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SI_Table 1. List of sites, sorted by latitude, within the GGGRN that provided VOC data that were
used for deriving ethane global inventory estimate adjustments. (Page S3)

SI_Table 2. Growth rate of atmospheric ethane from FTIR tropospheric column measurements. (Page
S4)

SI_Figure 1: Oil and natural gas production trends in the U.S. Oil data are from
https://www.eia.gov/dnav/pet/pet crd crpdn_adc_mbbl m.htm; natural gas data are from
https://www.eia.gov/dnav/ng/hist/n9010us2m.htm. (Page S5)

SI_Figure 2: Comparison of Global Greenhouse Gas Reference Network observations (circles) with
the Model Run_O&NG Trend simulation results (red line). Monthly mean data are shown for the ob-
servations, with error bars indicating the 1-c variability of monthly data (both for model and observa-
tions). Please see SI Table 1 for site names and locations corresponding to the three-letter code. Graphs
are arranged in order of decreasing site latitude. (Page S6-S8)

SI Figure 3: Comparison of GGGRN ethane trends seen in the observations with the
Model Run O&NG Trend model output. Data points are color coded by the site latitude according to
the scale provided to the right, and labeled by the three-letter site code (SM_Table 2). (Page S9)

SI_Figure 4: Year 2009-2014 surface ozone trends at TOAR sites. The arrow slopes corresponds to
the trend magnitude, according to the scale in the lower right of the graph, and arrow colors indicate
the p-values of a Sen-Theil test of the significance of the trend slope results, as indicated in the legend.
(Page S10)

SI_Figure 5: (a) 2009 to 2014 mean summer ozone changes for North America and bordering oceans
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from the model run Model Run Constant, where emissions where frozen to 2009 levels. Ozone
changes in this analysis primarily reflect meteorological influences over this time window. (b) Results
from the Model Run O&NG_Trend. (Page S11)

SI _Figure 6: Ozone output from the model for a midwestern U.S. location (100°W, 40°N)
(Model Run O&NG Trend) with fitting results for year-to-year changes (green) and linear trend (red)
fit through the 2009-2014 data. (Page S12)

SI_Figure 7: Enlargements of results shown in Figure 3 of the main paper, showing additional days
with 8-hour ozone >70 ppb for the Central US and California from the O&NG emissions growth from
2009 to 2014. (Page S12)

SI Figure 8: U.S. map showing counties that as of September 2018 were in non-attainment of the
2015 ozone NAAQS (https://www3.epa.gov/airquality/greenbook/map8hr 2015.html). (Page S13)

SI_Text 1: Mortality estimate (Page S13)
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SI_Table 1. List of sites, sorted by latitude, within the NOAA Global Greenhouse Gases Reference
Network (GGGRN) that provided VOC data that were used for deriving ethane global inventory esti-

mate adjustments.

Site Code Name Country Lat long
ALT Alert, Nunavut Canada 82.5 -62.5
ZEP Ny-Alesund, Svalbard Norway/Sweden 78.9 11.9
SUM Summit Greenland 72.6 -38.5
TIK Tiksi Russia 71.6 128.9
BRW Barrow, Alaska United States 71.3 -156.6
PAL Pallas-Sammaltunturi Finland 68.0 241
ICE Storhofdi, Vestmannaeyjar Iceland 63.3 -20.3
BAL Baltic Sea Poland 55.4 17.2
CBA Cold Bay, Alaska United States 55.2 -162.7
LLB Lac La Biche, Alberta Canada 55.0 -112.5
MHD Mace Head, County Galway Ireland 53.3 -9.9
SHM Shemya Island, Alaska United States 52.7 1741
OXK Ochsenkopf Germany 50.0 11.8
HPB Hohenpeissenberg Germany 47.8 11.0
LEF Park Falls, Wisconsin United States 45,9 -90.3
AMT Argyle, Maine United States 45.0 -68.7
BSC Black Sea, Constanta Romania 44.2 28.7
THD Trinidad Head, California United States 411 -124.2
UTA Wendover, Utah United States 39.9 -113.7
AZR Terceira Island, Azores Portugal 38.8 -27.4
SGP Southern Great Plains, Oklahoma United States 36.8 -97.5
TAP Tae-ahn Peninsula Korea 36.7 126.1
BMW Tudor Hill Bermuda 32.3 -64.9
1ZO Tenerife, Canary Islands Spain 28.3 -16.5
MID Sand Island, Midway United States 28.2 -177.4
KEY Key Biscayne, Florida United States 25.7 -80.2
ASK Assekrem Algeria 23.2 5.4
KUM Cape Kumakahi, Hawaii United States 19.5 -154.8
MLO Mauna Loa, Hawaii United States 19.5 -155.6
MEX High Alt. Global Climate Obs. Ctr. Mexico 19.0 -97.3
GMI Mariana Islands Guam 13.4 144.8
MKN Mount Kenya Kenya -0.1 37.3
BKT Bukit Kototabang Indonesia -0.2 100.3
SEY Mahe Island Seychelles 4.7 55.2
NAT Maxaranguape Brazil -5.5 -35.3
ASC Ascension Island United Kingdom -7.9 -14.4
SMO Tutulia American Samoa -14.2 -170.6
EIC Easter Island Chile -27.2 -109.5
CGO Cape Grim, Tasmania Australia -40.7 144.7
CRz Crozet Island France -46.5 51.9
USH Tierra Del Fuego, Ushuaia Argentina -54.9 -68.5
PSA Palmer Station Antartica -64.9 -64.0
SYO Syowa Station Antartica -69.0 39.6
HBA Hailey Station UK -75.6 -26.2
SPO South Pole Antartica -90.0 -24.8
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SI_Table 2. Growth rate of atmospheric ethane from Fourier-transform infrared spectroscopy (FTIR)
tropospheric column measurements.

Study Site Site Latitude Time Period Rate of Change
°N %yr!
Hausmann etal., 2014 Zugspitze 47.4 2007-2014 3.2
Franco etal., 2015 Jungfraujoch 46.5 2009-2014 490+0.91
Francoetal., 2016 Eureka 80 2009-2014 3.5
Thule 77.5 2009-2014 3.2
Jungfraujoch 46.5 2009-2014 49
Toronto 43.7 2009-2014 5.4
Boulder 40 2009-2014 5.1
Mauna Loa 195 2009-2014 3.0
Helmig et al., 2016 Jungfraujoch® 46.5 2009.5-2015.5 42%1.0
Jungfra ujochb 46.5 2009.5-2015.5 60+1.1
mean: 4.3
median: 4.6

*mid-troposphere

by pper troposphere/lower stratosphere
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SI_Figure 2: Comparison of Global Greenhouse Gas Reference Network observations (circles) with the
Model Run_ O&NG_Trend simulation results (red line). Monthly mean data are shown for the observa-
tions, with error bars indicating the 1-c variability of monthly data (both for model and observations).

Please see SI Table 1 for site names and locations corresponding to the three-letter code. Graphs are ar-
ranged in order of decreasing site latitude.
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SI_Figure 3: Comparison of ethane trends seen in the observations with the
Model Run O&NG_Trend model output. Data points are color coded by the site latitude accord-
ing to the scale provided to the right, and labeled by the three-letter site code (SM_Table 2). (a) All
data; (b) enlargement of the 0-200 pmol/mol/yr chart area.
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Sen-Theil trend estimate of mean
summer2009-2014, All stations
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SI_Figure 4: Year 2009-2014 surface ozone trends at sites included in the Tropospheric Ozone As-
sessment Report (TOAR)!. The arrow slopes corresponds to the trend magnitude, according to the
scale in the lower right of the graph, and arrow colors indicate the p-values of a Sen-Theil test of the
significance of the trend slope results, as indicated in the legend.
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(a)

Modeled changes of summer average ozone (2014—2009)
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SI_Figure 5: (a) 2009 to 2014 mean summer ozone changes for North America and bordering oceans
from the model run Mode! Run_Constant, where emissions where frozen to 2009 levels. Ozone
changes in this analysis primarily reflect meteorological influences over this time window. (b) Results
from the Model Run_ O&NG Trend.
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SI_Figure 7: Enlargements of results shown in Figure 3 of the main paper, showing additional days

with 8-hour ozone >70 ppb for the Central US and California from the O&NG emissions growth from

2009 to 2014.
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8-Hour Ozone Nonattainment Areas (2015 Standard)
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SI_Figure 8: U.S. map showing counties that as of September 2018 were in non-attainment
of the 2015 ozone NAAQS (https://www3.epa.gov/airquality/greenbook/map8hr_2015.html).

SI Text1

Following a reviewer’s suggestion, we conducted a preliminary assessment of the health ef-
fects from the oil and gas — produced ozone. We estimated mortality associated with long ex-
posure to elevated ozone levels, which is linked to increased chronic obstructive pulmonary
disease (COPD). The model was based on the exposure-response function from 2, using up-
dated coefficient, as presented by *, and followed the methodology described in # and °. The
population data for the USA were from the NASA Socioeconomic Data and Applications
Center (SEDAC), hosted by the Columbia University Center for International Earth Science
Information Network (CIESIN), available at a resolution of 2.5’ x 2.5' (about 5 km x 5 km)
(http://sedac.ciesin.columbia.edu/). The total U.S. COPD mortality was obtained from the
Global Burden of Disease (GBD) database for the year 2014 (http://www.healthdata.org/
gbd). Based on these input data and modeling, we estimated that on average approximately
12308 (11208-13208 with a CL of 95%) people died prematurely in 2014 due to ozone pollu-
tion. This number is reduced to 12099 (10977-13021 with a CL of 95%) in a model run that
excludes the added oil and gas emissions and the additional ozone formed from these emis-
sions. Consequently, this calculation estimates that the ozone that is produced from the added
oil and gas emissions is responsible for an additional ~320 premature deaths per year. This
number is lower than the 970 (range 520-1400) premature deaths from the total oil and gas-
produced ozone that were projected for 2025 for the U.S. by Fann et al. [2018]. At least part
of this difference can likely be explained by the time difference of these studies, i.e. the 11
years of continued growth of the O&NG industry and associated emissions that were consid-
ered by Fann et al. [2018]. Further, our estimate has a relatively high uncertainty for numer-
ous reasons, including the coarse resolution of the ECHAM model. There will be areas within
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each grid where the produced ozone is higher than the value calculated for the grid cell on av-
erage, and there will be areas where ozone will be lower. Given the non-linearity of the mor-
tality-ozone relationship, it is more likely that our estimate is an underestimate rather than a
high estimate. Please also note that this mortality estimate does not include possible reduc-
tions in mortality from the decreased emissions that result from the transition of coal to natu-
ral gas powered electricity generating plants.
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