Environmental Impact of Climate
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“Kansas and Climate Change
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« Global climate over the last century
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projections — How reliable are climate models

« Climate projections

 Climate impacts

e Background on Kansas climate

« Kansas climate over the last century
 Potential Kansas climate impacts



Background: The Climate System
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FAG 1.2, Figure 1. Schemalic view of the components of the ciimate sysiem, their processes and imferactions.




Background: The Climate System
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FAGQ 1.1, Figure 1. Etimate of the Earth'’s amual and global mean energy baiance. Ower the long ferm, the amount of incoming solar radiation absorbed by the Eardh and
amozphere is balanced by the Earth and atlmosphere releazing the zame amount of oukpoing longwave radiafon. About hialf of the incoming =olar radiaion iz absorbed by the
Eath'’s surface This energy i transferred fo the atmozphere by warming the air in contact with the surface fhermals), by evapotransoiration and by longwave radiafon thet is
ahzorbed by douds and greenfiouse gases. The atmosphere i tum raoiates longwave energy back to Earth az wall az out to space. Source: Kieh and Trenberth (1997),







Difference {"C) from 1961-1990
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Figure 3.1. Annwal anomaiies of gioba land-sunace air temperature (°0), 1850 to 2005, relative b the
1961 o 1900 mean for CRUTEM 3 ypoated from Biohan & al (2006). The smooth curves show decads
variations (see Appendix 3.4). The biack curve from CRUTEMS is compared with thoze Fom NCOC (Smith
and Reynoids, 2005; bive), GISS (Hansen & &, 2001, red) and Luging & &, (2005, green).
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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 knowledge
- Isolate components for more detailed study
- Simulate potential future processes
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) Climate Forcing (Natural)
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Natural Forcing over the last century

400 Years of Sunspot Observations
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Natural Forcing over the last century

Solar Cycle Variations
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Climate Forcing (Anthropogenic)
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Climate Forcing (Anthropogenic)
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PCM Uncertainty/Historical Equilibrium Land Cover Simulations
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PRESENT DAY UNCERTAINTY
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Climate Forcing (Anthropogenic)
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IPCC A1B

Global Average Temperature
(relative to 1870-1899 mean)




.. |} Global Climate over the last century

What will the future bring?

Using Models to simulate possible scenarios?



Weather and climate predictability

How reliable are climate models

Weather forecasts

Seasonal to

interannual
(ENSO)

1 day 1 month 1 year

Climate Predictions

and with anthropogenic
influences
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PCM Ensembles
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PCM control run
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IPCC Report on Anthropogenic Climate Impacts
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Climate projections
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" }1) Climate projections: GHG
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ProJECTIONS OF SURFACE TEMPERATURES
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Climate projections: Land Cover

Annual reference height temperature
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i ) Climate projections: Land Cover
By

Annual precipitation
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.. Global Climate over the last century

What about Kansas?
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Precipitation (in.)
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16 Sedan (KS): Mean Temperature Time Series
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- Kansas Climate ove

Sedan (KS): Mean Temperature Time Series
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Seasonal 5 year moving average

Sedan Temperature: Seasonal Details

Temperature Deviation (C)
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Kansas Climate over the last century
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Sedan Precipitation: Seasonal Detalils

Seasonal Precipitation 5 year MA
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Climate projections
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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,
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Multi-model average precipitation % change, medium scenario (A1B),
representing seasonal precipitation regimes, total differences 2090-99 minus
1980-99
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White areas are where less than two thirds of the models agree in
the sign of the change



DJF multi-model ___A1B JJA

: % | [ | |
Fig. SPM-6 “ 20 10 5 5 10 26_

Stippled areas are where more than 90% of the models
agree in the sign of the change

Precipitation increases very likely in high latitudes
Decreases likely in most subtropical land regions

This continues the observed patterns in recent trends



Climate projections
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Climate projections
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D = Annual Deficit (mm)

Climate projections
S = Annual Surplus (mm)
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The End
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Figure 3.5 Laftudetime secfons of zonal mean temperature anomaliez (°0) from 1000 to 2005, relafve to the 1081 to 1000 mean Left panelz: 85T annual anomaliss
across each ocean from Heds5 T2 (Raner et al, 2006) Right pands: Surface temperature annual anomalies forland fop, CRUTEM 3) and fand piis ocean fboliom, HadCRUT3IL
Vaives are smoodhed with the 5-poirt fiter fo remove fuciiations of less than about =i pears ee Appandix 3 .A); ano white areas indicate missing oata.
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e ny point in fime, we are

committed to additional warming
and sea level rise from the
radiative forcing already in the
system.

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

Each emission scenario has a
warming impact.

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

ate Change Scenarios:

D.
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What is the role
of skeptics?

What will the new
Congress do?

- Climate change isn't some vague
future problem—it's already
damaging the planet at an alarming

pc. s o afcts o your ' What will Kansas

| EARTH AT THE TIPPING POINT

HOW IT THREATENS YOUR HEALTH 9
HOW CHINA & INDIA CAN HELP O H
SAVE THE WORLD—OR DESTROY IT

THE CLIMATE CRUSADERS

L]




xtent in Both NH and SH

CCSM3 IPCC Future Scenarios
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elimodels can be used to
gle informationonchanges”
IXtreme events such as heat
‘waves

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

Model compares favorably with
present-day heat wave
severity

In a future warmer climate,
heat waves become more
severe in southern and
western North America, and in
the western European and
Mediterranean region

()

mean of summer 3-day worse event

EEEEEEEEE

[
[
“‘. A
¥

(e)

mean diff. of summer 3-day worse even

daily Min Temperature (fut-pres)
PPPPPPPPPPP

From Meehl and Tebaldi 2005



I So much hot air

Greenhouse gas emissions®

I Actual 96 change, 19%90-2004
I % change required under Kyoto by 2012

&0 30 20 10 -0+ 10 20 30

Canada

Linited
States

Ttalyt
Japan

Francei

Britain|

Germanyt

Russia

*Excluding emissions/remavals from land wse, land-use
change and forestry fTargEEasiigned
under EU Burden Sharing Agreement

Sources; UNFICT; Eurgpean Commission




CHANGES IN SNow CovER

March and spnl NH Snow covared ana

March and Apel Snow Depariure
(1888 through 2004} = (1967 through 1987)
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Figure TSAZ {Top) Northam Hamizphere March-April snow-
coverad area from a station-denved snow cowver index [prior
to 1972) and from sateliite data (duning and after 1972). The
smooth curve shows decadal vanations jzee Appendix 2.4) with H
the & to B5% data mange shaded in yallow. ([Bottom) Diffarences “‘
in the distnbution of March-Apnl znow covar babweon carliar

(19671987 and latar (18858-2004) portions of the sataliite ama %
fexprassed in parcert covaraga) Tan colowrs show arags whare 1.
snow covar has declined. Red curves show the 0°C and 5°C n
izothenms averaged for March-April 1967 to 2004, from the =
Climatic Rasaarch Unit (CRU) gridded land surface tempearatura | =
varzion 2 (CRUTEM2v) data The grastest decling ganaraly =
tracks the 0°C and 5°C izotharmes, reflacting the sirong feadback t,N -;‘5,‘_] J:",
hetween snow and temperature.  (Figures 4.2, 4.3] L o i &

Baztm 26 MaiSanis aiSens (ages [ feis Wigs 25 W38




7l Antarclic Sea lee Extert Anomabes {1573 = 2005)

(4= P e

b Arctic Sea loe Extent Anomabes (1979 - 2005) Figure T5.13. (a) Arctic minimum sea ice extent; {b) arctic sea ice

- extant anomalies; and (c) amtarclic saa ice extent anomalies all for
the pernod 1070 to 2006, Symbols indicate annual values while
the smooth blue curves show decadal variations (see Appendix
2A) The dashed lines indicate the linear trends. (@) Results
show a linear trand of =60 £ 20 x 10° km? w7, or approximataly
-7.4% par decade. {(b) The finear trend iz =33 + 7.4 x 10% km# yr7
fequivalent to approximataly -2, 7% per decadal and is sigrificant
at the 95% confidence leval (c) Antarctic results show a small
positive trand of 5.6 + 9.2 x 102 km= w', which is not statistically
significant. (Figuras 4.8 and 4.9}




BaTes oF OBsSERVED SuRFACE ELEVATION CHANGE

dS/dt jom yrl)
a=bl) =25 0 25 =50

PHY=-LOM JL002 DDdIE

Figure T5.14. Rates of obsarved racant surface alavation change for Greaniand (Taft; 1980-2005) and Antarctica jight; 1002-2005). Rad
hues indicate a rising surface and biue hues a falling surface, which lypically indicale an increass or loss In ice mass at a site, although
changeas over time in bedrock aelevabion and in near-surface denaity can be important For Greanfand, the rapidly thiming outlet glaciars
Jakobshawm ), Kangardlugssuag (K], Hatheim (H) and areas along the southeast coast (8E) are shown, togethear with their estimated
mass balance va time (with K and H combined, in Gt yr=7, with negative values indicating loss of mass from the ice sheet to the ocean).
For Antarctica, ice shalves estimated to be thickening or thining by mora than 30 cm -1 are shown by point-down purple tniangles
{thinning) and point-up rad tnangles thickening) ploffed st seaward of the relevant ice shalvas. [Figures 417 and 4.15;



GrLoeaL Mean Sea LEvEL
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Figure TSAS., Annual avarages of the globd mean sea lkval basad on
reconstructed sea level fialds since 1870 (rea), tide gauge measuramants
since 1050 bive) and sateliite aitimelry since 1992 (black). Units are in mm
ralative to the avarage for 1967 'o 1990, Emor bars are 30% confidenca
intarvals. {Figure 5.131




Groral aNn CoNTINENTAL TEMPERATURE CHANGE

Global Global Land Global Ocean
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Figure TS22, Compaison of absarved continental- and giobal-scals changes in swiace temperature with results simuiated by climate
modals Using naEural and anthropogen!s forcings. Decadsl averages of absarvalions arse showm 1 the peod 1906 o 2005 (iack Ine)
plotted against the cemire of the decade and ralative to the comesponding average for 1927 to 71950, Lines are dashed where spatial
coveage 5 less than 50%. Biue shaded bands show the 596 to 05 % range for 19 simulztions fram 5 climate madels using only the naiural
forcings due to solar activly and wolcanoes. Red snaded bands show the 5% to 85% range for 58 simulations from 14 climale models

using both natural and anthropogenic farcings. Data sources and modals used are described in Section 9.4, FAQ 0.2, Teble 8.1 andthe
supfemantary information for Chapter 3. {FAQ 0.2, Figura 1)



GrLoBaL MEaN SURFACE TEMPERATURE AMOMALIES
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E i 1 tamparstura anomalias ralativa fo tha panind
E | | 1907 to 1950, as cbserved (Black Jinal and
© 0.0 - as chitained from simulations with both
= i 1 athropogenic and natural forangs. The thick
'E i | red curve shows the mufti-mcdel ensembls
a2 i models ] mean and the thin lighter red curves show
E =05 | = the individual simulations. Verfcal gray nes
= i - 1 indicate the tming of major volcanic events.
i inatubo {b) As in (a), except that the simulated global
[ Sania Maria r‘g"'“'g El Chrm" | mean temperaturs anomalies are for natural
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ProJECTIONS OF SURFACE TEMPERATURES
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Figure TS.28. Projected surface tempearature changes for the eany and late 21st century relative to the period 1980 to 1999, The central
and Hght panals show the ADGCM multi-model average orojections (") far the BT top), A718 (middle) and A2 (bottom) SRES scananios
averaged ovar the decades 2020 to 2020 ‘centrgl and 2000 to 2009 dightl The lefft paneal shows coamresponding uncertaities as the
refative probabiliies of estimaled global average wanming from sevara' differant AOGCM and EMIC studiss for the same panods. Somea
studies prasent results only for a subset of the SRES scenarios, or for varous modd varsions. Tharefore the diferance in the number of
cunves, shown in the left-hanad panals, iz due only to differenceas in the avallability of results. JAdapted from Fligures 10,8 and 10.28)



SRES Mean Surrace Warming PrRoJECTIONS
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Figure T332, Mulbi-modal means of swface warming comparad tothe 18980-1000 base pariod) for the SRES scanarios A2 (red), A8
{iraan) and 871 (biUa), ShoWwn as coninualions of the 2MM-cantury Smuanon. Tha [amar o Sseanaros are continusd bayond e yaar
2100 with forcing kept constant fcommitted climate change az it is dafined in Box T5.9). An addifonal exparimant, in whichthe forcing is
kept at the year 2000 fevel is also shown (arangal. Linear trands from the comasponding conirol runs have beean ramoved fram thase time
saas. Lines show the mult-model means, shading denotes the £71 standard devialion range. Discontinuities batwean diffarant periods
have no phyeical moaning and oro causod by tho fact that tho number of modals that hove run o ghvon sconanods difforont for oach porod
and scanano (rumbars indicated In figure. For the sama reason, uncartainty across scenarios snould not be intarpreted from this figurs
{soa Saction 70.5 for uncartsinty astmatas). {Figura 10.4}
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Figure T5.9. (Top) Distrbubion of linear rends of annual land
precipitation amounts over the pariod 71907 to 2005 (9% per
cantury) and (middia) 1970 to 2005 % par decade). Arsas in gray
have insufficient data to produce relfable trends. The percantage
iz bazed on the 1967 to 1990 pancd. [Boltom) Time sanas of
annual global land precipitabion anomalies with respect to the
1867 to 1990 base paviod for 1000 o 2005, The amooth curves
show decadal vanations (see Appendix 3.4) for differant data
sets. 3.3, Figuras 3.12 and 3.13}



