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Abstract

The paper presents an assessment of the change in carbon dioxide and methane
concentrations in the atmosphere over Bulgaria over the last 13 years. GOSAT data for the period
April 2009 to the end of 2021 are used for this purpose. The data are presented as monthly averages
with a spatial resolution of 2.5x2.5 degrees. The seasonal and spatial behaviour of carbon dioxide
and methane emissions in the respective regions of interest has also been investigated.

Introduction

Air pollution is a local, pan-European and intercontinental problem and is
now one of the major environmental concerns worldwide. Air pollutants emitted in
one country can be transported into the atmosphere and degrade air quality
elsewhere [1]. More than 80 % of Europe's urban population is exposed to
pollutants at concentrations significantly above the limit values for the pollutant
type concerned.

Atmospheric pollution is a volumetric phenomenon. They are most often
triggered by a specific source and then spread relatively rapidly (within hours) both
in altitude and in different directions in the atmosphere. Each individual type of
pollutant has a different lifetime (residence time in the atmosphere). In some cases,
pollution is local and mainly affects the region around its source (mainly industrial
sites and transport). In others, however, there is long-range atmospheric transport
and areas thousands of kilometres away can be affected. Depending on the
specificity of the phenomenon under investigation, the choice of methods and data
for its recording also becomes important.

The recording of atmospheric pollutants is carried out in two main ways,
by direct and by remote measurements.

Direct measurements are carried out at a single point (local), while remote
methods provide data on volumetric content. Measurements from satellites obtain
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the content for a given pollutant in the whole column of the atmosphere over a
given area corresponding to the spatial resolution of the instrument. To obtain a
complete picture of the phenomenon, it is best to use both sources of information in
conjunction.

Particularly important from an ecological and climatic point of view are so-
called greenhouse gases. The generic term 'greenhouse gases' refers to all gases that
warm the Earth's surface and the lower atmosphere. Carbon dioxide allows the
sun's rays to reach the Earth's surface but prevents the heat from radiating back.
Other gases that act in the same way are methane, nitrogen oxides and
chlorofluorocarbons (Freons), which are used in aerosol preparations, in old
refrigerators and in many air conditioners.

The relative share of major greenhouse gases is:

- About 80 % CO>

- About 10 % methane

- About 5 % NO;

- About 2 % hydrofluorocarbons

- About 3 % other.

COs- is the most widespread greenhouse gas, which is why it is the biggest
problem. But CO, emissions have been stable in recent years and concentrations
are rising at a predictable rate, as shown by many large-scale studies, including
satellite observations. Methane emissions are lower as a percentage of CO», but it
has a much higher global warming potential and is better at trapping heat than
carbon dioxide.

Unfortunately, satellite measurements of these pollutants, especially
methane, are still very poor.

In this work, we aim to track the behaviour of carbon dioxide and methane
over Bulgaria for the period April 2009 to the end of 2021 based on data from the
GOSAT satellites [2-6].

Satellite data and data processing

In this work, we have used averaged monthly CO, and CH4 data from
GOSAT [5, 6]. The spatial resolution is equal to 2.5x2.5 degrees. Fig. 1 shows
some of the study areas over Bulgaria with their corresponding numbers.

For each of the study areas, we processed and obtained monthly averages
for CO; and CH4 for each month from April 2009 to the end of 2021 inclusive.
Based on these values, we have plotted the seasonal distribution of the averaged
value, the temporal distribution with the calculated percent change for the entire
study period, and the variance of the values for each area. This process was
conducted in parallel for both CH4 and CO..
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Fig. 1. Areas and an example of monthly average CH4 value

Results and Discussions

Figures 2—4 show the averaged seasonal distribution of CH. over Bulgaria
(for the 6 regions in Fig. 1), the temporal variation of CH,4 for each of the 6 regions
and the averaged temporal variation of CH4 over Bulgaria.
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Fig. 2. Seasonal behavior of CH4 over Bulgaria
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CH4 across Bulgarian areas
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Fig. 3. Temporal behavior of CH4 over different Bulgarian regions
CH4 over Bulgaria - increase 6.5 %
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Fig. 4. CH4 increase over Bulgaria

As can be seen in Fig. 4, CHs emissions over Bulgaria have been
increasing by nearly 6% for about 12 years. This result is in line with the observed
trend for Europe and globally.

Figures 5-7 show the CO, values for the respective studies.
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Fig. 5. Seasonal behavior of CO2 over Bulgaria
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CO2 across Bulgarian areas
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Fig. 6. Temporal behavior of CO2 over different Bulgarian regions

CO2 over Bulgaria - increase - 7.26 %
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Fig. 7. CO2 increase over Bulgaria

As can be seen from Fig. 7, CO2 emissions in Bulgaria have been
increasing by more than 7 % for about 12 years.

Another result of our study is that both pollutants show an increase in
winter values. But while CH4 has a maximum in October, for CO, the maximum is
in February.

Moreover, the increase of CO; is almost the same in all 6 regions, while
CH4 shows higher values in the 6th region. The interesting thing about the 6th
region is that it covers the southeastern part of Bulgaria (around Burgas) up to the
Black Sea where there are no major industrial sources of methane, except the
Neftohim-Burgas oil refinery. Therefore, we can conclude that this is also one of
the main sources of CH, in Bulgaria. More research in this regard is needed to
determine the magnitude, intensity of these emissions as well as the level of
transport from adjacent areas that affect the pollutant totals for the regions studied.

It should be borne in mind that the results shown here are very global. For
a more detailed picture of the spatial distribution of the pollutants considered,
satellite data with higher spatial resolution are needed. Such data can be obtained
from the Tropomi instrument on the Sentinel-5P satellite, which have a pixel
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resolution of 3.5%7 km and a daily acquisition. Several comparisons have been
made between the results from GOSAT data and the results obtained from Tropomi
data processing [7-9]. These comparisons show good agreement of the results from
these two independent sources about CH4 emissions. Tropomi instrument does not
measure CO..

Conclusion

Based on the GOSAT data we can say that there has been a significant
increase in CH4 and CO; over the last 12 years or so. This increase is about 6.5 %
for CH4 and about 7.3 % for CO,. CO- pollution over Bulgaria is almost evenly
distributed. CH4 shows slightly higher values in the south-eastern region.
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YBEJIMYEHUE HA EMUCHUHUTE OT BBIVIEPOJAEH INOKCHU/
N METAH HAZl BBJITAPUS 110 CHBTHUKOBU JAHHHU OT GOSAT

IIn. Tpenuee, M. /lumumpoasa,

Pesrome

B crarusita e mpeacTaBeHa OlleHKAa HAa M3MEHEHHETO Ha KOHIEHTpAIMHUTE
Ha BBIJIEPOJICH IMOKCH U MeTaH B atMocdepara Haa bearapus mpes mocieanuTe
13 roaunu. 3a Ta3u uen ca usnonsBaHu gaHHU ot GOSAT 3a mepuona oT anpui
2009 r. no kpas Ha 2021 1. JlaHHUTE ca NMpencTaBeHU KaTo CPETHOMECEYHH CTOM-
HOCTH C TPOCTPAHCTBEHA pa3ieiUTEeNHa CrocoOHOCT 2,5%2.5 rpamyca. M3cnen-
BaHO € ChIIO TaKa CE30HHOTO U NMPOCTPAHCTBEHOTO IOBEACHHE Ha €MHCHUHUTE Ha
BBITIEPOJCH AUOKCH] U METaH B ChOTBETHUTE 00JIaCTH HA MHTEPEC.
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