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Climate: many components and procg,

Changes in the Atmosphere: Changes in the

Composition, Circulation Hydrological Cycle
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Changes in the Cryosphere:

pygrosphere: Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers

Rivers & Lakes

Changes in the Ocean:

Changes in/on the Land Surface:
Circulation, Sea Level, Biogeochemistry

| Orography, Land Use, Vegetation, Ecosystems

Hour/Daily = Weather
30 year averages  Climate = average weather

Climate change  (larger) changes in weather
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Greenhouse effect

Heat trapped in the .
troposphere by gases’ the climate system.
particles and clouds

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

Natural greenhouse
effect (water, CO,, ...)
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Enhanced greenhouse TS (R,
effect by increase in '
gases and particles
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Earth’s energy balance ’P

Incoming 235 Outgoing

Reflected Solar
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Balance between incoming solar radiation and outgoing
longwave radiation
Climate change  Disturbance leading to a balance at
different conditions
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Disturbance: Radiative forcing

Radiative Forcing Terms

greenhouse gases
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C I I m ate C h an g e Ozone Stratospheric

M al N g ases. Stratospheric

- CO,
- CH,, N,O, CFCs, Ozone o {”"“‘em

Halocarbons

Radiative forcing LongHivd |

Tropospheric

[
[
[
[
Black carbon

[

[

[

[

[

[

[

[

[

[

|

[

[

|

[

Surface albedo '
on snow |
[
[
|
[
[
[
[
[
[
[
|
[
[
|
I
|
[

Human activities

[
[
[
Aerosol | Cloud albedo !
- Aerosols l
[
Linear contrails (0.01) '
T T T . g I
| | | E — !
cooling | warming ! ! ! © 9 . ) | I
> | : | E § Solar irradiance | :
= | I czd =t ' '
§ 0.5 o | - Total net :
S Tci’taeicljizgzlherc;g%gi]ﬁmc [ human activities |
g [e] : . 1 . s ] L i
5 | ] -2 -1 0 1 2
Q . 5 r
o { i | Radiative Forcing (watts per square metre)
||<€—90% confidence = | :
|:| interval I :
(o) — -

-1 0 1 2 3 4 IPCC (2007)

Radiative Forcing (W m2)
N A [ }

Netherlands Environmental Assessment Agency Velders - Climate Change science



Global warming potential " wil

Relative measure of gases for climate forcing
Per unit mass emitted
Depends on:

- absorption of radiation
- lifetime of gas in atmosphere

Time horizon: 20, 100, 500 years

Relative to CO, =1
- Methane (CH,) =25
- Nitrous oxide (N,O) =298
- CFCs = 5,000 — 15,000
- SF, = 22,800
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Increases in greenhouse gas concentrations
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Global average temperature increase ¢«

12 of last 13 years among the warmest on record (>1850)
Warming “unequivocal’:

- Air and ocean temperatures
- Melting of snow and ice
- Sea level rise
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Natural forcing can not explain observedy
temperature
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Natural forcing: B i

- Changes in solar activity
- Earth’s orbit
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Temperature changes on all contine
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models using both natural and anthropogenic forcings @IPCC 2007: WG1-AR4
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Decrease In show cover: glacners and IC’$ --
caps

Ice losses from Greenland and Antarctica have likely
contributed to sea level rise since 1993

IPCC (2007)
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Rise in global sea level -~

Observed rise (1993-2003): 3.1 :¢ 0.7 mm/yr

Sources of sea level rise (mm/yr)
- Thermal expansion: 16 |
- Glaciers and ice caps: 0.77
- Greenland ice sheet: 0.21
- Antarctica ice sheet:  0.21 | IPCC (2007)
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10t percentile
of temperature

Decrease after
~1975

Nights more
than days
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90th percentile Trends 1951-2003 (days/decade)

of temperature
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Increase In droughts ’& " ;

Palmer drought
severity index

Observed increase In
droughts
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Arctic sea ice decreases
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Projections of future climate " il

IPCC SRES (2000) scenarios: A1, A1B, A2, B1,

Storylines: economic growth, population, technology,
social and cultural interactions

Up to 2100

Not including additional climate initiatives (UNFCCC,
Kyoto, ...)

Multi model assessment including uncertainty analysis
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Projections for global temperature

Multi-model averages
Different scenarios

Global temp.
1.8-4.0°C

Sea level rise
20 —-59 cm

(excl. all ice sheet flow
changes)

Netherlands Environmental Assessment Agency

IPCC (2007)
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Extreme weather events

IPCC (2007)
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Projections of temperature changes

2020-2029 2090-2099

A1B, IPCC (2007)

Warming expected greatest over land and at high
northern latitudes

Permafrost
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Projections of precipitation changes

2090-2099 relative to 1980-1999

IPCC (2007)

Increases in high latitudes
Decreased subtropics

Increase Iin droughts
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Trends and projections in climate

IPCC (2007)
Trend 20™ century  |Projection 21 st century
Cold days: warmer very likely virtually certain
and fewer (chance>90%) (chance>99%)
Warm days: very likely virtually certain
warmer, more
hot days
Heavy precipitation likely very likely
(chance>66%)
Areas with likely in many regions likely
droughts since 1970s
Intense_tropical likely in some regions likely
cyclones since 1970s
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Part climate change already committed

Long timescales :

- Removal CO, from
atmosphere 100s to 1000s yrs

- Uptake in oceans
- Slow warming of deep ocean

After stabilization of
concentrations:

- Temperature + 0.5°C (100 yr)
- Sea level + 30-80 cm (200 yr)

As of 2005: committed
warming of 2.4°C

IPCC (2007)
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Kyoto Protocol and Montreal Protocol

Kyoto Protocol:
Protection of climate (UN treaty 1997)
Emissions
Basket of 6 gases: CO,, CH,, N,O, HFCs, PFCs, SF,
~5% reduction from 1990 by 2008-2012
IPCC assessment reports

Montreal Protocol:
Protection of ozone layer (UNEP treaty 1987)
Production and consumption
Gases: CFCs, halons, HCFCs, methyl bromide, etc.
Phase-out schedule (CFCs 2010, HCFCs 2030)
WMO/UNEP assessment reports
A positive story
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Climate benefits from Montreal Protocol

Climate benefits already achieved larger than Kyoto
Protocol targets for 2008-2012

Potential for additional climate benefits significant
compared to Kyoto

Reason: CFCs, HCFCs are greenhouse gases  Large
GWPs: - CO,: 1
- CFCs: 4,000 - 11,000
- HCFCs: 700- 2,300
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Well known benefits Montreal Protocol

Large decreases in
CFC production (90%)
and emissions (60-90%)

Concentrations also
decreasing

Increases for HCFCs
and HFCs

WMO (2007)
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Well known benefits Montreal Protocol (2)

Emerging evidence of
start of ozone layer
recovery

Full recovery around 2050
Polar regions 10-25 years
later

Recovery can be affected by:

- Future production CFCs, HCFCs

- Production methyl bromide

- Emissions from existing
equipment

- Interaction with climate change

WMO (2007)
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Without early warning and Montreal Protocol

Without 1974 paper
Molina and Rowland:

3-7% annual growth

—

Montreal Protocol:
2-3% annual growth

Baseline:

- current Montreal Protocol

- In agreement with observations
- used in WMO (2007)
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Effects Montreal Protocol on climate

} CO, emissions

| World avoided by the
Montreal Protocol

Reduction Montreal Protocol of
» ~11 GtCO,-eqlyr

5-6 times Kyoto target

\ -

(incl. offsets: HFCs, ozone depl.)

Velders et al., PNAS, 2007
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Radiative forcing leading to climate change

Forcing: delay of ~10 years cf CO,
emissions

10 years

Reduction in radiative forcing of
~0.23 Wm=2in 2010

about 13% of CO, emissions of
human activities

Velders et al., PNAS, 2007
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Ozone depleting substances not in Kyoto

Total target Kyoto: about 2 GtCO,-eq/yr

CFCs not included in Kyoto Protocol
- Already covered and soon to be phased out
- Benefits for polluting countries

- Separate protocols

- Negative offset potentially large

Without Montreal Protocol, CFC likely included in Kyoto
Protocol, but:

- Effects at least 10 years later

- Starting at much higher baseline

- Harder to eliminate
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Potential future benefits

Ozone layer protection:

- Destruction banks of halons (14%), CFCs (11%) and HCFCs (4%)
- Stop in production HCFCs (12%)

- Stop in production methyl bromide (5%)

- Potential advancement of year of recovery by 15 years

(WMO, 2007)

Climate change

- Potential benefits for climate as well
- Limiting future production

- Destruction of banks of ODSs

(IPCCITEAP, 2005)
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Possible additional benefits

Better containment in
refrigeration

Destruction of ODS banks
Alternatives with lower GWPs

Potential reductions:
(by 2015 in GtCO,-eq/yr)
- CFCs: 0.12
- HCFCs:  partly done
- HFC-23:  0.30 (by-product)

- HFCs: 0.44 (alternative
chemicals)
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Conclusions: Climate Change unequivocal

Warming of climate is unequivocal.
- Global air and ocean temperatures

- Melting of snow and ice

- Sea level rise

Temperature increase very likely due to anthropogenic
greenhouse gas increases

Projected changes by 2100:
- Temperature increase of 1.8 — 4.0 °C
- Sea levelrise of 18 =59 cm  (excl. all ice sheet flow changes)
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Montreal Protocol provided dual protection:
to Ozone layer and Climate change

Already achieved climate benefits 5-6 times larger than
Kyoto Protocol targets for 2008-2012

Montreal Protocol: delay in CO,-forcing of ~10 years

Potential for additional climate benefits significant:
- Better containment in refrigeration

- Destruction of CFCs, HCFC in exiting refrigerators, foams
- Alternatives with lower GWPs

Global action for environmental protection can work !!
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Fast global action is needed, or ...

Thank you for
your attention

New York Times, 1989
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