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Background: Human Climate Interactions

Human impacts on the climate system
Atmospheric 

Agriculture

Natural Vegetation? Composition

Agriculture
De/Re-forestation Soil 

Degradation
Urban

Degradation

Grazing
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Global Climate over the last century

What is the cause of these changes?

How do we separate out different forcings?

Models
- Explain our theoretical knowledgeExplain our theoretical knowledge
- Isolate components for more detailed study
- Simulate potential future processes





Timeline of Climate Model Development



Climate Models



Climate Models

R15 T42

T85 T170
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Climate Forcing (Natural)



Natural Forcing over the last century



Natural Forcing over the last century



Climate Forcing (Anthropogenic)

Source:  World Resources 2000-2001          Time Magazine – 9 April 2001



Climate Forcing (Anthropogenic)



Climate Forcing (Anthropogenic)

PCM Uncertainty/Historical Equilibrium Land Cover Simulations



Climate Forcing (Anthropogenic)

PCM Uncertainty/Historical Equilibrium Land Cover Simulations

PRESENT DAY UNCERTAINTY
• Arctic – albedo
• Amazon – latent heat flux
• Australia – albedo

HISTORICAL CHANGE
Climate difference from land cover 
classification is as large as the 
climate difference from land cover 
change
• Primarily shift to agriculture



Climate Forcing (Anthropogenic)

PCM Present Day Comparison
Image - LSM

Seasonal Change in
Albedo

Strong winter/spring albedo change
in the Northern Hemisphere
translates to spring/summertranslates to spring/summer 

net radiation change due to solar
seasonality

Seasonal Change in
Net Radiation





Global Climate over the last century

What will the future bring?

Using Models to simulate possible scenarios?



How reliable are climate models

Keven Trenberth, NCAR



How reliable are climate models



T. Barnett and D. Pierce of SIO



IPCC Report on Anthropogenic Climate Impacts



Climate projections

Raupach et al., PNAS, 2007



Climate projections:  GHG

A liAnomalies

relative 

to 1980-99

IPCC Ch. 10, Fig. 
10.4, TS-32

Climate change experiments from 16 groups (11 countries) and 23 models 
collected at PCMDI (over 31 terabytes of model data)

,

Committed warming averages 0.1°C per decade for the first two decades of 
the 21st century;  across all scenarios, the average warming is 0.2°C per 
decade for that time period (recent observed trend 0.2°C per decade)





Climate projections: Land Cover



Climate projections: Land Cover



Global Climate over the last century

What about Kansas?



Background on Kansas Climate
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Kansas Climate over the last century

Temperature trends for Manhattan KS
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Precipitation trends for Manhattan KS
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Sedan (KS): Mean Maximum Temp Time Series

Kansas Climate over the last century
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Sedan Temperature: Seasonal Details

Seasonal 5 year moving average
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Kansas Climate over the last century

Kansas Land Cover Patterns

Urban classes

Cropland

Woodland

Grassland/Rangeland

Water classes

O ther

• 91 % overall accuracy



Kansas Climate over the last century
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Sedan Precipitation: Seasonal Details

Seasonal Precipitation 5 year MA
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Global Climate over the last century

De Bilt (Neth): Mean Temperature Time Series
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1100

1200

1300

700

800

900

1000

00

H
2 O

 m
m

 d
ep

th

Annual
MA 5 years
9 years
29 years
Climatology

500

600

700

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
Year



Climate projections

Figures based on Tebaldi et al. 2006: Climatic Change, Going to the extremes; An intercomparison of model-simulated 
historical and future changes in extreme events,   http://www.cgd.ucar.edu/ccr/publications/tebaldi-extremes.html



Climate projections

Figures based on Tebaldi et 
al. 2006: Climatic Change, 
Going to the extremes; An 
intercomparison of model-
simulated historical and 
future changes in extreme 
eventsevents,   
http://www.cgd.ucar.edu/ccr
/publications/tebaldi-
extremes.html



Climate projections

Multi-model average precipitation % change, medium scenario (A1B), 
representing seasonal precipitation regimes, total differences  2090-99 minus 
1980-99



Climate projections

White areas are where less than two thirds of the models agree in 
the sign of the change



Climate projections

Fig. SPM-6
Stippled areas are where more than 90% of the models 
agree in the sign of the change

Precipitation increases very likely in high latitudesp y y g

Decreases likely in most subtropical land regions

This continues the observed patterns in recent trends



Climate projections D = Annual Deficit (mm)
S = Annual Surplus (mm)Eastern Kansas (37N, 95W)

Present Day Normal D = 47
S = 304 +1 C Summer

+2 C Spring and Fall
D =  69
S = 242+3 C Winter S = 242

D =  68
S = 274

+ 1 C all months D =  95
S = 246

+ 2 C all months D = 123
S = 216

+ 3 C all months

S = 274 S = 246 S = 216



D = Annual Deficit (mm)
S = Annual Surplus (mm)

Climate projections
Eastern Kansas (37N, 95W)

+20% Precipitation D =  30

Present Day Normal D = 47
S = 304

S = 418

All t t iAll temperature scenarios
+1 C Summer
+2 C Spring and Fall
+3 C Winter

- 10% precipitation D =  98
S 161

No Change 
in Precipitation

D =  69
S 242

+10% Precipitation D =  46
S 325S = 161 in Precipitation S = 242 S = 325



D = Annual Deficit (mm)
S = Annual Surplus (mm)

Climate projections
Western Kansas (37N, 102W)

Present Day Normal D = 330
S = 0 +1 C Summer

+2 C Spring and Fall
D = 412
S = 0p g

+3 C Winter S = 0

+ 1 C all months D = 377
S = 0

+ 2 C all months D = 433
S = 0

+ 3 C all months D = 484
S = 0S = 0 S = 0 S = 0



D = Annual Deficit (mm)
S = Annual Surplus (mm)

Climate projections

P t D N l D 330
Western Kansas (37N, 102W)

D = 322+20% Precipitation

Present Day Normal D = 330
S =      0

S =      0

All t t iAll temperature scenarios
+1 C Summer
+2 C Spring and Fall
+3 C Winter

D = 455
S = 0

- 10% precipitation D = 412
S = 0

No Change 
in Precipitation

D = 366
S = 0

+10% Precipitation

S =      0 S =      0 S =      0



The End







Sea-ice Concentration: Climatology (1979-1999)… 
Mixture of Improved Physics and Resolution



Climate Change Scenarios:g
At any point in time, we are 
committed to additional warming 

d  l l  f  h  and sea level rise from the 
radiative forcing already in the 
system.  y m.

Warming stabilizes after several 
decades, but sea level from 
thermal expansion continues to rise 
for centuries.

E h   h   Each emission scenario has a 
warming impact.

(Meehl et al., 2005:  How much more warming and sea 
level rise?  Science, 307, 1769-1772)



Media Attention to Global Warming…Not Sufficient to Change Policies! 

What is the role
of skeptics?p

What will the new 
C  d ?Congress do?

What will KansasWhat will Kansas
Do?



Sea-ice Extent in Both NH and SH



Climate models can be used to 
pr vid  inf rm ti n n ch n s 

Observed

provide information on changes 
in extreme events such as heat 
waves

Heat wave severity defined as 
the mean annual 3-day 
warmest nighttime minima 

t

Model

event

Model compares favorably with 
present-day heat wave p y
severity

In a future warmer climate, 
heat waves become more 

Future

heat waves become more 
severe in southern and 
western North America, and in 
the western European and p
Mediterranean region

From Meehl and Tebaldi 2005






















