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Earth’s Surface Temperature RecordEarth’s Surface Temperature Record

(Adapted from IPCC, 2001)(Adapted from IPCC, 2001)

    The Past 1,000 YearsThe Past 1,000 Years
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Are Climate Extremes Increasing?Are Climate Extremes Increasing?

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

HurricaneHurricane Georges Georges
Strikes CaribbeanStrikes Caribbean

(Loss ~ US $ 10 billion)(Loss ~ US $ 10 billion)

River Ouse, Yorkshire,River Ouse, Yorkshire,
November 2000November 2000

(Courtesy Lawrence Kay)(Courtesy Lawrence Kay)
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Presentation StructurePresentation Structure

1.1.  Causes of Long-Term Climate ChangeCauses of Long-Term Climate Change

2.2. Evidence for 20th Century Global ClimateEvidence for 20th Century Global Climate
ChangeChange

3.3. Predicted Future Climate ChangePredicted Future Climate Change

4.4. Climate ExtremesClimate Extremes
a) Atlantic and Caribbean Hurricanesa) Atlantic and Caribbean Hurricanes
b) Rainfall Extremesb) Rainfall Extremes
c) Temperature Extremesc) Temperature Extremes
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1.  Causes of Long-Term1.  Causes of Long-Term
Climate ChangeClimate Change
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What is Climate Change?What is Climate Change?

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

a) a) InterannualInterannual ( (yryr-to--to-yryr))
ENSOENSO
Volcanic EruptionsVolcanic Eruptions

b) b) MultidecadalMultidecadal Trends Trends
Global WarmingGlobal Warming
Solar ChangesSolar Changes

Earth seen by Apollo 17Earth seen by Apollo 17
(Courtesy NASA)(Courtesy NASA)
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MultidecadalTrendsMultidecadalTrends

  a)a)  Enhanced Enhanced 
GreenhouseGreenhouse
EffectEffect

  

Figure CourtesyFigure Courtesy
of of Pringle Pringle (1988)(1988)
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b) Solar Influencesb) Solar Influences

                        

  

Lean (1997)
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Simulated Annual Global MeanSimulated Annual Global Mean
Surface TemperatureSurface Temperature

Adapted from Adapted from StottStott et al., Science, 2000 et al., Science, 2000
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2. 2. Evidence for 20thEvidence for 20th
Century ClimateCentury Climate
ChangeChange



                                            1111

Earth’s Surface Temperature RecordEarth’s Surface Temperature Record

Adapted from IPCC 2001Adapted from IPCC 2001



                                            1212

Indirect EvidenceIndirect Evidence

ll Retreating GlaciersRetreating Glaciers
ll Fewer Frost DaysFewer Frost Days

(Source: Karl et al., 1997)(Source: Karl et al., 1997)
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Trend in Frost Days 1950-1995Trend in Frost Days 1950-1995

(Source:(Source: Frich Frich et al., in press, 2001) et al., in press, 2001)
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Historical Supporting EvidenceHistorical Supporting Evidence

Dutch Winter Landscape painted in 1601 by Peter Dutch Winter Landscape painted in 1601 by Peter Brueghel Brueghel the Younger.the Younger.
(Courtesy (Courtesy Kunsthistorisches Kunsthistorisches Museum, Vienna)Museum, Vienna)
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More PrecipitationMore Precipitation
Precipitation Trend 1900-1994Precipitation Trend 1900-1994

(Source: Karl et al., 1997(Source: Karl et al., 1997))
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North Atlantic OscillationNorth Atlantic Oscillation

   +   +ve ve NAONAO   -  -veve NAO NAO

(Figures Courtesy of Martin (Figures Courtesy of Martin VisbeckVisbeck, Columbia University), Columbia University)
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NAO Winter Index 1825-2000NAO Winter Index 1825-2000

          ((Figure Courtesy of Tim Figure Courtesy of Tim OsbornOsborn, University of East Anglia), University of East Anglia)
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Caribbean PrecipitationCaribbean Precipitation

(George and Saunders, 2001)(George and Saunders, 2001)

Seasonal CompositesSeasonal Composites
by NAO signby NAO sign

Shading Indicates theShading Indicates the
Seasons where theSeasons where the
Difference in RainfallDifference in Rainfall
Between Low andBetween Low and
High NAO CompositesHigh NAO Composites
is Significant at theis Significant at the
90% Level.90% Level.
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Sea Level RiseSea Level Rise
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3. 3. Future ClimateFuture Climate
PredictionsPredictions
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Global Climate Models (Global Climate Models (GCMsGCMs))

ll Most complex ofMost complex of
climate models.climate models.

ll Used to performUsed to perform
climate changeclimate change
experiments.experiments.

ll Fully coupled oceanFully coupled ocean
and atmosphere.and atmosphere.

ll Runs may takeRuns may take
months to completemonths to complete
on the fastest Cray.on the fastest Cray.

Figure Courtesy ofFigure Courtesy of
David David VinerViner, Climatic, Climatic
Research Unit, UKResearch Unit, UK
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Scenarios for Greenhouse GasScenarios for Greenhouse Gas
Emissions in the 21st CenturyEmissions in the 21st Century

Adapted from IPCC, 2001Adapted from IPCC, 2001
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Global Temperature Change inGlobal Temperature Change in
the 21st Centurythe 21st Century

Adapted from IPCC, 2001Adapted from IPCC, 2001
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Global Warming TemperatureGlobal Warming Temperature
Changes 1990-2100Changes 1990-2100

(Image Courtesy (Image Courtesy Hadley Hadley Centre for Climate Prediction)Centre for Climate Prediction)
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Global Warming PrecipitationGlobal Warming Precipitation
Changes 1990-2100Changes 1990-2100

(Image Courtesy (Image Courtesy Hadley Hadley Centre for Climate Prediction)Centre for Climate Prediction)
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Global Sea Level Rise inGlobal Sea Level Rise in
the 21st Centurythe 21st Century

Adapted from IPCC, 2001Adapted from IPCC, 2001
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4. 4. Climate ExtremesClimate Extremes
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A. Atlantic HurricanesA. Atlantic Hurricanes

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

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

  

NOAA-14 AVHRR Satellite ImageNOAA-14 AVHRR Satellite Image
15 September 199915 September 1999
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Trends in Intense TropicalTrends in Intense Tropical
Cyclone NumbersCyclone Numbers

  
Intense Intense TCs TCs = =  1-min Sustained Winds > 73 mph 1-min Sustained Winds > 73 mph

 Super Intense  Super Intense TCsTCs   =  1-min Sustained Winds > 110 mph =  1-min Sustained Winds > 110 mph

Northern Hemisphere 1971-2000Northern Hemisphere 1971-2000   Atlantic Basin 1948-2000  Atlantic Basin 1948-2000

(Roberts and Saunders, 2001)(Roberts and Saunders, 2001)
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Key Factors Behind AtlanticKey Factors Behind Atlantic
Hurricane ActivityHurricane Activity
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Tropical Atlantic, Caribbean andTropical Atlantic, Caribbean and
Gulf Hurricane NumbersGulf Hurricane Numbers

r = 0.69r = 0.69

Model EmploysModel Employs
August-SeptemberAugust-September
Tropical AtlanticTropical Atlantic

Sea SurfaceSea Surface
Temperature andTemperature and
Caribbean TradeCaribbean Trade

Wind SpeedWind Speed

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

r = 0.79r = 0.79

Model EmploysModel Employs
August-SeptemberAugust-September

Tropical AtlanticTropical Atlantic
Sea SurfaceSea Surface

Temperature andTemperature and
Caribbean TradeCaribbean Trade

Wind SpeedWind Speed

(Roberts and Saunders,(Roberts and Saunders,
2001)2001)

          1971-20001971-2000
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Future Projections for Tropical Atlantic,Future Projections for Tropical Atlantic,
Caribbean and Gulf Caribbean and Gulf HurricaneHurricane Numbers Numbers

(Roberts and Saunders, 2001)(Roberts and Saunders, 2001)
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Future Projections for Tropical Atlantic,Future Projections for Tropical Atlantic,
Caribbean and Gulf Caribbean and Gulf Intense Hurricane Intense Hurricane NosNos

(Roberts and Saunders, 2001)(Roberts and Saunders, 2001)
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Future Projections for TropicalFuture Projections for Tropical
Atlantic SSTAtlantic SST

(Roberts and Saunders, 2001)(Roberts and Saunders, 2001)
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Future Projections for TropicalFuture Projections for Tropical
Atlantic Vertical Wind ShearAtlantic Vertical Wind Shear

 (Roberts and Saunders, 2001) (Roberts and Saunders, 2001)
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Lesser Antilles Lesser Antilles LandfallingLandfalling
Hurricane NumbersHurricane Numbers

r = 0.72r = 0.72

Model EmploysModel Employs
Thinning (24%Thinning (24%
Factor) FromFactor) From

Tropical AtlanticTropical Atlantic
Hurricane Numbers.Hurricane Numbers.

(Roberts and Saunders,(Roberts and Saunders,
2001)2001)
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Future Projections for LesserFuture Projections for Lesser
Antilles Hurricane StrikesAntilles Hurricane Strikes

(Roberts and Saunders, 2001)(Roberts and Saunders, 2001)
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B. European Winter StormsB. European Winter Storms

 Porthleven, Cornwall: 4 Jan 1998 (Courtesy, Simon Burt)

●● European windstormsEuropean windstorms
caused damages of US $caused damages of US $
2.92.9 bn bn per year 1990-1999 per year 1990-1999

●● Rank as the 2nd highestRank as the 2nd highest
cause of global insuredcause of global insured
losses after US hurricaneslosses after US hurricanes
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Severe Storm Severe Storm LotharLothar

        (Courtesy NOAA/NESDIS)        (Courtesy NOAA/NESDIS)

●● Damage bill ofDamage bill of
US $ 9.0 billionUS $ 9.0 billion

●● Very deepVery deep
depression (960depression (960
hPahPa) crossing) crossing
north France atnorth France at
~100 km/hr~100 km/hr

●● Wind gusts ofWind gusts of
over 170 km/hrover 170 km/hr

●● Zone of veryZone of very
strong windsstrong winds
150 km wide150 km wide

26th Dec 1999, 07:32 UT 26th Dec 1999, 07:32 UT      NOAA-15 NOAA-15
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NAO Future ProjectionsNAO Future Projections

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

●● Suggests slightly increased risk of stormy and wetterSuggests slightly increased risk of stormy and wetter
winters for UK and northern Europe during 21st Centurywinters for UK and northern Europe during 21st Century
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Storm and ENSO ExtremesStorm and ENSO Extremes
Observed

(20th Century)
Modeling

(End of 21st Century)

Storm and El Niño Extremes
More tropical storms Unlikely Possible
More intense tropical storms Unlikely Possible
More intense mid-latitude storms Possible Possible
More intense El Niño Events Possible Possible
More common El Niño-like
conditions

Likely Likely*

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

Probability Levels
Virtually Certain > 99% Unlikely 10 to 33%

Very Likely 90 to 99% Very Unlikely 1 to 10%
Likely 67 to 90% Improbable < 1%

Possible 33 to 66%
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C. Rainfall ExtremesC. Rainfall Extremes

Royal Leamington SpaRoyal Leamington Spa
10th April 199810th April 1998
(Courtesy News Team(Courtesy News Team
International)International)

Cologne, January 1995Cologne, January 1995
(Courtesy Munich Re.)(Courtesy Munich Re.)
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Trends in 20th Century Total andTrends in 20th Century Total and
Heavy Rainfall for Various CountriesHeavy Rainfall for Various Countries
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Trend in Heavy PrecipitationTrend in Heavy Precipitation

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

Slight upward trend 1950-1995 but generally not significant.Slight upward trend 1950-1995 but generally not significant.
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Prediction for Rainfall ExtremesPrediction for Rainfall Extremes

                                        (Courtesy Gordon et al., 1992)(Courtesy Gordon et al., 1992)
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England and Wales AutumnEngland and Wales Autumn
Precipitation 1901-2000Precipitation 1901-2000
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England and Wales WinterEngland and Wales Winter
Precipitation 1900/01-1999/00Precipitation 1900/01-1999/00
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England and Wales DroughtEngland and Wales Drought
Index 1901-2000Index 1901-2000

(Courtesy Ben Lloyd-Hughes, 2001)(Courtesy Ben Lloyd-Hughes, 2001)
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Precipitation ExtremesPrecipitation Extremes

Probability Levels
Virtually Certain > 99% Unlikely 10 to 33%

Very Likely 90 to 99% Very Unlikely 1 to 10%
Likely 67 to 90% Improbable < 1%

Possible 33 to 66%

Observed
(20th Century)

Modeling
(End of 21st Century)

Precipitation Extremes
More heavy 1-day
precipitation events

Likely Very Likely

More floods Likely Very Likely
More droughts Unlikely Likely
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Probability of a ‘Cold’ WinterProbability of a ‘Cold’ Winter
in the 2020sin the 2020s

EuropeEurope
ACACIAACACIA
ProjectProject
(2000)(2000)

B1-LowB1-Low
ScenarioScenario
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Probability of a ‘Hot’ SummerProbability of a ‘Hot’ Summer
in the 2020sin the 2020s

EuropeEurope
ACACIAACACIA
ProjectProject
(2000)(2000)

B1-LowB1-Low
ScenarioScenario
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Temperature ExtremesTemperature Extremes

Probability Levels
Virtually Certain > 99% Unlikely 10 to 33%

Very Likely 90 to 99% Very Unlikely 1 to 10%
Likely 67 to 90% Improbable < 1%

Possible 33 to 66%

Observed
(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*
More heat waves Possible Very Likely*
Fewer cold waves Very Likely Very Likely*
*No direct model analyses but expected based on other simulated model changes
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5. Conclusions - Global5. Conclusions - Global

●● The concern that climate change will The concern that climate change will slowlyslowly
increase the number of extreme events isincrease the number of extreme events is
justified for justified for floodsfloods, , droughts and droughts and heatwavesheatwaves..

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

●● The majority of future changes in climateThe majority of future changes in climate
extremes affecting the (Re)Insurance Industryextremes affecting the (Re)Insurance Industry
will continue to result from will continue to result from natural natural interannualinterannual
and and decadaldecadal variability variability..
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5. Conclusions - Caribbean5. Conclusions - Caribbean

●● Lesser Antilles Lesser Antilles Hurricane StrikesHurricane Strikes - upward trend - upward trend
appears likely.appears likely.

●● Caribbean Caribbean RainfallRainfall - winter increase but overall - winter increase but overall
annual decrease.annual decrease.

●● Increased risk of Increased risk of HeatwavesHeatwaves..

●● Sea levelSea level to rise by 0.4 to rise by 0.4±±0.2 m.0.2 m.

●● The majority of future changes in climateThe majority of future changes in climate
extremes affecting the (Re)Insurance Industryextremes affecting the (Re)Insurance Industry
will continue to result from will continue to result from natural natural interannualinterannual
and and decadaldecadal variability variability..


