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Background: climate change and aging i

® Mitigating climate change and coping with population aging are both critical goals for achieving
sustainable development.
® China: (1) the world’s largest carbon emitter.
(2) one of the most populous countries in the world.
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Background: population policies

® Total fertility rate and population policies

Three-child poli
Total fertility rate (TFR) in China ree-child policy
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Background: retiremen

® Retirement age and retirement delay policy

Retirement age
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Background

® Literature review
Research gap:

No studies have assessed the impacts of policies that address population aging—including fertility and
retirement policies—on carbon footprints.

This study:

v' Investigates age-based household carbon footprints in China and its provinces by compiling a global
multiregional input—output (MRIO) table and employing a large-scale household survey;

v" Estimates the age and sex distribution of the population in China and its provinces up to 2060 under
different fertility and retirement policies by using a cohort-component method;

v’ Assesses the impacts of fertility and retirement policies on household carbon footprints.
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Methods

® Household carbon footprint and MRIO analysis

Household carbon footprints come from household consumption activities, including
- direct carbon footprints: direct energy use, for example, during cooking, heating and driving;
- indirect carbon footprints: the consumption of goods and services which are produced by using energy

as intermediate inputs.
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Methods

® Household carbon footprint and MRIO analysis

Direct household carbon footprint are calculated based on the China Emission Accounts and Datasets
(CEADs);

Indirect household carbon footprints are calculated based on input-output analysis as follows:
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Methods

® Theil index

We use the Theil index to measure how unevenly household carbon footprints are distributed across
age groups. The Theil index ranges from zero to one, with a higher value indicating greater inequality

of distribution across age groups. The Theil index is calculated by the following:

T — Theil index

d — the share of household carbon footprint

d

T:E dqln( Q) (13) I' ......................................... -
w
9 q

w — the share of population

d, =< (14)

q
2.ce,

ce — household carbon footprint

p — population

w =
q Z})q (15)
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Methods

® Projection
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Carbon intensity ~ Household consumption

. |

e — household carbon footprint § —region ;
f— carbon intensity v — policy scenario :
(I — A)~! - Leontief inverse matrix ! — €xpenditure category :
|

|

|

y — Household consumption q —age

v Carbon intensity is modelled following the China s Long-Term Low-Carbon Development Strategies and Pathways:

Comprehensive R@DOI’T.

v Household consumption is calculated by multiplying per capita household consumption with population. Income is
projected based on the long-term GDP forecast under the SSP2 scenario (Shared Socioeconomic Pathway Middle of

the Road scenario).

|
log( Y1) = ag + by, log(mg) (17) Iy — per capita consumption  m — per capita income !
|
. b — income elasticity of consumption :



Methods

® The impacts of fertility and retirement policies

Policy impacts: )y - 11, . . . .
Fertility and retirement policies | i The fertility and retirement policies affect the
(National strategy) |
T : . . .
v i - population (in terms of size and structure)
Labour participation rate !
Equation(20) :
Hlll i | P(N ) = P(0) + B(O,N ) — D(O,N ) + G(O,N ) (18)
Impact mechanism y :
AR The economy: GDP :
Calculation mechanism (Equation(19)) :
| | . .
. x | | - economy (in terms of GDP and household income)
Baseline scenario: e B :
e | i
Assumptions | v v AGDP;;” = > > Alabourrate;’, , X ratio® (19)
[ b
Carbon intensity Leontief inverse matrix ||| Per capita consumption || Population 9 £
(Official plans) (IO table) : (Equation(17)) (Equation(18))
______ o e | l labourrate; , = B¢ + BiD(ageg ) + Bragey . + € (20)

Household carbon footprint
(Equation(16))
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Methods

® Data Source: China Emission Accounts and Datasets (CEADs, http://www.ceads.net/)

O v < =] @ ceads.net - N M+
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EJP TO-DATE ENERGY, EMISSION AND SOCIOECONdlyI CCOUNTING INVENTORIES
. FORALL DEVELOPING COUNTRIES, REGIO D CITIES.
Data Download
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Results and Discussions

® Household carbon footprints

> Carbon footprint (2017)

v' Total: eastern provinces 1 (with larger
populations)

v' Per capita:
northwestern provinces 1 (with higher carbon
intensity)

eastern provinces 7T (with higher household
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Results and Discussions

® Household carbon footprints

> Age-based carbon footprint (2017)
v Age:

young> middle-aged > old (Contrast to patterns

16 [ Food [0 Clothing Residence [ Goods [ Transport [M Education [ Health

[ Others [l Household direct
14 L 13.37

in developed countries)
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Results and Discussions

® Fertility and retirement policies

> Peak year > Population size (2060)
v’ two-child policy: 2023 v" two-child policy: 1.15 billion
v" three-child policy: 2030 v" three-child policy: 1.30 billion
v’ replacement-level policy: 2040 v" replacement-level policy: 1.39 billion
a 5
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Results and Discussions

® Fertility and retirement policies

> Impacts on population
v" Proportion of older people (>60) (2060)
two-child policy: 42%
three-child policy: 37%

replacement-level policy: 35%

Age group

Age group

95+ -
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d
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Results and Discussions

® Fertility and retirement policies

> Impacts on carbon footprint
v" Total carbon footprints (2060)
fertility policies: 21-35% 1
retirement policy: ~3% 1
v" Per capita carbon footprints (2060)
fertility policies: 8-12% 1

retirement policy: ~3% 1
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Results and Discussions

® Fertility and retirement policies

>

Regional impacts vary: the provinces with higher
Theil index are more sensitive to changes in fertility
policies (in terms of larger changes in per capita carbon
footprints).

In Inner Mongolia, which has the highest Theil index
in 2060, changing fertility policies are projected to
increase its average per capita carbon footprint by 18-
28%.

In Guizhou, which has the lowest Theil index 1n 2060,
changing fertility policies are projected to increase its

average per capita carbon footprint by only 4-5% .

Footprint change

Footprint change

Footprint change  Footprint change

Footprint change

Footprint change

Footprint change

Footprint change

Changes in carbon footprint
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Results and Discussions

® Fertility and retirement policies 5 China
8 =
> Impacts on dependency ratio 20
>
v ' - O 15l
Dependency ratio (2017): 0.64 = 1.5 e - o
v Dependency ratio (2060) T 1.0
fertility policies: 4-5% | :;.)' 05!
retirement policy: 28-33% | 0 5o
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Results and Discussions

® Scenarios of climate targets

What might happen if climate target (carbon neutrality) 1s not reached?

We assume that China achieves a 60%, 70%, 80%, 90% or even 100% reduction in carbon intensity.

Household carbon footprint (MtCOz2)

2000

1500

1000

500

Household carbon footprint by age group in 2060 under different mitigation targets

[ 1 1 1 ]
Two-child policy | Three-child policy ; "Replacement | Two-childand | Three-childand | "Replacement
! i -level”" policy | retirementdelay | retirement delay | -level" and
policies ! policies ! retirement delay

policies

» More optimistic target -> fewer carbon footprint

> More optimistic target -> less policy impact

[ Young group (Age <30) [l Middle-aged group (Age 30-59) [__] Older group (Age >=60)

Our major findings regarding household carbon
footprints and the impacts of fertility and retirement
policies do not change very much. This verifies the

accuracy of our estimates, which might rely little
on the climate target.
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Conclusions

® Main findings:

> Younger people in China tend to have higher household carbon footprints due to greater income and

consumption.

» Relaxing fertility policies and delaying retirement age are projected to increase household carbon

footprints in China, most of which come from the fertility side.

» The impacts of the policy changes seem to be greater in regions where disparities in income and

consumption among different age groups are larger.

» The result provides evidence of interactions between the policies targeting population aging and

climate change, highlighting the importance of synergizing these two types of policies.
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Conclusions

® Policy recommendations:

» Promoting greener consumption and sustainable lifestyles, particularly among young people, is an

effective measure to reduce household carbon footprints in China.

» Reducing income and consumption disparities between age groups could alleviate the impacts of

fertility and retirement policies on household carbon footprints.

» Delaying retirement can considerably lower dependency ratios, although it may increase household

carbon footprints.

» Policymakers need to consider the synergy between policies addressing population aging and those

addressing climate change.
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