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U.S. Environmental Protection Agency's (EPA’s) 
CO-Benefits Risk Assessment (COBRA) 
Health Impacts Screening and Mapping Tool
February 22, 2022 | 3 PM Eastern

Three audio options:
1. Listen via computer
2. Use the “Call Me” feature
3. Dial 1-415-655-0002 or 1-855-797-9485; Event number: 2434 711 7855
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Webinar Panels
We’ll use three panels 
• Participants, Polling, and Question & Answer (Q&A)

• Use the arrow to expand or collapse the panels

Adding Panels
• If some panels don’t appear, hover over the bottom 

of the screen and select the desired panels

• Select More Options (…) for additional panels
• Highlighted backgrounds indicate active panels
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Polling and Feedback
Polling
• We’ll ask several poll questions during the 

webinar
• The polling panel will appear when we open 

the first poll
• Select your desired response and hit 

“Submit”

Webinar Feedback
• A feedback form will pop-up when you exit 

today’s webinar

3



U.S. Environmental Protection Agency

Q&A
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• Participants are muted

• Questions will be moderated at the end
• To ask a question:

1. Select “All Panelists” from the 
drop-down menu 

2. Enter your question in the 
Q&A box

3. Hit “Enter”

• EPA will post final materials on the Webinar Series page: 
www.epa.gov/statelocalenergy/state-local-and-tribal-webinar-series

https://www.epa.gov/statelocalenergy/state-local-and-tribal-webinar-series
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Today’s Speakers
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• Welcome to COBRA (25 mins)
◦ How COBRA works
◦ Comparison of Desktop and Web Edition
◦ How COBRA has been used

• Live demonstration (15 mins)
◦ 100-megawatt (MW) utility solar in Tennessee

• Questions and discussion (15 mins)

• Appendix A: Web Edition step-by-step

• Appendix B: Desktop Edition step-by-step
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GHG: Greenhouse gas 
CO2: Carbon dioxide
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Welcome to COBRA
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Air pollution remains a concern across the United States
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NAAQS: National Ambient Air Quality Standards
PM2.5: Particulate matter 2.5

PM10: Particulate matter 10 
CO: Carbon monoxide 

SO2: Sulfur dioxide
NO2: Nitrogen dioxide
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Health effects of air pollution

61,000 deaths 
attributed to air 
pollution in the 
United States 

(2019)

48,000 from PM2.5
exposure          

13,000 from ozone 
(O3) exposure
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COPD: Chronic obstructive pulmonary disease 
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Fine PM 2.5
Primary PM2.5

• Emitted directly into the 
atmosphere

• Sources:
• Smokestacks
• Construction sites
• Unpaved roads
• Fields
• Fires

Secondary PM2.5

• Formed through complex 
atmospheric reactions of 

• SO2

• Nitrogen oxides (NOx)
• Ammonia (NH3) 
• Volatile organic 

compounds (VOCs)
• Sources:

• Pollutants emitted from 
power plants, industries 
and automobiles
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Energy choices matter
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• Reduces total electricity demand

• Reduces demand for
transportation-related fossil fuels

• Displaces (or replaces) fossil fuel
electricity sources with clean
distributed generation or
renewable energy sources

• Displaces (or replaces) fossil fuel
transportation sources with
renewable energy sources or low
emission sources

Energy Efficiency, 
Renewable Energy, 
Low Emission Fuels

• Reduces air pollution

• Improves air quality and
human health

• Reduces premature death
and illnesses

Reduce Emissions
• People avoid  costly

illnesses

• Businesses benefit
from increased
worker productivity,
fewer employee
absences

• Children miss fewer
school days

Deliver Societal 
Benefits
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What is COBRA?
• COBRA is a free, easy-to-use, peer reviewed screening model that quickly:

◦ Estimates county-level health impacts from changes in criteria air pollutants that affect 
PM2.5 concentrations;

◦ Monetizes the economic value of those benefits; and 
◦ Presents results via tables and maps that facilitate visualization of the results.

• COBRA uses approaches and  assumptions consistent with EPA’s standard 
practices.

• It is intended to enrich the discussion of co-benefits and foster balanced 
decision-making that considers both the costs and health benefits of policy 
choices, especially related to energy. 
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How does COBRA work? 
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COBRAUSER INPUTS = Change in 
Emissions (2016, 2023, or 2028)

- Primary PM2.5, SO2, NOx, NH3, VOCs

Quantifies Changes in Air Quality
(Source-Receptor Matrix for PM2.5)

Calculates Change in Health Outcomes
(Health impact functions for PM2.5 changes) 

OUTPUTS = Tables and maps of 
changes in morbidity and mortality 

and related economic value

Calculates Monetary Value 
of Health Outcomes

(Economic valuation functions)
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What are the options for running COBRA?

De
sk

to
p 

Ed
iti

on • Downloads to your 
computer

• Runs on Windows only
• Baseline data for 2016, 

2023, 2028
• Full suite of advanced 

features
• Run time depends on 

your processor

W
eb

 E
di

tio
n • Runs in your internet 

browser
• Windows + Mac 

compatible
• Baseline data for 2023 

only
• Streamlined features
• Runs quickly in the 

cloud

Same methodology and data sources
Results available as tables and maps
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Where do the emissions baseline data come from? 
• COBRA contains detailed emissions inventories for the years 2016 and 2023, 

and 2028 derived from EPA’s 2016v1 Air Emissions Modeling Platform.  
• Reflect federal and state measures (promulgated or under reconsideration) as of May 2018.

• The 2016, 2023, and 2028 base cases include:
• Electrical generating unit emissions (reflecting the implementation of the Cross State Air 

Pollution Rule Update);
• The Mercury and Air Toxics Rule (MATS);
• The Standards of Performance for Greenhouse Gas Emissions from New, Modified, and 

Reconstructed Stationary Sources;
• Mobile emissions (reflecting changes in activity data and the impacts the Tier 3 Motor Vehicle 

Emission and Fuel Standards Rule and local inspection and maintenance programs); and
• Base year-specific fire data for 2016.
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How does COBRA quantify PM2.5-related air quality changes? 
• COBRA translates air pollution emissions changes into changes in ambient 

PM2.5 using a reduced form air quality model, the Source-Receptor (S-R) Matrix.
• The S-R Matrix consists of fixed transfer coefficients that reflect the 

relationship between annual average PM2.5 concentration values at a single 
receptor in each county and the contribution by PM2.5 species to this 
concentration from each emission source.

• Since the S-R Matrix is not a sophisticated model, COBRA is most appropriately 
used as a screening tool. 
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What human health effects are included?
• COBRA estimates the number of health incidences avoided AND the 

related economic value for: 

Adult Mortality Infant Mortality Non-fatal Heart 
Attacks 

Respiratory Hospital 
Admissions

Cardiovascular-
related Hospital 

Admissions 
Acute Bronchitis Upper Respiratory 

Symptoms 
Lower Respiratory 

Symptoms 

Asthma 
Exacerbations 

(attacks, shortness of 
breath, & wheezing)

Asthma Emergency 
Room visits

Minor Restricted 
Activity Days Work Loss Days
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How does COBRA quantify and monetize health impacts?
• Uses a range of health impact functions to translate changes in ambient 

PM2.5 into health incidences.
• Includes estimates of baseline incidence rates and prevalence rates for the 

health effects. 
• Uses population and income projections based on U.S. Census of Population 

& Housing and forecasting models developed by Woods & Poole. 
• Applies economic valuation functions and discount rates to develop dollar 

estimates.
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Which epidemiological 
studies are used to 
estimate adverse 
health impacts of 
PM2.5?

For full citations see the COBRA user manual at www.epa.gov/cobra. 20

https://www.epa.gov/cobra
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What are the unit 
values of the health 
effects estimated in 
COBRA?

Health Incidence Avoided
Economic Value in 2023 (2017$)

3% discount rate 7% discount rate

Adult Mortality* $9,748,682 $8,682,996

Infant Mortality $10,866,012 $10,866,012

Non-Fatal Heart Attacks* $39,174 - $309,825 $37,038 - $297,494

Hospital Admissions $17,655 - $47,581 $17,655 - $47,581

Asthma ER Visits $457 - $547 $457 - $547

Acute Bronchitis $550 $550

Respiratory Symptoms 
(upper + lower) $24 - $38 $24 - $38

Asthma Exacerbations $66 $66

Minor Restricted Activity Days $78 $78

Work Loss Days $178 $178 

*Discounted due to time lag between PM2.5 exposure and health outcome; low and high values based 
on assumptions of how sensitive outcomes are to unit change in PM2.5 exposure
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What methods are 
used to determine the 
economic value of 
different health 
effects?

Health Incident Avoided Source of Value
Adult Mortality Value of a statistical life (VSL)*
Infant Mortality VSL*

Non-Fatal Heart Attacks Cost of Illness (COI) = Direct medical costs, 
opportunity cost (OC)

Hospital Admissions COI = Hospital charges, OC
Asthma Emergency Room Visits COI = Costs to the hospital

Acute Bronchitis Willingness To Pay (WTP) = Coughing and chest 
tightness (CT) or restricted activity day

Respiratory Symptoms
WTP = Symptoms such as coughing, head/sinus 
congestion, eye irritation, CT, coughing up phlegm, 
and/or wheeze

Asthma Exacerbations WTP = Bad asthma day

Minor Restricted Activity Days WTP = Combination of coughing, throat congestion, 
and sinusitis

Work Loss Days WTP = Median annual earnings divided by (5 × 52)

*For more background on the VSL, see: 
www.epa.gov/environmental-economics/mortality-risk-valuation. 
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How are results displayed?
Tables & maps

(screenshots from Web Edition)
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What do the results represent?
• Results represent the annual change in average PM2.5 microgram per 

cubic meter (µg/m3) concentration, health incidence, and monetary 
value (2017 $) for the year of analysis (2016, 2023, or 2028).

• Incidence refers to the number of new cases of a health outcome over a 
specified time period. The change in incidence is not necessarily a whole 
number because COBRA calculates small statistical risk reductions that 
are then aggregated over the entire population.
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What do the results represent?
• COBRA calculates low and high values because two different sets of 

health impact functions are used to estimate adult mortality and non-
fatal heart attacks based on assumptions of the sensitivity of these 
outcomes to PM2.5 concentrations.

• COBRA uses a discount rate to express future economic values in present 
terms because not all health effects and associated economic values 
occur in the year of analysis. COBRA assumes changes in adult mortality 
and non-fatal heart attacks occur over a 20-year period.
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What should you keep in mind when using either the Desktop or Web Edition?

shtgner
St
Consistent with EPA’s 
standard practices 
Enriches discussion 
of co-benefits 
Free, easy, and quick 
to run
Visually maps results

Screening tool, not a 
highly sophisticated 
model
Reduced-form air 
quality model 
Relies upon inputs 
generated elsewhere

Lim
itations
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How has COBRA been used?
State-level Climate Action Plans

• Maryland, New York, and Oregon

Renewable energy policies and 
programs

• Renewable policies in Illinois
• Solar installations in Long Island, NY

Energy efficiency policies and 
programs

• North Carolina’s Clean Energy Plan
• Illinois Energy Efficiency Portfolio Standard

Transportation policies
• Analysis of reduced vehicle trips in Utah
• Public transit program in Nevada

27

Other analyses
• Impacts of prescribed fires 
• Benefits of urban tree planting

More than 130 citations as of February 2022
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Pop Quiz
Q: What makes COBRA a screening-level tool?

a) The source-receptor matrix for PM2.5
b) The health impact functions
c) The economic valuation functions
d) All the above
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Live Demonstration
www.epa.gov/cobra
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Demo: Assessed with COBRA Web Edition

What are the air quality 
and health impacts of a 

100 MW utility solar 
installation in Nashville,

Tennessee? 
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How do you 
run the COBRA 
Web Edition?

Develop 
Inputs

Select 
Analysis Year

Select 
Location

Select 
Emission Tier

Modify 
Emissions

Review 
Scenario

Select 
Discount Rate Run Review 

Results

2023 Baseline Only
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Develop Inputs
• When are the emissions changes taking place?

• Where are the emissions changes occurring?

• What is the source of the emissions?

• What emissions are changing and by how much?
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Generate emissions inputs

100 MW Utility 
Solar in Tennessee

33

Select “Tennessee” region
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Emissions estimates 
from AVERT

Convert from pounds (lbs) to tons (2,000 lbs = 1 ton)

State SO2

(tons)
NOx

(tons)
PM2.5

(tons)
VOCs 
(tons)

NH3

(tons)
Alabama -0.05 -0.7 -0.2 -0.07 -0.38
Kentucky -29.62 -21.8 -1.57 -0.5 -0.26
Mississippi -0.12 -3 -1.38 -0.49 -1.3
Tennessee -41.22 -26.94 -7.2 -1.67 -1.89
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AVoided Emissions 
and geneRation Tool 
(AVERT) – COBRA 
connection
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Demo of COBRA Web Edition
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Results

Total Health 
Benefits

Low, 3% (2017$) High, 3% (2017$)

Nationwide 3,254,497 7,350,807

Alabama 103,466 233,807

Kentucky 169,617 383,457

Mississippi 68,497 154,562

Tennessee 532,747 1,211,078

Davidson County 13,815 31,358
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Results

How to get a screen 
capture:

Ctrl+PrtSc
(Windows)

Shift+Command+3
(Mac)
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What’s driving the results?
U.S. Power Plant Emissions by Source, 2020

2020 Population Distribution in The United States
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Poll Question
• What types of policies or programs do you plan to analyze using COBRA? 

(select all that apply)
◦ GHG mitigation / climate action plans
◦ Renewable energy
◦ Energy efficiency
◦ Vehicle electrification
◦ Building electrification 
◦ Waste sector
◦ Industrial sector 
◦ Wildfire emissions
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Contact us: cobra@epa.gov
Join our Office Hours: Feb. 24, 2-3pm (ET)

Register at epa.gov/statelocalenergy/state-local-and-tribal-webinar-series

41
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Appendix A
COBRA Web Edition Step-by-Step
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Step 0. Develop Your Inputs
Part 1: Woodstove Changeouts 

Location: Wisconsin

Sector: Fuel Combustion Other; Residential 
Wood; Woodstoves

Emissions Changes:
- PM2.5: Reduce by 31.5 tons
- VOCs: Reduce by 80.7 tons

Discount Rate: 3%

Part 2: 440 kW Solar Photovoltaic (PV)

Location: Wisconsin

Sector: Fuel Combustion Electric Utility

Emissions Changes:
- PM2.5: Reduce by 1.7 tons
- SO2: Reduce by 9.2 tons
- NOX: Reduce by 6.5 tons
- VOCs: Reduce by 1.2 tons

Discount Rate: 3%

Target completion date: 2024

44

kW: Kilowatt
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Step 1. Access COBRA

45

The new COBRA Web Edition can be accessed at: www.epa.gov/cobra

https://www.epa.gov/cobra
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Step 2. Select Location

Scroll through the list of 
locations to select the 
one you are interested 
in. Check the box to 
make a selection.
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Step 3. Select Sector

Select the sector you 
are interested in from
the dropdown menu.

 

Select any 
subsectors you are 
interested in from the 
dropdown menus.
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Step 4. Modify Emissions
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Enter your emissions 
information and select 
ADD TO SCENARIO.
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Step 5. Review Scenario
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Review your scenario and 
ensure the correct 
discount rate is selected.
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Step 6. Add Additional
Location Information 

Scroll through the list of 
locations to select the 
one you are interested 
in. Check the box to 
make a selection.
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Step 7. Add Additional Sector Information

Select the sector 
you are interested 
in from the 
dropdown menu.

n 

Select any 
subsectors you 
are interested in 
from the dropdow
menus.
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Step 8. Add Additional Emissions Information

Enter your emissions 
information and select 
ADD TO SCENARIO.
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Step 9. Review Scenario

Review your scenario and 
ensure the correct discount 
rate is selected. If you are 
satisfied with your scenario,
select RUN SCENARIO.
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You will see the following screen as your results are 
calculating…
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Step 10. View Results

View the Summary of Health 
Effects Results. Look to the 
bottom of the chart to find the 
Total Health Effects.
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Step 10. View Results (continued)
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You can also view 
your results on a 
map. Use the filter to 
see other data 
displayed.
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Appendix B
COBRA Desktop Edition Step-by-Step
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Step 0. Develop Your Inputs
Part 1: Woodstove Changeouts 

Location: Wisconsin

Sector: Fuel Combustion Other; Residential 
Wood; Woodstoves

Emissions Changes:
- PM2.5: Reduce by 31.5 tons
- VOCs: Reduce by 80.7 tons

Discount Rate: 3%

Part 2: 440 kW Solar PV

Location: Wisconsin

Sector: Fuel Combustion Electric Utility

Emissions Changes:
- PM2.5: Reduce by 1.7 tons
- SO2: Reduce by 9.2 tons
- NOX: Reduce by 6.5 tons
- VOCs: Reduce by 1.2 tons

Discount Rate: 3%

Target completion date: 2024
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Step 1. Apply Analysis Year
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1. Select the 
state or 
county 

2. Select the 
emissions tier or 
subtier

3. Enter your 
emissions 
changes

4. Click 
Apply 
changes

5. To enter additional emission changes for another 
location or tier, click “Clear” and repeat steps 1-4.

Step 2. Create Emissions Scenario
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Step 3. Execute Run

Select discount rate 
and click “Run using 
above option”
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Step 4. View Health Effects and Valuation Results

Filter by 
state or 

county of 
interest

Nationwide or 
filtered totals 
appear in blue
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Step 4. View Health Effects and Valuation Results 
(continued)

Options to 
zoom, pan, and 
export the map

Select result of interest to 
populate map
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Step 4. View Health Effects and Valuation Results 
(continued)

Right-click on the 
map layer name 

and select 
“Properties” to edit 

the map layer 
properties

Click here to edit 
the legend text

Use these options to 
change the colors 
used in the map 64



U.S. Environmental Protection Agency

Step 4. View Health Effects and Valuation Results 
(continued)

Click on the 
printer icon 
to create a 
map for 
export

Use these tools to add text boxes, a 
legend, and a scale bar

Use these options to 
change the color, size and
font of text
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Step 4. View Health Effects and Valuation Results 
(continued)

Click save to 
export the 
map

We recommend 
saving it in the 
.png file format
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Final Results

Table 1. Estimated health benefits of woodstove 
changeouts and 440 kW solar PV in Wisconsin

Total Health 
Benefits

Low, 3% 
(2017$)

High, 3% 
(2017$)

Nationwide $4,834,620 $10,901,999

Nevada $2,365,991 $5,335,684
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