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Background: The Climate System
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FAQ 1.2, Figure 1. Schematic view of the components of the climate sysiem, their processes and irteractions.
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FAQ 1.4, Figure 1. Btimate of the Earth's amual and global mean energy balance. (ver the long term, the amount of incoming solar radiation absorbed by the Earth and
atmosphere iz balanced by the Earth and atmosphere releasing the same amount of oulgoing longwave radiafon. About half of the incoming solar radiation is absorbed by the
Earth's surface. This energy is tothe ¥ ing the air in contact with the surface thermals), by evapotranspiration and by longwave radiafon that is
ahsorbed by couds and greenhouse gases. The atmosphere in tum radiates longwave energy back to Carth as well as out to space. Source: Kighl and Trenberth (1997).
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Figure 3.1. Annia! anomalies of globa iand-surface air temperature (°0), 1850 to 2005, reiative o the
1961 o 1990 mean for CRUTEM3 ypdated from Brohan e al, (2006). The smooth cunes show decada
variations (see Appendix 3.A). The biack curve from CRUTEMZ iz compared wilh those fom NCDC (Smith
and Reynolds, 2005; blue), ISS (Hansen & &, 2001; red) and Lugina e & (2005; green).




Global Climate over the last century

Global Annual Land Precipitaton Anomalies
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Figure 3.12. Time series for 1900 i 2005 of annual global land precipitation
anomalies (mmy) Fom GHCON with respect to the 18581 to 2000 base period. The
smooth curves show decada variaions [zeeAppendix 3.4) for the GHON [Peersan
and Vose, 1087), PREG/L (Chen et al, 2002), GPCP (Adier & al, 2003), GPCE (Rudolf
& a., 180d4) and CRU {Wichell and Jones, 2005) data sets.

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




Modeling the Climate System
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Climate Models
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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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1§ Climate Forcing (Anthropogenic)
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Climate Forcing (Anthropogenic)

PCM Uncertainty/Historical Equilibrium Land Cover Simulations

a) LSM original present day land cover: LSMic

b) IMAGE 2.2 present day land cover: IMAlc
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Climate Forcing (Anthropogenic)

PCM Uncertainty/Historical Equilibrium Land Cover Simulations
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Present Day Comparison
Image - LSM

Seasonal Change in
Albedo

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

net radiation change due to solar
seasonality
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Global Climate over the last century

What will the future bring?

Using Models to simulate possible scenarios?

How reliable are climate models

Weather forecasts Climate Predictions

and with anthropogenic
influences

Seasonal to
interannual
(ENSO)

1 day 1 month 1 year ’—wyears—LQOJ,tefrs
Keven Trenberth, NCAR

Weather and climate predictability
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How reliable are climate models

PCM Ensembles
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IPCC Report on Anthropogenic Climate Impacts
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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 215t 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)

PRoJECTIONS OF SURFACE TEMPERATURES
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Figure TS.28. Projected surface temperature changes for the early and late 215t century relative to the period 1980 to 1999, The central
and right panals show the ADGCM muiti-model average projections (°C) for the BT (top), A1B (middle) and A2 (bottom) SRES scenanos
avaraged over the decades 2020 to 2029 (cenirg) and 2090 to 2099 (right). The left panel shows coresponding uncertainties as the
relative probabilitios of estimated global average wamming from several different AOGCM and EMIC studies for the same peariods. Some
studies prasent results only for a subset of the SRES scenarios, or for various model versions. Therefore the difference in the number of
curves, shown in the jeft-hand panels, s due only to differences in the availability of resuits. JAdapted from Figures 10.8 and 10,28}
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Climate projections: Land Cover

Annual reference height temperature
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Climate projections: Land Cover

Annual precipitation
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Global Climate over the last century

What about Kansa

Background on Kansas Climate

: Annual Climatol, (1971-2000)

Minimum Temperature: Annual Climatology (1971-2000)
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Background on Kansas Climate

Precipitation: Annual Climatology (1971-2000)
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Kansas Climate over the last century

Sedan (KS): Mean Temperature Time Series
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- ) Sedan Temperature: Seasonal Details

2

Seasonal 5 year moving average

1.5 A

1

A

—

0.5
O -
-0.5
-1 A
-1.5 A
2 -

-2.5

AW
\

< >
-
C

Spring

Summer

Fall

Winter

Linear (Winter)

1885

1925 1945

Year

1905

Linear (Summer)

1965 1985 2005

19



Kansas Climate over the last century

Kansas Land Cover Patterns
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Latitude
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Kansas Climate over the last century

Longitude

Deviation Precipitation (mm)

Sedan Precipitation: Seasonal Details

Seasonal Precipitation 5 year MA

Spring
— Summer
—Fall
— Winter

1885 1895 1905 1915 1925 1935 1945 1955 1965 1975 1985 1995 2005

Time

Deviation Precipitation (mm)

Seasonal 9 year Precipitation MA

Spring
—— Summer
——Fall

2 [/\\
20

A

——Linear (Summer)|
| ——Linear (Winter)
Linear (Fall)

NIV

W

Linear (Spring)

Al

V N A
VA W
-30 T T V T T
1890 1910 1930 1950 1970 1990
Time

21



Degrees C

7 T T T T T T T T T T T T
1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

Year

De Bilt (Neth): Mean Precipitation Time Series

— Amnual
1000 | | —masyears

I ]

|

“

~
=]
3

H20 mm depth
©
8
!
£
g

Y

i
4y n ﬂ
P A
\

w0 [T

M3
S A A L

500 U

I

I T '

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

Year

.§ Climate projections
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" Climate projections
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Climate projections

DJF multi-model

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

DJF multi-model

% [

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

DJF multi-model A1B JUA

Fig. SPM-6 o _-20 -1|o !5 é 1|o 20

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
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Climate projections
Eastern Kansas (37N, 95W)

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

Present Day Normal D=47

S =304

Il o=

D= 69
S =242

1 C Summer
+2 C Spring and Fall
13 C Winter

200 - i
E O
1001 _.SURP
D T T T T T T T T T T
JOFMAMUJJASONT D.U
Month
T SS9 S S S S S S S S St SR RS R
+1Callmonths )= 68 +2Callmonths [ = 95 +3 Callmonths [) =123
S=274 S =246 S=216
200 200

mm

100

nche d

Inche

T T T T T T T T _ T T T T
J FMAMUJU J AS OND

T_ T T T T T T T _ T _T T
J FMAMUYU J ASONDJ

Manth

A

ih

T T T T T T T T _T_ T T T
J FM A MUJ J A S O ND

Manth

Climate projections
Eastern Kansas (37N, 95W)

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

Present Day Normal D =47
S =304 8~
P00 - L
]
£ O 200 -
] _.SURP E

+1 C Summer

T T T T T T T T T T
JOF M A M J J A S O NDJ

Month
|'/.-mo.||||lun

+2 C Spring and Fall
+3 C Winter

All temperature scenarios '

T T T T T T T _ T _ T T T
J FM A MUJU J ASONDU
Month

!

300

+2I0% l"recill)it;ti;)n‘])l ; I3(I)
S=418

9 Inches

- 1.00./0 prelrcilpitlationD = 08
S =16l

No Change
in Precipitation
F200

mm

r100 -

D= 69
S =242

200

+10% Precipitation D= 46

S =325

mm

100

T T T T T T T T _ T T T _T
J FMAMUJI J ASOND

J

T T T T T T T T T T T
JFMAMUJ J ASONDU

T T T T T T T T T T T
JFMAMUJ J ASONDU




Climate projections
Western Kansas (37N, 102W)

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

Positive proof of global warming.

!
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Figure 3.5. Latitude-time secfons of zonal mean temperature anomalies (°C) from 1000 to 2005, relafive to the 1061 to 1000 mean Left panels: §8T annual anomalies

aross each ocean from HadSS T2 (Rayner et al, 2006). Right panels: Surface femperature annual anomalies for land ftop, CRUTEMS) and fand plie ocean fbotiom, HadCRUTI).

\alves are smoothed with the 5-paint filter to remove fluckiations of less than about siv pears (pee Appendiv 3.4); and white areas indicate missing data.
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any point in tfime, 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)
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i tention to Global Warming...Not Sufficient to Change Policies!

SPECIAL REPORT GLOBAL WARMING

ir lds aswell
THETIPPING POINT
HOW IT THREATENS YOUR HEALTH

HOW CHINA & INDIA CAN HELP
SAVE THE WORLD—OR DESTROY IT

‘THE CLIMATE CRUSADERS

What is the role
of skeptics?

What will the new
Congress do?

What will Kansas
Do?
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“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

From Meehl and Tebaldi 2005
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I So much hot air

Greenhouse gas emissions*

I Actual %6 change, 1990-2004
I 4 change required under Kyoto by 2012

a0 30 20 10-0+10 20 30

Canada

Linited
States

Ttalyt
Japan

Franget

Britain!

Germanyt

Russia

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

Sources; INFLCS; Ewropean Commission

CHANGES IN SNow CovER

March and Aprl NH snow covered arsa

March and Aprll Snow Depariure
{1988 through 2004) - (1967 through 1987)

2., it e e e .
1920 1930 1840 1950 1860 1970 1860 1800 #000 2000
sar

Figure TSA2 (Top) Northern Homisphers March-April snow-
coversd area from a station-denved snow cover index (orior
to 1972) and from sateliite data (during and after 1072). The
smooth curve shows decadal variations (see Appendix 3.4) with H
the 5 to 85% data range shaded in yallow: (Bottom) Differances o
in the distibution of March-Apni snow cover betwesn sarfier
(1967-1987) and jater (1886-2004) portions of the satelite ara
fexprossed in percent coverage). Tan colows show areas whare
snow cover has declined. Red curves show the 0°C and 5°C
Isotherms averaged for March-Aprll 1967 to 2004, from the
Climstic Ressarch Unit (CRU) gridded land surface temparaturs
version 2 (CRUTEM2y) data The graatest decline generally
tracks the 0°C and 5°C isotherms, reflacting the strong feedback
between snow and temperature.  [Figures 4.2, 4.3}
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a  Arctic Minimum Sea loe Extent Anomakes {1979 - 2005) d Antarctic Sea lee Extert Anomakes (1979 - 2005)
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Figure T5.13. (a) Arctic minimum sea ice extent; (b) arctic sca ica
extant anomalies; and (c) antarctic sea ice extent anomalies 2 for
tha perfod 1078 to 2005, Symbols indicate annual values whila
tha smooth blue curves show decadal variations (sese Appendix
3A). The dashed lines indicate the linear trends. fa) Results
show a linear trend of =60 + 20 x 10 km? w—!. or approximataly
-7.4% par dacade. (b) The linear trand is -23 + 7.4 x 70¢ km2 !
(equivalent to approximately —2.7% per decads) and is significant
at the 95% confidence kaval (o) Antarciic resufts show a small
; ; g positive trand of 5.6 + 9.2 x 10?7 km? 7, which is not statistically
580 1865 1680 1885 2000 2005 significant. {Figures 4.8 and 4.9}

Rates oF OBsERVED SuRFACE ELEVATION CHANGE

dS/dt (em yr)

==50 =25 [¢]
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Figure TS.14. Rates of obsarved recent surface alevation change for Graonland (left; 1980-2005) and Antarctica fight; 1992-2005). Rad
hues indicate a rising surface and biue hues a falling surface, which typically indicste an increase or loss inice mass at a site, although
changes over time in bedrock elevation and in near-surface density can be important For Greenland the rapidly thinning outlet glaciers
Jakobshavn (M, Kangerdiugssuag (K), Hatheim (H) and areas along the southeast coast (SE) are shown, together with their astimated
mass balance vs. time fwith K and H oombfned in Gt yr, with negative values indicating loss of mass from the ice sheet to the ocean).
For ica, ice shelves estii to be ing or thinning by maore than 30 cm w7 are shown by point-down purple triangles
(thinning) and point-up red mangles thickening) plottad just saaward of the relevant ica shaivas. [Agures 417 and 418}
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GLopaL Mean Sea Lever

Sea level (mm)
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Figure TS.18. Annual avarages of the global mean sea level basad on
reconstuctad sea laval fisids since 1870 fred), tide gauge measuraments
sinca 1950 (biug) and satelite atimetry since 1992 (Black). Units are in mm
relative fo the average for 1967 to 1090, Emor bars are 90% confidence
intereals. (Figure 513}

GLOBAL AND CONTINENTAL TEMPERATURE CHANGE

Tomporatura anomaly (*C}

i
2000 1800 1850 2000
- madels using only natural fercings — observations

modals using both natural and anthropogenic farcings OIRCE 2007 WOLARE

Figure TS.22. par of observed i and giobal- Je changes in surface tempevature with results simwlated by climate
models using natural and anthropogenic forcings. Decadal averages of chservations are shown for the period 1908 to 2005 (biack line)
plotted against the centre of the decade and raiative to the comesponding average for 1901 to 1850, Lines are dashed wheve spatial
coverage Is less than 50%. Blue shaded bands show the 5% to 85% range for 19 simulations from 5 climate models using only the natural
forcings due to solar activity and woicanoes. Red shaded bands show the 5% to 05% range for 58 simulations from 14 climate modsis
using both natural and anthropogenic forcings. Data sources and models used are described in Section 0.4, FAQ 8.2, Table 81 and the

suppiementary information for Chapter 9_{FAQ 9.2, Figure 1]
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GLoBaL MEeaN SURFACE TEMPERATURE ANOMALIES

a) 1.0 e T T T T
Anthrepogenic and Natural Forcings |
. observalions !
2 s \ £
= Figure T$.23. (& Global mean surface
g tempearature anomalles relative to the perod
2 1001 to 1050, as observed (black ling) and
L 0.0 as obtaned fom simulations with both
§ amthropogenic and natural forcings. The thick
E red curve shows the muiti-model ensembla
g models mean and the thin lighter red curves show
§ =0.5 H - the individual simulstions. Vertical grey fnes
= b indicate tha timing of major volcanic events.
inatubo
i D) Az in (a), except that the simulated global
Banta Maria frgung F1.Chiahan mean temperature anomaliss are for natural
=1.0 1 L - L L forcings only. The thick bive curve shows
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Year lighter biue curves showindividual simulations.
Each simulation was sampled so that coverage
b) 1.0 ; : : | oo to that of the observations.
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Figure TS.28. Projected surface temperature changes for the early and late 215t century relative to the period 1980 to 1999, The central
and right panels show the AOGCM muiti-model average projections (°C) for the BT (top). A1B (middle) and AZ {bottom) SRES scenanios
avaraged over the decades 2020 to 2029 (cenirg) and 2090 to 2099 (right). The left panel shows coresponding uncertainties as the
relative probabilitios of estimated global average wamming from several different AOGCM and EMIC studies for the same peariods. Some
studies prasent results only for a subset of the SRES scenarios, or for various model versions. Therefore the difference in the number of
curves, shown in the jeft-hand panels, s due only to differences in the availability of resuits. JAdapted from Figures 10.8 and 10,28}
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Figure TS.32. Multi-modeal means of swface warming (compared to the 10801000 base pariod) for the SRES scenarios A2 fred), A1B
igreen) and 87 {biuel, shown as i i of the 20th. tury sit The iatter two scenarios are continued beyond the year
2700 with forcing kept constant {committed climate change as it is defined in Box T5.0). An additional expariment, in which the farcing is
kept at the year 2000 Jevel iz also shown (orangal. Linear trends from the comrasponding control runs have been ramoved from these tima
saries. Lines show the multi-model means. shading denotes the +1 standard deviation range. Discontinuities between different periods
have no physical meaning and are caused by the fact that the number of models that have run a given scenario is different for each period
and scenario (numbers indicated in figural. For the same reason, uncertainty across scenarfos should not be interprated from this figurs
{so0 Saction 10.5 for uncertainty estimates). (Figurs 10.4}

Glabal Annual Land Precipitation Anomalies
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Figure TS.9. (Top) Distibution of linear trands of annual land
precipitation amounts over the period 1901 to 2005 (%% per
century) and (middia) 1879 to 2005 (% per decadel. Arsas in grey
have insufficient data to produce reliable trends. The percentage
is based on the 71967 to 1990 penod. Bottom] Time sanes of
annual global land precipitation anomalies with respect to the
1961 to 1000 base peviod for 1900 to 2005. The smooth cuves
show decadal vanations (zee Appendix 2.A) for diffarent data
sets. {3.3, Figures 3.12 and 213}
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