Global Climate Change and the
Implications for Oklahoma

following climate change Oklzhoma’s socizl and economic vulnerability to climate varisbility as
assoclated Impacis to be well as climate change. Leaming to adapt to nafure’s extremes now
rojected range of warming will yield benefits in reduced disaster losses, regardless of the firture
remalnder of the 21st trajectory of climate change. Climate change may also bring economic
opporimities that would be identified in such an assessment. Second,
OCS recommends immediate fimding of the Oklahoma Water Resources

+ and heat waves will increasa. Board's Comprebensive Water Plan study to identify existing as well as
threaks will dacreasa.

; projected needs for water. Third, OCS encourages efficiency programs
N o reduce our growing demand for energy. Fourth, OCS recommends
storms will move poleward. investment in renewskble enerzy techmology and production. Oklahoma

has already demonsmrated the successes of wind energy; similar effores

d ari i should be undertaken to advance development of solar and snstainghle

‘w;::?a:; ;:'; e bio-energy as well as fostering further research and development of
wind energy.

" orchard erops lsove

\ Even if climate does not evolve as expected, these steps will yield long-

lﬂ'\egmunddnd term benefits to Oklahoma’s society and economy through reduced

losses to existing climate and westher threats and cost-sawvings throngh

specially during reduced energy use. If climate does evolve as expected, Oklahoma

will be better positioned to adapt to those changes without rapid social

the risk of upheaval. Furthermore, building resilience toclimate and weather events

will help position Cklshoma at a relative advantage to neishboring

states, especially in atfracting businesses that are dependent upon a
comtimaons water supply.

This staternent is the first in a series issued by OCS which delineates the
impacts, both beneficial and demrimental, of 3 wamming climate system
on the economy of Oklahoma and the quality of life for Oklahomans,
Fufure statements will illuminate possible impacts to specific industries,
such as water manazement and agriculure.
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OCS LEGISLATIVE MANDATES

/BConduct and report on studies of
climate and weather phenomena of
significant socio-economic importance
to the state

AEvaluate the significance of natural and
man-made €& <chéanagneds t o r e
iInformation to those agencies and
organizations in the state who are likely to

by affected by such changes or
modifications I




A Quick Background on
Climate Change



The Greenhouse effect

3 Some solar radiation is 6 Some of the infrared
reflected by the atmosphere radiation passes
~and earth’s surfaoe through the atmosphere
through the clear 103 Watt pel' m2
atmosphere. <
Incoming solar radiation:
343 Watt per m?
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5 Some of the infrared radiation is
absorbed and re-emitted by the
greenhouse gas molecules. The

direct effect is the warming of the
earth’s surface and the troposphere.

Surface gains more heat and
infrared radiation is emitted again

4 Solar energy is absorbed by the
egrth $§Macaam warms it... ... and is converted into heat causmg
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Sources: Okanagan university college in Canada, Department of geography, University of Oxford, school of geography; United States Environmental Protection Agency (EPA),
Washington; Climate change 1995, The science of climate change, contribution of working group 1 to the second assessment report of the intergovernmental panel on climate change,
UNEP and WMO. Cambridae university press. 1996.



Global Warming Is Not A New Theory




| t 0s t he confi1 r mat

/818908 I Nobel Prize winner Svante Arrhenius
theorized about a warming climate due to the burning
of coal.

/81938 I Guy Stewart Callendar asserted that warming
of the 19 century forward was due to a rise in CO.,.

A965'|'Roger Revelle: @By th
iIncrease in atmosphericCO,é may be suff
produce measurable and perhaps marked change In
cl 1 mat eo




IPCC.: Intergovernmental Panel on Climate Change

AEstablished in 1988 by United Nations
/ﬁNot to do research, but to synthesize and assess It

A/Iost recent report (Fourth Assessment Report)
scientific experts from > 130 countries, > 800
authors, > 2500 peer reviewers

Arlistorically unprecedented: scale, scope, ambition.

ASummary approved by consensus (including
representatives of the Bush Administration) at
meetings of the IPCC.

ﬁNext report will be released 2013-14 I




Broad Consensus: An Example

Letter to U.S. Senators, Oct. 11, 2009:

AﬁObservat l ons t hroughout
clear that climate change is occurring, and
rigorous scientific research demonstrates that
the greenhouse gases emitted by human
activities are the prim

A)

AﬁThese conclusi ons ar e |k
Independent lines of evidence, and contrary
assertions are inconsistent with an objective
assessment of the vast body of peer-reviewed

Sscl ence. 0 I




AAmerican Assoclation for the Advancement of
Science

A\merican Chemical Society

AAmerican Geophysical Union

AAmerican Institute of Biological Sciences
A(\merican Meteorological Society
AAmerican Society of Agronomy
A\merican Society of Plant Biologists
A(\merican Statistical Association

AAssociation of Ecosystem Research Centers




ﬁBotanical Soclety of America

A:rop Science Socilety of America

AEcoIogicaI Soclety of America

Alatural Science Collections

A\Iliance Organization of Biological Field Stations
ASociety for Industrial and Applied Mathematics
Asociety of Systematic Biologists

ASoiI Science Soclety of America

AJniversity Corporation for Atmospheric Research




97 out of 100 climate experts think
humans are changing global temperature
a 0 aAaflalloaflalp g
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Doran et al 2009, Anderegg et al 2010



The following represents the VAST MAJORITY of
scientific expertise on global climate change

Important to remember:
A‘hink GLOBALLY and DECADALLY
/B&:Iimate IS In flux

A‘emperature projections represent a RANGE of
possible warming, dependent upon societal
responses

AJncertainty remains, especially in regional
precipitation patterns

Alatural variability will still occur (i.e. cold years,
wet and dry years)




Oklahoma s NOT the
canary In the coal mine!




Observational Evidence:
the Globe has warmed



Difference from 1961-1990
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Changes in Temperature, Sea Level and
Northern Hemisphere Snow Cover
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&arming of the
climate system is
unequivocal, as Is
now evident from
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Increases in global
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Build-up in Earth's Total Heat Content
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Mother Nature has her
own thermometers



Indicators of a Warming World

Humidity
.Glaciers
Temperature Over Land Temperature Over Oceans
., Snow Cover Air Temperature Near Surface (troposphere)
Tree-lines shifting poleward and upward Sea Surface Temperature

Sea Level

o o
IS N

Ocean Heat Content

lce Sheets

Species migrating poleward and upward



Carbon Dioxide Variations
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rl'he warmth of the last half century

IS unusual In at least the previous
1300 years

2000 Year Northern Hemisphere Reconstruction of Surface Air Temperatures

Calibrated reconstruction
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Temperature Anomaly ("C)
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Think DECADALLY

14 Surface and Satellite Temperatures
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Think GLOBALLY

Temperature Anomalies October 2009

(with respect to a 1971-2000 base period)
National Climatic Data Center/NESDIS/NOAA
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Global Models: Natural processes do not account for
observed 20th century warming after 1965

Global Temperature Anomalies
from 1890-1919 average
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Extent (million square kilometers)

Average Monthly Arctic Sea lce Extent
September 1979 to 2010
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Thin Ice

Changes in winter Arctic sea ice
average thickness
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Sources: NASA, US Navy | More info: www.get2.cc/63 O climatecentral.org



Total Solar Irradiance (W/m?)
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Temperature vs Solar Activity

— Temperature 11 yr average

— Total Solar Irradiance 11 yr average
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Okl ahomaos Che

A&)kl ahomaos cl i1 mat g
dominated by natural variability

A{\/armer, wetter winters

/aExtreme precipitation frequency

has Increased I




Our winters have gotten warmer and wetter
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Winter Temperature History with 5-year Tendencies
Oklahoma Statemde 1896-2010

Warmer historical periods

Cooler historical periods

* |ndividual Winter temperature value



ainfall events have become more intense

Akl ahomads value: 22%
AOne-year recurrence-level storms (i.e. 59 largest storms)

Trend in the Frequency of Storms with Extreme Precipitation, 1948-2006
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Climate Projections



IPCC FIndings

AI—Iigher confidence now exists in projected patterns of warming than
exists for other elements such as rainfall

Al—lot extremes and heat waves will increase

AI—Ieavy precipitation event frequency will continue to increase
ASnow cover and sea ice continues to shrink

ASea levels will rise

Astorm tracks are projected to move poleward

Alncreasing acidification of the ocean

AFurther 215t century emissions will contribute to warming & sea level
rise for more than a millennium




ocletal response Is key

Multi-model Averages and Assessed Ranges for Surface Warming
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Temperature Projections: A Range of Possibilities

Societal Response

|

Green Response

Middle Road

B1 2020- 2029

B1: 2090-2099

‘1

Maximum Growth

~ A2:2090-2099
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Summer Temperature Change: 2080-99
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Projected Change in Precipitation 1950-2000 to 2021-2040
(Percent of 1950-2000)
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Projections for Oklahoma
as we scale down



Temperature

Aannual warming by the 2020s
AiMi ddl e RoaB#F scenari o:
AiMaxi mum Grow24fE scenari o:
AAnnuaI warming by the 2090s
AiMi ddl e RoadDE scenari o:
AiMaxi mum Gr owlOH2A cenari o:
ASummer becomes longer and spring weather arrives earlier

AWinters warm - longer frost-free periods and a longer
growing season

AEarIier maturation of winter wheat and orchard crops leave
them more vulnerable to late freeze events (think 2007 and
2009)



August 12, 1936 17 Will our record hot
weather become our Nnr e

120 degrees!(




