AIR QUALITY & CLIMATE CHANGE PANEL
DISCUSSION

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
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News Releases

News Releases from Region 08

EPA reclassifies Denver area to “Serious”
nonattainment for ozone

Reclassification requires additional control measures to reduce
emissions

12/16/2019

Contact Information:
Richard Mylott (mylott.richard@epa.gov)
303-312-6654

DENVER—The U.S. Environmental Protection Agency (EPA) today announced the agency is finalizing a determination to reclassify the
Denver Metro/North Front Range ozone nonattainment area from Moderate to Serious nonattainment under the Clean Air Act.



Elevated levels of surface ozone can cause:

« Shortness of breath

* Chest pain when inhaling deeply
 Wheezing and coughing
 Increased susceptibility to respiratory infectionfig
« 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. CO,(60%)

2. Methane (15%)

3. Ozone (12%)




Figure |. Ozone Nonattainment Areas (2008 Standard, 0.075 ppm) as of June 2018

June 30, 2018

8-hour Ozone

Classification
B Extreme
Severe 15
Manattainment areas are indicated by color. When Serious
only a portion of a county is shown in color, it Maoderate
indicates that only that portion of the county is _
Marginal

within a nonattainment area bowndary.,

Source: US. EPA Green Book, https:iwww3.epa gov/airquality/greenbook/map/mapBhr_2008.pdf. Map shows areas designated nonattainment with respect to the 2008
ozone standard by EPA as of June 30, 2018.

Notes: Monattainment designations were based on 2008-2010 monitoring data in most cases. Eighteen of the 3B areas shown now have monitoring data indicating
attainment of the standard, but, as of June 2018, had not completed administrative requirements to be reclassified to “attainment.”

(https://www3.epa.gov/airquality/greenbook/map8hr 2015.html).



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

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

Atmnspheric oxygen

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



Ozone Precursor Sources

Nitrogen Oxides

VOCs ...
(NOx)
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Boulder Reservoir Air Monitoring Shelter

Oil and Gas Well Locations
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Ozone Behavior at Boulder Reservoir July 2019 (CDPHE data)

3-Day Record [1];%2
80 i I
2015

7 A e o o o ol """ 8-hour
% } I Natlc?nal
g Ambient
P I Air
- Quality
Q i § Standard
F‘*: | I (NAAQS)
S (70 ppb)

20 A I

10 - |

—i{— ozone
0 T T

Sat07/27 Sun 07/28 Mon 07/29 Tue 07/30



Ozone at Boulder Reservoir July 2018 (CDPHE data)
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**¥ DRAFT DATA ***

2018 8-Hour Ozone (Updated through September 30, 2018)

1st Max 8{ Date 2nd Max Date 3rd Max Date 4th Max Date th Max Date
Hour 1st Max | 8-Hour |2nd Max] 8-Hour |3rd M 8-Hour |4th Max is-Hnur S5th Max
AQS Number Site Name {ppb) 8-Hour {ppb) 8-Hour {ppb) 8-Hour (ppb) 8-Hour (ppb) 8-Hour
08-001-3001 Welby 73 07/06 70 07/18 69 07/10 69 0&/fo1 68 07/31
08-005-0002 Highland 88 07/06 78 0802 77 06/06 77 07/16 II 77 07/17
08-005-0006 ) Aurora East 78 0gfo2 76 07/18 76 0gfo1 72 07/31 71 07/12
08-013-0014 KA Boulder Reservoir 849 07/10 79 06/13 79 08/02 77 07/09 76 08/16
08-019-0006 ines Peak (non-regulatory) 849 06/11 82 08/02 79 as,.*izl 78 0&/10 II 77 07/09
08-031-0002 CAMP 74 07/06 74 07/16 72 07/14 71 07/18 70 07/10
08-031-0026 La Casa 78 07/16 76 07/06 73 07/17 72 07/18 71 06/06
08-035-0004 Chatfield State Park 88 07/06 87 06/06 86 07/16 83 07/14 II 82 08/13
08-041-0013 Colo. Spgs. - USAF Academy 76 04/17 76 08/02 74 07/06 73 07/14 72 0612
08-041-0016 Manitou Springs 78 07/06 76 0417 74 ngfoz2 73 06/12 72 07/14
08-045-0012 Rifle - Health 70 06/19 66 06/02 66 06}12' 65 05/27 II 65 0s/02
08-059-0005 Welch 78 07/06 77 07/16 72 07/14 72 08/02 71 07/10
08-059-0006 Rocky Flats - N 86 06/13 83 08/13 81 07/10 81 07/14 81 0g/02
08-059-0011 MNREL 86 08/13 81 08/16 80 08/fo2 80 08/24 II 79 07/06
08-059-0013 Aspen Park 74 06/06 73 07/16 73 0gf13 71 07/14 70 07/11
08-069-0011 Fort Collins - West 88 07/07 86 07/06 83 07/10 81 06/13 80 07/14
08-069-1004 Fort Collins - CSU 79 07/06 73 07/07 72 05}1?' 72 07/10 II 71 ng/o2
08-077-0020 Palisade - Water 78 06/11 72 0801 72 ngfoz2 69 06/19 68 06/02
08-081-0003 Elk Springs 73 06/11 68 08/01 64 05/27 64 07/31 64 08/02
08-083-0006 Cortez 72 08/06 70 08/07 69 08,»’{]1I 67 04/08 II 67 0g/02
08-085-0005 Paradox 77 06/11 68 06/19 68 0802 66 07/31 66 0a/01
08-123-0009 Greeley - Weld Tower 77 05/26 77 08/02 74 06/13 73 0602 72 07/16
08-029-0007 BLM - Paonia &0 06/11 55 06/24 54 05;’14' 54 nafo2 II 53 06/12
08-051-9991 EPA - Gothic CASTNET 88 06/11 72 0802 70 08/01 69 05/27 69 06/24
08-067-1004 USFS = Shamrock (thru 6/30) 73 05/24 72 06/24 70 04/26 68 04/17 68 06/25
08-067-7001 SUIT - Ignacio 69 08/06 68 08/07 &7 05}24' &7 07/21 II 66 04/26
08-067-7003 SUIT - Bondad 64 08/06 68 04/26 68 08/07 67 05/24 66 07/21
08-069-0007 NPS - Rocky Mtn. NP 91 06/11 75 07/10 75 08/20 74 08/10 73 06/12
08-083-0101 NPS - Mesa Verde NP 75 08/06 72 07/21 72 OB,e'{Jll 72 na/o2 II 70 05/24
08-103-0005 BLM - Meeker 71 06/11 66 ngfo2 64 08,9’{11_ 63 06/25 62 05/27
08-103-0006 BLM - Rangely 73 08/01 72 06/11 70 0gfoz2 68 06/25 68 07/11
NOTE: Values above the level of the 70 ppb 8-hour standard are highlighted in yellow, above thels pMndaMran!.

NOTE: Data influenced by natural event values, if any, are included.

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



Boulder Reservoir 2018 Summer Ozone Summary

- 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 “;f’

- Highest 8-hour ozone year in last ten years




How has ozone changed over time?

-> Trend Analysis




Ozone Monitoring in Colorado - NREL and Welby
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Ozone Trends at Golden and Welby

Golden - NREL

Golden - NREL
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Trend Analysis of Summer Ozone
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Figure 4. Trend analyses of ozone summer data from Welby and NREL, with trend results differentiated for the 5% percentiles, median, and
95t percentile data. For the box whisker plots, the horizontal lines show the median values, the boxes the 25 and 75 percentiles, the
whiskers the 5t and 95t 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
95t percentile being statistically significant trend. NREL has positive slopes for the 5t percentile and medians, and a negative slope for the
high ozone distribution values.

Bien and Helmig, 2018



Ozone Trends
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Figure 2. Time series of the fourth-highest 8-hr average O;
values for selected ozone monitoring by the CDPHE and
NOAA (BAO) in the Colorado Front Range from 2000-2014

(data considered for the BAO are from 2009-2014).
Monitoring locations are indicated in Figure 1.

Evans and Helmig, 2017.



Ozone in ppb

Ozone in ppb
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c) July MDAS corrected for 500 hPa heights

14 Front Range sites

@AGU PUBLICATIONS

PGk

Journal of Geophysical Research: Atmospheres

RESEARCH ARTICLE

10.1002/2015)D023840

Key Points:

= July surface O, in the western US i
strongly comelated with meteomlogy

« July O, and NO; in the westem US.
increase with 500 hPa heights

« For emissions control evaluation,
western LS. Oy trends should be
comected for metearology

Supporting Information:
+ Figures $1-55

Comrespondence ta:
P. ) Reddy,
preddyrescarch@gmailconm
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Meteorological factors contributing to the interannual
variability of midsummer surface ozone in Colorado,
Utah, and other western U.S. states

Patrick J. Reddy'? and Gabriele G. Pfister’

"Retired, *Visitor at the Atmospheric Chemistry Observations and Modeling Laboratory, NCAR, Boulder, Colorada, UISA,
*ptmospheric Chemistry Observations and Modeling Laboratory, NCAR, Boulder, Colorade, USA

Abstract we use daily maximum & h average surface Oy concentrations (MDAS) for July 1995-2013,
meteorological variables from the National Center for Envi al Predicti ional Center for
Atmospheric Research Reanalysis, the North American Regional Reanalysis, and output from regional
chemistry-climate simulations to assess relationships between Oy and weather in the western US. We also
explore relationships among July Oy, satellite-derived NO,, and meteorology. A primary objective of this
study is to identify an effective method for correcting the effects of meteorology on July MDAS. We find
significant correlations between July MDAS O and meteorological variables for sites in or near Denver,

L LT i b LT R TFEE D TG . Ll W

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

Trends of daytime average ozone, summer Data extracted on: 2016-10-21
daytime avg ozone, 2000-2014: all sites

01 rate

of change 0

pph yr'l -0.5
-1

p<=0.05
0.05 <p<=0.10
0.10 < p < 0.34
p>=0.34

Figure 6: Regional trend analysis of surface ozone observations from monitoring in the U.S. and Canada. These results
reflect the 2000-2014 changes in summer ozone [Chang et al., 2017]. The arrow direction indicates the sign and
magnitude of the ozone trend according to the scale given in the inset (i.e. downward arrows are indicative of declin-
ing ozone), and the color coding shows the statistical significance of the ozone change, with statistical significant
changes (at P > 95%) indicated by the bold colors. The DMA/NCFR is indicated by the red circle. This figure is a partial
reproduction of Figure 1in Chang et al. (2017). DOI: https://doi.org/10.1525/elementa.398.f6



Influence of Oil and Gas Development on Colorado Ozone

| Fort Collins

RMNP

RFN

HLD

0, (ppb)

CDPHE, 2008 and
Helmig, 2018



Footprint Analysis for High Ozone at the Boulder Reservoir

Probability O3 > 50th percentile Probability O3 > 70 ppb standard
(Apr 2017-Dec 2018) (Apr 2017-Dec 2018)
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Footprint Analysis for High Ozone at the Boulder Reservoir

Probability O3 > 70 ppb standard

(Apr 2017-Dec 2018)

PSCF

- 0.08
- 0.06
- 0.04




Oil and Gas Emissions and Ozone

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 O; precursors can contribute in
excess of 30 ppb to O; growth and can lead to exceedances of the EPA O, National
Ambient Air Quality Standard.”

Oltmans et al., 2019: “The association of high O, 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 O; precursors and
are crucial in producing peak O; events in the NCFR.




The Path Ahead — Ozone in a Warmer Climate

GEOPHYSICAL RESEARCH LETTERS, VOL. 36, L09803, doi:10.1029/2009GL037308, 2009

Observed relationships of ozone air pollution with temperature

and emissions

Bryan J. Bloomer, ' Jeffrey W. Stehr,? Charles A. Pic:ty,2 Ross J. Salawitch,”

and Russcll R. Dickerson?

Received 14 January 2009; revised 11 March 2009; accepted 27 March 2009; published 5 May 2009.

[1] Higher temperatures caused by increasing greenhouse
gas concentrations are predicted to exacerbate
photochemical smog if precursor emissions remain
constant. We perform a statistical analysis of 21 years of
ozone and temperature observations across the rural eastern
U.S. The climate penalty factor is defined as the slope of the
ozone/temperature relationship. For two precursor emission
regimes, before and after 2002, the climate penalty factor
was consistent across the distribution of ozone observations.
Prior to 2002, ozone increased by an average of ~3.2 ppbv/°C.
After 2002, power plant NO, emissions were reduced by
43%, ozone levels fell ~10%, and the climate penalty factor
dropped to ~2.2 ppbv/°C. NO4 controls are effective for
reducing photochemical smog and might lessen the severity
of projected climate change penalties. Air quality models
should be evaluated against these observations, and the
climate penalty factor metric may be useful for evaluating
the response of ozone to climate change. Citation: Bloomer,

ship has been investigated in the past [Sillman and Samson,
1995; Sillman, 1999]. However, questions remain regarding
how this relationship changes over time, by location, and
with precursor emissions.

[4] Modeling studies suggest a penalty in ozone air
quality resulting from forecast climate changes. Wu ef al.
[2008] forecast a penalty of 2 to 5 ppbv in daily maximum
8-hour averaged surface ozone amounts in parts of the
eastern U.S., offsetting expected air quality improvement
from emission reductions, between 2000 and 2050. Jacob
and Winner [2009] provide a review of recent modeling of
air quality changes under various scenarios of forecasted
global climate change and indicate a climate change penalty
from 1 to 8 ppbv ozone is likely in the eastern U.S. this
century.

[s] Air quality models need evaluation using observa-
tions to assess model performance and to establish confi-
dence in the effect of climate change on surface ozone.



The Path Ahead — Ozone in a Warmer Climate
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dence in the effect of climate change on surface ozone.
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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



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
N

1 Without it, Earth mean surface temperature
would be -18°C (O°F)

1 It absorbs dangerous solar radiation

o It carries energy and water around




Air Quality, Climate and Health

1 Emissions from human activities are
changing the air composition at multiple
scales:

GHG

Regional Stratospheric Ozone Depleting
| Substances (ODS)

Ground-level Ozone Precursors

Particulate Matter (PM10 and PM2.5)

Air Toxics

Local




High-quality Multiple Species
Air Monitoring is ESSENTIAL
E

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




Why now is a critical time?

CHANGING OUR ATMOSPHERE iRy

800,000 Years of Carbon Dioxide Global mean

PPM
e 2018 ~ 411 ppm
409 PPM
Measurements of air trapped in ice cores, The World

330 firn air, and surface air from cooperative

scientific sampling programs. and societies

300 1910

300 PP as we know

250 them have

never seen
200

800,000 600,000 400,000 200,000 NOW

YEARS BEFORE NOW levels of
GHG.

such high




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

“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.

James Hansen

Former NASA
Scientist and
NASA GISS

Director.

1.2

Differences from Average (°C)
Common Baseline 1880-1910

Observed '_

¥All Natural Drivers

_ = Volcanic
VA Solar
Orbital

1880

1900 1920 1940

1960

1980 |, . 2000 2020
realclimate.org

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

has crept up over the past 40

years, as fossil fuel burning
emissions have increased.
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~ Half of anthropogenic
CO, 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?



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

12 @ $——  EDF coordinated 16 scientific
_ 10 /N ? studies of CH, emissions from
3 g - | = US O&G systems. Studies
E —— -~ covered different scales and
S 6 1 —
2 :E’P\A’\ used an array of
£ a1V instrumentation. Several

2 companies participated and
e provided site access.

1990 1995 2000 2005 2010 2015
Year

Major studies reveal 60% more methane emissions

Extensive research led by EDF from 2012 to 2018 shows methane
leaks in the U.S. are a far greater threat than the government's

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



High-quality Air and Emission data
for Cities, Counties and States are also ESSENTIAL
38 |

-1 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?



Colorado GHG Emission Inventory

_ and non-binding Future Targets

Colorado’s Greenhouse Gas Emissions vs. S’rq’re uses E PA S’ra’re Inven’ro ry TOOl
Climate Action Plan Targets 4

Millions of Metric Tons of CO.-Equivalent (MMTCO.e)

(ie. set of spreadsheets).

140

=» The accuracy of inventory

105

results is not known.

— e 2025 Target

70

Projected emissions are

.msoraeerMUCh higher than targets.

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

. Historical Estimate Current Projection

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

VOC Emission Estimates (tons/year)

400,000
® CDPHE

O EPA 2011
COEPA 2017
300,000 - X Petron et al 2014

O FRAPPE Prior
CJEPA 2014
X FRAPPE Posterior

200,000 -
X
O O
100000 1 © o ©® 8
@ e o
0 l
2010 2015

What could be wrong?

* Underestimated emissions and/or missing sources

* Qutdated emission composition profiles, most

predate Niobrara drilling

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 reconciliation



Looking beyond Denver:

Colorado NE Front Range transformation
o

Colorado: Percent =" - ~'-**-- ~““-—-qe
2010 1 2018

. G [wep ] sweic

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

71 Population and O&G sites and
o A — production have been soaring in

- Frain Creeps s
@ Towards Denver | B¢ &
) as of F

abruary 2019

Colorado NE over the past ten

years
o a,.._:} | -1 Could/Should State deploy

Proposed |
R

new air quality monitors in
the O&G region?




Large multi-well pads are the new normal

esp. in urban/suburban drilling

- M
Ty I’
S

22 well pad in West Greeley, 2018



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

= NN

Qil and Natural QOil and Gasoline and
Gas Extraction Natural Gas Natural Gas
Sites and Waste Refining/Proc ™%  Distribution and
Disposal Facilities essing Consumption

VERY few exposure o
studies for/near
O&G upstream

operations!

US benzene content in gasoline ~ 1%

=» Benzene in cities has gone down
e 52 countries have ambient benzene
standards, the US is not one of them.




Air Toxic Studies (paper in preparation)
i

o1 University of Wyoming
. = Magenta = ACH, * 50
Mobile lab study found very & wackground cH, is 2.2 ppm)

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

Facility #89

Image: Landsaj_}f,CopéFﬁ-i;:t;s




Air Toxic Studies (papers in preparation)

164

Benzene (ppb)
o N

BN
]

® GC-PID hourly average
----- 9 ppb CA Acute REL

0_'°"&°$M i Pihal i

1/31/18

Mielke-Maday et al.,
Madronich, Mund, Handley et al,,

Both in preparation

2/10/18 2/20/18 3/2/18
Date

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
> Q ppb.




Summary |
=

Scientific evidence Other Factors Growing population and

The accuracy of State and economic activities bring new environmental
National inventories for GHG,  challenges.
ozone precursors and air toxics

is poorly known. Public perceptions of risks and impacts are

valid and need adequate responses.
Air toxics O&G sources and 4 P

exposure levels for workers . . . .
e nearby population in cO  Hypothesis: Air pollution and climate

are still poorly known. change present real and likely growing

The CO Northern Front Range  risks for the State population, ecosystems
has been non-attainment for
and economy.

ozone for 15 years.

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



Summary Il

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 okay2 How representative are they?
|dentify 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




Colorado Air Quality and Public Health

Status and Upcoming Efforts

John E. Putnam,
Director of Environmental Programs

I@L COLORADO
' W Department of Public
4 Health & Environment



Air Pollution and Health in Colorado
Polltant  [Efexs |MaorlawsandAcions

Ground level ozone Respiratory H.B. 19-181
Cardiovascular Reclassification to Serious
Climate Change (CO2, methane, Heat stress, wildfire smoke, ozone, infectious H.B. 19-1261
hydrofluorocarbons, etc.) disease, economic stresses, etc. S.B. 19-096
S.B. 19-236
Air toxics (benzene, etc.) Wide array of acute and chronic, including S.B. 19-181

cancer, respiratory, neurological

Particulate Matter — Fine PM Respiratory In compliance with federal ambient standards
Cardiovascular 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



Denver Metro/North Front Range AQ_ Status

Fine Particulates (PM, ;)
Nitrogen Dioxide (NO,)
Sulfur Dioxide (SO,)
Lead (Pb)

Carbon Monoxide (CO)

Coarse Particulates (PM,,)

Ozone (O,)
1979 1-hour standard: 125 ppb
1997 8-hour standard: 84 ppb
2008 8-hour standard: 75 ppb
2015 8-hour standard: 70 ppb

September 6, 2019

Attaining
Attaining
Attaining
Attaining

Attained in 1996 — Maintenance Area

Attained in 1993 — Maintenance Area

Attained 1987 (Standard Revoked)
Attained in 2009 (Standard Revoked)
Out of compliance

Out of compliance

RARC

19 ResiomaL Ar Quauty CounciL



S I

8-hour Average Ozone in ppb

Ozone: Denver and North Front Range

90

75

70

65

Design Value Trend in the Denver Metro North Front Range

== 3-yr Avg of Annual 4th Max 8hr at Highest Site (ppb) ® NREL @ RFN CHAT

Which monitor is associated with high DV?
NREL=7 | RFN=11 | NREL/RFN=1| CHAT=3

78 78
| For 1997 Standard For 2008 Standard
DMNFR: Marginal Area DMNFR: Marginal Area - Failed to attain
Attained in 2010 Bumped to Moderate (2016)

EPA Revoked Standard in April 2015 Bump to Serious in 2019 ?

11997 Standar 2008 Standard
T T T T T T T T T T i i i i i 1
W o - o o = w w0 [~ o0 (= B == T I oY m = wmow M~ o0 [ T — ~ o =
g T © © © © o o © © O O ™ ™= = = o A A A A A & & & o ©d
g o§7 ©O ©o ©o o o o o o o o o o oo o o o o o o o o o o o O
Lo B B o (R o B o N o I o A o I o Y o D o O o (R o B o B o (R o Y o [ o A o A o o A o A o R o Y o B o B o |

*Design Value = 3-yr average of the annual 4th highest daily 8-hour maximum ozone concentration



NOx Emissions Inventory and Controls (Denver and

North Front Range)

2017 NO, Sources (234 tpd)

Emissions 0il and Gas
Reduced (2011 (66 tpd)

to 2017)
(86 tpd)

Point
(40 tpd)

On-Road
(73 tpd)

September 6, 2019

v New car/truck standards

v’ Cleaner fuels/ Alternative fuels

v Inspection/maintenance programs
v Diesel retrofits

v New vehicle technologies

v’ Transportation/land use policies
v’ Travel reduction programs

v  Power Plants
» Clean Air Clean Jobs Act
* Regional Haze program
* Renewable energy/ energy efficiency
programs

v Small engine standards

v Non-road engine standards

v Locomotive engine standards
v Emissions Standards for Large

Engines and Boilers
RARC

2 Resiona Ar Quaury Councit



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

2017 VOC Sources (349 tpd)

v New car/truck standards
v Cleaner fuels/ Alternative fuels
v Inspection/maintenance programs
v New vehicle technologies
E;:::j:::;s : v Transportation/land use policies
(2011 to 0{';53:‘:;?5 v Travel reduction programs

2017) v Qil and Gas (0&GQG)
(170 tpd) . + New regulations

|- established by Air Quality

ot Control Commission in Feb. 2014

"‘-‘-‘.\_“(28 tpd) v Lawn and garden equipment
change-out programs

On-Road
(55 tpd)

RAR

September 6, 2019 7 Resiona Air Quauty CounciL



2017 NREL - CO SOURCE & REGION CONTRIBUTIONS

Total Ozone for Top 10 Days = 70.7 ppb Point (Non-EGU) 01 ot (0.2%)

0.1 ppb (0.2%)

Rest of Colorado
2.4 ppb (3.4%)

0il and Gas
0.4 ppb (0.5%)

Non-Road
0.3 ppb (0.4%)

EGU
. 0.6 ppb (0.8%)
Nonattainment Area

14.7 ppb (20%) 2'(;ilp;r;d[;§;;;l

Non-Road
v b (4.2%)

0.3 ppb (0.4%)
BOARD MEETING

NOVEMBER 3, 2017

SN CEEAEE ENVIRON



Rest of state ozone trend

i

NOTE: Values above the 3-year average 4" maximum 8 hour standard of 70 ppb are highlighted in red, above the 75 ppb standard in orange.
NOTE: Data includes values that may be influenced by natural events.

2019  8HourOzone  (Updated through Sept. 30, 2019)
017 018 0190hus/30) | 2007- 2019 220
¢"Maximum | 4"Maximum | 4"Maximum | 3YearAverage | HighestAllowable
&Hour Average | 8-HourAverage | 8-Hour Average 4" Maximum | 4th Maximum 8 Hour Remainder of State (ROS)
AQS# Site Name Value (pph) Value (pph) Value (ppb) Value (pph) | Average Value (ppb) 2017 VOC Emissions (430 tons/day)

08-029-0007 | BIM - Paonia (started 4/6/18) 5 49 99
08-041-0013 | Colo. Spgs. USAF Academy 69 3 65 2 74
08-041-0016 Manitou Springs 70 7 64 68 76
08-045-0012 Rifle - Health 59 65 51 60 a0
08-051-9991 [PA - Gothic CASTNLT 66 €9 67 6/ 76
08-067-1004 | USFS-Shamrock (thru n/a) 66 71 nfa n/a n/a
08-067-7001 SUIT - Ignacio 69 67 63 66 82
08-067-7003 SUIT - Bondad 69 67 63 60 82
08-077-0020 palisade - Water b4 69 63 6 ) o
08-083-0006 Cortez 50 67 60 2! 8 67% ot
08-083-0101 NPS - Mesa Verde NP 66 72 65 6/ 73 18tpd
08-097-0007 Aspen/Pitkin 65 64 ] o 8 4%
08-103-0006 BLM  Rangely 64 68 6 3 80



2015 GHG by Sector - 127 MMT CO2e

NG & Oil
Heating 12%

20% 2015 Other Sectors

4 Agriculture
9%

Industrial
Processes
. 3.6%
Transportation

22%

Electric Power
29%



Major Rulemaking and Planning Initiatives in
2020

* SB 19-096 Inventory and Reporting Rule
* GHG Reductions Roadmap

e SB 19-181 Rules

e SB 19-236 Utility Coordination

e Regional Haze Rulemaking

* Ozone SIP

e Hydrofluorocarbons

e Coal Methane



State Air Quality Opportunities and
Constraints

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

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

* Resources
e 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
e Seeking funds for mobile monitoring capability

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



Role of Local Public Health and Governments

e PHIP update

e Public health and air quality data
* Local monitoring (direct and by permit)
e Complaints and health data
e Standardization
* Support

* Local Initiatives

e GHG/sustainability plans
e Built environment (transportation, structures, indoor)

* Transportation



THANKS!

John Putnam
John.putnam@state.co.us

.@H COLORADO
' W Department of Public
4 Health & Environment




BRENDA EKWURZEL

Director of Climate Science
Union of Concerned Scientists
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Projections based on future emissions scenarios

20 Global Carbon Emissions

- Higher Scenario (RCP8.5)

25 Lower Scenario (RCP4.5)
- Even Lower Scenario (RCP2.6)
- Qbserved

%
c
Q
%)
R
S
L
c
@)
e
| -
©
@)
[©
-
LL
%
0
O
LL

Adapted
from
Wuebbles

et al. -5
2017 1900 1950 2000 2050 2100

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



Ch. 25 | Southwest

Difference
between
1986-2016
and 1901-
1960 average
temperature

Change in Temperature (°F)

05 1.0 15 20 25 3.0

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




Heat Index
Above 90°F

[

Outdoor workers become
more susceptible to heat-
related illness.

Union of . .
[C oncerned Scientists

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



Head Mouth

* headache * intense thirst
* dizziness = * dry mouth
= irritability L

* |oss of coordination

« confusion

+ delirium

* anxiety

* |oss of consciousness
* S@iZUres

* stroke

Heart

+ rapid heartbeat

* jirregular heartbeat

* reduced bloodfiow to the heart
« heart attack

« coma Lungs

+ |ncreased breathing rate

« worsened allergies and asthma

* worsened chronic obtrusive
pulmonary disease

Liver
* liver injury

Arms and Legs
* Neat cramps
# MUusCle spasms

* WeaKkness

Kidneys
+ kidney disease
 kidney failure

Skin
+ flushed and clammy skin
+ profuse sweating

* heat rash

General Physiology and Unique Circumstances

General Pregnant People

« dehydration « yomiting « fetal nutrition

« glactrolyte « drop in dericits

mbalance blood pressure « preterm delivery




FIGURE 8. Frequency of Extreme Heat by Late Century Depends on the Choices We Make

Late Century No Action Late Century Rapid Action

Heat Index 90°F +

Average Days per Year >10-25 >25-50 >50-100  [J] >100-200

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



TYPE IN YOUR LOCATION (CITY OR COUNTY) CHOOSE HOW HOT

Q Denver County, CO Above 90°

WHERE WE ARE NOW WHERE WE ARE CURRENTLY HEADED WITH BOLD ACTION

Historically
1971-2000 average

S

DAYS PER YEAR




FIGURE 8. Frequency of Extreme Heat by Late Century Depends on the Choices We Make

Late Century No Action Late Century Rapid Action

Heat Index 100°F +

Average Days per Year >10-25 >25-50 >50-100  [J] >100-200

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



Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States
nca2018.globalchange.gov
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Change Iin
Hours Worked (%)

Bl -6.5to -5
B -49to -4
mm -39to -3
-2.9to -2
-1.9 to -1
-09to 0
mm 0.1t0 1.5
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NO, + VOC + Heat & Sunlight = Ozone
Ground-level or “bad” ozone is not emitted directly
into the air, but is created by chemical reactions
between NO, and VOCs in the presence
of heat and sunlight.
Emissions from
industrial facilities and electric
utilities, motor vehicles, gasoline,

and chemical solvents are some of the
major sources of oxides of nitrogen (NO,) and
volatile organic compounds (VOCs).




Lower Scenario (RCP4.5) Higher Scenario (RCP8.5)

Change in Ozone Concentration (parts per billion)




FIGURE 6. How Ozone Affects the Human Body

Burning eyes, throat;
irritated mucous
e—— membranes

Shortness of breath,
wheezing, coughing

Asthma attacks, chest
pain when inhaling,
increased risk of
respiratory diseases

Pulmonary
inflammation

Source: Adapted
from Schoof 2010.

People who do not suffer from lung conditions often fail to appreciate
what they feel like, how dangerous they are, and why the quality of
life for the sufferer can be compromised. This is what breathing ozone
can feel like if you have a lung condition: you may find it difficult to
breathe deeply and vigorously; you may be short of breath and be in
pain when taking a deep breath; you may cough, wheeze, and have

a chronically sore or scratchy throat; and your asthma attacks may
become more frequent. Inside your body, repeated ozone exposures
may inflame and damage your lung lining and make the lungs more
susceptible to infection.






Waldo Canyon Fire 2012
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‘High Pafk Fire
22 June 2012

US Air Force









COMMUNITIES
OF COLOR

Adaptation plans that
consider these communities
and improve access to
healthcare help address
social inequities.

+-8  Check

B! -neign
emergency co
can sav

{1

LOW INCOME

CHILDREN COMMUNITIES

Cemprehenswe disaster management g '
can improve resiliency for people with_f'§
limited resources. o

Adults can lessen risk by
1onitoring exertion and hydration.



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.

Source:
adapted from

EPA 2017
(in 2015 dollars)

Ch. 29 | Reducing Risks Through Emissions Mitigation

2 The Risks of Inaction

Annual Damages
damages avoided
under under

RCP4.5
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Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States

nca2018.globalchange.gov
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Who Pays for Damages
and Adaptation?
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“common but differentiated
responsibilities” among nations

UNFCCC 1992



Contribution of National Emissions to Global Warming

Temperature change (°C)

- .
0 0.01 0.15

Matthews et al 2014
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Public Opinion in Colorado
on Climate Accountability




Estimated % of adults who think fossil fuel companies are responsible for
GW damages, 2019

Select Question: | Fossil fuel companies are responsible for GW damages ¥ | Absolute Value v FPermalink

Click on map to select geography, or: | Select a State v

Mational

Congressional
Districts

100%
95%
90%
85%

‘ ' 80%
Boston 75%
) 70%

ga-.— .E ) 65%
Philadzlghia 60%

San Figneisco e @ _ %DE ?(5:.-‘:-;
§ _ i Dc 0%
g O+

| 45%
sko'z Angeles
) E}m Diego

40%
9 H u{uc}lu lu
-

Metro Areas

Counties

35%
30%
25%
20%
15%
10%

0%

YALL FRAOORAM ON
N Climate Change
Communication

United States 50%

57% 30%
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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

91-100
81-90
71-80
61-70
51-60
41-50
31-40
21-30
11-20

0-10

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

91-100
81-90
71-80
61-70
51-60
41-50
31-40
21-30
11-20

0-10

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

High Park Fire
22 June 2012
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-RCP8.5: Temperature exceeds 90°F (32°C) by 2036—2065 vs 1976—2005
| T — 7

Change in Number of Days

0 10 20 30 40 50 60

Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States
nca2018.globalchange.gov
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Ch. 3 | Water

(a) Number of Events (b) Estimated Damages
% f Hurricanes Harvey, lrma, Maria 300
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Annual Global CO, Emissions from Fossil

Fuel and Cement, 1751-2015

737 GtCO,; emitted
35 - 1751-1979 (38%)

20 - 743 GtCO, emitted
1980-2015 (62%)

N
O

N
an

o

Gigatons of CO, per Year
N
O

751 1865 1885 1905 1925 1945 1965 1985 2005

— O U

Data source:'Boden, Marland; and:-Andres 2013yrimage=source:nionof:Goncerned Scientists,y;

nca2018.globalchange gov
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CLIMATE CHANGE 199

The Science of Climate Chani

Contribution of Working Group |
to the Second Assessment Report of the:
Intergovernmental Panel on Climat )

"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 t{esting of competing
hypotheses.”

103



ipce

INTERGOVERNMENTAL PANEL on ClimaTe change

Global Warming of 1.5°C

An IPCC Special Report on the impacts of global warming of 1.5°C
above pre-industrial levels and related global greenhouse gas emission pathways,
in the context of strengthening the global response to the threat of climate change,
sustainable development, and efforts to eradicate poverty

Summary for Policymakers

(WG 13X WG IXwa i)
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Ch. 14 | Human Health

Lower Scenario Higher Scenario Change in Mortality Rate
(RCP4.5) (RCP8.5) (deaths per 100,000 people)

@ 10.1-120

@3.1-10.0

©6.1-8.0

0 4.1-6.0

02140

° 0.0-2.0

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 2017.13Z

U.S. Global Change Fourth National Climate Assessment, Vol Il — Impacts, Risks, and Adaptation in the United States
Research Program 106
nca2018.globalchange.gov


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

Detection of change

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

unprecedented over decades to
millennia.” — IPCC 2013




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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Colorado River Basin Drought
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Boulder Flood September 2013

1N
120 110 100 90 -80 70 60 50 130 120 110 -100 _90 _80 70 60

0.05 010 0.15

; : : .30 : : )
Contribution of evaporation to diagnosed precipitation (%) Contribution of evaporation to diagnosed precipitation (%)

(a) (b)

Eden et al 2016 Environ. Res. Lett. 11 124009




Boulder Flood September 2013
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Species to LOSE OVER HALF of their
climatically determined GEOGRAPHIC
RANGE for global warming
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Emissions by Basin
(metric tons COy)
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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
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