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INTRODUCTION

 Climate change and air pollution are two major, interrelated environmental risks. Actions to reduce 

greenhouse gas (GHG) emissions many often reduce air pollution at the same time as those emissions 

typically derive from the same sources such as power plants, industries or vehicles

 According to the World Health Organization “air pollution continues to rise at an alarming rate, affects 

economies and people’s quality of life and it is a public health emergency”

 Air pollution (indoor and outdoor) is the cause of 7,2 million premature deaths of which outdoor or ambient air 

pollution is responsible for 3,7 million deaths on account of the increase in air pollution in many cities and 

populated areas worldwide

 According to different reports, the number of premature deaths from ambient air pollution may increase to 

between 6 and 9 million by 2060 (BAU), an increase that will affect especially the most populated regions
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GCAM MODEL

 GCAM is a global integrated assessment model

 GCAM links Economic, Energy, Land-use, and Climate systems

 Runs in 5-year time-steps. (until 2100)

 Meant to analyze consequences of policy actions and interdependencies

 The GCAM core is global, written in C++, and data driven.

 It was developed by the JGCRI-PNNL.
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GCAM MAIN STRUCTURE- EMISSIONS

 GCAM tracks emissions for several gases and species

• CO2, CH4, N2O, CF4, C2F6, SF6, HFC125, HFC134a, HFC245fa, SO2, BC, OC, CO, VOCs, NOx, NH3

• CO2 from fossil fuel & industrial uses, as well as from land-use change

 Each gas is associated with a specific activity and changes throughout the coming century if:

• The activity level changes

 Increasing the activity increases emissions

• Pollution controls increase

 As incomes rise, we assume that regions will reduce pollutant emissions

• A carbon price is applied

 We use MAC curves to reduce the emissions of GHGs as the carbon price rises

 Emissions are produced at a region level (32 regions for energy, 283 regions for agriculture & land-use).
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GCAM MAIN STRUCTURE – POLICY COST

 Emissions abatement costs are calculated as the integral under the marginal abatement cost schedule. 

 By default, this is calculated as the area underneath the marginal abatement curve with five points. This 

setting can be changed.

 Marginal abatement cost curves (MACCS) usually present an exponential shape. Technology availability and 

cost influence this shape.
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TM5-FASST

 The TM5-FASST tool, developed at JRC Ispra (Italy), allows to evaluate how air pollutant emissions affect 

large scale pollutant concentrations and their impact on human health (mortality, years of life lost) and crop 

yield

 It links emissions of pollutants in a given source region with downwind impacts, using knowledge of 

meteorology and atmospheric chemistry

 The model analyses effects of both primary and secondary pollutants 

 The tool is specifically designed to compare a defined scenario with a counterfactual case (baseline), that 

can also be defined by the user
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GCAM to TM5-FASST

 After having obtained the emission pathways from the simulated scenarios, we introduce them into TM5-

FASST:

• GCAM downscaling: Disaggregation of regional data to country level (based on RCP database from IIASA)

• Re-aggregation into FASST regions

 Calculate emission based concentrations

 Extract the health damages (Burnett et al 2014) 

TOTAL MORTALITIES PER REGION (PM2.5 and O3)
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Delta PM2.5 (pop. exposed)

Domestic controlled fraction PM2.5

Delta BC (pop exposed)

delta statistical life expectancy

delta premature mort. All causes (>30 y)
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delta premature mort. Lung Cancer (>30 y)

TOT Anenberg
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Delta premature mort. Respiratory

Delta YLL 



TM5-FASST

11

Valuating the health impacts would allow to compare the cost (PC) of each scenario with the co-

benefits and see how they are compensated 

VALUE OF STATISTICAL LIFE (VSL)

Impact note unit BLX RFA FRA ITA GBR ESP
Delta PM2.5 (pop. exposed) µg/m³ 8.28 8.37 6.47 6.91 5.66 3.60
Domestic controlled fraction PM2.5 57% 62% 66% 66% 89% 75%
Delta BC (pop exposed) µg/m³ 0.410 0.297 0.399 0.288 0.315 0.361
delta statistical life expectancy old parametr. months -6.51 -7.07 -7.10 -4.47 -6.26 -4.16
delta premature mort. All causes (>30 y) #/year 17566 45393 32320 30702 31536 19633
delta premature mort. Cardiopulmonary (>30 y) CP #/year 12253 39349 17741 31126 27908 15057

delta premature mort. Lung Cancer (>30 y) LC #/year 1962 4000 2850 4060 3440 1820

delta premature mort. BURNETT functions  (>30 
y) ALRI+COPD+LC+IHD+STROKE #/year 6586 13631 9495 11972 8868 2893

delta YLL Burnett functions (>30y) ALRI+COPD+LC+IHD+STROKE years 54268 112655 78551 98832 73375 23727

Delta annual O3 (pop. exposed) no CH4 FB incl ppbV 1.48 1.61 2.54 4.32 1.33 3.77
delta M6M (highest 6 months mean of  max 
hourly ozone) CH4 FB incl ppbV 18.9 17.7 16.8 18.3 16.0 18.8
domestic controlled fraction O3 1.12% 5.82% 10.71% 12.08% 3.61% 11.49%
Delta premature mort. Respiratory RESP #/year 1237 3060 2709 2916 2651 2878
Delta YLL RESP years 8803 21776 19280 20749 18865 20484



Value of Statistical Life (VSL)

 VSL is one of the most popular measures to estimate the mortality costs (World Bank, OECD…)

 The lack of empirical studies at single country level makes necessary to develop some methodology to 

extrapolate the values.

• Unit value transfer

• Function based transfer

 Our base is OECD VSL for 2005 and we calculate it for every FASST region ranging from 2020 to 2050

𝑉𝑆𝐿𝑐,𝑡 = 𝑉𝑆𝐿𝑂𝐸𝐶𝐷,2005 ∗
𝑌𝑐,2005

𝑌𝑂𝐸𝐶𝐷,2005

𝑏

∗ 1 +%∆𝑌 𝑏

 Once calculated, we apply an increase of 10% to each coefficient in order to include the morbidity costs 

(OECD 2016)
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Value of Statistical Life (VSL)

Total health damage (VSL and morbidity)  (Million 

$2015)

2020 2030 2040 2050

MedValue MedValue MedValue MedValue

ARG 3.04 3.64 4.16 4.79

AUS 7.59 9.02 10.12 10.96

AUT 5.68 5.90 6.34 6.89

BGR 2.98 3.53 3.90 4.26

BLX 7.15 8.66 9.99 11.14

BRA 2.36 2.77 3.19 3.86

CAN 6.26 7.24 8.10 8.79

CHE 6.47 6.94 7.57 8.29

CHL 2.72 3.20 3.77 4.32

CHN 3.13 4.47 5.36 6.04

COR 4.48 4.56 4.88 5.24

EAF 0.43 0.58 0.76 0.95

EGY 1.45 1.76 2.17 2.67

ESP 5.22 6.55 7.84 8.94

FIN 5.74 6.61 7.40 8.11
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Value of Statistical Life (VSL)
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Application – IPCC scenarios
Baseline Reference scenario where there is not any 

climate policy set. 

All available There is a long term temperature target 

(2C) and all the technologies are available

Bioenergy limitation 2C target + All technologies available 

except for biomass, which is limited to a 

maximum of 100 EJ per year.

Nuclear phase-out 2C target + All technologies available but 

assuming a nuclear energy phase out 

consisting of no addition of new nuclear 

plants beyond those under construction 

and existing plants operating until the end 

of their lifetime.

LowCCS 2C stabilization + All technologies 

available with low availability and high 

cost of CCS
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SCENARIO FEATURES

Analyze the tradeoffs between IPCC 

scenarios, in terms of health impacts

The policy cost of each of them have to be 

compared with the possible (and normally 

ignored) co-benefits



Results
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Results
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Share of cumulative reduction in CO2 (2020 – 2050) emissions per scenario
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Results
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Cumulative (2020 - 2050) health co-benefits and mitigation costs 

per scenario (US$ trillion).

Ratio of health co-benefit to mitigation cost per scenario (health co-

benefit/mitigation cost). 

The uncertainty bars represent the consistent lower and upper bounds, combining Zcf and 

VSL values. The DR used is 3%



Results-regional distribution
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Ratio of health co-benefit to mitigation cost per scenario (health co-

benefit/mitigation cost). 

Short-term (2020) health co-benefits and mitigation costs per region 

and scenario (US$ Billion)
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Relative change in air pollutants compared to CO2, per scenario. 

The figure shows the short (2020) and long (2050) terms 

Discussion: Methodology
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GCAM MAIN STRUCTURE
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