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YearYear
 

2010 (2010 (januaryjanuary--septemberseptember) ) waswas
 

thethe
 

warmestwarmest
 

everever

NASA, 2010 NASA, 2010 



NaturalNatural
 

climateclimate
 

changechange??

NCAR, 2009 NCAR, 2009 



WhileWhile
 

thethe
 

sunsun
 

activityactivity
 

isis......

FrohlichFrohlich

 

and and LeanLean, 2010 , 2010 
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COCO22
 

emissionsemissions
 

and and concentrationconcentration
 

willwill
 

increaseincrease

USA
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EnvironmentalEnvironmental
 

limitslimits
 

ofof
 

forestsforests
 

––
 

temperaturetemperature, , sunlightsunlight, , waterwater

(Boisvenue
 

and
 

Running, 2006)

Climatic
 

stress –
 

drought, high
 

temperatures



FractionFraction
 

ofof
 

droughtdrought
 

relatedrelated
 

referencesreferences

AllenAllen

 

etet. . alal., 2009., 2009

(forest+mortality+drought)/forest



AllenAllen

 

etet. . alal., 2009 ., 2009 

DynamicsDynamics
 

ofof
 

biomassbiomass
 

((carboncarbon) in ) in timetime



SchematicSchematic
 

effecteffect
 

ofof
 

climateclimate
 

shiftsshifts
 

on on forestforest
 

mortalitymortality



EffectEffect
 

ofof
 

ecologicalecological
 

factorsfactors
 

in in relationrelation
 

to to carboncarbon
 

sinksink

GoughGough

 

etet. . alal., 2008 ., 2008 



LongerLonger
 

growinggrowing
 

seasonseason
 

––
 

largerlarger
 

carboncarbon
 

sinksink??

Hu Hu etet

 

alal., 2010 ., 2010 

SubSub--alpinealpine
 forestforest

in Rocky in Rocky 
MountainsMountains



AdamsAdams

 

etet

 

alal., 2010 ., 2010 

EffectEffect
 

ofof
 

higherhigher
 

temperaturestemperatures
 

duringduring
 

thethe
 

droughtdrought
 

on on forestforest
 mortality (mortality (PinusPinus edulisedulis))

+ 4,3 + 4,3 °°CC
 

duringduring
 

thethe
 

droughtdrought
 

shortenedshortened
 

timetime
 

neededneeded
 

forfor
 

largelarge--scalescale
 

diedie--offoff
 

by o 26 %by o 26 %

55--foldfold
 

increaseincrease
 

in in thethe
 

numbernumber
 

ofof
 

catastrophiccatastrophic
 

droughtdrought



EuropeanEuropean
 

heatheat
 

wavewave
 

ofof
 

2003 2003 andand
 

carboncarbon
 

sinksink

Decrease
 

in GPP and
 

respiration!

ReichsteinReichstein

 

etet. . alal., 2006 ., 2006 



CarnicerCarnicer

 

etet

 

alal., 2011., 2011

ChangesChanges
 

in in precipitationprecipitation
 

andand
 

defoliationdefoliation



Spring: Warm temperatures accelerate growth more than soil decomposition. The 
annual relationship of NEP to temperature is positive
=> Warming enhances carbon uptake
Autumn: Warm autumn accelerate growth less than soil decomposition. The 
annual relationship of flux to temperature is negative.
=> Warming reduces carbon uptake

Piao et al. 2007, Nature

Temperature vs. gross C Fluxes in NH (>25Temperature vs. gross C Fluxes in NH (>25°°N)N)



IPCC 2007

The warming trend 
is more 

pronounced in 
spring over 

Eurasia

The warming trend 
is more 

pronounced in 
autumn over North 

America

CarbonCarbon
 

sinksink
 

in Eurasia in Eurasia isis
 

> than in North America> than in North America



PinusPinus
 

ponderosaponderosa
 

((pestpest
 

DendroctonusDendroctonus ponderosaeponderosae))

Kurz Kurz etet

 

alal., ., NatureNature

 

2008 2008 

SINK

SOURCE

Current outbreakCurrent outbreak

 

isis

 

1010--foldfold

 

biggerbigger
than any other in history than any other in history 

Forests in North AmericaForests in North America

DecreaseDecrease

 

in in productivityproductivity

 

si si similarsimilar
to to increaseincrease

 

in 80 to 90in 80 to 90--ties ties 
asas

 

a a resultresult

 

ofof

 

globalglobal

 

changechange



Whitebark
 

pine’s
 

range
 

in British
 

Columbia that
 

is
climatically

 
suitable

 
habitat

 
for

 
mountain

 
pine

 
beetle. 

CampbellCampbell

 

etet

 

alal. 2010 . 2010 DisturbanceDisturbance

 

ecologyecology

 

and and climateclimate

 

changechange, , ConferenceConference



Winter temperature increase is crucial for insect survivalWinter temperature increase is crucial for insect survival

Average winter temperatures in Canada
 

1948-2010



Background mortality rate of natural forests is increasingBackground mortality rate of natural forests is increasing

van van MangtemMangtem

 

etet

 

alal., Science, 2009., Science, 2009



SilvaSilva

 

etet

 

alal., ., PlosOnePlosOne, 2010, 2010

GrowthGrowth
 

ofof
 

forestsforests
 

isis
 

slowingslowing
 

downdown



Suitable conditions in decline for Suitable conditions in decline for WhitebarkWhitebark
 

pine pine ((PinusPinus albicaulisalbicaulis))

WarwellWarwell

 

etet

 

alal., 2007, ., 2007, ProceedingsProceedings

 

ConferenceConference

TodayToday203020302060206020902090

YellowstoneYellowstone



And And otherother
 

species (species (PinyonPinyon pinepine, , PonderosaPonderosa pinepine) ) 

US US ClimateClimate

 

ChangeChange

 

ScienceScience

 

Program, 2009 Program, 2009 



GlobalGlobal

 

ClimateClimate

 

ChangeChange

 

ImpactsImpacts

 

In In thethe

 

UnitedUnited

 

StatesStates, 2009 , 2009 

And And otherother
 

species species --
 

AlaskanAlaskan SpruceSpruce
((pestpest DendroctonusDendroctonus rufipennisrufipennis))



Canada
 

(Yucon), boreal
 

forest, Picea glaucens die-off
 

at
 an

 
area of

 
400 000 ha (= 4 000 km2)   as a 

consequence
 

of
 

mild
 

winters



CoxCox

 

etet

 

alal., ., NatureNature, 2008 , 2008 

Amazon Amazon forestforest

CO2

 

only

CO2

 

+ aerosols

HadCM3LC Cox

 

et

 

al

 

2000

2005

At
 

450 ppm
 

the
 

2005 drought
 

will
 

occur
 

every
 

2 years! 



FiresFires
 

in Amazon in Amazon willwill
 

increaseincrease

7. 10. 2010, Braz7. 10. 2010, Brazíílielie

MongabayMongabay, 2010 , 2010 

23. 8. 2010, t23. 8. 2010, téémměřěř
 

150 000 po150 000 požžáárrůů!!!!



Amazon Amazon forestforest
 

andand
 

climateclimate
 

modelsmodels

MalhiMalhi

 

etet

 

alal., PNAS, 2009 ., PNAS, 2009 

HADCM3



WildfiresWildfires
 

are are biggerbigger
 

andand
 

more more frequentfrequent

Vývoj požáru v USA (+Aljaška)
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IncreasedIncreased
 

COCO22
 

and and leafleaf
 

temperaturetemperature

Lower
 

stomatal
 

conductance,
Lower

 
transpiration

LongLong

 

etet

 

alal. 2006 Science. 2006 Science

Lower
 

freeze
 

tolerance (as a 
result

 
of

 
slower

 
acclimation)

(Loveys

 

et

 

al. 2006)



EffectEffect
 

ofof
 

increasedincreased
 

weatherweather
 

variability on variability on ecosystemsecosystems

Gu
 

et
 

al. 2008 BioScience

Spring
 

freeze

Unusually
 

high
 

temperatures
 

several
 

consecutive
 

days



EffectEffect
 

ofof
 

increasedincreased
 

weatherweather
 

variability on variability on ecosystemsecosystems

GuGu

 

etet

 

alal. 2008 . 2008 BioScienceBioScience



EffectEffect
 

ofof
 

COCO22
 

and and temperaturetemperature
 

on on plantplant--pestpest
 

interactionsinteractions

Zavala
 

et
 

al
 

2008 PNAS, Currano
 

et
 

al. PNAS 2008, Wilf
 

2008, New Phytologist

Rising

 

temperature

 

is

 

associated

 

with

 

increased

 
herbivory

 

in multiple

 

studies, a result

 

with

 

major 
predictive

 

importance

 

for

 

current

 

global

 

warming. Diverse 
floras

 

are usually

 

associated

 

with

 

diverse insect

 

damage; 
however, recovery

 

from

 

the

 

end-Cretaceous

 

extinction

 
reveals

 

uncorrelated

 

plant

 

and

 

insect

 

diversity

 

as food

 
webs

 

rebuilt

 

chaotically

 

from

 

a drastically

 

simplified

 

state. 
Calibration

 

studies

 

from

 

living

 

forests

 

are needed

 

to 
improve

 

interpretation

 

of

 

the

 

fossil

 

data.



Currano
 

et
 

al. PNAS 2008

PaleocenPaleocen--EocenEocen
 

ThermalThermal
 

Maximum (PETM)Maximum (PETM)

55.8 milions
 

year
 

ago:

3-fold
 

increase
 

of
 

atm. CO2

Global
 

temp. Increas
 

by 
 

5°C 
in 10 000 years

Increased
 

insect
 

damage
 

in 
angiosperm

 
plant

 
is

 
probably

 the
 

result
 

of
 

combined
 

CO2

 

and
 temperature

 
effects
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WhatWhat
 do do climateclimate

 modelsmodels
 expectexpect??
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VegetationVegetation
 

shiftsshifts
 

((processprocess--basedbased
 

modelsmodels))
HE LE HE LE

MorinMorin

 

etet

 

alal., ., JournalJournal

 

ofof

 

EcologyEcology

 

2008 2008 

AcerAcer saccharinumsaccharinum

AcerAcer saccharumsaccharum

AesculusAesculus glabraglabra

CaryaCarya avataavata

FraxinusFraxinus americanaamericana

FraxinusFraxinus nigranigra



VegetationVegetation
 

shiftsshifts
 

((processprocess--basedbased
 

modelsmodels))

Climate
 

change
 

has already
 

caused
 

distribution
 

shifts
 

in many species, and
 climate

 
predictions

 
strongly

 
suggest

 
that

 
these will

 
accelerate

 
in the

 
future.

16 North
 

american
 

tree
 

species, local
 

extinctions
 

in the
 

south
 

of
 

species 
ranges

 
(21% of

 
the

 
present

 
distribution, on average)

colonizations
 

of
 

new
 

habitats
 

in the
 

north, though
 

these are limited by 
dispersal

 
ability

 
for

 
most species.

Distribution
 

shifts
 

are very
 

species-specific, however
 

the
 

loss
 

of
 

habitats
 southward

 
will

 
be

 
mostly

 
due

 
to increasedincreased

 
droughtdrought

 
mortality mortality andand

 decreaseddecreased
 

reproductivereproductive
 

successsuccess

northward
 

colonizations
 

will
 

be
 

primarily
 

promoted
 

by increasedincreased
 probability probability ofof

 
fruitfruit

 
ripeningripening

 
andand

 
flowerflower

 
frostfrost

 
survivalsurvival

MorinMorin

 

etet

 

alal., ., JournalJournal

 

ofof

 

EcologyEcology

 

2008 2008 



DiffenbaughDiffenbaugh

 

a a AshfaqAshfaq, , GeophysGeophys. . ResRes. . LettLett., 2010., 2010

OccurenceOccurence
 

ofof
 

extremeextreme
 

heatheat
 

waveswaves
 

willwill
 

increaseincrease



……
 

alsoalso
 

in in EuropeEurope

Increased
 

heat
 

wave
 

frequency
 

as compared
 

to normal
 

(1961-1990)

FischerFischer

 

and and SchaerSchaer, , NatureNature

 

GeoscienceGeoscience, 2010 , 2010 

2021-2050 2071-2100



Probability Probability ofof
 

heatwavesheatwaves
 

has has alreadyalready
 

doubleddoubled
 

in in EuropeEurope

StottStott

 

etet

 

alal., ., NatureNature, 2004 , 2004 

2003

2040

Sink

Source



HeatHeat
 

wavewave
 

in in RussiaRussia

Odchylka průměrné
 

měsíční
 

teploty pro dvě
 

extrémní
 

vlny veder

Once
 

in 500 years Once
 

in 1000 years

NOAA/ESRL, 2010 NOAA/ESRL, 2010 



AverageAverage
 

numbernumber
 

ofof
 

reacordreacord
 

hothot
 

temperaturestemperatures
 

in in AustraliaAustralia
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Year

BureauBureau

 

ofof

 

MeteorologyMeteorology, , AustraliaAustralia, 2010 , 2010 



TemperaturesTemperatures
 

andand
 

wildfireswildfires
 

in in australiaaustralia



BiomassBiomass
 

as as anan
 

renewablerenewable
 

energyenergy
 

sourcesource??

HoltsmarkHoltsmark, 2011, 2011



•
 

Climatic
 

extremes
 

(droughts
 

and
 

floods) 
will

 
be

 
more frequent

 
and

 
larger

•
 

Ability
 

of
 

the
 

forest
 

ecosystems
 

to absorb
 carbon

 
will

 
decline

 
in the

 
future

•
 

Climate
 

change
 

poses
 

increasingly
 

difficult
 challenge

 
for

 
long-term forest

 management

ConclusionsConclusions
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