
AtmosphereAtmosphere

Early modelEarly model
Volcanic CO₂ / water vapour; evidence uncertain,Volcanic CO₂ / water vapour; evidence uncertain,

not direct samplesnot direct samples
Changing carbonChanging carbon

Cooling → oceans; dissolved CO₂ / carbon storesCooling → oceans; dissolved CO₂ / carbon stores
reduce air CO₂reduce air CO₂

Oxygen historyOxygen history
Photosynthesis and rock reactions; complex risePhotosynthesis and rock reactions; complex rise

over timeover time
Dry air todayDry air today

≈78% N₂, 21% O₂, 1% others; water vapour varies≈78% N₂, 21% O₂, 1% others; water vapour varies

Oxygen evidenceOxygen evidence
Glowing splint relights; gas-volume fall estimatesGlowing splint relights; gas-volume fall estimates

fractionfraction

GreenhouseGreenhouse

RadiationRadiation
Earth emits infrared; gases absorb and re-emitEarth emits infrared; gases absorb and re-emit

some wavelengthssome wavelengths
Natural / enhancedNatural / enhanced

Natural effect warms Earth; more gases changeNatural effect warms Earth; more gases change
energy balanceenergy balance

DistinctionsDistinctions
Methane comparison depends on timescale; not ozoneMethane comparison depends on timescale; not ozone

/ acid rain/ acid rain
Human sourcesHuman sources

Fossil carbon / deforestation CO₂; livestock /Fossil carbon / deforestation CO₂; livestock /
leaks / decay CH₄leaks / decay CH₄

EvidenceEvidence
Long-term climate; instruments / ice cores;Long-term climate; instruments / ice cores;

mechanisms support causesmechanisms support causes
UncertaintyUncertainty

Proxy and measurement limits; natural variabilityProxy and measurement limits; natural variability
also mattersalso matters

ImpactsImpacts

Sea levelSea level
Warmer seawater expands; melting land ice addsWarmer seawater expands; melting land ice adds
waterwater
Climate risksClimate risks
Flooding, rainfall / crop / habitat change;Flooding, rainfall / crop / habitat change;
qualify extremesqualify extremes
Ocean chemistryOcean chemistry
CO₂ lowers pH; carbonate-shell formationCO₂ lowers pH; carbonate-shell formation
harderharder
Coral bleachingCoral bleaching
Heat stress loses symbiotic algae; recovery orHeat stress loses symbiotic algae; recovery or
death depends on stressdeath depends on stress

ResponsesResponses

MitigationMitigation
Reduce / remove gases; efficient energy,Reduce / remove gases; efficient energy,
forests, methane measuresforests, methane measures
Carbon captureCarbon capture
Storage needs energy / money; capacity andStorage needs energy / money; capacity and
leakage risksleakage risks
AdaptationAdaptation
Reduce harms: floods, heat, farming changes;Reduce harms: floods, heat, farming changes;
social costssocial costs
Solar proposalsSolar proposals
Reflecting sunlight has risks; does not removeReflecting sunlight has risks; does not remove
CO₂ / acidityCO₂ / acidity
EvaluationEvaluation
Scale, cost, risk, fairness; activity → gasesScale, cost, risk, fairness; activity → gases
→ warming → impacts→ warming → impacts
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1. Greenhouse → Impacts: Enhanced greenhouse warming changes climate-related risks.1. Greenhouse → Impacts: Enhanced greenhouse warming changes climate-related risks.
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2. Greenhouse → Responses: Mitigation addresses greenhouse-gas sources.2. Greenhouse → Responses: Mitigation addresses greenhouse-gas sources.

CC17CC17
Earth and atmosphericEarth and atmospheric

sciencescience
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