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4.2.1 Carbon Cycle: Carbon Dioxide

Carbon Fixation

Carbo n is present in the atmo sphere  in the fo rm o f carbo n dio xide gas

Carbo n is taken o ut o f the atmo sphere by plants to  be used in pho to synthesis

Plants are auto tro phs

Auto tro phs use light energy  to  co nvert carbo n dio xide  fro m the enviro nment into  carbo n

co mpo unds, such as:

Carbo hydrates

Lipids

Amino  acids

This reduces the amo unt o f carbo n present in the atmo sphere and sto res it in the tissues o f

plants

Carbon Dioxide in Solution

Where the atmo sphere co mes into  co ntact with bo dies o f water, carbo n dio xide in the

atmo sphere can disso lve in water

The o ceans are tho ught to  sto re signi�cantly mo re carbo n than the atmo sphere

So me o f the carbo n in aquatic systems is in the fo rm o f disso lved carbo n dio xide

So me disso lved carbo n dio xide reacts with water to  fo rm carbo nic acid, (H CO ), which then

disso ciates to  pro duce hydro gen carbo nate io ns  (HCO ), and hydro gen (H ) io ns

H  io ns in the water cause it to  beco me mo re acidic; as mo re carbo n dio xide disso lves in the

o ceans, the pH o f the o ceans decreases and this can cause pro blems fo r so me marine

o rganisms

Aquatic pro ducers  (such as aquatic plants and phyto plankto n) can abso rb disso lved carbo n

dio xide  and hydro gen carbo nate io ns  fo r pho to synthesis, using light energy fro m the sun to

co nvert this carbo n into  o ther carbo n co mpo unds such as carbo hydrates

Carbon is present in water in the form of dissolved carbon dioxide and hydrogen carbonate ions
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Carbon Dioxide & Coral Reefs

The impact o f increasing carbo n dio xide levels o n the atmo sphere is well kno wn; it is a

greenho use gas  and therefo re increases the warming o f  the atmo sphere  as its atmo spheric

co ncentratio n increases

The impact o f increasing carbo n dio xide levels o n the o ceans is less well-understo o d by the

public but co uld be signi�cant f o r the o cean bio diversity because o f the e�ect o f carbo n

dio xide o n o cean chemistry

The o ceans disso lve huge amo unts o f carbo n dio xide, and much o f the disso lved carbo n

dio xide reacts with seawater to  fo rm carbo nic acid  (H CO )

CO  + H O ⇌ H CO

Carbo nic acid then disso ciates  to  fo rm hydro gen io ns  (H ) and hydro gen carbo nate io ns

(HCO )

H CO  ⇌ H  + HCO

Hydro gen carbo nate io ns can then disso ciate again to  fo rm mo re hydro gen io ns and

carbo nate io ns  (CO )

HCO  ⇌ H  + CO

Pro vided that this series o f reactio ns takes place at the appro priate rate, the o ceans remain

slightly alkaline, and there is a steady supply o f carbo nate io ns  fo r o rganisms that need them

Many marine o rganisms need carbo nate io ns in o rder to  secrete calcium carbo nate  fo r the

building o f the hard parts o f their bo dies

Mo lluscs  such as mussels and clams build their shells fro m calcium carbo nate

Co ral is made up o f many tiny o rganisms called co ral po lyps  which secrete hard

exo skeleto ns built  f ro m calcium carbo nate; these exo skeleto ns fo rm the co mplex

structures o f co rals which are a key part o f  co ral reef  eco systems

Ho wever, as atmo spheric carbo n dio xide levels increase, so  to o  do es the amo unt o f  carbo n

dio xide that disso lves  in the o ceans

As mo re carbo n dio xide disso lves, mo re carbo nic acid f o rms and disso ciates, and mo re

hydro gen carbo nate io ns f o rm and disso ciate, the end result o f which is increasing numbers o f

hydro gen io ns  in a seawater so lutio n

Increasing co ncentratio ns o f hydro gen io ns in so lutio n cause that so lutio n to  beco me mo re

acidic; in this case the pro cess is kno wn as o cean acidi�catio n

No te that the o ceans are still alkaline, but the pH has decreased, so  they are clo ser to  neutral

There are signi�cant co nsequences  to  o cean acidi�catio n

The calcium carbo nate exo skeleto ns o f, e.g. co rals, can be weakened  and even disso lve
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The reactio n during which hydro gen carbo nate io ns disso ciate to  fo rm hydro gen io ns and

carbo nate io ns reverses to  bu�er the increasing number o f hydro gen io ns, reducing the

availability o f  carbo nate io ns  fo r the building o f hard exo skeleto ns

H  + CO  → HCO

When the e�ects o f o cean acidi�catio n are co mbined with co ral bleaching that results fro m

warming o ceans, the co nsequences fo r co ral reefs co uld be very serio us

With co ral reefs tho ught to  be the mo st diverse eco system we kno w, this co uld be bad news

f o r o cean bio diversity

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

the availability of carbonate ions

Exam T ip

No te that while o cean acidi�catio n shares the same cause as glo bal warming (increased

atmo spheric carbo n dio xide), it is no t a direct result o f glo bal warming.
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Carbon Dioxide Absorption

Auto tro phs abso rb carbo n dio xide  fro m their surro undings (either air o r water) befo re

co nverting it into  carbo n co mpo unds in their tissues

This abso rptio n takes place by di�usio n into  the leaves o f plants

Carbo n dio xide di�uses do wn its co ncentratio n gradient  fro m a regio n o f high co ncentratio n

(o utside the leaves) to  a regio n o f lo w co ncentratio n (inside leaves)

The cells inside leaves use carbo n dio xide in pho to synthesis so  the co ncentratio n is always

lo w inside the pho to synthesising cells, maintaining the co ncentratio n gradient

This di�usio n takes place thro ugh the sto mata o f land plants, and directly into  the cells o f

aquatic plants

Carbon dioxide di�uses into the leaves of plants down its concentration gradient
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4.2.2 Carbon Cycle: Carbon Dioxide in the Atmosphere

Respiration & Carbon Dioxide

All living cells carry o ut so me fo rm o f cellular respiratio n, fro m bacteria, to  plants, to  animals

Many o rganisms carry o ut aero bic respiratio n

Aero bic respiratio n requires the uptake o f o xygen and pro duces carbo n dio xide as a waste

pro duct

Aerobic respiration produces carbon dioxide as a waste product

Because carbo n dio xide is being co nstantly pro duced inside cells, a co ncentratio n gradient

between the inside and the o utside o f cells is maintained

Carbo n dio xide leaves cells by di�usio n

This carbo n dio xide is eventually released into  the enviro nment; either air o r water

Single-celled o rganisms release carbo n dio xide by di�usio n at the cell surface

Terrestrial plants release carbo n dio xide by di�usio n fro m their sto mata into  the surro unding

air

Animals release carbo n dio xide into  the surro unding air o r water by di�usio n via their gas

exchange surfaces e.g. mammalian lungs o r �sh gills
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Fluctuations in Carbon Dioxide Levels

NOS: Making accurat e, quant it at ive measurement s; it  is import ant  t o obt ain reliable
dat a on t he concent rat ion of  carbon dioxide and met hane in t he at mosphere

The amo unt o f carbo n in the atmo sphere is co nstantly changing due to  seaso nal �uctuatio ns in

rates o f pho to synthesis and due to  human activities

Pho to synthesis  remo ves carbo n dio xide fro m the atmo sphere, meaning that atmo spheric

carbo n dio xide levels decrease  in whichever hemisphere is experiencing spring and summer

The co mbustio n o f fo ssil fuels by humans releases carbo n dio xide  into  the atmo sphere

Livesto ck such as cattle release methane  into  the atmo sphere

Bo th carbo n dio xide and methane gases co ntribute to  atmo spheric carbo n levels, and bo th o f

these gases have impo rtant impacts o n the planet

Carbo n dio xide in�uences the pH o f  seawater and the pro cess o f pho to synthesis, and

bo th carbo n dio xide and methane in�uence glo bal temperatures

Because o f the signi�cance o f the e�ects o f these gases, it is impo rtant to  accurately mo nito r

their co ncentratio ns in the atmo sphere

Quantitative atmo spheric measurements can be taken

Accurate, quantitative mo nito ring o ver a lo ng perio d o f time enables scientists to  identif y

trends, and test hypo theses

E.g. Scientists have hypo theses such as:

Increased atmo spheric carbo n dio xide is due to  human activities

Increased carbo n dio xide causes increasing glo bal temperatures

Data enables scientists to  see that levels o f atmo spheric carbo n have increased in line

with human burning o f fo ssil fuels, and that increasing atmo spheric carbo n levels

co rrespo nd with increasing glo bal temperatures

Quantitative data enables scientists to  make predictio ns

E.g.

Studying the co nnectio n between atmo spheric carbo n levels and glo bal

temperatures enables scientists to  predict the level o f impact o f the release o f

speci�c amo unts o f carbo n into  the atmo sphere

Understanding the impact o f glo bal pho to synthesis rates o n atmo spheric carbo n

levels means that scientists can accurately predict the impact o f pro jects such as

large-scale tree planting and rewilding

Statistical analysis  can be carried o ut o n quantitative data, enabling statistical signi�cance

to  be established

E.g, scientists can be sure that current carbo n dio xide levels are signi�cantly higher than

they wo uld have been witho ut the co mbustio n o f fo ssil fuels
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Scientists fro m the Wo rld Meteo ro lo gical Organisatio n and research statio ns (e.g. the Mauna Lo a

Observato ry) have been taking quantitative measurements  o f the atmo spheric carbo n dio xide

and methane co ncentratio ns fo r many years

Scientists have reco rds fo r carbo n dio xide levels dating back to  1958, and fo r methane

levels fro m 1984

It is po ssible fo r scientists to  �nd info rmatio n abo ut co ncentratio ns o f atmo spheric gases

o ver a lo nger perio d o f time by analysing gas bubbles fro m deep ice co res

Changes in atmospheric carbon dioxide levels measured at the Mauna Loa Observatory (ppmv = parts

per million by volume).  The yearly �uctuations shown in red are due to seasonal changes in

photosynthesis rates.

Combustion

Carbo n can be returned to  the atmo sphere by the burning o f f o ssil f uels  and o rganic material; a

pro cess kno wn as co mbustio n

Co mplete co mbustio n releases carbo n dio xide  and water as bypro ducts

Fo ssil f uels  fo rm when animals and plants die in co nditio ns where deco mpo sing

micro o rganisms are no t present; the carbo n in their bo dies is co nverted, o ver millio ns o f years

and with signi�cant pressure, into  f o ssil f uels  such as co al and o il

The co mbustio n o f fo ssil fuels releases carbo n that has been sto red  fo r millio ns o f years

Increased use o f  f o ssil f uels  is co ntributing to  an increase in the carbo n dio xide co ntent o f

the atmo sphere

Organic material, o r bio mass, burns when �res o ccur in e.g. fo rests o r grasslands

Such �res can have natural causes e.g. lightning hitting ho t, dry gro und, o r can be set by

humans e.g. when clearing land fo r the purpo se o f farming

Bio mass can also  be burned as a fuel in e.g. wo o d �res o r bio mass bo ilers
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4.2.3 Carbon Cycle: Methane

Methanogenesis

Methane  (CH ) is a simple hydro carbo n

It is present as a gas  in the atmo sphere, and undergro und, and is the main co mpo nent o f natural

gas  fo ssil fuel

Methane can be pro duced by the naturally o ccurring pro cess  kno wn as methano genesis by

o rganisms kno wn as methano gens

Befo re methano genesis can o ccur, a series o f bacteria co nvert o rganic matter into  a

co mpo und called acetate, as well as carbo n dio xide and hydro gen

A gro up o f single-celled o rganisms called archaeans  then carry o ut methano genesis via two

di�erent mechanisms:

CO  + 4H  → CH  + 2H O

CH COOH → CH  + CO

CH COOH is acetic acid, a co mpo und that can be fo rmed fro m acetate

Archaeans carry o ut methano genesis in a range o f enviro nments

Waterlo gged mud

E.g. in naturally o ccurring wetlands, o r in man-made rice �elds

The guts o f  ruminant mammals  such as cattle

Land�ll sites  co ntaining o rganic matter such as fo o d waste

Anaero bic digesters  used fo r the break do wn o f o rganic waste

Depending o n the lo catio n o f methano genesis, the methane is either released directly into  the

atmo sphere  o r into  the surro unding so il

Methane can accumulate in the gro und, but it can gradually make its way to  the surface where

it is released into  the atmo sphere

Human activities  such as livesto ck farming and land�ll dispo sal o f waste fo o d are leading to  an

increase in the release o f  methane into  the atmo sphere

No te that anaero bic digesters are sealed units fo r the pro ductio n o f bio gas, and the

methane pro duced is co llected and used fo r fuel

4

2 2 4 2
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Exam T ip

No te that yo u do n't need to  kno w the chemical pro cesses by which methane is pro duced. Make

sure that yo u kno w that methane is pro duced by methano genic archaeans and released into  the

atmo sphere o r into  undergro und sto res.
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Oxidation of Methane

The lifetime o f methane gas o nce it reaches the atmo sphere is aro und 10−12 years

This is because methane is o xidised in the atmo sphere

This o xidatio n invo lves a reactio n with mo lecules called hydro xyl radicals  (·OH)

Hydro xyl radicals are highly reactive  mo lecules that fo rm in the presence o f sunlight fro m

o ther gases in the atmo sphere e.g. nitro us o xides

Hydro xyl radicals react with methane  in a series o f reactio ns that pro duce carbo n dio xide

and water

Methane o xidatio n keeps levels o f methane in the atmo sphere relatively co nstant

Recent increases in atmo spheric methane have led to  co ncern that levels o f hydo xyl radicals

in the atmo sphere may be declining

4.2.4 Carbon Cycle: Organic Matter

Formation of Peat

Under no rmal co nditio ns the tissues o f dead o rganisms are co mpletely bro ken do wn by

deco mpo sers kno wn as sapro tro phs and detritivo res

These deco mpo sers require speci�c co nditio ns, such as o xygen availability and the co rrect pH

If gro und is waterlo gged  o r acidic, mo st deco mpo sers canno t survive, and o nly partial

deco mpo sitio n takes place

Waterlo gging o ccurs when levels o f rainfall exceed levels o f evapo ratio n

When gro und is waterlo gged, the air spaces in the so il is �lled with water, and the

co nditio ns beco me anaero bic

Lo w pH can o ccur due to  mineral leaching, acidic bedro ck, bacterial activity, and the gro wth

o f certain types o f plant

Under waterlo gged and acidic co nditio ns partly deco mpo sed o rganic material, such as dead

plant matter, accumulates, and beco mes co mpacted  under its o wn weight o ver time; this

co mpacted, partially deco mpo sed plant matter fo rms peat

The place where peat accumulates is kno wn as a peat bo g, o r peatland

There are vario us types o f peat bo g e.g. blanket bo g and raised bo g, depending o n the

landscape and co nditio ns in which it fo rms

The carbo n co mpo unds  in plant material are trapped in peat

Over millio ns o f years, peat can develo p into  the fo ssil fuels co al, o il, o r natural gas

Peat is co nsidered to  be a valuable reso urce, and digging up peat bo gs has been a co mmo n

practice

Peat can be burned as a f uel due to  its carbo n co ntent

The high nutrient co ntent o f peat means that it is o ften used in co mpo st

The impo rtance o f peat bo gs as a carbo n sto re  and unique, bio diverse, habitat  is no w better

understo o d, and many peo ple wo rk to  pro tect and resto re peat bo gs
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Exam T ip

Make sure yo u kno w that peat is fo rmed fro m partly deco mpo sed plant matter that results fro m

acidic and waterlo gged (anaero bic) co nditio ns.

Fossilisation

If animals and plants die in acidic  o r anaero bic  co nditio ns then co mplete deco mpo sitio n

canno t take place

Micro -o rganisms that carry o ut deco mpo sitio n canno t survive in acidic o r anaero bic

co nditio ns

The carbo n in remaining tissues can be co nverted into  f o ssil f uels  o ver millio ns o f  years 

This means that carbo n taken into  the tissues o f living o rganisms during past geo lo gical eras

is lo cked up in fo ssil fuels

Co al fo rms when peat  (see abo ve) that fo rms in acidic and anaero bic co nditio ns is buried,

co mpressed, and heated  e.g. after a rise in sea levels

Formation of coal from peat

Oil and natural gas  fo rm in anaero bic co nditio ns at the bo tto m o f seas and lakes when aquatic

o rganisms  die and are co vered by layers o f  sediment , and are then co mpressed and  heated. 

Natural gas fo rms depo sits  in po ro us ro ck when surro unding no n-po ro us ro ck prevents it

fro m escaping to  the surface
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Formation of oil and gas from the bodies of aquatic organisms

When fo ssil fuels are burned (the pro cess is kno wn as co mbustio n), the carbo n co mbines with

o xygen and carbo n dio xide is released  into  the atmo sphere

Increased use o f  f o ssil f uels  is co ntributing to  an increase in the carbo n dio xide co ntent o f the

atmo sphere

Limestone Formation

Many marine  (sea-living) o rganisms  extract carbo n fro m their surro undings in o rder to  pro duce

calcium carbo nate, fro m which they build certain bo dy parts. Fo r example:

The shells o f mo lluscs  (e.g. mussels and clams)

The hard bo dies (exo skeleto ns) o f co rals

When these o rganisms die, the so ft parts o f their bo dies are bro ken do wn by deco mpo sers, but

their calcium carbo nate o uter shells remain and fall to  the sea�o o r

The layers o f  sediment  that fo rm o n the sea�o o r are rich in the calcium carbo nate shells o f

marine o rganisms, and as the layers are co mpacted  with their o wn weight and that o f the sea

abo ve them, they harden, and limesto ne  is fo rmed

The carbo n in the hard shells o f these marine o rganisms is lo cked up  in limesto ne ro cks e.g. chalk

Ocean acidi�catio n can cause the calcium carbo nate shells o f marine o rganisms to  disso lve,

releasing this carbo n back into  the surro unding water
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4.2.5 Climate Change: Greenhouse E�ect

The Main Greenhouse Gases

When radiatio n f ro m the sun hits the earth, it is radiated back fro m the earth's surface as lo ng-

wave radiatio n

A greenho use gas  is a gas that abso rbs this re-radiated radiatio n, trapping it  in the earth's

atmo sphere  so  that it is no t lo st to  space

Greenho use gases in the atmo sphere have a similar e�ect to  the glass in a greenho use,

hence the term greenho use gas, and their e�ect being kno wn as the greenho use e�ect

The greenho use e�ect is impo rtant to  ensure that Earth is warm eno ugh f o r lif e; if it were no t fo r

the insulating e�ects o f greenho use gases, Earth wo uld see similar dramatic temperature

�uctuatio ns  to  its neighbo uring planets

Temperatures o n Mars range between 20°C and −153°C

There are many greenho use gases, and tho se that co ntribute mo st to  the greenho use e�ect are:

Water vapo ur

Carbo n dio xide

Water vapo ur enters the atmo sphere when it evapo rates f ro m the surf ace o f  the o ceans, and

when it is released by transpiratio n

Carbo n dio xide enters the atmo sphere when living o rganisms respire, o r when o rganic matter o r

f o ssil f uels are burned

Other Greenhouse Gases

While water vapo ur and carbo n dio xide are the greenho use gases with the mo st signi�cant

impact o n the greenho use e�ect, there are vario us o ther greenho use gases  which have a lesser

e�ect, e.g.

Methane

Nitro us o xides

Methane is released by:

Methano genic bacteria when they break do wn o rganic waste

Methano genic bacteria carry o ut methano genesis  in anaero bic enviro nments such as

waterlo gged gro und and land�ll sites, and in the sto machs o f so me types o f livesto ck

Co al mining when depo sits o f methane are released fro m ro ck

So urces o f nitro us o xides include:

Fo ssil f uel co mbustio n e.g. vehicle exhausts

Agriculture  e.g. the pro ductio n and use o f fertilisers

The activity o f so me types o f bacteria
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Exam T ip

Yo u may have heard o f a separate enviro nmental co ncern, described as the 'ho le in the o z o ne

layer'; this is no t  so mething that yo u need to  kno w abo ut. Oz o ne is an atmo spheric gas that

abso rbs harmful UV radiatio n befo re it reaches earth, but any co ncerns abo ut o z o ne depletio n

have no thing to  do  with the greenho use e�ect. The pro blem o f o z o ne depletio n is o ne that has

impro ved signi�cantly due to  measures taken to  reduce certain types o f emissio ns; humans can

get it right so metimes!

Greenhouse E�ect

Fact ors a�ect ing t he impact  of  a Greenhouse Gas

The signi�cance o f the impact o f any particular greenho use gas depends o n two  facto rs:

Its ability to  abso rb lo ng-wave radiatio n

Its co ncentratio n in the atmo sphere

A gas may have a stro ng ability to  abso rb radiatio n, but if its atmo spheric co ncentratio n is

relatively lo w, then it will be a lo w-impact greenho use gas

This is the case fo r methane, which can abso rb mo re lo ng-wave radiatio n per mo lecule than

carbo n dio xide, but which is present at a much lo wer atmo spheric co ncentratio n

The atmo spheric co ncentratio n o f a greenho use gas depends o n:

The balance between release and remo val o f that gas fro m the atmo sphere

A gas that is released into  the atmo sphere at a faster rate than it is remo ved will increase

in co ncentratio n e.g. carbo n dio xide is released by the co mbustio n o f fo ssil fuels at a

faster rate than pho to synthesis can remo ve it

The length o f  time  that gas is present in the atmo sphere

Methane o nly remains in the atmo sphere fo r 10−12 years befo re it is o xidised, reducing the

o verall impact o f methane o n the greenho use e�ect

Water vapo ur is the mo st abundant greenho use gas  in the atmo sphere, but because

water vapo ur usually o nly spends an average o f 9 days  in the atmo sphere befo re it returns

to  the gro und, scientists are less co ncerned abo ut its impact o n the greenho use e�ect

than they are abo ut carbo n dio xide, which accumulates in the atmo sphere o ver

hundreds o f  years

T he Eart h emit s longer-wave radiat ion

The so lar radiatio n that reaches Earth fro m the sun co ntains a range o f  wavelengths; primarily

sho rter wavelengths  in the UV and visible  parts o f the light spectrum, with so me lo nger

wavelength inf ra-red radiatio n

After Earth has abso rbed this radiatio n, it re-emits radiatio n back into  the atmo sphere, but this

re-emitted radiatio n is entirely lo nger wavelength, in the infra-red part o f the spectrum
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Solar radiation is primarily short-wave, while the radiation that is re-emitted by earth is long-wave

radiation

Greenhouse Gases absorb longer-wave radiat ion

While o nly aro und 25% o f the (primarily sho rt wavelength) so lar radiatio n is  abso rbed by the

atmo sphere o n its way to  Earth, aro und 80% o f  the (lo ng wavelength) re-emitted radiatio n

fro m Earth is abso rbed o n its way back into  the atmo sphere

E.g. inco ming UV radiatio n is abso rbed by o z o ne

Re-emitted radiatio n is abso rbed by greenho use gases

This abso rbed radiatio n keeps 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

Greenho use gases  abso rb infrared radiatio n emitted by the earth, causing the atmo sphere to

warm

Witho ut greenho use gases, the earth wo uld be much co lder

The higher the co ncentratio n o f greenho use gases in the atmo sphere, the mo re inf rared

radiatio n is abso rbed, and the warmer the atmo sphere  will beco me

Increased atmo spheric warming has had, and will have, multiple impacts o n climate patterns, e.g.

Weather events beco ming mo re extreme  e.g. ho tter, lo nger, heatwaves, and mo re vio lent

sto rms

Changes to  o cean currents  leading to  altered lo cal climates e.g. the Gulf stream that

currently brings warm water to  the west co ast o f the UK might change directio n, causing parts

o f the UK's climate to  co o l

Warmer air can ho ld mo re mo isture, leading to  changes in patterns o f  rainf all; mo re, heavier

rainfall in so me places co uld lead to  reduced rainfall in o ther lo catio ns

Evidence  fo r so me o f these changes in climate patterns can already be seen in many parts o f the

wo rld

Warming climates cause animals to  mo ve to wards the po les  o r to  higher altitudes

A co ncern is that these species may no t be able to  co mpete with, o r may even o ut-

co mpete, the species already present in these habitats, with either result leading to

decreased bio diversity

So me species (such as plant species) may no t be able to  mo ve o r change their

distributio ns fast eno ugh to  adapt to  changing temperatures and may go  extinct  as a

result

Po lar ice  and glaciers are retreating; it is tho ught that there may so o n be no  summer ice in the

arctic if rates o f warming there co ntinue

The lo ss o f glacier ice fro m mo untain ranges may a�ect the water supplies o f many

peo ple and surro unding wildlife

Sea levels have been rising faster in recent years, putting many mo re peo ple at risk o f being

�o o ded o ut o f their ho mes

Sea levels are rising due to  the expansio n o f warmer water and due to  melting po lar ice
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4.2.7 Climate Change: Causes

Industrialisation & Increased Carbon Dioxide

Atmo spheric carbo n dio xide levels have �uctuated thro ugho ut Earth's histo ry  due to  events

such as vo lcanic eruptio ns and the weathering o f limesto ne ro cks

Scientists kno w this fro m having analysed the gas co mpo sitio n o f bubbles fo rmed in ancient

ice co res

Atmospheric carbon dioxide levels have �uctuated throughout earth’s history, but recent increases have

been faster and higher than ever before (ppmv = parts per million by volume)

Since the industrial revo lutio n, ho wever, atmo spheric carbo n dio xide levels have risen to  their

highest in Earth's histo ry

Prio r to  the industrial revo lutio n, the highest atmo spheric carbo n dio xide co ncentratio n was

aro und 300 parts per millio n (ppm), and it is currently abo ve 400 ppm

The industrial revo lutio n began in the late 1700s, when the co mbustio n o f  f o ssil f uels  to  po wer

f acto ries, transpo rt , and ho mes  became co mmo nplace

Fo ssil fuel co mbustio n releases carbo n dio xide

A clear co rrelatio n can be seen between increasing levels o f  carbo n dio xide since the industrial

revo lutio n and increasing glo bal temperatures

Early data o n glo bal temperatures can be fo und using climate indicato rs such as tree gro wth

and so il co res
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There is a correlation between increasing carbon dioxide levels since the start of the industrial revolution

and increasing global temperatures

Combustion of Fossil Fuels

The industrial revo lutio n, beginning in the late 1700s, was the shift fro m hand pro ductio n to

machine pro ductio n, o ften in f acto ries po wered by steam

Facto ry pro ductio n led to  the need to  transpo rt go o ds  o ver lo ng distances, and so  the railways

were built, also  po wered by steam

Steam wo uld have been pro duced by the co mbustio n (burning) o f f o ssil f uels; initially co al, and

later also  o il and gas

The co mbustio n o f fo ssil fuels releases carbo n that has been sto red f o r millio ns o f  years

into  the atmo sphere in the fo rm o f carbo n dio xide

The impro ved standard o f living fo r many that resulted fro m the industrial revo lutio n lead to  huge

po pulatio n gro wth, further increasing the need fo r pro ductio n and mo vement o f go o ds, and

therefo re the need fo r fo ssil fuels

Altho ugh we o ften asso ciate the industrial revo lutio n with the Victo rian era, the fastest increase

in fo ssil fuel co mbustio n has taken place since the 1950s

The increase in fo ssil fuel use since the 1950s is co rrelated with the f astest increases in

atmo spheric carbo n dio xide, pro viding evidence that it is human activity  changing the

co mpo sitio n o f the atmo sphere
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Temperatures & Increased Carbon Dioxide

We kno w that greenho use gases abso rb inf rared radiatio n and warm the earth's atmo sphere,

and we kno w that carbo n dio xide is a greenho use gas, so  climate scientists have lo ng

hypo thesised that increasing carbo n dio xide levels in the atmo sphere will lead to  warming

glo bal temperatures

Evidence to  suppo rt this hypo thesis can be fo und by lo o king back at the co nnectio n between

atmo spheric carbo n dio xide levels and temperatures o ver time

Info rmatio n abo ut the ancient atmo sphere and climate can be fo und by analysing ice co res,

o btained by drilling into  antarctic ice

Ice is depo sited as water freez es o ver time, so  the deeper into  the ice yo u go , the o lder it is

Analysing the gas co ntent  o f bubbles in ice can tell scientists abo ut atmo spheric gas

co ncentratio ns o ver time

Data abo ut climate can be inferred by studying ancient po llen grains  preserved in ice (certain

plants wo uld have survived in certain climates), as well as studying the chemistry o f  the

water mo lecules

Data sho w a co rrelatio n between changing atmo spheric carbo n dio xide levels and temperature

o ver tho usands o f years

No te that carbo n dio xide in the atmo sphere is no t tho ught to  be the o nly facto r a�ecting

climate; it is kno wn that events such as so lar winds and sun spo ts can a�ect the climate o n

Earth, but scientists think that the e�ects o f such events are small in co mpariso n to  that o f

atmo spheric carbo n dio xide

Co rrelatio n do es no t equal causatio n, but to gether with what scientists kno w abo ut carbo n

dio xide as a greenho use gas, this is stro ng evidence  that carbo n dio xide released since the

industrial revo lutio n is causing increasing glo bal temperatures

Data from antarctic sea ice show a correlation between atmospheric carbon dioxide and antarctic

temperatures over the last 800 000 years
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Investigating the Causes of Climate Change

Evaluat ing claims t hat  human act ivit ies are not  causing climat e change

Since scientists �rst began to  asso ciate burning fo ssil fuels with increasing glo bal temperatures,

there have been many who  have claimed that human activity is no t the cause o f  climate change

Evaluating Claims that Human Activities are No t Causing Climate Change Table

It is impo rtant to  evaluate any statement  that is made abo ut the causes o f climate change in the

light o f scienti�c evidence

Co nsider whether a statement addresses all o f  the evidence, o r o nly part o f it

E.g. there may be so me years when glo bal temperatures go  do wn, but there is stro ng

evidence fo r an o verall upward trend

Find o ut whether the statement co mes fro m a trustwo rthy, unbiased so urce

E.g. Do es the so urce have a �nancial o r po litical interest in co ntinuing to  burn fo ssil fuels

Several co untries wro te to  the United Natio ns in 2021 to  ask that urgent

reco mmendatio ns against burning fo ssil fuels were to ned do wn; all o f these

co untries had eco no mies that depended o n the use o f fo ssil fuels

NOS: Assessing claims; assessment  of  t he claims t hat  human act ivit ies are producing
climat e change
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Whenever yo u co me acro ss any scienti�c claim, it is impo rtant to  assess its reliability

Scientists kno w that befo re they present a new idea, they must carry o ut research and pro vide

evidence  to  suppo rt their claim

Any published research must be clear abo ut the level o f  certainty  that any data pro vide; this

is the purpo se o f statistical tests  such as the chi-squared test

Research papers must include details o f the metho d  used so  that o ther scientists can

evaluate it  and po tentially repeat it  to  see if they achieve the same results

When it is claimed that human activities are causing climate change, it is impo rtant to  evaluate

these claims while bearing the fo llo wing facto rs in mind

There is a great deal o f  scienti�c evidence  that has been tested and checked by o ther

scientists that suppo rts the hypo thesis that humans burning f o ssil f uels causes climate

change; this increases the likeliho o d that further claims o f this nature are co rrect

Climate is highly co mplex, so  scientists need to  be careful no t to  state that o ne facto r alo ne

has led to  a speci�c event

Climate can be a�ected by any number o f facto rs in any given year; it is impo rtant to  lo o k

at all o f  the data

Yo u may have heard climate and weather experts in the media being asked abo ut

whether o ne particular extreme weather event is due to  climate change; they always

say that it is wro ng to  draw co nclusio ns f ro m o ne event , while also  po inting to  that

event's place in a trend  o f increasingly extreme weather

Climate change is no t expected to  be linear in e�ect; scientists expect that there may

be a tipping po int  beyo nd which changes happen faster

This makes it very di�cult to  make predictio ns  abo ut exact future climate

co nditio ns

Peo ple always have a perso nal interest; so me are especially passio nate abo ut the

enviro nment, while o thers depend �nancially o n fo ssil fuels

It is impo rtant that we are aware o f the perso nal biases  o f tho se making claims abo ut the

causes o f climate change

If predictio ns abo ut glo bal warming are co rrect, then the po tential impacts o n the future o f Earth

are huge; as scientists, it is o ur respo nsibility to  be aware o f the impo rtant facto rs surro unding

this debate so  that we can help o ther to  assess evidence tho ro ughly
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