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Central Questions about our Future Climate
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What is climate?

How is it changing now?

What causes these changes?

What could happen next?




What are Weather and Climate?

refers to the current
atmospheric conditions at a
particular time and place.

refers to the general weather
patterns expected in a
given area.
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“Climate” basically. mean
the large-scale weather
patterns in time and space
(e.g., an Ice Age climate or
a tropical climate).




Climate of North America

USDA Plant Hardiness Zone Map
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e North America has 11 zones.
e C(California has 3 zones.




Climate Stability: European Vineyards from
Roman Times Remain the Same Today

Van Gogh, Vineyard at Auvers, 1890
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Cornas, Northern Rhone, France
Vineyards from Roman or earlier times




Key Questions about the Climate System

 What changes have occurred?
- How well are the past and present climates understood?

 What changes could lie ahead?
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Tools to Study Climate Change

 Past: Proxy records (distant past)
Examples: fossils, ice cores, tree rings, pollen

e Present: Sensors and indicators

Examples: satellites and ground instruments y \ 'ﬂ

e Future: Models

Examples: computer models




Clues to Earlier Climates

en trees flower
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Tree rings

Ice cores Harvest production




Observations of the Present Climate

Balloons Aircraft Satellites

Regional Global




What i1s a Climate Model?

Synthesis of our knowledge
Tool for predicting the future
Tool for understanding the past
Numerical “parallel Earth”
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Climate Change: The International View

UN climate change studies (1998-present):
Intergovernmental Panel on Climate Change (IPCC)
IPCC periodic assessments:
« State of the science
* Impacts on plants, animals, and human societies
e Options to slow or halt climate change
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Evidence for Physical Climate Change
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Grinnell Glacier, Montana, 1938 Grinnell Glacier, Montana, 2005




CHANGES IN TEMPERATURE ( Celsius)

CHANGES IN NORTHERN HEMISPHERE
SNOW COVER (millions of square kilometers)

Current Findings

 The global temperature
has risen by 1.5 degrees.

« The sea level has risen by
10 inches.

 Northern Hemisphere
snow cover has
decreased.




Reductions in Arctic Sea Ice
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1980 1985 1990 1995 2000 Arctic seaice, 1979
Year

» Arctic summer sea ice extent is shrinking at
a rate of 7.5% per decade.

Arctic seaice, 2005




€he New JJork Times
October 1, 2007

Sea Ice in Retreat

This summer saw a record-breaking loss of Arctic sea ice.

sc i e n ce ENVIRONMENT SPACE & COSMOS

SUMMER SEA ICE

This summer saw a record-breaking
loss of Arctic sea ice. Experts attribute
the changes to the interaction of wind,
weather, ice drift, ocean currents and
greenhouse gases.

SUMMER SEA ICE EXTENT* , £\ 1979-2005 average
summer minimum \\
1979-2005 — 4 million _ s ST, 4 :
’ square miles ek ’ Sopt. 16, 2007 minimum \
shown in white)
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*Sea ice extent is the area of
ocean covered by at least 15

percent ice. , &
: GRENLAND 4 ws,
. (DENMARK) /
PERENNIAL SEA ICE
Ocean within this boundary had been
covered with ice year-round since
satellite records began in 1979. This
summer was the first time that part of the

perennial sea ice was open water.




Reductions in Greenland Sea Ice
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Permafrost Melt — Drunken Forest, Alaska
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What is Causing the Climate to Change?
Imbalance of Energy for the Earth

Energy input/output:

Reflected radiation X Sun“ght

* Heat
by atmosphere ored

radiation

reemitted . _
back to earth Steady CI_Imate-
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Changing climate:
Imbalance in energy
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Natural Climate Forcing

Radiative forcing is an externally imposed change in the
energy budget of the Earth’s climate system

2003/05/26 13:36

The Sun
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Cooling Effect of Volcanoes
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Changes in the Sun and Sunlight

Sunspots by
Galileo

Sunspots by
NASA
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Man-Made Climate Forcing
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Industry Transportation Hot spots frg@kAfrican
forest combustion




Earth’s Atmosphere is Like a Blanket

The Greenhouse Effect

. o odation The greenhouse

ome soiar radiation Is e

reflected by the Earth effe?t makes Earth

and the atmosphere. habitable.
Greenhouse gases
cause this effect.

We are increasing

Solar radiation passes greenhouse gases.
through the clear
atmosphere.

This is increasing the

2% _
MOSPHERE’A heat trapped in the

climate system.
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Carbon Dioxide: Stability and Change

Time (years before present) Carbon dioxide is
10000 5000 0 the most important

i greenhouse gas.
_”/ 300

4800 1900 2000
Year AD
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Key findings:

e The amount was
constant for almost
10000 years.

e The amount has
risen in the
Industrial age.
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Changes to the Earth’s Energy Balance

_ Negative forcing Positive forcing
Greenhouse gases

Methane, : .

| and halocarbons

Ozone Stra'tospheric Troi)ospheric

ANTHROPOGENIC

Statospheric water
vapor from methane

Surface albedo Black ca;'bon on snoSN

Aerosols:
reflection of sunlight

Aerosols:
effect on clouds

Contrails

NATURAL

Solar energy

Net anthropogenic
forcing

2 A 0*
Watts per Square Meter

*Zero represents the preindustrial energy balance




Climate Change: A Thought Experiment
Climate Models
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Earth without Humans
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Climate Change: A Thought Experiment
Climate Models

Earth with Humans




Attribution of Climate
Change

GLOBAL CHANGE, TOTAL (* Q)

NORTH AMERICA

natural forcings

natural and manmade forcings

== Observations

Result: It's very likely people are causing recent warming.




Projections for global temperatures

Emissions Scenarios Global Temperature Projections
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* Global temperatures could increase by 1.7 to 3.2 °K.




215t Century Change in Temperature

Near-term (2020) — Future (2099)
High Emissions

005115225 3 354455 055665775

°C

Roughly 2/3 of warming by 2030 is from historical changes.
Warming by 2030 exceeds 20t C natural variability by >2x.




Further reductions in Arctic sea ice

NCAR CCSM3 IPCC A2 Scenario

1980-1999 Satellite obs avg =8.2(x10°Km?) Sumimer Sea Ice Thickness
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215t Century Change in Precipitation

Summer and Winter 2099
Medium Emissions

-------
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@IPCC 2007: WG1-AR4
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o Extratropical storm tracks are projected to move poleward.
* Increases in the amount of precipitation are very likely in high latitudes,

while decreases are likely in most subtropical land regions




Maximum Number of Dry Days
North America

CMIP3 multi-model CMIP3 multi-model
dry days [days] Medium dry days [days]




Growing Season Length
North America

CMIP3 multi-model CMIP3 multi-model
growing season [days] Medium growing season [days]
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Heat Wave Duration
North America

CMIP3 multi-model CMIP3 multi-model
heat waves [days] Medium heat waves [days]
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Extreme Temperature Range
North America

Heat wave in Southern California (surface
temperature image) May 2, 2004




Projections of Sierra snow-pack and
implications for water

2020-2049 2070-2099
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Conclusions on the state of the science

« We are changing the chemistry of the atmosphere.
It is very likely these changes heat the Earth.
e Scientists are certain the climate is warming.

e Continued emissions will amplify this warming,
with serious consequences for many regions.

 The warming will eentinue for centuries.




The ozone hole:
a mitigation success story

Total Czone NASA’s Total Ozone Mapping Satellite (TOMS)
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Projected recovery of ozone
due to the Montreal protocol

La Conference The 60°N-60°S total 0zone

des Nations Unies sur les United Nations

. changements Climate Change
climatiques Conference

Observations:
= Average and range
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California’s Actions to Slow Climate Change

The AB32 law requires California . :
The Magnitude of the Challenge

GHG emissions to be reduced to California’s GHG Emission Inventory _

1990 emission levels by 2020.

AB32 establishes comprehensive
program of regulatory and market
mechanisms to achieve reductions
of greenhouse gases (GHG).

Million Metric Tans
50 1 Eqlvalent

September 2006
Gov. Schwarzenegger Signs AB32 Legislation
to Reduce Greenhouse Gas Emissions | i ek




Berkeley Lab and UC Berkeley
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Groups are advancing climate models in:
« Earth Sciences (LBNL)
« Earth & Planetary Sciences (UCB)

« Computing (LBNL/UCB)
 Environmental Energy Technologies (LBNL)




LBNL efforts to support climate forecasts:
World-class supercomputers

New Computational Research and Theory Facility
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Options for Action

« We have many options to reach these goals.

 We have the technology to start now.




Options for Action

« We can reduce greenhouse gases.

 We can slow down global warming.

Berkeley Passes Measure G, Greenhouse Gas Emission
Reduction Ordinance, by 81% in November 2006

Thursday May 17, 2007
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Wé need to start NOW.




