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Causes of Climate Change

Climate Change: Anthropogenic Causes

The greenhouse effect

Whenradiationfromthe sunhits the earth,itis radiated back fromthe earth's surface
Agreenhouse gasis agas thatabsorbs this re-radiated radiation, trappingit inthe earth's
atmosphere so thatitisnotlostto space
= Greenhouse gasesinthe atmosphere have asimilareffectto the glassinagreenhouse,
hence the termgreenhouse gas, and theireffectbeingknown as the greenhouse effect
The greenhouse effectisimportant to ensure that Earthis warmenoughforlife;ifitwere notfor
theinsulatingeffect of greenhouse gases, Earthwould see similardramatic temperature
fluctuations to its neighbouring planets
= Temperatures on Mars range between 20°C and -153°C
There are many greenhouse gases including
= Carbondioxide
= Methane
Itis thought thatincreasinglevels of carbondioxide and methane are entering the atmosphere as
aresult of humanactivities,leadingto increased rates of atmospheric warming
= The atmospheric warming, and therefore the changing climate, forwhich humans are thought
to be responsible is known as anthropogenic climate change

Greenhouse effect diagram
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Greenhouse gases absorb radiation re-emitted from the earth's surface, trapping it in the atmosphere

Human activities & carbon dioxide

= Atmospheric carbondioxide levels have fluctuated throughout Earth's history due to events
suchasvolcanic eruptions and the weathering of limestonerocks
= Since the industrialrevolution,however,atmospheric carbondioxide levels have risento their
highestinEarth's history
= Theindustrialrevolutionbeganinthe late 700s when the combustionof fossilfuels to
powerfactories, transport,and homes became commonplace
= Fossilfuelcombustionreleases carbondioxide
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= Aclearcorrelationcanbe seenbetweenincreasinglevels of carbondioxide since the industrial
revolutionand increasing globaltemperatures, providing evidence forthe role of human
activities incausing global warming
= Notethatacorrelationaloneis not enoughto prove causation, but this evidence canbe
takenalongside what we know about greenhouse gases and otherevidence to provide a
growingbodyofproof
= |nadditionto the burningof fossilfuels,carbondioxide is also released into the atmosphere
when naturalstores of carbonare damaged or destroyed byhuman activities
= Thesecarbonstores are knownas carbonsinks
= Carbonsinksinclude trees,soils,peat bogs,and the oceans
= Deforestation,soildegradation, peatharvesting,and oceanwarming all contribute to the
additionof carbondioxide to the atmosphere

Human activities & methane

= Methane (CH,)is asimple hydrocarbon
= |tis presentas agasinthe atmosphere,and underground, and is the maincomponent of natural
gas fossil fuel
= Methane canbe produced bynaturally occurring processesinsome types of bacteria, but
levels have risensignificantlyinthe last 150 years due to human activities
= Methane canbe produced by several human activities
= Methaneisreleased from the guts of ruminant mammals such as cattle
= While thisis clearlynotadirecthuman activity(!) the intensive farming of such animals has
greatlyincreased theircontribution to atmospheric methane
= Landfillsites release methane whenorganic mattersuchas food waste decomposes
= Extractionof fossilfuels fromunderground releases methane
= Anaerobic bacteriain waterlogged rice paddy fields release methane
= |nadditionto thelistabove,the warmingofthe poles that results from globalwarmingalso leads
to therelease of methane fromnaturalstores suchas permafrost
= Permafrostis ground thatremains frozenall yearround

Atmospheric carbon dioxide and methane concentrationgraph
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Atmospheric concentrations of both carbon dioxide and methane have increased since the industrial
revolution due to human activities. ppm = parts per million and ppb = parts perbillion.

NOS: Students should be able to distinguish between positive and negative
correlation and should also distinguish between correlation and causation

= Correlationanalysis involves measuring two variables and assessing the relationship between
the variables to lookforanassociation

= Arelationshipthat shows correlationcanshow
= Positive correlation-as one variable increases, the othervariable also increases
= Negative correlation-as one variable increases the othervariable decreases

= Inclimate changeresearch,evidence fromAntarcticice cores shows apositive correlation
betweenglobaltemperatures and atmospheric carbondioxide overhundreds of thousands
of years

Globaltemperaturesand atmospheric carbon dioxide correlation graph
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Evidence from Antarctic ice cores shows a positive correlation between global temperatures and
atmospheric carbon dioxide over hundreds of thousands of years

= While acorrelationshows evidence of association,initselfitdoes not provide evidence of
causation,i.e.thatachangeinone variable has caused achange inthe other
= |tisnotpossible to saywhichvariable has influenced the other
= |tis possible that anunknown third variable might be involved
= Notethatinthe case of carbondioxide concentrations and globaltemperatures, there is
additional evidence to support acausallink

O ExamTip

Note that the greenhouse effect, globalwarming and climate change are terms that are often
used interchangeably, but the terms have different meanings:

= Globalwarmingrefers to the rise in global temperatures mainlydue to the increasing
concentrations of greenhouse gasesinthe atmosphere

= Climate change refers to theincreasingchangesinthe measures of climate overalong
period of time - including precipitation, temperature,and wind patterns.These are oftena
consequence of globalwarming

= The greenhouse effectis anaturallyoccurringevent,constantlyoccurringdue to the
atmosphere and sunlight
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Global Warming: Positive Feedback Cycles

= Positive feedbackis anymechanisminasystemthatleads to additionaland increased change

away fromthe equilibrium

= Positive feedbackloops occurwhenthe output of aprocess feedsbackinto the systemina
waythat moves the systemincreasingly awayfromthe average state

= Inthis way, positive feedbackis destabilising;it amplifies deviation from the equilibrium and
drives systems towards atipping point where the state of the system suddenly shifts to anew
equilibrium

Positive feedback and global warming

= Globalwarming has apositive feedback effect onthe earthand its atmosphere
= This means that global warmingleads to more globalwarming, which furtherincreases global

warming, etc.
= There are several factors that contribute to the positive feedback cycle of global warming

Loss of reflective snow and ice

= The extentto whichasurfacereflects lightis known as its albedo;the higherthe albedo,the more
lightisreflected
= |lightcoloured surfaces suchas snow andice have ahighalbedo,while dark surfaces such as
rockand soilhave alow albedo
= Asthe polarice caps melt due to global warming, the earth's overallalbedo decreases, and
more of the sun's energy is absorbed byexposed rock, soil,and the dark surface of the
oceans;thisincreases global warming
= This cycle continues, furtherincreasing global warming
Impact of meltingice flowdiagram

Theloss of polarice contributes to the positive feedback cycle of global warming
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Accelerating decomposition

= Decompositionis carried out byliving organisms such as bacteria and fungi
= These organisms break downdead matterand wasteinaseries of enzyme-controlled
reactions
= Theenzyme-controlledreactions of decompositionoccurfasterat highertemperatures,
meaning that as globalwarmingincreases,rates of decompositionincrease
= Therespirationofdecaymicroorganisms releases carbondioxide into the atmosphere
= |ncreased decompositioninpeat bogsreleases huge volumes of carbondioxide
= Peatbogs functionas carbonsinks whentheyare stable
= |ncreased decompositioninpermafrostreleases carbondioxide
= |nparts of the world where temperatures remainlow all through the year, the ground
remains frozenformost of the year; this frozen ground is permafrost
= Permafrostis ahuge carbonsink because it contains organic material that cannot
decompose atlow temperatures
= Decayorganisms are inactive at low temperatures
= |Increased atmospheric carbondioxide furthercontributes to the greenhouse effect,increasing
globalwarming

Release of metha

= Meltingpermafrostcanalso lead to the release of methane (CH,4),apotent greenhouse gas
= Thisis due to the activity of methanogenic microorganisms inthe frozensoil,whichincreases

as permafrost melts
= Methanogenic microorganisms are species of archaeathat produce methane as part of

theirmetabolism
Impact of melting permafrost flowdiagram

Melting permafrost leads to the release of carbon dioxide and methane, furtherincreasing global
warming

Page 7 of 16
For more help visit our website www.exampaperspractice.co.uk



E=l

Exam Papers Practice

Increasing drought and forest fires

= As globalwarmingincreases the frequencyof extreme weatherevents,droughts occurmore
often

= Thedryvegetationthatresults fromdrought cancatch fire easily, and wild fires become more
likely

= Combustionof plant materialreleases carbondioxide into the atmosphere, whereitincreases
globalwarming

= Theresultingreductioninthe number of photosynthesising plants means thatless carbon
dioxide isremoved fromthe atmosphere

Impact of Climate Change

CarbonChangesinBoreal Forests

= Borealforests,ortaiga, formabiome that covers much of North America, Europe, and Russia,
and though theyhave relativelylow productivity, these forests are animportant carbon sink due
to theirsize
= Borealforests are atrisk of switchingfrombeingacarbonsinkto beingacarbonsource due to
the effects of globalwarmingontheirecosystemprocesses
= This switchfromsinkto sourceis knownas atipping point
= This furtherincreases the positive feedback effects of global warming
= Thereductioninwateravailabilitythatis caused by globalwarmingis ahuge problemforboreal
forests
= Lesssnow falls due to increased temperatures, meaning that less wateris available from
snow melt water
= Thisleads to drought,reducingrates of photosynthesis inthe coniferous trees of boreal
forests
= Reduced photosynthesis means reduced productivity,and overlongperiods cankill the
trees
= Lackofwaterinitiallyleads to aloss of greenpigmentand aprocess called forest
browning, where the trees become brown
= Eventuallythe trees willdie
= Thedeadtreesdryoutandtheriskof forest firesincreases
= Thelossofborealforestreduces the removalof carbondioxide by photosynthesis,and
increases therelease of carbondioxide bycombustion
= Combustioncanrelease carbonthat has beenlocked up for many years in the living trees,
dead needles onthe ground, and withinthe soilitself;this is known as legacy carbon
combustion
= Thiscantipthe forests fromcarbonsinkto source,and canbeirreversible
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Polar Habitat Change

= Manyspeciesrelyontheice thatforms at the poles fortheirhabitat
= Seaiceformswhenthe oceanfreezes
= Seaicethatis attached tolandis knownas landfastice
= Globalwarmingmeans thatthereis less seaice,and theice thatdoes formbreaks apart
and detaches fromthe land earlierinthe year than previously, causing problems forbreeding
animals
= Emperorpenguins, Aptenodytes forsteri
= These birds breed onAntarctic seaice,layingand incubating theireggs, and raising their
young
= Theearlymeltingofseaiceis notgivingthemenoughtime to raise theiryoung
= Walruses, Odobenusrosmerus

= These mammalsrelyonArctic seaice,where mothers canalternate periods of feeding
theiryoungand hunting forfood inthe oceannearby

= Theearlyloss ofice means that nursingmothers need to care fortheiryoung furtherfrom
the water's edge, leaving young without protectionforlongerperiods whenthe mothers
huntforfood

CC BY-SA 4, via Wikimedia Commons Public domain, via Flickr

Emperorpenguins (left) and walruses (right) rely on sea ice to breed successfully

Q Exam Tip

Note that,as ever,youwillnot be expected to know the Latinnames of speciesinanexam.
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ChangesinOcean Currents

Weatherand climate are stronglyinfluenced bywatermovementin the oceans, whichalso playan
essentialrole indistributing nutrients that support marine life
Oceancurrents,drivenbyfactors like wind, temperature, and salinity gradients, redistribute
heat across Earth's surface
= Warmoceancurrents carryheat fromthe tropics towards the poles, moderating
temperaturesincoastal areas
= E.g.the Gulf Stream,awarmoceancurrentinthe Atlantic,means that Europe has awarmer
climate than Canada, despite being at asimilarlatitude
= Coldoceancurrents transport cold water frompolarregions towards the tropics, resulting
incoolercoastaltemperatures and affectingmarine ecosystems
Upwellingoccurs whencold, nutrient-richwaterrises to the surface, primarily driven by wind that
moves surface waters out of the way, allowingdeeperwaters to rise up to replace them
= Upwellingbrings deep, nutrient-richwaters to the surface, supportingabundant marine life
and contributing to the productivityof fisheriesincoastal areas

Oceanic currentsmap

Oceanic currents transport heat and nutrients around the world, affecting weather and climate, and

influencing marine life
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= Changesinoceanic currents,suchas alterations in current strength orshifts intheirpaths, can
have significant implications forregional and global climates, and formarine life
= E.g.EINifo events, part of the EINino-Southern Oscillation (ENSO) cycle, have significantimpacts
onglobalweatherpatterns
= EINifo eventsinvolve the warming of the central Pacific Ocean
= Warmsurface water prevents nutrient upwellingin the waters off Central and South
America,reducing primary productionand the flow of energy through marine food chains in

theseregions
= EINifilo canalso cause shifts inatmospheric circulation,leading to droughts, floods, and
other extreme weather events

Range Shifts of Temperate Species

= Species exist withintolerance limits, meaning that they can only survive in habitats where the
environmental conditions fall within theirrange of tolerance
= E.g.amarine species mayonlybe able to survive inseawaterthat falls within certain
temperature limits
1 Climate change is causing changes to many localenvironmental factors; when this causes the
conditions of ahabitatto change beyond what aspecies cantolerate, the species must either
migrate to anew habitat orface extinction
= This migration mayinvolve ashiftinrange distributiontowards the poles, orto ahigheraltitude,
to anareawhere temperatures are cooler
= Arange shifttowards the polesis described as apoleward shift
= Arange shiftto ahigheraltitudeis anupslope shift

Upsloperange shiftsin montane bird species

= Montane,i.e.mountain-dwelling, species will live at an altitude that suits theirneeds
= Altitude affects temperature and oxygen availability, so willinfluence plant growth and rates
of aerobic respiration
= Evidence gathered inthe mountains of Papua New Guineaovera50 yearperiod shows that many
bird species have migrated to higher altitudes overthis time period
= Thisisnotthe caseforallspecies;afewhave stayedinthe same place ormoved downslope
= E.g.datagathered from Mt Karimui show that bird species have moved upslope inthis regionby
anaverage of more than100m

Poleward range shifts in North American tree species

= Thenorthernlimitfortree survivalis determined by temperature;whentemperatures become
too lowforphotosynthesis,no trees willbe found

= Various studies of North American tree species have shownrange contraction,i.e.the ranges of
these trees have shrunk, and northward spread formany species
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Threatsto CoralReefs

= Coralreefs are built fromhard calciumcarbonate deposits that are secreted by organisms
called coralpolyps
= Notethatnotallcorals build reefs;reefs are built by corals described as reef-building corals
= These polyps live inasymbiotic relationship with algae, in which the algae provide carbon
compounds throughphotosynthesis,and the coral polyp provides shelterand protection
withinits body
= Coralreefs are some of the mostdiverse ecosystemsinthe world;the complexstructures
produced byreef-building corals provide habitats formanyspecies, supportingcomplexfood
chains and providing suitable places to breed and raise young
= Around 25 % of theworld's oceanfishspecies are dependentoncoralreefs forsurvival
= Corals are highlysensitive to factors such as water temperature and pH, and global warming can
have highlydamaging effects onthe life processes of coral polyps
= Deathof coralpolyps willhave aknock-oneffectonallotherspecies thatrelyonthereef,
disruptingfood webs, reducing the availabilityof niches and therefore reducing the reef
biodiversity
= Manyspecies willdie off ormigrate to otherhabitats
= Thisleads to ecosystemcollapse

Ocean acidification & corals

= Theimpactofincreasingcarbondioxide levels onthe oceans are significant forocean
biodiversitybecause of the effect of carbondioxide onoceanchemistry
= Huge amounts of carbondioxide are dissolved bythe oceans,and muchofthe dissolved
carbondioxidereacts withseawaterto formcarbonic acid (H,CO3)
CO2+HyO -HyCO3

= Carbonic acid thendissociates to formhydrogenions (H*) and hydrogencarbonate ions
(HCO3)
H,CO3—>H*+HCO3"

= Hydrogencarbonateions canthendissociate againto formmore hydrogenions and
carbonateions (CO32-)
HCOz —H*+CO32-

= Provided that this series ofreactions takes place at the appropriate rate, the oceans remain
slightly alkaline, and there is asteadysupplyof carbonateions fororganisms that need them
= Manymarine organisms need carbonateionsinorderto secrete calciumcarbonate forthe
building of the hard parts of theirbodies
= E.g.reef-building corals secrete hard exoskeletons built fromcalciumcarbonate;
these exoskeletons formthe complexstructures of corals which are akey part of coral
reef ecosystems
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= Asatmospheric carbondioxide levelsincrease,so too does the volume of carbondioxide that
dissolvesinthe oceans
= Asmore carbondioxide dissolves, more carbonic acid forms and dissociates,and more
hydrogencarbonateions formand dissociate, the end result of whichis increasingnumbers of
hydrogenionsinaseawatersolution
= |ncreasingconcentrations of hydrogenionsinsolutioncause thatsolutionto become more
acidic;inthis case the processis known as oceanacidification
= Note thatthe oceans are stillalkaline, 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
= Thereactionduringwhichhydrogencarbonate ions dissociate to formhydrogenions and
carbonateionsreverses to bufferthe increasingnumberofhydrogenions,reducing the
availability of carbonateions forthe building of hard exoskeletons
H+*+CO32-—HCO3

Oceanic chemistrydiagram

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

O Exam Tip

Note that while oceanacidificationshares the same cause as globalwarming (increased
atmospheric carbondioxide),itis notadirectresult of global warming.
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Rising ocean temperatures & corals

= Highwatertemperatures cause the coral polyps to expeltheir algae symbionts;this causes the
reefs to lose theirbright colours and leads to coral bleaching
= Because the polyps rely onthe algae for theircarboncompounds, extended bleaching events
canlead to the deathof the polyps
Coral polypdiagram

Rising ocean temperatures cause coral polyps (above) to expel the algae within their tentacles, leading
to coral bleaching and eventually death
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Carbon Sequestration

Carbon Sequestration

= Scientists believe that globalwarming canbe slowed byincreasing carbonsequestration
= Carbonsequestrationcanbe defined as
The process of capturing and storingcarbondioxide fromthe atmosphere

= This canbe accomplished byincreasing the removal of carbon fromthe atmosphere into natural
carbonsinks
= |tis hoped that artificial carbonstorage maybecome viable at some point, but this is still at
theresearchstage
= Naturalcarbonsequestrationcanbeincreased by:
= Forestregenerationand afforestation
= Forestregeneration,orreforestation,involves planting new treesindeforested areas,
while afforestationis the creationof new forests
= |ftrees are allowed to grow to maturity,theycanstore huge amounts of carbonin their
biomass
= Some countries around the world have shown thatitis possible to restore lost areas
of forestbycarryingoutreforestation,e.g. CostaRicanow plants seventimes more
trees thanitcuts down
= This kind of achievementrequires huge governmentinputs inthe formof benefits to
landowners
= Peatbogrestoration
= Peatbogs formwhenplant mattercannot decompose fullydue to waterlogged
(anaerobic) and acidic conditions;the carbonstored in the partiallydecomposed plant
mattermeans that peat bogs are anessentialcarbonsink
= Peatlands forminborealand temperate ecosystems,and canformrapidlyintropical
ecosystems
= Humanactivities include the harvesting of peat for fueland the drainingof peat bogs
to clearland fordevelopment and agriculture;these activities release carbonbackinto
the atmosphere bycombustionordecomposition
= Peatbogs are drained by digging drainage ditches to allow the land to dryout
= The activityof decayorganismsincreases as the peatdries out
= Fillingindrainage ditches and regulating peat harvestingcanallow peatbogs torecover
and to continue growingindepth;thisrestorationof peat bogs increases their ability to
sequestercarbon
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Reforestation (left) and the blocking of drainage ditches on peat bogs (right) can increase carbon
sequestration by naturally occurring ecosystem processes

NOS: Thereis active scientific debate over whether plantations of non-native
tree species or rewilding with native species offer the best approachto carbon
sequestration

= Scientists do not always agree onthe bestapproaches to aprocess,and differentapproaches
may bring different benefits and problems
= There are differences of opinionamongscientists around the best wayto approachcarbon
sequestrationbyplanting trees
= Some think that planting non-native trees which grow quickly and sequester the maximum
mass of carboninthe shortest timeis the bestapproach
= Otherscientists preferarewilding approach, whichinvolves encouraging the growthof
native species and so restores naturallyoccurringecosystems;this would sequester
carbonmore slowly, but could be more beneficial forbiodiversity
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