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Methane emissions due to accidents in the oil and natural gas sector
are very challenging tomonitor, and hence are seldom considered in
emission inventories and reporting. One of the main reasons is the
lack of measurements during such events. Here we report the detec-
tion of large methane emissions from a gas well blowout in Ohio
during February to March 2018 in the total column methane mea-
surements from the spaceborne Tropospheric Monitoring Instrument
(TROPOMI). From these data, we derive a methane emission rate of
120 ± 32 metric tons per hour. This hourly emission rate is twice that
of the widely reported Aliso Canyon event in California in 2015. As-
suming the detected emission represents the average rate for the
20-d blowout period, we find the total methane emission from the
well blowout is comparable to one-quarter of the entire state of Ohio’s
reported annual oil and natural gas methane emission, or, alterna-
tively, a substantial fraction of the annual anthropogenic methane
emissions from several European countries. Our work demonstrates
the strength and effectiveness of routine satellite measurements in
detecting and quantifying greenhouse gas emission from unpredict-
able events. In this specific case, the magnitude of a relatively un-
known yet extremely large accidental leakage was revealed using
measurements of TROPOMI in its routine global survey, provid-
ing quantitative assessment of associated methane emissions.

methane | TROPOMI | satellite remote sensing | natural gas | well blowout

Methane (CH4) is the second largest contributor to global
warming after carbon dioxide, accounting for at least one-

quarter of the present-day warming (1). This, combined with its
short atmospheric lifetime of ∼10 y, means reductions in CH4
emissions can effectively reduce the rate of near-term climate
warming (2). To this end, accurately quantifying CH4 emissions
from the oil and natural gas (O&G) infrastructure, one of the
largest sources of anthropogenic CH4, has been the focus of a
large body of research over the past few years (3–9). Further,
emissions from the natural gas supply chain impact the climate
benefits of using natural gas relative to other fossil fuels. Hence,
reducing CH4 emissions is an increasing focus of the O&G in-
dustry and governments (10–13).
Recent studies indicate that O&G CH4 emissions may be sig-

nificantly underestimated or mischaracterized (6–9, 14–18). Ground
and airborne measurement campaigns have built a clearer pic-
ture of these emissions, indicating US O&G emissions are 60%
higher than in the US Environmental Protection Agency (EPA)
emission inventories (9, 19). One of the possible causes for such a
large discrepancy is suggested to be CH4 “superemitters” linked to
abnormal process conditions in the O&G infrastructure (16).
In addition to superemitters, accidental leakages in the O&G

sector can result in extremely large releases of CH4 to the atmo-
sphere from even a single-point failure (4, 20–22). For example,
115 kilotons (kt) of natural gas, mostly consisting of CH4, was
released due to the collapse of an underground storage facility in
Moss Bluff, TX, in 2004 (4, 22). The well-studied 2015 blowout

of the Aliso Canyon underground storage facility in California
resulted in 97 kt of CH4 released during a ∼3.5-mo period (4).
This amount of CH4 emission is larger than the reported annual
O&G emissions of most European countries (23). Such accidental
CH4 emissions usually go unquantified and unreported in emis-
sion inventories, especially when they happen in remote areas,
where a large fraction of O&G facilities are located. Monitoring
accidental CH4 emissions is challenging, as it is not feasible to
carry out frequent airborne or ground surveys across the entire
O&G supply chain. However, space-based CH4 measurements
with global coverage have the potential to detect and quantify such
large point source emission events (24).
On 15 February 2018, a gas well (39.864°N, 80.861°W) exploded

in Belmont county of Ohio (https://youtu.be/D0F450ESHP8). The
well blowout resulted in an uncontrolled venting of natural gas
with a preliminary estimate of 100 million cubic feet per day (25,
26). This amount is equivalent to 80 t/h of CH4 assuming 95%
CH4 composition at standard pressure and temperature. The CH4

release continued for nearly 20 d until 7 March when the well was
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closed (27). Earthworks visited the blowout site on 3 March and
recorded an infrared video of the gas leakage (Movie S1).
Using total column CH4 (XCH4) measurements from the

spaceborne Tropospheric Monitoring Instrument (TROPOMI), we
detected and quantified the CH4 emission from this event.
TROPOMI is onboard the Sentinel-5P satellite launched in
October 2017 and provides near-daily global XCH4 measurements
at 7 km × 7 km ground pixel resolution at nadir. Relevant details
about the TROPOMI measurements are provided in Materials and
Methods. Satellite orbits with sufficient data coverage in the region
surrounding the blowout were selected from TROPOMI mea-
surements made between 12 November 2017 and 30 July 2018. For
our application, we assumed that a coverage of a quarter of the area
of the blowout region (Fig. 1A) is sufficient. The TROPOMI
measurements were filtered for cloud-free conditions and low
aerosol content using the same criteria as described in Hu et al.
(28). During this period, measurements were not readily available,
as TROPOMI was in its commissioning phase and not yet fully
operational. Moreover, due to persistent cloud cover in the blowout
region, only orbits on 26 and 27 February met the selection
threshold during the blowout episode. On 26 February (SI Appen-
dix, Fig. S1), there were no measurements downwind of the blow-
out, due to cloud cover leaving the orbit unsuitable for the detection
of emission from the blowout.
On 27 February, surface winds in the region were northbound at

the time of TROPOMI overpass (12:35 Ohio local time, 17:35
UTC), and a significant XCH4 enhancement downwind of the well

was observed (Fig. 1B). This enhancement extended more than
100 km downwind. The measurements during the blowout were
compared with TROPOMI measurements before (Fig. 1C; No-
vember 2017) and after (Fig. 1D; April 2018) the blowout. The
absence of any significant XCH4 enhancement downwind of
the well, before and after the blowout, confirms detection of the
blowout emission on 27 February. SI Appendix, Fig. S2 shows a
distribution of TROPOMI measurements in the blowout region
during November 2017 to July 2018. On 27 February, the largest
XCH4 enhancement was detected in a measurement pixel ∼36 km
downwind of the blowout well, exceeding the median XCH4 of all
measurements in the region by 106 ± 2 parts per billion (ppb) or 6%.
In the orbits before and after the blowout, the highest XCH4

enhancements exceed the respective medians only by 43 ± 3 ppb
and 20 ± 2 ppb (Fig. 1 C and D). Additionally, these enhance-
ments are not located downwind of the blowout location, sug-
gesting they are caused by other sources in the region. The
significantly larger enhancement on 27 February (i.e., 2 to 5 times
larger than those outside of the blowout period), which cannot be
explained by sustained regional emissions (SI Appendix, section 5),
implies large CH4 emissions associated with gas leakage at the
blowout well. Note that the measurement pixels directly over and
immediately downwind of the blowout location show less pro-
nounced enhancements than the pixels farther downwind (Fig.
1B). We elaborate on this issue in SI Appendix, section 6.
Our detection of CH4 emission from the Ohio blowout dem-

onstrates the potential of satellite remote sensing to provide

A B

C D

Fig. 1. TROPOMI XCH4 measurements in the vicinity of the blowout well in Ohio. (A) Map of eastern North America showing the blowout region (79°to 82°W
and 39° to 41°N) marked with a red box. (B−D) TROPOMI XCH4 surrounding the blowout region (B) during, (C) before, and (D) after the blowout event.
Respective dates are indicated on top. The location of the blowout well is marked with a star. The black arrows are wind vectors at 10 m above the surface
from the ECMWF 6-hourly meteorological forecast fields.
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independent measurements of accidental emissions of greenhouse
gases globally. Previously, Kort et al. (29) showed that satellite
measurements can identify and quantify regional CH4 emissions
using the SCIAMACHY (Scanning Imaging Absorption Spec-
trometer for Atmospheric Chartography) satellite instrument.
However, multiyear (2003–2009) averaging of measurements was
needed to characterize emissions from a high-emission region, due
to SCIAMACHY’s low spatial resolution (60 km × 30 km pixels)
and precision. Thompson et al. (30) demonstrated the capability
of satellite and airborne remote sensing to detect CH4 release
during the Aliso Canyon accidental leakage. However, the leakage
was measured in target-mode operations of the Hyperion satellite
instrument using prior knowledge about the location of the leak-
age, which would otherwise have escaped detection because of the
limited spatial coverage of the satellite instrument.
To quantify the CH4 emission rate of the blowout, we performed

an atmospheric tracer transport simulation with a constant CH4
release at the blowout well using the Weather Research and
Forecasting (WRF) model (31). This enabled us to investigate the
atmospheric dispersion of the CH4 plume at the overpass time of
TROPOMI. The setup of the WRF simulation is described in
Materials and Methods. WRF-simulated XCH4 at 18:00 UTC,
closest to the TROPOMI overpass at 17:35 UTC on 27 February,
is shown in Fig. 2A. The WRF-simulated XCH4, sampled at
TROPOMI pixels (Fig. 2B), shows similar enhancements as seen in
TROPOMI XCH4.

We use the mass balance approach to quantify the emission rate
of the blowout. A WRF simulation of the blowout plume is scaled
to match the TROPOMI-observed XCH4 enhancement. The
XCH4 enhancement is calculated as the mean XCH4 difference
between downwind blowout-influenced and upwind background
pixels shown in Fig. 2C. This leads to an emission rate of 120 ± 32 t/h
(1 SD) for the blowout. Emission Rate Quantification describes
the implementation of mass balance approach, and SI Appendix,
section 1 describes the uncertainty quantification. In addition to
the mass balance method, we also use the cross-sectional flux
method (15, 32), resulting in an emission rate of 130 ± 28 t/h (SI
Appendix, section 2). The two emission rate estimates, calculated
using different methods, are in close agreement. In SI Appendix,
section 5, we assess the contribution of other anthropogenic CH4
sources in the downwind blowout-influenced region. This contri-
bution is less than 5% of the XCH4 enhancement, indicating that
the enhancement in the region is primarily caused by the blowout.
To assess the significance of the TROPOMI-derived emission

rate from the blowout, we compare it with previously known ac-
cidental and regional emissions across the US O&G sector. The
blowout emission rate appears to be significantly larger (2 times)
than the peak emission rate from the Aliso Canyon leakage event
(60 t/h), reported as the second largest CH4 release of its kind in
the United States (4). Further, our results indicate that the
blowout in Ohio emitted more CH4 per hour than any of the 9
O&G basins reported by Alvarez et al. (9) (Fig. 3 A, Inset), that, in
total, account for ∼33% of US natural gas production.

A

B C

Fig. 2. Comparison of WRF-simulated and TROPOMI-observed XCH4. The blowout location is marked with a black star. (A) WRF-simulated column averaged
mixing ratio of CH4 (XCH4) at 18:00 UTC on 27 February 2018 in the blowout region. (B) WRF XCH4 sampled at TROPOMI pixels. The pixels influenced by the
blowout emission are marked with crosses (influence mask; see Emission Rate Quantification). The rectangle south of the blowout location marks the
background region. It is rotated such that its longer side is perpendicular to the local wind direction. The pixels of the background region are marked with
pluses. The red box north of the blowout marks the pixels close to the blowout in downwind direction (40.0o to 41.0o latitude and −81.1o to −80.3o longitude;
see Emission Rate Quantification). (C) TROPOMI XCH4 at 17:35 UTC. The pixels marked with crosses in C are used in the emission quantification.
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TROPOMI observed the blowout emission on 27 February
2018, which was the 13th day in the blowout period, which likely
does not represent the peak emission rate. Generally, the emission
rate is expected to reduce linearly or exponentially due to the well
pressure decreasing over time, as has previously been reported in
accidental gas release episodes from Aliso Canyon in California
(4) and Elgin gas platform in the North Sea (33). If this emission
rate of 120 ± 32 t/h is assumed to represent the average emission
rate during the blowout period, total CH4 emission during the 20 d
of the event would be 60 ± 15 kt. Note that, if there was a sus-
tained reduction in emission rate, occurring throughout the 20-d
blowout period, the total emissions will likely be larger than our
estimate. Also, our uncertainty estimate is valid under the as-
sumption that the quantified emission represents the mean of the
full blowout period. Depending on the actual time dependence of
the emission, the actual uncertainty could be higher. We elaborate
on this in SI Appendix, section 7.
The total estimated blowout emission amount of 60 ± 15 kt is

larger than the reported annual O&G emissions from over half of
the US states individually (Fig. 3A), and equivalent to a quarter of
the reported annual CH4 emissions from the O&G sector in the
entire state of Ohio (231 kt). Moreover, total emissions from this
single event are equivalent to a substantial fraction of the annual
anthropogenic emissions from several European countries (23)
(Fig. 3B). In fact, annual O&G emissions from only 3 of the
EU-15 countries (plus Switzerland and Norway) are estimated to
be higher than that of the blowout. These comparisons highlight the
importance of accidental emissions for regional- and national-scale

emission reporting and inventories, as the lack of incorporating such
emissions can lead to significant underestimation of overall emissions.
We show detection and quantification of an accidental emis-

sion from a satellite during routine operations (i.e., without
pointing the satellite to a previously known target area), which
demonstrates the unique value of satellite remote sensing, and the
TROPOMI instrument in particular. We provide here quantitative
estimates of the magnitude of leakage from this gas well blowout
in Ohio, which has not been reported in the scientific literature to
date and has even received considerably less attention in the
media, despite its emission rate exceeding the Aliso Canyon
leakage event by a factor of 2—which was reported as the second
largest accidental CH4 release in the United States (4).
To combat climate change and build a low-carbon economy,

being able to accurately monitor greenhouse gas emissions is an
essential prerequisite. Our study shows how CH4 emissions from
large gas leakages due to accidents in the O&G sector can escape
the greenhouse gas emission accounting system, adding a sig-
nificant source of uncertainty to the annual estimates reported to
the United Nations Framework Convention on Climate Change
(UNFCCC). It underscores the importance of independent moni-
toring of greenhouse gases using atmospheric measurements. De-
tection and quantification of unpredictable emission poses an
important challenge to the global atmospheric monitoring capacity.
However, as demonstrated here, measurements from TROPOMI
and other Earth-orbiting satellites offer the extended monitoring
capabilities needed to tackle this problem.

Fig. 3. Comparison of CH4 emission from the blowout (B/O) with regional emissions. (A) Annual O&G emissions from individual states in the United States
(and US offshore emissions shown by “O/Sh”), reported for year 2012, derived from the spatially disaggregated EPA gridded inventory (19). Inset shows the
CH4 emission rate from 9 O&G basins in the United States reported by Alvarez et al. (9), with error bars showing 95% confidence interval derived assuming a
standard normal error distribution; Marcellus is reported for northeast Pennsylvania only (9). (B) Annual O&G (red circles, right-hand y axis) and total an-
thropogenic emissions (vertical bars, left-hand y axis) from different European Union countries (plus Switzerland and Norway) as reported to the UNFCCC (23).
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Materials and Methods
TROPOMI Measurements. TROPOMI is onboard the Sentinel-5 Precursor satellite,
which is in a sun-synchronous orbit at 824-km altitude (34). TROPOMI retrieves total
column CH4 (XCH4) from Earthshine radiance measurements in the 2.3-μm spectral
range. It is a push-broom imaging spectrometer observing a 2,600-km swath and
orbits the Earth in about 100 min, resulting in daily global coverage. TROPOMI has
ground pixel resolution of∼7 km ×7 km at nadir (with larger ground pixels toward
the edges of the swath).We use the TROPOMI XCH4 “scientific product” generated
at SRON Netherlands Institute for Space Research derived using a 1-band retrieval
method as described in Hu et al. (28). Only high-quality measurements, retrieved
under favorable cloud-free conditions, were used. These measurements were fil-
tered, in addition, for solar zenith angle (<70°), low viewing zenith angle (<60°),
smooth topography (1 SD of surface elevation of <80 m within 5-km radius), and
low aerosol load (aerosol optical thickness in 2.3-μmband of<0.1) as in Hu et al. (28).

WRF Simulation. We used version 3.8.1 of WRF (31) and its CHEMmodule (35). The
WRF simulation was nudged to National Centers for Environmental Prediction final
analysis meteorological fields at 1° × 1° spatial and 6-h temporal resolution. The
model is run for a single uniform spatial domain (Fig. 1A) with a horizontal di-
mension of 59×66 grid boxes of 5 km×5 kmeach centered at 80.25°Wand 40.0°N,
and 29 vertical eta levels. Other WRF settings are the same as used in Dekker et al.
(36). WRF is run for the period of 20 February to 5 March 2018 to simulate the
atmospheric transport of blowout emissions, EPA emissions, and CH4 boundary
conditions as 3 independent tracers. The blowout tracer represents constant CH4

“point” emission of 80 t/h at the blowout well location, based on the reported
natural gas flow rate of 100 million cubic feet per day (25, 26) and assuming a CH4

fraction of 95% at standard temperature and pressure. The EPA tracer represents
anthropogenic CH4 emissions taken from EPA’s gridded national inventory of the
United States (19). The boundary tracer accounts for CH4 transport across the initial
and lateral boundaries of the selected WRF model domain. These boundary con-
ditions are taken from the European Centre for Medium-Range Weather Forecasts
(ECMWF) Copernicus Atmosphere Monitoring Service near-real-time analysis (37).

At the TROPOMI overpass time on 27 February 2018, the WRF-generated wind
fields are also northbound at thewell location. A large plume-shaped enhancement
is visible downwind of the blowout (Fig. 2A). To obtain WRF output representative
of the TROPOMI XCH4 spatial distribution, the spatially continuous WRF XCH4 was
sampled according to the TROPOMI measurement pixels (Fig. 2B). The averaging
kernels of the XCH4 retrievals were used to account for the sensitivity of the
TROPOMI measurements to the vertical distribution of CH4 in the atmosphere. A
large enhancement is seen in resampled WRF XCH4 ∼30 km downwind of the
blowout location, similar to the enhancement seen in TROPOMI XCH4. The elongated
XCH4 enhancement plume extends to the northeast edge of the model domain.

Emission Rate Quantification. The emission rate from the blowout ðQT Þ is quan-
tified by comparing TROPOMI-observed and WRF-simulated XCH4 enhancements,

QT =QW *
XT

XW
, [1]

where, XT   and  Xw are the XCH4 enhancements (in parts per billion) for
TROPOMI and WRF, respectively. Enhancements are calculated as the

difference between the blowout-influenced XCH4 pixels and the back-
ground pixels. To select blowout-influenced pixels downwind of the source,
a Boolean mask is defined to select pixels that are influenced by the blowout
and are in the vicinity of the blowout. This influence mask flags pixels that
are enhanced by the blowout emission according to independent WRF-
simulated XCH4 of the blowout tracer (i.e., without XCH4 contribution
from EPA and boundary tracers). A pixel is flagged if WRF XCH4 sampled at
the TROPOMI pixel exceeds the mean retrieval precision in the considered
region (= 2.2 ppb). Note that this retrieval precision only accounts for the
radiance noise and no other sources of error in the XCH4 measurements. The
influence mask is indicated by crosses in Fig. 2B. To minimize the uncer-
tainties in the WRF-simulated blowout plume, which are expected to in-
crease with the distance from the source, we only use pixels close to the
source, as indicated by the red rectangle north of the blowout location in
Fig. 2 B and C. The upwind background region is marked by the black
rectangle in Fig. 2B, which has been rotated such that its long sides are
perpendicular to the wind direction at the blowout location. The pixels
within this box are marked by pluses and represent the upwind background.

QW (= 80 t/h) is the input emission at the blowout location in the WRF
simulation. Xw is calculated as the sum of the independent boundary,
blowout, and EPA tracers. EPA emissions are simulated to account for non-
blowout emissions, and the boundary tracer is simulated to account for
variations in XCH4 due to elevation and variations in CH4 transported from
outside of the WRF domain. We found XT   and  XW to be 40 ppb and 27 ppb,
respectively, resulting in QT = 116 t/h. After accounting for various sources of
errors (SI Appendix, section 1), a final emission rate of 120 ± 32 t/h is derived.

Data and Materials Availability. TROPOMI data are available at ftp://ftp.sron.nl/
open-access-data-2/TROPOMI/tropomi/ch4/10_9/. WRF-CHEM model code
is available at https://ruc.noaa.gov/wrf/wrf-chem/.
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