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Main Pointsfor Today

e Physics of Global Change
* Evidence of Change

» Consequences of Change
 Impact of Changing our
Habits
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Review of Global Climate

|ncoming Solar Radiation T
" \ Some blocked by atmosphere

Not blocked by atmosphere i Il E .

Outgoing Terrestrial Radiation

| ncoming differ ent wavelength than outgoing



The Greenhouse effect
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Trendsin Greenhouse Gas Amountsin Atmosphere

Greenhouse Gas Mixing Ratios
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CO, emissions from industrial processes
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| ndustrial Nations Produce the most Carbon Dioxide



CO, emissions from land use change
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. Dueto changesin land use, rainforests cut down, leading to
urbanization, roads, and grassland which can hold less car bon.



Greenhouse Gas Amountsin Atmosphere: Preindustrial & 1994

The main greenhouse gases
Greenhouse Chemical Predndustrial Concentration  Atmospheric Anthropogenic Global warming
gases formula concentration in 1994 lifetime { yearsj™ Sources potential (GWP)*
. Fossil fuel combustion
Carbon-dloxide COo, 278000 ppby 358 000 ppbv Variable Land usa conversion 1
Cement production
Fossil fuels
Melhane GH, 700ppby 1721ppby 122443 ﬂg;gﬁ%%g o9+
Livestock
Ferllizer
Nitrous cxide NO 275 ppbv 311 ppbv 120 industnal processes 310
combustion
CFC-12 CCl,F, 0 0,508 ppbv 102 LquE Coomnis 2007100
HCFG-22 CHCIF, 0 0,106 ppbv 12,1 Liquid coclants ~ 1300-1400 =
Perfiuoromethane | CF, 0 0,070 ppbv 50000 it 6 500
Sulphur Dielectric
e SF, 0 0,082 ppbv 3200 i 23 900
Mole - pptv=1 pas per irilion by wolume; pphyv= 1 part per bion by welemea, ppm v= 1 part permilBon by wisme
* GNP for 100 yrar lime hodzon, ** Wnchides indieed! efecta of | production and slalospheric walet vapour production, *** On page 156 GIRTTID)
Ihe m:?m ?HTI% Bedima lor GO can e delined m:mura ﬂmarﬂnmuphﬁwglulmm mmué&m"“ Hel m vtunrzflﬁﬁI Aroadal L

(16, mchiding 1o b died eBed dua 15 oAone dopielion.

Soyros FCC rmdativa foranigreport | Gimae change 195, The saence of dimetscnange, contribubon of working groupe 1 tothesecond sesesement report of thie
inber povernrerkal pened on dimes Sange UNEP and WS Carbridos pressusieraty. 1996



Radiative forcing
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Source: Climate change 1895, The science of climate change, contribution of working group 1 to the second assessment repart of the intergovernmental
panel on climate change, UNEP and WMO, Cambridge university press, 1296,

Indirect - changein cloud properties dueto aerosols
(cloud nucleation)



Aerosols Cool the Atmosphere

The cooling factors
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changn, Pranfice Hall, pearson Edycalion, Harlow, Uritod Bingdam, 2000,



Observed Trendsin Surface Air Temperature

Trend in global average surface temperature
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Siowrps; Schood of erndronmantal sckenssss, cimatic reaaanch unit, universty of East Angle, Nomdch, United Klngdam, 1528,

» The mean global surface temperature has increased by about 0.3 to
0.6°C since the late 19th century and by about 0.2 to 0.3°C over the last

40 years.
 The recent warming has been greatest between 40°N and 70°N



Sea level rise due to global warming

Sea level rise over the last century Sea level rise scenarios for 2100
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Saurce: Climabs chango 1886, The stiencs of dimale changa, contibulian of warking graup 1 (o th sacend assessment repert of the intergovamenental panel on cimata change, UNEP and WD, Cambridga
univereity press, 1996: Sea lavel s over the |aat eantury, adapted from Gomitz and Lebedaff, 1987

e Info isderived mainly from tide-gauge data
» Over last 100 years, the global sealevel hasrisen by ~10 - 25 cm
 2-7 cm due to thermal expansion and 2-5 due to glacier melt



Precipitation changes: trend over land from 1900 to 1994
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*Precipitation has increased over land at high latitudes of the Northern
Hemisphere, especially during the cold season.

*Precip decreased in steps after the 1960s in subtropics & tropics
*Precip over land increased 1900-1960, but decreased since ~1980

* No good record of precip over the ocean



Trends Arctic Ice Thickness & Fairbanks Permafrost Temperature

Thiniming af the Anctic saa-ice

Change in permafrost temperatures
at various depths in Fairbanks (Alaska)
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Changesin River Ice Breakup in Finland and in Nenana

Evodution of the ice-breaking date i the River Tamio (Finland)
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Fig. 1. Townspeople
of Menana, Alaska,
raise the tripod on the
frozen Tenana River, 4
March 2001. [Photo
by |. Coghill [QJH
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Fig. 2. (A) Ice breakup trends on the Tenana River.
Breakup occurs between calendar dates 20 April
and 20 May. Light line: linear regr&ssmn (slope =
—0.07,t = —2.53, P = 0.01, R* = 0.07). Heavy
line: third-order polynomial regression (ice break =
—1E-04 year® + 0.59 yearg + 1144 year +
744660, F = 4.18, P = 0.008, adjusted R® = 0.10).
(B) Temperature data for Nenana and Fairbanks,
Alaska. @ and B, TMAX; O and O, TMIMN.



Economic Coststhat have increased from weather events

s The great weather and flood catastrophes
0+ over the last forty years
e Losses in US billion dollars
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Decade 1860-1965 Decade 1870-1979 Decade 1980-1888 Last ten years 1986-1897

- Total sconomic losses insured losses GIRITID {@)

. * Caution ==> Increase in cost partially due to more people

» Fewer frostsin several widespread areas

e Increase in the proportion of rainfall from extreme events over
Lower 48



Health
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Potential climate changes impact
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1000 year temper ature reconstruction
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 dendroclimatic, coral, and ice-core proxy records as calibrated by
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Paleoclimate Record showsincreasein CO, and Temperature

Temperature and CO, concentration in the atmosphere over the past 400 000 years

e~ (from the Vostok ice core)
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Source: J.R. Pelil, J. Jouzel, et al, Climate and atmaspheric history of the past 420 000 years from the Vostok ioz cors in Anlarctica, Mature 365 (3Une), pp £20-236, 195,

* Rapid changesin climate have occurred in the past 400,000 years



Ocean and Climate Change
Great ocean conveyor belt

I ncrease air temperature, warm ocean
e stop thisslow circulation (Halocline Catastrophe) + Feedback



Projected changes in global temperature:
global average 1856-1999 and projection estimates to 2100
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Sea level rise, cm
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Bourca: Climata change 1885, kmpacts, edapiations and mitigation of climate change: scientific-technical analyses, conéribution of

Increase in global mean sealevel of between 13 and 94 cm.



Potential impact of sea-level rise on Bangladesh

Today
Total population: 112 Million
\‘\ S Total land area: 134,000 km®
= “ cea

1.5 m - Impact
Total population affected: 17 Million (15%)
Total land area affected: 22,000 km® (16%)

Arendal _' 1

= o Storm surges have impacted 100km inland, sea level country
» Already a very poor country, 1.5m increase devastating



Other evidencethat supportsclimate has warmed

*Tropical glaciers are melting fast
E. Africa, New Guinea, Andes
Kilimanjaro may beicefree by 2015
73% decrease from 1913-1989

e Arctic seaice hasretreated, particularly in summer

Polar Climate Change Largest and | ce Albedo Feedback

| ce-albedo feedback

(more ice, more reflected Solar, cooler temperatures, more
Ice......positive feedback loop)

High latitude thawing of permafrost==>methane!



| mpact on Humans

e Disease transmissions - Malaria

e Changein Variability - more extremes
e morehurricanes
* more El Ninos
e increased flooding of riversin the US

*Per mafrost thaws

e Sea level rises- ocean warms and expands



Disaase Vector Population af risk  Number of people cumrantly i lihcod of alterad
{mmillian)? infected or new cases per year GEserlL U Iﬁﬁr‘ihuhm

Malaria Masguito 2,400 300-500 million Trapics and Subdropics -
Schistosomiasis Water snail 600 200 million Tropics and Sublropics @
Lymphatic Fllariasis Maosquito 1 Oage 117 millian Tropics and Subiropics i
Aftican Trypanosomiasls 250 000 to 300 000 . ;
(Sleeping sickness) Tty 8 cases per year Hopal Al 2
Dracunculiasis Crustacean Sauith Asia, o
i 100 000 per year i By ol
(Guinea worm) (Copepod) 0 B ”cammﬂﬂﬁﬂt“ffﬂ =
. Phlebotomine 12 million infected, Asia, Southern Europe
Leishmanlasis sand fiy 350 500 000 new cases per year®  Africa, Americas i
Onchocerciasis : .
(River blindness) Black fly 123 17.5 million Africa, Latin America g
American Trypanosomiasis . . . -
(Chagas diseasa) Triatomne bug 1007 18 milion Central and South America o
Dengue Mosquito 1,800 10-30 million per year All Tropical countries ]
. mose than 5 000 cases Tropical South America
Yellow Fever Maosquito 450 per year Aftica g

;: mgrﬁ ;dl'.lll'le.'ﬁ are population-prorated projections, based on 1989 estimatas, B Highly likely @ Verylikely @ Likely ﬁf] Unknown
4 Mirhaal and Rundy 1085 b | A

e \Vector Borne Diseases increase with war mer climate ;
+ VBD cause significant numbers of deathsin tropics
-« Malaria and other fun stuff to think about

\)



Developed countries I :
P Change in cereal production under three
1ﬂ a | ¥ g " "
different GCM equilibrium scenarios
in percent from base estimated in 2060
i
Climate effects
i anly l I I
D [ |
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104 anky m uﬁ level 1
n I -
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Notes: Level 1 adaptation included il Developing countries
changes in crop variety but not the Climate effects Plus In:IFhlBaﬁnftal[nn Fmﬂﬂmllm
crop, the planting date of less than 1 0 only mﬁ leval 1 baval 2
month, and the amount of water =15 +
applied for areas already irrigated.
Level 2 adaptation additionally
included changes in the type of crop .50 - -5 4 _
grown, changes in fertilizer use,
changes in the planting of more than
1 month, and extension of irrigation 10
to previously unirrigated areas. i
&)
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2001 OZONE HOLE ABOUT THE SAME SIZE ASPAST 3 YEARS

October 16, 2001 - News Story

Sep 17 2001

26 million square kilometers - size of North America, area and depth

Chlorine compounds leveling off due to decreased production



Summary

e Atmospheric greenhouse gases are increasing
« Atmospheric temperature increasing

e Past Climate evidence
» Greenhouse gasincrease goeswith Temperature
INCrease

e |mpact on Humans
e Dueto climate change
* Dueto changein extremes

e Natural Variability
e long time scales in ocean
e solar variability



Global warming Web pages

o IPCC
 ACIA, Arctic Climate Impact Assessment

e Climate Ark, Climate Change & Renewal Energy Portal

« UNEP site, many graphics from there

Anti-global warming of points of view
. anti-environment web page

 Pat Michaels

e Fred Singer



