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@ The Global Environmental
> e ariarp Change Programmes and
= ESSP provide timely policy
relevant information and
scientific understanding to

deal with climate change.

ATMOSPHERIC CO3 GLOBAL AVERAGE TEMPERATURE
(parts per million by volume) (degrees C)
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This is |Ilustrated by the IGBP climate-change index, which It combines key
indicators for CO,, temperature, sea level and sea ice. The index rises steadily and
its change is unequivocal, it is global, and, significantly, it is in one_ dlrectlon
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@ Globally averaged increase in

temperature anomaly
(°C from 1951-80)

Global Land—Ocean Temperature Index
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2011 was the 11th warmest since records began
in 1850. This is in spite of a cooling La Nina.

Hansen, J]., R. Ruedy, M. Sato,
and K. Lo. 2010. Global surface
temperature change. Review
Geophysics 48:RG4004.
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@ A new assessment of global

— wmmeew o temperatures: The Berkeley Earth
Surface Temperature Study (BEST)

The most important Land-Surface Average Temperature

indicator of gIObaI Warming’ 1 ‘IIJ--,.'Bar:nn-.-.r'gaw;ragecrsunauetempereturemerland
the temperature record has Gray band indicates 95% uncertainty interval

been criticized for the choice
of stations and the methods 0.5
for correcting systematic
errors. The BEST study did a
new analysis of the surface
temperature record to
address these criticisms.
They used over 39,000
unique stations and
advanced interpolations
schemes.

Temperature Anomaly (° C)

BEST found similar '
warming and patterns, Berietey

-1.5 T T T T T T T T T T
comparable to all 1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000

other studies.
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Removing non-GHG factors
from temperature records

Adjusted data

Environ Bes. LeiL 6 (201 1) (44022 (Apph

Global temperature evolution 1979-2010
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Abstract

) W anatyze five prominent time series of giobal emperatur (aver land and ocean) for their
‘Common Eme mterval since 1979 three surface emperature records (from NAS A/GISS.

¥ NOAANCDC and HadCRLU) and two lower-troposphere (LT) emperatare records based on
saiellite microwave sensors (from RSS and UAHL Al five series show consisient global
warming trends ranging from 0.014 0 0.018 K yr—. When the data are adjusted to remove the
estimated impact of known factors on short-Erm tempersture variations o southern
uacillfion, volcanic asrosols and solar variability), the global warming signal becomes even
more evident as noise is reduced. Lower-tropospher iempersiure responds mare strongly to
El Nifiofsouthemn oscillation and to voicanic forving than surface temperature data. The
adjusted data show warming at very similar raies to the unadjusied data, with smalier probable
errors, and the wanming sk is steady over the whole time interval In all adjusied eries, the
two hottest years are 2000 and 2010

— UAH

0.1

Keywords: climate, global warming, E1 Nita/southern ascillation, solar cycles

L. Introduction quasi-oscillatory mode of the ocean-
Newell and Weam 1076, Angell |
ic erupti 107}, and solar varistions

sphere sysem)
Trenberth ct af

The prime indicator of gicbal warming is, by definition, global
007, Lean and Rind

|
! mean iemperature. Time series of giobal tempersure show & y

I | ‘well-known rise since the ezrty 20th century and most notably 2008, 2MK)L. This complicates both comparison and trend
Y .-" since the 1ae 1970s This widespread temperatur increass s of the emperstme mcords. Since independent
L is © by a range of r i impactss  measmes of these variations are availabie. their influence can
shrinking mounisin glaciers, accelerating ice loss ffom ice 1o a large extent be emoved, kading o adjusked, less naisy
sheets in Greenland and Antarctica, shrinking Arctic sea ice  global iemperaiure dai@ eis. Themfore we will emove the
— extent, sea kvel rise, and a number of well-documenied  influence of these factors on the emperature data sets, ot
biospheric changes like earlier bud burst and bossoming  onty to isolate the longer-rm changes, bul also o identify

times in spring (IPC X whether different data sets show meaningful diferences
Despite the unequivocal signs of glohsl warming. some  their respons 1o these factors The infence of exogenous

Temperature Anomaly (C)
]
e

public ¢and w0 a3 much kesser extent, scentific) debate factors wil be spproximated by mutiple repression of
has arisen over discrepancies between the different giobal  emperature apeinst ENSO, volcanic influence, wtal solar
temperatue records, and ever the exact magnitude of, and  iradiance (TSI and a linear time trend Lo approximate te
possible recent changes in. warming rates (Peterson and  global warming that has occurred during the 32 years subject
Baringer 2000). To clarify these issues, we analyze the five o analy
leading quasi global temperature dats sets up toand including Lean and Rind (2008) performed a multivariste
the year 2010 We focus on the period since 1970, since correlstion analysis for the period 1889-2006 wing the
saellite microwave data are available and the warming trend  CRU tempersture data (Brohsn er af 3, and found that
since that time is at keast approximately linear they could explsin T6% of the emperature variance over
I I I I Much of the varishility during that time span can be  this period from anthropogenic forcing. E1 Nino. voicanic

welzied (o thee known cawes of shori-erm iempersiwe  serosols and solar variability. The long-tzrm warming irend
variations E1 Nifio/southern oscillation (ENSO, an intemal  slmost exclusively sems from anthropogenic forcing. They

1980 1990 2000 2010 S— . JR

When the estimated impact of El Nino/SO, volcanic aerosols and solar
variability are removed, the global warming signal becomes even more
evident. The adjusted data show warming at very similar rates to the
unadjusted data with smaller probable errors but the warming rate is steady
over the whole time interval. The two hottest years are 2009 and 2010.
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Proof of intensification of
the global water cycle

Fundamental thermodynamics
and climate models suggest that
dry regions will become drier
and wet regions will become
wetter in response to warming.
Our 50-year observed global
surface salinity changes,
combined with changes from
global climate models, present
robust evidence of an
intensified global water cycle at
a rate of 8+5% per degree
warming

02 This rate is double the response

0.1

projected by climate models and
suggests that a 16 to 24%
intensification of the global
water cycle will occur in a future
2° to 3° warmer world.

CRP-

World Climate Research Pregramme

Ocean Salinities Reveal Strong
Global Water Cycle Intensification

During 1950 to 2000

Paul |. Dursck,>?% Susan E. Wijthels, > Richard | Mstes ™

Fundsmentsl thermodynamics 2nd climste models suggent that dry regions will become drier

and wet regions will became wettr in respanse to warming. Ef
respare in sparse surlace ol evations of raintal snd evapostion re:
nity patiems express an identlishle fingerprint of an intensifying water cyde.

thet acesn

s 1 deied this lang-tem
smbigquous. We shaw

Our S-pesr absered glahsl surtsce salinity changes, combined with changes frum global dimate
modsls, present rabust evidence of an intensified global water cyce 313 13 of 82 5% per degree
of surface warming. This rete is double the repanse pojsced by current-generstion dimste

models snd suggests that a substantisl (16 10 24%) imensitication of the global water cycle wil

ocaur in & huture 27 10 3 warmer world

wamming of the ghobal surfsce and knw.
A o stmasghere is expeced to strengdh

o the waer ydle (/-3), brgely driven
by the ahility of warmer air to hold and to e
distribute more moisture. This imemsificaion
is expraval = o enhancement in the pettarms of
surfice water fimes [svzpomtion md precipis
tion (F-P)j and, a5 2 conserjuanae, ocean surfice
alinity petters. Accarding o the Clausius.
Clapeyrm (CC) rdstion mnd mwuming 2 fined
relative humidity, we expecta ~TH incrasein
amaspheric moistre contem for every degree
af wamming of Earfh's kewer tpasphese (2). OF
srestat importance to society, md the focus of
s wark, is the strengdh of the mgion] put
E-P, which in climate madels mm

itation changes mare slowly ot 2 rate of 2 &0
limited by trapospharic enemy con

An imemsification of existing paterm of
glabal menn sface E-P is found along with an.
hencements & exteme events such 2 drmghts
and floods {1, 5) in avaibble 2lstceniary ch
maie prajeciiom, ol by svopoganic gem
house ges (GHGs) Bom e Couplal. Mol
Imerenmpurison Froject Phase 3 [CMIP3 ()]
This has been bbeled the “rich get richer”
mechanism, wher wet arcas (compamd with
e glohal mean) get watker and dry regioms
drier (7). There is, however, litle consistency

“ony for Astalnn Waator and

[ g A ——
(CSRO) Mo and AMoGEher R, ool Fog
s (570 Bm 1333,

Hoban, Tamania 7001, Al

g,
2, Hobar, Tasmanta 7001, Ausal.

000 a2 Adn, Bwamam, CA

*Ta whom comsgoadee shodd be addemed. Emal
padd.mckglalgoy

in the semns] changes providad by mode] pr
jestins mid poor symement whean compared
with regiona] observatona estimates (). Ad
ditimnally, stmospheric asmank included i
these projections can regianally coumeract fhe
GHG-driven warming and 2t ' sppres e
Tocal water cycle fimugh dymamical changes
I

Citven the shove harh scale made] responses
and the CC reltionship, =n intemsification of
4 in the glotel waks cycle (E-P) is ex
pected 1 already have occured in response
10 the ahserved 0.5°C wamming of Farh's sr.
face over the pust S0 years (1))
bsiing 2 ghoal view of st
rzinfall petiem chenges is made &
e of the atialy e nd shon cinerve
timal recond. Laong, high. qJ:ALlw Tan - hased
ek e few and Novhem | hissal
{12). Direct high-quzlity Jong deam reinfall
timaies aver ocemns [which comprise T1% of
the global surfice ares and woeive aver S0°
of global mmfall {7 3)
with mast glohel ohservational products de

of varishility and may dominate much of e
‘measred chenges (3). This cillmge & exac

radic nstre of rainfall, making the derivaton
ofbrosd acale svarzges of small mulidecads]
changes from 2 spare nctwork of alnerving
stations armonprone (1), These difficulties ane
evidentin the differing signs of kmg-temm frends
between meomsirucied minfall detn sets (17, 15}
Dhisgepencics ameng ziroez evapomiive fux
prducts (19) undemine their we in resolving
Tong-term water cyde chunges. As a result, we
da not yet heve 2 definitive view on whether
Eardh's water cycke hes imtmsificd aver the past

REPO

severad mm Fom atmogheric dineving net
wods (12,
Tt has klw heen noted that the climainlog.
icdl mean sea surface mlinity (S55) spatal
patiemn s highly comelsied with the long-emm
mean E-P spetial pagem (20) (Fig. 1, A and
D), reflecting the halmce hetween acean ad.
vedion and mixing processes and E-P foxing
2t the aan surface (21-23). Several sudis of
mulidecalz] SS§ changes reveal = clear put
tem whers incrasing slinities ar found in
the evapomtin-dominated midlstides and
decresing salinitics in the rainfall-dominsied
regioms such = dhe sopical stmomheric con
vemence mues and polar regins (22,
These prvious studies hve used optimally av.
eraged pentudal historical acean data (
the difference between pre-200 =nd post 2000
climaiologies {27), the leerperiod being stxmg
Iy sppomed by the modem huseline provided
Ty the Argn Programme (29) 10 mvestigate kg
term mlinity changes m the glohal ocean By
using s diret local i of tendao hisorical snd

reflect m intensification of the mam S55 pa
tems. This strong and coharent rdzsionship &
exremed through the high satis] patiem cor

relation coefficient (PC) af ~0.7 (fig $2) he

tween the mam SSS and mdependent sstimates.
af lang-term SS§ change. Following the “rich
getricher” mechanism (7), salty oeean regioms
(compared 1 the glofe] mean) are geing sal

tier, wheeas fiesh regions are getting fresher
(24-25). This sobust miemsificaion of the ab

served S55 puticm is quilietively comivent
with inemal B-P i avemn mixing md circuls

tiom 2z largely unchenged.

Intrying in quantitutively wlis S55 changes
and EF chnges, previouws studies have male
strang; simplifying smaptions. One eimete
of & ghiel 37% E-P intemification from e
19708 10 20405 (27) is based on the assumption
af an unchanging ocmn mixing and advection
fidd, with the addifiona] asmumption fhat no
sak or Fresiw zier exchenge has occured aver
this time with the ocean below 100 m. Fow
ever, several sudies have shown that subsar
face salinity chanpes have naumal during fhe
208 aentry (24, 25), with many of the largest
signzls expremed 2t depihs greater than 100 m.
Amother sty used subs rface sl ity changss
an sapycnals i dedice E-P changes at fhe
surface density outcrops {26). This mproach is
crron mome e bmad-acale slinity changes

on density surfaces can Lagely be o

the subduction of brasd-scale wanming and nex
EP changes alane (25). To mid such stomgas.
sumptions and explare the use of SSS patern
changes = 2 water cycl disgnastic, we used
he most comprehensive simulsions svailsle
10 date af the hisuorical and fuwe glabal chi
mae: the CMIP3 sirral tions ofthe X cemtury
{20C3M) 2nd the Special Reporton Emissions

wewscencemagorg  SCIENCE VOL 338 27 APRIL 2012

Durack, P. 1., S. E. Wijffels, and R.
J. Matear. 2012. Ocean Salinities
Reveal Strong Global Water Cycle
Intensification During 1950 to 2000.
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The last five years have been the five lowest
extents. While the record low 2007 had

Minimum arctic sea ice
extent (September)

weather cond
2011 had mo

Average Monthly Arctic Sea Ice Extent

March 1979 to 2012

Sea Ice Extent
09/09/2011
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@ Minimum arctic sea ice
e extent (September)

The last five years have been the five lowest FEEiCd=Cu
extents. While the record low 2007 had
weather conditions that f J&

2011 had more typical wj -
NORTH POLE W SOUTH POLE W 5 STAR EXPEDITIONS ORDER A BROCHURE | REQUEST A QUOTE

09/09/2011

INFORMATIONS & RESERVATIONS +33 (0)4 88 66 64 00 5§ | English j

continued warmth over t
supports the idea that
cover is continuing to

Home North Pole North West Passage

North West Passage

There are areas that have inspired Man'’s imagination since time began, distant lands that generations of sailors and adventurers have tried to tame,
many risking their lives to do so.

For the very first time, we invite you to board Le Soléal and set sail for the Far North, well inside the Arctic Circle, towards a legendary maritime route, that
has been coveted, searched for and finally found: The North West Passage, the only possible northern shipping route between the Atlantic and the Pacific,

linking Europe to Asia.
I T

The North-West Passage is a possible trade route. Until
2008, the Arctic pack ice prevented regular shipping,

[ =:2071

- — 2010 but climate change has reduced the pack ice, and this
4 [eii? Arctic shrinkage made the waterways now
- — 19792000 A i i i in2013c 1 |
I et ek A navigable. Comumeraal cruises start in 2013.
o[ I ! l I | g
Jun Jul Aug Sep Oct
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Observed global sea Ievel

Science Partnership
Sea level (from AVISO) Jii
60r = Thermosteric sea level + land ice e ,
——— Thermosteric sea level (mean of Levitus et al., 2009 and Ishii and Kimoto 2009) sewwi Tmmm—
Total land ice
Greenland land ice
50 Antarctica land ice
—_ Montain glaciers
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IPCC 2007

. ) . Meyssignac, B. and A. Cazenave (2012). Sea level: A
FOI: 1961-2003: 1.8 mm/yr’ Models: 1.2 mm/yr review of present-day and recent-past changes and
This study: variability. Journal of Geodynamics 58: 96-109.

Last century: 1.7 mm/yr; 1990-2010: 3.2 mm/yr WCRP- B P a B @)mnp
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@ «we  Spatial variations of sea level
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Local sea-level trends up to 10 times higher than the global
mean rise (but very likely transient phenomena). Regional sea
Nicholls, R. J. and A. Cazenave. 2010. Sea-Level Rise level trends IargeSt in the Pacific.

and lts Impact on Coastal Zones. Science 328:1517- GLOBAL ﬂ'n a
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Climate extremes
science Partnership (e.g. March tempel‘aturES)

Earth System

Increasing vulnerability, exposure, or severity and
frequency of climate events increases disaster risk

Disaster

CLIMATE Vulnerability DEVELOPMENT
b /
Natural Disaster Risk
Variability Management
DISASTER
RISK
Anthropogenic

Climate Change

Climate Change
Adaptation

Disaster risk management and climate change adaptation can influence the
degree to which extreme events translate into impacts and disasters

7 IPCC

i climare change

Greenhouse Gas Emissions

MANAGING THE RISKS OF EXTREME
EVENTS AND DISASTERS TO ADVANCE
CLIMATE CHANGE ADAPTATION

SPECIAL REPORT OF THE  §
INTERGOVERNMENTAL PANEL I c c @ @
ON CLIMATE CHANGE e uSEE

WCRPQ

GLOBAL
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Carbon Budget 2010

opinion & comment

CORRESPOMDEMCE:

Rapid growth in CO, emissions after the
2008-2009 global financial crisis

T thi Edibor — Clobal carbon doxide
s kons Cromm foss [-01d combustion and
remank production geew 5.0% in 2014,
surpassed 9 Fy of carbon (P C) for te first
Hlmig and more thao affsat ha 14% decraass
In 3005, Tha pact of the 2008 300 global
Anancal ceisls (GEC) o0 anlsdons s
‘baan shoet-llvad cwing 1o siroo g covisions
Erowih In emerglog
‘missioas growih
ind an increase 1n the fossd-foal Lolarsity of
e wolld sconomy.

‘Preltminary estlmates of gishal CO,
s bons Eromm foss [1-fad combustion and
remank prodiction show that emksions
Frewby 0.5 Bg C(5.09%) tn 2000 md.
T2achad a Tecord Bigh of 9.1 0.5Fg C

GEC, puitng plotal 00, amssions bad o
1hehigh-growth trajeciocy hal parsistad
‘bafoea tha GFC {Fig. 1). Theus, after caly oo
year, tha GFC has had W Lmpact o0 (e

‘Far tha past bwo Taars (2009 aod 2010,
emiszion s growih hie toen domuinabad by
1he aNsEIng 2000 OnLes (FHPPREDGTIATY
Tuble51). Tha OO, anlsionsin davalopad
cmuniches (which we take as tha Anpa B
rmniries from the Kyobs Frobocnl) decramsed
1.8 Lo 2008 ared 755 tn 2009, bud increasad
3% |o 2000, ind ara 20w Lower than tha

[aon-Annex B countries) Increased 4.4%
Ini 2003, 3,08 o 2009 and 7.5% In 310;
eGP only casing 3409 docraasd n
[Lntis] Lo 3000 comparn wih

ihetrend sinca 2000 (Fig. 2) The 2000
Bporwth ws e bo Trigh growth rabes i a faw
LT EMsFing #o0 nomiss (Supplemen
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1 Petagram = 1x10"g =
1 Teragram = 1x10"%g =

(O.IZGE P'g (C) and the 27 manber staies of the

L‘Sdou.lr meomlraﬂpﬂ,mﬂ b CD,
n Uion 2.3% (0022 PEC). P = Pt

http://www.globalcarbonproject.org/carbonbudget

1 Billion metric tons = 1 Gigaton
1 Million metric tons
3.67 Kg Carbon Dioxide (CO,)

Peters GP, Marland G, Le Quéré C, Boden T,

Canadell JG, Raupach MR (2011) Rapid

growth in CO,, emissions after the 2008-2009

global financial crisis. Nature Climate Change,

doi. 10.1038/nclimate1332.
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Fossil Fuel & Cement CO, Emissions
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). ___ Consequent warming may be
= higher than earlier estimates
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. Emission pathways and
e warming limits

Total GHG emission levels (Gt CO,e yr')
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Likely (=66%) maximum global average temperature rise (T) before 2100

B 7, <2°C
2°C < Tgq,<25°C
25°C < Tgeq,<3°C
B 3°C<T,. <35°C
B 35°C<T.., <4°C
B 2°C<7,,. <5°C

e
e .

Only the green pathway has a 66%

chance to stay within the 2°C target.
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. Technologically feasible pathway to
\ . return below 1.5°C by 2100
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staying below 2°C with a
likely (> 66%) chance
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The two scenarios shown are from
ADAM project (www.adamproject.eu)

Hulme, M., H. Neufeldt, and H. Colyer. 2009. Adaptation and mitigation
strategies: Supporting European Climate Policies. Final Report from the
ADAM Project, Tyndell Centre for Climate Change Research, Norwich, UK.

World Climate Research Pregram

Implications for staying
below 2°C (or 1.5°C)

o Emission should peak
before 2020 and then
rapidly reduced by 70% in
2050 and going to zero in
2100.

o Until 2050 the 1.5°C
pathway is similar to a
likely 2°C pathway, but
with deep reductions
afterwards.
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@ Major lesson on delays:
=i  Later reductions require
faster AND deeper reductions

80 How the bridge the gap: What the sectoral studies say
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‘@3 cospen Main final conclusions

o

To keep within your 2°C climate-change target, global
greenhouse gas emissions have to be more than
halved by 2050 and should peak no later than 2020.

The next years are thus a crucial to change
course towards a sustainable future for all
nations.

If this is not achieved risks will increase rapidly and
food, water and energy security cannot be guaranteed

The long term solutions involve rethinking
fundamental aspects of international and national
economic, technical, institutional and social
developments. This requires major innovations,
capacity building and political will.
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