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Abstract

How can we more fully analyze potential progress toward the 17 Sustainable Development
Goals, globally and by country? Methodological challenges include (1) the comprehen-
siveness of issue coverage, integration of causal elaboration, and geographic detail in
available models; (2) clear quantification of goal targets; and (3) specification of scenario
interventions that connect meaningfully to the potential leverage of agents. This study uses
a large-scale, global but country-based analytical system that tightly integrates multiple
issue-area models to push against methodological challenges. It explores the prospects
for progress toward selected quantified targets across all goals, using scenarios that con-
sider potential agency-linked interventions relative to the Current Path (CP). The scenarios
distinguish interventions focused on Human Development (HD) and natural system sus-
tainability (NSS) plus a Combined SDG scenario (CSDG). Even with a large, integrated
push through 2030 and 2050, the world in aggregate will fail to reach many targets, and
a great many of the 188 countries represented will fall short. Also of interest is possible
tension between the underlying thrusts of HD- and NSS-oriented interventions. Both the
Current Path of key variables and intervention leverage constraints make NSS goals harder
to reach than HD goals. Because synergies of action considerably outweigh trade-offs,
however, complementarity better characterizes the two intervention sets.

Keywords: sustainable development goals (SDGs); human development; sustainability;
integrated assessment modeling; International Futures (IFs)

1. Introduction

The 17 Sustainable Development Goals (SDGs) have, since 2015, set an agenda for
global development analysis [1]. Existing analyses of progress toward the SDGs across
169 targets and 231 unique indicators suggest that they will not be reached universally by
2030 or even 2050 [2-7]. Many countries will fall far short of most goals. Yet, both such
analysis and efforts to help accelerate progress are greatly challenged on several fronts:

1.  Quantification of many targets is difficult, and extensive temporal and geographic
data across countries are often missing.

2. Complex and often bi-directional linkages among target variables and with deeper
drivers complicate the analysis and pursuit of both single and multiple SDGs.

3.  Development and analysis of alternative scenarios are also difficult, especially when
models do not include two-way linkages between progress toward targets and the
drivers and/or require multiple models to analyze [6].

With respect to data for the SDG targets and indicators, the Sustainable Development
Report recognized 100+ useful indicators across all SDGs [8]. Those are drawn from a wide
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variety of United Nations, OECD, World Health Organization, and other sources, regularly
updated and improving.

Over time, quantitative, forward-looking studies have progressively improved the
analysis of likely and possible goal attainment. Some earlier studies primarily extrapolated
historical trends in target and indicator variables, with little or no attention to the drivers of
that progress [9]. Other work gave more attention to a selected set of drivers, generally still
related to individual goals/indicator variables (e.g., Bill and Melinda Gates Foundation [10]
with respect to poverty and health; Cuaresma et al. [11] on income per capita; Lucas
et al. [12] on child mortality).

Many studies have identified a significant nexus of interrelated goals and possible
interventions. Weitz et al. examined the water, energy, and food nexus, giving special
attention to natural resources as enablers of development [13]. Obersteiner et al. dug
into the land resource and food price nexus [14]. Sellers and Ebi elaborated narratives on
the linkages of climate change and health [15]. Riahi et al. looked across the SSPs at key
environmental variables [16].

Nexus work often uses alternative scenarios in computer models. Obersteiner [14]
drew upon three of the five Shared Socioeconomic Pathways (SSPs) scenario set [17,18]
and explored 14 policy strategies using runs of GLOBIOM (Global Biosphere Management
Model). The most recent Coupled Model Intercomparison Project (CMIC?) identified
multiple scenarios to be run ultimately through 2500 using models exploring climate
change [19].

Other efforts have identified multiple nexuses that together span the full set of the
SDGs. The CD-LINKS project (2015-2019) focused on the linkages between climate change
and other SDGs [20]. Building on that work, based on The World in 2050 [21] project, on
multiple Integrated Assessment Models (IAMs), and on expert surveys, van Soest et al. [22]
identified four clusters of the SDGs, human development, resource use, earth system and
governance and infrastructure, and found that multiple IAMs quantitatively represented
3 SDGs well and 10 others less well. Literature analysis identified patterns of relationships
among the four clusters. Sahadevan et al. [23] explored scenarios linking progress toward
various forms of renewable energy to climate change and a broader set of variables across
the SDGs.

Further work within the IAM community proceeded to identify 36 quantifiable and
actionable targets spanning all 17 goals and put them into five clusters: people (human
development); prosperity; planet integrity; sustainable resource management; and peace,
institutions and implementation [24]. Initial analysis looking across multiple existing
studies through 2050 surveyed the potential progress toward 13 of those targets across
11 goals.

As work across the SDGs advanced in coverage, it progressed methodologically. Some
early studies looked at connections across the full SDG goal set, drawing on expert analysis.
Nilsson et al. [25] proposed a 7-point (—3 to +3) scale to assess relationship strength. See
ICSU [26,27] for applications to goal subsets. Weitz et al. [28] built a cross-impact matrix
across 34 targets (2 per each of the 17 goals) for Sweden. Relevant also to the analysis
here, they found that effective institutions had the highest summed relationship with other
targets. Pradhan et al. [29] statistically examined the intercorrelation of 122 indicators
across SDG targets for 227 countries from 1983 to 2016. Pradhan et al. [30] looked at climate
change mitigation and other SDGs through a study of the literature, including reporting
from the Intergovernmental Panel on Climate Change.

Some modeling emerged in the systems dynamics literature. For example, the Mil-
lennium Institute’s iSDG model [31] is country-specific rather than global but includes
great detail and 78 indicators across the SDGs, with 36 policy intervention points. Collste,
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Pedercini, and Cornell [32] documented an application to Tanzania. The Earth4All project
has focused on human development variables and renewable energy potential globally
through 2100 [33].

The most significant modeling work to look broadly across the SDGs at the global
level and at least differentiate the global north and south has come from IAMs, heavily
using models initially developed to focus on environmental issues. The SHAPE project
(2019-2023) produced analysis across a wide range of SDGs using two IAMs and two
specialized topic models [6]. The work elaborated three primary sustainable development
pathway (SDP) scenarios, representing differing clusters of policy emphasis, as well as two
scenarios without targeted SD policies.

There remain limitations in SHAPE and other project work. Not least is the common
use of exogenously specified variables for population, GDP, and education, drawing from
SSP quantifications generated by other models, rather than representing those endoge-
nously in the analysis. Feedback loops with either positive or negative valence should
connect change in SDG target variables and these important drivers of global change. Fur-
ther, IAMs currently have limited representation of agency, including that of governments,
households, and firms. Yet we have long understood that much progress in sustainable de-
velopment (and policy-relevant analysis of it) requires expenditures and transfer payments
that draw on financing and judgment about trade-offs by competent governments [34-36].

2. Materials and Methods

Earlier studies looking across the SDGs with varying methodologies have almost
always concluded that the world and many of its countries will reach very few of the goals
by 2030 or even by 2050. We expect the same finding but wish to increase understanding of
the extent of progress on each goal that might be attained on the Current Path and with
significant interventions to accelerate it.

A topic of many studies has been possible trade-offs or synergies of intervention
impact. They often give special attention to how interventions focused on predominantly
Human Development (HD) or Natural System Sustainability (NSS) goals might affect those
in the other category.

Most often, such studies have suggested synergies rather than trade-offs for integrated
pushes by societies toward the SDGs. Using the IMAGE model, van Vuuren et al. [7]
concluded that “the scenario analysis does not point at a fundamental trade-off between the
objectives related to poverty eradication and those related to environmental sustainability”
but did suggest that a push toward bioenergy could complicate achievement of biodiversity
and access to food. Using statistical analysis, the work of Pradham et al. [29] found that
pursuit of no poverty was synergistic with most other goals and that synergies outweigh
trade-offs generally, but SDGs 8, 9, and 12 (which all relate to GDP growth) do have
trade-offs. Weitz et al. [28] used cross-impact matrix analysis of Sweden to argue that the
SDGs are almost entirely mutually supportive. Work in model-based analysis with the
SDP scenarios also found that progress on sustainability is generally supportive of that on
human development goals [3,6].

Some studies have suggested, however, that efforts to pursue human development
SDGs, including poverty reduction and sustaining economic growth, could negatively
impact climate change mitigation. Such studies have also often argued for attention to the
details of policy selection to minimize or avoid trade-offs, as did Obersteiner et al. [14] in
work on the land resource and food price nexus and as did Dagnachew and Hof [37] and
Pradhan et al. [30], looking at climate change mitigation and other SDGs.

Based on such analyses, expectations for this project include that we will find more
synergies than trade-offs between efforts focused on human development and natural
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system sustainability. Because of the demands that increased economic growth and con-
sumption can place on the environment, we can expect that exceptions might more often
characterize the impacts of HD efforts on NSS rather than the reverse. In fact, if environ-
mental protection such as slowing climate change actually protects economic growth, that
would be positive for HD. Ideally, this study should help us understand some of the past
literature’s differences in conclusions about trade-offs and synergies.

Given the progress already made plus the challenges remaining, the agenda of this
study is to advance country-specific and global analysis across the integrated SDGs set by:

1.  Laying out structural elements of model systems that can help explore the complex
impact of individual and multiple interventions. This study uses the International
Futures (IFs) model system, with many such elements. IFs can, therefore, project 2030
and 2050 values of selected quantified targets across the full SDG set and facilitate
exploration of many interventions.

2. Developing scenarios with some attention to those of the SHAPE project and the
SSPs that represent aggressive but reasonable policy-related interventions. These can
overlay and interact with endogenously dynamic projections of the foundational pop-
ulation and GDP drivers of change and give attention to agency such as governmental
spending [38].

3. Reviewing alternative scenario results across countries and globally, also drilling
down into various subcategories of action for insights concerning potential progress
and tensions, especially between pursuit of the human development and biophysical
sustainability subsets of SDGs.

2.1. Desired Methodological Elements Within the Analytical Toolkit

Comprehensive system representation. Given the extensive framework of the SDGs,
we propose model-based analysis endogenously integrated across the issue domains of
human development, socioeconomic change (including advance in the capabilities and
outputs of government), and biophysical sustainability.

Extensive driver and causal linkage elaboration. We aim for extensive representation,
replete with positive and negative feedback loops, of variables and dynamics linking and
underlying the SDGs and of policy levers. These include drivers and impacts of economic
productivity /GDP growth and population growth; both variables affect and are affected by
most SDG indicators.

Fiscal and physical resource competition accounting, with attention to agency. Action
trade-offs often lie in competition for resources. Governments (or households) cannot
spend the same money on education, health, infrastructure, subsidies for renewable energy,
and the military. Gable, Lofgren, and Osorio Rodarte used the concept of “fiscal space” [39].
The UN defined economy and finance as one of the four levers for SDG transformations [8].
Social accounting matrices (SAMs) [40] provide structure for fiscal accounting of and flows
among governments, households, and firms. Representation of those agent classes can
be further elaborated, for instance, with respect to governmental capacity for extracting
and effectively using resources or the growing needs of households for retirement savings
with increased income and life expectancy. Differentiating households by skill and/or
income levels can also be helpful. IAMs quite routinely and very usefully represent physical
resource use competition. Land used for agriculture may not support forests. Fossil fuel
resource limits are uncertain but real. Working-age population constrains labor supplies.

Temporal dynamics and lag treatment. While spending on education improves pro-
ductivity, years pass while increasing the stock of educated young people and still more
before their greatest work force contributions. One lesson from systems dynamics modeling
is conscious attention to stocks and flows, facilitating analysis of lags. That is important in
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issues like population aging dynamics and spending, debt, and return on capital generated
by investment. Dynamic recursive models generally represent dynamics and lags better
than comparative static models.

2.2. The International Futures (IFs) System

No extant modeling system has the full set of desired characteristics for study of the
SDGs. The International Futures (IFs) platform has many of them, and this analysis used it.
Hughes [41] described the system and compared it with specialized models in each compo-
nent issue area and with other IAMs. That 2019 volume plus Hughes and Hillebrand [41,42]
place IFs contextually in reference to historical data, historically understood global dy-
namics, and other IAMs as elements of its validation. The system is open for use and
documented at https:/ /pardeewiki.du.edu/index.php?title=International_Futures_(IFs)
(Accessed on 7 June 2025). Supplementary Material 4 (SM4) provides additional detail on
the models that make up the IFs system.

IFs is dynamically recursive with annual time-steps from 2020 through to 2100. Its
structure is hybrid, including stock-and-flow and equilibrating feedback representations
across time but also building upon statistical formulations based in data and theoretical
understandings. Nearly 7000 data series are accessible with the model through its interface.
It includes a cohort-component-based demographic model with endogenous fertility and
mortality, tied to a full health model. Its 6-sector general equilibrium economic model
draws for agriculture and energy on partial equilibrium models of those sectors. It also
incorporates models with uniqueness within the IAM and SDG analysis literatures, such
as those for student flows through education and adult levels of it, governance, and
infrastructure. Culture representation (with importance emphasized by Hughes et al. [43]
is unfortunately limited. The integrated models of the IFs system forecast more than
700 variables, including more than 100 representing targets and indicators of the SDGs. It
represents 188 countries.

IFs, thus, has much of the desired comprehensiveness across goal arenas [44]. Figure 1
shows primary hard-linked models in the system and illustrative linkages. IFs is somewhat
weaker than desired with respect to elaborated feedback of environmental impacts to
human and socioeconomic models. Sellers [45] notes that it does not include direct linkages
of climate change to health variables. Yet it links climate to GDP using an approach based
on models such as DICE [46], including the quadratic form that intensifies economic impact
as incremental temperature rises [47]. That economic impact, in turn, broadly affects human
development variables including health.

IFs has extensive linkages within and across the human and sociopolitical development
models, as well as to and from biophysical systems. For instance, infant mortality, educa-
tion, and GDP per capita all affect fertility, while nutrition, indoor air pollution, income,
and much more affect mortality by cause. Concerning physical resource constraints, IFs rep-
resents multiple land uses, various fossil fuel resources, and age—sex-specific demographics
underlying labor supply. Financial, physical resource, and sociopolitical representations
include stocks and flows, thereby facilitating analysis of lags in adjustment processes.

Enhancing other linkages across models with IFs are two integrative model structures
of significance. The first is a representation of total factor productivity (TFP) in the Cobb-
Douglas function of the economic model. It is driven by country-specific levels of human
capital (including years of adult educational attainment and longevity), social capital
(governance character and quality), societal physical capital (infrastructure) and knowledge
capital (R&D and trade linkages to the broader world). Hughes and Narayan (2021) [48]
document it. This approach extends work on TFP, such as that by Cuaresma [11] and
Dellink, Chateau, Lanzi, and Magné [49].


https://pardeewiki.du.edu/index.php?title=International_Futures_(IFs

Sustainability 2025, 17, 6672

6 of 27

Governance and

Socio-Political - » International Political

A A y
Government Conflict/Cooperation

Expenditures Stability/Instability

Education - > Health
Y Mortality i
Fertility Income/
Spending
\ 4 \ / y
Population < Economy
Labor
A A
Demand Demand,
Supply,
Prices,
Infrastructure Investment

Agriculture
Land Resource
Use, Use,
Water Carbon
Efficiencies Production Efficiencies
Links shown
Technology Environment are examples
from much
larger set

Figure 1. The basic models of the IFs system and illustrative linkages. Source: author.

The second structure helps with representation of agency, including the competition
for financial resources, namely a full SAM for financial flows among firms, households,
and governments [42]. For instance, it represents governmental and household revenues
and spending from multiple domestic and international streams, including both direct
government expenditures (including health, education, infrastructure, and R&D) and social
transfers. Its dynamic structure is initialized with data from the Global Trade and Analysis
Project and many other sources.

2.3. Defining Targets

Many SDGs have clear and widely accepted quantified indicators with targets relevant
to countries [50-53]. That is especially true with respect to human development goals,
such as reductions in poverty [54], hunger, and maternal and infant mortality. It is less
often the case for sociopolitical goals such as labor informality and corruption. It is also
more difficult to identify SDG-associated quantitative targets for several natural system
or environmental sustainability goals, notably ocean fisheries [55-57], carbon emissions,
and forest area (see Wackernagel, Hanscom, and Lin [58] on the limitations of the SDG
framework with respect to environmental sustainability and Galli et al. [59] and Dang and
Serajuddin [60] on the challenges for countries measuring across indicators more generally
and, therefore, also of achieving SDGs).

IFs represents more than 100 indicators related to the SDGs, and the core analysis
here focuses on at least one target indicator for each goal, choosing based on judgment
of centrality to the goal and strength of representation in IFs. Using a single indicator
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for goals is a known limitation, because some goals, such as Goal 7 concerning access to
affordable and renewable energy, encompass sub-targets that do not covary as consistently
as do sub-targets of ending poverty.

Supplementary Material 1 (SM1) details specific global and national targets and asso-
ciated IFs variables that this analysis used. It explains the quantification of targets for this
analysis, including their ties to UN documents, other analyses, and inevitably somewhat
subjective judgment (as does van Vuuren et al [24]). For Goals 13-15, decisions were not
simple, even at the global level, because the goal and primary target language is mostly
global and non-quantitative. Illustratively, for protection and rebuilding of global marine
fish stocks, this analysis used an aggressive global annual catch target of 50 million metric
tons and used 100 mmt as a benchmark for unsustainable, thereby allowing percentage
specification of target achievement from a base year. Given global temperature change
having already in 2024 touched 1.5 °C relative to pre-industrial levels, the 2 °C temperature
target was used to shape analysis of progress or lack thereof in analysis with respect to
carbon emission levels. Specifically, the UNEP Emissions Gap Report [61] argued that
global emissions must be reduced by more than %2 before 2050 to hold warming to that
target. With respect to forest area, an expansion by 5% relative to the 2015 value of 3990
million hectares was used.

For such biophysical variables, it is even more difficult to set national than global
targets, because they are globally public rather than nationally private goods. Olson elabo-
rated the challenges of providing public goods when private action has public spillover
effects [62]. Weber emphasized national development of public administration to support
national public good provision; today, we struggle to do that for global society [63]. Nation-
ally determined contributions (NDCs) are a critical step in that direction for greenhouse
emissions and often also treat forestation [64]. Analogues like the Bonn Challenge are
emerging with respect to forests and fisheries; in the meantime, this analysis looks to
national progress across time.

2.4. Structuring Scenario Interventions

Structuring scenarios challenges all analyses of potential progress toward the SDGs.
One reason is frequent failure to recognize the utility of differentiating two dimensions
for scenarios, namely SDG target categories and agent-specific action categories. Table 1
provides a rough guide to those dimensions and their relationship to the 17 goals.

With respect to SDG targets, scenario specifications often identify two somewhat over-
lapping categories, namely human development and physical sustainability goals/targets,
exploring the potential tensions between progress within them [22]. Recognizing a third
more instrumental governance grouping within the goal set can add value because progress
on it is itself important and facilitates that in the other two, one strong basis for synergies
across them [65].

The second dimension is agency and focus on policies/actions by which households,
governments, or firms can accelerate progress. As indicated earlier, without explicit rep-
resentation of social accounting, especially government finance, analyses are challenged
to elaborate agent- and action-based elements of this dimension interacting with the goal-
focused dimension. The SHAPE project moved in that direction with Economy-driven
Innovation, Resilient Communities, and Managing the Global Commons scenarios [6].
Leininger et al. [66] explored key elements of governance character, and Dombrowsky
et al. [3] elaborated typologies of policy instrument and purpose (building on Rogge and
Reichardt [67]. While scenario elaboration should ideally be as “real world” as possible
about policy intervention points, character, and magnitude, that is significantly frustrated
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by the gap (chasm?) between the aggregation level of model specification and the world

of policymakers.

Table 1. SDG target and intervention agency categories.

SDG Target Categories

Human Development
(Goals 1-10)

Sustainability
(Goals 6-7,11-15)

Means/Instrumental
(Goals 16-17)

Scenario
Intervention
Agents and
Generalized Action

Households: Social
behavior

Zero hunger (and
good nutrition); Good
health; Quality
education; Gender
equality; Clean water
and sanitation

Fertility patterns (not
an SDG);
Responsible
consumption and
production

Governments:
Spending, regulation,
and information

No poverty, Zero
hunger, Good health;
Quality education;
Gender quality; Clean
water and sanitation;
Affordable and clean
energy; Reduced
inequalities

Sustainable cities
and communities;
Responsible
consumption and
production; Climate
action; Life below
water; Life on land

Peace, justice, and
strong institutions;
Partnerships for the
goals

Firms: Technological
advance and
utilization

Decent work and
economic growth

Responsible
consumption and
production

Industry, innovation
and infrastructure

Source: author.

Cutting across the two dimensions, another challenge for scenario elaboration is the
absence of extensively endogenous elaboration and integration of SDG-related models, as
noted for the SHAPE initiative, with its reliance on exogenous representation of population,
GDP, and education, ameliorated somewhat by attention to both SSP1 and SSP2 scenarios
and by exogenously specified scenario variations in economic paths built around SSP1.

This project builds scenarios with attention to both goal clusters and agency (see
Table 2). The Current Path scenario (or Base Case) of IFs is the first of four project scenarios.
It represents unfolding of ongoing global dynamics and actions, including significant
existing efforts to reach the SDGs. It is not extrapolative but rather the product of full IFs
dynamics. The second and third scenarios are Human Development (HD) and Natural
System Sustainability (NSS), each with intensified agent interventions focused on related
SDGs. HD scenarios rely heavily on interventions that require financial resources and
behavioral changes, while NSS scenarios also often require societal behavior changes
plus technological advances. Both scenarios often require improved domestic governance
and/or global governance support. Combined SDG (CSDG) integrates HD and NSS.

Most IFs intervention points are not at a highly specific policy level (e.g., building
new secondary schools and hiring teachers for them) but convey policy orientations (e.g.,
pushing up admission and completion levels and spending more on education). Further,
some interventions directly affect the goal variable (such as government financial transfers
and its impact on poverty rates) and others are more causally distant (like the impacts of
household income and education advances on health improvement).
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Table 2. Summary of leverage points in the scenarios.

Model Issue Area

Human Development (HD) Leverage Points

Social support reinforced by government spending for enrollment, progression, completion

Education and transition to and through at least upper secondary level (girls and boys); attention to
science/engineering programs
Attention to improved health across populations (supported by additional household and
Health government funding), with special attention to children and the undernourished; safe water
and sanitation infrastructure availability
Special attention to water, sanitation, electricity, and mobile broadband access, and reduced
Infrastructure . . . .
indoor air pollution (using modern cookstoves)
Natural System Sustainability (NSS) Leverage Points
. Accelerated advance in yields and improved control of losses at three stages of the food chain;
Agriculture . : . -
shift of diets to less meat; increased forest area; more efficient water use
Energy Introduction/raising of carbon taxes; general increase in low carbon energy technology and

production; increased energy use efficiency; reduced electricity transmission losses

Oceans and

Reduced fish catch by major fishing nations; increased control of urban air pollution; more

environment efficient water use
Leverage Points in Both Scenario Sets
Population Support for family planning to reduce fertility rates beyond high-income countries
Use within IFs of (1) the endogenous productivity representation, (2) the SAM, and (3) the
Econom partial physical model integrative linkages to the general equilibrium structure to collectively
y translate other interventions endogenously to economic growth; there are no direct economic
growth interventions
Increased government effectiveness, with special attention to decreasing inequality and
Governance

enhancing inclusion/democracy; reduced corruption

Government finance

Increased spending on education, health, infrastructure, R&D (also private spending) with
implicit reductions in military spending; increased transfers to unskilled (poorer) households

Global interactions

Increased aid, trade, foreign direct investment, and migration with remittances

Notes: SM2 provides specific parametric interventions and scaling information. Using IFs Version 8.37.
Source: author.

The HD scenario includes 35 interventions with 30 parameters, and the NSS scenario
specifies 38 interventions across 23 parameters; the surplus of interventions relative to
parameters accommodates some differential scaling across countries by level of GDP per
capita using World Bank country-income categories. Columns 3 and 8 in Tables 1 and 2 of
SM2 identify magnitudes and specify temporal ramping (often 10-15 years) for interven-
tions that would require it.

Intervention magnitude scaling is challenging [68]. Although a model might allow
ramping secondary school intake rates from 10 percent of of-age children to 100 percent
in 10 years (IFs does not), such intervention representation would be unreasonable. We
need scale at aggressive but reasonable levels and that involves subjective but informed
judgment [38]. Column 8 of SM2 tables includes scaling notes, drawing upon good prac-
tice/past experience of countries, distance from goals, and specialized issue studies. For
this analysis, it was not possible to scale and package different interventions for each of
188 countries, although the model would allow for that. Albeit scaled to be feasible, some
interventions unfortunately appear highly improbable. For example, following the UN’s
Partnership for the Goals, the intervention for foreign aid from high-income countries
(a process rather than outcome variable) was scaled to ramp toward 0.7% (recognizing
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governmental and non-governmental transfers), an achievable but highly improbable value.
While a few have reached that, most are unlikely to follow.

None of the SDGs deal directly with one of the most important leverage points for
both long-term human development and natural system sustainability, namely population
growth. Nor is there any specific SDG target for the growth of the global economy, although
Goal 8.1 calls for per capita economic growth of 7 percent or more in the least developed
countries. Economic growth has a difficult position in the SDGs, potentially assisting
human development while complicating pursuit of sustainability [69]. Clearly, however,
population and GDP per capita significantly affect prospects for reaching all goals. In
this analysis, reduced fertility rates are introduced by direct scenario specification, and
economic growth is shaped by productivity drivers in the production function that other
interventions affect (see Supplementary Material SM2 Figure SM2-1). Given that substantial
fertility reductions have already occurred in much of the world, scenario intervention is
focused on lower-income countries.

Existing quantifications of the five SSPs were useful in evaluating the behavior of the
scenarios on key variables, including population, GDP per capita, and adult educational
attainment. SM3 compares the IFs scenario projections on those variables with SSP values.
The Current Path scenario is much like SSP2.

Again, governance variables are logically important to both human development and
physical sustainability goal sets and are included in both. The analytical conclusion that
HD and NSS synergies outweigh trade-offs could be interpreted as partly a specious result
of inclusion in both scenarios of that and fertility reduction. It can also be understood,
however, as strengthened recognition that capable and foresightful government is, in fact,
a common denominator for progress in both arenas. Recognizing the broad importance of
agency/action, the UN’s Global Sustainable Development Report emphasized economy
and its finance and governance as two of the four key levers for SDG pursuit, along with
“Individual and collective action” and “Science and technology” [8].

3. Results

We present results in three categories: (1) the differential implications of the four
scenarios for progress toward selected targets of the 17 SDGs; (2) the unfolding of selected
key dynamics across the scenarios; and (3) sensitivity of the progress to subsets of the
scenario interventions.

3.1. SDG Progress Across the Scenarios

Table 3 details how the world and its countries fare in each scenario across at least one
quantified target for each SDG. The first row associated with each numbered goal/target
shows the global values for indicator variables in 2020 (the base year of IFs forecasts), 2030
and 2050. The second row indicates how many countries in the 188-country set reach the
identified target level in those scenario-years. Target levels concerning population coverage
are 3% short of universality, as elaborated in SM-1. Green shading for attained target cells
shows that while some may be reached globally, only access to safe water and sanitation
might be reached by all 188 countries even in 2050. Almost all countries may reach maternal
and infant mortality targets by then [4].
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Table 3. Global and country-number performance of scenarios in pursuit of selected SDG targets.

Human De- Natural .
Goals by Number, Targets by Name, and Current Path Combined

. h : velopment Systems
Associated Indicator Variables
2020 2030 2050 2030 2050 2030 2050 2030 2050

Global % living on 99 81 51 74 7.8 75
1.1 Poverty <$2.15/day
# countries < 3% 105 116 136 11 161 117 147 118 161
Global % living on 246 198 132 188 68 193 90 189 67
1.1 Poverty <$3.65/day
# countries < 3% 75 86 107 88 131 87 122 90 131
Global % children 148 121 75 114 60 119 69 113 6.1
2.2 Hunger undernourished
# countries < 3% 62 72 8 70 90 67 81 71 90
Global maternal mortality per )¢ 1756 g54 1538 156.2 153.4
3.1 Health 100,000
# countries < 70 107 126 167 143 184 142 183 143 184
Global infant mortality per
3.2 Health 1000 births 286 236 - 212 - 223 121 210 -
# countries < 12 90 112 136 114 163 113 139 115 163
Global secondary gross
4.1 Education completion % girls 588 645 742 689 922 648 782 69.0 924
(Girls) # countries > 97% 3 16 53 24 106 16 61 24 107
Global secondary gross
41 Education completion % boys 588 621 89.6 621 894 624 745 682 896
(Boys) # countries > 97% 1 5 34 14 95 5 47 14 9%
Global violence against
5.2 Gender women deaths,/ 100,000 22 21 16 21 16 21 16 21 16
Equality # countries <1/100,000 5 64 72 66 8 65 79 66 80
Global improved water % 93.6 948 96.1 948 96.8
6.1 Safe Water # countries > 97% 97 111 126 111 130
6.2 Safe Global improved sanitation % 78.1 80.3 834 804 854
Sanitation # countries > 97% 87 92 101 92 103 171
7.1 Modern Global electricity access % 90.4 912 941
Energy # countries > 95% 113 126 134

Global % energy non-fossil 65 11.1 352 111 395 112 418 112 434

7.2 Renewable # countries > 50%

Energy . 18 30 100 30 114 30 116 30 121
(production)

8.3 Growth and Global informal labor share 414 409 40.1 383 299 408 379 383 2938

Work # countries < 10% 40 45 48 55 80 47 59 56 79
. Global % within 2 km of
9.1 Resilient all-weather road 746 758 788 760 834 760 817 761 836
Infrastructure

# countries > 97% 45 62 95 62 104 62 97 62 104
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Table 3. Cont.
Human De- Natural .
Goals by Number, T‘argets by Name, and Current Path velopment Systems Combined
Associated Indicator Variables
2020 2030 2050 2030 2050 2030 2050 2030 2050
. Global average country GINI  0.38 038 038 037 036 037 036 037 0.36
104 Inequality # countries < 0.30 33 33 37 33 37 33 33 33 37
Glo}ilill\gga“ po/llutlon 428 342 226 315 177 325 170 299 138
11.6 Safe Cities (PPM2.5) mg/cm
# countries < 12 32 47 99 61 131 52 125 66 148
Global water demand as % of
12.2 Sustainable renewable 288 29.7 321 299 336 287 240 289 251
Resource Use # countries < 90% 109 104 97 104 95 108 111 106 108
12.3 Food Loss Global % food chain loss 158 148 143 138 113 143 133 131 103
Reduction # countries < 8% 12 13 15 13 16 26 36 27 45
13.1 Climate Re- ~ Global government capacity 1 48 057 052 [ 020 052 | 070 052 | 071
silience/Adaptive index (0-1)
Capacity # countries > 0.7 28 45 74 53 117 54 105 56 118
Global carbon emissions
(billion tons); global 2050 goal ~ 9.1 100 9.1 101 9.8 9.8 7.8 9.8 8.0
13.2 Carbon -5
Emissions - 5
# countries below 50% of NA 5 7 5 2 5 37 5 36
2000 values
<
Global OCearr‘rf;tt‘;h (0al <50 954 966 992 967 1004 935 862 935 865
14.4 Overfishing - T
# countries with share 134 134 131 134 133 130 128 131 129
<2xpopulation share
Global forest size in million
15.1 Protection of hectares 4045 4025 4005 4025 4005 4055 4179 4055 4180
Forests (2050 goal = 4250 mha)
# countries >their 2020 value = NA 55 72 55 78 102 129 103 129
165 Corruption  Global transparencylevel -, 5 g 59 55 77 55 74 55 77
(Transparency = (1-10)
10-Corruption) # countries > 8 10 23 46 34 94 34 87 64 95
17.2 International OECD Aid % of GDP 022 019 018 043 062 019 014 043 0.63
Aid # OECD > 0.7% of GDP 3 2 2 11 14 0 0 3 11

Notes: Bolded goal names indicate variables and targets used in radar diagrams, Figures 2 and 3. Green shading
indicates goal attainment. Unless indicated, the global goal is the same as the national. For detail on IFs variables
plus selected goals and targets see Supplementary Material 1 (SM1). Using IFs Version 8.37.

Figures 2 and 3 show progress through 2050 toward a single important target indicator
for each goal across all scenarios. The graphics help illustrate how the HD and NSS
scenarios might augment or compete. Top panels show globally aggregated percentage
movement toward each target, and bottom panels indicate the number of the entire 188-
country set in IFs to reach them. SM5 provides similar figures for the lower-middle-income
countries that include the largest portion of the world’s population now falling short of
human development targets.



Sustainability 2025, 17, 6672

13 of 27

14 Life Below

Global progress toward targets in 2020 and 2050 from 2000 (Current Path)

16 Peace, Justice & Strong Institutions 80

15 Life on Land (Forest Area)

Catch)

13 Climate Action (Carbon emission
reduction)

12 Responsible Consumption & 7 Affordable and Clean Energy (Non-

2020 @ Current Path

1 End Poverty ($2.15/Day)
17 Partnerships for the Goals (Foreign 100 2End Hunger (Children)
Aid) %0 i

(Corruption) 0 3 Ensure Health (Infant Mortalilty)

60
50
40

4 Ensure Education (Secondary
Completion Girls)

Water (Global Fish 5 Gender Equality (Violence Women)

6 Clean Water & Sanitation
(Sanitation)

Production (Food) Fossil Share)

11 Sustainable Cities & Communities 8 Decent Work & Economic Growth
(Urban Air) (Informality)
9 Industry, Innovation & Infrastructure
10R | liti - )
0 Reduced Inequalities (Gini) (Rural Roads)

Number of countries achieving targets in 2020 and 2050 (Current Path)

. 160
16 Peace, Justice & Strong .
Institutions (Corruption) 140 3 Ensure Health (Infant Mortalilty)
120
15 Life on Land (Forest Area) 100 4 Ensure Education (Secondary
80 Completion Girls)
60
40
14 Life Below Water (Global Fish 5 Gender Equality (Violence
Catch) Women)
13 Climate Action (Carbon emission 6 Clean Water & Sanitation
reduction) (Sanitation)
12 Responsible Consumption & 7 Affordable and Clean Energy
Production (Food) (Non-Fossil Share)
11 Sustainable Cities & 8 Decent Work &Economic Growth

e 2020 @ Current Path

1 End Poverty ($2.15)
17 Partnerships for the Goals .
(Foreign Aid) 180 2 End Hunger (Children)

Communities (Urban Air)

. (Informality)
10 Reduced Inequalities (Gini) 9 Industry, Innovatlo{'urg

Infrastructure (Rural Roads)

Figure 2. Progress toward SDGs through 2020 and 2050 in the Current Path scenario. Notes: See
Table 3 for target values. Using IFs Version 8.37. SM5 provides the same analysis for the lower-

middle-income country group.
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Global progress toward targets in 2050 from 2000 across scenarios
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Figure 3. Progress toward single SDG targets through 2050 in alternative scenarios. Notes: See Table 3
for target values. Using IFs Version 8.37. SM5 provides the same analysis for the lower-middle-income
country group.

Of central interest in Table 3 and the figures are the following questions:

1. Where did the world stand in 2020 with respect to targets for the 17 goals?
Where does the Current Path take us by 2030 and 2050?
3. How much can the HD and NSS scenarios accelerate and advance?
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4.  How significantly do the HD and NSS scenarios differ in their contributions to attain-
ment of SDGs?
5. How much do HD and NSS scenarios reinforce or reduce the other’s contribution?

Human development goals cluster on the right-hand side of the graphics. Figure 2
shows considerable likely progress by 2050, even in CP. The world has been making
substantial progress in reducing extreme poverty, reducing infant and maternal mortality,
and providing safe water and sanitation to all. These reflect human development goals’
tremendous importance to global populations—even in low-income countries (not shown),
the rate of infant mortality declined to 45 per 1000 in 2020 from 163 in 1960, albeit far from
a goal of 12 per 1000.

Yet, the global aggregate and country-specific pictures differ significantly. The share of
countries not reaching the goals in CP even by 2050 is striking. Table 3 and Figure 2 show
that only 136 reach 3% or less even at the “extreme poverty” level of USD 2.15 (2017USD) by
2050. The table shows that only in 107 countries do fewer than 3% fall below USD 3.65 daily
per capita; that level is sometimes questionably characterized as “moderate poverty” and
is linked to the median poverty target for lower-middle-income countries.

Environmental sustainability goals cluster on the left-hand side of the figures. CP does
not deliver very substantial aggregate global progress on carbon emissions, forest area, or
fisheries by 2050. It does on urban air quality, which has the character of a national and, in
fact, local private good and which societies have worked hard to improve as income rises.

Figure 3 shows the additional progress that HD, NSS, and CSDG might generate
relative to CP. SM6 provides textual analysis by goal. CSDG generally outperforms CP. This
is true in the human development domain for countries with respect to poverty, secondary
education of girls, violence against women, informal labor, sanitation, and rural road access.
In the environmental sustainability domain, it is true with respect to urban air emission
reductions, carbon emissions, and forest area but more generally across almost all targets.

Figure 4 augments the information in Table 3 and Figures 2 and 3. It shows the
percentage progress that might be made in each scenario on the primary target indicators.
Progress is measured toward the goal levels provided in Table 3 from values in 2020. That
progress might even surpass target values assigned for variables like extreme poverty
reduction, infant mortality reduction, and access to sanitation. Targets for such variables
were set slightly below universality, because even high-income and well-managed countries
have not attained that (see Supplementary Material SM1 for elaboration on the selection
of the indicators and the setting of targeted values, e.g., 3 percent extreme poverty rather
than zero.)

Mostly on environmental goals, but also for foreign assistance on the global partner-
ship goal, some scenarios could result in regression through 2050. The bars also communi-
cate that relative to CP, the HD, NSS, and CSDG scenarios generally accelerate progress
with complementary or overlapping contributions but that on environmental goals (as
Pradhan et al. [30] suggested) and on global partnership/international aid, there could
be trade-offs.

The bars in Figure 4 show that HD interventions do heavy lifting on the targets in
that domain, largely overlapping with the CSDG scenario. Yet they also show that the NSS
scenario by itself significantly advances human development relative to the CP. This may
not be surprising given that NSS includes lower fertility and stronger governance. But
other NSS elements also make positive contributions to several biophysical development
goals with positive human system linkages, notably clean water and energy but also less
food loss [70] and slower global warming.

Not surprisingly, the NSS scenario elements provide considerably greater impetus
toward sustainability targets than HD. Yet, HD alone does make biophysical sustainability
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contributions relative to CP, again not least through fertility reduction in lower-income
countries and improved governance. We will see below, however, that HD also increases
economic growth, driven largely in IFs by the contributions it makes to economic productiv-
ity. Thus, it is of interest that the CSDG scenario sometimes makes greater contributions to
biophysical sustainability than NSS alone, especially with respect to forest area and urban
air (an indicator of safe cities). Overall, there is limited indication in Figure 4 that the two
sets of interventions collectively work against each other and some suggestion of synergy,
except on the three environmental indicators. The clearest picture is of complementarity.

1.1Poverty

2.2Hunger

3.2Health

4.1Education (Girls)
5.2Gender Equality
6.2Safe Sanitaion
7.2Renewable Energu
8.3Growth & Work
9.1Resilient Infrastructure
10.4 Inequality

11.6 Safe Cities

12.3 Food Loss Reduction
13.2 Carbon Emissions —
14.4 Overfishing -

15.1 Forst Protection _

16.5 Corruption

17.2 International Aid —

11
T

-20

o

20 40 60 80 100 120

I B CurrentPath  ® HumanDevelopment ® Natural Systems ® Combined |

Figure 4. Percentage global progress toward each SDG target from 2020 to 2050. Notes: See Table 3
for 2020 and operationalized target values. Using IFs Version 8.37.

3.2. Selected Drivers and Dynamics of Scenario Results

Quantification in the literature of the Shared Socioeconomic Pathways (SSPs) and
elaboration of the Sustainable Development Pathways (SDPs) in the SHAPE project has
appropriately given much attention to driving variables, including the GDP, population,
and levels of adult education [6]. Much IAM analysis of the SDPs gives special attention to
exogenously specified values in the relatively sustainable world of SSP1 or variations of
it. The three variables are also among the key drivers of progress toward the SDGs in this
study, although IFs computes all three endogenously. GDP growth uses a Cobb-Douglas
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function with endogenous capital, labor, and total factor productivity (TFP). Population is
driven by total fertility rate (TFR) and migration as well as mortality from the integrated
health model. Educational attainment is driven by a model of flows through schooling
years and is one of the many drivers of TFP. Moyer et al. further compares the IFs scenarios
and SSP scenarios through 2150 [71].

Figure 5 illustrates the dynamic structure of interactions of such key variables and two
SDG target variables without elaborating the larger IFs system. The figure also suggests
some of the complex mixture of stock and flow variables in both the SDGs themselves
and key driving variables. For instance, access to safe water and sanitation represent
infrastructure stock levels, and population size is also a stock. In contrast, the SDG carbon
emissions indicator and the GDP are annual flow variables.

Stocks At heric Carb
mospheric Carbon
‘H’ lag— | Carbon Emissions
Flows _| @ 4
——+—  Total Factor
Productivity (TFP) + » GDPatPPP < + >
+_
+\ !
@ Poverty Level P GDPa?%rP(;;aplta
+
_/ \‘ ¥
_ Government
— —»{ Total Fertility Rate ; Spending
(TER) ——+, lag——=  Population @ + |
\ :
¥
- + Adult Educational + la School
Attainment » 1ag Progression

Figure 5. Causal diagram with focus on GDP, population, and educational attainment. Notes: Hughes
(2019) [41] and the IFs Wiki (https:/ /pardeewiki.du.edu/index.php?title=International Futures_(IFs),
accessed on 6 December 2024) elaborate.

All the methodologies for exploring possible SDG futures, including qualitative expert
analysis, statistical analysis and modeling, should be sensitive to that stock—flow distinction.
It helps us understand one complexity of exploring synergy and trade-off analysis across
progress toward the SDGs, namely temporal dynamics. Consider, for instance, how various
advances in human development affect environmental variables. Figure 5 shows that
advances in schooling for children increase adult education levels, which boost total factor
productivity and, thus, GDP, potentially raising energy usage and carbon emissions, thereby
increasing atmospheric carbon levels. Together, these dynamics suggest a trade-off between
SDG 4 and SDG 12. But with lags in the time between rising schooling and adult attainment
levels and between higher emissions and significant changes in atmospheric carbon, two
flow-to-stock dynamics are considerable. Potentially, country A in a world of expensive
renewable energy would see a trade-off played out over time, while country B in a world
of inexpensive renewables could build on higher GDP, good governance, and targeted
spending to reduce emissions generating synergy. A study using statistical analysis of


https://pardeewiki.du.edu/index.php?title=International_Futures_(IFs)

Sustainability 2025, 17, 6672

18 of 27

historical data (like Pradham et al. [29]) might find the former trade-off result, while a study
of Sweden using cross-impact analysis (like Weitz et al. [28]) might find a synergistic result.

Figures 6—8 show the important GDP, population, and adult educational attainment
variables across the four scenarios. In addition to global values of GDP in the IFs scenarios,
Figure 6 shows those from the OECD’s 2023 revision for SSP1 (Sustainability) and SSP2
(sometimes called Middle of the Road) [6,49]. It indicates how the CP scenario falls below
the SSP1 and SSP2 scenarios, in early years partly because of the inclusion of COVID-19
effects in IFs analysis [4]. Longer term, the HD and CSDG scenarios roughly follow the
higher path of SSP1. The NSS scenario GDP also grows above that of the CP, largely because
NSS reduces some negative feedback of environmental damage. By 2050, the IFs scenarios
bracket SSP2 and differ from each other by about USD 60 trillion, nearly 25 percent. These
patterns of global economic growth have significant secondary implications for all the
variables affected by GDP in Figure 5 and the larger IFs/SDG system.

B Current Path B HD Scenario M NSS Scenario CSDG Scenario m OECD SSP1 OECD SSP2

350

300
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o
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o
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o
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o
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2025 2030 2035 2040 2045 2050

Figure 6. Comparison of global GDP at PPP across IFs scenarios and in SSP1 and 2 (2023 Revision).
Notes: Using IFs Version 8.37; see Supplementary Material SM3 and Supplementary Material SM5
for more comparative analysis. The growth patterns of the HD and CSDG bars are very similar.

Turning to population, Figure 7 shows that the CP scenario of IFs is slightly higher
already in 2020 than the SSP1 and SSP2 values from the Wittgenstein Centre (WIC), as
updated in 2023 [72]. However, the growth pattern of the CP closely parallels that of the
SSP2 projection

The WIC SSP1 scenario adds about 450 million fewer people through 2050 than
does SSP2. With lower fertility in each, the IFs HD, NSS, and CDSG scenarios all reduce
population by about 350 million people in 2050 relative to CP. Overall, the difference in
those three IFs scenarios from CP for this critical driving variable is much the same as
how SSP1 differs from SSP2. Such population differences across scenarios clearly have
implications for progress toward all SDGs, just as that progress also affects demographics
in the positive feedback loop in Figure 5.
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Figure 7. Comparison of global population across IFs scenarios and in SSP1 and 2 (2023 Revision).
Notes: Using IFs Version 8.37; see Supplementary Material SM3 and Supplementary Material SM5
for more comparative analysis.
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Figure 8. Comparison of adult (25+) years of educational attainment in low-income countries across
IFs scenarios and in SSP1 and 2 (2023 Revision). Notes: Using IFs Version 8.37; see Supplementary
Material SM3 and Supplementary Material SM5 for more comparative analysis.

With respect to adult educational attainment, Figure 8 turns focus to the World Bank’s
set of low-income countries, because they fall far below the SDGs’ call for universal
secondary completion. Driving the values in Figure 8 (but not shown there), the CP
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scenario raises secondary completion to only about 40% for of-age students by 2050. With
the substantial expenditure and other interventions elaborated in Supplementary Material
SM2, secondary school completion rises from 19 percent in 2020 to 75 percent in 2050 in the
HD and CSDG scenarios.

The result for the adult educational attainment stock variable shown in Figure 8 has a
considerably slower rise than that of the secondary completion flow variable because of the
gradual replacement of older adults with younger ones. Therefore, even the HD and CSDG
scenarios raise adult attainment levels from 2020 to 2050 by only 3.5 years, well short of the
5.2 years in SSP1’s expectation. The NSS scenario’s value in 2050 differs little from that of
the CP but is slightly higher. That can be attributed in part to the higher GDP of NSS, in
turn a result of the improved environment.

The IFs CSDG attainment projection is above SSP2 but closer to that scenario than it
is to SSP1, which counterintuitively grows very rapidly, even in the earliest years of the
forecast horizon.

As Figure 5 suggests, these patterns for key driving variables in Figures 6-8, them-
selves responsive to scenario assumptions, have implications that affect the dynamics for
all variables in IFs across the SDGs. As in our earlier examination of most SDG indicators,
we are seeing differences but not trade-offs across the scenarios in their impact on these
major drivers. Complementarities better characterize the patterns.

3.3. lllustrative Sensitivity of Results to Scenario Components

Although comparisons across scenarios and understanding driving dynamics are
important, sensitivity analysis can enhance those by decomposing scenarios into component
elements, varying assumptions about intervention magnitudes, or directing analysis to
specific countries or country groups. Here, we focus on the first and third of those.

The intervention clusters analyzed here (see again Tables 1 and 2) have been shaped
by a combination of the model structure, the SDG policy-focused literature, and known
patterns of change over time. They are the subcomponents of the HD and NSS scenarios:

1.  Lower global fertility rates. They have fallen around the world since the 1960s, with
steady declines in the low-income grouping since the late 1980s but potential for
faster decline.

2. Advances in agricultural productivity and energy production. Some diet changes
away from meat are also possible.

3. Improvements in governance. Possibilities are increased democracy, reduced corrup-
tion, and generally enhanced effectiveness.

4.  Increased mobilization and use of financial resources, with direct expenditures on
education, health, infrastructure, and R&D. Given levels already reached in high-
income countries, the focus is on other World Bank income groupings.

5. Rising government transfer payments in support of lower-income and generally
less-skilled sub-populations.

6. Higher intergovernmental and non-governmental international assistance flows. Al-
though, in recent years, the rise has slowed or even reversed, rates of aid as portions
of GDP remain well below targets that many donors have identified.

Although generally not together, these cluster points of intervention have appeared
prominently in various studies of progress on the SDGs [4,14,29,73].

Two focal points for the attention of those analyzing SDG progress are poverty reduc-
tion and the atmospheric concentration of greenhouse gases, especially carbon dioxide.
Figure 9 shows the responsiveness of extreme poverty numbers in low-income (LI) coun-
tries to the scenario intervention clusters. Each cluster reduces poverty through 2050
relative to the CP; in combination, they cut the number of poverty sufferers by two-thirds.
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Perhaps surprisingly, the greatest impact comes from higher foreign aid, even though the
intervention only raises aid outflow over time from high-income countries from a little
more than 0.2% of GDP to 0.6%. One reason is that IFs represents “graduation” from aid
receipts by middle-income countries over time as GDP per capita rises. Therefore, aid
receipt becomes more concentrated in the low-income countries. That raises receipts from a
little less than 10% of their GDP to about 20% in 2035 before falling steadily again. Given
the difficulties that low-income countries face in raising revenues domestically, such global
partnership boosts of aid facilitate great expansions in direct expenditures and transfers for
sustainable human and environmental development.

m Low Fertility m Agriculture & Energy Advances Improved Governance

H Government SDG Spending H Government Transfer Payments m High Foreign Aid B CSDG Scenario

2020

2040 2045

2025 2030 2035 2050

Figure 9. Low-income country poverty headcount across clusters of scenario intervention. Compari-
son of adult (25+) years of educational attainment in low-income countries across IFs scenarios and
in SSP1 and 2 (2023 Revision). Notes: Using IFs Version 8.37; see Supplementary Material SM3 and
Supplementary Material SM5 for more comparative analysis.

Figure 10 shows the global impact of the intervention clusters on annual carbon
emissions from fossil fuel use. Changes in agriculture and energy systems dominate that
impact. We see small trade-off in the CSDG bar, related to improved governance and
government expenditures, which boost GDP and energy demand. The trade-off is not huge,
and the entire CSDG scenario does somewhat, albeit very inadequately, reduce emissions.

In future work, sensitivity analysis could usefully be extended across other SDG
variables, with variations in intervention magnitude, and with more attention to temporal
dynamics. This preliminary use complements our more extended analysis across broad
scenarios. The results again suggest that efforts simultaneously to pursue SDGs across hu-
man development and environmental sustainability dimensions are mostly complementary,
rather than generating substantial trade-offs or synergies.
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Figure 10. Global carbon emissions across clusters of scenario intervention. Global comparison across
IFs scenarios and in SSP1 and 2 (2023 Revision). Notes: Using IFs Version 8.37; see Supplementary
Material SM3 and Supplementary Material SM5 for more comparative analysis.

4. Discussion

This study identified methodological challenges to integrated SDG analysis, including
the needs for (1) comprehensive system representation with extended, integrated causal
linkage, and temporally sensitive elaboration; (2) fiscal and physical resource accounting;
(3) distinguishing actor category (households, governments, and firms) motivation and
action; (4) addressing lags often with stock/flow representation; (5) recognizing that
multiple targets associated with some goals may represent weakly correlated dimensions,
and others, especially for biophysical sustainability, may not be quantified or country
specific; (6) building intervention scenarios that are aggressive but reasonable (with policy
relevance if not detail); and (7) country context sensitivity. Use of the IFs system and the
HD and NSS scenarios in this project helped address these challenges but also illustrated
the difficulties in overcoming them.

Among the remaining analytical limitations is that official SDG statements often omit
quantitative targets, especially for environmental sustainability goals; specifications in
this study can be questioned (see again Supplementary Material SM1). A related issue
complicating the scaling of country-specific interventions is that while, in the language of
private and public goods, the benefits of human development advances are mostly private
to countries, most biophysical targets are themselves global. Individual country-based
action that has local costs or benefits often makes limited contributions to generating
globally public goods. The great real-world difficulty of setting and pursuing nationally
determined contributions for carbon emissions relative to identifying national secondary
education targets illustrates the distinction.

Another complication of analysis is that it is difficult to assign many interventions
to only the HD or NSS set. For instance, reductions in air pollution, improved income
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distribution [74], and higher agricultural yields potentially belong in both. Sociopolitical
interventions, including quality of governance (with related changes in policy orientations)
and family planning, supported both sets in this analysis. Further work should more
explicitly draw out the characteristics of governance and policy sets that support both
HD and NSS. Additionally, changing population age structures with increased shares of
the elderly and their claims on governmental resources may, in the longer term, begin
to cut against some of the analysis explored here. More generally, further extensively
integrated SDG analysis will benefit from the detailed elaboration of dynamic causal stories,
identification of possible missing linkages in our tools that are important to those stories,
and further elaboration and sensitivity analysis of the impacts of individual, subsets, and
large clusters of interventions.

5. Conclusions

What general substantive insights can nonetheless and with caveats be drawn from
the analysis here? With respect to progress toward the SDGs, the CP will achieve several
human development targets at the aggregate global level by 2050 but not by 2030. This
progress is, however, not true for goals related to biophysical system sustainability, with
exceptions such as urban air quality. Further, even with extensive aggressive interventions,
large numbers of countries will almost certainly not reach most targets in either goal subset
by 2050.

With respect to synergies and trade-offs, synergies outweigh trade-offs between and
especially within the HD and NSS intervention sets. Advances in education, health, poverty
reduction, economic growth, and governance quality reinforce each other, and the IFs
system helps assess magnitude. Yet, the economic advances associated with HD thrusts can
increase the challenge in meeting some NSS targets such as for global fisheries and carbon
emissions. This is at least true in the short run. In the longer term, economic advances
may provide incentives and capacity for ameliorating or reversing that impact. As the
discussion of Figure 5 suggests, it will be important to enhance the treatment of time (and
lags of impact) in SDG analysis, not least because time can change the technological and
sociopolitical context of the SDG relationship [29].

To reiterate a key motivation of this report, we want to facilitate analysis that represents
the complexity of causal connections among the SDGs and interventions in countries and
a world pursuing all of them simultaneously. Existing analytical approaches often focus
on individual goals, direct connections among sets of them or nexus subsets, and/or use
models with limited issue-area integration or temporal perspectives across complete goal
sets. Using a toolkit incorporating a variety of innovations to support analysis, this study
has hopefully advanced our understanding and analysis of prospects for reaching the SDGs.
The push to achieve the SDGs and successors will be long ongoing, providing some time
and many incentives for next steps in both analysis and goal pursuit.
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