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ABSTRACT:

Methane emissions have very important effect on global radiative forcing. Therefore, reducing these emissions has been proposed as
an effective short-term strategy to mitigate global warming, in parallel with reductions in long-lived carbon dioxide (CO2) for long-
term temperature stabilizations. In this context, Argentina emits 3645 Gg of CH4 mainly from livestock production, biomass burning
and natural gas production. Since 2018, TROPOMI instruments provide global coverage on methane column-average mole fraction
of dry air (XCHa4), and height profiles of methane concentrations. We compare two available methane inventory: a national (a high
resolution of own ellaboration: GEAA) and an international (EDGAR) emissions database with TROPOMI measurements. By
performing inverse satellite retrieval we evaluate the ability of remote sensing information to detect possible hotspot methane
emissions and compare these results with the two inventories. From these analyzes, we observe that the latitudinal averages of the
continental sector increase at a rate of 10 ppb/degree, from south to north, while the maritime sector remains constant. From a
temporary perspective, the average monthly concentration amplitude range varies 40 to 50 ppb, with minimum values in March and
maximum values in September.

1. INTRODUCTION resolution of own ellaboration, here called “GEAA”) and an
international Emissions Database for Global Atmospheric
Research (EDGAR) (Janssens-Maenhout et al., 2017) emissions
database: EDGARvV4.2FT2010; with the TROPOspheric
Monitoring Instrument (TROPOMI), on board the Copernicus

Sentinel-5 Precursor satellite, (TROPOMI, 2018).

Short-lived climate pollutants (SLCP) including methane
(CH4), black carbon (BC), tropospheric ozone, and
hydrofluorocarbons (HFCs), have very important effect on
global radiative forcing (Shindell et al., 2004; Etminan et al.,
2016). Reducing these emissions has been proposed as an
effective short-term strategy to mitigate global warming, 2.
together with reductions in long-lived carbon dioxide (COz) for
long-term temperature stabilizations. Without reductions in both
CO2 and SLCPs, temperature increases are likely to exceed
1.5°C during the 2030s and exceed 2°C by mid-century
(Shindell et al, 2017; Shoemaker et al., 2013, Collins et al,
2013, Ramanathan and Xu, 2010). On the other hand, methane
is also a precursor to the formation of surface ozone, which
affects population health (West et al., 2006; Isaken et al., 2009).

INVENTORIES

2.1 National methane inventories

In South America, there are national greenhouse gases (GHG)
inventories submitted to the Intergovernmental Panel on
Climate Change (IPCC) with a spatial resolution of provinces or
districts. For Argentina, a national emissions database has been
published for GHGs (TNCA, 2016). Air pollutants inventories,

Atmospheric observations have shown significant increases in
methane levels during the 20th century at a constant rate of
approximately 15 ppb/year, with some stabilization in the 1990s
and growing rapidly after 2006 (CDIAC, 2019) Blake, 2013;
IPCC 2007, Fowler at al., 2009). The causes of these slope
changes are not well known, but they do show a complex
feedback of methane and biosphere. This important feedback
and uncertainties about methane sources and sinks have
motivated many researchers to conduct more detailed methane
inventories and analysis.

Argentina emits 3200 Gg of CHs mainly from livestock
production, biomass burning and natural gas production. Since
2018, TROPOMI instruments provide global coverage on
methane column-average mole fraction of dry air (XCH4), and
height profiles of methane concentrations. We compare in this
paper, two available methane inventory: a national (high
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including methane, have been compiled for several sectors
(GEAA inventory) at a high resolution 0.025° x 0.025°
(Puliafito et al., 2015, 2017, 2019). Castesana et al., (2018)
presented a NHs inventory of agricultural activities with spatial
resolution at the district level.

2.2 EDGAR emissions inventory

The EDGAR inventory compiles information from emission
sources globally at a 0.1° (lat./long.) resolution. Methane
emissions for all sources were compared with the GEAA
inventory (Table 1).
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Figure 1. Methane inventory: a) EDGAR, b) GEAA

Figure 1 shows two methane inventories (EDAGR and GEAA).
Table 1 shows total emissions by sector for Argentina, while
Figure 2 show a series for the three mentioned inventories for
years 1990-2016. Notice that EDGAR is only available up to
2012, while TNCA was calculated until 2014 and GEAA is
available to 2016.

Comparing sectoral methane emissions, from enteric
fermentation, manure management, biomass burning and rice

cultivation, for years 1990-2012; EDGAR averages 3155 + 390
Gglyear; while GEAA averages 3030 + 235 Gg/year. Thus,
there is a 4% relative difference between both inventories.
However, other discrepancies for CHs emissions concerning
several subsectors were present (i.e. fugitive emissions from oil
and gas: EDGAR 864 Gg, GEAA: 272 Gg), rising the
differences for all sector (2012) to 1050 Gg (22%): EDGAR:
4557 Gg, GEAA: 3644 Gg. Despite most sectors, have good
agreements, spatial distribution presented some differences.

Therefore, EDGAR overestimated on average 13% compared to
GEAA and TNCA inventories for the considered period.
Estimations of methane emissions corresponding to year 2012
for agriculture, livestock and biomass burning were 3257.46 Gg
for EDGAR, 2454.40 for GEAA and 2505.56 Gg for TCNA.

Sector GEAA EDGAR TNCA
Ref. Year 2014 2012 2014
Electricity 4.58 3.08 5.56
Transport 19.40 14.68 17.26
Residential + 4.17 10.89 4.32
Industries
Fugitive emissions 272.13 864.67 327.23
Enteric 2,620.23 3,110.61 2,413.74
Fermentation
Manure 29.14 59.86 41.65
management
Rice cultivation 30.08 27.93 28.77
Biomass burning 39.20 59.06 93.73
Urban Waste 625.97 406.14 625.97
Total 3,644.90 4,556.91 3,558.25

Ref: adapted from Puliafito, et al (2017, 2019); (*) includes
AWB: Agricultural waste burning. TNCA, (2016); EDGAR:
Janssens-Maenhout et al., (2017).

Table 1: Total methane emissions (Gg/year) from all sectors for
Argentina 2016.
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Figure 2. Comparison of methane emissions for Argentina

Since GEAA has a higher spatial resolution (0.025° lat./long.),
this inventory needed to be converted to a 0.1° resolution to
allow an adequate spatial comparison. Therefore, each 0.1°
broad cell was computed by adding all corresponding 0.025°
higher-resolution cells within the circumscribed broader-
resolution cell.

EDGAR presented higher values than GEAA in cities and in
mountain range (where almost no activity is present). It is
observed in Figure 1, that in Patagonia (Southern Argentina
latitudes 40° S — 55° S and western border) EDGAR map show
average values around 20 Mg/year, while GEAA show null
values for the same regions. A second comparison included the
geographical extent of EDGAR (Figure 1a) and GEAA (Figure
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1b) inventories. Both inventories were also compared by
totalizing 0.1° bin latitudinal and longitudinal methane
emissions (Figure 3). Also high fugitive emissions from natural
gas pipelines can be clearly observed in EDGAR map. EDGAR
presented higher values than GEAA specially between 42° S -
34° S and 69° W — 66° W. This area corresponds to a natural
gas producing area, whose difference were associated mainly to
venting from exploring and productive natural gas wells. This
high difference is consistent with Table 1. In fact, years 2010-
2016, have been very active but variable years with respect to
oil and natural gas exploration and production, and therefore
the differences may be explained by different activity data.

CH4 Inventory GEAA / EDGAR Latitudinal Average
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Figure 3. Latitudinal averages for EDGAR and GEAA methane
inventory for 0.1° resolution.

3. SATELLITE DATA
3.1 SCHIAMACHY AND GOSAT

Global methane data has been published in the form of column-
averaged dry mole fraction XCH4 from SCIAMACHY
(Scanning Imaging Absorption Spectrometer for Atmospheric
Chartography, on board ENVISAT, ground resolution: 30 km x
60 km), years 2002-2009, (Frankenberg et al., 2005, 2011). and
GOSAT (Greenhouse gases observing satellite, ground
resolution: 10 km x 60 km), for years 2009-2018, (Yokota,
2004, Yoshida, 2011, Schepers et al., 2012).

Figure 4 shows monthly zonal mean (20°S-55°S) of methane
column average dry air mixing ration XCH4 (ppb) from
SIAMACHY and GOSAT (2003-2017). The annual averages
have varied from 1716+36 ppb in 2003 to 1780+27 ppb in
2017. Figure 5 shows the monthly surface concentrations of
methane measured at the GAW station (Global Atmospheric
Watch Station, from the World Meteorological Organization,
operated by the National Meteorological Service of Argentina)
at the city of Ushuaia (54.8°S, 64.3°W)(GAW, 2018). Monthly
average concentration values in Ushuaia had a seasonal
amplitude of 40-50 ppb, with minimum values in March and
maximum values in September with an average annual rate of
increase of 0.35% (6.2 ppb/year) since 2008. Three slopes are
identify: (1994-1999), (2000-2007) and (2008-2017), which
agree with global tendencies. Although there are many
uncertainties regarding the stable period (2000-2007), Kirschke

et al. (2013) attribute it to a reduction-stabilization of global
emissions and an increase in stabilization of microbial activity.
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Figure 4. Zonal mean (15S-53S) methane column average dry
air mixing ration (ppb) from SIAMACHY (2003-2009) and
GOSAT (2009-2018).

~o—Ushuaia GAW Station {54.85, 68.3 W) 1year running mean

1820

1800 2 e
®
LY Ik
1780 (/73 8
- 8 fs
i holed
= 1760 @ 9% 816 o
z ,ﬁ;uu?;:n
E] ? o r&?"g
= 1740 > 3 ? Lperl |
pARARR AR AT
g IR e T 1o of Lo [LLlS @
2 1720 ® PP eI : o9 09 |8
\.,‘.t_,.j‘,_.,..-av¢e¢.=
mo 70
e e
&

g

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
YEAR

Figure 5. monthly surface concentrations of methane measured
at the GAW station in Ushuaia (54.8°S, 64.3°W)(GAW, 2018).

3.2 TROPOMI measurements

The newly TROPOMI instruments provided information (since
2018) on methane column-average mole fraction of dry air
(XCH4), and height profiles of methane concentrations, with
ground resolution of 7 km x 3.5 km. For TROPOMI XCH4
data, we used Level 2 product (Apituley et. al., 2017) over
Argentina between May 2018 and April 2019 with a resolution
of 0.25° x 0.25°. TROPOMI data covered almost the entire
spatial extension of Argentina with sufficient number of pixels.

Figure 6 shows annual average of XCH4 over Argentina using
TROPOMI (May 2018- April 2019). We used TROPOMI data
because of its higher spatial resolution and coverage (than
SIAMACHY and GOSAT). It can be seen that methane
concentrations increased from south to north (in the SE-NW
direction) coinciding over the continental sector with an average
rate of 2.2+0.5 ppb/degree (N-S) and 1.4+0.6 ppb/degree (W-
E). To qualitativelly compare the methane inventory with
satellite data we followed Jacob et al, (2016) (i.e. Eq. 13 and
Table 2) inverse calculation using TROPOMI data. A mean
methane enhancement AXCHas is estimated by subtracting a
background to the satellite data.
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Figure 6: Methane column average dry air mixing ration (ppm)
from two satellites for year 2018. a) TROPOMI; b) Estimated
background; ¢) methane enhancement AXCHa4 from satellite; d)
methane enhancement AXCHa from inventory
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This background (Figure 6b) is calculated as a plane (slope=
0.09 ppb/°Lat, initial value = 1760 ppb @ 56S,75W), which
increasead from south to north. This values are consistent with
slopes calculated from SCHIAMACHY and GOSAT (Figure 4).
The retrieved emission map (Figure 6¢) was estimated using Eq.
13 from Jacob et al., (2016) (W=100 km, pressure map from
TROPOMI, and u=23), which should be compared to Figure
6d. This is calculated as a smoothed map of Figure 1b, using a
gaussian convolution of 0.3°. Figure 6c, gives a qualitative
insight into the methane emissions inventory, capturing the
main area of emissions: livestock production and agriculture in
the central area (38-32S, 40-45W) and biomass burning at
North East areas (27-25S, 60-57W). It can be seen, that the
GEAA inventory understimated the CH4 emissions in the NE
area. Probably the retrieval calculation is including methane
transport from biomass burning from other areas (i.e
Amazonia), as it is shown in Figure 6a, but not included in the
present inventory.

4. DISCUSSION

Argentina is an important agriculture and livestock producer,
reaching 123 million tons of crops annually and breeding 52
million heads of cattle, emitting in year 2016, 2186.10 Gg
methane from the beef cattle sector, 288.40 Gg from dairy cattle
sector and another 204.58 Gg from other livestock production,
totaling 2679.08 Gg. This emission represents 83% of the
3198.45 Gg total national methane emissions (all sectors) and
27% of total national GHG emissions. Other sectors as the
energy-producing sector (electricity and fugitive form
oil/natural gas extraction) added 278 Gg of methane.

A high-resolution methane emissions inventory for Argentina
(GEAA) was compared to an international database (EDGAR)
and The Third National Greenhouse Report (TNCA, 2016).
There are two main differences, however, with the two above-
mentioned inventories: a) GEAA inventory includes species that
affect air quality and b) it display them on a higher spatial
resolution map (0.025° resolution). Compared to EDGAR
international emissions database (0.1° spatial resolution) the
methane emissions for Argentina for all sector gave an average
difference of 13% and a spatial uncertainty of 50 Mg/year/cell.

The present study also included the analysis SCIAMACHY,
GOSAT AND TROPOMI satellite data for the analysis of
methane concentrations in the Argentine territory. The aim of
this analysis was to explore if methane emissions could be
detected from inverse modelling from satellite sensors.
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