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Carbon and Climate Change — An Overview

David Cutress: Knowledge Exchange Hub, IBERS, Aberystwyth
University

e Current trends show climate change due to human influences such as major
industrialisation are having a significant effect on global climate patterns

e The biggest single factor driving climate change is the emission of carbon
compounds particularly carbon dioxide (CO2)

e Agriculture and the land-use sector is one of the biggest influences on climate
change globally through greenhouse gas (GHG) emissions and reductions of
natural carbon sinks, however, this sector also offers significant potential for
removing atmospheric GHGs

What is climate change?

Climate change refers to a meaningful statistical change in the state or variability of
the climate (loosely defined as the average weather) over a period of time. The main
climatic pattern change associated with the term climate change is the increase in
global average temperatures. Whilst many view climate change as an inherently
human-associated process, due to its consistent representation in the media, climate
change does also inherently occur naturally over time. However, research has noted
an acceleration in climate change towards increased temperatures which correlates
with human activity, particularly following historical industrialisation. As such, ‘climate
change’ is often specified to be related to direct and indirect human activity (As noted
by the united nations framework convention on climate change UNFCCC) and the term
‘climate variability’ is used to discuss natural causes of change. Climate variability has
demonstrated natural cycling of cold ‘glacial’ and warmer ‘interglacial’ periods which
occur over 1,000°’s or 10,000’s of years. This, normally gradual, changing of
temperature which can fluctuate in range over 11°C can be linked to shifts in the
earth’s orbit along with volcanic eruptions and changes in the sun’s solar activity.

One of the key ways science allows us to ascertain climate change is through
monitoring polar ice sheets. Ice sheets have developed over hundreds of thousands
of years, and within them contain trapped air bubbles which act as a snapshot of that
period’s atmospheric gas levels. The trend observed over the last 1,000 years
demonstrates significantly increased concentrations of gases associated with climate
change alongside increased human industrial activity (1760’s onwards) (Figure 1).
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https://www.sciencedirect.com/science/article/pii/S1462901105001048
https://www.ipcc.ch/report/ar5/wg1/technical-summary/
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Another term which has direct links to climate change, and tends to focus on the effects
of human activity, is ‘global warming’, as it implies this focuses on the noted trend of
the surface warming effects of climate change.
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Figure 1Taken from British Antarctic Survey - CO, and CHalevel over the last 1,000 years

What are greenhouse gases?

The process which causes the increase of temperatures related to current climate
change patterns is referred to as the greenhouse effect. This process involves the
observation that certain atmospheric gases act similarly to glass in a greenhouse, in
that they allow shorter wavelength radiation from the sun through, but absorb and
reradiate (in all directions) the longer infrared radiation ‘reflected’ back from the earth
(figure 2). The gases in the atmosphere which act to absorb and reradiate heat have
commonly become referred to as greenhouse gases (GHGs) and it is high quantities
of these which can cause global temperatures to increase. GHGs include water vapour
(H20), carbon dioxide (COz2), methane (CHa), nitrous oxide (N20), sulfur hexafluoride
(SFs), hydroflurocarbons (HFCs) and perfluorocarbons (PFCs). As can be seen, four
of these GHG groups contain carbon molecules, and within these, CO2 makes up the
largest proportion. The most recent figures suggest COzis present at 407.8 parts per
million in the atmosphere, this further demonstrates a continuing annual trend of
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https://rmets.onlinelibrary.wiley.com/doi/abs/10.1002/qj.49702711702
https://science.sciencemag.org/content/sci/243/4892/771.full.pdf
https://library.wmo.int/index.php?lvl=notice_display&id=21620#.XmkHZKj7SUk
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increases. As such ‘carbon’ often becomes a proxy term for discussing GHGs or
climate change in general. Current concentrations of CO2 are more than 200 x higher
than all other human activity related GHGs combined, as such, COzis considered the
single biggest contributor to climate change.
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Figure 2 The greenhouse effect and the gases involved

Changes to the net amount of energy which reaches the earth's surface are discussed
in regards to radiative forcing (RF), with positive radiative forcing increasing earth’s
surface temperatures and negative radiative forcing having the opposite effect, both
are measured in watts per square metre (W/m?). A common measurement which is
based on RF is global warming potential (GWP), this looks at the total RF effect over
time per unit of a gas in relation to COz as a set standard (CO2’'s GWP = 1). One of
the most significant impacts which lead to the increased presence of GHGs in the
atmosphere was the initial discovery that burning fossil fuels produces energy. Fossil
fuels had previously acted as a long-term store of carbon. Between 1750 and 2011
fossil fuels combustion has accounted for >70% of all the human-related CO:2 present
in the atmosphere, demonstrating its significant impact. CH4 and N2O emissions are
the second and third largest emissions respectively (16% and 6%). More than half of
all the CH4 produced originates from microbial sources, whether these are within
ruminant stomachs, rice paddies or soils. Recent research suggests a compounding
effect of rising temperatures as climate change effects cause increasingly ideal
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https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_Chapter06_FINAL.pdf
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2016GB005406
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environments, in which microbes will thrive. Increased microbial activity and stability
will, therefore, lead to increased CH4 and N20 production. The largest contributor of
N20 is suggested to be fertilisers used in agricultural practices as these are cycled
through nitrification and denitrification via microbes in soils.

Carbon and carbon equivalents

Carbon is a crucial element for all life on earth, it is present in animals, plants, rocks,
oceans and soils and it cycles between these allowing its continued re-distribution into
various sources, or ‘carbon sinks’. Whilst there are complex considerations involved
in carbon cycling concerning naturally produced ‘organic’ carbon sources, as well as
artificial ‘inorganic’ sources, the key consideration for climate change involves the
balance of emissions of ‘inorganic’ CO2 and its storage or sequestration into the land
and the oceans.

Land sequestration

Sequestration of COz in land systems occurs almost entirely through photosynthesis,
where COzis converted to sugars within plants and released back as oxygen (O2).
Therefore, vegetation, particularly forestry, acts as a vital carbon sink. However,
increasing temperatures, associated with climate change patterns, may limit
photosynthesis through various mechanisms, leading to saturation points eventually
being reached. Sequestration (essentially storage) of carbon into vegetation, leads to
its conversion to soil organic carbon (SOC), this cycling is linked both directly to plant
growth, plant-soil microbiome interactions and plant death through decomposition.
There are direct routes for sequestration of carbon, independent of plants into soils,
however, the sequestration values are comparatively low and carbon is far less
effectively sequestered longer-term.

Ocean sequestration

Our oceans are said to have absorbed 41% of the human activity related CO2 being
emitted into the atmosphere to date and as such are considered significantly beneficial
as a carbon sink. One main route of sequestration within oceans involves the biological
incorporation of carbon, through marine photosynthesis (via phytoplankton etc), into
marine organisms through consumption. Following consumption, there is vertical
cycling of carbon, as dead organisms sink to the ocean’s depths. This vertical gradient
of carbon is often referred to as the carbon biological pump, equally a physical pump
system also exists whereby atmospheric CO2 dissolves at the surface of oceans and
is circulated into deep oceans through convection currents. Whilst oceans act as a
carbon sink, many other aquatic systems (lakes and rivers) are considered to be
opposingly involved in the net emission of CO2. However, one other set of aquatic
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https://link.springer.com/chapter/10.1007/978-1-4615-8219-9_4
https://www.pnas.org/content/pnas/102/32/11201.full.pdf
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https://www.researchgate.net/publication/225715965_Plumbing_the_Global_Carbon_Cycle_Integrating_Inland_Waters_into_the_Terrestrial_Carbon_Budget
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systems which has been demonstrated to act as a significant sink of carbon are
glacier-fed rivers and lakes these contain high levels of minerals particularly carbonate
and silicate which can actively remove CO2 via weathering processes.

An important concept when considering the impact of CO2 on climate change is that
its presence in the atmosphere is cumulative, therefore, any emissions which are not
sequestered long term by the land, or our oceans, remain in the atmosphere and are
additive on top of all future emissions. This principle influenced the formation of a
social cost of carbon (SCC) concept, which influences the implementation of climate
change policies, climate change caps and costing of carbon outputs.

Global climate change

Globally the trends of climate change over the last several hundred years have led to
a 1 — 1.2°C increase in average land temperatures. Alongside this, a significant
proportion of work suggests increases in climate _extremes globally. The extremes
include higher levels of rainfall leading to more intensive flooding, whilst other regions
are experiencing more intense and longer droughts. A high level of agreement has
been reached on models of climate patterns which predict substantive warming by the
end of the 215t century at our current rates of emissions, with ‘extreme maximum
temperatures’ set to rise by up to 5°C and become more frequent. Increasing
temperatures appear linked to increasing sea ice presence and glacial melting which
are thought to be the main drivers for increasing sea levels.

Globally emissions per sector suggest that electricity and heat production along with
agricultural and land use-based sectors are the biggest contributors of GHGs (Figure
3).
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https://www.ipcc.ch/site/assets/uploads/2018/03/SREX_Full_Report-1.pdf
https://www.nature.com/articles/nature04448
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Figure 3 Human-activity related GHG emissions per economic sector based on IPCC (2014)

UK Climate change

In the UK the most recent comprehensive report of our weather patterns, from 2018,
has demonstrated increasing heating trends. On average a 0.3°C increase in land
temperatures has been documented since 2009 and an average increase of 0.9°C
compared to the period from 1961-1990. This matches with the occurrence of our
seventh warmest year, in 2018, in the UK since 1884, with all of the top 10 warmest
years since 1884 occurring between 2002 and 2018. Alongside these figures, the UK
has also experienced some extreme weather patterns including;

The highest UK December temperature on record 18.7°C - (2019)

A new UK record temperature of 38.7°C - (2019)

The warmest driest summer in over 100 years - (2018)

Most extreme rainfall in south Wales in 50 years - (2018)

The UK is currently considered to be the country with the 8 highest emissions of CO2
when scaled per head of population and the 15" highest country when direct
emissions are analysed. The UK has, however, seen a gradual decrease in its
emissions levels within the last 30 years with 44% reductions in total GHGs produced
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https://rmets.onlinelibrary.wiley.com/doi/full/10.1002/joc.6213
https://www.metoffice.gov.uk/weather/learn-about/past-uk-weather-events
https://data.worldbank.org/indicator/EN.ATM.CO2E.PC
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/790626/2018-provisional-emissions-statistics-report.pdf
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and 39% reductions in COz2 specifically. This trend correlates significantly with our
change in reliance on coal as a fuel source.
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Figure 4 GHG emissions per sector in the UK - Data from the Department of Business, Energy and

Industrial Strategy (DBEIS) (2016)

Agriculture and climate change

Agriculture can be seen to be having significant effects on both regional and global
GHG emissions (figure 3 and 4). In the most recent figures from the Department for
Environment Food and Rural Affairs (DEFRA), the UK ranked the 12" highest country
for our CO2 emissions per $ of agricultural production. Agricultural and land-based
emissions which are contributing to this can come from many sources including;

Livestock — through direct emissions, feed production and processing

Manure and slurry — through their storage and spreading procedures
Management of grasslands and crops — through fertilisers and other chemical
applications which can influence GHG productions directly or indirectly

Soil management — through the processing of fertilisers, the drainage of peat
and compaction and physical factors

Farm infrastructure and transport — through fuel use, heating, electricity,
machinery production and food processing.
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However, natural and agricultural land-based systems also offer opportunities for
some of the most substantive approaches through which we can increase our
sequestration_or_mitigation of global climate change. This is particularly possible
through maintenance or creation of carbon sinks such as soil. Key carbon sinks to be
considered in agriculture include;

e Vegetation — including riparian strips, mixed species grasslands, protected
scrubland and cover crops amongst others

e Forestry — agroforestry practices and hedgerow plantations

e Soils — through appropriate management of soil health, reduced or no-till
farming and many others

Research suggests that the warming environment, related to climate change, will have
a mixture of beneficial and detrimental effects on farmers. Warmer temperatures and
increased CO2 may well increase life cycle speeds of grain crop production, though
other crops which are more temperate adapted or sensitive to changes may suffer.
Equally the likelihood of more extreme flood and drought scenarios may have
significant stresses on farmers crops and outdoor livestock productivity. Alongside
this, longer summers and warmer winters will likely increase disease pressure on
crops and animals (cold winter periods often act to halt/kill disease vectors).

Summary
Over the last several hundred years (following industrialisation) there has been

increasing evidence of a statistically meaningful increase in global temperatures. This
suggests human activity is having an increased climate change effect. The main
human factors affecting this global warming are the increased production of GHGs
produced through a variety of processes across multiple sectors. Whilst GHG figures
globally are still increasing overall, the UK has seen some decline in its emissions,
however, there are still further gains to be made in combating GHG production and
accumulation in the earth’s atmosphere. Agricultural/forestry land is a substantial
emitter of GHGs but conversely has a huge potential to be utilised as a mitigating
sector through the role of trees/vegetation and soils as active carbon sinks.
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