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ENVIRONMENT

Which of These Is

ot Causing Global
Warming loday?

) SPORTUTILITY VEHICLES (@ RICEFIELDS

BY SHARON BEGLEY AND ANDREW MURR
HEN 600 CLIMATE SCIEN-
tists from 40 countries report-
ed in February that there was,
for the first time, “unequivo-
cal” evidence that the world
is warming and greater than
90 percent certainty that man-made greenhouse
gases have caused most of the warming since 1950,
at least one expert demurred. “We're going to see a
big debate on it going forward,” said Vice President
Dick Cheney. By “it;” he meant “the extent to which
[the warming] is part of a normal eycle versus the
extent to which it's caused by man”
There is no denying the intuitive appeal of the

(O INCREASED SOLAR OUTPUT

ramped up. And the 1936 heat wave is still the worst
many American cities ever experienced, never mind
the (globally) record-setting 1990s. No wonder that,
in the NEWSWEEK Poll, only 17 percent of those
surveyed correctly absolved a hotter sun of responsi-
bility for recent global warming.

That impression is at odds with the science,
however. As the February report from the Intergov-
ernmental Panel on Climate Change concluded,
greenhouse gases have caused most of the recent
warming. “Without greenhouse gases and other
[man-made] forcings,” says climatologist Gabriele
Hegerl of Duke University, an author of the report,

“we cannot really explain the observed climate
changes.”

idlea that climate change is natural. After all, Io
temperatures can rise or fall by 40 degrees
from one day to the next; violent storms can
barrel in over the course of only minutes. It's
little surprise, then, that many laypeople look

ists did not reach that conelusion
lightly. They know full well that climate
change can arise from any of three basic
causes. One is what they call “internal, natu-
ral variability” (a fancy name for “s--t hap-

at much tinier and subtler changes—the 1 degree

ture

pems,” climate-wise). Because there is as much ran-
1 in cli as there is in a roulette wheel,

Fahrenheit increase in global mean temp
since the 1970s, say—and figure those, too, could
well be natural. As for 11 of the 12 hottest years on
record occurring in the last 122 Well, everyone has
experienced a run of statistics-defying weather. Be-
sides, some signs of climate change are undeniably
the work of Mother Nature’s whims and not man’s
“addiction” (as President Bush called it) to fossil fu-
els, at least in part. For instance, glacicrs in East
Affica, including Mount Kilimanjaro, began shrink-
effect

droughts and heat waves and killer storms arc to
be expected, just like a run of evens or reds in Las
Vegas. Around 1880, for instance, atmospheric
circulation over the Indian Ocean strengthened
in such a way that less rain and snow fell
on East Africa, including Kilimanjaro,
finds glaciologist Stefan Hastenrath
of the University of Wisconsin.

No one knows why the circulation

ing around 1880—well before thegy

| changed. But the result of this natu-

IF EVERYONE IN THE
UNITED STATES STOPPED
DRIVING FOR ONE DAY,
WE COULD SAVE ABOUT
385 MILLION GALLONS OF
GASOLINE, IF EVERYONE
IN CHINA—THE MOST
POPULDUS COUNTRY IN
THE WORLD—DID THE
SAME, 39.7 MILLION GAL-
LONS WOULD BE SAVED.

The Future
Of Flex-Fuel
Lies in Brazil

ant to see the

potential of

ethanal-fueled
transportation? Go to
Brazil, where flex-fuel cars
(those that run on either
ethanol or regular gaso-
line) make up more than
80 percent of all new car
sales. Just since January,
Brazilians have bought
nearly 700,000 flex-fuel
cars, like the Obvio! (be-
Iow), prompting manufac-
turers to double the num-
ber expected to be built in
2007 to 2.8 million. By
2013, half of Brazil's 30
million cars are expected to
be flex-fuel. Brazil isn't the
only place where fiex-fuel
cars are selling. More than
a million are on the road in
the U.S. The difference is
Brazil has the infrastruc-
ture and cost incentive to
support them. Ethanol is
half the price of gas there,
and most filling stations
are ethanol-ready. It helps
that Brazil is the warld's
leading producer of
ethanol, which they make
from sugar cane as op-
posed to com- based U.S.
ethanal, —MATTHEW PHILIPS

48 NEWSWEEK JULY 2/JULY 8, 2007

0 1O BSTTOM, LEFT
e

0 WG JSH AT A%, SDOTT GLBEH—GTTY IMAGLY.
— WP, AP MR~ G TTY IMAEES. REGTIAS - LAMDOY




Outline

e Goals and Background

 The 4" IPCC

— Changes in human and natural drivers of
climate change

— Observations of climate change
— Attributing change
— Projections for future climate change

e Discussion



Goals

e Develop understanding of climate change
science
— Much of NWS focus is on politics and talking points

— NWS users want access to climate change science
and its impact on them

e Survey existing IPCC materials for possible use
In NWS climate program

e Add substance to help determine role for NWS
In climate change






IPCC Background

IPCC (The Intergovernmental Panel on Climate
Change) is a UN chartered group of leading scientists
charged with assessing the state of climate change
science and its impacts.
The IPCC expresses the consensus of many leading
scientists
History:

— Established in 1988

— 1st Assessment Report (AR) - 1990

— 2" AR - 1995

— 349 AR - 2001

— 4th AR — Released in 2007. This report well represents
the state of the science and will be addressed here

Climate Change 2001




Why IPCC?

Scientific consensus

User friendly figures

Accounts for uncertainty

Accounts for level of scientific understanding
Assesses changes in scientific understanding

Not perfect... recommend augmenting with
supplemental material — particularly for regional
scale issues



(Mis)understanding IPCC

« Real comments from NWS employees regarding 4t
AR:

— “IPCC doesn’t show uncertainty”

— “It doesn’t use paleo data or put current trends in long term
perspective”

— “It doesn’t cover the spectrum of science available”
* An understanding of the state of climate change

science is the critical foundation on which an NWS
climate change program should rest

 Many uncertainties exist — particularly in regard to
future predictions. But there is much we do know...

THE FLAT EARTH SOCIETY



INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE 7o)
Working Group 1: The Physical Basis of Climate Change %le_‘f

WO

| rcc | wan | wain | NGGIP | DDC |

IPCC WG1 AR4 Report

Flease access the Summary for Policyrmakers (SPM), the Technical Summary (T3), chapters and ather
rmaterial from the fallowing table of links. Links to the Supplermentary Material pages are also provided.

Note: A dash in the Suppiementan: Material column indicates that there is no Suppismentan: Material

far that chapler.

# Section Title Section (PDF) 5””{;;&;?“
Front Matter pdf (0.3 MB; -
Summary for Policymakers pdf (2.9 MB) -
Technical Summany pdr (148 MB) -
Freguently Asked Questions (extracted from chaptars bejow) pdf {10.9 MB) -

1 |Historical Owerview of Climate Change Science fdf (7.4 MB) =

2 | Changes in Atmospheric Caonstituents and in Radiative Forcing pdf (5.6 MB; -

3 | Ohzerations: Surface and Attmospheric Climate Change pdf (22.9 ME) webpage

4 | Ohszervations: Chandges in Snow, [ce and Frozen Ground pdf (6.5 MB) -

5 | Ohzervations: Oceanic Climate Change and Sea Level pdf {12.9 ME) -

6 |Palagnclimate pdf (7.9 MB) webpage

7 Cgaglgignzfne?::;?gﬁ:anges inthe Climate System pdf (2.5 MBY )
Climate Models and their Evaluation pdf (6.4 MB; webpage

9 | Understanding and Attributing Climate Change pdf (5.6 MB) webpage

10| Global Climate Projections pdf {122 ME) webpage

11| Regional Climate Projections pdf {11.5 MB} webpage




IPCC 4" AR WG1

— Changes in human and natural drivers of
climate change

— Observations of climate change
— Attributing change
— Projections for future climate change



Changes in the Atmosphere:
Compaosition, Circulation
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Land Surface
Changes in the Cryosphere:
Snow, Frozen Ground, Sea lece, ke Sheets, Glaciers
Changes infon the Land Surface:
QOrography, Land Use, Vegetation, Ecosystems

[S.2 Changes
In Human and
Natural Drivers
of Climate
Change

Solar radiation powers
the climate system.

Some solar radiation
is reflected by
the Earth and the
atmosphere.

About half the solar radiation
Is absorbed by the
Earth's surface and warms it

Infrared radiation is
emitted from the Earth's:
surface.



TS.2 Changes in Human and

Natural Drivers of Climate Change

Drivers are measured
according to their
radiative forcing
(W/m"2)

Positive changes
indicate more net
energy at Earth’s
suface
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Greenhouse Gases

 Greenhouse gases — led by CO2 - are leading
contributers to climate change drivers

* Long lived gases — chemically stable and persist
In atmosphere for decades to centuries:
— Carbon Dioxide (+1.66 +/- 0.17 W/m”2)
— Methane (+0.48 +/- 0.05 W/m"2)
— Nitrous oxide (+0.16 +/- 0.02 W/m"2)

e Short lived gases — chemically reactive and
removed by precipitation or natural oxidation for
example.



CHAMGES IN GGREEMHOUSE GASES FROM ICE CorRE aND MoDeRM Data
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Figure TS.2. The concenirations and rmadishve forcang by (a) carbon diogids (C0G), (b methans [(2H, ), fo) nitrous axde (N0 and (d] the
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Carbon Dioxide

Dominates radiative forcing
agents — 20% increase in radiative
forcing from 1995 to 2005 alone.

Increased from pre-industrial 280
ppm to about 379 ppm in 2005

“Multiple lines of evidence confirm
that the post-industrial rise in
these gases does not stem from
natural mechanisms.”

It is “very likely the rate of
increase over the period since
1750 are unprecedented in more
than 10,000 years.”

Uptake by biosphere and oceans
typically removes 30% of co2
within 30 years and another 30%
over a few centuries.

Carbon Dioxide annual change (ppm)
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Other Greenhouse Gases

e Methane

— At 1774 ppb (2005) is more than double pre-industrial
value

— Growth rates are decreasing since 1993
(concentration still increasing though) suggesting
atmosphere is approaching steady state with
anthropogenic emissions

— Atmospheric methane is mostly antropogenic from
rice agriculture, biomass burning, etc.

e Nitrous Oxide
— 18% higher than pre-industrial levels



Halocarbons & Ozone

CPCs and hydrochlorofluorocarbons (HCFCs) emissions
decreasing under Montreal Protocol. CFC-11 and CFC-
113 concentrations now decreasing

+0.32 +/- 0.03 W/m2

Stratospheric ozone still 4% below pre 1980 values — not
clear if recovery has begun due to Montreal Protocols

Tropospheric ozone

— Radiative forcing +0.35 (+0.25 - +0.65) W/m2

— Short lived gas formed from carbon monoxide and nitrogen
oxides

Direct anthropogenic water vapor emissions of negligible
Impact



Aerosols

Total direct aerosol
radiative forcing is -0.5
+/- 0.4 W/m2

— Major advance since
previous IPCC

— Sulphate (-0.4 - +0.2)
— Fossil Fuel organic carbon

Indirect RF due to cloud
albedo effect is -0.7 (-0.3
--1.8) W/m2

— First estimate and most
uncertain RF term

Medium-low level of
scientific understanding

TotaL AErosoL OPTICAL DEPTH

January to March 2001

455

a0s

lengituda

August to October 2001

Figure TS4. (Top) The total asrceol optical depth (due fo netural plus anthropogenic
sapank) st & midhasible wavelangth determinesd by seteliite messuraments for January to
March 2007 and (bottom) August to Octobar 20017, ilustrating sessonal changes in industrizl
and biomass-buming asvosols. Deta sre fom sateliite measursmen ta, complemented by
two different knds of ground-based measuremeants at locations shown in the wo pansls
{aee Saction 2.4.2 for details). {Figurs 2.71)



Contraills and Land Use

Contrails from global aviation are not well
understood but likely insignificant (< 0.03 W/m2)

Human induced changes in land cover have
Increased global surface albedo

— RFis -0.2 +/- 0.2 W/m2
Land use change Is locally significant but small

at global scale in comparison with greenhouse
gas warming

I_

9

eat from anthropogenic energy production may

be significant in urban areas; insignificant

obally



Solar and Volcanic Activity

e 11 year cycle in solar irradiance well
documented
— 0.08% variation in solar input

e Change in solar output since 1750 is +0.12
W/m?2.

* Volcanoes can strongly increase stratospheric
sulphate and cool global mean climate for a few
years

— Last major eruption was Pinatubo in 1991

— (side comment: Volcanoes remain largely
unpredictable)



Net global radiative forcing

ProBagiLITY DISTRIBUTION

« MAJOR POINT: Very
high confidence that
the effect of human
activities since 1750
has been a net L
forcing of +1.6 (+0.6 et

-
—

Relative probability

Radiative Forecing (W m™)

- +2.4) W/im2 DR - -
— Improved scientific T ' /|
understanding since | | I
previous IPCC makes
this estimate possible
for the first time S

Relative probability




TS.3 Observations of Changes in Climate
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Figure 3.5. latilide-fime sections of zonal mean temperature anomalies (°C) from 7500 to 2005, relafive fo the 1967 fo 1290 mean. Leff panelz: 55T annual anomalies
across each ocean from HadSS5T2 (Rayner ef al, 2006). Hght panels: Surface femperature annual anomalies forland (top, CRUTEM3) and land plus ocean (boftom, HadCRUTS).
Values are smoothed with the S-point filler to remove fuctualion:s of lezs than about six years (zee Appendix 3.4); and wihilte areas indicate missing data.



Global Temperature

2005 and 1998 are warmest
two years on record since
1850

11 of last 12 years rank in the
12 warmest years on record
since 1850

Effects of urbanization and
land use is negligible on global
temperatures

New satellite and radiosonde
measurements show
consistent warming with each
other and surface temperature
record - previously there were
unaccounted for discrepencies
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Figure 1.1. ¥eary global average surfice Emperaiire (Brohan & al, 2006, raa-
tive to the mean 1961 fo 1990 valves, and as projected in the FAR {PCC 1950), SAR
(IPCC, 1996) and TAR (PCC, 2007a). The best estimaie” mode! projections from e
FAR and SAR are in solid fines with their range of estimated projeciions shown by the
shaded areas. The TAR did nof have ‘best estimate” model projections but rather a
range of projecions. Annual mean obsenvations (Section 3.2) are depicted by Mack
circles and the thick back fime shows decadal vanalions obiained by smootfing the
time sefies usinga 13-point fiter.



GLoBaL TEMPERATURE TREMDS

Traposphers
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Spatial distribution

Land warming faster than ocean over past two decades
(0.27 Cvs 0.13 C)

Warming is widespread and greatest in higher northern
latitutes

Poleward shift and strengthing of westerly winds
supported by some studies

Climate variability strong player for regional climate
changes

Changes In extreme temperature (e.g. tails of monthly
and daily distributions) consistent with warming

Heat waves have increased?

Insufficient evidence to determining trends in tornadoes,
hall, lightning, and dust storms



Changes in water cycle

[ Long term trends |n GLOBAL MEAN PRECIPITATION
precipitation amounts
from 1900 to 2005

e Substantial increases
In heavy precipitation
events have been
observed — likely but
not definite

e Tropical cyclones —
reference page 41
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con't

Trend % per decade 1951 - 2003 contribution from very wet days

ANNUAL PRECIPITATION TREMDS

 More intense and
longer droughts have
been observed over
wider areas,
particularly in the T e
tropics and subtropics .. e
since the 1970s

0E

-

-\2;||||||||I|||||||||I|||||||||I|||||||||I|||||||||I|||
1950 1860 1870 1980 1990 2000

Figure TSAQ. (Top) Obesrved frends (% par decade) over the perod T85T to 2005 in the coninbution fo tolal annual precipiisiion from
wary wat days (e, comesponding o the S5th percentile and sbovel White land areas heve insufficient date for trend detsrmination.
{Bottom) Anomalss (%) of the global fregions with data shown in lop pansl) annusl time aanes of very wet days (with respect to T987-
1990} defined &= the parcantage change from the bess perod sversge (E2.5%) The emooth orangs curve shows decadal varistions (see
Appandic AL {Flgure 5.36)



Cyrosphere

March and April NH snow covered area

 NH Snow cover mostly .
decreasing — particularly
In spring

 NH Mountain snow pack
at marginal elevations

can be particularly (o e 00y e 8D
sensitive to small
temperature changes

 NH Break-up becoming
earlier at 6.5 +/- 1.4 days
per century; freeze-up
later at 5.8 +/- 1.9 days
per century




Cryosphere (con’t)

e Sea lce - Arctic sea ice
extent shrinking by 2.7 +/-
0.6% per decade (no
significant change In
Antarctic extent)

o Glaciers — Mass loss of
glaciers and ice caps likely
has been a response to
post-1970 warming

106 km?

a) Arctic Minimum Sea lce Extent Anomalies (1979 - 2005)

¢ Antarctic Sea Ice Extent Anomalies (1979 - 2005)

T T T T T T
1980 1985 1990 1995 2000 2005




Cryosphere (con’t)

e |ce sheets — Very likely

Greenland ice sheet
shrunk from 1993-2003.
Pre 1993 changes in ice
sheets are not well
established

— Greenland shrinkage at -50
to -100 Gt per year

— Antarctic change at +100

PHV-LOM 12002 D2dI@

Gt per year to -200 Gt per
year




Cryosphere Summary

; “Glaciers
by
i
N 1' e
b ', Snow Sea e SNOW _ o lce Sheet
7/ Frazen Ground's Camia i L = "
. ki - Sea loe: Mean annual Arclic extent decreased by 2.7%
xﬂmlr?gﬂ?:rﬁhsrgﬂu :n.ggi.elaalré-vel ﬂ&aa?-f’rr‘llaggllf&%nd per decade since 1978 {(summer minimum decreased
" " by T.4% par daecade). Central Arctlc saa lca thickneass
Frozen Ground [NH): Parmafrost is warming and the aclive has reduced since the 15505
.-_.I 3ma!;r::.ll?nkenlllﬂl?;a$£;!?m 1';’E'g_m has decreasead ke Shelves (SH): Antarctic Peninsula and Amundsen
" ¥ “ Sea shelves thinned during the 19805, Larsen B ke
Snow Cover (NH): Raduczion of 53 in the 1988-2004 Shel collapsed in 1942 with subseguent acceleration of
annual average area cormpared with the 1987=-15987 average. Iritdlary 106 Shrearms,
Lake and River lee [MH):  Annual dusaticon reduced by 12 ke Sheets: Combined Greenland and Antarctic
days over the pasl 150 years. conlribulion 1o sea level rise for 1993-2003 between 0.0

and 0.8 mmiyr™

Total contribution to sea level rise from ice melt for 1993-2003 is 0.6 to 1,8 mm yr~

Figure 4.23. SimmanyofoiEenved vanaiona in s opoapfiens.



: C e a'l l Energy Content Change (1 0% J)
-2 0 2

 World ocean has
warmed since 1955,
accounting for > 80%
of the changes in the
energy content of the
Earth’s system

e Ocean becoming
more acidic — average
decrease in pH of 0.1

« Salinity changing

4 6 8 10 12 14 16 18 20

r 10.22 Glaciers and ice caps ' Ocgans!
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Figure TS.15. Energy content changes in different
components of the Earth system for two periods (1961-2003
and 1993-2003). Blue bars are for 1961 to 2003; burgundy
bars are for 1993 to 2003. Positive energy content change
means an increase in stored energy (i.e., heat content in
oceans, latent heat from reduced ice or sea ice volumes, heat
content in the continents excluding latent heat from permafrost
changes, and latent and sensible heat and potential and
kinetic energy in the atmosphere). All error estimates are 90%
confidence intervals. No estimate of confidence is available for
the continental heat gain. Some of the results have been

scaled from published results for the two respective periods.
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Ocean

e Average sea levelrise Iin

1961-2003 is 1.8 +/- 0.5
mm/yr

— Thermal expansion — 0.42
+/- 0.12 mm/yr

— lce melt — 0.7 +/- 0.5 mm/yr
— Note discrepancy

1993-2003 rise is 3.1 +/-
0.7 mm/yr

— High confidence sea level
rise is accelerating
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lHIHH.HH}H\:«H%%:ht-i%'*ﬂﬁk‘ﬁﬁw***’*ﬂ*

Figure TS.18. Annual averagé’éo‘%f the global mean sea level
based on reconstructed sea level fields since 1870 (red), tide
gauge measurements since 1950 (blue) and satellite altimetry
since 1992 (black). Units are in mm relative to the average for
1961 to 1990. Error bars are 90% confidence intervals. {Figure
5.13}
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Ocean

Satellite observations show
spatial distribution of sea level
changes

Observations suggest extreme
high water events have
Increased since 1975

Box TS.4 Sea Level

— Sea level 100m lower during
last ice age

— Warmer climates may produce
more snow over Greenland
and Antarctica which could
partially offset increased melt.
This is not well understood

Sea Level (mm)
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Consistency among observations

“Changes in the
atmosphere, cyrosphere,
and ocean show
unequivocally that the
world is warming.’

“The warming of the
climate is consistent with
observed increases In the
number of daily warm
extremes, reductions in
the number of daily cold
extremes and reductions
In the number of frost
days at mid-latitudes.”

Prabability of sccurrence
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Paleoclimatic
Perspective

Very likely that the average
1950-2000 NH temperatures
were warmer than any other 50
year period since 1500 and
likely warmest since 700AD.

Orbital forcings and their
relationship to ice ages are
well understood (box TS.6)

— Current climate models
adequately simulate the last
ice age (21000 years ago)

— Models can separate this
natural variability from the
more recent warming

Temperature anomaly (°C wrt 1961-1990)
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Frequently Asked Question 6.2

Is the Current Climate Change Unusual Compared to
Earlier Changes in Earth’s History?

Climte has changed on all time scales throsghont Earth's kisfo-
e Some aspects of the cumrent climate charge are not wrdswal, but
others are. The concemtration of C0, tv the atwosphere has reached
@ record high refative fo more thaw the past kalf-miilion years, aud
has done so @ an eweptionally fast rate. Curment global fempera-
tares are warmer than they kave ever been during o least the past
Sive centuries, probably even for more than o mllewmism. If warm-
ing conttnues srabmted, the resuliing climare change within this
cemtury would be extremely wpusual i geological terms Awother
wmussal aspect of recent clmare change &5 ity casse: past climare
changes were matural i ontgln [see FAQ 6.1), whereas most of the
warmizng of the past 50 years 15 atiribwtable fo haman activities.

When comparing the asment climate change to earlier, natugal
ones, three distinciions must be made. Fiest, it mist be clear which
varlable is belng compared: fs it greenhouse gas concentration of
temperature (of some other climate parameter), and is it thelr abso-
lute value of thelr rate of change? Second, 1ocal changes mist not
be confused with global changes. Local climate changes are often
mich larger than global cnes, since local factors (eg, changes in
aceanic of atmespherc clreulation) can shift the delivery of heat
ar midsture from one place to another and local feedbacks opemte
(e, sea ce fesdback). Large changes in global mean tempermntire,
in contrast, require some global forcing (such as a change in green-
house gas concentration of salar activityl Thind, it is necessary to
distinguish between thne scales. Cimate changes over millioms of
years can be miich langer and have different causes (eg., continertal
drift) compared to climate changes on a centennial Hme scale.

The main reason for the cumrent concern sbout cimate change
= the ke in atmospheric carbon dicodde (C0,) concentration (and
sofme other greenhouss gases), which s very unusual for the Qua-
ternafy [about the last two millicn yearsl. The concentration of C0,
= now Enawn accumtdy for the past 650,000 years from antarcic
ice cores, Diftng this time, 0, concentration varied between a law
af 120 ppm during cold glacial times and 8 igh of 200 ppm duting
warm oterglacials, Over the past cemtury, it rapidly ncreased well
out of this range, and & 00w 279 ppm (see Chapter 2). For compari-
sodl, the approximatey B0-ppm rise in OO, concentration at the end
af the past ice ages generally tock over 5,000 years. Higher vahies
than at present have oaly oceurred maimy millions of yeams ago (see
Fag 6.1l

Temperatife 8 & more difficult varlable to reconstruct than 0y
{a globally well-mixed gas), as it does not have the same value all
over the globe, so that & single recornd (e, an ice come] 8 only of
Himitend value. Local temperatuse fluctuations, even those over just a
few decades, can be several degrees celstus, which is langer than the
global warming signal of the past century of about 079,

More meaningfil for global changes is an analysts of large-scale
{global or hemisphericl averages, where much of the local varia-

tion averages out and varabdity & smaller. Suffickent coverage of
trstrumental feconds goes back only about 150 years. Further back
in time, compllations of proxy data from tree fngs, io oores, .,
go back more than a thousand years with decreasing spatial cover-
age for earlier periods (see Section 6.5 While there ae differences
among those recomstnactions and significant uncertainties emain,
all published reconstructions find that temperatures were warm
during medieval times, cooled to low values in the 17th, 18th and
19th centiries, and warmed rapidly after that. The medieval level
af warmth is uncertain, but may have been feached again in the
mid-20%h century, only to have lkely been exceeded since then
These conclisions are suppoited by climate moddling as well. Be-
fore 2,000 years ago, tempemhire variations have not been system-
atically compdled fnto lagge-scale avemges, it they do not provide
evidence for warmer-than-present global annial mean tfemperatires
going back thiough the Halocene (the last 11,600 yeams:; see Sec-
tion 6.4). There afe strong indications that & warmer climate, with
greatly rediiced global fce cover and higher sea level, prevailed it
around 3 million years ago. Hence, current warmth appears anusual
in the context of the past millennda, but not umissusl on longes
time scales for which changes in tectonic acivity [which can diive
natiral, slow variations in greenhouse gas concentratin) become
televant (see Box 6.1).

A different matter is the current rate of warming. Ace more mpid
global climate changes recodded in proxy data? The largest tem-
perature changes of the past million years afe the glacial cycles,
during which the global mean tempenture changed by 4°C to 790
between ice ages and warm interglacial periods (local changes were
much larger, for example near the continental ice sheets). However,
the data indicate that the global warming &t the end of an ice age
was a gracdiial process taking about 5,000 years (see Section 6.3). Tt
s thus clear that the curmrent rate of global dimate change is much
mare rapdd and very umssaal in the comtext of past changes. The
much-scissead aboupt climate shifts during glacial times (see Sec-
tion 6.2) are not cointer-examples, since they were probably due to
changes in ocean heat tmspodt, which would be anlikey to affect
the global mean temperatise

Further back in time, beyond ice core data, the time reschition of
sediment cofes and other archives does not esolve changes as mpdd
as the present warming. Hence, although large climate changes have
occurred in the past, there is no evidence that these teok place at
a faster rate than present warming, If projections of approximatey
5°C warming in this century (the upper end of the range) are re-
alised, then the Earth will have experienced about the same amount
af global mean warming as it did at the end of the 1ase ice age; there
= no evience that this tate of possitle future gobal change was
matched by any compatable global temperatine ncresse of the 1ast
50 million years.




Next up...

 TS.4 — Understanding and attributing
climate change

 TS.5 — Projections of future changes in
climate

e Dates TBA



A Teaser
Models are getting better...

Mid-1980s

Mid-1970s
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And it shows...

- models using only natural forcings — Observations

- models using both natural and anthropogenic forcings ©IPCC 2007: WG1-AR4
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