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Billion Dollar Weather Disasters 1980 - 2005
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Questions

e What are the dynamics that control the
response of extreme climate to
enhanced greenhouse gas forcing?

=> \What Is the role of fine-scale climate
processes?



The Experiment

e 2 cases
Reference 1961 — 1985
A2 Scenario 2071 — 2095

e Modern satellite-derived land cover

 NASA finite volume GCM provides
large-scale conditions



High-Resolution Model Domain (25 km)
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Change in Temperature (°C)

* Fine-scale physics alter the response to greenhouse forcing



Extremes Method

An event is the dalily rainfall or daily maximum/minimum
temperature.

* Top and bottom 5% of events in a year are considered extreme

Index Definition:

» Long term indices of extreme temperature and precipitation created
based on the methods of Salinger & Giffiths (2001, Intl. J. Climatol.)

Y = Total number of years
X = A sorted list of N elements

N = Total number of events per year
Y l4s = Long term 95th percentile index

Y
(Z Xi[0.95xN1)

lg5 =

e Index values are defined in the control simulation

after Bell et al., 2004



Results:
Extreme Temperature



Change in Extreme Hot Events

AExtreme Hot Event Frequency  aAExtreme Heat-Wave Length
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* Increases of 100 to 560 % in frequency and 50 to 550 % in duration



AJun-Jul-Aug Moisture Balance

Precipitation (mm/d)  Soil Moisture (mm) Evapotransp. (mm/d)  SH Flux (W/m?)

e Change in surface moisture balance enhances warming



AJun-Jul-Aug 500 hPa Heights and Winds
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 Anticylonic flow = hotter, drier conditions



AJun-Jul-Aug Moisture Balance

Precipitation (mm/d)  Soil Moisture (mm) Evapotransp. (mm/d)  SH Flux (W/m?)




AExtreme Hot Frequency Land Use

e Response of extreme hot events muted in crop areas



AHot Days
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Change in Extreme Cold Events

» Decreases of 25 to 90 % in frequency



Cold Days Cold Temp

* snow-albedo
feedbacks enhance
warming at lower
elevations
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Changes in Large-Scale Dynamics

« enhanced anticyclonic flow aloft limits penetration of arctic air



Results:
Extreme Precipitation
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Present Precip Topography AAnnual AEX’[ Freq
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« weakening of Pacific rain shadows
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» enhanced cyclonic flow aloft = steering from the subtropics, greater atmospheric instability



AEXxt. Event Frequency AMar-Apr-May 850 hPa Relative Humidity
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AExtreme Event 850 hPa Relative 850 hPa Mixing
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Extreme Temperature Summary

Hot events: substantial increases in frequency and
duration

Cold events: substantial decreases in frequency and
severity

Changes in large-scale circulation important

Fine-scale snow albedo and surface moisture
feedbacks regulate



Extreme Precipitation Summary

* Increases in frequency and contribution of extreme
precipitation events

e Large-scale changes (enhanced cyclonic circulation,
elevated atmospheric moisture content)

* Fine-scale regulation (topographic effects, land-sea
contrast)



In response to elevated
greenhouse forcing:

* Fine-scale processes reqgulate the
response of extreme events

 Response of extreme events to could
have substantial impacts
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