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Climate Change
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How has climate changed?
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THE GREENHOUSE EFFECT
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Stages in predicting climate change
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The climate system
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Climate change in Europe

2003

By 2040, summers like 

2003 will be average

21-38% of excess deaths in UK due to August 2003 heatwave were due to 

increased air pollution (ozone and particulate matter) ïStedman 2004
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Effect of climate change on 

air quality
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Importance of climate change

ÅClimate change is not just about temperature change, 
there are also changes in:

ÅHumidity (specific)

ÅClouds and precipitation

ÅWinds

Åothersé
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How climate affects air quality

ÅAir quality is affected by many factors

ÅEmissions ïtemperature dependence

ÅTransport ïwinds 

ÅChemistry ïtemperature and humidity

ÅDeposition ïprecipitation

ÅAll these are in turn affected by a changing climate
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Effect of climate change on 
transport

Mickley et al. 2004 GRL doi:10.1029/2004GL021216

Climate change can impact 

on the likelihood of 

pollution events e.g.

ÅNumber and strengths 

of summer highs

ÅNumber and duration 

of calm winter days

ÅMean concentrations the 

same

ÅHigher chance of extreme 

concentrations
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Chemistry

ÅFocus on surface ozone:

ÅDamaging to human heath, and to crop yields

ÅProduced by: Oxidation of hydrocarbons in presence of NOX

ÅDestroyed by: UV light in presence of water, and deposition to the 
surface

ÅOzone will change in future

ÅChanges in emissions of man-made pollutants 

ÅChanges in climate

ÅIncreased humidity (water vapour)­ Destruction of ozone

ÅIncreased tropospheric temperature­Production of ozone
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Modelling atmospheric chemistry
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Impact of climate change on 
surface ozone

Dentener et al., Environ. Sci. Technol.2006, 40,3586-3594

Effect of 2030 climate change
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Climate change affects 
emissions and deposition

ÅEmissions

ÅAnthropogenic ïchanges in consumption, 
volatilisation of pollutants

ÅWild fires ïsoil moisture

ÅLightning ïconvective clouds

ÅVegetation and soils ïtemperature, sunlight

ÅDeposition

ÅRemoval by precipitation

ÅRemoval at the surface ïvegetation and soils
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Volatile organic compounds 
(VOCs)

ñApproximately 80% of our air pollution stems from
hydrocarbons released by vegetation, so let's not go
overboard in setting and enforcing tough emission
standards from man-made sources.ò,Ronald Reagan,
Sierra Magazine, Sep. 10, 1980

ñ[research does] not provide any evidence that
responsibility for air pollution can or should be shifted
from humans to trees.ò,Purves et al., Global Change
Biology, 2004

Stevenson et al. 
JGR 2006

Man ï
made

Vegetation 
(isoprene)

Vegetation 
(terpenes)

Biomass 
burning

VOC emissions 116 Tg 580 Tg 295 Tg 31 Tg
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Coupling chemistry to 
ecosystems

ÅDoubling CO2 causes leaf stomata to 

open less

ÅLess uptake of ozone

ÅHigher ozone concentrations at 

ground level

ÅGood for plants, bad for people

ÅIncreasing temperature increases 

hydrocarbon emissions from 

vegetation e.g. isoprene

Emissions

Deposition


