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Abstract.

Global warming, induced mainly by greenhouse gases
emitted by humanactivities, isan environmental issue o f
crucialimportanceforsociety. Greenhouse gases, suchas
methane (CH4), need to be monitored and their
anthropogenic emissions quantified in order to be
reduced. We here present, the first systematic
investigation of CH,4 columns over Greece derived from
the Sentinel-5 Precursor TROPOM I satellite instrument
L-2 high spatial resolutiondata for the period 2019-2020.
We gridded the data in 0.2°x0.2° grids and find an
increase in CH, columns between 2019 and 2020 and a
clearseasonal pattern in CH4column with high columns
in summer and fall and the lowest in winter. We also
identify Athens, Thessaly, Thessaloniki, Thrace and the
Crete asareas with high CH4columns.
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1. Introduction

The Paris Agreement promised to confine global
warmingto lessthan2 °C or preferably,to less than 1.5
°C in comparison with the pre-industrial average
temperature (UNFCCC, 2015). For sustainable
development of the society, it is necessary to limit
anthropogenic climate change through targetedemission
reductions. Methane (CH4), a greenhouse gas of major
importance, is the second contributor to radiative forcing
caused by anthropogenic activities, after carbondioxide.
Methane has a shorter atmospheric lifetime (~ 9 years)
and a global warming potential larger than thatof carbon
dioxide (Holmes et al., 2013). Methane can thus aid
governments to meet globalemissiongoals in the short-
term. In the globalatmosphere, CH4 mole fractions, after
a plateau between 2000 and 2007 (Cunnold, 2002),
startedincreasingworldwide again (Rigby et al., 2008)
and thisincrease has steepened after 2014 (Nisbet et al.,
2019). Methaneis emitted froma variety of sources, both
anthropogenic and natural, such aswetlands, livestock,

rice paddies, fossil fuels, landfills, and waste from
agriculturalactivities (Dimitriou etal., 2021).

In orderto mitigate emissionsand meet global climate
targets, the understanding of CH. quantificationaswell as
sources and concentrationchangesisvital (Ganesanetal,
2019). “Bottom-up” strategies, which are based on
inventories derived from activity statistics, together with
“top-down” ones, which are using atmospheric
concentration measurements to evaluateemissions, can
help to assess to which extent we meet these targets
(Tunnicliffe et al, 2020). Frequent, region-wide
monitoring of emissions is needed, which can be
facilitated by methane measurements usingspace-based
sensors of high temporal and spatial resolution.

Remote sensingis the acquisition of informationabout an
object orphenomenon on Earth without making physical
contact with the object, using electromagnetic waves.
Satellites or aircraft-based sensor technologies are
successfully used to capture images and detect Earth’s
surface. Remotesensing satellites have the capability to
observe the Earth for a designated period of time with
high frequency and with thedesirable spatial coverage,
global or regional (Fu et al., 2020). TROPOspheric
Monitoring Instrument (TROPOMI) onboard the
Sentinel-5 Precursor satellite is a newly launched
instrument whichenables for high quality, wide-region
and greattemporal coverage with remarkable accuracy
(Veefkind et al., 2012), and can detect sources of
considerably large contribution to emissions in a sole
overpass (Schneisingetal., 2020).

The Eastern Mediterranean Basin isa climate sensitive
region, it is warming fasterthan theglobe andis subject
to water stress (The World Bank2012). Thisisdue to the
fact that Eastern Mediterraneanisata crossroad of air
masses from Asia, N. America, Europe and Africa
(Dimitriou et al., 2021). Temperature trends during
summer in Greece are greaterthan those of the northern
hemisphere as shownby Mamara et al. (2016). Therefore,
continuous and basin-wide monitoring of greenhouse
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gases is essential in the region of Eastern Mediterranean
Basin and particularly in Greece. In thiswork, we aim to
investigatea “quasi—climatology” of CH4 over Greece
using the high spatial resolution Sentinel-5 Precursor
TROPOMI CH4productthatisavailable for 2019 and
2020.

2. Dataand Method

Methane concentrationsare acquired from TROPOMI
observations in the shortwave infrared (SWIR) solar
radiation spectrum (Schneisingetal.,2020). TROPOM I
is an imagingspectrometeron boardof the Copernicus
Sentinel-5 Precursor (S5P), a European satellite for
atmosphere monitoring, launched on 13 October 2017
and planned fora missionof sevenyears. S5P is a sun-
synchronous orbit satellite at 817 km altitude, with an
Equatoroverpasstime at13:30 and a 17-dayscycle. The
swath of TROPOMI is about 2600 km and it operates
with a horizontal resolution of 7x7 km? (5.6 x 7 km?
from 6 August 2019) (Cersosimoetal.,2020; Schneising
etal., 2020).

We here use Level2-CH4, TROPOM | data available from
ESA’s website (https:/s5phub.copernicus.eu/dhus/#/home,
access date: 5/2021), which correspondto the period from
1/1/2019 to 31/12/2020. The data points were then
gridded within a 0.2° x 0.2° grid in order to produce
average distributions of the CH4 abundances over Greece.
Seasonal mean CH, concentrations were calculated for
the selected period aswellasthe annualmeans for each
one of the studiedyearsandforthe whole period. The
derived distributions are presented in Section 3.

3. Results

3.1 Annual meandistribution of CH,4 columns over
Greecein2019and 2020

Average methane columns over the region of Greece for
each year and for the whole time period are shown in
Figs. 1-3. High columns of methane are shown over
Athens, Thessaly, Thessaloniki, Thrace and Crete,
especially in the northwest of the island, during 2019.
The TROPOMI CHscolumns showa clearhotspot over
Athens, the capital of Greece, which can be attributed to
the anthropogenic activities in the area. During 2020, in
comparisonto 2019, anoverallrise in CH4concentrations
is observed, followingthe globaltrends in CH4. This rise
is as high as 12 ppb over Athens and 22 ppb over
Thessaloniki to be compared with the 15.85 ppb
incremental annual increase in globally-averaged
atmospheric CH4reported by NOAA in 2020 formarine
sites (Ed Dlugokencky, NOAA/GML
(gml.noaa.gov/ccgg/trends_ch4/ access date 5/2021).
Furthermore, the uncertainty in CHa4 abundances
examined forthe studied periodand depicted in Fig. 4, is
extremely low (less than 3 ppb) for the majority of
Greece. Itis also far lessthan half the observed annual

increase in globally-averaged atmospheric methane
reported by NOAA forthe studiedyearsdemonstrating
that TROPOMI measurements are of sufficientaccuracy
for trend analysis. Further investigation on the data
quality of TROPOMI over Greece can be found on
Topaloglou etal. (EGU 2020).

TROPOMI CH4 column 2019
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Figure 1. Annualmean TROPOMI CH. column
distribution for2019

TROPOMI CH4 column 2020
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Figure 2. Annualmean TROPOMI CH. column
distribution for 2020

TROPOMI CH4 column 2019-2020
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Figure 3. TROPOMI Average CH4 columndistribution
forthe 2-years period (2019-2020)

3.2 Seasonalvariationof CH4columns over Greece

Mean distributions of CH4 columnsforeach season for
the time period 2019-2020areshownin Figs. 5-8. Higher
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CHscolumnsareobserved duringsummer and autumn
months and lower during spring and winter, reflecting
seasonality in sources and sinks of CH. as well as
transport patterns.

ppbv

Figure 4. TROPOMI Methane columnuncertainty for the
two years period (2019-2020).

These findings agree with the earlier study by
Georgouliasetal. (2011) fortheperiod2003-2004, who
investigated CH4 column distribution over the Greater
Area of the Eastern Mediterranean using the
SCIAMACHY satellite, which had a lower spatial
resolution than TROPOMI. They found CH4 columns of
1761+27 ppb for 2003, consistent with TROPOMI
observations when accounting for CH4 global trends,and
shown a summerandautumn maximum and a winter
minimum, which agree with our results. In support of our
findings Javadinejad et al. (2019) showedanincrease in
CH,concentration with low vegetation cover and high
temperature and Tianetal. (2015) related high CH. levek
with biomass burning episodes.

TROPOMI CH, column (ppb) - DJF
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Figure 5. TROPOMI Average CH4 columndistribution
forwinter forthe 2-years period (2019 - 2020).

4. Conclusions

We here presentedthe CH4 column distribution for the
years2019 and 2020 and its seasonality as derived from
the TROPOMI L-2 CHs datathatwe have gridded in a
0.2° x 0.2° grid in order to calculate average CH.,
abundances over Greece. Hotspots of methane are seen

overthe largest cities of Greece during 2019-2020 and
rising concentrations are observed from 2019 t0 2020. A
clearseasonality is found with high columnsin summer
and fallandthe lowestin winter.

TROPOMI CH4 column (ppb) - MAM
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Figure 6. TROPOMI Average CH4 columndistribution
forspringforthe 2-years period (2019 - 2020).

TROPOMI CH4 column (ppb) - JJA
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Figure 7. TROPOMI Average CHs columndistribution
forsummer forthe2-years period (2019-2020).

- TROPOMI CHy4 column (ppb) - SON
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Figure 8. TROPOMI Average CH4 columndistribution
forautumnforthe2-years period (2019 - 2020).

This study depicts thesituation prevailing in the region
during the last two years, and could be considered
representative of a quasi-climatology of methane
concentration over the Eastern Mediterranean Basin.
Further analysis is needed to attribute the seasonal
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variability of CH4 columns to specific sourcesand sinks
thatwill be evaluated using data assimilationmodeling.
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