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California’s cap-and-trade program is hailed as one of the most important sub-national steps to limit the effects of 
climate change, creating globally shared benefits. Yet the program is also seen as a critical mechanism to reduce local 
air pollution in California by environmental justice groups, who argue that market-based mechanisms do not 
guarantee reduced emissions in air pollution “hotspots” and may disproportionately affect low income and minority 
communities. By assessing the variation of air pollution costs and benefits under cap-and-trade, this work will 
contribute to the literature on the distributional effects of climate change policies across state and local communities. 

The interactions between California policies for mitigating global climate change, improving air quality, and 
addressing disparities in environment-related health impacts are complex. To address the challenges of impact 
assessment, we will implement the following three research tracks:

Research Track 1: Evaluate a range of bounded scenarios based upon statewide climate policies and local air quality 
regulations to estimate future emissions reduction in covered sectors at the facility-level

Research Track 2: Utilize a high spatial resolution air pollution transport model with to characterize the spatial 
relationship between pollution sources and local air quality

Research Track 3: Leverage individual-level hospital records to characterize the relationship between air quality and 
health impacts for specific sub-populations.

Results and Discussion

California Covered Emissions (2015)2

Air Quality and Health Impacts

Mortality Rates by County3

Policy Policy Summary Specific Targets

Climate Policies

Cap-and-Trade Extension (AB 398) Achieve 40% statewide GHG reductions from 1990 
levels by 2030

260 MMT CO2e by 2030

Low-Carbon Fuel Standard (LCFS) Reduce energy intensity of transportation fuels 
consumed in-state; promote use of alternative fuels, 
public transit and zero emissions vehicles  

20% statewide carbon 
intensity (g CO2e/MG) 
reduction 

Short-Lived Climate Pollutant 
Reduction Strategy (SB 1383)

Reduce emissions of short-lived climate pollutants      
through improvements in monitoring and detection 

40% CH4, 40% HFC, 50% 
black carbon reduction 
below 2013 levels

Air Quality Regulations

Oil and Gas Methane Regulation 
(Title 17 CA Code of Regulations)

Reduce fugitive and vented emission from new and 
existing oil and gas facilities

3,600 TPY VOC and 100 
TPY BTEX reductions

Control of Refinery Flares 
(Proposed Amended Rule 1118)

Facilities to move toward "Zero Planned Flaring 
Events" and incorporate remote sensing pilot 
program             

0.5 tons SOx/Mbbl facility 
capacity; maximum .1 TPY 
VOCs 

Research Question 1
Policy -> Emissions

Question: 
Given the multiple air and climate 

policies that are inducing 
emissions reductions across 

California, what is the relationship 
between and the distribution of 
GHG and co-pollutant emission 

reductions?

Question: 
Given the co-pollutant emission 

reduction induced by policy, what 
are the impacts on the air quality 
concentrations of the distribution 

of emissions? 

Question: 
A given level of co-pollutant 
concentrations can lead to 

different health impacts for sub-
populations, what are the health 
impacts of the distribution of co-

pollutants for specific sub-
populations?

Challenge: 
Attribution of pollution changes 

to specific policies accounting for 
heterogeneity in the marginal 

cost of GHG emissions and rates 
of co-pollution 

Challenge: 
Modeling the physical dynamics 

of air pollution transport to 
determine criteria air pollution 
concentrations at a high spatial 

resolution (1x1 km)

Challenge: 
Existing disparities can affect the 
impact of air quality on health. 
Health impacts are difficult to 

measure at a resolution sufficient 
for sub-population analysis

- Although variation exists across counties, causes 
of death exacerbated by air pollution including 
COPD, IHD, and Lung Cancer are 10-15% of 
annual all-cause mortality rates (560-623 
deaths/100,000 persons)

- Range of Emission Reduction Scenarios could 
reduce mortality rates by between 5-15% in San 
Pedro 

1. Use the clustered facilities to estimate the how the variation in the spatial distribution of emissions 
scenarios will impact air pollution concentrations and health impacts within communities

2. Use individual-level hospital records to characterize the relationship between air quality and health 
impacts for specific sub-populations

3. Compare results to previous studies that have estimated co-pollutant damages of the Cap-and-Trade 
Program based on the distance between emissions sources and populations

The flexibility of the Cap-and-Trade Program 
creates uncertainty about the spatial 
distribution of the 40% CO2e emission 
reductions that will occur by 2030. Therefore, 
scenarios are run to account for the
heterogeneity in marginal damages of 
emissions from each facility

Goal: Reduce dimensionality of more than 400 
emitters for spatialized emissions scenarios

K-means clustering algorithm used to estimate 
marginal damages of facilities based on:

- Facility Emissions (CO2, criteria pollutants)
- Meteorology (wind speed, direction)
- Facility characteristics (stack height, 

emission velocity, etc.)
- Distance (to Los Angeles)
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Method: 
Bounded emission scenarios 

developed to estimate upper and 
lower limits of facility-level 
changes in emission under 

different policy regimes; these 
scenarios are clustered based 
upon the estimated marginal 

damages

Method: 
Reduced form air pollution 

transport model, InMap1, with 
high spatial resolution is used to 

characterize the relationship 
between pollution sources and 

local air quality 

Method: 
High-resolution, individual-level 

hospital records are used to 
characterize the relationship 

between air quality and health 
impacts for specific sub-

populations.

1. 2015 Capped Emissions
2. 2030 Capped + Uncapped 

Emissions
3. Difference in 2030 - 2015 Cap;

(3a) Emissions Reduced by Cap 
and Trade;  
(3b) Reductions from Air Quality 
Regulations; 
(3c) Reductions from other 
Carbon Regulation;

4. Remaining Capped Emissions in 
2030 

5. Remaining Refinery Emissions
6. Remaining Non-Refinery Emissions

Conceptual Diagram of Emission Reductions under Cap-and-Trade
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Premature Mortality Rates due to changes in air 
quality in Los Angeles are estimated under the 
following scenarios:

- Scenario 1: Uniform 10% Reduction in Covered 
Emissions across all facilities

- Scenario 2: Uniform 10% Reduction in Covered 
Emissions only in refineries

- Scenario 3: Uniform 40% Reduction in Covered 
Emissions only in refineries

- Refineries account for almost 25% of emissions 
from facilities under the Mandatory Reporting of 
Greenhouse Gas Emissions (MRR) program and 
they are located mainly in major urban areas

- Almost 30% of statewide emissions occur in LA 
County, and of these emissions more than 40% 
are from LA refineries
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Research Question 2
Emissions -> Air Quality

Research Question 3
Air Quality -> Health
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