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[limate change: causes and consequences
The greenhouse effect: a good thing!
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+ ¢ Solar radiation warms the earth
~« Earth cools by emission of (thermal) infrared radiation
~ + Greenhouse gases ‘retain’ infrared radiation
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The greenhouse effect: a good thing!
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~ « Greenhouse effect makes earth inhabitable:
' — Global temperature +15°C instead of -18°C

— CO, alone responsible for ~12°C rise
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The greenhouse effect: a good thing!
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Changes in the Ocean: Changes in‘on the Land Surface:
Circulation, Sea Level, Biogeochemistry Orography, Land Use, Vegetation, Ecosystems

~« Other radiatively important constituents:

— Water vapor and clouds
— Aerosols (dust), anthropogenic and natural

— Ozone
— (Reactive trave gases) (land use change)
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6 Climate 8 ange ™ P¢

B

&
-

it

e

nunication

:'  Radiative forcing



Cllmate chamnge: causes and consequences
The greenhouse effect: a good thing!
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i¢limate change: causes and consequences

TThe way we change atmospheric composition

Global Carbon balance 1989-1998
(Gton Carbon per year)
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TThe way we change atmospheric composition
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Variations in atmospheric CO5 concentrations on different time-scales

Y e (d) Vostok

— 00 Mauna Loa
— QD2 South Pola

COs concentration (ppm)

T T T
15960 1970 1880
Yaar Age (kyr BP)

R PAE e S L

Mg Loa

& Law Dome

v Adelie Land

+ Giple

& Souh Pole
[]

Oz concanlealion {ppm)

Ci0a concentration (ppm)

I
b [u] 1000 1200 1400 1600 1800 2000 15 10
Year Age [Myr BP)




B mate change: causes and CoONsSequUENCES
The way we change atmospheric composition

:: .S Rate of increase of COs in the atmosphere
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A lot of interannual variation
= * Natural variation (e.g. El Nino)
~ » Anthropogenic drivers (e.g. forest fires)
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1\‘ increase faster than at least last 20000 years
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Climate change is already there
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Climate change is already there
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Climate change is already there

Temperature anomaly (*C)
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Climate change is already there

{b) Anthropogenic (c) All forcings
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*= + We can model climate change
~~ + Natural drivers alone can not explain observed changes
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Climate change is already there

NCAR-PCM 1 : Historical Forcing Flun
Obsonvations (Range of CRU, GISS, NOAA)
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== ~+ We can model climate change
-+ Natural drivers alone can not explain observed changes
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. Climate change is already there

“Human influence on climate discernable

= Since 1950 human influence dominates over
= natural variations (sun, vulecanism, El Nino,
§+. chaos)

n Climate Chahge !

— glacier retreat, thawing of permaforst
— lengthening of growing season
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' What to expect in the future?

Future climate change

I+ Future economic development scenarios
£ * Future emission scenarios

. » Future climate scenarios

1 — Global mean trends and variability

— Regional mean trends and variability
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What to expect in the future?

| SRES scenarios — story lines B1, B2, A1, A2
e depend on societal choices More extreme emissio>ns
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What to expect in the future?
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What to expect in the future?
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SRES A2

,;. Temperature change 2071-2100 relative to 1961-1990
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~ SRES B2

i ,;. Temperature change 2071-2100 relative to 1961-1990
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SRES A2

: ,;. Precipitation change 2071-2100 relative to 1961-1990



Jimate change: causes and consequences
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~ SRES B2

: ,;. Precipitation change 2071-2100 relative to 1961-1990
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glimate change: causes and consequences
| What to expect in the future?

* Mean precipitation and
temperature changes
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What to expect in the future?

« Extreme seasons

Climate Change

— Percentage of years
with mean winter
temperature below
present day 1-in-10
cold winter threshold

— Percentage of years
with mean summer
temperature above
present day 1-in-10
hot summer threshold
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What to expect in the future?

Zomertemperaturen in Nederland
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What to expect in the future?

t2max in AUG at 6 °E, 50 °N
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What to expect in the future?

S Projected climate change this century

‘s Average temperature increase 1.4 - 5.8 °C

Y — especially land, especially high latitudes

| "'+ Precipitation increases

' — especially N high latitudes + antarctica, tropics variable
Average sea level rise 0.09 — 0.8 m

UE 4 e More extremes

| » Persistent for (many) centuries
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| How will'it affect us?

S Nature

Shifts in primary biome types

Shifts in species distribution

Changes in growing season length

Changes in phenology, timing of breeding/hatching
Effects on species interactions

Shifts in biogeochemical cycles
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How will it affect us?

 shifts in primary biome types

and biome type

Cllmate chamnge: causes and consequences

W Tota percentage of the
affected area that can
adapt

O Total percentage of the
affected nature reserves

that can adapt

B Tota percentage of the
affected strict nature
resenves that can adapt

ssaud ul ‘JnoyyoIgesuewas

= Adaptation possibility depends on rate of climate change



How will it affect us?

S Nature
¢Shifts in biogeochemical
/ cycles: Carbon cycle

« Photosynthesis optimum
temperature

1« Respiration increases

| with temperature

heterotrophic respiration
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" More than 2-30C warming:
.+ Terrestrial sinks

... becomes source
« Feedback ! L.—.
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. How will it affect us?

“Agriculture
+ Changes in growing season length (yield increase)
£ * Changes in phenology (yield decrease)
=\ . Effects on species interactions (pests !)
= & .« Shifts in optimal crops
B + Net globally increased production
S ||| — If and when nutrients and water available

— Major shifts in grain belts
— Subsistence agriculture vulnerable

= * Increased risks of weather extremes and thus crop
e failures

Climate Change
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Agriculture
~~ + Changes in production potential of cereals

ielimate change: causes and consequences

How will it affect us?

— (ECHAM4, 2080)
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[Climate change: causes and consequences
How: will it affect us?

Developed countries Developing countries

(Zainers Losers (Gainers Losers
[ ] Rain-fed single copping
1 Rainfad multipls cropping

B ot andior imigsisd, multipls cropping

~ Agriculture

« Changes in production potential of cereals per country
— (ECHAM4, 2080)
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How will it affect us?
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How will it affect us?

|

Mislions at risk in 20508 d olll] e Millions at risk in 20808
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Agrlculture safety and health

~ +» Water shortage, food shortage, malaria risk, risk of
: flooding
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| How will'it affect us?

Increased temperature extremes
Longer pollen season, more smog
» Changed distribution of vector diseases
~ Increased occurence of spoiled food and water
Risks of flooding etc
5 1\1

depends strongly on welfare level

Climate Chahge
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What to do and when?
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imate change: causes and consequences

sector Historic emissions Potential emission  Potential emission MNet direct costs per tonme of carbon  avoided
in 199 reductions im 20000 reductions in 2020
(MIC, (v (MIC, fyr) (MIC, fyri
Buildings® COy, only 1650 TOO-750 LOO0-1, 1000 Moat reductions are available at negative net direct coata.
Transport CO, only 1,080 100300 00700 Moat stndies indicate net direct costs less than US$25,1C
but two suggest net direct costs will exceed USS50/C,
Industry €0, only 2,300
-energy efficiency SO0 500 TOO-900  More than half available at net negative direct costs.
-material efficiency ~200 -G Costs are uncertain.
Industry Non-CO, gases 170 ~ 100 ~100 N0 emissions reduction costs are USH0-U E$lD,"tCEq.
Agr:ic:ulture" €O, only 210 Moat reductions will cost between USRI lﬂﬂﬂceq. with
Non-CO, gases 1.250-2,800 150300 350-7500  limited opportunities for negative net direct cost options.
Wasteb CH, only 240 ~200 ~206  Abont 75% of the savings as methane recovery from
landfills at net negative direct cost, 25% at a cost of
s EED,.-'tE'eq.
Montreal Protocol 0 ~ 100 n.a. About half of reductions due to difference in study
replacement applicationa baseline and SRES baseline values. Remaining half of
Non-CO, gases the reductions available at net direct costs below
LTSSEEG,.ftCeq.
Energy supply and (1.6200 SO 150 350-700  Limited net negative direct cost options exist; many
conversion® CO, only options are availahle for l2sa than TJS$1IIIIII,."IC'Eq.
Total [ TITT TS 1 SHik—2, 641K 2605, 050
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Plimate change: causes and consequUences
| What to do and when?

6, 7%\ Strong reductions required (30% 2020, 80% 2050)
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Climate change:
.causes and conseguences

Thanks for your attention
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