Supplementary Information For “The Climate Implications of Ending Global Poverty”
This file contains Supplementary Methods, Supplementary Discussion, Supplementary Tables S1 and S2. Supplementary Methods: Part A.1 details consumption distributions and poverty lines underlying the analysis. Part A.2 provides additional detail on the relationship of non-energy greenhouse gases and GDP per capita growth. Supplementary Discussion: Part B.1 shows the emissions at different poverty targets, poverty lines, and target years. Part B.2 shows reductions in carbon in poor and non-poor countries needed to offset the emissions of poverty eradication. Part B.3 presents an extended scenario analysis and robustness checks.
A Supplementary Methods 
A.1 Consumption distributions and poverty lines
Our income and consumption distributions for 2022 come from the World Bank’s 2022 Poverty and Shared Prosperity Report10, a bi-annual flagship report by the World Bank used for tracking extreme poverty and reporting on the first target of the first sustainable development goal. These 2022 distributions reflect the latest harmonized income or expenditure surveys conducted that the World Bank has access to, extrapolated to 2022. Until 2020, the extrapolation done by the World Bank assumes that the entire income and consumption vectors grow according to growth rates in real GDP per capita or Household Final Consumption Expenditure (HFCE) per capita.38 This means that they keep constant the shape of the distribution and level of inequality observed in the last survey.
Given the unprecedented shock to incomes and consumption in 2020 due to lockdowns, social protection programs, and more, the extrapolation from 2019 to 2020 in the 2022 report relies on another paper which uses actual survey data, simulations from other papers using tax-benefit models, or simulations from high-frequency phone surveys, in that order of preference, to project the distributions forward to 2020.39 When none of these sources are available, growth rates in GDP per capita are used. From 2020 to 2022, the distributions are once again projected forward using growth rates in GDP per capita or HFCE per capita. 
A challenge with the 2022 distributions is that they are a mix of consumption and income aggregates. Richer countries often do not collect detailed consumption data while incomes are hard and less meaningful to measure in poorer countries, where subsistence farming, which rarely is associated with a formal income, is widespread. Income distributions tend to be more unequal than consumption distributions because incomes can be very low (and even negative), while subsistence requires daily consumption to be above a minimum level. At the same time, individuals can have very high incomes in a given year but are unlikely to consume it all, and rather save some for investing and savings. There will likely always be some individuals with very low or negative income each year due to a negative capital shock or for other reasons. Yet this may not imply that their consumption falls below any problematic threshold. This poses a challenge for our study because it is not obvious that income poverty can be ended. For that reason, we convert income distributions to consumption distributions.
To convert income distributions to consumption distributions, we first take all cases in the World Bank’s Poverty and Inequality Platform with both income and consumption distribution available for the same country and the same year. This concerns the cases listed in Table S1.
Next, we collapse each of these income and consumption distributions to 100 quantiles representing the income or consumption level at the 0.5th percentile, 1.5th percentile, etc., all the way to the 99.5th percentile. We create consumption-income pairs for each country-year-percentile. For example, the 10.5th percentile of the 2016 Albanian distribution shows that 10.5% of the population had a daily consumption less than $4.79 while 10.5% of the population had an income less than $2.83. These need not be the same people. 
Plotting all pairs reveals that there are more people with very low incomes than very low consumption levels but conversely more people with very high-income levels than very high consumption levels (Extended Data Figure 11a). In other words, the consumption distributions tend to be more compressed.
To convert income levels to consumption levels we fit various regressions on the consumption-income percentile pairs. To be theoretically guided about what functional form to fit, we consider the functional form if both consumption and income follows distributional patterns frequently assumed. If the distributions of consumption and income are both log normal but with different mean and standard deviation, then


To find the relationship between income and consumption at any given quantile, we set  and isolate for . Doing so yields . In other words,  would be a linear function of . Fitting this regression gives an adjusted R2 of 0.879. Yet it fails to capture the more curved relationship observed in the scatter plot (Extended Data Figure 11b).
To deal with this issue, we assume that the distributions follow the three-parameter log-normal distribution. The third parameter,  is a bound on the distribution above 0. If, say, it is $1, then it means that the distribution in question only has support from that level and upwards.


Once again setting gives 

Estimating this regression through non-likelihood suggests that  and  are not statistically different from zero, so to simply matters we set them equal to zero and are left with 

Both parameters of this equation have a clear interpretation. The first, , compares the inequality of consumption and income distributions. The lower , the more compressed consumption distributions are relative to income distributions. The second, , is the shift parameter of consumption distributions. It signifies the minimal consumption level supported. Estimating the parameters returns an adjusted R2 of 0.965 and now clearly passes the eye test (b). It results in the following parameters:

One concern with the strategy adopted is that even if both consumption and income distributions follow a three-parameter log normal distribution, the joint distribution of all the country-years with income and consumption estimates at the same year need not follow a three-parameter log-normal distribution. Another concern is that the R2 is much lower at the lower end of the distribution, which matters particularly for our exercise. For all consumption-income pairs with an income level below $2.15 the R2 is 0.864. 
Both of these concerns can be addressed by letting the two parameters be a function of the income level of the country. In particular, one reason for the worse fit at the bottom of the distribution may be that the consumption floor, , varies across contexts. Even if the poorest 1% of the population of Norway and Somalia have an income less than 1$, we may expect the poorest 1% of the two countries to have different consumption floors. In other words, the consumption floor may depend on the general income level of the country. We account for this by letting  be a function of the median income: . Fitting this model on the data yields

Hence, the consumption floor is increasing in income level. For countries with a median income around the international poverty line, the consumption floor is  , while for countries with a median income of $50, it. Using this specification explains 17% of the previously unexplained variation below $2.15, leaving an R2 for this subset of 0.887.  This is the final specification we use. We also tried to let the first parameter,  , be a function of the income level of the country but found that it offered negligible gains in accuracy. 
Extended Data Figure 12 shows the implication of our preferred relationship for estimated poverty rates and Gini coefficients for the countries using income aggregates. Using Colombia as an example, its extreme poverty rate is 9.3% with an income aggregate but estimated to be 4% for a consumption aggregate. Its Gini goes from 0.54 with a consumption aggregate to 0.46 with an income aggregate.
For about 50 economies home to less than 2% of the world’s population, we have no prior income or consumption data at all. These tend to be small high-income countries that do not share microdata as well as very closed countries, such as Cuba and North Korea. To make the exercise truly global, we impute consumption distributions for these countries by taking the median value of the 1000 consumption quantiles of their respective World Bank income group and region. For region-income group pairs with less than five countries with data, we take the median from the income group of the country with missing data.
Finally, we winsorize the consumption distributions at 50 cents per person per day. Consumption levels below that would reflect a daily caloric intake that likely is impossible to sustain over periods of time, and hence likely reflect measurement error. This winsorization affects 0.4% of the observations. 
We are primarily interested in the greenhouse gasses necessary to end extreme poverty, currently measured as falling short of a daily consumption of $2.15 in 2017 purchasing power parity adjusted dollars.12 This is the international poverty line used for the first target of the Sustainable Development Goals and the poverty line used for the World Bank’s mission goal. It reflects the typical national poverty line of low-income countries. These low-income countries tend to define their national poverty lines as the expenditure necessary to consume about 2200 calories per day and a small non-food allotment.  
The $2.15 line is very frugal and individuals with a daily consumption above this threshold may still live in what would ordinarily be considered poverty. To measure the greenhouse gasses needed to end poverty at higher thresholds, we also look at the poverty lines typical of lower-middle income countries ($3.65) and of upper-middle income countries ($6.85).12 
We could use national poverty lines directly, meaning that each country would have its own threshold. However, since national poverty lines often are explicitly or effectively relative in the sense that they get updated every now and then40,41, there is no reason to believe that poverty according to national standards will ever be eliminated. Even the wealthiest countries today have poverty according to their national definitions. In the European Union, for example, people are considered to be at risk of poverty if they have a disposable income below 60% of the national median disposable income. Consequently, as European economies grow and median incomes increase, the threshold designating risk of poverty grows in tandem. For that reason, we restrict our analysis to global poverty lines.
For the three poverty lines we will use, we estimate the growth needed to reach a poverty rate of at most 3% -- the current global target at the international poverty of $2.15. This target acknowledges that getting to 0% is very likely not feasible due to possible measurement error in the very bottom of distributions. 
 shows the countries which have already met the 3% target at the three main poverty lines used in the paper. 

A.2 Non-energy greenhouse gases and GDP per capita growth
In contrast to greenhouse gasses from energy, greenhouse gasses from other sources have no systematic relationship with GDP/capita across countries, nor has there been any changes to this over the past 20 years (Extended Data Figure 13).  
Taken at face value, this means that based on historical data, we should not expect non-energy greenhouse gasses per capita to increase as a country’s economy grows. While there may be exceptions to this pattern, such as countries where non-energy greenhouse gasses have increased systematically as a country developed due to deforestation or for other reasons.  suggests that for any country where this happened, there is another country where the reverse happened. 
When we test this more formally using the same random slope model we have used so far, the impact of growth in GDP per capita on non-energy emissions is not statistically different from zero. For that reason, we exclude non-energy greenhouse gasses from the analysis.

B Supplementary Discussion 
B.1 CO2e emissions at different poverty targets, poverty lines, and target years
The greenhouse gasses needed would increase notably if a lower target poverty rate is chosen, and vice versa (Extended Data Figure 5, Panel A). The path of additional greenhouse gasses needed would likewise change if we used another year than 2050 as the year in which all poor countries have reached the poverty target. Extended Data Figure 5, Panel B shows the path if we assume all countries will reach the GDP per capita needed to end poverty in 2023 and then maintain that level onwards to 2050. All the intermediate points on this path are equivalent to the greenhouse gasses needed if all countries end poverty by that year. The estimates are increasing over time due to population growth in poor countries – every year there are more and more people to lift out or maintain out of poverty. This population effect dominates the effect from countries every year being more energy efficient and less carbon intensive. 

B.2 Offsetting the emissions of poverty eradication in poor and non-poor countries
To calculate the decarbonization rate necessary to fully offset the additional greenhouse gasses needed to end poverty, we first calculate the sum of additional greenhouse gasses needed to end poverty until 2050:
 			
Next, we calculate the greenhouse gasses for poor or rich countries each year if they become x% more carbon intensive annually (shown only for rich countries below):
 	

Finally, we set  and solve for . We do the same using poor countries instead of rich countries and at various poverty lines.
We can illustrate the relative efficacy of decarbonization in poor and non-poor countries using ISO-GHG curves (Extended Data Figure 16). The ISO-GHG curves show all combinations of reductions in carbon intensity in poor and non-poor countries that would offset entirely or in part the emissions from poverty eradication. The intersection with the vertical axis (y-axis) is the reduction in rich countries equivalent to the reduction in poor countries at the intersection with the horizontal axis (x-axis). 

To compensate for the additional emissions of ending extreme poverty in our baseline model, non-poor countries would need to decarbonize energy consumption at an average rate of 0.28% per year above and beyond the business-as-usual baseline scenario. In poor countries, an average additional decarbonization rate of 0.90% would be required to offset the additional emissions. In this scenario, any 1% reduction in carbon intensity in non-poor countries has the same effect on the emissions of poverty alleviation as a 3.2% reduction in carbon intensity in poor countries, reflecting the fact that most emissions accrue in non-poor countries. 
At the lower-middle-income poverty line of $3.65 per day, decarbonization at a rate of 1% in non-poor countries and 2.15% in poor countries above the current trends would offset the additional emissions from poverty alleviation. Any 1% carbon intensity reduction in non-poor countries is equivalent a 2.2% reduction in poor countries.
To offset the emissions of poverty eradication at the upper-middle-income poverty line of $6.85 per day, non-poor countries would need to decarbonize at a rate of 9.3% per year. This rate substantially exceeds decarbonization rates consistent with 1.5C or 2C warming trajectories, at 5.9% and 2.4% per year, respectively. In comparison, poor countries (relative to the $6.85 per day poverty line) would need to decarbonize at a rate of 2.6% above business-as-usual. Any 1% emissions reductions in poor countries have the same effect as a 3.6% reduction in non-poor countries. When using the $6.85 poverty line, many more countries are considered poor than when using the extreme poverty line (Extended Data Figure 2), and those countries emit most of the global emissions. 
B.3 Scenario analysis
In the main text, we estimate emissions increases for several different scenarios in which inequality, energy intensity of GDP, and carbon intensity of energy consumption improve at best historical rates. Here, we expand the scenario analysis by looking at different combinations of inequality changes and energy and carbon intensity, and we further vary other key modelling parameters: the population growth forecasts until 2050 and passthrough rates from GDP growth to consumption growth. Population scenarios are based on the low, medium, and high variant of the UN’s Population Prospects (United Nation 2022). For the passthrough rates from GDP growth to consumption growth, we use the 10th and 90th percentile of the distribution from Extended Data Figure 4, Panel A for all countries. In total, we analyze 243 scenarios, which are outlined in Table S3.
Note that for each of these scenarios, we do not only change the poverty eradication projection but also the counterfactual projection. This means that when we, for example, switch from the medium variant of population projections to a low variant of population projections, we are looking at the greenhouse gas implications of ending poverty in a world where populations grow slower. We are not looking at the impact of ending poverty in a world with low population growth vis-à-vis a world with no growth and medium population growth. Likewise, in the scenario with strong reductions in energy intensity, we are looking at the greenhouse gas implications of ending poverty in a world where countries reduce their energy intensity at the rate of historical best performers. 
This exercise leads to 243 different scenarios for each poverty line representing a wide range of outcomes with vastly different implications for emissions. For the extreme poverty line at $2.15, the emissions increase in 2050 relative to a scenario with no poverty alleviation ranges from 0.42% to 85%; for the $3.65 poverty line between 1.7% and 204%; and for the $6.85 poverty line between 6.12% and 611%.  At all poverty lines, there are scenarios in which the emissions of poverty eradication are modest (Extended Data Figure 17, panel B). At the extreme poverty line, 114 scenarios have estimated emissions increase in 2050 of less than 5%, but there are also 26 scenarios below 5% at the $3.65 poverty line, and even at the $6.85 poverty line, there are 8 scenarios with emissions increases between 5% and 10%. These optimistic scenarios, however, are contingent on combining low inequality and green growth pathways (Extended Data Figure 17, panel A). 

On the flipside, there are scenarios with very significant emissions increases even for extreme poverty eradication, which are combinations of rising inequality, increasing energy intensity of GDP, and increasing carbon intensity of energy. The average emissions of all extreme poverty scenarios with rising inequality are 18.7%, 15.4% with increasing energy intensity of GDP, and 17.0% with increasing carbon intensity of energy (Extended Data Figure 17, panel B). 


C Supplementary Tables and Figures 
C.1 Supplementary Tables 

Table S1: Country-years with income and consumption aggregates
	Albania
	2016-2018

	Bulgaria
	2007

	Croatia
	2009, 2010

	Estonia
	2003, 2004

	Haiti
	2012

	Hungary
	1999, 2004-2007

	Latvia
	2004, 2007-2009

	Lithuania
	2004, 2008

	Montenegro
	2012-2014

	Nicaragua
	1993, 1998, 2001, 2005

	Philippines
	2000, 2003, 2006, 2009, 2012, 2015, 2018

	Poland
	1999, 2004-2018

	Romania
	2006-2013, 2016, 2018

	Russian Federation
	2014-2018

	Serbia
	2013, 2015, 2018, 2019

	Slovak Republic
	2004-2009


Source: World Bank’s Poverty and Inequality Platform.
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Table S2: Parameters in different model scenarios
	Parameter
	Interpretation 
	Value

	Inequality
	High 
	90th percentile of changes in inequality (increase)
	+13% in Gini in 2050

	
	Baseline
	No change
	0% 

	
	Low 
	10th percentile of changes in inequality (decline)
	-17% in Gini in 2050

	Passthrough rate of GDP growth to consumption
	High
	Less growth passes through to consumption
	0.44% increase in consumption for 1% growth in GDP

	
	Baseline
	Country-specific estimate of passthrough rate
	On average, 0.7% increase in consumption for 1% growth in GDP

	
	Low
	More growth passes through to consumption
	0.98% increase in consumption for 1% growth in GDP

	Energy consumption per GDP 
	High
	90th percentile of annual improvements in energy efficiency 
	Deteriorations in energy efficiency of 2.1% per year

	
	Baseline
	Country-specific estimate of annual improvements in energy efficiency
	On average, improvement in energy efficiency of 0.9% per year

	
	Low
	10th percentile of annual improvements in energy efficiency 
	Improvement in energy efficiency of 3.2% per year 

	GHG emissions of energy consumption
	High 
	90th percentile of annual improvement in GHG emissions of energy consumption (increase)
	Increase in carbon intensity of energy of 2.5% per year

	
	Baseline
	Country-specific estimate of annual improvement in energy intensity of GDP
	On average, no change in carbon intensity of energy of 0.1% per year

	
	Low
	10th percentile of annual improvement in energy intensity of GDP (decarbonization)
	Reduction in carbon intensity of energy of 2.2% per year

	Population growth
	High 
	High variant of UN’s population projections
	Country-specific growth rate

	
	Baseline
	Medium variant of UN’s population projections
	Country-specific growth rate

	
	Low
	Low variant of UN’s population projections
	Country-specific growth rate





