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Population Action International 

uses research and advocacy to improve access to family planning 

and reproductive health care across the world so women and 

families can prosper and live in balance with the earth. By ensuring 

couples are able to determine the size of their families, poverty 

and the depletion of natural resources are reduced, improving the 

lives of millions across the world. 
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How Do Recent Population Trends 
Matter to Climate Change?
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INTRODUCTION

Although integrated assessment models (IAM) of the Intergovernmental Panel 

on Climate Change (IPCC) consider population, along with economic growth and 

technological change, as one of the root causes of greenhouse gas emissions, 

how population dynamics affect climate change is still under debate. While 

policy debates around climate change engender lively discussion on a number of 

factors, population is rarely mentioned. Studies in the past decade have added 

signi�cantly to understanding the mechanisms and complexity of population and 

climate interactions. In addition to the growth of total population size, research 

shows that changes in population composition (i.e. age, urban-rural residence, 

and household structure) generate substantial effects on the climate system. 

Moreover, studies by the impact, vulnerability and adaptation (IAV) community 

also reveal that population dynamics are critical in the near term for building 

climate change resilience and within adaptation strategies. This paper explores 

how global population dynamics affect carbon emissions and climate systems, 

how recent demographic trends matter to worldwide efforts to adapt to climate 

change, and how population policies could make differences for climate change 

mitigation and adaptation.  

In the past two decades, increasing 

scienti�c evidence from the 

Intergovernmental Panel on Climate 

Change (IPPC), the world�s leading body 

on climate change that includes over 2500 

scientists from 150 countries, indicates 

that global warming is occurring, mostly 

due to greenhouse gas emissions that 

are related to human activity. That global 

warming is unequivocal is nearly certain 

(98% con�dence level) (Houghton, Callander 

and Varney 1992). Furthermore, most of the 

warming is very likely due to greenhouse 

gas emissions�with a con�dence level of 

greater than 90% (Parry et al. 2007). The 

IPCC Fourth Assessment Report provides 

for the �rst time concrete observations of 

the effects of climate change on human 

society. The report, produced in 2007, 

indicates that global warming and its 

subsequent adverse impacts present a 

grave challenge for humanity. 

Making a clear and direct linkage  

between population change and climate 

change is complex because the effects of 

human activity on emissions are the product 

of a range of driving forces, including 

economic growth, technological changes, 

and population growth. Likewise, human
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Based on the assumption that economic 

development, technological change and 

population growth jointly determine energy 

consumption and carbon emissions, a 

number of statistical analyses have been 

conducted to explore the net effect of 

population growth. Using multinational time 

series data from several decades, these 

studies reveal that, after controlling for other 

variables (mainly economic growth and 

technology related to energy ef�ciency and 

carbon intensity), a one percent increase in 

population is generally associated with a one 

percent increase in carbon emissions (O�Neill 

2009) (Table 2). 

The �ndings from statistical analysis of 

historical data have been used to inform 

the projections of future climate change, 

including those of many models incorporated 

into IPCC reports.

PopuLAtion in IPCC  
cLiMAtE ModELS

The 2000 IPCC Special Report on Emission 

Scenarios (SRES) identi�es population 

growth, economic growth, technological 

change, and changes in patterns of energy 

and land use as the major driving forces of 

the growth in greenhouse gas emissions. 

Figure 1 depicts these root causes and 

the four families of scenarios from the 

SRES that represent future changes in 

those factors. The two �A� scenarios of 

the top limbs of the �climate scenario� 

tree assume high economic growth, while 

the two �B� scenarios of the bottom limbs 

imply a more environmentally-friendly 

development pattern. The two �1� scenarios 

on the left limbs assume a more globalized 

or converged world, while the two �2� 

scenarios on the right limbs assume less 

global cooperation, less technology transfer, 

and little support provided by rich countries 

to the global poor. The major characteristics 

of the four families of scenarios are 

summarized in Table 3. As far as population 

is concerned, the A1 and B1 scenarios 

assume low population growth, B2 assumes 

medium population growth, and A2 assumes 

high population growth (see Hoepf Young, 

Mogelgaard and Hardee 2009 for a more 

detailed explanation of population projections 

and climate models). 

Based on these scenarios, the projections 
produced by various climate models 
suggest a mixed relationship between 
population growth and carbon emissions 
in future decades (Figure 2). On the one 

hand, there is a generally positive relationship 

for most of the cases�carbon emissions 

will be low under the slow population 

growth scenario (B1) and high under the fast 

population growth scenario (A2), and will fall 

somewhere in the middle under the medium 

There continues to be debate 

about whether population 

growth or increasing 

consumption levels have 

contributed relatively more to 

greenhouse gas emissions.

Table 2. Net impact of population growth on carbon emissions

Study 
% increase in carbon emissions per  

1% increase in population

Dietz and Rosa 1997 1.15

Shi 2003 1.43

York, Rosa and Dietz 2003 0.98

Rosa, York and Dietz 2004 1.02

Cole and Neumayer 2004 0.98
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population growth scenario (B2). On the 

other hand, however, in two scenarios 

with the same population (A1 and B1), 

A1 produces much higher emissions than 

B1, due to the fact that A1 assumes the 

highest level of economic growth and rapid 

technological changes in energy ef�ciency,1 

while the economic growth pattern in B1 is 

not as rapid and is more environmentally-

friendly.2 Moreover, although A1 has lower 

population growth than A2, the emissions 

level in A1 is similar to or even higher than 

A2 before the year 2070. 

	 Therefore, according to the output of  
 these models, higher population 

growth means more greenhouse gas 
emissions; with the same population 
growth, different economic and 
technological patterns produce very 
different emission outcomes; and under 

certain circumstances, the effects of 

economic growth and technological changes 

tend to be more substantial than population 

growth on future carbon emissions for at 

least several decades (O�Neill 2009). 

IMproVinG undErStAndinG 
oF dEMoGrApHic iMpActS 
on EMiSSionS

In almost all climate models, population size 

is the only demographic variable considered. 

The assumption behind this treatment of 

the demographic component is that each 

individual in a population shares the same 

productive and consumptive behavior, an 

assumption that is inaccurate and mislead-

ing. Consumptive and productive patterns 

among various population groups differ, 

and as the proportion of various groups in a 

population change, the amounts of green-

house gases that the population emits also 

changes. 

Figure 1. �Schematic illustration of 
the IPCC Special Report on 
EmissionS Scenarios 

Table 3. �Main assumptions of the four families 
of SRES scenarios

A1 A2 B1 B2

Population  
Growth Low High Low Medium

GDP Growth Very High Medium High Medium

Technological Change Rapid Slow Medium Medium

Energy Use Very High High Low Medium

Land- Use  
Changes

Low / 
Medium

Medium / 
High

High Medium

Source: Naki·cenovi·c et al. 2000.

In almost all climate models, 

population size is the only 

demographic variable 

considered. The assumption 

behind this treatment of the 

demographic component is that 

each individual in a population 

shares the same productive 

and consumptive behavior, an 

assumption that is inaccurate 

and misleading. 
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In order to more accurately account for 

demographic impact on future climate 

change, a growing number of studies 

have been conducted to address two 

important and related issues: (1) whether 

signi�cantly different consumption and 

emission behaviors exist among population 

groups with various characteristics (Cole 

and Neumayer 2004; Cramer 1998; Dietz 

2007; Jiang 1999; Jones 1989; Liu et al. 

2003; Parikh and Shukla 1995; Prskawetz 

et al. 2004; Van Diepen 1994); and (2) 

whether the proportion of population groups 

with signi�cantly different consumption 

and emission behaviors will change 

signi�cantly in the future (Jiang and O�Neill 

2007; Lutz 2001; Mackellar et al. 1995; 

Prskawetz et al. 2004; Zeng et al. 2008). To 

address the �rst issue, analyses have been 

conducted based on historical statistics 

to identify the signi�cant consumption 

and emission behavior that exists among 

people in developed vs. developing 
countries, populations living in small vs. 

large households, residents of rural vs. 

urban areas, and young groups vs. elderly 
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Figure 2 .�Population changes and carbon emissions under IPCC 
SRES scenarios

Addressing both issues 

is important, and neither 

can be ignored to truly 

understand the extent of 

demographic impacts on 

future greenhouse gas 

emissions and climate 

change. 
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populations. To address the second issue, 

population and household projections 

have been carried out to explore the major 

demographic trends that may coincide with 

the changes in the shares of population 

groups representing signi�cantly different 

consumption patterns. 

Addressing both issues is important, and 

neither can be ignored to truly understand 

the extent of demographic impacts on 

future greenhouse gas emissions and 

climate change. For instance, it would not 

be necessary to consider the impact of 

urbanization if there are not big differences 

in productive and consumptive behaviors 

between rural and urban populations. 

It would be suf�cient to use only the 

national average per capita emissions. 

Furthermore, even if signi�cant differences 

in consumptive and productive behavior are 

found between rural and urban populations, 

it would still not be necessary to consider 

the urban-rural dichotomy in the analysis if 

future change in the proportion of rural and 

urban population is not signi�cant.

For illustrative purposes, we use the case of 

a hypothetical community with a population 

of 100,000, with 50% living in urban areas. 

Per capita greenhouse gas emissions for 

the urban and rural populations are 20 and 

10 units respectively, and this difference 

will remain constant for the future (Table 

4). Accordingly, the average per capita 

emission of the community is 15 units, 

which gives a total emission of 1,500,000 

units for the baseline year. Fifty years later, 

if the population size doubles (reaches 

200,000) and there are not any changes 

in the proportion of the population that is 

urbanized, the average per capita emissions 

will remain 15 units. The total emission 

will go up to 3,000,000 units because of 

the increase in total population size. Under 

this circumstance, one would not need to 

account for urban-rural difference in the 

demographic component of climate models.  

	 However, if substantial urbanization  
 occurs and the community becomes 

compeletely urbanized 50 years later, 
the average per capita emissions will 
increase to 20 units. Therefore, the total 

emissions will be 4,000,000 units after 

considering the rural-urban difference, 

which will be signi�cantly higher than the 

3,000,000 units seen when the rural-urban 

difference is not considered.

Studies conducted over more than two 

decades, based on historical statistics 

and household survey data, have revealed 

a number of important demographic 
characteristics that are associated with 
different patterns of energy consumption, 
including age structure, household size, 
and rural-urban division (Clark and Deurloo 

2006; Jiang and O�Neill 2004; Jones 1989; 

Table 4. ��examples of carbon emissions under different urbanization scenari-
os 

Urbanization
Population (X1000) Per Capita Emissions Total  

EmissionsUrban Rural Total Urban Rural Average

Baseline 50% 50 50 100 20 10 15 1,500,000

50 Years Later
50% 100 100 200 20 10 15 3,000,000

100% 200 0 200 20 10 20 4,000,000
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O�Neill and Chen 2002; Pachauri 2004; 

Pachauri and Jiang 2008; Parikh and Shukla 

1995; Prskawetz, Jiang and O�Neill 2004; 

van Diepen 2000; Yamasaki and Tominaga 

1997). Projections of future population/

household changes also suggest that total 

population size, aging, urbanization and 

declining average household size will be 

important demographic trends in the  

coming decades. 

The United Nations� recent population pro-

jections indicate that, while global population 

will grow, all population growth will occur 
in the developing world (Table 5). 

	 The world will also become more  
 urban, with the proportion of urban 

population increasing from 48% in 2005 
to about 70% in 2050. In the coming 
decades, almost all world population 
growth will occur in the urban areas of 
developing countries. Population aging 

will happen in both developed and 
developing nations, with the proportion of 

the elderly (aged 60+) worldwide increasing 

from 10% in 2005 to 22% in 2050 (UNPD 

2007). Furthermore, household projections 

for major developed and developing 

countries also show that an increasing 

proportion of these populations will be 
living in smaller households (Dalton et  

al. 2008; Jiang and O�Neill 2007; Zeng et  

al. 2008). 

Using integrated assessment modeling 

approaches, research has focused on 

exploring the importance of population 

compositional changes on carbon emissions. 

In these integrated assessment models, 

the interactions of economic growth, 

technological changes and population 

dynamics are systematically taken into 

account. This type of modeling shows that 

beyond changes in total population size, 

Table 5. �Important global demographic trends 2005-2500 

2005 2050 

Population Size  
(Billion) 6.7 9.2 

Developed 1.2 1.2 

Developing 5.5 8.0 

Urban  
(Billion) (%) 3.3 (48%) 6.4 (70%) 

Developed 1.0 1.1 

Developing 2.3 5.3 

Elderly  
(60+ Billion) (%) 0.67 (10%) 2.0 (22%) 

Developed 0.24 0.4 

Developing 0.43 1.6 

Data Sources: UNPD.  UN Population Prospects 2006 Revision; UN Urbanization Prospects 2007 Revision

Projections of future 

population/household 

changes also suggest that 

total population size, aging, 

urbanization and declining 

average household size will 

be important demographic 

trends in the coming 

decades. 
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factors of population aging, urbanization, and 

household shrinking are major demographic 

trends that should be explicitly accounted 

for in projections of future climate change 

(Dalton et al. 2007; Dalton et al. 2008). 

Changes in total population size and 

household shrinking can have signi�cant 

impacts on emissions in both developed 

and developing countries; considering the 

effects of population compositional changes, 

aging is a more important demographic 

factor related to carbon emissions in the 

developed world while urbanization is more 

signi�cant in developing countries. 

THE IMpAct oF HouSEHoLd 
SHrinKinG

An increasing number of studies have 

shown that households, instead of 

individuals in a population, should be used 

as the variable for analyzing demographic 

impact on emissions, as households are 

the units of consumption, and possibly also 

the units of production in developing 
societies (Jiang 1999; Liu et al. 2003; 

Mackellar et al. 1995; O�Neill and Chen 

2002; Prskawetz, Jiang and O�Neill 2004; 

van Diepen 2000). 

For instance, a study of the energy 

consumption from 1970-1990 in developed 

countries shows that, using either number 

of households or population size as the 

demographic unit of analysis leads to 

substantially different conclusions about 

the demographic impact on energy use. 

In this study, the total increase of energy 

consumption, 97.4 MTOE,3 is decomposed 

into demographic effects and economic-

technological effects. If one uses population 

size as the demographic variable in the 

analysis, demographic factors account 

for only one-third of the total increase 

in energy consumption. However, if one 

uses the number of households as the 

demographic variable, demographic factors 

contribute to 76% of the total increase 

(Mackellar et al. 1995). This large difference 

is mainly due to the impacts of household 

compositional changes, in which the 

proportion of smaller households to the 

total number of households has expanded, 

and subsequently increases in the number 

of households has been much faster than 

increases in population size. Owing to the 

loss of economies of scale, the per capita 

energy consumption of smaller households 
is signi�cantly higher than that of larger 
households. As a result, total energy 
consumption has increased signi�cantly 
even though the population growth rate  
has slowed. 

AGinG And UrBAniZAtion 
IMpActS on EMiSSionS in 
CHinA

Considering the effects of population aging 

and urbanization, projections of future 

carbon emissions in China show that the 

country�s annual carbon emissions will 

increase from 1.2 GtC4 in 2000 to 3.8 GtC by 

the end of the century (Figure 3) (Dalton et 

al. 2007). This estimate of carbon emissions 

is 45% higher in 2100 than projections that 

do not incorporate aging and urbanization. 

While urbanization drives emissions up 

in China due to higher per capita fossil 

fuel consumption in urban areas, aging 

will contribute to higher emissions up to 

year 2030 and then to lower emissions 

thereafter, as the proportion of the labor 

force population declines. 

A study of the energy 

consumption from 

1970-1990 in developed 

countries shows that, 

using either number of 

households or population 

size as the demographic 

unit of analysis leads to 

substantially different 

conclusions about the 

demographic impact on 

energy use. 
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AGinG And TEcHnoLoGicAL 
CHAnGE IMpActS on 
EMiSSionS in tHE U.S.

Similar analysis for the U.S., shown in 

Figure 4, suggests that under certain 

circumstances, the impact of population 

compositional changes (mainly aging) 
on carbon emissions is even larger than 
that of technological changes (technology 

related to energy intensity and carbon 

intensity) (Dalton et al. 2007). Sensitivity 

analyses were used to understand 

the relative importance of aging and 

technological changes for future carbon 

emissions. 

These analyses test the different emission 

paths under four cases. In the �rst case, 

no technological change or aging is 

considered�in other words, population size 

is used as the only demographic variable 

in the model. This analysis showed that 

total emissions will increase from 1.5 GtC 
in 2000 to 3.6 GtC in 2100. In the second 

case, both technological change and aging 

are considered in the model, and this 

analysis results in the lowest increase in 

annual carbon emissions�up to about 2 GtC 

by the end of century. The model is then 

used to test the relative importance of aging 

and technological changes by considering 

other two cases: one that considers only 

aging, and another that considers only 

technological change. 

These analyses reveal that while population 

aging generally drives emissions down, 

technological changes contribute to slightly 

higher emissions in the �rst half of the 

century, due to the fact that technological 

advancement will increase energy ef�ciency 

and reduce costs, encouraging more 
energy consumption. This positive 

relationship between technological change 

and carbon emissions will remain unchanged 

Figure 3. �Impacts of urbanization and aging on carbon  
emissions in China
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The impact of population 

compositional change 

(aging in this case) on the 

climate system could be 

more signi�cant than that of 

technological changes up 

to year 2085�the emissions 

level will be higher in the 

case of considering only 

technological change than 

in the case of considering 

only aging before 2085
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up to 2050 until further improvement in 

technology is achieved, which induces 

substantial reduction in the intensities of 

energy consumption and carbon emissions 

and eventually drives total emissions down 

to a level lower than in the �rst case that 

considers only aging. Further, under certain 

circumstances, the impact of population 

compositional change (aging in this case) on 

the climate system could be more signi�cant 

than that of technological changes up to year 

2085�the emissions level will be higher in 

the case of considering only technological 

change than in the case of considering only 

aging before 2085.

This section has shown that it is important 

to understand the impacts of both an 

increase of population size as well as 

changes in demographic composition in 

addressing climate change. 

	 Analysis has shown that different 	  
 consumption and emission behaviors 

exist among population groups by 
various characteristics and that the 
proportion of population groups with 
different consumption and emission 
behaviors will change signi�cantly in 
the future. The next section addresses 
the relationship between demographic 
trends and adaptation to climate change. 

AnticipAtEd popuLAtion 
trEndS And AdAptAtion 
to tHE iMpActS oF cLiMAtE 
VAriAtion And cHAnGE.

Potential effects of climate change on 
population

While mitigation may be the best means 

of avoiding risks related to climate change, 

the world cannot rely solely on mitigation 

to ease the effects of climate change 

on people. All existing projections under 

Figure 4. �Impacts of aging and technology on carbon  
emissions in the US
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