
SESSION AGENDA
8:30 a.m.  – Social half hour with light breakfast and coffee bar
9  a.m. – Welcome and Introduction by Dr. James Crooks
9:15-11 a.m. – Four Panel Speakers
11-11:45 a.m. – Q&A
11:45 a.m. – Closing statement

Welcome to the
AIR QUALITY & CLIMATE CHANGE  PANEL

DISCUSSION

This event is brought to you by:
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Institute of Arctic Research at 

the University of Colorado
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Elevated levels of surface ozone can cause:

• Shortness of breath
• Chest pain when inhaling deeply
• Wheezing and coughing
• Increased susceptibility to respiratory infections
• Inflammation of the lungs and airways
• Increased risk of asthma attacks
…..                                 (American Lung Association)

 Increased risk of death; 
~ 5000-6000 premature deaths 

in US per year
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Also – Ozone in Greenhouse Gas:
1. CO2 (60%)
2. Methane (15%)
3. Ozone (12%)



(https://www3.epa.gov/airquality/greenbook/map8hr_2015.html).

https://www3.epa.gov/airquality/greenbook/map8hr_2015.html


https://www.qld.gov.au/environment/pollution/monitoring/air/air-pollution/pollutants/ozone

Ozone is NOT an Emission
How is Ozone (O3) formed in the Atmosphere?



Ozone Precursor Sources

VOCs … Nitrogen Oxides
(NOx)

Ozone



Boulder Reservoir Air Monitoring Shelter

Instrument Shelter (CDPHE)

Oil and Gas Well Locations



Ozone Behavior at Boulder Reservoir July 2019 (CDPHE data)

2015 
8-hour 
National 
Ambient 
Air 
Quality 
Standard 
(NAAQS)
(70 ppb)



Ozone at Boulder Reservoir July 2018 (CDPHE data)

Compliance with ozone NAAQS is determined by 3-year running mean of 4th highest 
annual 8-hour ozone average (truncated).



https://www.colorado.gov/airquality/html_resources/ozone_summary_table.pdf



- Highest 8-hour ozone value was 89 ppb (highest ozone 
value seen 2018 in the Front Range)

- Stretch of 5 consecutive exceedance days in August
- 230 hours with ozone >70.9 ppb
- 100 hours with ozone 8-hour mean >70.9 ppb
- 32 days with 8-hour ozone >70.9 ppb
- Highest 8-hour ozone year in last ten years 

Boulder Reservoir 2018 Summer Ozone Summary



How has ozone changed over time?

-> Trend Analysis



Bien and Helmig, 2018

Ozone Monitoring in Colorado - NREL and Welby



Bien and Helmig, 2018

Ozone Trends at Golden and Welby



Figure 4.  Trend analyses of ozone summer data from Welby and NREL, with trend results differentiated for the 5th percentiles, median, and 
95th percentile data.   For the box whisker plots, the horizontal lines show the median values, the boxes the 25 and 75 percentiles, the 
whiskers the 5th and 95th percentiles, and the crosses values that extend beyond two standard deviations from the median [Bien and Helmig, 
2018].  The slope results in the legend represent the ozone trend in ppb/yr.  At Welby, all ozone metrics show increasing ozone, with the 
95th percentile being statistically significant trend.  NREL has positive slopes for the 5th percentile and medians, and a negative slope for the 
high ozone distribution values.

Trend Analysis of Summer Ozone

Bien and Helmig, 2018



Evans and Helmig, 2017.

Ozone Trends



14 Front Range sites surrounding 
Denver …. for 1995–2013. 
Corrected trends show a …..
general increase for the Front 
Range since 2004, broken only 
by the recession of late 2008. 



Ozone Trends Across the U.S. 2000-2014



Influence of Oil and Gas Development on Colorado Ozone

CDPHE, 2008 and 
Helmig, 2018



Footprint Analysis for High Ozone at the Boulder Reservoir



Footprint Analysis for High Ozone at the Boulder Reservoir



Pfister et al., 2017: “On average, oil and gas emissions show a stronger
influence in the northern part of the NFRMA and the northern foothills, while mobile 
emissions dominate farther south and in the southern foothills. Both sectors 
contribute, on average, 30-40% each to total NFRMA ozone production on high ozone 
days.”

Evans et al., 2017:  “Transport from upwind areas associated with abundant O&NG 
operations accounts for on the order of 65% (mean for both sites) of 1-hr averaged 
elevated ozone levels, while the Denver urban corridor accounts for 9%.”

Cheadle et al., 2017: “On individual days, oil and gas O3 precursors can contribute in 
excess of 30 ppb to O3 growth and can lead to exceedances of the EPA O3 National 
Ambient Air Quality Standard.”

Oltmans et al., 2019: “The association of high O3 days at the BAO tower with transport 
from sectors with intense oil and natural gas production toward the northeast 
suggests emissions from this industry were an important source of O3 precursors and 
are crucial in producing peak O3 events in the NCFR.

Oil and Gas Emissions and Ozone



The Path Ahead – Ozone in a Warmer Climate



The Path Ahead – Ozone in a Warmer Climate

With everything else (emissions, meteorology) the same:

-> More ozone in a warmer climate !
->-> More ozone will cause a warmer climate !!



GABRIELLE PETRON 
Atmospheric Scientist 

Cooperative Institute for 
Research in Environmental 

Sciences 

Please welcome



PROTECTING OUR AIR:

A CASE FOR TRANSDISCIPLINARY 
RESEARCH TO SUPPORT EFFECTIVE 

POLICYMAKING 

Gabrielle Pétron
CU BOULDER CIRES

NOAA Global Monitoring Division
Contact: Gabrielle.Petron@noaa.gov

AQ-Climate-Health Forum - Denver
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January 16, 2020



Any opinions, findings, and conclusions or 
recommendations expressed in this material are those 
of  the author and do not necessarily reflect the views 

of  their employers and sponsors.



Our Atmosphere has Vital Roles 

 Without it, Earth mean surface temperature 
would be -18oC (0oF)

 It absorbs dangerous solar radiation
 It carries energy and water around

31



Air Quality, Climate and Health

 Emissions from human activities are 
changing the air composition at multiple 
scales:
GHG
Stratospheric Ozone Depleting 

Substances (ODS)
Ground-level Ozone Precursors
Particulate Matter (PM10 and PM2.5)
Air Toxics

Global

Local

Regional

32



High-quality Multiple Species 
Air Monitoring is ESSENTIAL

 Background Air Composition:
Document large scale (clean continental and marine 

air) “baseline” and how it changes
Can be used to study drivers and attribute large 

scale changes to natural or human causes
Can be used to evaluate emission inventories and 

atmospheric dispersion
Can be used directly to model and study climate 

response

33



Why now is a critical time?
34

Measurements of air trapped in ice cores, 
firn air, and surface air from cooperative 
scientific sampling programs.

End of 2019 
Global mean
~ 411 ppm

The world 
and societies 
as we know 
them have 
never seen 
such high 
levels of 
GHG.



We have known this for a while.
1988- 2018 30 yr anniversary 
of J. Hansen Senate Testimony

realclimate.org

35

Former NASA 
Scientist and 
NASA GISS 
Director.

“J. Hansen was 
correct to claim 
that greenhouse 

warming had 
been detected”

Natural drivers and 
natural variability 
cannot explain the 
observed rise in 
global mean 
temperature over 
land and oceans.

Global fossil fuel CO2 emissions: 1988-2018 + 70%
In billion tonnes, 1960s: 10; late 1980s: 20;  2019: 37



2010-2019
Annual CO2 growth rate > 2ppm/yr

36

~ Half of anthropogenic 
CO2 emissions stay in the 
the atmosphere. The other 
half is taken up by plants 
and the oceans.

• Will these natural sinks 
keep up?

• What will happen to the 
carbon buried in the 
melting permafrost?

Atmospheric CO2 annual increase 
has crept up over the past 40 
years, as fossil fuel burning 
emissions have increased.



Estimates of US CH4 emissions from natural 
gas systems still disagree by A LOT !

37

EDF coordinated 16 scientific 
studies of CH4 emissions from 
US O&G systems. Studies 
covered different scales and 
used an array of 
instrumentation. Several 
companies participated and 
provided site access.

https://www.edf.org/climate/methane-studies



High-quality Air and Emission data 
for Cities, Counties and States are also ESSENTIAL

 Regional / Urban Air Composition:

Do we have enough high quality data to assess pollution 
and impacts?

 Regional / Urban Emissions:

How accurate are emission inventories and estimated 
trends?

38



Colorado GHG Emission Inventory 
and non-binding Future Targets

39

State uses EPA State Inventory Tool 
(ie. set of spreadsheets). 
 The accuracy of inventory 
results is not known.

Projected emissions are 
much higher than targets.

How is the State (country!) going 
to tackle this huge challenge?

Which expertise and buy-ins are needed to 
lead to lasting meaningful decisions and 

actions? We cannot continue to fail “miserably”.



State O&G VOC emissions have been 
very likely underestimated for a while

40

 Measurement-based 
scientific studies have found 
VOC and benzene emissions 
from O&G in NE Colorado 
are at least double what is 
in the State inventory 
(see Figure).

 Need for transparency, 
objective evaluation 
and reconciliationWhat could be wrong?

• Underestimated emissions and/or missing sources
• Outdated emission composition profiles, most 

predate Niobrara drilling



Looking beyond Denver: 
Colorado NE Front Range transformation

41

 O&G operations and vehicles 
are the largest contributors to 
surface ozone in CO ozone non-
attainment area.

 Population and O&G sites and 
production have been soaring in 
Colorado NE over the past ten 
years

 Could/Should State deploy 
new air quality monitors in 
the O&G region?

O3
monitors



Large multi-well pads are the new normal 
esp. in urban/suburban drilling

42

22 well pad in West Greeley, 2018



Ambient benzene regulation in the US has 
focused on refineries and vehicle emissions

43

Oil and Natural 
Gas Extraction 
Sites and Waste 
Disposal Facilities

Oil and 
Natural Gas 
Refining/Proc
essing

Gasoline and 
Natural Gas 
Distribution and 
Consumption

• US benzene content in gasoline ~ 1%
 Benzene in cities has gone down 
• 52 countries have ambient benzene 

standards, the US is not one of them.

VERY few exposure 
studies for/near 
O&G upstream 

operations!



Air Toxic Studies (paper in preparation)
44

 University of Wyoming 
Mobile lab study found very 
high BTEX (10s to >100ppb 
benzene) downwind of 
Produced Water Injection 
Facilities, confirming finding 
from a few grab samples 
during 2014 FRAPPE. 

Edie et al., in preparation



Air Toxic Studies (papers in preparation)
45

 24/7 monitoring of 
BTEX for several weeks 
near 2 new large 
wellpads (early 
production and drilling) 
show variable hourly 
mean levels: sub-ppb to 
> 9 ppb.

Mielke-Maday et al., 
Madronich, Mund, Handley et al., 
Both in preparation



Summary I
46

Scientific evidence
 The accuracy of State and 

National inventories for GHG, 
ozone precursors and air toxics 
is poorly known.

 Air toxics O&G sources and 
exposure levels for workers 
and nearby population in CO 
are still poorly known.

 The CO Northern Front Range 
has been non-attainment for 
ozone for 15 years.

Other Factors Growing population and 
economic activities bring new environmental 
challenges.
Public perceptions of risks and impacts are 
valid and need adequate responses.

Hypothesis: Air pollution and climate 
change present real and likely growing 
risks for the State population, ecosystems 
and economy.

How could scientific inquiry, methods and findings further 
support local and State air resource management and 
sustainability programs?



Summary II
47

There is a need to better integrate public input, scientific 
investigation and different pieces of evidence into policy 
development

 Start with an objective scientific evaluation of existing AQ 
measurements (long-term and field studies)
 Data quality? Is method okay? How representative are they?

 Identify and analyze other “useful” data sets
 LDAR reports from inspectors versus company self reporting

 Evaluate and improve accuracy of emission inventories
 Prioritize Future Research
 New measurements and analyses
 Improve methods, data management, and transparency



JOHN PUTNAM
Director of Environmental 

Programs
Colorado Department of 

Public Health & Environment

Please welcome



Colorado Air Quality and Public Health

John E. Putnam,
Director of Environmental Programs

Status and Upcoming Efforts



Air Pollution and Health in Colorado
Pollutant Effects Major Laws and Actions

Ground level ozone Respiratory
Cardiovascular

H.B. 19-181
Reclassification to Serious

Climate Change (CO2, methane, 
hydrofluorocarbons, etc.)

Heat stress, wildfire smoke, ozone, infectious
disease, economic stresses, etc.

H.B. 19-1261
S.B. 19-096
S.B. 19-236

Air toxics (benzene, etc.) Wide array of acute and chronic, including 
cancer, respiratory, neurological

S.B. 19-181

Particulate Matter – Fine PM Respiratory
Cardiovascular

In compliance with federal ambient standards
Are they sufficiently protective?
Co-benefits with other laws

Indoor air quality Wide range of acute and chronic effects Co-benefits with other laws
Asbestos and radon





Ozone:  Denver and North Front Range



NOx Emissions Inventory and Controls (Denver and 
North Front Range)



VOC Emissions Inventory and Controls (Denver and 
North Front Range)





Rest of state ozone trend 





Major Rulemaking and Planning Initiatives in 
2020 

• SB 19-096 Inventory and Reporting Rule
• GHG Reductions Roadmap
• SB 19-181 Rules
• SB 19-236 Utility Coordination
• Regional Haze Rulemaking
• Ozone SIP
• Hydrofluorocarbons
• Coal Methane



State Air Quality Opportunities and 
Constraints

• Political will and support
• Governor Polis’ direction to be bold on air quality and ozone
• New legislation

• Legal authority
• New authorities (S.B. 19-181, H.B. 19-1261, S.B. 19-236)
• But, elements of “go slow” statutory provisions remain

• Resources
• APCD kept very lean for years
• No new resources for ozone, oil and gas in 2019-2020 budget
• Seeking to double oil and gas stationary unit
• Seeking funds for mobile monitoring capability

• Science and research
• Lack of consistent, comprehensive funding program in recent past
• Need better engagement with policy-relevant research
• Critical for rulemaking, operations, planning



Role of Local Public Health and Governments

• PHIP update
• Public health and air quality data

• Local monitoring (direct and by permit)
• Complaints and health data
• Standardization
• Support

• Local Initiatives
• GHG/sustainability plans
• Built environment (transportation, structures, indoor)
• Transportation



More questions?
John Putnam

John.putnam@state.co.us

THANKS!



BRENDA EKWURZEL 
Director of Climate Science 

Union of Concerned Scientists

Please welcome
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Climate and Air Quality
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Brenda Ekwurzel, Ph.D.

Director of Climate Science   

Denver, Colorado  January 16, 2020
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Projections based on future emissions scenarios

NCA4; Volume II, Ch. 2

Click to add textClick to add text

2 °C

2.5 °C

4.3 °C

Adapted 
from 
Wuebbles 
et al. 
2017
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Fig. 25.1: 
Temperature Has 
Increased Across the 
Southwest

Ch. 25 | Southwest

Difference 
between 
1986–2016 
and 1901–
1960 average 
temperature 



About the Killer Heat analysis

Killer Heat report available at www.ucsusa.org/killer-heat





Killer Heat report available at www.ucsusa.org/killer-heat

Late Century No Action Late Century Rapid Action

Heat Index 90℉ +





Killer Heat report available at www.ucsusa.org/killer-heat

Late Century No Action Late Century Rapid Action

Heat Index 100℉ +
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EXTREME TEMPERATURE 
MORTALITY

Annual damages

$141 billion

58%
REDUCTION
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LABOR
Annual damages

$155 billion

48%
REDUCTION
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Figure 19-21
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U.S. Air Force photo by Master Sgt. Jeremy Lock, 28 June 2012, Mt. St Francis Colorado Springs

Waldo Canyon Fire 2012
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Fig. 25.4: Climate Change Has Increased Wildfire

Ch. 25 | Southwest
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High Park Fire 
22 June 2012US Air Force
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Ch. 6 | Forests

FLickr, Don Graham
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Fig 14-2 NCA4 2018
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Key Message #2
Ch. 29 | Reducing Risks Through Emissions Mitigation

Under scenarios with high 
emissions and limited or 
no adaptation, annual 
losses in some sectors are 
estimated to grow to 
hundreds of billions of 
dollars by the end of the 
century. 

The Risks of Inaction 

Source: 
adapted from 
EPA 2017

(in 2015 dollars)
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Who Pays for Damages 
and Adaptation? 
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Debris flow covers US Highway 14 (Poudre Canyon) 
after the High Park Fire in 2012

Photo: Justin Pipe, Colorado Department of Transportation
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1.5 °C or 2 °C World 
(2.7 °F or 3.6 °F ) 
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“common but differentiated
responsibilities” among nations

UNFCCC 1992
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14 Contribution of National Emissions to Global Warming

Matthews et al 2014
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Public Opinion in Colorado 
on Climate Accountability 





54% of Colorado adults 
think global warming is harming their local community



57% of Colorado adults 
think fossil fuel companies are responsible for global warming damages

Survey data collection and analysis conducted by the Yale Program on Climate Change Communication



56% of Colorado adults 
support fossil fuel companies paying for global warming damages 

Survey data collection and analysis conducted by the Yale Program on Climate Change Communication



Courtesy San Miguel County Sheriff’s Office
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Questions

High Park Fire 
22 June 2012US Air Force
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Fig. 25.10: Projected 
Increases in Extreme 
Heat

Ch. 25 | Southwest

RCP8.5: Temperature exceeds 90°F (32°C) by 2036–2065 vs 1976–2005 
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IPCC 2018 SR15 Fig FAQ 1.2
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Fig. 3.1: Billion-Dollar Weather and Climate Disaster Events 
in the United States

Ch. 3 | Water
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17 annual emissions 1980

Data source: Boden, Marland, and Andres 2013;  Image source: Union of Concerned Scientists 

Annual Global CO2 Emissions from Fossil 
Fuel and Cement, 1751–2015 
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"Detection of change" is the process of demonstrating 
that an observed change in climate is highly unusual in a 
statistical sense, but does not provide a reason for the 
change. "Attribution" is the process of establishing cause 
and effect relations, including the testing of competing 
hypotheses.”
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Fig. 14.4: Projected Change in Annual Extreme Temperature 
Mortality
The maps show estimated changes in annual net mortality due to extremely hot and cold days in 49 U.S. cities for 2080–2099 as 
compared to 1989–2000. Across these cities, the change in mortality is projected to be an additional 9,300 deaths each year under a 
higher scenario (RCP8.5) and 3,900 deaths each year under a lower scenario (RCP4.5). Assuming a future in which the human health
response to extreme temperatures in all 49 cities was equal to that of Dallas today (for example, as a result of availability of air 
conditioning or physiological adaptation) results in an approximate 50% reduction in these mortality estimates. For example, in Atlanta, 
an additional 349 people are projected to die from extreme temperatures each year by the end of century under RCP8.5. Assuming 
residents of Atlanta in 2090 have the adaptive capacity of Dallas residents today, this number is reduced to 128 additional deaths per 
year. Cities without circles should not be interpreted as having no extreme temperature impact. Data not available for the U.S. 
Caribbean, Alaska, or Hawai‘i & U.S.-Affiliated Pacific Islands regions. Source: adapted from EPA 2017.157

Ch. 14 | Human Health

https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=335095


Fourth National Climate Assessment, Vol II — Impacts, Risks, and Adaptation in the United States
nca2018.globalchange.gov 107

“Warming of the climate system is 
unequivocal, and since the 1950s, 
many of the observed changes are 

unprecedented over decades to 
millennia.” – IPCC 2013

Detection of change
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Attribution

“It is extremely likely* that human 
influence has been the dominant cause 
of the observed warming since the mid-

20th century.”

*extremely likely = 95-100% probability of an outcome or result.
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Ch. 25 | SouthwestFig. 25.3: Severe Drought Reduces Water Supplies in the Southwest



Fourth National Climate Assessment, Vol II — Impacts, Risks, and Adaptation in the United States
nca2018.globalchange.gov 110

High temperatures due mainly to 
climate change have contributed 
to lower runoff and to 17%–50% of 
the record-setting streamflow 
reductions between 2000 and 2014.

Ch. 25 | Southwest
Colorado River Basin Drought
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Eden et al 2016 Environ. Res. Lett. 11 124009

Boulder Flood September 2013
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Clausius–Clapeyron
relation (6%–7%)

precip

precip

Boulder Flood September 2013
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One day increase in precipitation 
volume compatible with < 6%
(i.e. Hoerling et al., (2013) null and an increase in accordance with the Clausius-Clapeyron relation as 
suggested by Trenberth et al., 2015)  - Eden et al., 2016, ERL

Boulder Flood September 2013
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Species to LOSE OVER HALF of their 
climatically determined GEOGRAPHIC 

RANGE for global warming

IPCC SR15 2018 SPM

+2°C

+1.5°C

18%

9.6%

16%

8%

8%

4%

INSECTS PLANTS VERTEBRATE
S
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Figure 22-6
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Fig. 21.3: Drying Effect of Warmer Air on Plants and Soils
Ch. 21 | Midwest



What questions do you have?



DETLEV HELMIG
detlev.helmig@colorado.edu

GABRIELLE PETRON
gabrielle.petron@noaa.gov

JOHN PUTNAM
john.putnam@state.co.us

BRENDA EKWURZEL 
BEkwurzel@ucsusa.org

Contact Info



Image source: https://www.thebump.com/a/checklist-baby-essentials
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