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Past Climate — the last millennium

* There 1s a cooling
1.0 . . | . | . | . trend of about 0.2°C
culminating around
i 1900

/ " * Evidence for the
_ Southern Hemisphere
‘ Il 1s quite sparse
0.0 I”“|| l'|| '|||!"l| |||l h‘ l'i w" '. "" "__"_ il | e It 1s likely the

| 1 il i i I "'“lmﬂs;'-l.' .| . Northern Hemisphere
that the 1990s was
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TEMPERATURE ANOMALY (°C)

-0.5 the warmest decade,
and 1998 the warmest
year
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Past Climate — the observed record

Global .ﬁvernaaall"lgﬁ‘rn eusﬂgl Temperatures

* Global
temperatures
have increased
by about 0.6°C
over the 20th
century

0.0 -
* Very likely
that the 1990s
was the
warmest

decade, 1998

1860 1880 1800 1820 1840 1860 1880 2000 the WarmeSt
year

Difference from
1961-1890 {'C)

From Hadley Centre, 2002
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Past Climate — the observed record
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* In the Northern Hemisphere, two
periods of warming occur : 1920 —

1940, and 1975 onwards, slight
cooling in between

» Southern Hemisphere does not
show much warming early 20®
century, but warms from the 1970s
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Present Climate — the observed record
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* Global land
precipitation has
increased by 2
percent

* Over mid and high
latitudes of the
Northern Hemisphere
precipitation
increased 7 to 12
percent

 Precipitation has
decreased in the
northern sub-tropics
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[ Wedgemount, Canadizn Rockies (2) ww\jz Present Climate
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.EI - Rhanegletscher, Switzerland (3] . I”
:é. - il SNOW AND ICE EXTENT
§r Chunpar-Tash, Karakorum (4) - g HAVE DECREASED
g ] §
Il Lewis Gl., Kanya () i
I~ There has been a widespread retreat
Pyt R, il ) of mountain glaciers in non-polar
; \’W regions during the 20th century
I Franz-Jose! i, New Zesland (7)
% Satellite data show a very likely
PR ?:,:::E:h W decrease of about 10% in the extent
Short| . . . L ... .1 ... 1 ...\ lwem ofsnow cover since the late 1960s
1600 1700 1800 1900 2000
¢ 45 4 40% decline in snow and ice in the
5 Southern Alps
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Present Climate

“An increasing body of
observations gives a collective
picture of a warming world
and other changes to the
climate system”

Intergovernmental Panel on Climate Change, 2001
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Present Climate and its Variability

The El Nino/Southern Oscillation

SOl (TAHITI=-DARWIN)
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Year
* Year-to-year variability between El Nino and La Nifna

« A 3 -5 year climate cycle of global importance driven out
of the Pacific Basin
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La Nina and El Nino
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Climate Variability
ENSO Impacts
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North Atlantic Oscillation

b | - MAQ index (updated from Hurrall, 1985)
— MAQ index smoothed twice with a 21 polnt binemial fither
AD index (updated from Thomgson et al, 2000)
== &0 index smoothed twice with a 21 paint binomial filker
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 Large scale alteration of circulation in North Atlantic

 Alters strength of westerlies in winter 1n the region
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Interdecadal Pacific Oscillation

Climate shifts driven by
Interdecadal Pacific
Oscillation (IPO)

This is an ‘ENSO’ like
feature of the climate system,
but on longer time scales

Pressures are lower than
average in the North Pacific,
extending to the east, and
higher in the south west
Pacific

From 1922-46 and 1978-98
the IPO was positive, and
negative from 1947-76

Hadley PO Index
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Pacific Decadal Oscillation

positive phase

negative phasa
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Present Climate and its Variability

Simulated annual global mean surface temperatures
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Present Climate and its Variability

“There is new and stronger evidence
that most of the warming observed
over the last 50 years is attributable
to human activities”

Intergovernmental Panel on Climate Change, 2001



Future Climate - The Enhanced

Greenhouse Effect

 SUN

Some solar radiation is
reflected by the Earth and

the atmosphere.

Addition of greenhouse
gases causes the surface of
the earth and lower
atmosphere to warm.



Indicators of the human influence on the atmosphens
during the industrial era fN—M A/

Taihoro Nukurangi
(a) Gigbal almosphernic contenirations of three well mized

i The Enhanced Greenhouse

ﬁ - Ciarton Dicedcka ::' Effect

E X0 - . I II——.

s W P P CONCENTRATIONS OF
= , , ) ATMOSPHERIC GREENHOUSE
§ 1750 Methane o § GASES HAVE CONTINUED TO
B flos 2 INCREASE AS A RESULT OF
£ B "!;! o5 HUMAN ACTIVITIES
ﬁ' T .-; e Em a8 s i ::u E
£ L i f Atmospheric concentration of CO,has

L depasin Jw—r increased 31% since 1750. Three-
g 20 4 quarters of this in the past 20 years is
% il T | o0 due to fossil-fuel burning, one quarter
" S T L . mainly land-use changes
S _mmwm;:;mm g Atmospheric concentration of CH,has
R ey 5 increased 151% since 1750.
s E LA
Bz I-J, s =
Bd ¥ | ; Atmospheric concentration of N,O has
Bg L ¥ [LE' i increased 17% since 1750.
el T

From IPCC, 2001 e s B o
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The Enhanced Greenhouse Effect

The global mean radiative forcing of the climate system

for the year 2000, relative to 1750
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¢

¢

Radiative forcing
increases due to well-
mixed greenhouse gases

1S 2.43 Wm2. These are
long-lived

Radiative forcing from
aerosols is -0.5 Wm?2.
Aerosols vary
considerably by region
and respond quickly to
changes in emissions

Natural factors have
made small contributions
during the 20th century
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Future Climate - Temperature projections

¢ Globally averaged surface
(b) temperature is projected to

PRSI L.l il increase by 1.4 to 5.8°C 1990

]
Sovaral models

s o SAES T to 2100 - for the full range of
8 San ::E e mmg‘:ﬂ‘ 35 SRES scenarios
----- A1F| all SRES

oy ¢ Temperature increases are

greater than the IPCC 1995
report, due to lower sulphur
dioxide emissions

Temperature Change (1)
£

¢ The projected rate of warming
s s o 1s much larger than the

in 2100 1
o observed changes during the

seversl modals

o 1= | - | 20th century, and is very
e P likely to be without precedent
during at least the last 10,000

years
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Future Climate - Precipitation and Extreme Events

PROBABILITY OF
DCGURRENCE
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PHOBABILITY OF
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Global average water vapour
concentration and
precipitation are projected to
increase, with larger year to
year variations very likely.

More hot days and less frost
days are very likely

More heavy rainfall events are
likely over many areas

Increase in tropical cyclone
peak wind intensities are
likely over some areas
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Implications for Agriculture and Forestry

o —— — : ¢ Throughout agrarian settlement
/‘ climate has varied and civilizations
1564

have either adapted, or not survived
WWW ¢ Variability over historical time is in
the order of 0.5°C and locally 1°C on

| | century time scales, with ENSO
7, causing natural variability through

[T 120 MK 160 0] i

TEMSERA TLIHE S8 DRARLY 00

W time

{b)

b= T e .;m:ﬂ;“ X ¢ The projected rate of warming for the

i at i E 215t century is much larger than the
Baf == ; observed changes during the 20th
= b Gt ‘ ‘ century, and is very likely to be
i ! l without precedent during at least the
: iy last 10,000 years — the 90% range is 2
g {0 4.5°C
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: Implications for Agriculture and Forests

¢ UNFCCC — ultimate aim of this
Convention is to prevent
dangerous climate change

¢ Natural greenhouse effect keeps
earth at a temperature equable for

TempéiaratureéChangé (°C)

Carbotfl dioxi(ﬂe concentration planetary processes to operate
28 ¢ Opver the last 420,000 years
oad | 3 5 5 | climate has varied by about 5°C
20 between ice ages and interglacials

U A A — ¢ The most rapid change has been
400k 300k 200k 100k 0 o
about 1°C per century

Date (1000s of years before present)
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Implicatiofis for™
Agriculture and Forests

¢ Climate, agriculture and forestry
are all linked

¢ Current rate of global warming at
2000 1s 2°C per century — likely
to be disruptive to agriculture and
forestry

¢ Thus global warming because of
human activities are posing the
potential of dangerous climate

i “Global average

O

i temperature and sea level
“*  are projected to rise under
all IPCC SRES scenarios”

From IPCC,2001



Taihoro Nukurangi

Climate Change and Variability - Conclusions

* Climate change and variability have

SUL expt — temperature at 1.5m

Fram 1/ 9/2080 ta 1/ 8,/2080 occurred throughout time

Avg=1.4962 Deqg C

* In the time of settlement (last 10,000
years) changes have been quite small

* Projected 20 century increases from
about 2 to 4.5°C, with extremes increasing

e Variability because of ENSO, NAO and
IPO will continue, but will be
superimposed on unprecedented global
warmth

* These are the climatic challenges faced
by agriculture and forestry during the 215
century

UK Met Office Climate Model
2050 - 2060
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Conclusions

Reducing
Vulnerability:

Whatever we do, climate change is
inevitable during the 21st century
The rate of climate change will be
rapid

Integrating
preparedness for
increasing climate

variability and change




