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Study area

— The study area is the West Coast of Turkmenistan, which is located in the
Middle East on the shores of the Caspian Sea.

39.6°N

— It is a desertic region with high O&G activity.

39.0°N

— It has been identified as a methane emission hotspot region.

Facilities and fields

@ Oil Power Plant

— It is an especially optimal area: no vegetation, low precipitation, low surface S Meas boner it

variability, homogeneous and bright surface. z| @ Termina
% | @ Compressor Station SN T
. . / i oil A
— The O&G fields are highly concentrated 4 b oy
\\
(not spaced as in the United States, N B Oil & Gas
for example). [J & Condensate
& LNG

37.8°N

. . Inactive
— Powerful and quite constant point

source emissions.

—— Oil pipelines

Gas pipelines
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Satellite data

TROPOMI 0.12 grid
oversampled map from
Nov. 2018 to Nov. 2020
with the locations
pinpointed by TROPOMI.

No9'6!

—We have combined three types of satellite data:

= TROPOMI data: 7-5 km spatial resolution, daily and global scale.

No0'6E

= Hyperspectral data from ZY1 and PRISMA: 30 m spatial
resolution, medium sensitivity (~500 kg/h) with sporadic
acquisitions.

—> Multispectral data from Sentinel-2 and Landsat: 20-30 m spatial 8
resolution, low sensitivity (~1800 kg/h) but frequent and global :
coverage.

Methane (ppb)
1880
— This synergy allows us to detect, quantify and monitor emissions I 1894

No8'LE
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1922
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W 1950

over the study area.
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Hyperspectral data

39.6°N

39.0°N

38.4°N
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ZY1-AHSI 2020-07-31
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— We have used the Chinese ZY1 mission and the
Italian PRISMA mission which sample the 2100-
2450 nm window with tens of spectral
channels.

— We have applied a data-driven method
(Matched Filter) for methane retrieval.
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Example of a unit methane absorption spectrum k used as
target signature by the matched filter retrieval method.

Guanter et al., RSE, 2021
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Hyperspectral data

ZY1-AHSI 2020-07-31

39.6°N

From:

— 12ZY1 image of 60 x 60 km?

— 12 PRISMA images of 30 x 30 km?
— During 2020

39.0°N

We obtained:

38.4°N

— 25 plumes from 10 different sources

— Emission fluxes between
1.400 + 400 kg/h - 19.600 * 8.000 kg/h

37.8°N

[~ AXCH, (ppm m)
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Multispectral data

~ 12 — We have used the B12 (~*2190 nm) /
Detection & quantification Monitoring & attribution &5 N i .
o B11 (~1610 nm) band ratio to detect
20;0/07/31 zY1 ?'31 uTtc _ s L8: 2014/07/10 S2: 2017/06/09 ) S2: 20{7/09/17 # th . .
% "l ’ W T Tl e emissions.
. / | S2 monitoring:
i A lg | > From Jan 2017 to Nov 2020
Ny /g 3
" ’*éq . s — 944 CH, plumes
XCH, (opm m) S — — From 29 emission sources
8
Emitters per field \ z; SOU rces.
@ Goturdepe 9 =
O Barsa-Gelmez ; —> 24 fIares
=) cogeendag —> 2 pipelines
(0] erpeje %
© Gamyshija6 n LN — 3 unknown
O Keymir
© Akpatlavuk
[ Active field 4 | All'located in oil fields, except for
Inactive field 2 g .
B | A one that produces both gas and oil.
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Multispectral data

L A (39. 797, 53.1 63 s with data: 22% ‘ . §
j — From Jan 2017 to Nov 2020
Location C.1 (38.855148, 54.234979) ) Days with data: 9% % 944 C H 4 pl u m es
Jon12017  Jul12017  jen12018 _ Jul12018  Jan12019 J{.Ti"z&l?'_::? Jan12020  Jui12020  Dec 12020 - Th e tl m el | ne Of eac h em |tte r IS
Location G.1 (37.716652, 53.927022 Days with data: 9% Ve ry d iffe re nt
— In the northern fields more
Jan 12017 Jul 12017 jan 1 2018 Jul 1 2018 Jan 12019 Jul 1 anﬁgm\;s - jan 1 2020 Jul 1 2020 Dec 1 2020 § e m itte rs With I Owe r e m iSSiO n

frequency

12
10

— In the southern fields fewer
emitters with higher frequency

Emission freg
1.0-3.0

' 3.0-15.0
M ||lil| ® 15.0-37.0

No8'ZE

Number of active flares/emissions
] £=Y 2] [¢2]
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In general, 2020 the year with

ORISR R S S A © R\ gah-ih0 , most emissions
¥ ¢ & ¢ & & & & & b c) &’ c Q & 6” 53.4°F 54,0°
S S » S P F NS SR Q'\\ \9\ S Q"\ é‘\ S ' )
Flaring —— Emission + Observation 1905 1920 1935

Methane (ppb)
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Further results

Decrease of the flaring at the cost of venting.

—According to VIIRS data, flaring has been declining in

—Nine emitters have had active flaring in the past.
these fields since 2012.

D.5 Google Earth: 2004 Google Earth: 2019 | D.2 Google Earth: 2004 Bing Aerial: 2013
r N : - ' - g /' - ’: # & PR 7. - -f

Flare Volume in billion cubic meters (BCM)

o S -

Bing Aerial: 2014

VTR

Google Earth: 2019

= .0 ) @

2012 2013 2014 2015 2016 2017 2018 2018 2020

VIIRS data from 2012 to 2020 in fields where we have identified emitters.
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Further results

No9'6€

Long-standing emissions.

SCIAMACHY data
oversampled toa 0.1¢
grid between 2003 and
2010 combined with the
existence of the emitters.

—We have observed the emitters in the past using Landsat 8
images.

— Ratio BO7 (2.11 - 2.29 um) /B06 (1.57 - 1.65 um)

No0'6€

—15 sources record emissions before 2017.

L8:2013/07/23

Nob'8E

Emitters
@ Before 2010

Examples of Landsat-8 detections in 2013. g g
© Built in 2010 3
. . . © Unknown 1
—2003-2010 SCIAMACHY data is consistent with the age of the

emitters identified in the study.

1797 1801 1805
Methane (ppb)
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Further results

—In the same way we can go back to 1982 with

A 7 - P.1 1987/09/09 - 1992/06/11 7 1999/07/08
- X &7 ' e Landsat 4 and 5.
z ‘A5 |
o + 20 5 —> Ratio BO7 (2.08 - 2.35 um) /B05 (1.55 - 1.75 pm)
¢ —The oldest observed emission in 1987.
= ,'{ .
§ -+ e 35 P.2 2001/06/04 2001/09/24 . L.
= —Since then, we have detected more emissions
= i but with lower frequency in the 80s and 90s

compared to the most recent years.

39.48°N

—The emission sources were different but
were very close to the current emitters.

53.74°E 53.76°E 53.78°E

—More details about the study in preprint version: https://doi.org/10.31223/X56G7R
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And now...

—So far this year:

=15 of the 29 emitters identified during the
study continue recording emissions.

39.0°N

—Three more additional sources have been
found: 3 pipeline leaks and one flare.

—The detected emitters are being reported to
the corresponding organizations so they can

38.4°N

be fixed.
—We are applying this methodology in other Emissions in 2021
countries and trying to improve the detection o

O no
O new

37.8°N

methods for more complex areas.
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Main conclusions:

—We have exploited the synergy between 3 types of methane-sensitive remote sensing datasets.
—We have identified 29 CH, point emitters.

—Most of them are inactive flares venting gas linked to oil production fields.

—Some of them have been emitting large amounts of CH, for decades.

—This type of emissions have been happening at least since the 80s in Turkmenistan.

—The emissions come from anthropogenic sources, and they can be rapidly fixed.
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