 

Involuntary servitude occurs when an adult is unable 
to quit a job s/he desires to leave – not by reason of 
economic necessity but rather by reason of employer’s 
coercion. This includes labor camps but not work or 
service which forms part of normal civic obligations 
such as conscription or employment in command 
economies. This question does not ask you to assess 
the relative freedom of men and women from forced 
labor. Thus, a country in which both men and women 
suffer the same conditions of servitude might be 
coded a (0) for women, even though there is equality 
across the sexes. 

4 
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v2clrelig 

Is there freedom of religion? 
0: Not respected by public authorities. Hardly any 
freedom of religion exists. Any kind of religious 
practice is outlawed or at least controlled by the 
government to the extent that religious leaders are 
appointed by and subjected to public authorities, 
who control the activities of religious communities 
in some detail. 
1: Weakly respected by public authorities. Some 
elements of autonomous organized religious 
practices exist and are officially recognized. But 
significant religious communities are repressed, 
prohibited, or systematically disabled, voluntary 
conversions are restricted, and instances of 
discrimination or intimidation of individuals or 
groups due to their religion are common. 
2: Somewhat respected by public authorities. 
Autonomous organized religious practices exist and 
are officially recognized. Yet, minor religious 
communities are repressed, prohibited, or 
systematically disabled, and/or instances of 
discrimination or intimidation of individuals or 
groups due to their religion occur occasionally. 
3: Mostly respected by public authorities. There are 
minor restrictions on the freedom of religion, 
predominantly limited to a few isolated cases. 
Minority religions face denial of registration, 
hindrance of foreign missionaries from entering the 
country, restrictions against proselytizing, or 
hindrance to access to or construction of places of 
worship. 
4: Fully respected by public authorities. The 
population enjoys the right to practice any religious 
belief they choose. Religious groups may organize, 
select, and train personnel; solicit and receive 
contributions; publish; and engage in consultations 
without undue interference. If religious 
communities have to register, public authorities do 
not abuse the process to discriminate against a 
religion and do not constrain the right to worship 
before registration. 

This indicator specifies the extent to which individuals 
and groups have the right to choose a religion, change 
their religion, and practice that religion in private or in 
public as well as to proselytize peacefully without 
being subject to restrictions by public authorities. 

4 

v2clfmove 

Is there freedom of foreign travel and emigration? 
0: Not respected by public authorities. Citizens are 
rarely allowed to emigrate or travel out of the 
country. Transgressors (or their families) are 
severely punished. People discredited by the public 
authorities are routinely exiled or 
prohibited from traveling. 
1: Weakly respected by public authorities. The 
public authorities systematically restrict the right to 
travel, especially for political opponents or 
particular social groups. This can take the form of 
general restrictions on the duration of stays abroad 
or delays/refusals of visas. 
2: Somewhat respected by the public authorities. 
The right to travel for leading political opponents 
or particular social groups is occasionally restricted 
but ordinary citizens only met minor restrictions. 
3: Mostly respected by public authorities. 
Limitations on freedom of movement and 
residence are not directed at political opponents 
but minor restrictions exist. For example, exit visas 
may be required and citizens may be prohibited 
from traveling outside the country when 
accompanied by other members of their family. 
4: Fully respected by the government. The freedom 

This indicator specifies the extent to which citizens are 
able to travel freely to and from the country and to 
emigrate without being subject to restrictions by 
public authorities. 

4 
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of citizens to travel from and to the country, and to 
emigrate and repatriate, is not restricted by public 
authorities. 

v2cldmovem 

Do men enjoy freedom of movement within the 
country? 
0: Virtually no men enjoy full freedom of 
movement (e.g., North Korea). 
1: Some men enjoy full freedom of movement, but 
most do not (e.g., Apartheid South Africa). 
2: Most men enjoy some freedom of movement 
but a sizeable minority does not. Alternatively all 
men enjoy partial freedom of movement. 
3: Most men enjoy full freedom of movement but a 
small minority does not. 
4: Virtually all men enjoy full freedom of 
movement. 

This indicator specifies the extent to which all men are 
able to move freely, in daytime and nighttime, in 
public thoroughfares, across regions within a country, 
and to establish permanent residency where they 
wish. Note that restrictions in movement might be 
imposed by the state and/or by informal norms and 
practices. Such restrictions sometimes fall on rural 
residents, on specific social groups, or on dissidents. 
This question does not ask you to assess the relative 
freedom of men and women. Thus, it is possible to 
assign the lowest possible score to a country even if 
men and women enjoy equal – and extremely low – 
freedom of movement. Do not consider restrictions in 
movement that are placed on ordinary (non-political) 
criminals. Do not consider restrictions in movement 
that result from crime or unrest. 

4 

v2cldmovew 

Do women enjoy freedom of movement within the 
country? 
0: Virtually no women enjoy full freedom of 
movement (e.g., North Korea or Afghanistan under 
the Taliban). 
1: Some women enjoy full freedom of movement, 
but most do not (e.g., Apartheid South Africa). 
2: Most women enjoy some freedom of movement 
but a sizeable minority does not. Alternatively all 
women enjoy partial freedom of movement. 
3: Most women enjoy full freedom of movement 
but a small minority does not. 
4: Virtually all women enjoy full freedom of 
movement. 

This indicator specifies the extent to which all women 
are able to move freely, in daytime and nighttime, in 
public thoroughfares, across regions within a country, 
and to establish permanent residency where they 
wish. Note that restrictions in movement might be 
imposed by the state and/or by informal norms and 
practices. Such restrictions sometimes fall on rural 
residents, on specific social groups, or on dissidents. 
This question does not ask you to assess the relative 
freedom of men and women. Thus, it is possible to 
assign the lowest possible score to a country even if 
men and women enjoy equal – and extremely low – 
freedom of movement. Do not consider restrictions in 
movement that are placed on ordinary (non-political) 
criminals. Do not consider restrictions in movement 
that result from crime or unrest. 
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