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» The climate system and climate change
» Attribution of climate change

»Impacts of and response to climate change
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Climate system and climate change
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A definition of climate
Met Office

Long term statistics of atmospheric and oceanic
phenomena (i.e. mean and higher moments)

Both atmosphere and ocean behave in a non-linear way
over many time-scales

At least thirty years samples to estimate meaningful
statistics

Many components affect the climate system
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<7~ Earth system processes
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The Climate System
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Atmosphere: most unstable and rapidly changing part of the
system

Oceans: Transport and store large amounts of energy and
CO,. Source of variability of longer time scales

Cryosphere: High albedo, large thermal inertial, stores large
amount of water

Land surface: Vegetation and soils control how solar
radiation is returned to the atmosphere. Topography and
vegetation influence dynamics of the atmosphere

Biosphere: Impacts the atmosphere’s composition

All these components and their interactions are non-linear
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December - February Normal Conditions

El Nino-Soutern

el Oscillation

December - February El Nifio Conditions

December - February La Niia Conditions
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SOUATORIAL THERMOCLINE

El Nino Southern Oscillation
represents the principal mode of variability
of the global climate system
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Winter NAO index
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Strength of North Atlantic Winter Westerlies 1867—2004
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Global temperature analyses
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2000-2009 warmest decade
metormee  ON Fecord

Global average temperature 1850-2009
metoice  2000S warmest decade
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9 indicators of a changing

metorme  ClIMate

1.0~ Tropospheric temperature: 7 datasets
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Anomaly (°C)

1.0[~ Land surface air temperature: 4 datasets

Anomaly (°C)
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1.0/~ Sea-surface temperature: 6 datasets

.
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1.5[~ Stratospheric temperature: 8 datasets
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Sea ice decline and variability
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Average summer ice extent — grey shading

Summer 2007 Summer 2011
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Attribution of climate change




“External” drivers of the climate systems
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*Long-term changes in Earth’s
orbit

* VVariation in solar output

*\Volcanic aerosol
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= Contribution of the sun to climate change

—
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Hadley Centre

*Blue — range of solar
irradiance arising
from 11-year solar
activity cycle
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Volcanoes
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Anthropogenic contribution
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* Greenhouse gases
warming

* Sulphate aerosols
— cooling
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COZ2 in atmosphere is highest
wetorice 1N 800,000 years
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-~ Vostok ice cores 388ppm
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temperature change from present 4°C
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The greenhouse effect
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tHrough the _
atmosphere 9. ...but some IR is trapped by

gases in the air, thus reducing
the cooling effect
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Climate Models
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Development of Climate Models
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-~ Hadley Centre Climate Models
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/19 levels in
/ atmosphere

Progression of
Hadley Centre
climate models
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Land mask in HadCM3 (~300km)
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Model Uncertainty

Met Office

Important processes occur in the atmosphere on scales smaller
than those which can be resolved on the grid of the dynamical
part of the model. Examples include convection, turbulence,
radiative processes..

The effects of these unresolved (sub-gridscale) processes are
derived from the large scale state variables by the model (wind,
pressure, temperature, moisture). This procedure is called
parametrisation.

Difference choices are possible both for the parametrisation
scheme and for the parameters used by these schemes. This is
one of the main source of model uncertainty.

Model intercomparison projects such as CMIP3 and CMPIS5 have
been set up to allow research in model uncertainty
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Downscaling
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GLOBAL MODEL REGIONAL MODEL

© Crown copyright Met Office



%<
Met Office g»ﬁ”i;;%? R

RCMs simulate
current climate
more realistically
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Patterns of present-day
winter precipitation over
Great Britain (1960-1990)
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Model predictions from 1980s
(Hansen 19806)
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but also Sawyer (Met Office), Nature, 1972, 0.6K warming by 2000
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What is causing climate
metore  CHANQGE 7

Natural forcing only Natural forcing including the effects of human activity
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Closing the balance: ocean heat uptake
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Global Ocean Heat Content Change
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Climate change projections




Projections of temperatures (IPCC-AR4)
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—— Medium high emissions scenario (Azﬂ
— Medium high emissions scenario (A1 B)!
— —— Low emissions scenario (81)'

Year 2000 constant concentrations’

3 L [ Envelope of IPCC analysis of paleo records?
= Observed temperature record (Brohan et al)2

1Global IPCC projections
— MNorthern hemisphere climatology

Even if we kept GHG
- concentrations at their
2000 levels (i.e.
stopped emitting

- GHGs), there would C>
still be some warming

by 2100
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Relative Probability Relative Probability

Relative Probability

Met Office

Uncertainty for different emission

scenarios
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Sources on uncertainty
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Model Uncertainy: Climate Sensitivity
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Climate sensitivity: climate response when doubling [CO,] with respect to
pre-industrial revolution concentrations

One parameter “summary” of climate models

Climate change has no precedents in the available record, ongoing
research in estimating a range for climate sensitivity

Parameter perturbation: generating all possible models consistent with a
given model structure

Murphy et al, 2004 T T T T T L eweigtted POF |
Bayesian approach — Weighted PDF 1
to constrain climate
sensitivity with
observed data
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The impact of a global temperature

rise of 4 °C
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- Ocean
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- Natural variations compounded by
global warming may give
unprecedented extremes
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Protecting society against
extreme weather events in
the future requires
% - modelling the weather at
~ regional and local scales
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* The most effective options
involve interference with the
climate system.

* These will have regional
consequences (e.g. rainfall
changes) that must be
understood.
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Is Geo-engineering an option?

00000 \\
SPACE MIRRORS
Orbiting mirrors deflect sun's rays
READINESS: ©0 ©
COST: $$$
FLAW: unknown weather effects;
fails to prevent acidic oceans le)
00000 FORESTING
®@@000 REFLECTIVE CROPS iprdeinis
ARTIFICIAL TREES | Planting crops tat COST: $
(0, sucked from airand reflect more sunlight FLAW: large land
stored underground READINESS: @ @ area needed
READINESS: © © COST: §
COST: $$$ FLAW: large land area
FLAW: large geological needed; fails to prevent
cache needed acidic oceans

©0000

Adday

hay

00000
AEROSOLS

Particles in the stratosphere
reflect sun’s rays,

READINESS: ©

COST: $

FLAW: risk of ozone depletion;
unknown weather effects,
fails to prevent acidic oceans
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CLOUD SEEDING
Atomising seawater creates
clouds to reflect sun's rays
READINESS: © @

COST: $$

FLAW: unknown weather
effects, patchy success; fails
to prevent acidic oceans

BIOCHAR
Agricultural carbon waste is ©0000
burned and buried CARBONATE ADDITION
READINESS: ©© Ground limestone helps
COST: $$ oceans absorb CO,
FLAW: large land area needed READINESS: ©©
00000 COST: $$
OCEAN FERTILISATION FLAW: unknown effects
Iron filings stimulate CO,-eating plankton onecosystems
READINESS: ©©
COST: $$
FLAW: unknown effects on ecosystems
@ Cooling factor: Readiness: Cost:
potential to © - Within years $ - Cheap relative to cutting emissions
change Earth's ©© - Withindecades $$ - Significant compared to cost of cutting emissions

energy budget ©00 - Within centuries $5S - Cutting emissions might be cheaper



Questions




