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4.2.1CarbonCycle: CarbonDioxide

CarbonFixation

= Carbonis presentinthe atmosphere inthe formof carbondioxide gas
= Carbonis takenout of the atmosphere byplants to be used inphotosynthesis
= Plants are autotrophs
= Autotrophs use light energy to convert carbondioxide fromthe environment into carbon
compounds,suchas:
= Carbohydrates
= Lipids
= Amino acids

= Thisreduces the amountof carbonpresentinthe atmosphere and storesitinthe tissues of
plants

CarbonDioxide in Solution

= Where the atmosphere comes into contactwithbodies of water,carbondioxide inthe
atmosphere candissolve inwater
= The oceans are thoughtto store significantlymore carbon than the atmosphere

= Some ofthe carboninaquatic systemsisinthe formofdissolved carbondioxide
= Somedissolved carbondioxide reacts withwaterto formcarbonic acid, (H,COxz), whichthen
dissociates to produce hydrogencarbonate ions (HCOz),and hydrogen(H*)ions
= H*ionsinthe watercauseitto become more acidic;as more carbondioxide dissolves inthe
oceans,the pHofthe oceans decreases and this cancause problems forsome marine
organisms

= Aquatic producers (such as aquatic plants and phytoplankton) canabsorb dissolved carbon
dioxide and hydrogencarbonate ions forphotosynthesis,usinglight energy fromthe sunto
convert this carboninto othercarboncompounds such as carbohydrates

Carbonis present in waterin the form of dissolved carbon dioxide and hydrogen carbonate jons
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CarbonDioxide & CoralReefs

= Theimpactofincreasingcarbondioxide levels onthe atmosphere is wellknown;itis a
greenhouse gas and therefore increases the warming of the atmosphere as its atmospheric
concentrationincreases

= Theimpactofincreasingcarbondioxide levels onthe oceansisless well-understood bythe
public but could be significant for the oceanbiodiversitybecause of the effectof carbon
dioxide onoceanchemistry

= The oceans dissolve huge amounts of carbondioxide,and much of the dissolved carbon
dioxide reacts withseawater to formcarbonic acid (H,CO3)

C02 + HQO = H2C03

= Carbonic acid thendissociates to formhydrogenions (H*) and hydrogencarbonate ions
(HCO3z3)

H,COz=H*+HCO3z"

= Hydrogencarbonateions canthendissociate againto formmore hydrogenions and
carbonateions (CO32-)

HCOz =H*+CO=2-

= Provided that this series ofreactions takes place at the appropriate rate, the oceans remain
slightly alkaline, and thereis asteadysupplyof carbonateions fororganisms that need them
= Manymarine organisms need carbonateionsinorderto secrete calciumcarbonate forthe
building of the hard parts of theirbodies

= Molluscs suchas mussels and clams build theirshells from calcium carbonate

= Coralis made up of manytinyorganisms called coralpolyps which secrete hard
exoskeletons built fromcalciumcarbonate;these exoskeletons formthe complex
structures of corals which are akey part of coralreef ecosystems

= However, as atmospheric carbondioxide levelsincrease,so too does the amount of carbon
dioxide that dissolves inthe oceans

= Asmore carbondioxide dissolves, more carbonic acid forms and dissociates,and more
hydrogencarbonateions formand dissociate, the end result of whichis increasingnumbers of
hydrogenionsinaseawatersolution

= Increasingconcentrations of hydrogenionsinsolutioncause that solutionto become more
acidic;inthis case the processis known as oceanacidification

= Note thatthe oceans are still alkaline, but the pHhas decreased, so theyare closerto neutral

= There are significant consequences to oceanacidification
= The calciumcarbonate exoskeletons of,e.g.corals,canbe weakened and evendissolve
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= Thereactionduringwhichhydrogencarbonate ions dissociate to formhydrogenions and
carbonateionsreverses to bufferthe increasingnumberof hydrogenions,reducing the
availability of carbonate ions forthe building of hard exoskeletons

H++CO32_—>HCO3'

= Whenthe effects of oceanacidificationare combined with coral bleaching that results from
warmingoceans,the consequences forcoralreefs could be veryserious
= Withcoralreefs thought to be the mostdiverse ecosystemwe know, this could be bad news
foroceanbiodiversity

Increased atmospheric carbon dioxide increases the numberof hydrogen ions in seawater, and reduces
the availability of carbonate ions

Q Exam Tip

Note that while oceanacidificationshares the same cause as global warming (increased
atmospheric carbondioxide),itis notadirectresult of globalwarming.
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CarbonDioxide Absorption

= Autotrophs absorb carbondioxide fromtheirsurroundings (eitherair orwater) before
convertingitinto carboncompounds intheirtissues
= This absorptiontakes place bydiffusioninto the leaves of plants
= Carbondioxide diffuses downits concentrationgradient fromaregionof highconcentration
(outside the leaves)to aregionoflow concentration(inside leaves)
= Thecellsinsideleaves use carbondioxide inphotosynthesis so the concentrationis always
lowinside the photosynthesising cells, maintaining the concentrationgradient

= This diffusiontakes place throughthe stomataofland plants,and directlyinto the cells of
aquatic plants

Carbon dioxide diffuses into the leaves of plants down its concentration gradient
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4.2.2 CarbonCycle: CarbonDioxide inthe Atmosphere

Re spiration & CarbonDioxide

= Alllivingcells carryout some formof cellularrespiration, from bacteria, to plants, to animals

= Manyorganisms carryout aerobic respiration

= Aerobicrespirationrequires the uptake of oxygenand produces carbondioxide as awaste
product

Aerobic respiration produces carbon dioxide as a waste product

= Because carbondioxideis beingconstantlyproducedinside cells,aconcentration gradient
betweentheinside and the outside of cells is maintained
s Carbondioxideleaves cells by diffusion

= This carbondioxide is eventuallyreleased into the environment; eitherair orwater
= Single-celled organisms release carbondioxide by diffusionat the cell surface
= Terrestrial plants release carbondioxide by diffusionfromtheirstomatainto the surrounding
air
= Animals release carbondioxide into the surrounding airorwater by diffusionvia theirgas
exchange surfaces e.g.mammalianlungs orfish gills
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Fluctuationsin CarbonDioxide Levels

NOS: Making accurate, quantitative measurements;itisimportant toobtainreliable
dataontheconcentration of carbon dioxide and methaneinthe atmosphere

= Theamountofcarboninthe atmosphereis constantlychangingdue to seasonal fluctuationsin
rates of photosynthesis and due to humanactivities
= Photosynthesis removes carbondioxide fromthe atmosphere, meaning that atmospheric
carbondioxide levels decrease in whicheverhemisphere is experiencing springand summer
= The combustionoffossilfuels byhumans releases carbondioxide into the atmosphere
= Livestocksuchas cattle release methaneinto the atmosphere

= Bothcarbondioxide and methane gases contribute to atmospheric carbonlevels,and bothof
these gases have importantimpacts onthe planet
= Carbondioxideinfluences the pHof seawater and the process of photosynthesis, and
bothcarbondioxide and methane influence globaltemperatures

= Because of the significance of the effects of these gases, itis important to accurately monitor
theirconcentrations inthe atmosphere
= Quantitative atmospheric measurements canbe taken
= Accurate,quantitative monitoringoveralongperiod of time enables scientists to identify
trends,and test hypotheses
= E.g.Scientists have hypotheses suchas:

= [ncreased atmospheric carbondioxideis due to human activities
= [ncreased carbondioxide causesincreasing globaltemperatures

= Dataenables scientists to see thatlevels of atmospheric carbonhave increased inline
with human burning of fossil fuels, and thatincreasing atmospheric carbon levels
correspond withincreasing globaltemperatures

= Quantitative dataenables scientists to make predictions
= Eg.

= Studyingthe connectionbetweenatmospheric carbonlevels and global
temperatures enables scientists to predict the level of impact of the release of
specific amounts of carboninto the atmosphere

= Understandingthe impact of global photosynthesis rates onatmospheric carbon
levels means that scientists canaccurately predict the impact of projects suchas
large-scale tree planting and rewilding

= Statisticalanalysis canbe carried out on quantitative data, enabling statistical significance
to be established
= E.g,scientists canbe sure that current carbondioxide levels are significantly higher than
theywould have beenwithout the combustionof fossil fuels
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= Scientists fromthe World Meteorological Organisationand research stations (e.g.the Maunaloa
Observatory) have beentaking quantitative measurements of the atmospheric carbondioxide
and methane concentrations formanyyears
= Scientists haverecords forcarbondioxide levels datingback to 1958, and formethane
levels from1984

= |tis possible forscientists to find information about concentrations of atmospheric gases
overalongerperiod of time byanalysing gas bubbles fromdeepice cores

Changes in atmospheric carbon dioxide levels measured at the Mauna Loa Observatory (ppmv = parts
permillion by volume). The yearly fluctuations showninred are due to seasonal changes in
photosynthesis rates.

Combustion

= Carboncanbereturned to the atmosphere by the burning of fossil fuels and organic material; a
process knownas combustion
= Complete combustionreleases carbondioxide and wateras byproducts

= Fossilfuels formwhenanimals and plants die inconditions where decomposing
microorganisms are not present;the carbonintheirbodiesis converted,overmillions of years
and with significant pressure,into fossil fuels such as coaland oil
= The combustionoffossilfuelsreleases carbonthat has beenstored formillions of years
= Increased use of fossilfuelsis contributingto anincreaseinthe carbondioxide content of
the atmosphere

= Organic material, orbiomass, burns whenfires occurine.g.forests orgrasslands
= Suchfires canhave natural causes e.g.lightning hittinghot,dryground, orcanbe set by
humans e.g.whenclearingland forthe purpose of farming
= Biomass canalso be burned as afueline.g.wood fires orbiomass boilers
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4.2.3CarbonCycle: Methane

Methanogenesis

= Methane (CHy)is asimple hydrocarbon
= |tispresentasagasinthe atmosphere,and underground, and is the maincomponent of natural
gas fossil fuel
= Methane canbe produced bythe naturally occurring process known as methanogenesis by
organisms known as methanogens
= Before methanogenesis canoccur,aseries of bacteriaconvert organic matterinto a
compound called acetate,as well as carbondioxide and hydrogen
= Agroupofsingle-celled organisms called archaeans then carry out methanogenesis viatwo
differentmechanisms:

CO3+4Hy — CH4+2H,0
CH3zCOOH—-CH4+CO;,
= CH3zCOOHis acetic acid,acompound thatcanbe formed from acetate

= Archaeans carryout methanogenesisinarange of environments
= Waterlogged mud
= E.g.innaturallyoccurringwetlands, orinman-maderice fields

= The guts of ruminant mammals such as cattle
= Landfillsites containingorganic mattersuchas food waste
= Anaerobic digesters used forthe break down of organic waste

= Dependingonthelocationof methanogenesis, the methane is eitherreleased directly into the
atmosphere orinto the surroundingsoil
= Methane canaccumulate inthe ground, butit can graduallymake its way to the surface where
itisreleased into the atmosphere

= Humanactivities suchas livestock farmingand landfill disposal of waste food are leadingto an
increase inthe release of methane into the atmosphere
= Note thatanaerobic digesters are sealed units forthe productionof biogas, and the
methane producedis collected and used forfuel

O ExamTip

Note thatyoudon'tneed to know the chemical processes bywhichmethane is produced.Make
sure thatyouknow that methane is produced by methanogenic archaeans and released into the
atmosphere orinto underground stores.
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Oxidation of Methane

= Thelifetime of methane gas onceitreaches the atmosphereis around 10-12years
= Thisis because methaneis oxidised inthe atmosphere
= This oxidationinvolves areactionwithmolecules called hydroxylradicals (-OH)
= Hydroxylradicals are highly reactive molecules that forminthe presence of sunlight from
othergasesinthe atmosphere e.g. nitrous oxides

= Hydroxylradicals react withmethane inaseries ofreactions that produce carbondioxide
and water

= Methane oxidationkeeps levels of methane inthe atmosphere relatively constant
= Recentincreasesinatmospheric methane have led to concernthatlevels of hydoxyl radicals
inthe atmosphere maybe declining

4.2.4 CarbonCycle: Organic Matter

Formation of Peat

= Undernormal conditions the tissues of dead organisms are completely brokendown by

decomposers known as saprotrophs and detritivores
= Thesedecomposersrequire specific conditions, such as oxygenavailabilityand the correct pH
= |f ground is waterlogged oracidic, most decomposers cannot survive,and only partial

decompositiontakes place

= Waterloggingoccurs whenlevels of rainfallexceed levels of evaporation
= Whenground is waterlogged, the airspaces inthe soilis filled withwater,and the
conditions become anaerobic

= lowpHcanoccurdue to mineralleaching,acidic bedrock, bacterial activity,and the growth
of certaintypes of plant

= Underwaterlogged and acidic conditions partlydecomposed organic material, suchas dead
plant matter,accumulates,and becomes compacted underits ownweight overtime;this
compacted, partiallydecomposed plant matterforms peat
= The place where peataccumulatesis knownas apeatbog,orpeatland
= There are various types of peatboge.g.blanket bogand raised bog,dependingonthe
landscape and conditions inwhichit forms

= The carboncompoundsinplant material are trapped in peat
= Overmillions of years,peat candevelopinto the fossil fuels coal, oil,ornatural gas

= Peatisconsidered to be avaluableresource,and diggingup peatbogs has beenacommon
practice
= Peatcanbeburned as afueldue toits carboncontent
= The highnutrientcontent of peatmeans thatitis oftenused incompost

= Theimportance of peatbogs as acarbonstore and unique,biodiverse, habitatis now better
understood,and many people workto protectand restore peatbogs
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O ExamTip

Make sure youknow that peatis formed from partlydecomposed plant matterthatresults from
acidic and waterlogged (anaerobic) conditions.

Fossilisation

= [fanimals and plants die inacidic oranaerobic conditions thencomplete decomposition
cannot take place
= Micro-organisms that carryout decompositioncannot survive inacidic oranaerobic
conditions

= The carboninremainingtissues canbe converted into fossilfuels overmillions of years
= This means that carbontakeninto the tissues of livingorganisms duringpast geological eras
islocked upinfossilfuels

= Coalformswhenpeat (see above)thatformsinacidic and anaerobic conditions is buried,
compressed, and heated e.g.afterariseinsealevels

Formation of coal from peat

= Oiland naturalgas forminanaerobic conditions at the bottom of seas and lakes when aquatic

organisms die and are covered bylayers of sediment, and are thencompressed and heated.

= Naturalgas forms depositsinporousrockwhensurroundingnon-porous rock prevents it
fromescapingto the surface
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Formation of oil and gas from the bodies of aquatic organisms

= Whenfossilfuels are burned (the process is knownas combustion), the carboncombines with
oxygenand carbondioxideis released into the atmosphere

= Increased use of fossilfuelsis contributingto anincrease inthe carbondioxide contentofthe
atmosphere

Limestone Formation

= Manymarine (sea-living) organisms extract carbonfrom theirsurroundingsinorderto produce
calciumcarbonate, fromwhich theybuild certainbodyparts. Forexample:
= Theshells of molluscs (e.g.mussels and clams)
= The hard bodies (exoskeletons)of corals

= Whenthese organisms die, the soft parts of theirbodies are brokendownbydecomposers, but
theircalciumcarbonate outer shells remain and fall to the seafloor

= Thelayers of sediment thatformonthe seafloorarerichinthe calciumcarbonate shells of
marine organisms, and as the layers are compacted with theirownweight and that of the sea
above them, theyharden, and limestone is formed

= The carboninthe hard shells of these marine organisms is locked up inlimestone rocks e.g.chalk

= Oceanacidificationcancause the calcium carbonate shells of marine organisms to dissolve,
releasing this carbonbackinto the surroundingwater
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4.2.5Climate Change: Greenhouse Effect

The Main Greenhouse Gases

= Whenradiationfromthe sunhits the earth,itis radiated back from the earth's surface as long-
wave radiation
= Agreenhouse gasis agas thatabsorbs this re-radiated radiation, trappingitinthe earth's
atmosphere so thatitisnotlostto space
= Greenhouse gasesinthe atmosphere have asimilareffectto the glassinagreenhouse,
hence the termgreenhouse gas, and theireffect beingknown as the greenhouse effect

= The greenhouse effectisimportant to ensure that Earthis warmenoughforlife;ifitwere notfor
theinsulatingeffects of greenhouse gases, Earthwould see similardramatic temperature
fluctuations to its neighbouring planets
= Temperatures onMars range between20°C and -153°C

= There are manygreenhouse gases, and those that contribute most to the greenhouse effectare:
= Watervapour
= Carbondioxide

= \Watervapourenters the atmosphere whenit evaporates fromthe surface of the oceans, and
whenitis released bytranspiration

= Carbondioxide enters the atmosphere when living organisms respire, orwhen organic matteror
fossilfuels are burned

Other Greenhouse Gases

= While watervapourand carbondioxide are the greenhouse gases with the mostsignificant
impactonthe greenhouse effect, there are various other greenhouse gases whichhave alesser
effect,e.g.
= Methane
= Nitrous oxides

= Methaneisreleased by:
= Methanogenic bacteriawhentheybreak downorganic waste
= Methanogenic bacteria carry out methanogenesis in anaerobic environments suchas
waterlogged ground and landfill sites,and inthe stomachs of some types of livestock

= Coalminingwhendeposits of methane are released fromrock

= Sources of nitrous oxidesinclude:
= Fossilfuelcombustione.g.vehicle exhausts
= Agriculture e.g.the productionand use of fertilisers
= The activityof some types of bacteria
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O ExamTip

Youmayhave heard of aseparate environmental concern,described as the 'hole inthe ozone
layer';this is not something that youneed to know about. Ozone is anatmospheric gas that
absorbs harmful UV radiationbefore itreaches earth,but anyconcerns about ozone depletion
have nothingto do withthe greenhouse effect. The problemof ozone depletionis one that has
improved significantlydue to measures takento reduce certaintypes of emissions;humans can
getitrightsometimes!

Greenhouse Effect
Factorsaffectingtheimpact of a Greenhouse Gas

= The significance of theimpact of any particulargreenhouse gas depends ontwo factors:
= Its ability to absorb long-wave radiation
= |tsconcentrationinthe atmosphere

= Agas mayhave astrongabilityto absorbradiation, but if its atmospheric concentrationis
relativelylow, thenit willbe alow-impact greenhouse gas
= Thisis the case formethane, whichcanabsorb morelong-wave radiation permolecule than
carbondioxide, but whichis present at amuchloweratmospheric concentration

= The atmospheric concentrationof agreenhouse gas depends on:
= The balance betweenrelease and removal of that gas fromthe atmosphere
= Agasthatisreleasedinto the atmosphere at afasterrate thanitisremoved willincrease
inconcentratione.g.carbondioxideis released bythe combustionof fossilfuels ata
fasterrate thanphotosynthesis canremove it

= Thelengthof time that gasis presentinthe atmosphere

= Methane onlyremains inthe atmosphere for10-12years beforeitis oxidised,reducing the
overallimpact of methane onthe greenhouse effect

= \Watervapouris the most abundant greenhouse gas in the atmosphere, but because
watervapourusuallyonlyspends anaverage of 9 days inthe atmosphere before itreturns
to the ground, scientists are less concerned aboutits impactonthe greenhouse effect
thantheyare about carbondioxide,whichaccumulates inthe atmosphere over
hundreds of years

The Earth emitslonger-waveradiation

= The solarradiationthatreaches Earthfromthe suncontains arange of wavelengths;primarily
shorter wavelengths in the UV and visible parts of the light spectrum, withsome longer
wavelengthinfra-red radiation

= AfterEarthhas absorbed this radiation, it re-emits radiationback into the atmosphere, but this
re-emitted radiationis entirely longer wavelength, in the infra-red part of the spectrum
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Solarradiation is primarily short-wave, while the radiation that is re-emitted by earth is long-wave
radiation

Greenhouse Gasesabsorblonger-waveradiation

= While onlyaround 25% of the (primarily short wavelength) solarradiationis absorbed by the
atmosphere onits way to Earth,around 80% of the (long wavelength)re-emitted radiation
fromEarthis absorbed onits way backinto the atmosphere
= E.g.incomingUVradiationis absorbed byozone
= Re-emittedradiationis absorbed bygreenhouse gases

= This absorbed radiationkeeps Earth at a habitable temperature
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Greenhouse gases absorb the long-wave radiation emitted by Earth, warming the atmosphere
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4.2.6 Climate Change: Impact

Greenhouse Gases & Climate Patterns

= Greenhouse gases absorbinfrared radiationemitted bythe earth,causing the atmosphere to
warm

= Without greenhouse gases, the earthwould be muchcolder

= The higher the concentrationof greenhouse gases inthe atmosphere, the more infrared
radiationis absorbed, and the warmer the atmosphere willbecome
= Increased atmospheric warming has had, and will have, multiple impacts onclimate patterns, e.g.
= Weatherevents becoming more extreme e.g.hotter,longer,heatwaves,and more violent
storms
= Changes to oceancurrentsleadingto altered localclimates e.g.the Gulf stream that
currentlybrings warmwaterto the west coast of the UK might change direction, causing parts
ofthe UK's climate to cool
= Warmeraircanhold more moisture,leadingto changesinpatterns of rainfall;more, heavier
rainfallinsome places could lead to reduced rainfallinotherlocations

= Evidence forsome of these changesinclimate patterns canalready be seenin many parts of the
world
= Warming climates cause animals to move towards the poles orto higher altitudes

= Aconcernisthatthese species maynotbe able to compete with,ormayevenout-
compete, the species alreadypresentinthese habitats, with eitherresultleadingto
decreased biodiversity

= Some species (suchas plantspecies) maynotbe able to move orchange their
distributions fastenough to adapt to changingtemperatures and maygo extinct as a
result

= Polarice and glaciers areretreating;itis thought that there maysoonbe no summericeinthe
arctic ifrates of warming there continue
= Thelossofglacierice frommountainranges mayaffectthe watersupplies of many
people and surrounding wildlife

= Sealevels have beenrising fasterinrecentyears, puttingmanymore people atrisk of being
flooded out of theirhomes
= Sealevels arerisingdue to the expansionof warmerwaterand due to melting polarice
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4.2.7 Climate Change: Causes

Industrialisation & Increased Carbon Dioxide

= Atmospheric carbondioxide levels have fluctuated throughout Earth's history due to events
suchas volcanic eruptions and the weathering of limestone rocks
= Scientists know this from having analysed the gas composition of bubbles formed inancient
icecores

Atmospheric carbon dioxide levels have fluctuated throughout earth’s history, but recent increases have
been fasterand higher than ever before (ppmv = parts per million by volume)

= Since the industrialrevolution,however,atmospheric carbondioxide levels have risento their

highestinEarth's history
= Priorto the industrialrevolution, the highest atmospheric carbondioxide concentrationwas

around 300 parts permillion (ppm), and itis currentlyabove 400 ppm

= Theindustrialrevolutionbeganinthe late 700s,whenthe combustionof fossil fuels to power
factories, transport,and homes became commonplace
= Fossilfuelcombustionreleases carbondioxide
= Aclearcorrelationcanbe seenbetweenincreasinglevels of carbondioxide since the industrial
revolutionand increasing globaltemperatures
= Farlydataonglobaltemperatures canbe found using climate indicators such as tree growth
and soilcores
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Thereis a correlation between increasing carbon dioxide levels since the start of the industrial revolution
and increasing global temperatures

Combustion of Fossil Fuels

= Theindustrialrevolution,beginninginthe late 7700s, was the shift fromhand productionto
machine production,ofteninfactories powered by steam

= Factoryproductionled to the need to transport goods overlongdistances,and so the railways
were built, also powered by steam

= Steamwould have beenproduced bythe combustion(burning) of fossil fuels;initiallycoal, and
lateralso oiland gas

= The combustionoffossilfuelsreleases carbonthathas beenstored formillions of years
into the atmosphereinthe formof carbondioxide

= Theimproved standard of living formanythat resulted fromthe industrial revolutionlead to huge
populationgrowth, furtherincreasingthe need forproductionand movement of goods, and
therefore the need forfossil fuels

= Althoughwe oftenassociate the industrialrevolutionwith the Victorian era, the fastestincrease
infossilfuelcombustionhas takenplace since the 1950s

= Theincreaseinfossilfueluse sincethe1950s is correlated withthe fastestincreasesin
atmospheric carbondioxide, providing evidence thatitis humanactivity changing the
compositionof the atmosphere
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Temperatures & Increased CarbonDioxide

We know that greenhouse gases absorb infrared radiationand warmthe earth's atmosphere,
and we know that carbondioxide is agreenhouse gas, so climate scientists have long
hypothesised thatincreasingcarbondioxide levelsinthe atmosphere willlead to warming
globaltemperatures
Evidence to support this hypothesis canbe found bylookingback at the connectionbetween
atmospheric carbondioxide levels and temperatures overtime
Informationabout the ancient atmosphere and climate canbe found byanalysingice cores,
obtained bydrillinginto antarcticice
= |ceisdeposited as waterfreezes overtime,so the deeperinto theice yougo,the olderitis
= Analysingthe gas content of bubblesinice cantell scientists about atmospheric gas
concentrations overtime
= Dataaboutclimate canbe inferred by studying ancient pollen grains preserved inice (certain
plants would have survived in certain climates), as well as studying the chemistry of the
watermolecules

Datashow acorrelationbetween changing atmospheric carbondioxide levels and temperature
overthousands of years
= Note thatcarbondioxide inthe atmosphereis notthoughtto be the onlyfactoraffecting
climate;itis knownthat events suchas solarwinds and sunspots canaffect the climate on
Earth, but scientists think that the effects of such events are smallincomparisonto that of
atmospheric carbondioxide

Correlationdoes not equal causation, but togetherwithwhat scientists know about carbon
dioxide as agreenhouse gas, this is strong evidence that carbondioxide released since the
industrialrevolutionis causingincreasing globaltemperatures

Data from antarctic sea ice show a correlation between atmospheric carbon dioxide and antarctic
temperatures overthe last 800 000 years
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Investigating the Causes of Climate Change
Evaluating claimsthat human activitiesare not causing climate change

= Since scientists firstbeganto associate burning fossil fuels withincreasing global temperatures,
there have been many who have claimed that humanactivity is not the cause of climate change

Evaluating Claims that Human Activities are Not Causing Climate Change Table

= |tisimportant to evaluate any statement thatis made about the causes of climate changeinthe
light of scientific evidence
= Considerwhetherastatementaddresses allof the evidence,oronlypart of it

= E.g.there maybe some years when global temperatures go down, but there is strong
evidence foranoverallupward trend

= Find outwhetherthe statementcomes fromatrustworthy,unbiased source
= E.g.Doesthesource have afinancial orpoliticalinterestincontinuingto burnfossil fuels
= Severalcountries wrote to the United Nations in 2021to ask that urgent
recommendations against burning fossil fuels were toned down;all of these
countries had economies thatdepended onthe use of fossil fuels

NOS: Assessing claims; assessment of the claimsthat human activitiesare producing
climate change
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= Wheneveryoucome across any scientific claim,itis importantto assess its reliability
= Scientists know that before theypresentanewidea,theymustcarryoutresearchand provide
evidence to support theirclaim
= Anypublished researchmustbe clearabout the levelof certainty that any data provide;this
is the purpose of statisticaltests such as the chi-squared test
= Researchpapers mustinclude details of the method used so that otherscientists can
evaluate it and potentially repeat it to see if theyachieve the same results

= Whenitis claimed that human activities are causing climate change,itis important to evaluate
these claims while bearing the following factors inmind
= Thereis agreat dealof scientific evidence thathas beentested and checked byother
scientists thatsupports the hypothesis that humans burning fossilfuels causes climate
change;thisincreases the likelihood that further claims of this nature are correct
= Climateis highly complex, so scientists need to be carefulnot to state that one factoralone
has led to aspecific event
= Climate canbe affected byanynumberof factorsinanygivenyear;itisimportantto look
atallof the data
= Youmayhave heard climate and weatherexperts inthe media being asked about
whetherone particularextreme weathereventis due to climate change;theyalways
saythatitis wrongto draw conclusions fromone event, while also pointing to that
event's placeinatrend of increasingly extreme weather

= Climate changeis not expected to belinearineffect;scientists expectthat there may
be atipping point beyond which changes happenfaster
= This makes it verydifficult to make predictions about exact future climate
conditions

= People always have apersonalinterest;some are especially passionate about the
environment, while others depend financiallyonfossil fuels
= |tisimportantthat we are aware of the personalbiases of those making claims about the
causes of climate change

= |fpredictions about globalwarmingare correct, thenthe potentialimpacts onthe future of Earth
are huge;as scientists,itis ourresponsibilityto be aware of the important factors surrounding
this debate so that we canhelp otherto assess evidence thoroughly
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