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Earth's Ecosystems

Since the compilation of the IPCC's Fourth Assessment  Report, serious and irreversible changes in Earth' s Ecosystems
due to anthropogenic activities are increasingly recognize d with greater con®dence and better quanti®cation of
the processes.

phenological changes, and alterations in spemiéigns. In ter-
restrial ecosystems, responses include shifts nsetasfispang
events such as leaf unfolding, blooming date, andnewoduction
timing; change in species distribution; and modi®Rcatumioy
structure. Contributing changes in physical systestwiimdiugl
glaciers, melting permafrost, coastal erosion, \&riftischarge
peaks, and warming in lakes and rivers with effectators&ati®
chemistry (Rosenzetestj2008).

The 2008 analysis explicitly considered treeohlalediaise change,
management practices, pollution, and humarhiteshifisags driv-

ers of the observed environmental changes and was able to elimir
the affected data series from their review (Resah20@8y. This

broad consideration strengthens the robuse®@sslivigs and offers

a model for future analyses. The approach has stimulated further dc
mentation and synthesis in recent monéi(RP08, P!rtner and

Farrell 2008, Heglahdl 2008, Chazal and Rounsevell 2009, Lawler
et al 2009, Cheurg al 2009, F"ssel 2009).

Mau Complex, the

largest closed-canopy For both marine and terrestrial ecosystems;hiadlengsg MARINE ECOSYSTEMS
forestin Kenya, is under jrreversible climate-related changes inclubehaiteical

severe threat from land

';he effects of climate variability on marinbdié&hmader observation
use change and could m

characteristics of the ambient environment, inundation Qfor gggades Thus the empirical evidence, and theith ithat

- small-islands and low-lying coastal ecosystéerteviey s . . . " - .
suffer further degrada . ying cosysE Jndicate that environmental conditions in techaéagsemperature,
tion from a changing rise, loss of wetland quantity and quality, and increase agln |'}?’ urrents, and productivity are canéirbibig $igns of change
climate. Source: A. Kirk in subtropical areas. These expected irreversible chan d ! P Y 9 g

a
their cumulative effects, proceeding at unpdecedsnill ?8?1eung a 20083 Rahgl apd Qlden 2008eDmII990§, Beaugrand
alter ecosystem characteristics resulting in potential species eﬁ}nalt%(r)log)' Marine biodiversity, however, remains pewbdunde
ancfsca'rcely studied at the global scale: The in uenaepédttuman i
Local and subnational research into ongoing céchatmsgktem on marine ecosystems has only been recently mapplestatea globa
changes is proliferating in countries and regignartiattagpinves- using standardized categories of effectsgiHaI@e08). Only a
tigative science programmes. The understandingghieselefforts very limited number of studies have attemptéddteitive impacts
could provide analogues for changes in less well-degionentedaf climate change on species richness, communityeasaacblag
Only a sampling of new research can be addressed indhismxCongigtributions of biodiversity at the ocean basircategobPatgious
and hopefully their worth as potential analbg@s®ntilally proven. research has focused on speci®c regions and partiofitaxeanges

Documenting the effects of climate changetemsegysbal scales (Rosenzweigal 2008, Jackson 2008, Miles 2009).

has consistently challenged the IPCC, mainly because of the ®Rasgtyrdaiers are now able to project global patternseftineasio
peer-reviewed research ®ndings from LatinAfinariead Asia tion, and the combined effect of species witheveedr 2050
(McCarttet al 2001, Rosenzwetigd 2008). However, since the closising a recently developed dynamic climate envelopemgodel (Che
ing date for submissions to the IPCC's Fourth Assessment Repeira{/2R0Y9). The study plotted future distributgesabfal,066
wide-ranging surveys have been conducted and analysis suggesiadhatally valuable marine ®sh and invertebrateesesciks.
ecological changes in the phenology andrdidtpilauiie and animals suggest that the global scale and pattern of conseaquarices for
are occurring in all well-studied marine, frestditateestrial groups biodiversity from climate changes are consisterg foitindHos
(Parmesan 2006). Range-restricted specieslyppoleudnd moun- terrestrial ecosystems. By 2050, ecosystems in gidnsltrere
taintop species, show severe range contractions and have beettadpe®rand semi-enclosed seas will have undergon®caimerous
groups in which species have gone extinct due to recent climatexgtiaagens. Conversely, the Arctic and Southerh €peaiesed
Tropical coral reefs and amphibians have been most negativelysaffeotespecies invasions. The impacts of aligatenchmarine
Predator-prey and plant-insect interactionsrhdigupted when biodiversity may result in a dramatic species turno&d péup t
interacting species have responded diffeaemilyggRarmesan 2006).cent in this ®rst quantitative estimation of manisiéyhiogizets

A comprehensive 2008 analysis of more than 2908 ffata sl atthe global scale (C 009).

continents, some covering over 35 years of obsei@awiiese In the face of such challenges, the cumudtstivEtedieer temperatures,
®ndings and goes further by attributing such changasgenénthrchanges in ocean circulation, and ocean acdéRoatir serious ex-
climate change (Rosenetval@008). In marine ecosystems thesamination (Jackson 2008, Miles 2009). Addiibesiveslving oxygen
responses include shifts from cold-adapteddaptadaemmunities, and nitrogen levels are also being incorparaiddimend analyses
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Table 4.1: Marine ecosystem disturbance

Coral DLive coral reduced 50-93#per b Over®shing
reefs cent; ®sh populations reduce@v\/arming and acidi®ca-

90#per cent tion due to increasing
DApex predators virtually absent; CQ

other megafauna reduced by ;
90-100¢#per cent Dliiéjgg;f of nutrients and

BPopulation explosions of sea- 5yasive species
weeds; loss of complex habitzft)

P Mass mortality of corals from
disease and coral bleaching

P Marshlands, mangroves, D Over®shing

seagrasses, and oyster reefs o p\noff of nutrients and
reduced 67-91#per cent toxins

DFish and other shell®sh populgynyarmi ;
tions reduced 50-80#per cent ofaggng due torise

DEutrophication and hypoxia, p|nvasive species
sometimes of entire estuaries
with mass mortality of ®shes Bffeoastal land use
invertebrates

bLoss of native species
DToxic algal blooms
D Outbreaks of disease

B Contamination and infection of
®sh and shell®sh, human disease

DPLoss of complex benthic habit&tOver®shing
®shes and sharks reduced SQ-DTrophic cascades
99#per cent

- .. BTrawlin
D Eutrophication and hypoxia in 9 .
“dead zones' near river mouth Runoff of nutrients and

_ toxins
DToxic algal blooms

- . . Warming and acidi®ca-
B Contamination and infection OP tion due to increasing

®sh and shell®sh C
D Decreased upwelling of nutrie@gpecies
B Changes in plankton communi{j«ggcape of aquaculture
species

B Commercially targeted ®shes b Over®shing
reduced 50-90#per cent

DPlncrease in nontargeted ®sh
Plncreased strati®cation
B Changes in plankton communities

Estuar-
ies and
coastal
seas

Conti-
nental
shelves

Open
ocean
pelagic

Status and trends of major ocean ecosystems de!ned by principal
symptoms and drivers of degradation in more than 99 per cent of the
global ocean that is unprotected from exploitation. Source: Jackson
2008

Figure 4.1: Modelled ocean acidi®cation

B

If CO, concentration
continues to rise un-
checked, models show
that acidilcation will
deplete carbonate ions
in much of the global

dissolution rates to exceed net calci®catiavhmaiesoral
reef systems (Hoegh-Guleibairg007).

The degree to which ocean acidi®cation irticahpbysir
ological or ontogenetic processes is essdedgbkﬁ@ﬂhe ocean by 2100, turning
proper response: These processes are impr taradei®ca- he waters corrosive for
tion, ecosystem structure and function, piaidarkitately many shell-building ani-
ecosystem health. Research into the synectgsticoeféan ~ Mals- Source: National
acidi®cation and other human-induced envitemgestahc Geographic 2007
marine food webs and the potential transftfeuttitreese changes

could have on marine ecosystems is urger(uieeitedl 2008).

Some success has been seen through establishmeenaent enforc
of marine protected areas (MPA) in efforts to enctluag®sirow
populations (UNEP 2008b, UNEP 2009). Climate ckatgya repres
new and serious threat to marine ecosystems, but, sbutdbs, few
have speci®cally considered how to design MPA nebsiigkstto be

to this emerging threat. Researchers have compilecatlableest a
information on MPA network design and supplememed®avith s
recommendations for building resilience into thies éorfetipdVPA
planners and managers design MPA networks that ast imore robu
the face of climate change impacts (Mael20a8).

Coastal processes

(Kwort al 2009, Scheffet al 2009, Voss and Montoya 2009, wakfological studies often focus on average effectsesftahfamnm

et al 2009). The implications of these cumulasandftéchemical

tors, but ecological dynamics and ecosystem fungtidepegdna

cycle responses have profound signi®caneesioeciesiand for the &S Much or more upon environmental extremesignespeieiaily

harvests that humans expect to reap throughehiB16Schubert
et al2006, Jackson 2008, Brewer and Peltzer 2§@9aRiigo).

Ocean acidi®cation

Preliminary ®ndings from the ®eld are verifying talsatetdrgn
experiments, and scienti®c understanding afitReativas ef-
fects on the marine species and ecosystems is underthay (
Oceans, Chapter Three). Initial concerns over océanfacisgi®d:
on reduced calci®cation in coral reefs and otherarglaai®oss
but other concerns are emerging. Elevated dissohahCalions
may impose a physiological strain on marine animglpeirfgrair
ance and requiring energy that would otherwise be osetibfor |
predation, reproduction, or coping with other e¢algtmasses suct
as warming oceans (Guietofle2008, Brewer and Peltzer 20(
However, long-term progress and consequences ofavhategir
chemistry on marine ecosystems and their vahieuspeeies
can only be theorized. Some data sets have allowedtamidér
ocean chemistry thresholds when acidi®cation witbchasatee.

in coastal regions where extreme events aretexpectase in

Figure 4.2: Location of Marine Protected Areas around the world

o

'1: =

WWF's marine priority ecoregion
Marine protected ansgmm:

The map shows priority ecoregions as well as the global distribution of Mar ine Protected
Areas in 2005. Source: WWF 2005
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Figure 4.3: Irrawaddy River Delta washes away and capacity of coastal and inland forest edosyaligar ecosystem
services such as carbon sequestration, sttiom, paitetion control,

habitat support, and food production. Theévahraidering coastal
wetland and inland forest sites across theds8ngmentinental-level
gradients of precipitation, temperature, yégetadinay of occurrence
of major windstorms, tidal range, watershegddaddediment avail-

ability. Once the methodologies are estahlisheépsiorks could be
created in other regions to evaluate themsmplicai#level rise and

L o windstorm effects at local and subnationiliogtaressi al 2008).

o, T i Physiological and biogeochemical responses ofdesyesrake
Moulmein ; are determined by prevailing ecological and meteniditagyisal co

! However, sudden extreme events can provoke the ontabigg of m
thresholds for certain organisms and trigger geplitetjalecrease
resilience, and alter community and ecosystenvsirtioieré~agre
et al 2009, Running and Mills 2009).

Another less appreciated but critical detdrtainesttial ecosystem
structure and functioning, particularly &s itoréifetcycle timing of
seasonal plant phenology and plant growth ie#ipeaseasli®cation of
variability in climate and environmental q@&udittosd2008, Fagre

et al.2009, Running and Mills 2009). Ampli®catical iraniability
intensities due to climate change introducegemogfor understanding
the biological consequences of environmeag(xégial 2008).

Recent work on changes in, and predictabitittiofeetiemonstrate
that the coincidence of otherwise normal ee@atsocamvironmental
£ Bassein " . \ extremes. Using techniques based on palespmt@saalsilience

; ! models, researchers are developing methods to measnce dist
from extreme events and their effects on species tarbaglaout p
ecosystems. Further efforts will focus on distinguestineveats
resulting from coincidence of background variabditietrasdes
introduced by climate change @ah2009).

[ ]

'ﬂllq.-l

Mangroves

Mangrove forests, those vast twisted habitats fornonds &ittag
many tropical and subtropical coastlines, providediggafiounds

Satellite images of the

Myanmar coast on 15 intensity and frequency. Theoretically, as oceandsurfagadanurseries for ®sh. In addition to their cruciabanchergidi
April 2008 (top) before atmospheric temperatures warm, the hydrologapegade willole in estuarine and coastal ®shery food chainspreatsjnave f
hc/lgk;%%g‘ Z;g'tfoi:)da?ter upbmore moisture will evaporate from oceans and laketgegrtly been found to provide important paotestabilization
Nargis hit the region, plants and soils will give up more water through transgiestieces for low-lying coastal lands (Thaetgl@0@6, Bosiet
showing the devasta- and evaporation because warmer air is capablenofgoldigg 2008, Kairt al 2008).

:ggs(i;(;?::gsz\ﬂ;he water vapour. Also, as oceans warm, they should havs\ M@ ber of studies have suggested that tice dsifiangrove

UNEP 2009, NASA 2008 €NErgy to supply tropical cyclonic winds. Spova'mmnbserecosystems can be observed in their recovery patteyssvelle

over the long-term and changing data analysis dbmtiesr{gﬂjral disturbance. Mangroves have demonstratsile oeside

varying cogglusmr!s. Sfomel analyslesbhﬁlvz d?team"m'%:;] ience over timescales proportional to shorelinelenoduistrated
quency and intensity of cyclones globally duringytbarksy by current soil accretion rates in mangrove forestabtitelye e

other evidence shows that the strongest cyclones eemerbecomaeping pace with average sea-level rise (Alongi 2008)
intense in all storm-prone regions (Klotzbach 2@ E0®x '
Despite their tremendous ecological value, sTrrifgooee of

However, models and observations agree that sudniemdlbwn;gﬁe fastest degradation rates of any global ieating 1 per
become more common in some regions, leadiregitembredding _cent of total mangrove area per yeaet (#ai608). Roughly half

and associated soil erosion and slope cfalztpsbsbkrved increases Nhe world's mangrove area has already been lost sino@the begi
rainfall are greater than the models have pnpdijatgdhat the expected

. . ] - of the 20th century. The major causes forribisndeale over-
intensity of rainfall may have been undergSifemaed Soden 2008)'exp|oitation, harvesting, pollution, and shrimpAGoutiag. per

In addition, human populations and the echaystappsytthem with cent of that mangrove loss has occurred since 1990Daedt25 per
food, ®bre, water, building material, and other resources are stiif thegdetal is from shrimp farms (&Giah2006, Thampargtal
ened by the storms that will penetrate further inland with rising s2@06v&esiet al 2008).

ﬁumam ﬁl ZIOOS)' SdtdornI; slurges, such as;h;;)ne dghim Iedé)y Mangroves might be able to adapt to rising sea levelgeatal cont
argisto the lrrawaddy Delta, can contant csasith saltwater rotect coasts from storm surges, to ®lter sedimshtdtem@sb

at the surface while sea-level rise can result in saltwater incu 3%% [ ®ngerlings. But, with the build-up of hurmas settleme
freshwater aquifers that supply groundwater resources (UNEP g@09%, ¢ i\ cture in coastal zones thémedagmavpich mangroves

Researchers are evaluating how two aspetésobicigeasea-level can retreat (Alongi 2008, MaclLeod and Salime2@fi&eduences of
rise and intensi®cation of windstorms, wélltestnture, function, losing these critical coastal ecosystems on mgriaedidlmgately
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on human beings, are enormous (Hoegh-<baldd@0§, Brown
2007, Alongi 2008, Chatenoux and Peduzzi 2007, UNEP-WC
Vermaat and Thampanya 2007, Brown 2007). [

Figure 4.4: Sundarbans Protected Area

Along many lowland sea coasts, tidal marshes prantl&sisi®d
of productivity but the threat from ongoing seasleatvrisieun-
derstood. Study of tidal marshes at the lower andtyppegsalin
and their attendant delivery of ecosystemvedivicemst affected
by accelerated sea-level rise, unless human demddoppliaphic
conditions enable tidal freshwater marshes to nig@tenmhdss
vertical accretion of salt marshes increases as itrdpesgds, ifa
compensate for accelerated sea-level ristea{Q04G9).

Islands

Sea-level rise presents an imminent threat to-fteplwdést eco-
systems on small oceanic islands, which ofterr@armbandemic
species. Once sea level reaches a critical thre sinsidipthé&dm
a landscape characterized by dryland forests and edahdster
to one dominated by sea grasses and mangroves can lyccur suaaen
following a single storm-surge event. Efforts speaasgairvival

This satellite image

d diti hat f ¢ ¢ e greenhouse-gas emissions scenario resutteal ilo s at shows mangrove for-
and to support conditions that form refuges for thresystesuse |, 1 per cent of the vertebrate fauna oféMonthchrad €St in the Sundarbans

. . i protected area. The
South America. The largest changes in fadiciedéqrthe mangroves appear deep

tundra, Central America, and the Andes Mourte@isavhegreen, surrounded to the
Saltwater contamination is particularly dif@dielbrsraall islands areas are likely to experience over 90 per cechapgeje north by alandscape of

s o " . : i : f icultural lands, which
because there s little possibility to retrestllavaiat higher levels.so that future faunal assemblages, diversities utiodslistfil appear lighter green:

are currently under development with the goal of sedeisgas m,
species-rich coastal ecosystems under threabgisgtall? QR8).

Together with shore erosion, saltwater incursiindtintal ageas will bear little resemblance to those of today 412008). and by towns, which

are already driving island populations from tingities 2008). .. . . appear tan; and b
y anving1s popuiations D (UM ) Disappearing and novel climates Streaﬂ;, which appea{

TERRESTRIAL ECOSYSTEMS The loss of whole, or even parts of, faunal assemblages eftéil Source: NASA

2006b

As has been presented, climate change affects a widengoge oftte disappearance of species and ecosystemsband the evo
nents of the Earth's systems. Individual compersysteofsiieact tion of new ones. Based upon an appreciation of palpbizialgeog
with a wide range of response times at differerinscesesrtig GHG principles, researchers suggest that the atinappeafing and novel
concentrations in the atmosphere. While radigtorefuges almost climates might be useful for understanding the claaegeptwed
instantaneously as atmospheric GHG levels riseswdanéngiof over the next century and more (\&iliha@%7, MacDonatldal
temperatures, melting of ice sheets, and seaviévebntinue long 2008, Seastegltal 2008).

after atmospheric GHG levels have been stabditenly-Téren
changes are referred to as the “climate change to@wnidlitiens
that we have already committed to because of earlier a@mnsb,
tions. The concept of unavoidable commitmédatsiastlyoapplied
to physical properties of the climate system. Howesep; itenco
be extended to terrestrial ecosystenmst @@E9, Plattner 2009).

Climate is a primary control on species distaibdterosystem
processes, so novel 21st century climates neyoonoation of
novel species associations and other ecologicaivberneaseie
disappearance of some extant climates cedtenly ¢ixtinction for
species through loss of habitat and of ecogysterilimtel climates
are projected to develop primarily in thentigpibs@pics, whereas
The global terrestrial biosphere shows signi®ceits irespianise  disappearing climates are concentrated in tropieatgionssamnd
to climate change. As well, it will continue to chandesfaftéeca the poleward portions of continents.
climate stabilization (Bret/&i2009). Ecosystems can be committed

to long-term change long before any response is obsereaile: F

ple, the risk of signi®cant loss of forest cover inidesazapiddyr

for a global mean temperature rise of about 2 degregscBelsii

unavoidable ecosystem changes must be considereiiontbe de

dangerous climate change (@oale009).

Increases in temperature over the last centuayihbeewrlinked to
shifts in species' distributions. Given the magnitude oftyprejecte
climatic changes, even larger range shifts can beetpe2td f
century. These changes will, in turn, alter ecologiitésamchu
the functioning of ecosystems. Uncertainties iraclgagisofgt-
tions at local and sub-national scales make it dif@srivdtiono
managers and planners to proactively adapt to diesatecstes
al.2008, Seasteelttal 2008, UNEP 2009).

One study addressed this uncertainty by assextsiniiptteffpcts
of expected changes on the geographic ranges060a\mst&;n
Hemisphere species of amphibians, birds, andisiag&tafature

climate S"_nUIanons with C()Ljple(_j atmOSpher?jmaéammlon New Caledonia is one of many small island developing states that are vulner able to
models. Eighty per cent of the climate projectioms belsgively [ow climate change. Source: L.G. Roger/Stillpictures
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Table 4.2: Interlinkages among climate ges, plant and animahses@nd economic activity

CHANGE
Phenology Temperature Rainfall Extreme events | CQ concentra-
+ spring arrival [ + means + means + storms tions
+ autumn arrival | + extremes + extremes + “oods + atmospheric
i + variability + variability + droughts + ocean
Effects on Species + seasonality + seasonality + ®res + ocean pH
Changes in competitive ability ] () o
Uncoupling of mutualisms =
(including pollinator loss and coral bIeaching@El l!' ® ® ®
Changes in fecundity = (e
leading to changing population structure @El lil @ . . .
Uncoupling of parasite-host relationships E| @B () ()
Inability to form calcareous structures and |j| ()
dissolving of aragonite E )
Change in distribution ranges @B |j| () () ()
Desynchronization of migration of dispersal {EME| () () ()
Increased physiological stress causing diren{ T [ T
mortality and increased disease suspectibili ._,_-l @ |£| ® ® ® ®
Uncoupling of predator-prey relationships @ |£| () [ ) [ )
Changes in sex ratio @E |£| @ () ()
Loss in habitat @ |£| () () ()
Interactions with new pathogens and invasi\{El |£| El () () ()

1 Agriculture Animal husbandr The changing climate is affecting the timing and quantity dfilitgtehavaiigth {
growing seasons, and the life cycles of pests and pathogens. Thasssuter|

' . on various species of plants and animals, with ultimate consegagatesffo
ﬂ Fisheries n Human health economic and development actytiese: Foden et al. 2008

Under the highest IPCC emissions scenariobthe one that mostocigslgncompasses equatorial regions, is ekjsandiggncEs all
matches current trendsb12+39 per cent of tlsaleesttial surface latitudinally determined climatologies, iheimtiedropical conver-
could experience novel climate conditions get t8mt8ould suffer gence zone, the subtropical dry zones, and the \aedtariaatd
disappearing climates by the end of this century. Dispersal limitaBatis€r at subpolar latitudes. The observed ratemaédeaatysi
imposed by fragmented habitats and physitiahsbstaliading those exceeds climate model projections for expansio2 thtragnthey.
built by humansbincrease the risk that species will experience Thedasgansion of the tropics not only has a cascadifeygdfect o
of existing climates or the emergence of novel climates. There &caleloseulation systems but also on prezapieatisrihat determine
correspondence between regions with globedisintiselppates and natural ecosystems, agricultural productivities, msbwates for
previously identi®ed biodiversity hotspotst\italiegas are predictedurban and industrial demands. Expansion of the hot @piddlumid tr
to occur at high latitudes and high altitudes, many tropical spemes deads to poleward displacement of theabubmepj areas
incapable of tolerating anything beyond nalditervgeations. Even occupied by most of the world's desertet( SR8, Let al
slight warming may threaten them. Ecosystepstéthieygmigrating 2009, Seaget al 2007, Johanson and Fu 2009, &ad2009).
species in tropical lowland ecosystems may endanger those species that . . .
are able to adapt to changes within an ecosystem at a particulaﬁ&gng“?tlon changes and dry-season rainfall rédac
but not to the absence of a key player in that ecosystetrafwillidh&any regions of the world, water is alreaatyds¢avee increased
2007, Tewksbuatyal 2008, Colwell al 2008). pressures from agriculture and urban expae$ido,bhetikme more
o so as global climate change advances. Shortagis afweulture
To address the problems of ecosystem lossaf ¢himée@hange, 4nd for basic human needs are threatening ccanomities world.
ecosystem management efforts are increasingly tadOTiENg  5oytheastern Australia has been short of water fecadarnd d
ecosystems are now suf®ciently altered inastclfitnntion to o thwestern North America may have alréadgdransiperennial

qualify as novel systems. Given this assumption, atetops todrought crisis climate (Murphy and Timbal 2@0@)d&tai2008).
systems to within their historical range of locattamisticaraor

processes may not be possible. In such circumstancesntmanA§€ording to projections, areas expected to be affestiezhby per
activities directed at removing undesirable feaglresosiystems drought and water scarcity in coming years includerthansbuth
may perpetuate or create ecosystems that will natrsageverivi northern parts of Africa, the Mediterranean, muctdlef BeestVid
actions should attempt to maintain genetic and spéyieghiéever & broad band in Central Asia and the Indidnesubsonthern
encouraging the biogeochemical characteristiogititae fmore and eastern Australia, northern Mexico, and the southivesster

desirable species (Seastati?008). Statesba distribution similar to current water-siggssed|PCC
2007a, Solomeinal 2009). Regional studies are following up on these
SHIFTING CLIMATIC ZONES projections and others from drought-threatened regions.

Changes in the tropics are becoming more appareinesSeferal |
evidence show that over the past few decades the,tvapicial belt
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Figure 4.5: Novel and disappearing climates
+3.4+C Novel climates +1.8.C

Disappearing climates

(] S re— . ]
0.22 172 3.22 4.72 6.22

World map of disappearing climates and novel climates under two of the IPCC s cenarios, one that projects a 3.4# C temperature increase and
one that projects an increase of 1.8# C. Changes occur almost everywhereb yellows and reds indicate more change from current conditions,
blue indicates less change. Source: Williams et al. 2007

Northern Africa study adds to the body of work that corresponds to and projects from the
Debate continues about whether the Sahed wwodd} thost vulner- region’s ongoing observations of warming arehdsyffajesetsal
able regions to climate variability, is at a tipping point. Some praf¥tfidpigenbaugfal 2007, Gao and Giorgi 2008, Létraé2008).
f:iage;fst Thzt fhe Sahel regtljonhofWest. Afsiea acuidden reV|va|.of o Wh\ﬁqestern North America

global warming and changes in ocean temperatures in the Nor ) ) ) )
Atlantic combine to trigger a strengthening of the West African tbi8giputhwestern region of North Amerieal trjelefories
This tipping point has been crossed in thevpast9g#00 and 5,000 toward intensi®ed aridity in the 21st century andlasesteine
years ago, large parts of the Sahel were verdant after an excEfiEniihe region are consistent with observed patiesherRRes
dry period around 10,500 years ago. Evidence published in 263#/96§t that a transition to a more arid climate in tteisoutiwe
gested that even if this revival occurs it may not be as abrupt $24&a@y underway, perhaps since 2000. It will ikelynatten
suggest. A study of pollen and lake sediments in the Sahara indsYgaepefore drought becomes the region's new. dlintiz®logy
how the Sahel went from wet to dry conditions over a 1,000 yeft§8pdi-year droughts of 1950s western North Amibtitabattr
that began 6,000 years ago. Other studies suggest this shift hip}saHgHons in sea surface temperatures or EI NigosSilatiwr
within a few decades. The search for a refiattépresicting future €ffectsbthe projected intensi®ed aridity in the Sahihvessilts
precipitation patterns in the Sahel region of Africa continues, Rfifinoifgreased divergence of large-scale moisturedregirees a

study suggesting that links to sea surface temperatures that h&ld8R4R& in atmospheric circulation cells lirdwadrtbepqiansion of
20th century might not apply in the 21st centune(i!peds, the subtropical dry zones. The 21st century dryinghdfdpess s

Brovkin and Claussen 2008, Cook 2008). areas in the region is unlike any climate state seemimehiinstr
) record. The most severe future droughts will stithgparsihtent
Mediterranean La Ni$a events, but they will be worse than curreneegtisenes b

New research con®rms that by the end of the 21st century thetheetizeNi$a conditions will be perturbing a drier ISessgetate (
ranean region will experience more severeiinarigityeban previ- al 2007, Barneidt al 2008, MacDonalchl 2008).
ously estimated. This aridity will render the entire region, partic:-!larlg the

. ) on rainforest
southern Mediterranean, vulnerable to water stress and deserti®cation.

Using the highest resolution projections published for the entire NEFRIA faces dual threats from deforestatiorimattiurarge

ranean basin, researchers project a substantatremansion " the 21st century (Malhl 2008). While deforestation is the most
of dry and semi-arid regime lands across the Iberian, Italian, Yigiigifireat to the Amazon ecosystem, diigeaie eferging as
and Turkish peninsulas. These results imply a corresponding FefiEQP§I9 threat to the future of the regiafy, Gheremajor agent
temperate oceanic and continental climate regimes and a like§f Singe '”_ﬂ_‘e Amazon forest ecosystem kelitetyeased dry-
vegetation cover, with huge implications for agriculture in the re§fRAS§hRrecipitation (Beal2008). The Andean ank of the Amazon
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Thermokarst emerges
across the permafrost is home to exceptional biodiversity, adjoinsitidivecss b Arctic permafrost soils store enormous amountsrafladibgalll

tundra landscape.

regions of lowland Amazonia, and hosts ashetibezdivet northern circumpolar regions, these ecosystems aréodstiltiate

Source: S. Kazlowski

spots in otherwise dry areas. The cloud forest$,b8fvee twice as much carbon than is currently haichosihteere in the form

and 3,000 metres of elevation, considered to hellg potef COYZimoet al 2006, UNEP 2008c, Sattuair2008, Canadell
disappearing climate, are susceptible to doyiddea®ls rise in the and Raupach 2009). If Arctic warming accelerates asrexpécted
face of warming temperatures, and higher edéwetiioheredemics the possible global implications of ensuing fe¢dabekssystems
would be particularly vulnerable éKalex507, Malket al 2008). could cross critical thresholds as discussed in Ear(CISystem
One). Current warming in the Arctic is alnegdya@ased emissions
of CQand CHand feedbacks may have already begun (UNEP 2008
UNEP 2009, Wadteal 2007, Westbroetkal 2009).

Since Amazon forests appear vulnerable tg idreass) the
potential for large carbon losses servingategdsiticks to climate
change must be considered. According to sohersetiemexcep-
tional growth in global atmospheric carbon djoite¢tations Most of the carbon released from thawingisattssdrigm the
in 2005, the third greatest in the global record, maypaatiallyeendecomposition of organic matterbplant, aninmatrabiél re-
caused by Amazon die-off resulting from drought effeCtx effentaifsbdeposited thousands of years ago. Thisaitgahas been
et al 2008, Philligs al 2009). kept relatively stable as a result of low temperatuzesafrtdst p
in which it was trapped. As permafrost thaws, it crestassthar
landscape of collapsed and subsiding groundrwittangeddakes,
wetlands and craters on the surface (UNEP 2008c).

An annual increase of only 0.4 per cent inokesaba@niass roughly
compensates for the entire fossil fuel emissionsBiipstama
switch from a moderate carbon sink to even a eentaahstdérate
carbon source would have signi®cant implicatmriklarptof CO  In this newly thawing landscape, upland areas wittage@hdrai

in the atmosphere. Considering that a 0.4 per cent ofnaissual bkygen available for microbial activity, are ussatifyGQuncire

sink represents the difference between twogetuchldes, the waterlogged areas and in lakes where anaebelsidetioropose the
stand-level growth average approximating 2.0 qbnmuetéldy — organic matter, ®ecomes the dominant emission. Carbon emissions
averaging of about 1.6 per cent, either a small decreas® i grdwom Arctic terrestrial ecosystems are increasinghgeagowing

small increase in mortality could shut the similigmira(P008).  seasons and warmer temperatures support edtendealesplant

. growth. The interactions of these and othes pviticdestgemine the
Peatlands and permafrost soils net effect of GHG emissions from the Ardety,\Atictia emissions

The consequences of persistent climate wagtingnf gubarctic g the atmosphere will outpace potential capempsioesses
terrestrial ecosystems, and associated proeessesoas. The hile changes in landscape will result in more of the)Bbe's ene
releases of carbon dioxidg, (@@hane (JiHand more recently, jng absorbed and released as heat, accelerating baHagabal a
nitrous oxide, @Y in these regions have accelerated in recent degafgfe change (Canadell and Raupach 20ap20g8, Schuur
(Canadell and Raupach 2009). et al 2008, Canadedlal 2007, Tarnoial 2009).
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Mountains Figure 4.6: Total per cent coverage by perennial plants tleibeep Canyon
As climates change, sea levels rise, wetlands andjdsgards a Transect (Southern California’'s Santa Rosa Mountains) in 1977 &nd 200
ecosystems evolve, species seeking conditions teabatbatoo

feature some other advantageous characteristicslaitidnaoee i

upslope. Observations already demonstratedbg$aineesan

2006, Rosenzwetgal 2008, Lenagt al 2008, Kelly and Goulden

2008). As these species adapt at higher altifudey taelassi®ed

as non-nativebor even as invasive. The same chathatezistics

advantages when recognizing resiliency andyadbsotadbéntify

weeds and invasive species.

Traditionally, biological invasions have baeaedesogmajor driver

of biodiversity decline and altered ecosystein smmeécesregions

where most studies have been conducted to doetsuelet édfgcts
facilitated by human-mediated propagation (Dietz aB@(8gdwards
Paucharet al 2009). In contrast, high-elevation envirczenesds s

less affected by invasionsBan assumption based on hacsher clima
conditions and comparatively low human populatioH deeskitie

recent analysis estimates that over a thousand pecieathave
become established in natural areas at high eledatidas amnat|
although many of these are not considered invasive,reates may th

extant native mountain ecosystems (fehatBaap). Source: Kelly and
. . o that time was severely damaged by herbivor&hesects Goulden 2008
In fact, recent studies have observed both rapid andiisi®ca ..o4 chers conclude that increased insect danjageis diket

plant distribution to high altitudes. The ®ndingstoomRror@lation long-term effect of anthropogenic atmospiTeriea® and warming
between the observed changes in the distribrgiosaif these plant temperatures (Curitral 2008).

species with observed changes in regional clioate Gordparing
surveys of plant cover from 1977 and 2007 along a 2,3¢4-metrd gse ®ndings have implications for humarvredbith tmat of

tion gradient of California's Santa Rosa Mountainsrsrésead €cosystems. Increased duration of seasons and oaltestiohrépr

that in just 30 years the average elevation of the aonsipacies! vectors of human disease are considered immediate theats to hum
expanded upward by 65 metres (Kelly and Goulden 20G8). Dir@#ith due to anthropogenic climate change Kblis%ader 2007,

same period, southern California’s climate expedeaceatsinfy, Costellet al 2009, Clemeettal 2009).

increased .precipitatio.n variability, and q decreﬂsmvgrsﬁ'me ECOSYSTEM ADAPTATION

upward shifts were uniform across elevation, souggbstivegeta-
tion responded to a uniformly distributed causalddition, fine

vegetation shifts resulted in part from moitajityd distinguishe € ‘
periods of drought, implying a temporal sign-swgeigrigt'@h management efforts to mitigate climate chaglyetosystem
instruments focus on modi®cation of one pathway, cgtrhon seque

tion. Using only one approach will only pdreabytlae issue of
ecosystemzclimate interactions. The coolétg tifatli@sults from
carbon sequestration in forests may be pgétietlyogereduced
Another recent study across the temperate andededitenrstain - surface albedo: This increases solar energy alzsdiptignydee
forests in western Europe revealed a similar upviaressiifam  radiation, and local temperatures. Consideratitminferadtipns
species. Here, researchers compared the altitibditiah diff71  and feedbacks in climate management through ecosylsins could
plant species spanning from 0 to 2,600 metres aboveteea lewglinhovative climate-mitigation strategiesg iG¢h@lireductions
results indicate a signi®cant upward shifresZf#nuscade in the primarily in industrialized nations, reduced deséntédithrones,
optimum elevation of species over the 20th cenergl @@08)r  and reduced deforestation in the tropics. Each ditjiesehasa

As ecosystems shift, native species may adapt inavayketeffect multl-ple ecological and soc?letal beng®ts. A§ses‘sug/ﬂsrm|sef
of an invasive species. Among insects especially, ctidogisg cgraures bgtter understanding of the interactions baubm;(ged
may bring advantages that throw relationshipyevoiilehmia esse_s, thewconsequenc_es at Ioca] and glohat-tsttxgemnnectpm
out of balance. Many insects in temperate zones aaemmviving#hat link changes occurring at various scales ingltifes¢Ghapin
peratures that inhibit their optimal metaboliesapébilitvarmer llet al 2008).

temperatures their reproductive seasons and rateasmayithcr Climate change threatens ecological systgnssalesheoughout the
consequential increase in population. Mangéreseatsspmodulate world. Managing these systems in a way that igteoksatya will
metabolism to carbon dioxide availability aimjiatneaspheric fail to meet the most basic management objectisesirtdewainty
concentrations will grant advantage from that fd¢ebsai!  in projected climate change impacts is one of the ajleagest ch
al 2008, Deutsehal 2008). facing ecosystem managers. To select succagsfuentatrategies,
managers need to understand the uncertainty priogreted climate
impacts and how these uncertainties affect the outcoages of ma
ment activities. Perhaps the most importamznagfog ecological

years ago. As carbon dioxide concentraticet; s@ididshe insect §ystems in the face of climate chgnge is active adggtimmana
damage. When,€0ncentrations decreased, the insect damag@(%‘mh systems are closely monltoreq and managgimerretrat
as well. When @0ncentrations were at their peak, every leaf ﬂjg?ﬁed to address expected and ongoing changesi(26@8r

Ecosystems in"uence climate by affecting thestmeryyl carbon
d balance of the atmosphere at local and larger scatgsutienteve

climate change due to water balance. Following thexseddines,o
researchers attributed the shift to climate charfugnradtesthter
air pollution or ®re (Kelly and Goulden 2008).

A 2008 study examined insect damage in oves$ild8aves
from ®ve different sites originating in the Fadeeceng&hermal
Maximumban era of high carbon dioxide consebratidion
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