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to assess impacts on socioeconomic
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Degrowth advocates argue for structural transformations in how economies and societies prioritize
material wealth accumulation to reduce the negative effects of future anthropogenic climate

change. Degrowth proponents argue that human economic activity could be lessened, and societies
transformed to prioritize improved wellbeing, reducing the threat of climate change. This paper
explores implications of alternative patterns of economic growth with transformational policy
pathways (i.e., redistribution) to assess what effects economic growth and broader policies have

on changing patterns of human development across both the Global North and South. Using the
International Futures model, this article shows that negative growth and societal transformations

in the Global North are possible without dramatically damaging long-term global socioeconomic
development, though these interventions do not solve the global climate crisis, reducing future
cumulative carbon emissions by 10.5% through 2100. On the other hand, a global negative growth
scenario will significantly reduce future cumulative carbon emissions (45%) but also dramatically
undermines the pursuit of global development goals, like the elimination of poverty. Even with global
policies that significantly increase cash transfers to the poor and retired, dramatically improve income
inequality, and eliminate military spending, the Global Negative Growth Big Push scenario leads to an
increase of 15 percentage points in global extreme poverty by 2100.

“There is a way of wasting less, eating less, and spending less which gives not less but more.”.

Present and future challenges posed by anthropogenic climate change are undeniable?® with well-established
effects on natural systems*®. Research shows that climate change will negatively impact socioeconomic develop-
ment, including by disrupting food security®'’, economic activity'''?, demography'*'>, human development'®!”
and conflict'8-2°. Because of these potentially catastrophic changes to the conditions that support human life,
climate change mitigation has been widely studied, with common solutions focusing on investing in renewable
energy, improving energy efficiency, and placing a price on carbon?'. While these policies could lead to a sig-
nificant reduction in greenhouse gas emissions, they also have been criticized because they almost universally
include assumptions about continued economic growth which will force significant technological transformations
in energy systems that may be unrealistic?*~%.

Degrowth?® 1% research is an important critical perspective that refocuses attention away from a para-
digm of continuous economic growth, conspicuous consumption, planned obsolescence, and towards humans
living within environmental constraints, particularly the most affluent and largest contributors to climate
change?**>?-2 Tt focuses on an “equitable downscaling of production and consumption that increases human
well-being and enhances ecological conditions at the local and global level, in the short and long term?” It
emphasizes downscaling of growth as a goal, reducing destructive forms of production and enhancing the public
sector with a refocus of economic activity on securing human need?®.

While previous research has used models to evaluate degrowth for particular countries®>*° or to represent
biophysical limits to energy production’’, there has been no research that forecasts changing patterns of eco-
nomic activities across scenarios over long time horizons on a global and regional basis, exploring how changing
patterns of economic growth and shifts in policy strategies impact multidimensional human development as
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well as carbon emissions®*~3*

world of negative growth?

This article shows that a global negative growth scenario would not provide sufficient material resources to
promote global human development, including in scenarios where the global income distribution becomes very
equal, military spending is reallocated to other sectors, and government programs significantly increase cash
transfers. Fortunately, most degrowth researchers focus on applying these structural transformations in high
income countries, recognizing that the rest of the world requires economic activity to promote human develop-
ment. In a scenario of High Income Negative Growth (Table 1) the socioeconomic costs remain high but can be
partially offset with dramatic changes to global inequality. In the most ambitious scenario (High Income Negative
Growth Big Push) poverty is reduced by 377 million by 2050 relative to the Current Path and carbon emissions
are lessened by 10.9% relative to a Current Path development scenario (a similar scenario to SSP3/SSP4*~*” and
RCP 6.0/4.5%). Such a transformation in social organization would be unprecedented, and global shifts in income
inequality of that magnitude or an absolute decoupling of long-term economic growth from human development
outcomes has never been seen. Additionally, carbon emission reductions in the High Income Negative Growth
scenario are moderate, as a large share of future emissions will be from countries in other income groupings this
century and degrowth reduces resources invested in renewable energy.

The modeling work presented in this article does not build a ground-up degrowth scenario that would be
recognizable to many proponents and instead focuses on modeling the broad material needs for socioeconomic
development juxtaposed with alternative patterns of carbon emissions across income groups. To that end, this
article proceeds by exploring degrowth in more detail, highlighting what measures of economic development are
intended to do and what their limitations are, and then proceeding to introduce the methodology and results.
The article concludes that the degrowth movement is an important piece of a broad societal response to sustain-
able human development that is more relevant for already developed regions and that it should be pursued in
conjunction with a range of other policies that also promote balanced technological solutions to the problem of
human development on a planet of finite resources.

. How many resources would be available for government spending programs in a

Background

The degrowth movement emphasizes that continuous economic growth is not possible in a world of finite
resources’*?>?7-2%% 3 theme in previous literature modeling long-term societal transitions*’. The pursuit of
economic growth has led to social inequality, as resources and wealth are concentrated in the hands of a few.
A degrowth approach requires a planned “scaling down” of economic efforts in areas where general economic
wellbeing has been achieved, intending to use both government action and individual choices to intentionally
adjust economic activity away from harmful practices that use fossil fuel inputs to one where growth in economic
output is not a policy goal while human well-being is*.

While there are many policy objectives embedded in the degrowth debate, a central focus is the reduction of
the harmful use of fossil fuel and other material resources that are the primary contributor to climate change.
Degrowth helps improve climate change by reducing energy demand, effectively undercutting the ability of
economic systems to draw upon fossil fuels and use them to project greenhouse gases into the atmosphere. A
reduced growth scenario could be important for lowering future carbon emissions and is seen to be one poten-
tially viable pathway to achieving a 1.5 degree centigrade increase in global temperature***!.

Degrowth emphasizes the close connection between energy resource use and economic production
arguing that “green growth” is largely a mirage and that current energy consumption is unsustainable if the
world’s standard of living were raised to that of the Global North. For example, no country has successfully
achieved an absolute decoupling of economic systems from energy systems*?, though there are ample examples
of relative decoupling of the rate of growth in economic production from energy consumption, or reducing
energy intensity*.

Research has emerged that uses quantitative models to evaluate how degrowth might impact human devel-
opment and environmental outcomes. The MEDEAS model is an integrated assessment model that focuses on
the transition to sustainable energy, adding dynamics that show that biophysical limits to energy extraction
will lead to a severe global crisis with increased conflict that may collapse modern civilization®'. This model of
degrowth presents an alternative baseline that emphasizes the consequences of stymied future fossil fuel extrac-
tion under degrowth.

22,42,43
>

Scenario name

Intervention

A dynamic scenario that forecasts within and across systems for 186 countries through 2100. The scenario results

Current path behave most similarly to SSP3 or SSP4 for variables measuring economic change and demographics

No growth GDP growth reduced to zero from 2018 to 2100

Negative growth GDP growth reduced to negative one from 2018 to 2100

Military spending Reduced to near zero from 2018 to 2100 for the world, spending on education, health and infrastructure protected

Government transfers

Increased five-fold for both pension and welfare

Inequality

Reduced to 0.2, the lowest current measured level of income inequality on the Gini scale (Albania)

Big push

Combining the interventions for Military Spending, Government Transfers, and Inequality

Table 1. Description of the scenario components used in this analysis.
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The EUROGREEN model presents a degrowth alternative for development in France that is compared with
a green growth scenario by introducing policies that guarantee jobs, reduce economic growth, grow the public
deficit, and lower emissions®. The degrowth scenario shows that lowered economic output is possible after
multiple decades and can be balanced against core labor inputs, enhancing both environmental outputs as well
as human development. LOWGROW SEC is a post-Keynsian demand-driven model for Canada that has been
used to analyze policies with outcomes related to sustainable prosperity and environmental burden, finding that
a degrowth scenario outperforms a green growth scenario in overall measures of socioeconomic development,
driven primarily by the assumed reduction in carbon emissions**.

Degrowth contains within it a broad critique of measures like GDP often focusing on the limits of using it as
a measure of human development or well-being***¢. First, GDP growth has no direct relationship with human
well-being and can increase while not improving subjective happiness® or other measures of human well-being*’.
Second, GDP can increase with factors that are negatively associated with human well-being, like natural disasters
or dramatic shifts in commodity prices. Third, GDP is an incomplete measure when it comes to the treatment
of economic inputs and costs, such as climate change and natural resource services. For example, no measure
of GDP fully captures the value of key ecosystems for future human development, a key omission when used to
study the future of sustainable human development.

Others criticize how particular measures of human development are used, like poverty indicators. First,
extreme poverty thresholds such as $1.90 per day (in 2011 dollars) are an absurdly low level of material resources
to consider to be viable for a good life. Second, the purchasing power adjustment made to poverty measures has
been criticized for introducing measurement error*®=°. Third, measures of poverty are argued to be imprecise
and require frequent household surveys that only capture a particular slice of poverty at a given point in time
and do not comprehensively measure poverty.

It is important to disentangle the relationship between GDP and human development by discussing the ways
in which GDP as a measure is used. GDP is a measure of the total goods and services produced and consumed
by a country and can be measured in various ways. First, it can be measured as the sum of annual value-add
produced across sectors in an economy. This is a measure of the total additional value produced by each sector
in excess of sectoral investments as measured by a national currency and can be referred to as the “production
approach”. Second, GDP can be measured as the total amount of income earned by households and business
within a given period (the so-called “income approach”). Alternatively, GDP is also measured by the total expen-
ditures across key actors in the economy, represented in the equation below:

GDP=C+G+I1+ (X —M)

where GDP is the sum of C = household consumption, G = Government expenditure, I = Investment, X =
Exports, and M = Imports.

Each of these approaches needs to reconcile within a national accounting framework providing a redundant
measure that captures various aspects of micro-economic activity in a single model.

GDP per capita is the per-person share of the total economic activity of a country and is occasionally used
as a proxy measure for individual incomes, but this is misleading. GDP per capita and household or individual
incomes are not connected directly, though the two indicators do have a positive linear relationship. GDP per
capita is a better measure of the relative “sophistication” of an economy especially when controlling for the value
of commodity and extractive resources, which tend to suffer from rent-seeking type characteristics. GDP per
capita can be used as an input into models that measure things like household consumption but should not be
used directly to capture household consumption as they have no relationship with the distribution of resources
in a society. Finally, GDP growth is the year-to-year (or period-to-period) change in total GDP. Growth in the
overall size of economic activity is the namesake of the “degrowth” movement and is the factor that is meant to
be provocatively contained, controlled and managed.

GDP can be measured at market exchange rates (MER) or purchasing power parity (PPP), both of which
provide different insights into how broader economic activity is valued. MER measures capture a nation’s eco-
nomic activity and value it based on a national currency relative to other national currencies, or one benchmark
currency. Alternatively, PPP measures inflate or deflate GDP at MER values based on a basket of comparable
goods. GDP is also often measured in “real” currency which controls for inflation across time. Real currency
conversions should be compared with “current” currency, in which inflation is not controlled for. Most measures
of poverty use real PPP adjusted income in fixed US dollars.

Degrowth researchers often focus on the negative outcomes associated with economic growth and the short-
comings of general measures of economic production/consumption, like GDP. But economic growth changes
the underlying material resources available for development and is an important aspect of development, be it
controlled by the private sector or the state. Economic growth increases production which makes more resources
available for consumption, a key determinant of household income and poverty®'-**. Economic growth also
directly feeds government revenue and allows for spending on public services, investment in future technology
like renewable energy, as well as providing resources for key determinants of human development like health-
care spending, education spending, infrastructure, etc. And, while the measurement of economic growth and
activity is imperfect, it remains a useful tool for understanding economic activity and joins a range of other
measures capturing socioeconomic progress that all have clear limitations, though are used in research support-
ing degrowth and other policy solutions.
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Methodology

I use an established integrated assessment modeling framework that represents human, social and natural system
development called International Futures (IFs) to analyze the implications of changing patterns of economic
growth on human development (See model documentation here: https://pardeewiki.du.edu/index.php?title=
Understand_the_Model). I present a series of scenarios listed in Table 1. These scenarios are then evaluated
across various dimensions of human well-being to evaluate broad trade-offs in achieving sustainable human
development. These scenarios were created for the globe as well as all World Bank income groupings, though
the main text of the article focuses on the globe and High Income groupings. The Appendix reports results for
other income groups and the replication instructions can be used to reproduce results for individual countries
(Replication found here: https://ifs02.du.edu/Replication%20Files/DeGrowth%20sce.zip).

The IFs model® is an integrated assessment tool that includes the following dynamically interconnected
systems: agriculture®, climate®”, conflict®®, demographics®, economics®™®!, education®, energy®’, gender®,
governance®, health®-¢%, infrastructure®, international relations’®”, poverty>*”%, and technology’. IFs can be
used to explore broad questions of integrated development within and across systems and forecasts variables for
186 countries from 2017 to 2100. The data used as inputs into the model come from a wide range of sources’*-8!.

The analysis presented here relies on multiple scenarios that vary core assumptions related to a) the future
of economic growth by country group; b) the future of cash transfers from governments for both welfare and
pension; ¢) changing patterns of income distribution (as measured by the Gini coeflicient for income inequal-
ity); and d) changing patterns of government spending, particularly on the military. Each of these alternative
scenarios is compared with a Current Path scenario that attempts to capture a dynamic future path that is “most
likely” considering the data and factors used within the IFs system.

The core models in the Current Path scenario include demographics, an agent-cohort-component model with
endogenous representations of births, deaths and migration®. The economic module is built on a Cobb-Douglas
production function with Solow residual broken down across different areas of productivity contribution and
including a social accounting matrix (with an embedded input-output table measuring activity across six sec-
tors)®. It includes an education model representing schooling by sex across primary, lower secondary, upper
secondary, tertiary and vocational education with variables representing math and reading quality®*. The health
system has both distal and proximate drivers represented that forecast mortality and morbidity by age and sex for
15 different categories®®®’. The infrastructure module represents ICT access, electricity production and access,
water and sanitation access as well as road construction and access®?. The governance module includes forecasts
of security, capacity and inclusion®. Agriculture is modeled using a partial equilibrium tool that includes a land-
use module and a technology module®. Energy is also represented using a partial equilibrium tool that includes
the production and consumption of energy by type across sectors like oil, gas, coal, renewable, and nuclear®.
The environmental module includes a carbon cycle as well as impacts from changing CO2 parts per million in
the atmosphere, temperature and precipitation”*. Both gender and technology are cross-cutting components
of the model®.

The effect of economic growth on human development is a key component of this analysis. Economic growth
changes patterns of human development in various ways in the IFs model. First, and most directly, GDP growth
increases the total amount of economic resources available to various actors throughout the model (actors, gov-
ernments, firms). Second, and more importantly, GDP per capita has broad impacts across various aspects of the
model. Average production per capita changes demand for goods and services across sectors, impacts household
consumption preferences, and changes the productivity model boosting demand for government services like
health and education. GDP per capita also has a relationship with household consumption mediated by various
factors®. Changing GDP per capita is a distal driver of long-term projections of intrastate conflict, societal values
like inclusive governance, and other particular outcomes that reflect broad social transformations.

GDP growth is not a panacea for development in IFs (or the real world). GDP growth increases carbon emis-
sions when economies are based on fossil fuel energy consumption. The IFs model represents this endogenously
across fossil fuel sources including coal, natural gas and oil. As carbon emissions increase they change the accu-
mulation of greenhouse gas in the atmosphere which changes patterns of precipitation and temperature along
with having a broad and negative impact on economic production through “damage functions”$>%.

The scenario interventions also simulate transformations in how income is distributed, the volume of govern-
ment cash transfers for welfare and pension, as well as a transformation in how governments allocate resources
away from the military and towards systems that are more direct investments in long-term human development.
The treatment of inequality in the IFs model starts with the Gini coeflicient for income inequality, derived from
the Lorenz Curve, and described in literature®?.

Government transfers and military spending patterns are both represented within the government finance
module of IFs. First, IFs conceptualizes government finance by modeling government revenue as a function of
taxation and foreign aid. Next, IFs calculates the demand for government spending across areas of consumption
(e.g., education, health, infrastructure, security) and transfers (e.g., welfare and pensions). IFs balances these
government spending sectors dynamically across time and reconciles revenue and expenditures/transfers with
all other global financial patterns through a social accounting matrix™.

The final submodule of the IFs model used in this analysis is the energy module as a driver of carbon emis-
sions. The energy module is a partial equilibrium model that represents ultimate recoverable resources, available
reserves, and production for coal, natural gas, oil, hydro, nuclear and a general category of renewable energy
that includes wind and solar. The model “chases equilibrium” between supply and demand for energy, relies
on a global energy price to mediate these dynamics, and includes energy trade. The energy module feeds the
carbon emissions model where weights to note the carbon intensity of different fuel types are used to calculate
overall emissions. The model includes the ability to adjust investment-to-output, efficiency, and production
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levels across energy type by country or region as well as a broader carbon model that calculates overall carbon
concentration in the atmosphere.

Results: Current Path
The IFs Current Path scenario forecasts global economic growth measured by GDP at MER to average 2.3% by
2030 and then decline to under two percent through the end of the twenty-first century. Compared with other
long-term economic growth forecasts, this projection is most similar to the economic projections in SSP3 or
SSP435681 two scenarios that are pessimistic about future socioeconomic development (see Appendix and Figs. 1
and 2). Over fifty percent of all economic activity through mid-century will occur in High Income economies
and over thirty percent of all economic activity will be from High Income economies by the end of the century
along the Current Path.

The Current Path projects that global population (Fig. 3) will surpass ten billion near mid-century with the
majority of growth occurring in Low-Middle Income economies (Fig. 4). This is similar to the UN Population
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Figure 1. Conceptual Overview of Variables in IFs used in this analysis. Black boxes represent variables used in
scenarios and blue variables represent key outcomes reported. The plus and minus signs reflect the direction of
the relationship. These variables are a small sub-set of the broader model.
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Figure 2. GDP at MER from 1960 to 2100 by Income Group and Scenario.
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Figure 4. Carbon Emissions from Fossil Fuel use in Billion Tonnes, 1990-2100 by Income Group and Scenario.

Division medium variant and SSP3%*. While High Income economies represent more than 50% of future eco-
nomic activity through mid-century, they are projected to only account for 12.8% of global population by

mid-century.

Historically, while representing a small share of the global population, High Income economies were respon-
sible for 48.6% of total carbon emissions from fossil fuel usage from 1990-2017. Upper-Middle Income countries
also contributed significantly to carbon-based fossil fuel usage over that period, emitting 40.8% of carbon from
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1990 to 2017, a proportion that was more closely aligned with their population share (see Figs. 3 and 4). Over that
same period Low-Middle Income countries emitted 9.8% of global carbon from fossil fuel usage. In the Current
Path scenario, the majority of future emissions from fossil fuels come from Upper-Middle Income economies,
which are projected to emit 47.5% of global carbon emissions through mid-century followed by High-Income
economies which are projected to emit 30.2% of carbon emissions. Low-Middle Income economies are projected
to emit 20.7% of carbon emissions through 2050. Low-Income economies are projected to emit slightly more
than 1.5% of carbon emissions through mid-century.

Turning to extreme poverty, the majority of the world’s poor currently live in Low-Middle Income and Low-
Income countries which represent over ninety percent of the world’s population living on less than $1.90 per
day (Fig. 5). The Current Path projects that global extreme poverty will remain a persistent problem with more
than 500 million people living under that threshold through mid-century.

Broader measures of human development that move beyond consumption-based poverty that are modeled
in IFs include average life expectancy and years of educational attainment, among others (Figs. 6 and 7). The IFs
Current Path scenario projects that life expectancy in High Income countries will continue to grow from over
80 years today to 83.7 years by mid-century. Across other income groups life expectancy gains are projected to
converge to High Income levels, which growth in the frontier of life expectancy is expected to see diminishing
marginal improvements to additional investment. The same is true for advances in education and summary
measures included in IFs like the Human Development Index.

IFs models government spending it in two ways. First, the model projects spending on services that includes
the following sectors: Military, Health, Education, R&D, Infrastructure, and Administrative. In 2017, total global
government spending on these services exceeded $16 trillion, with the majority of spending on health ($5.1 tril-
lion) followed by education ($4.1 trillion), infrastructure ($3.0 trillion) military ($1.9 trillion), administration
($1.8 trillion), and R&D ($215 billion). The Current Path projects that total government consumption on these
services will grow to $19.7 trillion by 2030 and $31.9 trillion by 2050.

IFs also models government transfers to both pension and welfare. In 2017, IFs estimates that government
transfers for both welfare and pensions exceeded $14 trillion, with High Income economies representing nearly
$10 trillion of those total transfers. Through 2030, IFs forecasts these to increase to $18.9 trillion by 2030 and
$31.9 trillion by 2050. By 2050, High Income economies are forecast to represent $16 trillion of that total, while
Upper-Middle Income economies represent $12.6 trillion of government cash transfers in the Current Path
scenario.

High income no growth scenarios

The High Income No Growth scenario keeps High Income economic activity at $55 trillion per year from 2017
to 2100. The cumulative reduction in economic activity exceeds $68 trillion by 2030, $449 trillion by 2050, and
$3,298 trillion by 2100 relative to the Current Path. High Income population stands at 1.22 billion people in 2017
and was projected to peak at 1.27 billion by 2040 in a Current Path world. In the High Income No Growth world,
population growth peaks slightly earlier and at slightly lower levels driven by higher overall mortality associated
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Figure 5. Extreme Poverty (<$1.90 per day at PPP) by Income Group and Scenario.
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Figure 7. Deaths in Millions from 1990 to 2100 by Income Group and Scenario.
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with less government spending on health. GDP per capita (measured in PPP terms) remains flat between $42
and $47 thousand per person throughout the century, varying as population levels change.

The High Income No Growth scenario reduces the amount High Income governments can spend on services
from $11.3 trillion in 2017 to $10.04 trillion by 2030 and $10.4 trillion by 2050. This represents a cumulative
reduction in spending across that period of $16.9 trillion by 2030 and $101.5 trillion by 2050. The majority of
those reductions occur in health (by $5.5 trillion by 2030 and $37.3 trillion by 2050), education (by $4.5 trillion
by 2030 and $37.3 trillion by 2050), infrastructure (by $2.5 trillion by 2030 and $13.5 trillion by 2050), military
(by $2.2 trillion by 2030 and $26.2 trillion by 2050). Government to household transfers for welfare and pen-
sions in High Income countries are estimated to be $10.0 trillion in 2017, a figure projected to increase to $11.8
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trillion by 2030 and $16.1 trillion by 2050 in the Current Path. In the High Income No Growth scenario the level
of government transfer reduces to $9.8 trillion by 2030 and $10.7 trillion by 2050. This represents a cumulative
reduction in transfers of $12.7 trillion by 2030 and $86.0 trillion by 2050.

The effects of these reductions in economic activity and government spending/transfers is to slow, but not
eliminate, progress across human development indicators measuring cumulative health and educational out-
comes in High Income countries. Life expectancy was projected to grow in the Current Path from 80.4 years in
2017 to 83.7 years by 2050. Lower spending reduces average life expectancy to 82.7 years by mid-century, driven
by more rapid increases in annual deaths, which were forecast to grow in a Current Path scenario from 10.9 mil-
lion per year in 2017 to 16.0 million per year by mid-century, driven primarily by rapidly aging populations. In
a High Income No Growth world, these deaths increase to 16.4 million by mid-century, a cuamulative increase of
10.8 million deaths over that period of time. The majority increased deaths are cardiovascular, projected to be
17.9% higher in a High Income No Growth scenario compared with the Current Path®.

Average years of education for the population age 15 and older were projected to increase in a Current Path
scenario from 11.8 years in 2017 to 13.0 years by 2050 in High Income countries. In a High Income No Growth
scenario, this increase is slightly slower, at 12.8 years by mid-century. The percent of adults who complete ter-
tiary education is projected to grow in a Current Path world as well as a High Income No Growth world, though
with less growth in spending per student and less growth in levels of quality, measured in terms of reading and
writing scores across level and sex.

Levels of poverty increase in a High Income No Growth scenario relative to the Current Path. IFs estimates
that the number of people living on less than $1.90 in High Income economies was 7.2 million in 2017 and was
projected to decline to 1.5 million by 2050. In a scenario of no growth, this is projected to increase to 9 million
by 2030 and 13 million by 2050. This represents an increase of 4.6 million people in extreme poverty in High
Income countries by 2030 and 11.4 million by 2050.

In the Current Path, imports and exports are projected to increase from $31.3 trillion in 2017 to $57.5 trillion
by 2050 between High Income countries and the rest of the world. In the High Income No Growth scenario, growth
in imports and exports stagnates and remains at levels between $34 and $37 billion across the time horizon.
Cumulatively this accounts for $325.8 billion by mid-century relative to the Current Path. In 2017, IFs estimates
that High Income countries provided $125.6 billion in foreign aid, a number that is projected to increase in a
Current Path world to $182.9 billion by 2050. In a High Income No Growth scenario the level of foreign assistance
remains at $125.8 billion through 2050 representing a cumulative reduction in aid of $912.9 billion through
mid-century. Stocks of foreign investment in High Income countries is also reduced. IFs estimates that foreign
investment in 2017 was $28.5 trillion and projected to grow to $60.7 trillion by 2050. The High Income No Growth
scenario shows growth in foreign investment as well, just at lower levels. Here investment increases to $34.9
trillion by 2030 and $43.1 trillion by 2050. IFs estimates remittances flowing out of High-Income countries in
2017 to be $350.9 billion a number that grows to $487.3 billion by 2030 and $852 billion by 2050 in the Current
Path. In the High Income No Growth scenario, that growth is slower, increasing to $443.2 billion by 2030 and
$687 billion by 2050, representing a cumulative reduction of $2.28 trillion in global remittances by mid-century.

The impacts of these changes on development in other countries can also be seen. For example, in a High
Income No Growth scenario, global extreme poverty increases by 10.1 million people by 2030 (inclusive of the
4.6 million increase in High Income countries reported above) and 34.5 million by 2050. Other effects come
more slowly through changing patterns of economic interdependence. For example, Chinese GDP is reduced
cumulatively by $15.4 trillion by 2050 because of reduced exports to High Income countries. Other countries that
are particularly dependent on foreign aid experience down-turns. Uganda, for example, is projected to increase
its receipts of foreign aid from $2.4 billion in 2017 to $7 billion by 2050 in the Current Path. In a High Income
No Growth scenario they see a cumulative reduction in aid of $3.1 billion by 2030 and $28.6 by 2050. This leads
to an increase of 3.5 million people in extreme poverty in Uganda by 2050, effects that can be seen in a variety
of Low Income countries.

The High Income No Growth scenario does reduce carbon emissions from fossil fuel sources. In 2017 High
Income economies emitted 3.4 billion tonnes of carbon, a number projected to decline to 3.0 billion tonnes by
2050 in the Current Path scenario. By eliminating growth, carbon emissions reduce to 2.8 billion tonnes by 2030
and 2.2 billion by 2050. This represents a cumulative reduction of 16.05 billion tonnes from 2017 to 2050, or a
15.3% reduction in emissions in High Income economies (a 3.6% global reduction).

Part of the reason that the effect on carbon emissions is more limited than might be expected is because
investments in renewable energy are constrained because of fewer overall material resources that can be invested
in improving and distributing technology. Overall energy investment in High Income economies stood at $332.3
billion in 2017 and was projected to grow to $378.8 billion by 2050. The cumulative reduction in investment
across this period of time is $2.0 trillion, or -15.8% relative to the Current Path. This leads to slower growth in
renewable energy, which increases from 1.1 billion barrel of oil equivalent (BBOE) in 2017 to 3.7 BBOE in the
High Income No Growth scenario compared to 4.7 BBOE by 2050 in the Current Path, a reduction of 11.7%.

By adding Big Push policies to the High Income No Growth scenario shows that some strategies are particu-
larly effective in mitigating socioeconomic costs while others are more prone to developmental trade-offs®”%. A
global scenario where income inequality is reduced to the levels of the best performing countries in 2017 does
eliminate poverty in the High Income No Growth scenario through 2100. Other Big Push interventions do not fare
as well. Eliminating military spending can off-set reductions in education and health spending, but the Current
Path shows more education and health spending without eliminating military spending before mid-century.
Increasing government transfers can reduce poverty in the short-run, but this comes at the cost of investments
in other areas like education and health and growth in the Current Path overtakes household transfers in the
High Income No Growth Big Push scenario before mid-century.
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A No Growth scenario in High Income countries may be possible, though would require a broad transfor-
mation of society (the Big Push), a significant centralization of state power and transformations of how every
economic sector functions. This would come with significant costs in the short and long-run, some of which can
be anticipated and others that are not known. In addition, the long-term benefits in terms of carbon emissions
reduction are not so significant that the long-term trajectory of climate change is altered to achieve sustainable
levels.

High income negative growth scenarios
A High Income Negative Growth scenario produces results with more amplified findings compared with the High
Income No Growth scenario. Table 2 presents these findings along with other scenarios described in this article.
By 2050, a High Income Negative Growth scenario leads to a cumulative lowering of GDP relative to the Cur-
rent Path of $760 billion, a 26.4% reduction. This lost economic activity grows to over $7,000 trillion by 2100,
a reduction of 52.6% compared with the Current Path. This scenario increases global poverty slightly (by 0.8
percentage points in 2050 and 1.6 in 2100) relative to the Current Path), slightly reduces global life expectancy
(by 0.4% in 2050 and 1.6% in 2100) and lowers global educational attainment (0.9% in 2050 and 3.6% in 2100).
This scenario reduces cumulative global carbon emissions between 2017-2050 by 6.3% and 10.5% through 2100.
A High Income Negative Growth Big Push scenario improves global poverty through 2050 by 3.8 percentage
points (377.2 million people) and through 2100 by 0.2 percentage points (21.5 million people) compared with
the Current Path, positive outcomes that stem from the significant assumptions about improved income inequal-
ity. There are also slight improvements to overall life expectancy and educational outcomes relative to the High
Income Negative Growth world, though not relative to the Current Path.

Global no growth and negative growth scenarios

A Global No Growth scenario would lead to 1.05 billion people living on less than $1.90 per day by 2030 and 2.08
billion by 2050 relative to the Current Path. By 2050 and compared with the Current Path, life expectancy in a
Global No Growth scenario is projected to be 1.2 years lower in High Income countries, 1.7 years lower in Upper-
Middle Income Countries, 3.0 years lower in Low-Middle Income Countries and 3.0 years lower in Low Income
Countries. Global population is projected to peak at the end of the century at over 12 billion people because of
reduced development outcomes pushing fertility rates higher than in a Current Path world.

A Global No Growth Big Push scenario shows that global poverty would be less than the 2017 value through
the year 2035 because of massive investments in government transfers and improved income equality. However,
the long-term effects of a lack of resource growth with a growing global population leads to an increase in global
extreme poverty which surpasses 1.5 billion by 2050. Re-allocating global military spending to education, health

High Income Intervention Global Intervention
No Negative No Negative
No Growth | Negative | Growth | No Growth | Negative | Growth
Growth | Big Growth | Big Growth | Big Growth | Big
Push Push Push Push

2050 [-16.4% |[-173% | -26.4% | -273% | -52.0% | -52.0% |-65.5% | -65.5%

GDP
2100 | -30.4% | -29.6% | -53.6% | -53.1% | -82.4% | -82.4% [-92.4% |-92.4%
. 2050 | -0.1% | -0.3% | -0.2% -0.4% 0.6% 0.6% 0.8% 0.8%
Population
2100 | -0.4% | -1.9% |-1.0% -2.5% 13.0% | 11.5% | 18.7% 16.8%
P 2050 | 0.4% -4.0% | 0.8% -3.8% 16.4% | 9.6% 23.7% 15.0%
ver
overty 2100 | 0.4% -02% | 1.6% -0.2% 37.7% | 30.1% | 62.2% 52.3%
Carbon 2050 | -3.6% | -42% | -6.3% -6.9% -18.3% | -18.5% | -25.5% | -25.6%

Emissions 2100 | 29% | -3.1% | -10.5% |-10.9% |-29.1% |-29.6% |-45.0% | -45.1%

Life 2050 | -02% | -0.1% | -0.4% -0.3% 31% | -28% | -4.6% -4.1%
Expectancy | 2100 | -0.6% | -0.6% | -1.6% -1.6% 8.7% | -8.6% |-141% |-13.8%

Education 2050 | -0.4% [ 0.7% -0.9% 0.3% -6.4% | -48% | -8.8% -6.8%
Years 2100 | -1.3% | -1.7% | -3.6% -3.7% -14.1% | -141% | -21.2% | -20.7%

Table 2. Summary of results for main scenarios compared with the IFs Current Path for 2050 and 2100 across
key indicators for global measures of development. Values are color-coded by indicator to highlight general
patterns of development and show differences across scenario. Percentages below represent the following by
indicator: a) GDP is cumulative percent difference from 2017-X relative to the Current Path; b) Population is the
percent difference in year X relative to the Current Path; c) Poverty is the percentage point difference in year X
relative to the Current Path; d) Carbon Emissions are the cumulative percent difference between 2017-X relative
to the Current Path; e) Life Expectancy is the percent difference in year X relative to the Current Path; and f)
Education Years is the percent difference in year X relative to the Current Path.
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and infrastructure sectors can also delay some of the cost of the Global No Growth scenario. For example, in
the Current Path, global health spending in 2017 is $5.1 trillion and is forecast to grow to $6.6 trillion by 2030
and $11.3 trillion by 2050. A Global No Growth scenario sees much less growth in health spending, which is
$5.9 trillion in 2030 and $5.8 trillion by 2050. In a world where military spending is reallocated across multiple
spending categories, IFs calculates that health spending could increase to $5.8 trillion by 2018 and grow to $6.2
trillion by 2030. However, because of a lack of global expansion of material resources, global health spending
grows to $8.2 trillion by 2050, far less than $11.3 trillion in a Current Path world.

The benefit of a Global No Growth world is seen clearly in annual carbon emissions from fossil fuels. Carbon
emissions peak in the 2020s and decline more rapidly across time. This leads to a lower stock of greenhouse gas
in the atmosphere (reducing from 527.9 in the Current Path in 2050 to 497.3 in the Global No Growth scenario
and from 700.3 to 589.1 in 2100). This would lead to a lower global average temperature change of nearly one
degree centigrade by the end of the century, though also far from sustainable levels.

The most dramatic impact on socioeconomic outcomes is seen in the Global Negative Growth scenario which
shows an increase in the total number of people living in poverty relative to the Current Path of 2.4 billion by
2050 and 7.9 billion by 2100. Life expectancy is reduced by 4.6% in 2050 and 11.7% in 2100 and education years
is reduced by 8.8% in 2050 and 21.2% by 2100. Carbon emissions are also dramatically reduced, by 25.5% in
2050 and 45% by 2100 as well. When the Global Negative Growth scenario is coupled with the Big Push interven-
tions, outcomes improve slightly, but the loss of available resources translates into dramatic reductions in human
development even with dramatic transformations in government spending and global inequality.

Discussion

Degrowth research highlights several important challenges to current global paradigms of sustainable develop-
ment, issues with measurement, and more fundamental questions about how to live a good life in a way that also
promotes sustainable human activity that does not exceed global planetary boundaries. As human welfare and
population sizes expand, their demand for energy resources will continue to grow—the degrowth proponents
are correct that there can never be an absolute decoupling of energy consumption from economic activity*.

But economic activity is important for human development, especially with the expanding global popula-
tion and real socioeconomic development needs across the Global South. Material resources are the backbone
of infrastructure, education, health, governance, security, and the other inputs into multidimensional human
development. Degrowth advocates are correct to note that there are decreasing marginal returns to human well-
being for additional economic output, especially in high income countries. But this does not obviate the need
for material resources for human development. And, while degrowth researchers are correct to note that the
Global North has historically benefited significantly from practices of colonialist exploitation and more covert
patterns of material resource extraction at the expense of the Global South, current economic interdependence
and can be used to benefit the Global South if pursued appropriately®’. And economic decoupling from fossil
fuels systems can also bring about additional costs in terms of increased probability of international conflict*®®!,
impeded global norm development, and nationalism in place of cosmopolitanism as system end-states.

Degrowth also raises important critiques of the character of economic systems and how humans engage with
them in the pursuit of happiness, pointing to weaknesses in how our current global economic system promotes
well-being. See the very useful critique of consumer capitalism in Biichs and Koch, for example®’. Profit seek-
ing modes of production can indeed be exploitative of labor domestically and abroad, and history is rife with
examples of how global capitalism has created significant impediments to people living their best lives, has
created structural imbalances and inequalities that must be addressed, and has increased inequality. It is also
clear that capitalism has been an economic system that has created wealth and driven the development of new
technologies that have also benefited human development. It is outside the scope of this article to provide an
authoritative evaluation of the long-term effectiveness of alternative economic systems, but I do note that most
forms of economic production and consumption today are mediated by state authorities and actors that have the
ability to regulate unmoored market activity®’. Global economic activity is a balance between state and private
enterprise that produce material resources with differing degrees of control, one over the other across time*>*.
Whether these resources are distributed equitably or essential services are provided is largely a product of the
kind state control in question.

Degrowth is a radical call for change in light of the various crises created by economic expansions on a
resource constrained planet®. It is meant to provide us with a new way of thinking about what the future could
look like beyond the Current Path. This analysis implicitly highlights large structural imbalances in the distribu-
tion of global resources (the High Income No Growth scenario shows that rich countries could simply stop grow-
ing and still see improvements in core development outcomes). Imagining a system beyond is indeed a valuable
activity and reducing consumption/production patterns may be one say to help solve global environmental issues,
though this research shows it is far from a panacea.

Some might profoundly disagree with the analysis presented here because it does not explicitly recognize that
global development is in “overshoot” if we do not stop climate change and other ecological crises immediately®.
These critics point to the dire projections in RCP 8.5, the findings of recent IPCC and IPBES reports that highlight
how human development is fundamentally changing the planet in permanent ways, and that humans are toying
with natural systems in ways that are, at the very least, incredibly risky and, at worse, immoral and negligent. A
Global No Growth strategy may be the most optimal choice if the world is on a collision course with planetary
boundaries that is unavoidable. However, because ecological systems are characterized by complexity, planetary
boundaries are not objective thresholds. Because the socioeconomic costs of a Global No Growth strategy are
indeed significant and recent research suggests that the most extreme climate scenarios are unlikely®®, though
tipping points and climate extreme scenarios remain under studied””*.
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The analysis presented here shows that a High Income No Growth scenario will not achieve a profound change
in the trajectory of global climate change. Additional interventions will be needed, particularly those that focus
on improving our ability to produce and consume using renewable technologies. While these investments will
indeed create new challenges, they represent the only viable way forward to achieve reduced climate uncertainty
while also promoting human well-being. Some authors have dismissed the role of technology in improving our
ability to address significant issues of climate change and human development, arguing that unless we achieve
absolute decoupling of energy production and economic growth, human development will always be in tension
with the environment*?. Human development will always require energy and impact the environment, and, bar-
ring rapid depopulation, the Anthropocene is here for the foreseeable future.

Degrowth is also a decolonial agenda, one that focuses on transforming relationships between populations
that have been historically and presently exploited by others. Colonialist modes of economic production were
(are) grotesque, and their legacies and practices persist. Global frameworks that allow for more equitable use of
resources should be pursued®. Global exploitation continues and global flows of capital and aid are not simply
“good” for recipient countries®. Colonialism was an important factor in shaping current global inequalities
that drive large-scale extraction of material resources from the Global South and to the Global North and the
reciprocal return of waste and emissions from the Global North to the Global South. But simply removing the
Global North’s economic production and consumption, with its associated remittance, investment, and trade
relationships does not solve a problem created by colonialism.

People may be tempted to dismiss the results of this analysis because the work is model-based. The future is
fundamentally unknowable and “all models are wrong,” I fully acknowledge. But I also believe that models help
researchers quantify the magnitude of effects and explore dynamics that are hard to anticipate using non-model-
based analysis. Also, much of the concern presented by those promoting a degrowth perspective is derived from
model-based results, such as those used by the IPCC and original model-based analysis pursued in the Limits to
Growth work that was so pioneering for so many™.

Conclusion

Radical changes driven by anthropogenic climate change may indeed warrant a radical transformation of how we
live. But solutions to global problems should also not create new challenges. If the goal of global development is
for humans to live their best lives with a broad range of capabilities while recognizing natural system limitations,
then minimizing future human suffering at the hands of climate change should not be achieved by increasing
human suffering in the short, medium, and long-term. Balanced solutions require a multipronged approach
that embeds markets in society, promotes investment in education, health, and basic human services, develops
technologies with a careful eye towards externalities, leverages and invests heavily in science, and promotes
governance that is inclusive, transparent, and effective.

Data availability

The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request. All model results can be reproduced by downloading the International Futures tool at korbel.du.edu/
pardee with specific scenarios available here https://ifs02.du.edu/Replication%20Files/DeGrowth%20sce.zip.

Received: 20 February 2023; Accepted: 14 September 2023
Published online: 25 September 2023

References
1. Longacre, D. J. More-With-Less Cookbook (Bantam Books, 1981).
2. Shukla, P. R. et al. IPCC, 2019: Climate Change and Land: an IPCC special report on climate change, desertification, land degrada-
tion, sustainable land management, food security, and greenhouse gas fluxes in terrestrial ecosystems. (2019).
3. Trisos, C. H., Merow, C. & Pigot, A. L. The projected timing of abrupt ecological disruption from climate change. Nature 580,
496-501 (2020).
4. Abd-Elmabod, S. K. et al. Climate change impacts on agricultural suitability and yield reduction in a Mediterranean region.
Geoderma 374, 114453 (2020).
5. Chapra, S. C. et al. Climate change impacts on harmful algal blooms in U.S. freshwaters: A screening-level assessment. Environ.
Sci. Technol. 51, 8933-8943 (2017).
6. Beyer, H. L. et al. Risk-sensitive planning for conserving coral reefs under rapid climate change. Conserv. Lett. 11, e12587 (2018).
7. Bevacqua, E. et al. Higher probability of compound flooding from precipitation and storm surge in Europe under anthropogenic
climate change. Sci. Adv. 5, eaaw5531 (2019).
8. Ogawa, F. et al. Evaluating impacts of recent arctic sea ice loss on the northern hemisphere winter climate change. Geophys. Res.
Lett. 45, 3255-3263 (2018).
9. Swinburn, B. A. et al. The global syndemic of obesity, undernutrition, and climate change: The lancet commission report. The
Lancet 393, 791-846 (2019).
10. Leisner, C. P. Review: Climate change impacts on food security- focus on perennial cropping systems and nutritional value. Plant
Sci. 293, 110412 (2020).
11. Day, E., Fankhauser, S., Kingsmill, N., Costa, H. & Mavrogianni, A. Upholding labour productivity under climate change: An
assessment of adaptation options. Clim. Policy 19, 367-385 (2019).
12. Kahn, M. E. et al. in Long-Term Macroeconomic Effects of Climate Change: A Cross-Country Analysis. https://www.nber.org/papers/
w26167 (2019) https://doi.org/10.3386/w26167.
13. Rezai, A., Taylor, L. & Foley, D. Economic growth, income distribution, and climate change. Ecol. Econ. 146, 164-172 (2018).
14. Benevolenza, M. A. & DeRigne, L. The impact of climate change and natural disasters on vulnerable populations: A systematic
review of literature. J. Hum. Behav. Soc. Environ. 29, 266-281 (2019).
15. Grace, K. Considering climate in studies of fertility and reproductive health in poor countries. Nat. Clim. Change 7, 479-485
(2017).
16. Hallegatte, S. & Rozenberg, J. Climate change through a poverty lens. Nat. Clim. Change 7, 250-256 (2017).

Scientific Reports |

(2023) 13:15996 | https://doi.org/10.1038/s41598-023-42782-y nature portfolio


https://ifs02.du.edu/Replication%20Files/DeGrowth%20sce.zip
https://www.nber.org/papers/w26167
https://www.nber.org/papers/w26167
https://doi.org/10.3386/w26167

www.nature.com/scientificreports/

17.
18.
19.
20.
21.
22.
. D’Alessandro, S., Cieplinski, A., Distefano, T. & Dittmer, K. Feasible alternatives to green growth. Nat. Sustain. 3, 329-335 (2020).
24.

25.
26.

27.
28.

29.
30.
31.
32.
33.

34.
. Dellink, R., Chateau, J., Lanzi, E. & Magné, B. Long-term economic growth projections in the shared socioeconomic pathways.

36.
37.

38.
39.

40.
. Hickel, J. et al. Urgent need for post-growth climate mitigation scenarios. Nat. Energy 6, 766-768 (2021).
42.
43.
44.

45.
46.

55.
56.
57.
58.
. Moyer, J. D. Blessed are the peacemakers: The future burden of intrastate conflict on poverty. World Dev. 165, 106-188 (2023).
60.

61.
62.

63.
64.
65.
66.

67.

Dickerson, S., Cannon, M. & O’Neill, B. Climate change risks to human development in sub-Saharan Africa: A review of the
literature. Clim. Dev. 14, 571-589 (2021).

Abrahams, D. & Carr, E. R. Understanding the connections between climate change and conflict: Contributions from geography
and political ecology. Curr. Clim. Change Rep. 3, 233-242 (2017).

Mendenhall, E. et al. Climate change increases the risk of fisheries conflict. Mar. Policy 117, 103954 (2020).

Koubi, V. Climate change and conflict. Annu. Rev. Polit. Sci. 22, 343-360 (2019).

Kikstra, J. S. et al. The IPCC Sixth Assessment Report WGIII climate assessment of mitigation pathways: From emissions to global
temperatures. Geosci. Model Dev. 15, 9075-9109 (2022).

Hickel, J. & Kallis, G. Is green growth possible?. New Polit. Econ. 25, 469-486 (2020).

Keyfer, L. T. & Lenzen, M. 1.5 °C degrowth scenarios suggest the need for new mitigation pathways. Nat. Commun. 12, 2676
(2021).

Hickel, J. et al. Degrowth can work—here’s how science can help. Nature 612, 400-403 (2022).

Demaria, E, Schneider, E, Sekulova, F. & Martinez-Alier, J. What is degrowth? From an activist slogan to a social movement.
Environ. Values 22, 191-215 (2013).

Schmelzer, M. The Future is Degrowth: A Guide to a World Beyond Capitalism (Verso, UK, 2022).

Schneider, E, Kallis, G. & Martinez-Alier, J. Crisis or opportunity Economic degrowth for social equity and ecological sustainability.
Introduction to this special issue. J. Clean. Prod. 18, 511-518 (2010).

Vandeventer, J. S., Cattaneo, C. & Zografos, C. A degrowth transition: Pathways for the degrowth niche to replace the capitalist-
growth regime. Ecol. Econ. 156, 272-286 (2019).

Jackson, T. & Victor, P. A. The transition to a sustainable prosperity-a stock-flow-consistent ecological macroeconomic model for
Canada. Ecol. Econ. 177, 106787 (2020).

Capellan-Pérez, 1. et al. MEDEAS: A new modeling framework integrating global biophysical and socioeconomic constraints.
Energy Environ. Sci. 13, 986-1017 (2020).

Bourguignon, F & Chakravarty, S. R. The measurement of multidimensional poverty. In Poverty Social Exclusion and Stochastic
Dominance (ed. Chakravarty, S. R.) 83-107 (Springer, 2019).

Robles Aguilar, G. & Sumner, A. Who are the world’s poor? A new profile of global multidimensional poverty. World Dev. 126,
104716 (2020).

Alkire, S. & Santos, M. E. A multidimensional approach: Poverty measurement & beyond. Soc. Indic. Res. 112, 239-257 (2013).

Glob. Environ. Change 42, 200-214 (2017).

Kc, S. & Lutz, W. The human core of the shared socioeconomic pathways: Population scenarios by age, sex and level of education
for all countries to 2100. Glob. Environ. Change 42, 181-192 (2017).

O’Neill, B. C. et al. The roads ahead: Narratives for shared socioeconomic pathways describing world futures in the twenty first
century. Glob. Environ. Change 42, 169-180 (2017).

van Vuuren, D. P. et al. The representative concentration pathways: An overview. Clim. Change 109, 5 (2011).

Norgard, J. & Xue, J. in Between Green Growth and Degrowth: Decoupling, Rebound Effects and the Politics for Long-Term Sustain-
ability. (2016). https://doi.org/10.1007/978-3-319-38807-6_15.

Meadows, D., Meadows, D., Randers, J. & Behrens, W. The Limits to Growth. N. Y. (1972).

Hickel, J. & Hallegatte, S. Can we live within environmental limits and still reduce poverty? Degrowth or decoupling?. Dev. Policy
Rev. https://doi.org/10.1111/dpr.12584 (2021).

Haberl, H. et al. A systematic review of the evidence on decoupling of GDP, resource use and GHG emissions, part II: Synthesizing
the insights. Environ. Res. Lett. 15, 065003 (2020).

Jackson, T. & Victor, P. LowGrow SCF—A stock-flow-consistent ecological macroeconomic model for Canada. (2019).
Alexander, S. Planned economic contraction: The emerging case for degrowth. Environ. Polit. 21, 349-368 (2012).

Hoekstra, R. Replacing GDP by 2030: Towards a Common Language for the Well-Being and Sustainability Community (Cambridge
University Press, 2019).

. Biichs, M. & Koch, M. Challenges for the degrowth transition: The debate about wellbeing. Futures 105, 155-165 (2019).
. Moatsos, M. & Lazopoulos, A. Purchasing power parities and the dollar-a-day approach: An unstable relationship. Econ. Lett. 206,

109974 (2021).

. Moatsos, M. Global absolute poverty: Behind the veil of dollars. J. Glob. Dev. 7, (2016).

. Moatsos, M. & Lazopoulos, A. Global poverty: A first estimation of its uncertainty. World Dev. Perspect. 22, 100315 (2021).

. Ravallion, M. How long will it take to lift one billion people out of poverty?. World Bank Res. Obs. 28, 139-158 (2013).

. Rao, N. D, Sauer, P,, Gidden, M. & Riahi, K. Income inequality projections for the shared socioeconomic pathways (SSPs). Futures

105, 27-39 (2019).

. Moyer, J. D. et al. Projections of the impact of COVID-19 on long-term human poverty. Plos ONE (2022).
. Lakner, C., Mahler, D. G., Negre, M. & Beer Prydz, E. How Much Does Reducing Inequality Matter for Global Poverty? https://openk

nowledge.worldbank.org/bitstream/handle/10986/33902/How-Much-Does-Reducing-Inequality-Matter-for-Global-Poverty.pdf?
sequence=1 (2020).

Hughes, B. B. Exploring and Understanding International Futures: Building a Global Model System (Elsevier, 2019).

Verhagen, W. et al. in The Future of Food Security in the Wake of the COVID-19 Pandemic. (2021).

Rothman, D. S. et al. The Future Today. U. N. Environ. Programme Glob. Environ. Outlook GEO 4 Environ. Dev. Sect. E - Outlook
- 2015 Chapter 9 397-454 (2007).

Moyer, Jonathan D. et al. in How many People will Climate Change Push into Poverty? (Revise and Resubmit at Climatic Change).

Hughes, B. B. & Narayan, K. Enhancing integrated analysis of national and global goal pursuit by endogenizing economic pro-
ductivity. PLoS ONE 16, 0246797 (2021).

Burgess, M. G. et al. Long-standing historical dynamics suggest a slow-growth, high-inequality economic future. SocArXiv (2022).
Dickson, J. R., Hughes, B. B. & Irfan, M. T. PPHP2: Advancing Global Education Vol. 2 (University of Denver; Paradigm Publishers;
Oxford University Press India, 2010).

Moyer, J. D. & Firnhaber, E. Cultivating the Future: Exploring the Potential and Impact of a Green Revolution in Africa. 1-8 https://
pardee.du.edu/sites/default/files/cultivating%20the%20future.pdf (2012).

Hughes, B. B., Joshi, D. K., Moyer, J. D, Sisk, T. D. & Solorzano, J. R. PPHP 5: Strengthening Governance Globally: Forecasting the
Next 50 Years Vol. 5 (University of Denver; Paradigm; Oxford University Press, 2014).

Joshi, D. K., Hughes, B. B. & Sisk, T. D. Improving governance for the post-2015 sustainable development goals: Scenario forecast-
ing the next 50 years. World Dev. 70, 286-302 (2015).

Hughes, B. et al. Projections of global health outcomes from 2005 to 2060 using the international futures integrated forecasting
model. Bull. World Health Organ. 89, 478-486 (2011).

Moyer, J. D. et al. The persistent global burden of severe acute malnutrition: Cross-country estimates, models and forecasts. Glob.
Transit. 2, 167-179 (2020).

Scientific Reports |

(2023) 13:15996 | https://doi.org/10.1038/s41598-023-42782-y nature portfolio


https://doi.org/10.1007/978-3-319-38807-6_15
https://doi.org/10.1111/dpr.12584
https://openknowledge.worldbank.org/bitstream/handle/10986/33902/How-Much-Does-Reducing-Inequality-Matter-for-Global-Poverty.pdf?sequence=1
https://openknowledge.worldbank.org/bitstream/handle/10986/33902/How-Much-Does-Reducing-Inequality-Matter-for-Global-Poverty.pdf?sequence=1
https://openknowledge.worldbank.org/bitstream/handle/10986/33902/How-Much-Does-Reducing-Inequality-Matter-for-Global-Poverty.pdf?sequence=1
https://pardee.du.edu/sites/default/files/cultivating%20the%20future.pdf
https://pardee.du.edu/sites/default/files/cultivating%20the%20future.pdf

www.nature.com/scientificreports/

68.

69.

70.

71.
72.

73.

74.

75.

76.

77.

78.
79.

80.

81.

82.

83.

84.

85.

86.
87.

88.

89.

90.

91.

92.

93.
94.

95.
96.
97.
98.

99.

Moyer, J. D., Eshbaugh, M. & Rettig, J. Cost analysis of global road traffic death prevention: Forecasts to 2050. Dev. Policy Rev. 35,
1-13 (2017).

Rothman, D. S., Irfan, M. T., Margolese-Malin, E., Hughes, B. B. & Moyer, J. D. Building Global Infrastructure (Oxford University
and Paradigm Publishers, 2014).

Moyer, J. D., Meisel, C. J. & Matthews, A. S. Measuring and forecasting the rise of China: Reality over image. J. Contemp. China
32, 191-206 (2022).

Moyer, J. D. Geopolitical Implications of the Shared Socioeconomic Pathways.

Milante, G., Hughes, B. B. & Burt, A. Poverty eradication in fragile places: Prospects for harvesting the highest hanging fruit by
2030. Stab. Int. J. Secur. Dev. 5,7 (2016).

Moyer, J. D. & Hughes, B. B. ICTs: Do they contribute to increased carbon emissions?. Technol. Forecast. Soc. Change 79, 919-931
(2012).

World Bank. World Development Indicators | Data. data.worldbank http://data.worldbank.org/data-catalog/world-development-
indicators (2021).

Aguiar, A., Chepeliev, M., Corong, E., McDougall, R. & van der Mensbrugghe, D. The GTAP data base: Version 10. J. Glob. Econ.
Anal. 4,1-27 (2019).

United Nations Department of Economic and Social Affairs, Population Division. World Population Prospects 2019: Methodology
of the United Nations population estimates and projections. 61 https://population.un.org/wpp/Publications/Files/ WPP2019_Metho
dology.pdf (2019).

Kaufmann, D., Kraay, A. & Mastruzzi, M. in Governance Matters VIII: Aggregate and Individual Governance Indicators, 1996-2008
(SSRN ELibrary, 2009).

Birol, F. & Economist, C. World energy outlook. Int. Energy Agency Paris Fr. (2008).

FAO. AQUASTAT database. Food and Agriculture Organization of the United Nations http://www.fao.org/nr/water/aquastat/data/
query/index.html?lang=en (2017).

WSSCC & FANSA. Leave-No-One-Behind-Report-by-WSSCC-and-FANSA-2016.pdf. https:/[www.wsscc.org/wp-content/uploads/
2016/03/Leave-No-One-Behind-Report-by-WSSCC-and-FANSA-2016.pdf (2016).

Hughes, B. B., Irfan, M. T,, Soldérzano, ., Yang, V. & Moyer, J. D. Estimating current values of sustainable development goal indica-
tors using an integrated assessment modeling platform: “Nowcasting” with International Futures. Stat. J. IAOS 37, 293-307 (2021).
Irfan, M. T., Hughes, B. B., Moyer, Jonathan D., Rothman, D. S. & Margolese-Malin, E. in Building Global Infrastructure: Forecasting
the Next 50 Years (PPHP Volume 4) Alternate Scenario 2 End Tables Using IFs 7.0.2 | International Studies. (Routledge, 2014).
Hedden, S., Moyer, J. D. & Rettig, . in Fracking for Shale Gas in South Africa: Blessing or Curse? 1-12 http://www.pardee.du.edu/
sites/default/files/fracking%20for%20shale%20gas.pdf (2013).

Environment, U. N., Rothman, D. S., Agard, J., Alcamo, J. & Hughes, B. B. The Future Today. in United Nations Environment Pro-
gramme, Global Environment Outlook: Environment for Development (GEO4) 397-454 (United Nations Environment Programme,
2017).

Nordhaus, W. Evolution of modeling of the economics of global warming: changes in the DICE model, 1992-2017. Clim. Change
148, 623-640 (2018).

Tol, R. S. J. The economic effects of climate change. J. Econ. Perspect. 23, 29-51 (2009).

Kroll, C., Warchold, A. & Pradhan, P. Sustainable development goals (SDGs): Are we successful in turning trade-offs into syner-
gies?. Palgrave Commun. 5, 1-11 (2019).

Moyer, ]. D. & Bohl, D. K. Alternative pathways to human development: Assessing trade-offs and synergies in achieving the sus-
tainable development goals. Futures https://doi.org/10.1016/j.futures.2018.10.007 (2018).

DeMartino, G. F,, Moyer, J. D. & Watkins, K. M. Achieving fair trade through a social tariff regime: A policy thought experiment.
Camb. J. Econ. 40, 69-92 (2016).

Russett, B. M., Oneal, J. R. & Davis, D. R. The third leg of the Kantian tripod for peace: International organizations and militarized
disputes, 1950-85. Int. Organ. 52, 441-467 (1998).

Oneal, J. R. & Russett, B. The Kantian peace: The Pacific benefits of democracy, interdependence, and international organizations,
1885-1992. World Polit. 52, 1-37 (1999).

Hall, P. & Soskice, D. Varieties of Capitalism: The Institutional Foundations of Comparative Advantage (Oxford University Press,
2001).

Polanyi, K. The Great Transformation: The Political and Economic Origins of Our Time (Beacon Press, UK, 2001).

Ruggie, J. G. International regimes, transactions, and change: Embedded liberalism in the postwar economic order. Int. Organ.
36, 379-415 (1982).

Fanning, A. L., O'Neill, D. W,, Hickel, J. & Roux, N. The social shortfall and ecological overshoot of nations. Nat. Sustain. 5, 26-36
(2022).

Hausfather, Z. & Peters, G. P. Emissions - the ‘business as usual’ story is misleading. Nature 577, 618-620 (2020).

Lenton, T. M. et al. Climate tipping points—too risky to bet against. Nature 575, 592-595 (2019).

Magnan, A. K., O'Neill, B. C. & Garschagen, M. Further understanding “severe” climate risk. Clim. Risk Manag. 100538 https://
doi.org/10.1016/j.crm.2023.100538 (2023).

Crawford, G. Foreign aid and political conditionality: Issues of effectiveness and consistency. Democratization 4, 69-108 (1997).

Author contributions
J.M. conceptualized, wrote, and conducted the analysis.

Competing interests
The author declares no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-023-42782-y.

Correspondence and requests for materials should be addressed to J.D.M.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2023) 13:15996 | https://doi.org/10.1038/s41598-023-42782-y nature portfolio


http://data.worldbank.org/data-catalog/world-development-indicators
http://data.worldbank.org/data-catalog/world-development-indicators
https://population.un.org/wpp/Publications/Files/WPP2019_Methodology.pdf
https://population.un.org/wpp/Publications/Files/WPP2019_Methodology.pdf
http://www.fao.org/nr/water/aquastat/data/query/index.html?lang=en
http://www.fao.org/nr/water/aquastat/data/query/index.html?lang=en
https://www.wsscc.org/wp-content/uploads/2016/03/Leave-No-One-Behind-Report-by-WSSCC-and-FANSA-2016.pdf
https://www.wsscc.org/wp-content/uploads/2016/03/Leave-No-One-Behind-Report-by-WSSCC-and-FANSA-2016.pdf
http://www.pardee.du.edu/sites/default/files/fracking%20for%20shale%20gas.pdf
http://www.pardee.du.edu/sites/default/files/fracking%20for%20shale%20gas.pdf
https://doi.org/10.1016/j.futures.2018.10.007
https://doi.org/10.1016/j.crm.2023.100538
https://doi.org/10.1016/j.crm.2023.100538
https://doi.org/10.1038/s41598-023-42782-y
https://doi.org/10.1038/s41598-023-42782-y
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports|  (2023) 13:15996 | https://doi.org/10.1038/s41598-023-42782-y nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Modeling transformational policy pathways on low growth and negative growth scenarios to assess impacts on socioeconomic development and carbon emissions
	Background
	Methodology
	Results: Current Path
	High income no growth scenarios
	High income negative growth scenarios
	Global no growth and negative growth scenarios

	Discussion
	Conclusion
	References


