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1. Why is it important to assess 
co-benefits from climate change 
mitigations?
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Climate change mitigations
Concepts and significance01
“A human intervention to reduce the sources (abatement) 
or enhance the sinks of GHGs (sequestration)” - IPCC 

• Policies, legislations, e.g. carbon price
• Technology innovation, e.g. renewable energy
• Mitigation at individual level, e.g. international travelling
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“Co-benefits” of climate change mitigations
Concepts and significance01
– Positive benefits (externalities) to environment, health, 

economy, and society that are beyond GHG emission 
reduction.

• Improved air quality
• Reduced health costs
• Mental health benefits from more green spaces
• Increased work productivity from energy efficiency 

technique
• Job creation from investment in renewable energy
• …
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To accelerate optimal mitigation policies
Concepts and significance01

– Go beyond the direct financial assessment of mitigation options
– Provide a full picture of future scenarios to aid decision-making
– Help leaders/decision makers weigh pros and cons in a 

data-driven way so they can make complex decisions in a 
systematic manner

How much will 
we pay for it?

How much will 
we save?



Overview of existing 
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2. What environment, health, and 
economic co-benefits can we achieve 
through climate change mitigation 
based on current evidence?
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(Hess et al, 2020)
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By limiting warming 
to 1.5 °C, not 2 °C, we 
could have 420 
million fewer people 
being exposed to 
frequent extreme 
heat waves, and 10 
million fewer people 
losing their home due 
to sea level rising. 

Compared with the current pathways 
scenario, the sustainable pathways 
scenario resulted in an annual 
reduction of 1.18 million air 
pollution-related deaths, 5.86 million 
diet-related deaths, and 1·15 million 
deaths due to physical inactivity, across 
the nine countries, by 2040.
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 East Asian co-benefits are 10–70 times 
the marginal cost in 2030
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(Air pollution control/energy efficiency improvement)

– In India, cleaner household cooking energy (advanced 
biomass stoves) could avoid 

• App. 570,000 premature deaths in poor 
women and children 

• > 4% of India's estimated GHG emissions 
• worth more than US$1 billion

(Venkataraman et al. 2010)
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(Air pollution control/energy efficiency improvement)

– Estimate of the Integrated Environmental Strategies (IES) of 
reducing air pollutants and GHG in Seoul Metropolitan Area 
(Chae and Park, 2011)

• health benefits from avoided premature deaths under IES is 14 trillion 
Korean won and cost saved is 3.6 trillion won

• benefit of air quality management is 14 trillion won and cost saved is 0.3 
trillion won

• benefit under GHG reduction is 1.5 trillion won and                                                    
cost saved is 6.4 trillion won
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(Air pollution control/energy efficiency improvement)

– Compared with BAU in 2020, adopting energy efficiency and 
fuel substitution measures in four cities (México City, São 
Paulo, Santiago, and New York) could
• reduce GHG emissions by approximately 13% 
• result in a 10% reduction in exposure to PM

10
 and O

3
 

• prevent about 64,000 (95% CI:18,000–116,000) premature 
deaths

(Cifuentes et al, 2001)



P. 17Overview of existing evidence02 Energy generation sector 
(Air pollution control/energy efficiency improvement)

– A policy of GHG reduction in the Mexican economy by 77% would 
save 3,000 lives and 417,000 cases of non-fatal diseases per year, 
at a savings of $0.6 billion per year in cost of illness 
(Crawford-Brown et al, 2012)

– In the US, reduced exposure to PM
2.5

 would yield economic 
benefits of $6- $30 billion in 2020 due to reductions in adverse 
health outcomes, equivalate to $40-$198 per metric ton of CO

2
 in 

health benefits (Bulbus et al, 2014)
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• A saving of over NZ$1 million per 
1000 commuter cyclists per year in 
New Zealand (Lindsay et al, 2011) 

• A 35 % increase in bicycle trips 
resulted 113 (76–163) annual deaths 
avoided in Warsaw (Rojas-Rueda et 
al, 2016)

• Implementing ambitious policies 
promoting clean energy and vehicles 
could save US$250 billion annually in 
the US (Shindell et al, 2016)
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– In Greater Kuala Lumpur, 
Malaysia, the MRT would 
reduce 183 deaths and 
9587 DALYs in population 
per year and reduce 
337,800 t of 
CO

2
 equivalent/ year from 

private transport

       (Kwan et al. 2017 )
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– Lower livestock production would result in 40% lower 
nitrogen emissions & 25-40% reduction in GHGs in the US 
(Westhoek, 2014) 

– Reducing red-meat assumption with plant-
    based diet could result in decreased carbon
    footprint and obesity/overweight in China 
    (Wang et al, 2021)
– Mediterranean diet model would save 5 
    million years of life lost prematurely in Italy,
    and save 8000–14000 Gg CO

2
 eq/year 

    (Farchi et al, 2017)
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3. How can we evaluate co-benefits to 
inform policy change? – A quantitative 
challenge
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Challenges to the quantitative assessment
Methodological framework03
– A multiple-objective/multiple-impact framework is essential

• social cost-benefit analysis; integrated assessment 
modelling; multicriteria analysis

– A lack of understanding of the net welfare effect of a given 
policy, especially in developing countries 

– Scale is important for understanding which groups are 
affected by the co-benefits (city level estimate could be the 
opposite at the national level)

– Transdisciplinary team 

– Advanced modelling skills and data availability 

(Ürge-Vorsatz et al, 2014)
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A methodological framework
Methodological framework03

– To encourage specific 
modelling practice in 
quantitative estimations 

– To maximize the likelihood of 
implementing of the most 
beneficial mitigation actions 

– To help improve the 
reporting and comparability 
of evidence
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Engagement, 
modeling, 
parameterization, 
reporting and 
synthesis 
considerations for 
health co-benefit 
studies of climate 
mitigation 
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Stakeholder engagement
Methodological framework03
5 Recommendations:
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Modelling approaches
Methodological framework03
23 recommendations on 8 aspects

• Describing mitigation policies, scenarios and sectors involved
• Specifying geographic area and scale
• Population and demographic considerations (e.g. population size, target 

population, account or equity, projections)
• Counterfactual scenarios (e.g. proportion of the population exposure, use of 

SSPs/RCPs for emissions)
• Time frames and horizons (baseline year and projections)
• Exposure-response functions (e.g. justification, subpopulation)
• Health metrics appropriate for the causal pathways (e.g. DALYs, mortality)
• Baseline health estimates (e.g. justify data sources)
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Parameterization and reporting
Methodological framework03

13 recommendations on 4 aspects

• Health outcome reporting (various health indicators)
• Accounting for variable policy uptake (best, second best…)
• Discounting (including at least rates of 0% and 3%)
• Data and code transparency (legal and ethical approval)

* Sensitivity analysis is essential to understand model    
uncertainties and variability 
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Further considerations
Methodological framework03

– Require additional resources for implementation and 
capacity building, especially to support efforts in LMICs

– Further innovations to streamline the methodological 
framework is critical 

– Policy- /action- oriented research: It’s not only about 
research but how to translate research into policy 
changes and action.



Case studies04
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4. Case studies in Australia and China
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Traffic-related air pollution and health co-benefits of 
alternative transport in Adelaide, South Australia 

(Xia et al, 2015)

Case studies04

– Key findings:

In the city with 1.4 million people in 2030, by shifting 40% of vehicle 
kilometers travelled (VKT) by passenger vehicles to alternative 
transport, 

• annual average PM
2.5

 would decline by 0.4 μg/m3 compared to 
BAU 

• estimated health benefits due to improved air quality: 13 deaths 
and 118 DALYs avoided per year 

• further health benefits from increased physical activity: 508 
deaths and 6569 DALYs avoided per year 
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Study setting
Case studies04
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Methodological framework
Case studies04
1. Developed experimental 

scenarios based on baseline VKT

2. Used the Motor Vehicle Emission 
Inventory to calculate changes in 
the GHG and PM

2.5
 emissions 

generated by motor vehicles 

3. Conducted health impact 
assessments based on the 
comparative risk assessment 
approach
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Methods
Case studies04
Scenarios: referred to the ‘30-Year Plan for Greater Adelaide’; five scenarios 

of reductions in passenger vehicle VKT (5%-40%)

Timeframe: 2010 as baseline, projections in 2030
Data sources: EPA, SA Health, ABS, BoM (hourly data for temp, rh, wind), 

Physical Activity Among South Australian Adults survey, global 
and national BoD studies, 

Models: traffic-related PM2.5 and CO2 emission model, PM2.5 dispersion 
model (1 km × 1 km inner grid and 30 km × 30 km outermost 
grid); Comparative Risk Assessment model

Health metrics: premature death and DALYs
Sensitivity analysis tested 5 assumptions
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Discussion
Case studies04
– The first city-level co-benefit study on active transport in 

Australia

– The largest health benefits would occur when increased 
public transport and cycling are combined, which is 
estimated to result in a 55% reduction of total disease 
burden attributed to physical inactivity.

– The possible change of road traffic fatalities because of 
the shift in travel mode was considered.
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Implications for change
Case studies04
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Analyses of air pollution control measures and 
co-benefits in the heavily air-polluted Jinan city of China, 
2013–2017 (Cui et al, 2020)

Case studies04

 



P. 39

Study setting
Case studies04

- One of the most heavily air-polluted 
cities in China, 7 million residents in 
2013,  GDP per capita US$15k

- A series of national policies to reduce 
air pollution was implemented in 2013 
* the Air Pollution Prevention and 
Control Action Plan (APPCAP) sets 
specific concentration targets to be 
achieved by 2017

- Efforts in assessing co-benefits from the 
air pollution control measures at a 
national level but not a city level
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Methodological framework
Case studies04
-Reviewed air pollution control 
policies and measures
-Assessed the changes in 
exhaust emissions and ambient 
air pollutants
-Quantified reduction in 
mortality and morbidity from 
improved air pollution
-Estimated associated 
economic benefits in US$
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Methods
Case studies04

Timeframe: 2013-2017

Policy: National and local air pollution control measures

Data sources: EPA (PM2.5, PM10, SO2, NO2 and CO, O3), Statistic Yearbook, 
Jinan CDC (mortality and morbidity)

Models: - for hazard ratio of mortality: global exposure mortality model, - 
for Relative Risks of morbidity: log-linear function, 
- for economic benefits: willingness to pay (WTP) and cost of 
illness (COI) methods

Health metrics: 4 cause-specific mortalities; 5 PM2.5-related morbidities; 
premature deaths and DALYs
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Discussion
Case studies04

– Significantly increased investment on the environmental 
protection and innovation: a total of US$1.5 billion 2013-17, with 
an increasing average annual rate of 25%
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Discussion
Case studies04

– Decreased exposure to SO
2

 , PM
2.5

, PM
10

, CO, and NO
2

 , except 
O

3
 (a14.2% increase in 2017) 
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Implications for change

– Provided much needed co-benefit evidence to accelerate 
mitigation efforts at a municipal level

– Further co-benefits could be achieved if PM2.5 could drop to 
WHO air quality standard (<5 μg/m3)

– Missed the opportunity to examine health inequity due to a lack 
of AP monitoring data in rural areas

– Engage policymakers for research implementation should 
consider local political, economic and cultural contexts
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Take home messages

– Climate change mitigations can bring tangible environmental, 
health and economic co-benefits.

– More evidence from local co-benefit analyses with standardized 
methodological frameworks is in need and can be more 
influential in spurring policy action on climate.

– More investment and resources are required to facilitate the 
inclusion of the values of co-benefits in policymaking to address 
climate, health, economy, and equity through multi-sectorial 
collaborations.
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Take action now! 
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5. Group exercise: facilitating the 
translation of co-benefit research for 
change
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Group exercise05 Group exercise

- One scenario is provided for group discussion on how 
you could engage with co-benefit evaluation and take 
actions for policy change based on the evidence

❖ Some key questions to discuss:
• Who are the stakeholders to engage? 
• How can the findings be effectively communicated?
• What could be potential barriers and enablers?
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