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ABSTRACT ARTICLE HISTORY
Methane (CH,) is the second most abundant anthropogenic green- Received 19 November 2023
house gas after carbon dioxide (CO,), accounting for about 20% of Accepted 11 January 2024
global emissions. CH, anthropogenic emission sources include
landfills, oil and natural gas systems, agricultural activities, coal min-
ing, stationary and mobile combustion, wastewater treatment and
certain industrial processes. In this work, we examine the spatio-
temporal dynamics of CH, and its relationship to climatic and vege-
tation parameters in the Northern Cape province in South Africa.
Various datasets from the TROPOspheric Monitoring Instrument,
Moderate Resolution Imaging Spectroradiometer, Atmospheric
Infrared Sounder and the Global Precipitation Climatology Project
were used. The results show an increasing trend of CH, concentra-
tion throughout the entire province. The greatest increase in CH,
concentration is observed in the western parts of the province dur-
ing June-July—August (JJA) season. CH, concentration shows negli-
gible correlation with most climatic parameters, i.e. Temperature
(Temp), Precipitation (Precip) and NDVI for both seasons. The
Temp-NDVI relationship shows high correlation values of r = -0.71
and r = 0.82 for the DJF and JJA seasons, respectively. Seasonality
plays a critical role in the relationships of the CH, to climatic and
vegetation parameters. This study shows that we are in a crisis, and
robust mitigation strategies are needed to combat this.

KEYWORDS

Climate change; methane;
transport; climate;
correlation

1. Introduction

Methane (CH,) is a powerful greenhouse gas and is the second-largest contributor to
climate warming after carbon dioxide (CO,) (Subak and Craighill 1999; Howarth 2014).
It is responsible for approximately 20% of the direct radiative forcing since 1750
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(Forster et al. 2021). Globally, CH, emissions and atmospheric concentrations are con-
tinuing to rise (Carrol et al. 2020; Jackson et al. 2020), with no reversal of this trend on
the horizo (Hoglund-Isaksson et al. 2020). Therefore, there is an urgency of mitigating
CH,4 emissions.

A molecule of CH, traps more heat than a molecule of CO,, but CH, has a relatively
short lifespan of 7 to 12 years in the atmosphere (Prather et al. 2012), while CO, can per-
sist for hundreds of years or more (Solomon et al. 2009). CH, has various sources from
both natural- and man-made activities (Miller et al. 2013; Carrol et al. 2020). Natural
sources include wetlands, termites, oceans, hydrates, geological sources, wild animals and
wildfires (Van Amstel 2012). However, some of the largest sources of CH, are in agricul-
ture, fossil fuels and decomposition of landfill waste activities (Khalil and Shearer 1993;
Heilig 1994; Moss et al. 2000; Van Amstel 2012; Jackson et al. 2020). There are a few
sink/removal processes of CH, from the atmosphere which include: (1) atmospheric oxi-
dation: 88% of CH, is oxidized in the troposphere via the hydroxy radical (OH) and 7%
is oxidized in the stratosphere (Boucher et al. 2009) and (2) absorption of CH, by soil,
about 5% (Boucher et al. 2009).

As aforementioned, agricultural activities are a predominant source of CH,. Livestock
emissions from manure and gastroenteric releases account for approximately 32% of
man-made CH, emissions (UN Environmental programme 2021). There are various live-
stock production systems which span from industrial factory farming to extensive grazing
on open rangelands (Scoones 2023). Extensive livestock producers make use of rangelands
that cover over half the world’s land surface (Scoones 2023). Of concern is the ability of
ruminant livestock to produce 250 to 500 L of CH, per day (Johnson and Johnson 1995).
Factors that influence CH, emissions from cattle include level of feed intake, type of
carbohydrate in the diet, feed processing, addition of lipids or ionophores to the diet and
alterations in the ruminal microflora (Johnson and Johnson 1995). However, the manipu-
lation of these factors can reduce CH, emissions from ruminants. Some of the techniques
used for mitigation of CH, emission from ruminants include improving nutritional man-
agement, manipulation of ruminal fermentation by changing feed composition and defau-
nation (Shibata and Terada 2010; Gerber et al. 2013). In general, developing countries
have greater CH, emission rates driven by poor feed digestibility, low slaughter weights,
greater age at slaughter and poor animal husbandry (Herrero et al. 2013; Thompson and
Rowntree 2020). Conversely, developed countries have lower CH, emission rates due to
improved grazing management leading to greater diet digestibility, more intensive feeding
practices and temperate conditions (Herrero et al. 2013; Thompson and Rowntree 2020).

Wetlands are possibly the largest natural sources of CHy to the atmosphere and con-
tribute to about 20% of the current global annual emission (Wang et al. 1996; IPCC
2013). On the contrary, wetlands are important carbon sinks since anoxic conditions favor
carbon accumulation by limiting the microbial decomposition of plant residues (Koffi
et al. 2020). It has also been observed that constructed wetlands (CWs) applied for waste-
water treatment also release a significant amount of CH, (Yin et al. 2023). CWs are artifi-
cial systems that use natural processes to treat wastewater containing organic pollutants
(Yu et al. 2022). In their review, Xu et al. (2019) showed that CH, concentration are only
slightly higher in vegetated CWs than those in unvegetated CWs while obtaining a better
pollutant removal efficiency.

The fossil fuel industry, including oil/gas production and coal mining contribute sig-
nificantly of the total anthropogenic methane emission. Coal mining is responsible for
about 12% of total anthropogenic methane emissions with 90% coming from under-
ground mines (Janssens-Maenhout et al. 2019; Kholod et al. 2020). The amount of CH,4



GEOCARTO INTERNATIONAL 3

released depends on the productivity of the coal mine, the gassiness of the coal seam and
any underlying and overlying formations, operational variables and geological conditions
(Karacan et al. 2011).

Measuring, monitoring and management of CH, emissions is important in mitigation
measures. Satellite observation is able to provide global measurements of CH, at a high
observation rate. Satellites retrieve atmospheric CH, column concentrations with near-
unit sensitivity down to the surface by measuring spectrally resolved backscattered solar
radiation in the shortwave infrared (Jacob et al. 2022). The atmospheric infrared sounder
(AIRS) on board National Aeronautics and Space Administration (NASA) Aqua satellite
has been measuring CH, since 2020 to 2022. AIRS has a swath of 1650 km, a spatial reso-
lution of 13.5km at horizontal at nadir and measure’s the Earth’s outgoing radiation at
04 to 1.0um and 3.7 to 154um. More recently, the TROPOspheric Monitoring
Instrument (TROPOMI) onboard Sentinel-5 Precursor was launched and has a better spa-
tial resolution compared to AIRS. TROPOMI has an improved spatial resolution of
7 x 5.5km and a swath of 2600 km. This makes it an ideal instrument to use for regional
and local measurements.

Shikwambana et al. (2022a) showed in their study the spatial distribution of CH, over
South Africa. The Northern Cape province (29.0467°S, 21.8569°E) showed the highest
concentration of CH, compared to the other provinces. Various sources were attributed
to this, however, in this work we examine the extent at which livestock contributes to the
CH, concentration in the province. We also examine the effect of meteorological parame-
ters on the concentration of CH,.

2. Materials and methods section
2.1. Study site

The Northern Cape is the largest province situated on the west coast of South Africa (see
Figure la). It borders the Atlantic Ocean in the west, Namibia in the north-west and
Botswana in the north. It is a hot and dry region with a climate similar to that of desert
or semi-desert areas. The west of the province experiences winter rainfall while the rest of
the province experience rain predominately in the summer months. Summer day time
temperatures range between 34°C and 50°C while winter day time temperatures range
from 18°C to 27 °C. Winter night time temperatures often drop below freezing.

The two main economic activities in the province are the agriculture and mining sec-
tors. Agricultural activities in the province include cultivated subsistence farming,
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Figure 1. (a) A map of the location of Northern Cape province in South Africa and the spatial distribution of mines
and wetlands. (b) Rangeland types over the Northern Cape province.
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cultivated orchards, commercial pivots, vines and commercial fields (NC 2014). The dom-
inant land use activity in the province is commercial agriculture production. Livestock
farming of sheep, goats, cattle and game is a prominent feature of the agricultural land-
scape (NC 2014).

Mines and wetlands are also known sources of CH, (Shikwambana et al. 2022a).
Figure la shows the distribution of mines and wetlands over the Northern Cape province.
Mines and Quarries data was derived from the South African National Land Cover 2018,
which was generated using Sentinel-2 Multi-Spectral Instrument (MSI) satellite imagery of
1 January — 31 December 2018. The dataset has an overall accuracy of 90.14% (confi-
dence interval: 89.65 —90.62%, kappa: 89.91) and a mean class accuracy of 89.63%. The
data was produced by GeoTerra Image (GTI) Pty Ltd (Mark Thompson, www.geoterra-
image.com) for the South African Department of Environmental Affairs (DEA, https://
egis.environment.gov.za/sa_national_land_cover_datasets). (The kappa coefficient is a
popular comprehensive classification accuracy measure or indicator of the overall per-
formance of a particular data or classification algorithm, where values closer to 1 mean a
higher accuracy). The wetlands data was retrieved from the National Freshwater
Ecosystem Priority Areas dataset of the South African National Biodiversity Institute
(SANBI)’s Biodiversity GIS platform (https://bgis.sanbi.org/), which provides Wetland
Freshwater Priority Areas (FEPAs), wetland ecosystem types and wetland conditions on a
national scale.

Figure 1b shows the rangeland types over the Northern Cape. The rangeland types
dataset was obtained from the AFRCS Rangeland map (https://africultures-platform.eu/en/).
It is a high-resolution prototype product that characterizes grazing and browsing resources
in Africa described in Kganyago et al. (2022) and Alexandridis et al. (2021). The product is
provided at 30m resolution, and it is based on Random Forest classifier and time series
data from Sentinel-2 Multi-Spectral imager (MSI) and Landsat series within Google Earth
Engine. The Northern Cape province was mapped at 82.24% (Kganyago et al. 2022). The
rangeland data is important because it shows where the grazing and browsing livestock are
situated. Grazing animals consume mainly the leaves and stems of grass, e.g. cattle and
sheep, while browsing animals usually prefer feeding on leaves and stems of trees, shrubs or
herbs, e.g. goats and giraffes. Sheep and cattle are grazing animals while goats are browsing
animals.

2.2. Data

2.2.1. TROPOMI

The TROPOspheric Monitoring Instrument (TROPOMI) is an instrument on board the
Sentinel-5P satellite. It was launched on 13 October 2017. The instrument operates in a
push-broom configuration (non-scanning), with a swath width of approximately 2600 km
on Earth’s surface. The typical pixel size (near nadir) is 7 x 3.5km” for all spectral bands,
with the exception of the ultraviolet 1 (UV1) band (7 x 28 km?) and shortwave infrared
(SWIR) bands (7 x 7km?). The science objectives of TROPOMI are (1) to better constrain
the strength, evolution and spatio-temporal variability of the sources of trace gases and
aerosols impacting air quality and climate, (2) improve upon the attribution of climate
forcing by a better understanding of the processes controlling the lifetime and distribution
of CH4 - Methane, tropospheric O; - Ozone and aerosols, (3) better estimate long-term
trends in the troposphere related to air quality and climate from the regional to the global
scale and (4) develop and improve air quality model processes and data assimilation in
support of operational services including air quality forecasting and protocol monitoring
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(Veefkind et al. 2012). More specific details on sentinel-5P can be found in Theys et al.
(2017) and Tilstra et al. (2020). In this work the CH, product is used.

2.2.2. MODIS

The Moderate Resolution Imaging Spectroradiometer (MODIS) is an instrument aboard
the Terra and Aqua satellites. The Terra and Aqua satellites have a viewing swath width
of 2330km and are able to view the entire Earth’s surface every one to two days. Its
detectors measure 36 spectral bands between 0.405 and 14.385pum covering wavelengths
from visible (VIS) to long-wave infrared (LWIR). It acquires data at three spatial resolu-
tions — 250, 500 and 1000 m. MODIS generates more than 30 science products that are
openly distributed worldwide to various users (Xiong and Butler 2020). More details on
the specifications and products of MODIS can be found in Justice et al. (2002) and Xiong
and Butler (2020). In this study the normalized difference vegetation index (NDVI) prod-
uct is used. NDVI is a measure of the amount and vigor of vegetation on the land sur-
face. NDVI values range from —1.0 to 1.0, with negative values indicating clouds and
water. Positive values near zero indicating bare soil, and higher positive values of NDVI
ranging from sparse vegetation (0.1 —0.5) to dense green vegetation (0.6 and above).

2.2.3. AIRS

The Atmospheric Infrared Sounder (AIRS) on NASA’s Aqua satellite, gathers infrared
energy emitted from Earth’s surface and atmosphere globally, every day. Some of the data
it provides includes 3D measurements of temperature and water vapor through the
atmospheric column. AIRS has 2378 infrared channels in the spectral range of 3.7 to 15.4
microns, with a spatial resolution of 13.5km and 4 Vis/NIR channels from 0.4 to 0.8
microns with a spatial resolution of 2.3km. More details of the instrument are discussed
by Hartmut et al. (1995), Chahine et al. (2006), Pagano et al. (2003) and Menzel et al.
(2018). In this study, we use the air temperature product.

2.2.4. GPCP

The Global Precipitation Climatology Project (GPCP) aim is to produce a global, monthly
precipitation dataset. GPCP combines microwave and infrared measurements, and out-
going longwave radiation retrievals from satellites and, over land, also incorporates rain
gauge observations. Data from rain gauge stations, satellites and sounding observations
estimate monthly rainfall on a 2.5deg x 2.5 deg latitude-longitude global grids from 1979
to the present. The key limitation of this dataset is the indirect and complex nature of
translating sparse satellite precipitation measurements into gridded precipitation estimates.
Also, the lack of rain gauges for ground validation over ocean introduces unknown sys-
tematic errors into this and all ocean precipitation estimates from satellites. More details
on the specifications of GPCP can be found in Huffman et al. (1997), Adler et al. (2018)
and Huffman et al. (2023).

2.2.5. DALRRD

The Department of Agriculture, Land Reform and Rural Development (DALRRD) is one
of the departments of the South African government. DALRRD to accelerate land reform,
catalyze rural development and improve agricultural production to stimulate economic
development and food security DALRRD keeps a record of the livestock data across
South Africa under its directorate of statistics and economic analysis. The data presented
in this report can be accessed on this link (http://www.old.dalrrd.gov.za/Home/Crop-
Estimates/Statistical-Information/Livestock).
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2.2.6. Statistical analysis

Pearson correlation (r) analysis was executed to establish the relationship between the cli-
matic and environmental conditions. MATLAB was the software used to determine and
plot the relationship between the parameters. The specific parameters tested for their rela-
tionship are normalized difference vegetation index (NDVI), precipitation (Precip), air
temperature (Temp), relative humidity (RH) and CH,.

r=>(-x)i-y)
V- % Y- 3)

where 7 is the correlation coefficient, variables x; and y; represent values for each respect-
ive variable x and y, respectively, and X and y are mean values of the x and y variables,
respectively. Further information on the Pearson correlation test can be found in Benesty
et al. (2009).

A summary of the parameters used in this study is shown in Table 1.

(1)

3. Results
3.1. CH4 spatial distribution

The summer season is made up by the months December-January-February (DJF) and
the winter season is made up by the months June-July-August (JJA). The seasonal spatial
distribution of CH,4 concentration in the Northern Cape Province is shown in Figure 2.
The northern parts of the province (27°S, 19°E) has high concentration (1785.5-1825.5
ppbV) of CH, seasonally. The contributors to this are the wetlands (see Figure 1) and
livestock in that area. Cloete and Olivier (2010) showed that this area has a higher grazing
capacity, as seen in Figure 1b, indicating that there is a large number of livestock in that
region which emits large amounts of CH, into the atmosphere.

Comparison of the seasons show that there is higher CH, concentration distribution in
the winter season (see Figure 2b,d,f) than in the summer season (see Figure 2a,c,e). The
results also show an increasing trend of CH, concentration throughout the entire prov-
ince. The greatest increase in CH4 concentration is observed in the western parts of the
province during the JJA season (see Figure 2f, red block). The increase in the CH, con-
centration could be due to the accumulation of CH, over time since CH, has a long-life
time in the atmosphere. However, the main sources of the CH, emission is from the min-
ing and livestock.

3.2. Transport and dispersion

Generally, wind speed is a function of the atmospheric pressure gradient, with the princi-
pal driver being the sun. Varied heating of the earth results in global circulation patterns

Table 1. Data used to study emissions from wildfires.

Input data source Product used Output data

TROPOMI (270 — 2385 nm) CH,4 concentration (ppbV) Spatial distribution map of CH,
Timeseries plot of CH,

MODIS (550 nm) NDVI Timeseries plot of NDVI

AIRS (13.5km at nadir) Temperature (°C) Timeseries plot of Temperature

GPCP (2.5° x 2.5° Precipitation rate (mm/month) Timeseries plot of BC concentration

MERRA-2 (0.5° x 0.625°)) Wind speed and wind direction Spatial distribution map of wind

DALRRD (weblink) Number of livestock (cattle, sheep and goats) Timeseries plot of livestock number
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Figure 2. Seasonal spatial distribution of CH, concentration for the period 2020-2023.

with Coriolis forces essentially driving large-scale motion of the air (Wright and Grab
2017). Wind speed is also strongly influenced by local temperature gradients as well as
large-scale climate oscillations such as the El Nino Southern Oscillation (ENSO) and
Madden-Julian Oscillation (MJO) (Fant et al. 2016). Wind variability at a regional scale is
strongly influenced by microscale, mesoscale and synoptic-scale factors such as topog-
raphy, water bodies (e.g. oceans, lakes) and land use (Wright and Grab 2017). In general,
the higher the wind speed, the more pollutants are dispersed and the lower their concen-
tration. Figure 3 shows the wind speed distribution and wind direction over the Northern
Cape Province during the DJF and JJA seasons (see Figure 4a,b, respectively). Higher
wind speeds of up to 7.8 m.s~" are observed in the JJA season compared to the DJF sea-
son with wind speeds up to 6.1m.s~'. However, high wind speeds of 10m.s™" are
observed over the Atlantic Ocean during the DJF season. Kruger et al. (2010) showed that
the high wind speeds are caused by the ridging of the Atlantic high-pressure system, and
is strongest during the DJF months. The high wind speeds over the Atlantic Ocean, dur-
ing the DJF season, travels in a northerly and easterly directions. These winds tend to
push the pollutants produced on the coastline in land, thus, increasing the concentration
of these pollutants. On the contrary, during the JJA season some wind travel toward the
Atlantic Ocean while others travel in a southerly direction toward the Western Cape and
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Figure 3. Wind speed and direction over the Northern Cape Province during the (a) DJF and (b) JJA seasons.

Eastern Cape provinces, thus, increasing the concentrations. The stable atmosphere domi-
nates during the in the JJA season which is characterized by high wind speed, caused by
the damped vertical motions of air (Sucevic and Djurisic 2012). Winds are responsible for
the dispersion of pollutants.

3.3. Trends and correlation

3.3.1. Trends

Seasonal adjustment is the process of removing a nuisance periodic component. The
result of a seasonal adjustment is a de-seasonalized time series. De-seasonalized data is
useful for exploring the trend and any remaining irregular component. The de-seasonali-
zation was performed using MATLAB. MATLAB calculates the de-seasonalized series by
subtracting (or dividing by) the estimated seasonal component, depending on the assumed
decomposition.

Figure 4 shows the timeseries and the de-seasonalized trends for CH,, temperature,
precipitation, NDVI and livestock number for the Northern Cape province. Figure 4a,b
shows the timeseries and trend of CH, concentration for the period 2013 to 2023. An
increasing trend is observed between 2013 and 2023. Global studies by several researcher
have also shown increasing trends of CH, concentrations overtime (He et al. 2020;
Turner et al. 2019; Van Dingenen et al. 2018). This is in agreement with the results of
this study. Although the sources of emissions are known, it is not clear at this point what
the main drivers of this increase are.

Figure 4c shows a fluctuating pattern of temperature for the period 2013 to 2023. High
temperatures of approximately 52°C are observed during the DJF season while low tem-
peratures of approximately 26 °C are observed during the JJA season at day time. Figure
4d shows a rather complicated trend of the temperature. A slight increase in temperature
is observed between the year 2015 and 2016. This is the period were a strong El Nino was
observed (Shikwambana et al. 2022b). El Nino is associated with warmer and drier condi-
tions. Between 2016 and 2022 a decrease in temperature is observed. Overall, the period
between 2016 and 2022 was characterized by the La Nina phase.

Figure 4e shows a fluctuating pattern of precipitation for the period 2013 to 2023.
High precipitation rates are observed during the JJA season on the western side of the
province and the eastern side of the province experiences precipitation during the DJF
season. The main stimulus for JJA precipitation in this region is the combination of the
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Figure 4. Timeseries of (a) methane, (c) temperature, (e) precipitation, (g) NDVI and (i) livestock number. De-seasonal-
ized trends of (b) methane, (d) temperature, (f) precipitation, (h) NDVI and (j) livestock number, for the period 2013-

2023 over the Northern Cape province.

cold Benguela current and the northward displacement of high-pressure systems (du
Plessis and Schloms 2017). Figure 4f shows the trend of precipitation. A decreasing trend
is observed between 2014 and 2016, this partly due to the El Nino phase. An increasing
trend is observed from 2016 to 2022. Figure 4g shows a fluctuating pattern of NDVI. Low
values of NDVI are observed during the JJA season and high values are observed during
the DJF seasons. Figure 4h shows a decrease in trend from 2019 to 2022. This decline
could imply a loss in a healthy a vegetation which is likely to affect the grazing and
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browsing areas for livestock. Interestingly, the livestock number shown in Figure 4i is also
decreasing, from 2016 to 2022. The trend in Figure 4j shows that the livestock number
started decreasing from 2013.

3.3.2. Correlation

Correlation is a statistical measure that expresses the extent to which two variables are
linearly related. The results of the statistical relationships between different parameters
during the DJF and JJA season are presented in Figure 5. For simplicity of interpretations,
the r coefficients are grouped into negligible (£0.0 to +0.3), weak (£0.31 to +0.5), moder-
ate (£0.51 to £0.7), high (+0.71 to +0.9) and very high (+0.91 to £1.0) negative or positive
correlations (Shikwambana et al. 2022b).

The DJF season (see Figure 5a) constitute mostly of positive correlation whereas the
JJA season (see Figure 5b) has mostly negative correlation. CH4 concentration shows neg-
ligible correlation with most of the climatic parameters, i.e. Temp, Precip and NDVI for
both seasons. The Temp-NDVI relationship shows high correlation values of —0.71 and
0.82 for the DJF and JJA seasons, respectively. This means that during the DJF season,
high temperatures result in lower NDVI values, and vice versa. This implies that drier
vegetation is as a result from higher temperatures and less precipitation during this
period. The Temp-Precip relationship (0.60) during the DJF season supports this observa-
tion. Increasing temperatures contribute to increasing precipitation. The Precip-NDVI
relationship (0.47) shows a weak and positive correlation. This correlation implies that
the increase in precipitation contributes to the increase in greener vegetation. During the
JJA season the Temp-NDVI relationship shows a high and positive correlation. This
implies that high temperatures contribute to the greener vegetation. Surprisingly, the
Precip-NDVI relationship (-0.49) shows a weak and negative correlation in the JJA sea-
son. This result implies that low temperatures contribute to high precipitation. This is
expected as some parts of the Northern Cape province experience precipitation in the JJA
season, and this drives the temperature down. Overall, the results show that seasonality
place a huge role in the relationships of the parameters. Furthermore, the relationships of
the parameters differ immensely.

@ b)
m z =) m z
: K : . : g
1 0.60 | -0.26 -0.71 L 1 -0.58 0.24 0.82
TEMP & TEMP & o
0.6 0.6
1 0.17 0.47 e 1 -0.004 -0.49 04
PRECIP [ ® o PRECIP €& -
0 0
0.017 1 o
CH, e e CH, &) > 2 02
0.4 04
1 0.6 1 06
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Figure 5. The relationship between CH,, temperature (Temp), precipitation (Precip) and NDVI during the DJF and JJA
seasons using the Pearson’s correlation for the period 2013-2023 over the Northern Cape province.
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Figure 6. Simplified flow diagram illustrating the role of climatic parameters and CH, atmospheric emission in
livestock.

3.3.3. Climatic parameters and CH, atmospheric emission in livestock

The role of climatic and vegetation parameters on the livestock emissions is shown in
Figure 6. NDVI-Temp-Precip relationship have a moderate to high correlation (see
Figure 5). High precipitation and temperature leads to greener healthier vegetation (high
NDVI values). Livestock would graze on the healthy vegetation and then the rumination
process would follow. CH, emission would then follow from the ruminant livestock pro-
duction systems (Tedeschi et al. 2022). The higher the livestock numbers the more the
CH, emissions and concentration. Although the flow diagram presented is simplistic, it
does give a good idea of how livestock CH4 emissions are related to climatic parameters.

4, Discussion and conclusions

Globally, atmospheric CH,4 concentration is on the rise (Skeie et al. 2023). Various sources
such as wetlands, landfills, oil and natural gas systems, agricultural activities and coal
mining contribute to the increase. An increase in natural CH, production is driven by
globally warmer temperatures and heavier rainfall. South Africa contributes to the global
CH, concentration. Specifically, the Northern Cape province in South Africa is the main
contributor of CHy. This study sort to understand the contribution and role of climatic
parameters on the CH, concentration. The study found that wind speed and direction is
responsible for the atmospheric dispersion and transport of CH, seasonally. Horizontal
dispersion showed that CH, is spread more during the JJA season compared to the DJF
season. The correlation analysis shows that CH, is not affected by climatic and vegetation
parameters such as temperature, precipitation and NDVI. Gedney et al. (2004) showed
seasonal variations of CH4 emissions in most southern Africa regions are not strongly
related to changes in surface temperature, which is in agreement without findings.
Akimoto et al. (2015) in the study of CH, concentration changes in East Asia observed
seasonal variations in CH, in their study area, which peaked in August. This is agreement
with the observations of this study. An interesting results was observed by Chandra et al.
(2017). In their study conducted in the eastern region of India an increase in CHy is
observed in the DJF season. They claim this is due to increased microbial activity in these
areas. This observation is not in agreement with our observation. Although the geograph-
ical sites are different, more work has to be done to understand these discrepancies.
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Overall, all study shows an increase in CH, concentration, therefore, the implementa-
tion of CH, reduction is very important and needs to be executed soon to keep the 1.5°C
Paris Agreement target within reach. This study clearly shows that we are in a crisis and
robust mitigation strategies are needed to combat this.
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