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Earth’s Surface Temperature Record
The Past 1,000 Years

NORTHERN HEMISPHERE
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Data from thermometers (red) and from tree rings,
corals, ice cores and historical records (blue).

1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
1000 1200 1400 1600 1800 2000

(Adapted from IPCC, 2001) »
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—3 Are Climate Extremes Increasing?

UK Autumn 2000 Floods
(Loss ~US $ 750 million)

MONTHGE OF GOES-2 INMFRARED

IMAGES FROM HURRICAMWE GEORGES - = Rlver Ousea York5h|r81
FROM 1B-Z& SEFP 1998 MERR 1z UT November 2000
(Courtesy Lawrence Kay)
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Hurricane Georges

Strikes Caribbean
(Loss ~ US $ 10 billion)




Presentation Structure

. Causes of Long-Term Climate Change

. Evidence for 20th Century Global Climate
Change

. Predicted Future Climate Change

. Climate Extremes

a) Atlantic and Caribbean Hurricanes
b) Rainfall Extremes

c) Temperature Extremes




1. Causes of Long-Term

Climate Change
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e VWhat Is Climate Change?

Any change in Earth’s
Climate on timescales
longer than a year.

a) Interannual (yr-to-yr)
ENSO
Volcanic Eruptions

b) Multidecadal Trends  _ —
_ arth seen by Apollo 17
Global Warming (Courtesy NASA)
Solar Changes
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a) Enhanced
Greenhouse

Effect

Figure Courtesy
of Pringle (1988)




b) Solar Influences
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Simulated Annual Global Mean
Surface Temperature

(a) Natural (b)) Anthropogenic
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Adapted from Stott et al., Science, 2000




2. Evidence for 20th
Century Climate

Change




Earth’'s Surface Temperature Record

GLOBAL
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Indirect Evidence

Retreating Glaciers
Fewer Frost Days

60 DAYS WITH FROST (ROMA, AUSTRALIA)

50 (Source: Karl et al., 1997)

20 TREND
l 1]

EﬂillHl i LMEAH.]! 1

10

=
L
2
o
Li
-
=
7
z
(]
L
Q
=
|
=]
=
=
=

0
1900 1920 1940 1960

YEAR




Trend In Frost Days 1950-1995

o <5%
5-10%
10-15%

o >15%

|
O0W
Blue is a positive change. Filled circles are significant at 95% level of confidence

(Source: Frich et al., in press, 2001)




Historical Supporting Evidence

3 5 L. { ] I.' L g K
" e z - P Lt -""-"'!f-'&"!-‘i-- u Ll i G ARt o 1t

Dutch Winter Landscape painted in 1601 -by Peter Bruegh-
(Courtesy Kunsthistorisches Museum, Vienna)




More Precipitation

Precipitation Trend 1900-1994

APPROXIMATE CHANGE IN PRECIPITATION
20% 0% 20%

(Source: Karl et al., 1997 - -
DECREASE - INCREASE




North Atlantic Oscillation

(Figures Courtesy of Martin Visbeck, Columbia University)




NAO Winter Index 1825-2000
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(Figure Courtesy of Tim Osborn, University of East Anglia)
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Rainfall/mm

Rainfall/mm

Caribbean Precipitation

_(a) Precipitation: 1901-1947

— NAO low

NAO h%/\ _‘

/ —

JFM EMA MAM AMJ MJJ JJA JAS ASO SON OND
Season

_(b) Precipitation; 1948-1995

— NAO low
NAO high

JEM FMA MAM AMJ MJJ JJA JAS ASO SON OND
Season

Seasonal Composites
by NAO sign

Shading Indicates the
Seasons where the
Difference in Rainfall
Between Low and
High NAO Composites
Is Significant at the
90% Level.

(George and Saunders, 2001)
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Sea Level Rise

1900 1920 1940 1960
Year




3. Future Climate

Predictions




Global Climate Models (GCMSs)

Most complex of
climate models.

Used to perform
climate change
experiments.

Fully coupled ocean
and atmosphere.

Runs may take
months to complete
on the fastest Cray.

Figure Courtesy of
David Viner, Climatic
Research Unit, UK
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Scenarios for Greenhouse Gas
Emissions in the 21st Centur

(a) CO2 emissions (b) CO, concentrations
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Global Temperature Change In
the 21st Century

Several models
all SRES
envelope

Model ensemble\

all SRES
envelope
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Global Warming Temperature
Changes 1990-2100
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(Image Courtesy Hadley Centre for Climate Prediction)




Global Warming Precipitation
Changes 1990-2100
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Global Sea Level Rise In
the 21st Century

Scenarios
— A1B

- A1T All SRES envelope
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4. Climate Extremes




A. Atlantic Hurricanes

Rank as the
largest cause of
US catastrophe
loss (US $5.3bn
per year 1925-
2000)

Floyd (pictured)
had a damage bill
of US $ 5.0 billion.




A Trends In Intense Tropical
Cyclone Numbers

Northern Hemisphere 1971-2000 Atlantic Basin 1948-2000
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Intense TCs = 1-min Sustained Winds > 73 mph
Super Intense TCs 1-min Sustained Winds > 110 mph




Key Factors Behind Atlantic
Hurricane Activity
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Tropical Atlantic, Caribbean and
Gulf Hurricane Numbers

— MODELLED
— ACTUAL

A

T

1950

| |
1960 1970 1980 1990
YEAR

r=0.69

Model Employs
August-September
Tropical Atlantic
Sea Surface
Temperature and
Caribbean Trade
Wind Speed

(Roberts and Saunders,
2001)
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Tropical Atlantic, Caribbean and
Gulf Hurricane Numbers

r=0.79

Model Employs
August-September
Tropical Atlantic
Sea Surface
Temperature and
Caribbean Trade
Wind Speed
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Future Projections for Tropical Atlantic,
Caribbean and Gulf Hurricane Numbers
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Future Projections for Tropical Atlantic,

Caribbean and Gulf Intense Hurricane Nos
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®-8% [uture Projections for Tropical

UCL i
Atlantic SST

. —— ACTUAL (NCAR)
. —— CCCMA
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(Roberts and Saunders, 2001)
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Future Projections for Tropical

Atlantic Vertical Wind Shear
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Lesser Antilles Landfalling
Hurricane Numbers
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— ACTUAL
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Future Projections for Lesser
Antilles Hurricane Strikes
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B. European Winter Storms

fdstorms
a.ma.ge< of US %
1990-1999Y




Y Severe Storm Lothar

26th Dec 1999, 07:32 UT NOAA-15

Damage bill of
US $ 9.0 billion

—

EMGLAMND

o Very deep
depression (960 e}
hPa) crossing
north France at
~100 km/hr

b f“':x
"7 BELGIUM 4,
. X

o« Wind gusts of
over 170 km/hr e o

Zone of very
strong winds : =
150 km wide (Courtesy NOAA/NESDIS)




— Observations
e CGCM1
CCSRINIES
" . CS|RO MK2
e ECHAM4/OPYC
NCAR PCM
e HadCM3

(Figure Courtesy of Tim Osborn and Phil Jones, University of East Anglia)

Suggests slightly increased risk of stormy and wetter
winters for UK and northern Europe during 21st Century,




Storm and ENSO Extremes

Modeling
(20th Century) |(End of 21st Century)

Storm and El Nino Extremes

Moretropical storms Unlikely Possible
More intense tropical storms Unlikely Possible
More intense mid-latitude storms Possible Possible
More intense El Nifio Events Possible Possible

More common El Nifo-like : .

_ Likely Likely*
conditions
*No direct model analyses but expected based on other simulated model changes

Probability Levels
Virtually Certain| > 99% Unlikely 10 to 33%
VeyLikey [90to99%| Very Unlikely | 1to 10%
Likely 67 t090%| Improbable <1%
Possible 33 to 66%




C. Rainfall Extremes

= Royal Leamington Spa
.~ 10th April 1998
.= (Courtesy News Team
International)

Cologne, January 1995 &
(Courtesy Munich Re.) '




PPN Trends in 20th Century Total and
Heavy Rainfall for Various Countries

Norway
N. Japan

S. Canada

S.E. Australia
S. Japan

N. China
Ethiopia

* S.W. S. Africa
Nord-Este, Brazil
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precipitation precipitation

Easterling, et al (2000)




Trend in Heavy Precipitation

5-10%
10-15%
> 15%

| l l
90W 90E 180
Blue is a positive change. Filled circles are significant at 95% level of confidence

(Source: Frich et al., in press, 2001)




Prediction for Rainfall Extremes

Increase in intense precipitation
(Model: 2 x CO. scenario)

% 160
140 —

0

3.2-6.4 6.4-12.8 12.8-25.6 =25.6

Frequency

0.2-0.4 0.4-0.8 0.8-1.6 1.6-3.2
Daily amount of rain (mm/d)
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[ usa [1 India

(Courtesy Gordon et al., 1992)




N England and Wales Autumn
Precipitation 1901-2000
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England and Wales Winter
Precipitation 1900/01-1999/00
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England and Wales Drought
Index 1901-2000
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Precipitation Extremes

Modeling
(20th Century) |(End of 21st Century)

Precipitation Extremes

More heavy 1-day

precipitation events Likely Very Likely

More floods Likely Very Likely
More droughts Unlikely Likely

Probability Levels

Virtually Certain| > 99% Unlikely 10 to 33%

Very Likely [90to99%| Very Unlikely | 1to 10%
Likely 67t0 90%| Improbable < 1%

Possible 33 to 66%




Probability of a ‘Cold’ Winter
in the 2020s
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i, Probability of a ‘Hot" Summer
In the 2020s

A

Europe
ACACIA
Project

(2000)

Bl-Low
Scenario
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Temperature Extremes

(20th Century)

Modeling
(End of 21st Century)

Temperature Extremes

Higher maximum temperatures| Very Likely

Very Likely

More hot summer days Likely

Very Likely

Higher minimum temperatures | Virtually Certain

Very Likely

Fewer frost days Virtually Certain

Likely*

M or e heat waves Possible

Very Likely*

Fewer cold waves Very Likely

Very Likely*

*No direct model analyses but expected based on other smulated model changes

Probability Levels

Virtually Certain| > 99% Unlikely

10 to 33%

Very Likely [90to99%| Very Unlikely

1 to 10%

Likely 67 t090%| Improbable

< 1%

Possible 33 to 66%




5. Conclusions - Global

The concern that climate change will slowly
Increase the number of extreme events Is
justified for floods, droughts and heatwaves.

For other extremes (including Atlantic hurricanes
and European windstorms) the situation is
unclear and trends could be small.

The majority of future changes in climate
extremes affecting the (Re)lnsurance Industry
will continue to result from natural interannual
and decadal variability.




5. Conclusions - Caribbean

Lesser Antilles Hurricane Strikes - upward trend
appears likely.

Caribbean Rainfall - winter increase but overall
annual decrease.

Increased risk of Heatwaves.
Sea level to rise by 0.4+£0.2 m.

The majority of future changes in climate
extremes affecting the (Re)lnsurance Industry
will continue to result from natural interannual
and decadal variability.




