QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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Sun - Earth Connection
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QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.
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Climate Change: Sun vs Man? N\

SPECIAL REPORT GLOBAL WARMING

BE
WORRIED.
BE
WORRIED.

Climate change isn't some vague
Tuture problem—it’s already
damaging the planet at an alarming
pace, Here's how it affects you, your
kids and their kids as well

EARTH AT THE TIPPING POINT
HOW IT THREATENS YOUR HEALTH
HOW CHINA & INDIA GAN HELP
SAVE THE WORLD—OR DESTROY IT

THE CLIMATE CRUSADERS
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Earth Radiative Balance
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Overview

— Climate records and signals from the solar variability?

e Goal II: The Uncertain Forcing
— Spectral variations during high solar activity
— Atmospheric profiles and trends

— Historical consistency with the “Medieval Warm Period” and
the Little Ice Age?

o Goal lll: Next challenges in climate research
— Climate sensitivity and global trends

Caspar Ammann = - I a7 dCN! ' | P Boulder, CO



Records of Solar Variability
and Climate

Caspar Ammann = - I S allopny Boulder, CO



QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

Sunspots

Caspar Ammann

Ives” for Solar Activit

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see (his picture.

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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Sunspots : Galileo to Toda n

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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«® Cosmic Radiation and Radio Isotopes =

NCAR

Cosmic
radiation

s

Mitrogen 14 . Meutron capture, ‘ Carbon 14 1OBery”ium
z N
g EEEEL 136Chlorine

C-13, C-14) are

absorbed by living
OTQArisms.

|

.,

Solar activity indicators

Decay: useful for dating

Following death & burial, wood & bones lose
C-14 as it changes to M-14 by beta deca.

. Beta decay ‘ Mitrogen 14

f i Froton W Meutran

Carbon 14

Beta
particle
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Winter Severity
s Naked Eye Sunspot Sightings in London

: Sunspot
e Al4C From Tree Ring Analysis and Paris Number
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Little Ice A |
e | ce Age B
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Earliest iInstrumental records on land

1950

s ees il 1850
L e

1850
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Calibration of Proxies
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l Volcanic rocks [ Red sandstones
Limestones [l Chemically distinctive rocks
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Dome C & Vostok, Antarctica
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Unterer Grindelwald Gletscher

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.
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Alpine Glaciers and Solar Variations
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Hydrologic Indicators in the Tropics N
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) Consistent (Multi-)Decadal Solar Signals?
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Price of Wheat

Max & Min moments of "Be and relative prices level in the
1580-1700 year (Maunder Minimum)
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Facular Brightening

Sunspot Darkening
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Spatial Integration and Noise Reduction
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Solar Irradiance (W/m?2)
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1365 |rradiance (

fannual) Solar Flare Index
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Anthropogenic

Radiative Forcing Components

RF Terms RF values (W m?) Spatial scale| LOSU
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Stratospheric water
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N

Solar Irradiance Variations

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

Irradiance Change: (Max-Min}/Min

B e eer | Largest variations in UV
absorbed in Earth’s ozone layer
0.1 [ ' 1110 %
0.01 [ 1 1%
: total irradiance change
oo fli i 101 %
oooot L o | Small Visible and Total
10 100 penetration down to surface
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\

@ \Why Global Warming Is not from the Sun

« Vertical temperature trends not consistent with active sun

 Modeling studies suggest small solar forcing is detectable
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Solar Activity since 1953

rth

(b) More energy from below




Earth’s Atmosphere
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Can Climate Models capture trends? N

\
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Sunspot Cycle 1600-2000

- Eay Model / Data Intercomparison N

f
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Tracks

Modeling

Strength:
- physically consistent
- full climate information
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Climate Reconstruction
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What are climate models?

Includes the Atmosphere,
Incorming Golal Land, Oceans. Ice, and Biosphere

Energy Qutgoing Heat

Energy
Transition from
Solid to Vapor

Evaporative
and Heat Energy i
- Girrus Clouds
Stratus Clouds Aerosols Exchanges Cumg

P ! :
Em Atmosphere
(Temperature, Winds,
and Precipitation)

(LT Stratus Clouds
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S\

& Configuration of NCAR CCSM3

(C&%nsdo) Coupler
T85 (1.49) (CPL 6)

|

Ocean

(POP 1.4.3)
(x19)
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Climate Models circa early 1990s ~ Global coupled climate
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Earth’s Atmosphere o N, ,

Model Simulated Trends 3D
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Coupled simulations

T31x3" model
for 850 AD - present

with :
Solar Forcing (various magnitudes)
Volcanic Forcing (ice core based history)
GHG (ice core based history)
Fixed Ozone and nat. Sulfate Climatology (12 months)

After 1870:
either natural only (GHG, sulfate fixed
at 1870) or ramped after ‘observations’

s
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Volcanic Sulfur : Polar Ice Core Record
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N

NL_A

CSM 1.4: Global Surface Temperatures

Medium Experiment is consistent with 20th Century Run and
with most Simulations submitted to IPCC
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Recons

Caspar Ammann

D’Arrigo vs Ammann

NHem Temperature Comparison Tree Rings vs CSM
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Global Surface Temperatures of CSM 1.4 Simulations
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Climate Model Simulations

N

CSM-Full forcing
vs observations

CSM-Natural forcings only:
0.6 - 0.7 C colder than
observations over 1990s:
This would represent the largest
deviation from observations
over the Millennium

Anomalies °C

(reference: 1901-1960)

1900 1920 1940 1960 1980 2000
year (AD)

s
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6 1 —— IPcc-2001 Projected Range of Future Climate
= (Observational Range of Past Climate and Central Estimate

— Instrumental Record

—— NCAR-CCSM Simulation Past - Present

—— NCAR-CCSM Simulation Future Scenarios

———— Mann and Jones (2003)
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What's Next?

(1) Long, multi-century projections to =
study Carbon Cycle Feedbacks,
Sea Level Change

What are the prospects for the future?
New environmental forecast products will be feasible

Maijor fires Agricultural production at

50%, blowing dust

r fisheries o Health warning:
 change likely » Limit outdoor
activities; expect
brownouts

Swimming and
Fishing prohibited

yydsouwyy 10J 193UdD) [BUOTIBN «

High danger
f toxic CO2 . .
?elteoé(s:zs Expect fisheries ‘ African bacteria alerts ( 2 ) Ve ry h|gh-reSO|Ut|0n

s N simulatioins of the next
20-30 years for regional
climate change prediction

v Iva - - DuUuUIvucCt,; v

Possible Threats-Summer 2020: hot, dry and unhealthy

»n

NCAR




Seace loss
— Glacier melting

— Sea level change

— Oceanic feedback to carbon cycle
— Land feedback to carbon cycle

(Is PETM an analogue? )

Caspar Ammann

SPECIAL REPORT GLOBAL WARMING

BE
WORRIED.

BE
WORRIED.

Climate change isn't some vague
future problem—it’s already
damaging the planet at an alarming
pace. Here’s how it affects you, your
kids and their kids as well

EARTH AT THE TIPPING POINT
HOW IT THREATENS YOUR HEALTH
HOW CHINA & INDLA GAN HELP
SAVE THE WORLD—OR DESTROY IT

THE GLIMATE GRUSADERS

Boulder, CO



Projected Patterns of Precipitation Changes

multi-model DJF multi-model A1B

Key Questions:
® How realistic is the El Nifio response to f

® Lack of Blocking in atmospheric circulation (cold/heat waves)

Caspar Ammann Boulder, CO



US South West

U.S. Drought Monitor  "“ay2%2007

ressor
re.

[] DO Abnarmal lly Dry r~ Delineates dominant impacts -

[] D1Drought- Moderate A = Agricultural (crops. pastures. ——
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The Drought Monifc
Local conditions ma
for forecast stateme

http:

21st century

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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“... the findings pointed to the importance of figuring out an unresolved puzzle: whether
global warming will affect the (EI) Nino cycle one way or the other. More intense or
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anon
during peak years
of the solar cycle

(1856-2004)
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@ u Active Sun -> La Nina?

ignal on 11-year and Centennial?

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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Solar Forcing : Rosetta Stone” to regional dynamics
and a test for climate models?

~\

Short observations and models:
Greek

e Solar forcing and its impact in
paleorecords: Demotic Text

Geophysical Process: Hieroglyphs

Boulder, CO
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More detailed simulations of Solar Influence on Atmosphere ﬁ

Caspar Ammann

Sun-Earth Connections

energetic particles
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small solar component can be
detected at the hemispheric scale.
(~0.1-0.2 degrees)

* No trends in any solar-related proxy
(incl. cosmic rays) exist at present,
thus little to no contribution is coming
from the Sun to the current global
warming

 Improved across-scale Sun-Earth links could be gained from

Boulder, CO
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