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Climate and climate history

. The Ice Age

. Farming and City States

. The Roman Empire

. Tang and Maya in the 10th century
. Mediaeval Optimum; Little lce Age
. ElI Nino through the ages

. Miscellaneous topics
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Climate Change:
What are the questions?

Observation:
- Is the climate changing?
- Are recent changes comparable to past changes?

Attribution:

- What causes these changes? Human activity?
Projections:

- How will the climate change in future?
Impacts:

- How are different societies affected?
Mitigation and adaptation:

- What can we do to reduce the impacts?
- What can we do to adapt to them?



I Intergovernmental Panel on
I Climate Change (IPCC)

Working Groups:
* WG I: The Physical
Science Basis
* WG II: Impacts, Adapt-
" Corerment ation and Vulnerability
| * WG IlI: Mitigation of
Climate Change
Assessment Reports:
* 1990: FAR
* 1995: SAR
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I Observations: Temperature

Surface Troposphere
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I Observed
changes

Temperature anomaiy (°C wrt 1961-1990)

Temperature anomaly (°C wrt 1951-1990)
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anomaly:
difference (deg C)
compared to mean
of 1961-1990

NASA GISS

http://data.giss.nasa.

gov/gistemp/

Temperature Anomaly (°C): Seasonal Resolution

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| [T
s Dec—Jan—Feb
— » Mar—Apr—May

| el o “{"
| %ﬁﬂ J“ﬂ Jf W'g?v
ik

Ul'{ Low Latitudes (23.6°N-23.6°S) i

” ” ”

~ 12—month Mean

1950 1960 1970 1980 1990 2000 2010



0.3

0.2

0.1

Temperature Deviation [°C]

Trends and

statistical significance

GISTEMP Land-Ocean Index
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http://www.realclimate.org/index.php/archives/2008/01
/uncertainty-noise-and-the-art-of-model-data-comparison/

red: observations
blue: trends for 8-
year periods

variability makes
short-term trends
difficult to interpret

Significance:

In statistics, a result is
called statistically
significant ifitis
unlikely to have
occurred by chance.

This is different from
everyday language
(where significant
often means large or
important)!!



Temperature trend
1951-2010

(b) CRUTEM4 Annual temperature trend 1951-2010 (°C)
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deg C over 60yrs

Jones et al (2012), JGR



Temperature anomaly
of decade 2001-2010

(b) CRUTEM4 Annual mean temperature anomaly 2001-2010 (°C)

Jones et al (2012), JGR anomaly: difference (deg C) compared to mean of 1961-1990



Temperature anomaly

Annual J-D 2001-2010 L—0OTI(°C) Anomaly vs 1961-1990
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INF Temperaburs Tremd (1987201

JAA Temperature Toend (1987-20140)
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90% of
observed
biological
and physical
indicators
consistent
with warming

NAM etc:
continents

Ter: terrestrial
MFW: marine&
fresh water
GLO: global

IPCC AR4
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Observations

e Physical systems (snow, ice and frozen ground; hydrology; coastal processes)

@ Biological systems (terrestrial, marine, and freshwater)
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Snow cover and sea ice

Arctic Minimum Sea Ice Extent Anomalies (1979 - 2005)
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Greenhouse Effect
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Greenhouse
Effect

Solar incoming radiation
Outgoing thermal rad.

Absorption in Atmosphere
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Greenhouse Effect

Solar radiation powers
the climate system.

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

About half the solar radiation
is absorbed by the

Earth’s surface and warms it. Infrared radiation is
emitted from the Earth’s

surface.




Discovery of the
Greenhouse effect

1820s: Joseph Fourier (theoretical idea)
1859: John Tyndall
(experiments with CO, and H,0)

1896 Svante Arrhenius
(interested in ice ages, calculated that &
cutting CO, by half would lower
temperature by 4°-5°C)

1938 Guy Stewart Callendar

(looked at historical measurements and
found CO, increase by 10% and warming)

http://www.aip.org/history/climate/co2.htm






Atmosph.
CO2

Calculated emissions
from fossil fuels and
cement production

AR4 WG1 Fig 2.3
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Carbon dioxide
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driver of climate change (e.g
change in concentration of
carbon dioxide or the output of
the Sun).



Modelling the Climate

Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle
Changes in
Solar Inputs
Clouds
Atmosphere ————7T 1
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| Vi
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Exchange Stress
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Hydrosphere:
Ocean

Ice-Ocean Coupling

Land Surface

Changes in the Cryosphere:
Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers

Changes in the Ocean: Changes in/on the Land Surface:
Circulation, Sea Level, Biogeochemistry Orography, Land Use, Vegetation, Ecosystems

' Hydrosphere:
| Rivers & Lakes




The World In
Global Climate Models

The World in Global Climate Models
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Model validation
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Attribution
of Climate
Change

Temperature anomaly (°C)

Temperature anomaly (°C)
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IAttribution: natural/anthropogenic
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Attribution of Climate

Temperature anomaly (°C)
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Surface Warming °C

Projections

it
different
0.9 wess FAR > 1> scenarios
o SAR = =
98 | m— TAR 4
07 | s Observed 7 2
- e
I 3
0-6 2
3
0.5 | @ Kyoto
commitment
0.4 }
0.3 t E
&
0.2 | 3
. — A2 ’ <
0.1 L . s Commitment E
0 i 1 1 1 1 1 1

1985 1990 1995 2000 2005 2010 2015 2020 2025
Year



Temperature anomaly (°C)
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Global mean annual temperature change relative to 1980-1999 (°C)

1 2 3 4 5°C
Increased water availability in moist tropics and high latitudes == e = == = = —— — — - — —— = | |34.1,34.3
WATER Decreasing water availability and increasing drought in mid-latitudes and semi-arid low latitudes == == = | | 3ES, 34.1,34.3
Hundreds of millions of people exposed to increased water Stress mm mm mm mm = o= - - ———— %g.éSTBB. 206.2,
Up to 30% of species at Significant” extinctions 4ES, 4411
increasing risk of extinction around the globe
Increased coral bleaching === Most corals bleached ===== Widespread coral mortality = == == = = = = = = = | (741 P44, B24,
ECOSYSTEMS Terrestrial biosphere tends toward a net carbon source as: 4ES. T4.1, F4.2.
~]5% m—m ~40% of ecosystems affected == == == == == F4.4
: - : e 422 441,444
Increasing species range shifts and wildfire risk 445 446,440,
B4.5
Ecosystem changes due to weakening of the meridional — | | 1935
overturning circulation
Compley, localised negative impacts on small holders, subsistence farmers and fishers == mm = == - - - - | |5ES 547
Tendencies for cereal productivity Productivity of all |
. . y OF all CEreals m we —f-| | 5ES 54.2 F5.2
FOOD to decrease in low latitudes decreases in low latitudes
Tendencies for some cereal productivity Cereal productivity to
Lo increase at mid- to high latitudes decrease in some regions 5ES,54.2,F5.2
Increased damage from floods and StOrmMs == mm mm = - - - - - - - - g.gg. 632,641,
Alb%ml 30% ofl o
COASTS wetlands lost*
Millions more people could experience
z ——————— -] | T6.6. F6.8, TS.B5
coastal flooding each year
: i : : . : ; : 8.ES,84.1,87,
Increasing burden from malnutrition, diarrhoeal, cardio-respiratory, and infectious diseases m= == == | 135" 15 4
Increased morbidity and mortality from heat waves, floods, and droughts == == == == == == = = = —— — - 133_'581', 3'24'3’, g,%s,
HEALTH T8.3. F8.3
Changed distribution of some disease vectors == == m= mm mm m= m= = = ——— ————————— gﬁ. 828,87,
Substantial burden on health services == w= =i |86 1

1 2 3 4
Global mean annual temperature change relative to 1980-1999 (°C)

" Significant is defined here as more than 40%.

5°C

¥ Based on average rate of sea level rise of 4.2 mm/year from 2000 to 2080.
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Extreme events

IPCC: Special Report on Managing the Risks of
Extreme Events and Disasters to Advance
Climate Change Adaptation
(SREX)

Launch&press conference on 28 March (next
week)

Summary for Policymakers and Generic
Presentation available at:
http://www.ipcc-wg2.gov/SREX/



I Literature

IPCC (2007): The Scientific Basis. IPCC WG1 AR4
I Report (online: http://www.ipcc.ch/)

Useful and readable summaries:
- Summary for Policymakers (18 pages)
- Frequently Asked Questions (35 pages)
- Technical Summary (74 pages)

Data and plotting:
http://data.giss.nasa.gov/gistemp/ (NASA)
http://woodfortrees.org/ (Paul Clark, software
developer)

Real Climate (http://www.realclimate.org)



