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Take home messages

1

GLIMPSE … 

… is a tool for long-term air-climate-energy planning

… makes the powerful (and complex) GCAM-USA model 
accessible to a much broader audience

… has the potential to support state air quality planners 
develop strategies for meeting climate and air quality goals 
simultaneously
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GLIMPSE: Global Change Analysis Model Long-term Interactive Multi-Pollutant Scenario Evaluator



Presentation outline

• Background
• Air quality and climate issues confronted by states
• The interconnections among energy, air, climate, and water

• Objective of GILMPSE
• Support development of strategies for addressing air and climate challenges 

simultaneously

• Approach
• Global Change Analysis Model (GCAM) 
• GCAM Long-term Interactive Multi-Pollutant Scenario Evaluator (GLIMPSE)

• Example application
• Emission impacts of state-level greenhouse gas (GHG) mitigation measures

• Impacts
• Next steps
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Background: Air quality successes

https://www.epa.gov/green-book
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• The Clean Air Act and its 
Amendments have been 
successful in reducing air 
pollutant emissions

• Significant reductions in:
• Nitrogen oxides (NOx) 

• Sulfur dioxide (SO2) 

• Carbon monoxide (CO) 

• Particulate matter (PM) 

• Volatile Organic Compounds (VOCs)
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Background: Poor air quality persists 

• Despite significant progress, 
more than 140 million 
Americans live in counties that 
exceed one or more National 
Ambient Air Quality Standards

• Persistent concerns
• Tropospheric ozone

• Fine particulate matter

• Carbon monoxide

• Lead

https://www.epa.gov/green-book

US counties that are designated as being
in non-attainment of one or more NAAQS
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Background: Climate impacts

https://www.epa.gov/climate-indicators

Frequency Duration

Season Intensity

• Example indicators
• Seasonal temperature

• Heat waves

• Wildfire extent

• Heavy precipitation events

• Drought

• Stream flow and temperature

• Changes in snowfall

• Hurricane power

• Bird migration patterns

• Changes in bloom dates
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Background: 
State climate policies

• In response to climate challenges, 
many states have enacted:
• Climate Action Plans

• GHG reduction targets

• Regional cap and trade policies

• Vehicle electrification targets

• Energy efficiency standards

• Building standards

33 states have or are creating Climate Action Plans

24 states + DC have specified GHG reduction targets

https://c2es.org7



Background: Energy-air-climate-water nexus
The Energy System

Contributions to anthropogenic

emissions:

GHGs:
• CO2 – 96%

• CH4 – 40%

• All GHGs – 82%

https://www.epa.gov/air-emissions-inventories/air-pollutant-emissions-trends-data

https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks

https://www.usgs.gov/mission-areas/water-resources/science/thermoelectric-power-
water-use

Air pollutants:
• NOx – 91%

• SO2 – 75%

• CO – 74%

• VOCs – 45%

• PM2.5 – 22% (direct)

In 2015, 41% US energy system freshwater

withdrawals were for thermoelectric power 

plant cooling, nearly as much as for

agriculture.

https://www.epa.gov/air-emissions-inventories/air-pollutant-emissions-trends-data
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks
https://www.usgs.gov/mission-areas/water-resources/science/thermoelectric-power-water-use


Objective

• To address air quality and climate challenges simultaneously, states 
need planning tools that:

• Focus on the entire energy system
• Consider both GHGs and air pollutants
• Capture cross-sector and cross-media dynamics
• Support state-level inputs and outputs
• Have temporal and spatial resolution suitable for decision-making:

• air quality planning (often through 2030 or 2035)

• climate planning (at least through 2030, but often through 2050 and beyond)
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• A rich set of models are already available (!)

• Integrated Assessment Models
• 40 years of development

• Evolved to address the problem at hand:
• 1980s  - Projecting global CO2 emissions

• 1990s  - Projecting global GHG emissions

- Developing global mitigation strategies

• 2000s  - Considering short-lived climate pollutants

- Designing country mitigation strategies

• 2010s  - Understanding climate change impacts

- Supporting state-level policies

• 2015 and later…

- Investigating the nexus of energy-air-climate-water-land-agriculture

Approach: Integrated Assessment Models

https://jgcri.github.io/gcam-doc/v4.3/overview.html

Coastal 
Zones

HydrologyOcean
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GCAM

Energy

Economy

Agriculture

Water

Climate

Land use

Simulates the co-evolution of these systems through time

Scenario
assumptions

Approach: Global Change Analysis Model

End points

Technology penetrations

Energy

Fuel use and prices

GHG emissions

Climate

Global mean temperature

Policy cost

Economic

Cost of energy services

Land and food prices

Air pollutant emissions

Environmental

Water use

Health impacts

Scenario
assumptions

Population
growth

Economic 
growth

Climate change

Technology 
development

Behavior and 
preferences

Resource
availability

Policies
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GCAM documentation: http://jgcri.github.io/gcam-doc/



Population
growth

Economic 
growth

Climate change

Technology 
development

Behavior and 
preferences

Resource
availability

Policies

Type: Technology-rich, energy-/land-/water-focused 
simulation model

Lead developer:  Pacific Northwest National Lab

Time Horizon:  2010–2100, 5-yr increments

Spatial Resolution: 

GCAM (core): 32 global regions

GCAM-USA:  31 global regions, 50 states + DC

GCAM-China: 31 global regions, 23 provinces

GCAM-Canada, GCAM-Korea, GCAM-India …

GHGs: CO2, CH4, N2O, HFCs

Air pollutants: NOx, SO2, PM2.5, VOCs, CO, NH3

Runtime:  1 to 5 hours for EPA’s GCAM-USA v5.4

Requirements:  Desktop PC, Mac, Linux, or Cloud

Availability:  Public domain, open source, free

Approach: Global Change Analysis Model

GCAM
Scenario

assumptions
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End points

Technology penetrations

Energy

Fuel use and prices

GHG emissions

Climate

Global mean temperature

Policy cost

Economic

Cost of energy services

Land and food prices

Air pollutant emissions

Environmental

Water use

Health impacts

GCAM documentation: http://jgcri.github.io/gcam-doc/
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Dots: EPA projections;  Black: Reference Case

Approach: EPA GCAM activities
Comparison with EPA 2016v2 modeling platform

Updates

• Emission factors based on the 
National Emissions Inventory (NEI) and 
MOVES

• Representation of key federal and 
state policies

• Technology cost updates
• Calibrations to reflect coal plant 

retirements through 2020
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GLIMPSE: GCAM Long-term Interactive Multi-Pollutant Scenario Evaluator

Approach: EPA GCAM activities

Decision support system

• GLIMPSE graphical user interface for GCAM
• Supports exploratory analyses

• Constructing scenarios
• Managing GCAM execution
• Visualizing results

• Facilitates policy evaluation
• Technology market share targets
• Technology and fuel subsidies or taxes
• Pollutant taxes and caps
• Technology availability

GLIMPSE
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https://www.epa.gov/air-research/glimpse-computational-framework-supporting-state-level-environmental-and-energy



Illustrative Application
Exploring the emission reduction potential of energy efficiency, 

renewable electricity, and vehicle electrification in Connecticut (CT)

15



1

All CT counties designated in “nonattainment” 
of the 2015 O3 NAAQS as of Feb. 2022 

• All CT counties fall in one of two nonattainment 
areas that exceed the 2015 O3 8-hr NAAQS 

• CT and the surrounding states (DE,MA,MD,ME, 
NJ,NY,PA,RI, and VA) have adopted GHG 
reduction goals
• CT: 80% reduction from 2001 levels by 2050

• How could GHG reduction measures such as 
energy efficiency, renewable energy, and 
vehicle electrification targets help CT reduce 
GHG and air pollutant emissions?

Illustrative application: Background
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New York-New Jersey-Long Island,
NY-NJ-CT
Connecticut counties included: Fairfield,

New Haven, Middlesex
Connecticut counties included: Litchfield, Hartford,

Tolland, Windham, and New London

Greater Connecticut

Connecticut counties included: Litchfield, Hartford,
Tolland, Windham, and New London



Illustrative application: Experimental design
Reference Case (Ref)

Includes: 

• Regional Greenhouse Gas Initiative (RGGI)
• Section 177 ZEV sales targets
• Light-duty near-term GHG rule
• Tier 3 standards for onroad sector
• Various NSPSs 
• Investment and Production Tax Credits

Hypothetical EE/RE/VE Case (EE/RE/VE)

Adds for Connecticut: 

Energy efficiency (EE): 
• From 2025, only high efficiency options are available 

for space heating, water heating, lighting, and cooking  

Questions: 
• What are the trends for GHG and air pollutant emissions under the Ref scenario?
• How do these trends change under the EE/RE/VE scenario?
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Clean Energy Standard (RE): 
• By 2035, 90% of in-state electricity production must be 

from “clean” sources 

Vehicle electrification (VE):
• By 2035, onroad passenger vehicle sales reach 90% electric
• By 2045, onroad freight vehicle sales reach 90% electric

Does not include: 
• Inflation Reduction Act (IRA)
• State CO2 reduction targets
• COVID-19 impacts on energy demands



The Component Library
Includes the “building 
blocks” of scenarios:
• Calibrations
• Policies
• Alternative assumptions

Illustrative application: Demonstration

GLIMPSE Scenario Builder



We combine these to 
construct scenarios

Illustrative application: Demonstration

GLIMPSE Scenario Builder



Library of 
scenarios

Illustrative application: Demonstration

GLIMPSE Scenario Builder



Creating a new 
Scenario Component…

Illustrative application: Demonstration

GLIMPSE Scenario Builder



Component 
options include:
• Pollutant taxes and caps
• Technology availability
• Market share targets
• Technology taxes and 

subsidies
• Fuel price shocks…

Illustrative application: Demonstration
New Scenario Component Creator



Specifying a Clean 
Energy Standard 
(CES)

Illustrative application: Demonstration
New Scenario Component Creator



Specifying a Clean 
Energy Standard 
(CES)

Illustrative application: Demonstration
New Scenario Component Creator



Specifying a Clean 
Energy Standard 
(CES)

Illustrative application: Demonstration
New Scenario Component Creator



Specifying a Clean 
Energy Standard 
(CES)

Illustrative application: Demonstration
New Scenario Component Creator



Specifying a Clean 
Energy Standard 
(CES)

Illustrative application: Demonstration
New Scenario Component Creator



Specifying a Clean 
Energy Standard 
(CES)

Illustrative application: Demonstration
New Scenario Component Creator



Specifying a Clean 
Energy Standard 
(CES)

Illustrative application: Demonstration
New Scenario Component Creator



Specifying a Clean 
Energy Standard 
(CES)

Illustrative application: Demonstration
New Scenario Component Creator



Specifying a Clean 
Energy Standard 
(CES)

Illustrative application: Demonstration
New Scenario Component Creator



Specifying a Clean 
Energy Standard 
(CES)

Illustrative application: Demonstration
New Scenario Component Creator



Saving the new 
component

Illustrative application: Demonstration
New Scenario Component Creator



Saving the new 
component

Illustrative application: Demonstration
New Scenario Component Creator



The new component 
is now in the library

Illustrative application: Demonstration

GLIMPSE Scenario Builder



GLIMPSE Scenario Builder

Specifying 
additional 
components

Illustrative application: Demonstration



Constructing a 
scenario

Illustrative application: Demonstration

GLIMPSE Scenario Builder



Constructing a 
scenario

Illustrative application: Demonstration

GLIMPSE Scenario Builder



Constructing a 
scenario

Illustrative application: Demonstration

GLIMPSE Scenario Builder



Constructing a 
scenario

Illustrative application: Demonstration

GLIMPSE Scenario Builder



GLIMPSE Scenario Builder

Constructing a 
scenario

Illustrative application: Demonstration



GLIMPSE Scenario Builder

Constructing a 
scenario

Illustrative application: Demonstration



The new scenario is 
now in the Scenario 
Library

Illustrative application: Demonstration

GLIMPSE Scenario Builder



Running a scenario in 
GCAM-USA

Illustrative application: Demonstration

GLIMPSE Scenario Builder



This window provides 
status information 
about the run.  

Illustrative application: Demonstration

GLIMPSE Scenario Builder



The GCAM-USA run 
completed successfully 
and results are ready for 
analysis

Illustrative application: Demonstration

GLIMPSE Scenario Builder



Scenarios in the 
output database

Illustrative application: Demonstration

GLIMPSE Model Interface
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Regions

Illustrative application: Demonstration

GLIMPSE Model Interface
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Queries available for 
extracting data from 
the output database

Illustrative application: Demonstration

GLIMPSE Model Interface
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Query results pane

Illustrative application: Demonstration

GLIMPSE Model Interface

50



Illustrative application: Demonstration
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GLIMPSE Model Interface



Illustrative application: Demonstration
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GLIMPSE Model Interface

Illustrative results



Illustrative application: Demonstration
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GLIMPSE Model Interface

Illustrative results



GLIMPSE Model Interface

Illustrative application: Demonstration
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Illustrative results



GLIMPSE Model Interface

Illustrative application: Demonstration
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Illustrative results



Illustrative application: Demonstration
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GLIMPSE Model Interface

Illustrative results



Illustrative application: Demonstration
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GLIMPSE Model Interface

Illustrative results



GLIMPSE Model Interface

Illustrative application: Demonstration
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Illustrative results

Blue – Ref
Red – EE/RE/VE
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Illustrative application: Demonstration
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GLIMPSE Model Interface

Illustrative results



GLIMPSE Queries

Illustrative application: Demonstration

While we answered the research questions, we did not address “Why?”

This is where GLIMPSE is particularly useful…

How much energy is being used? 
For what purposes?

Which technologies have the greatest market shares?
How much fuel is being used by each?

How much GHGs and air pollutants are emitted? 
Overall? By sector? By technology?

How does the scenario affect global climate?
What are the health impacts of emissions?

What are the prices of fuels and electricity?
What are the prices of energy services, such as

passenger travel, space heating, and lighting?

And how do 
these change 
under a policy or 
alternative 
scenario?
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Illustrative application: Demonstration

Transportation

Electric

D CO2 emissions by sector
EE/RE/VE minus Ref
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Illustrative results

D liquid fuel use by sector
EE/RE/VE minus Ref

D electricity use by sector
EE/RE/VE minus Ref

EE/RE/VE minus Ref
D commercial heating by technology

EE/RE/VE minus Ref

Gas

EE/RE/VE minus Ref
D electricity production by technology

EE/RE/VE minus Ref EE/RE/VE minus Ref
D CO2 emissions by state

EE/RE/VE minus Ref

Passenger cars/trucks

Electric

Onroad gasoline

Onroad vehicles

Buildings

Heat pumps

Natural gas

Connecticut

“Leakage”Renewables and nuclear

Net decrease

Which sectors are reducing CO2? How is liquid fuel use changing? How is demand for electricity changing?

Why is commercial electricity decreasing? How does CT meet the CES? Is there “leakage” of CO2 to other states?

Buildings

Electric
furnaces



Illustrative application: Demonstration

Additional directions for exploration

How do these results change if ...

… surrounding states adopt similar measures?         
… RGGI constraints get tighter past 2030?
… state CO2 reduction targets are modeled?
… the Inflation Reduction Act is represented?
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Illustrative application: Demonstration

This example represents the start of an iterative, exploratory modeling 
process where the GLIMPSE user learns more about the problem and
potential solutions with each iteration 

GLIMPSE is designed to support this type of exploratory process
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Impacts

1

• GLIMPSE has the potential to help state planners use GCAM-USA, a 
complex integrated assessment model, to:

• estimate air pollutant and GHG emissions into the future

• identify emerging challenges to meeting goals

• understand the impacts of energy efficiency and renewable electricity

• explore the tradeoffs among energy-air-climate-water goals

• test out potential policies in a virtual environment

• identify win-win strategies for simultaneously meeting policy goals
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Impacts

• GLIMPSE is supporting our research in our EPA Air-Climate-Energy program

Projecting air
pollutant emissions

Estimating air pollutant
co-benefits of GHG 
mitigation

Designing holistic policies Evaluating the emission 
impacts of electric vehicles



Impacts

1

• GLIMPSE is being developed with input from users
• Our EPA colleagues

• Conversations with state air quality modeling staff 

• GLIMPSE is being beta-tested currently
• 3 years in a graduate course on Integrated Assessment Modeling at Duke Univ.

• Pilot project with CT to explore air quality topics and build capacity to run GLIMPSE

• GLIMPSE is being used by students in projects and theses to evaluate:
• the Transportation and Climate Initiative (Duke)

• NC’s Clean Transportation Plan (Duke)

• Clean energy options in Massachusetts (Northeastern)

• Clean energy scenarios in Georgia (Fort Valley St., Morehouse, and Emory)

• State-level strategies for improving air quality (UNC-CH)
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Interested?

1

• This fall, we plan to kick off a beta-test / peer-review prior to public release:
• Participants will represent different types of users

• Integrated Assessment Modelers

• University researchers / lecturers

• State modelers/policy analysts 

We have the capacity to include several 
additional beta testers 

Please contact me to learn more: 
Loughlin.Dan@epa.gov
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Dan Loughlin, Ph.D.
Environmental Scientist
US EPA Office of Research and Development
Loughlin.Dan@epa.gov
919-541-3928

Contact
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