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Temperature difference from 1961-90 normal

Temperatures are rising
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Cumulative glacier volume change

(mm water equivalent)

Glaclers are melting
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Extent (million square kilometers)
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Arctic sea ice Is melting

Average Monthly Arctic Sea Ice Extent
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GMSL (mm)

Sea levels are rising

Global Mean Sea Level (GMSL) - 1870 to 2009
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New Zealand rate of rise similar to global rate

Source: http://www.cmar.csiro.au/sealevel



Why Is the world warming?

 The global energy balance has changed
— Either more energy in, and/or less energy out

e More In:

— Would require a brighter sun and/or less
sunlight reflected

* No evidence for this (last 60 years)

e |Less out:

— Would occur if atmosphere absorbing more
outgoing heat

e Lots of evidence for this



Less energy out?

 Lots more GHG recently - more heat retained

Concentrations of Greenhouse Gases from 0 to 2005
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« Greenhouse gas increase the only real change
In energy balance in the last several decades
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CO, concentration now 38% above pre-industrial
Half that increase In last 30 years
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Lags in the system: months to centuries

Most of the CO, there for centuries to come
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The future: climate models

 We don’t have another Earth to experiment with

* Representation of climate physics
— Laws of motion, heat transfer
— Defined on a grid covering the Earth
« With definition of Earth geography, orbit, etc
— Describes time evolution of winds, pressure etc

* A model based on physics, not statistics



Emissions Scenarios, Temperature Projections
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* Very dependent on emissions scenario (beyond ~2030)
— We are already committed to more change, but...
— Serious emissions reductions now make a big difference



Model temperature projections: 100 years

A1BE 2080-2099
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e Global rise ~3TC

— Much more in high northern latitudes, less over southern
oceans

— Big increase in high temperature extremes



Climate change and extremes
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Example: European heat wave, 2003
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e Estimating the changing odds of extremes an
active area of research
— 2003 European summer temperatures
— Cold 2009/10 winter in parts of N Hem
— Australian drought/ bushfires
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Model rainfall projections: 100 years
]

* Drying of the subtropics, wetter poleward (10-20%)
— The globe becoming more tropical
— Increased frequency of droughts
e Dust-bowl = 10% drier for 10 years
— Increased frequency of heavy rainfalls (more intense cyclones..?)



Global mean sea- level rise projections
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Projected globally averaged sea-level rise

Potential upper range of sea-level rise if

Greenland and Antarctica contributions were to

grow linearly with global average temperature change
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o« Committed to at least 1000 years of SLR
» QOceans also becoming more acidic



Sea level and inundation risk

wave run-up

starm surge

storm t|de
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o Water level affected by
— Tides
— Sea level variation (trend, ENSO, IPO)
— Storm surge (meteorological)

e Inundation risk the sum of above, plus wave run-up



Climate change: Global Impacts

Sea-level rise
— Millions more at risk of coastal flooding/inundation

Rainfall & temperature changes
— Increasing frequency of drought and flood
— Increased water stress: hundreds of millions exposed
— Increased frequency of high temperature extremes

Ecosystems
— ~30% of species at increased risk of extinction (most corals bleached)

Human impacts
— Decreased grain production in Tropics: food security
« But: grain production improves in some regions
— Mortality from climate extremes, disease spread
— Biggest impacts amongst those least able to adapt

Tipping points
— Risk of major ice sheet melting



New Zealand in future (“A1B”)

e 2100: ~2<C warmer [1.4-3.0C]
— West wetter, east drier
— Stronger westerly winds (esp. winter/spring)
— Higher sea levels (50-80cm?)

* Increased intensity of
— rain, floods, landslides, inundation, storm surge
* Doubling of flood risk by late 21st Century
— Greater risks for infrastructure, especially coastal

e Less rain in eastern New Zealand
— More droughts, water security issues
— Changing seasonality  storage implications



How Is climate science conducted?

e Sclence Is motivated by curiosity
— A desire to understand the natural world

e Science Is built on lines of evidence
— Incremental advances, repeatability
— Abillity to fit the evidence, not right/wrong
— Scientific knowledge a jigsaw...

— ...not a house of cards



Key messages

Science well understood, good observational base
— Greenhouse gas concentrations high and rising
— Only plausible explanation for recent warming
— Already overwhelming evidence of change

Global impacts

— Sea level rise, water stress, risk of extremes
— Ecosystem disruption, food security, disease
— Vulnerability highest in poorer areas

Many similar issues for New Zealand

Latest work: changes more rapid than expected,;
stronger commitment to long-term change
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