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Abstract

:

A dominant narrative in the climate change debate is that addressing population is not relevant for mitigation because population is only growing in the poorest countries, whose contribution to global carbon emissions is negligible, while the largest contribution comes from rich countries where the population no longer grows. We conducted an analysis of 30 years of emission data for all world countries showing that this narrative is misleading. Splitting the countries into four income groups according to the World Bank’s standard classification, we found that: (i) population is growing in all four groups; (ii) low-income countries’ contribution to emissions increase is indeed limited; (iii) the largest contribution to global carbon emissions comes from the upper-middle group; (iv) population growth is the main driver of emissions increase in all income groups except the upper-middle one; (v) the successful reduction in per capita emissions that occurred in high-income countries was nullified by the parallel increase in population in the same group. Our analysis suggests that climate change mitigation strategies should address population along with per capita consumption and technological innovation, in a comprehensive approach to the problem.
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1. Introduction


The Rio de Janeiro Earth summit took place more than 30 years ago, in June 1992. It was the first global conference of the United Nations (UN) to explicitly discuss climate change, and it laid the foundations for all subsequent work undertaken under the United Nations Framework Convention on Climate Change (UNFCCC) umbrella, such as the Kyoto Protocol and the Paris Agreement. Thereafter, the reports by the Intergovernmental Panel on Climate Change (IPCC), scientists, environmentalists and other activists have reported that we urgently need to reduce our greenhouse gas emissions and, more generally, our global environmental impact [1,2,3].



The total environmental impact is given by the product of population and per capita impact:   I = P ×  I  p c    , which actually is the original form of the well-known   I P A T   equation (Impact = Population × Affluence × Technology) and all its variants [4,5]. This equation suggests that population size is a multiplier, which could potentially reduce or nullify any environmental gain that can be obtained through a reduction in consumption or technological improvements [6,7]. This is also confirmed by IPCC Assessment Reports, which have repeatedly identified both population growth and economic growth as the main drivers of climate change [2]. With the global population recently reaching 8 billion and projected to grow for the rest of the century (median projection in [8]), the question of whether such unprecedented numbers are sustainable has re-emerged in the scientific literature [9,10,11].



Nevertheless, when considering carbon emissions, it is a common idea that population plays a lesser role than other drivers, such as technology or affluence [12,13]. An argument supporting this view is that population is mainly increasing in poor countries, whose contribution to global carbon emissions is negligible [14].



Albeit dominant, this idea surprisingly lacks the support of solid data and is in conflict with several lines of evidence. For example, population growth is not limited to poor countries [8]. If we divide the world’s countries into four income-based groups according to the common and accepted economic classification from the World Bank—low, lower-middle, upper-middle and high-income countries—we see that population is growing in all four groups, albeit at different rates [15]. The existence of individual countries where population is stable or declining does not change the overall trend. Depending on the group, the main causes and rate of population growth vary but, regardless of the causes, this growth affects total emissions and preliminary analyses indicate that its contribution is not negligible [9,16]. For instance, the high-income group has reduced its per capita emissions in the last three decades but failed to reduce total emissions, suggesting a driving role for population growth. At the global level, per capita emissions did not grow in the last decade and are currently at about the same level as per capita emissions in the 1970s. In spite of this, today’s total emissions are more than 150% of total emissions in the 1970s [17].



This suggests that a careful analysis of existing data is needed to better investigate this issue, address current research gaps and shed light on the weight of the population (P) factor as it influences climate change. In our work, we quantitatively assess the contributions of population growth and per capita emission changes to the total emission increase from 1992 to 2019. Since per capita emissions represent the aggregation of A and T in the   I P A T   equation, this analysis allows us to compare population growth with the combined effect of affluence and technology. While more complex analyses have been performed for the world as a whole (e.g., based on the Kaya identity, such as in [2]), such a simple comparison has never been drawn before in a systematic way for all world countries and for a significant period of time. The main goal of this paper is to fill this knowledge gap based on existing empirical evidence. To highlight the role of economic differences, we divide the world’s countries, according to the standard economic classification, into four income-based groups [18] and perform our analyses both at the global and group levels. This differs from IPCC reports and other works, where countries are grouped according to geographical areas, even if this criterion groups together countries with large economic differences (e.g., North and South Korea in Eastern Asia, Yemen and Saudi Arabia in the Middle East, Congo and Botswana in Sub-Saharan Africa). Our income-based division hence represents a novelty and an added value of this work.




2. Methods


2.1. Theory and calculations


Total carbon emissions can be expressed as the product of population and per capita emissions:


   E  t o t   = P ×  E  p c    



(1)







The latter factor represents the per capita impact and is often split into two sub-factors, affluence A and technology T, according to the well known   I P A T   equation, first introduced by Holdren and Ehrlich in the early 1970s [4,19]. One of the main criticisms against this equation concerns precisely the split into affluence and technology, as these two factors are interdependent and hence cannot be properly split [2,20,21,22]. Moreover, there is not a clear unit to express technology. A further possible criticism is that there is not a unique way to split the per capita impact: depending on the aspect one wants to emphasize, different sub-factors can be identified, which is reflected by the many variants of the   I P A T   equation proposed over time, such as EPAT, ImPACT, STIRPAT and the Kaya identity, often used by climate scientists [2,5,19]. However, all these variants are reducible to the basic Equation (1), which is the equation we chose to use in this work. This choice allows us to avoid controversial decompositions and, at the same time, to compare the effect of population growth with the combined effect of affluence and technology.



Since the two factors   E  p c    and P have different units, their contributions to the product   E  t o t    cannot be directly compared. However, when focusing on the variation of a product, it is possible to establish if changes in one of the factors affected the outcome more than the other. For instance, if the area of a rectangle increased, while the base remained constant or decreased, then it is clear that increased height determined the increase in total area. In IPCC reports, the percent changes of different emissions factors are usually compared. Since IPCC uses the Kaya identity to decompose total emissions, such factors are population, per capita Gross Domestic Product (GDP), energy intensity and carbon intensity [5]. Here, we do not limit our analysis to a comparison of percent changes, but also use a simple geometrical formula (Equation (2)) that allows us to estimate relative contributions of population growth and per capita emission change to overall emission variation.



The variation in total emissions   Δ  E  t o t     can be split into three terms:


  Δ  E  t o t   = Δ P ·  E 0  p c   + Δ  E  p c   ·  P 0  + Δ  E  p c   · Δ P  



(2)




where   E 0  p c    and   P 0   indicate respectively the per capita emissions and the population at the initial year of the period, 1992. Clearly, the first term of the sum in Equation (2) represents the population contribution, i.e., the variation that would have occurred if only the population had varied while the   E  p c    had remained constant. Likewise, the second term represents the per capita emission contribution, namely, the variation that would have occurred if only the per capita impact had changed. Finally, the third term represents the contribution of the interaction of both (see Figure 1).




2.2. The Dataset


The data source for our analysis is the World Bank Open Data repository [15]. Table 1 shows the different variables downloaded. We set 2019 as the last year for our data since it is the last one with consolidated emissions data for most world countries from official sources, such as the International Energy Agency (IEA) and UNFCCC. These data are available with a 3-year lag. Newer data (currently updated up to 2021) present more uncertain estimates and do not include as many countries [23]. In addition, 2020 is a clear outlier in the emissions trend due to the COVID pandemic.



We divided the world’s countries into four income-based groups according to the World Bank’s common division [18], currently favored within international economic development analysis: high-income (H), upper-middle (UM), lower-middle (LM) and low-income countries (L). For the division, we used the per capita Gross National Income (GNI) thresholds indicated by the World Bank for 2019. Therefore, the resulting groups are consistent with the classification valid in 2019, which may slightly differ from the current division or from the classification in other years. The map in Figure 2 shows the four income-based groups.



We then applied the formula in Equation (2) to the different groups and to the world as a whole to estimate the contribution to carbon emission variation from 1992 to 2019 of per capita emission change (  Δ  E  p c   ·  P 0   ), population growth (  Δ P ·  E 0  p c    ) and the interaction of the two (  Δ  E  p c   · Δ P  ).





3. Results


3.1. Population Variation in Country Groups


The population grew during the observed period and is still growing in all four income-based groups. The increases ranged from 18.5% in the H group to 110.2% in the L group.



The causes of growth are different—in the H group, demographic momentum and immigration prevail as fertility rates are usually below the replacement rate (2.1 children per woman). However, there are five interesting exceptions: Kuwait, Israel, Oman, Panama and Saudi Arabia. In the LM and L groups, fertility rates are usually above replacement rate, indicating that the prevalent causes for demographic growth are demographic momentum and high fertility. Even in this case, there are exceptions: Bangladesh, Bhutan, Moldova, Nepal, El Salvador, Sri Lanka, Ukraine and Vietnam in the LM group and North Korea in the L group all have fertility rates below replacement. In the UM group, the situation is mixed: 29 of 56 countries have lower-than-replacement fertility, 24 have higher-than-replacement fertility (three data points are missing). Notably, all African countries in the UM group have high fertility, including three countries with fertility rates   > 3   and one with a fertility rate   > 4   children per woman.




3.2. Emissions in Country Groups


Currently, per capita carbon emissions are the highest in the H group, followed by UM, LM and L. Total emissions are the highest in the UM group, which is responsible for 51.0% of total global emissions, followed by the H group with 35.1% and the LM group with 13.3%. The contribution from the L group is a negligible 0.6% (see Table 2).



Looking at the changes between 1992 and 2019, the middle groups—UM and LM—increased their emissions the most, both total and per capita (Figure 3). The H group decreased its per capita emissions (from 11.3 to 9.9 t/capita), but failed to reduce its total emissions. The L group followed a similar trend but with values for both per capita and total emissions much smaller than the ones in the H group.



Notably, the majority of countries in the H group (40 over 59, i.e., 67.8% of the countries included in this group) decreased their per capita emissions, while 19 increased them, among which are Canada, Chile and most of the oil-exporting countries of the Arabian Gulf. Only 27 countries (i.e., 45.8% of the group countries) instead decreased their total emissions.




3.3. Factor Contributions


Using Equation (2), we estimated the contribution to carbon emission variation from 1992 to 2019 of per capita emissions E, population P and their interaction. The resulting contributions for all country groups and for the world as a whole are shown in Table 3.



Per capita emissions increase is the main driver for the rise of total emissions only in the UM group, accounting for 63.6% of the total increase, while population growth prevails in all the other groups and at the global level.



In the H group, per capita emissions decreased (see Figure 3), while total emissions increased. This means that population growth is not only responsible for the increase in total emissions, but also for the missed decrease that could have happened in these last three decades thanks to the reduction in per capita emissions. This explains why the contribution of population growth in this group exceeds 100%, accounting for 498.8% of the total emissions increase in this group, while the contribution of the per capita emission change is negative.



In the LM group, the situation seems mixed, with similar contributions from both population increase and per capita emissions increase.



At the global level, both population growth and per capita emissions increase contributed to the total increase in carbon emissions. However, population growth was the main driver, directly accounting for 64.0% of the global increase, with per capita emissions increases directly accounting for only 25.4%.



Figure 4 summarizes the variations between 1992 and 2019 in total and per capita carbon emissions and in population, for the four income groups and for the world as a whole, using a visualization similar to the one introduced in Figure 1.





4. Discussion


A common narrative in climate change debates is that a small fraction of the world—the rich countries alone—emits more than all the rest of the world put together, and that population grows only in poor countries, whose contribution to global emissions is negligible [14,24]. Thus, in order to mitigate climate change, we should only focus on cutting per capita emissions, while population growth does not play an important role. As shown in this analysis, such a narrative does not fit the data.



It is true that the contribution of the world’s poorest countries is negligible, but these countries represent a small fraction of the global population (8.8%), while the fraction of the global population living in rich countries is almost double (15.6%). The large majority belongs to the middle groups (37.3% to the upper-middle and 38.3% to the lower-middle group), whose contributions to global emissions are not negligible. Indeed, the contribution of the upper-middle group is the highest of all the groups (51.0% of total carbon emissions), while the contribution of the lower-middle group is smaller (13.3%) but significant and rapidly increasing. Looking at the variations over our time period, the middle groups are the only ones that dramatically increased both per capita and total emissions, while rich countries decreased their per capita emissions (still the highest of all the groups), but failed to reduce their total emissions, which increased, although to a lesser extent than in the middle groups.



The most misleading part of the dominant narrative concerns population. Demographic growth is not limited to poor countries: population keeps growing both at the global level and in all the country groups, albeit at different rates and for different reasons [8]. Fertility is high not only in the low-income group, but also in the large majority of countries in the lower-middle group, in about half of the countries in the upper-middle group (24 over 56), and in a few countries of the high-income group. Population growth in the high-income countries is not only responsible for the increase in their total emissions, but it is also responsible for the missed decrease that could have happened during the last three decades thanks to the reduction in per capita emissions [25]. In all the other groups, population growth is a significant driver of total emission increases and, at the global level, it is the main driver, directly accounting for 64% of the global increase.



This last result may seem to contradict well-known IPCC analyses arguing that population growth—although a major driver of greenhouse gas (GHG) emissions in itself—plays a lesser role than gross GDP increase in explaining the emission trends since the 1990s [2]. The different decomposition of total carbon emissions made by IPCC researchers explains this discrepancy. The Kaya identity they used further decomposes the   E  p c    factor (per capita emissions) into three sub-factors: per capita GDP (GDP/population), energy intensity of GDP (energy/GDP) and CO   2   intensity of energy (CO   2   emissions/energy) (Box 5.1 in [26]). Since the energy intensity of GDP and the CO   2   intensity of energy both decreased in the period under consideration, this decomposition increases the isolated effect of GDP. However, the IPCC itself recognizes that the underlying assumption is that these sub-factors are independent, which they are not, making this decomposition questionable. Precisely for this reason, we chose to avoid controversial decompositions and directly compared population with the combined effect of per capita GDP, energy intensity and carbon intensity of energy, namely, the combined affect of affluence and technology (see Section 2.1).



A limit of our analysis is that we started from country-level data and hence ignored within-country differences in incomes, which recent research suggests play an important role in GHG emissions [27]. We see this interesting finding as complementary to our analysis. It is true that within-country differences in income may be even larger than between-country ones and may explain a large share of the variation in GHG emissions. However, within-country differences in fertility between income groups are often smaller than between-country ones [28,29], which suggests that adopting a between-country perspective has added value when addressing the question of the relative contribution to emissions of population vs. income, especially when trying to identify trends on larger temporal and spatial scales.



Future research may involve a similar analysis using carbon footprint data [30] instead of direct emissions. Being consumption-based, carbon footprint takes into account the effects of international trade and investments, which have been proposed to be significant drivers of emissions, especially in rapidly developing, middle-income countries [31]. This means that part of the emissions growth in this group is actually driven by increased consumption in other countries, mainly high-income ones [32]. Taking a carbon footprint perspective would “internalize” this effect by attributing the emissions of goods and services to countries where they are consumed instead of produced.



Before concluding, it is worth introducing two considerations concerning low-income countries. Their direct emissions are negligible, but there are other factors besides carbon emissions contributing to climate change, such as deforestation. Deforestation rates in those countries are dramatically high and represent a danger not only for climate change, but also for biodiversity loss, especially deforestation of rain forests [33,34]. A main driver of deforestation in poor countries is the expansion of subsistence agriculture [35,36], which is directly linked to population growth [37,38]. Therefore, the population factor is relevant in poor countries as well, albeit for different reasons.



Moreover, the idea that population growth in poor countries is not worrisome because their carbon emissions are negligible implicitly assumes that these countries will remain poor in the future. This assumption is questionable (even) from an ethical point of view, because escaping poverty should be a goal for those countries, supported by the international community, as with the UN’s Sustainable Development Goals (SDG 1) [6,39]. However, if the low-income countries succeeded in reaching an adequate level of human development, their emissions and, in general, their ecological footprint would significantly increase [7]. Population growth would make their emissions even higher and thus should not be neglected [40]. In fact, addressing population growth now with voluntary family planning programs would help poor countries improve their economic and social conditions, resulting in a double benefit, for both people and the environment [41,42,43,44].




5. Conclusions


Our analysis highlighted how the P factor played a major role in increased carbon emissions in the last 30 years. This holds for all income groups, with the partial exception of the upper-middle one, where the rise in per capita emissions was the main driver of the total emissions increase. While our analysis confirms some of the current narratives about the relation between population growth and climate change—e.g., the negligible contribution to climate change of the poorest countries—it does not support the widespread belief that increased affluence is the main driver of increased carbon emissions at the global level.



Although this factor has played an important role, neglecting population growth leads to a skewed and misleading vision of reality. This not only holds for lower-middle and low-income countries, but also for high-income ones, where even the relatively low population growth of the last 30 years was sufficient to nullify the effect of the reduction in per capita emissions and the efforts of many countries to promote technological change and “green growth” [45]. Developed nations with stable or declining populations should hence quit fighting these trends and instead embrace them [46]. Just as a little population growth in rich countries can drive big emissions increases, population decreases in rich countries could have big emission-related benefits going forward.



According to our work, an exclusive focus on per capita emission reductions risks being insufficient to solve climate change. In line with other recent studies [47,48], our analysis suggests the need for a more integrated approach [49] taking into account all major drivers of greenhouse gas emissions, including population growth.
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Figure 1. Total emissions at the initial time (    E 0    t o t   ) are represented by the green rectangle; total emissions at the final time (    E 1    t o t   ) are represented by the big rectangle given by the green and the pink sections together. The pink sections represent the variation   Δ  E  t o t    . 
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Figure 2. World countries according to the World Bank’s division into four income-based groups as of 2019: low-income (<1035 current US$ average GNI/capita), lower-middle-income (1036–4045), higher-middle-income (4046–12,535) and high-income (>12,535). 
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Figure 3. Changes in total and per capita carbon emissions from 1992 to 2019 by income group. All values have been set to equal 100 in the initial year, so percentages of initial values are shown. 
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Figure 4. The x-axis graphs per capita carbon emissions in tons/capita; the y-axis graphs population in billions of people. Rectangle areas hence represent the total carbon emissions in 1992 (green rectangles) and 2019 (transparent dotted rectangles). 
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Table 1. Overview of the main variables included in the dataset. All data were downloaded from the World Bank repository [15] on 28 December 2022.
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	Variable
	WB Code
	Description





	GNI per capita
	NY.GNP.PCAP.PP.KD
	GNI per capita, PPP (constant 2017 international $)



	GNI total
	NY.GNP.MKTP.KD
	GNI (constant 2015 US$)



	Population
	SP.POP.TOTL
	Population, total



	Surface
	AG.SRF.TOTL.K2
	Surface area (km   2  )



	Fertility rate
	SP.DYN.TFRT.IN
	Fertility rate, total (births per woman)



	CO   2   emissions
	EN.ATM.CO2E.KT
	CO   2   emissions, total (kt)



	CO   2   per capita
	
	CO   2   emissions, per capita (t)Computed as (EN.ATM.CO2E.KT × 1000)/SP.POP.TOTL
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Table 2. Carbon emissions in 2019 by national income group.
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	Group
	Per Capita Emissions
	Total Emissions
	% of Global Population
	% of Global Emissions





	High-income
	9.9 t/capita
	11.88 Gt
	15.6%
	35.1%



	Upper-middle
	6.0 t/capita
	17.29 Gt
	37.3%
	51.0%



	Lower-middle
	1.5 t/capita
	4.51 Gt
	38.3%
	13.3%



	Low-income
	0.3 t/capita
	0.2 Gt
	8.8%
	0.6%










[image: Table] 





Table 3. Contribution of population change (  Δ P ·  E 0  p c    ), per capita emissions change (  Δ  E  p c   ·  P 0   ) and the interaction of the two (  Δ  E  p c   · Δ P  ) to the total emission variation (  Δ  E  t o t    ) from 1992 to 2019. For each country group, contributions are shown in CO   2   millions of tons (Mt) and as percentages of the total variation.
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	Contribution →
	Population    Δ P ·  E 0 pc    
	Per Capita Emissions    Δ  E pc  ·  P 0    
	Interaction    Δ  E pc  · Δ P   
	Total Variation    Δ  E tot    





	Group ↓
	CO   2   Mt
	CO   2   Mt
	CO   2   Mt
	CO   2   Mt



	High-income
	2120 (498.8%)
	−1430 (−336.5%)
	−265 (−62.3%)
	425 (100%)



	Upper-middle
	1938 (18.8%)
	6544 (63.6%)
	1814 (17.6%)
	10,296 (100%)



	Lower-middle
	1119 (42.7%)
	941 (35.9%)
	558 (21.3%)
	2619 (100%)



	Low-income
	194 (740.8%)
	−80 (−305.0%)
	−88 (−335.8%)
	26 (100%)



	World
	8551 (64.0%)
	3398 (25.4%)
	1416 (10.6%)
	13,366 (100%)
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