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The World at Night Gives an Indication The World at Night Gives an Indication 
of the Global Extent of Human Influencesof the Global Extent of Human Influences

Fossil FuelsFossil Fuels----coal, oil, and natural gascoal, oil, and natural gas----provide about 80% of the provide about 80% of the 
worldworld’’s energy and support the existing standards energy and support the existing standard--ofof--living, living, but the but the 
release of COrelease of CO22 and other greenhouse gases is altering the climateand other greenhouse gases is altering the climate



Understanding and Projecting Understanding and Projecting 
Climate Change is (arguably) the Climate Change is (arguably) the 
Most Difficult Scientific ChallengeMost Difficult Scientific Challenge

While rigorous physical and chemical conservation laws While rigorous physical and chemical conservation laws 
provide some insights, the problem also involves complex provide some insights, the problem also involves complex 
biological, technological, and sociological relationships and biological, technological, and sociological relationships and 
decisionsdecisions
We have only one We have only one ““EarthEarth””----we have only a limited record of we have only a limited record of 
the one path of many that it could have taken (and there are the one path of many that it could have taken (and there are 
no close analogs to what is happening in the climate record)no close analogs to what is happening in the climate record)
We are asked to project ahead for a century and more, and to We are asked to project ahead for a century and more, and to 
do so at relatively fine time and space scalesdo so at relatively fine time and space scales
The problem we are dealing with is central to the operation The problem we are dealing with is central to the operation 
and experience of societyand experience of society----it requires bridging science and it requires bridging science and 
societysociety

““Uncertainty is inevitable, but risk is certainUncertainty is inevitable, but risk is certain””----Pittock (2005)Pittock (2005)



Scientific understanding has been summarized in Scientific understanding has been summarized in 
the Intergovernmental Panel on Climate Change the Intergovernmental Panel on Climate Change 
(IPCC), Arctic, and the US National Assessments(IPCC), Arctic, and the US National Assessments

•• The results presented here generally draw from the The results presented here generally draw from the 
periodic assessmentsperiodic assessments of the Intergovernmental Panel on of the Intergovernmental Panel on 
Climate Change (IPCC) and similar widely reviewed reports. Climate Change (IPCC) and similar widely reviewed reports. 

•• They represent the They represent the consensus views of the most plausible consensus views of the most plausible 
explanationsexplanations, even though scientific uncertainties of , even though scientific uncertainties of 
various types remain and continue to be investigated. various types remain and continue to be investigated. 

•• While science advances by resolving conflicts in While science advances by resolving conflicts in 
observations and theory, government and business observations and theory, government and business 
leaders, the public and other leaders, the public and other decisiondecision--makers generally makers generally 
decide what to do based on relative likelihooddecide what to do based on relative likelihood----not not 
absolute certainty.absolute certainty.



Six Key Findings Summarize the Last 100 Six Key Findings Summarize the Last 100 
Years of Research on Climate Change Years of Research on Climate Change 

(i.e., (i.e., ““Global WarmingGlobal Warming””))

1.1. Emissions from human activities are changing Emissions from human activities are changing 
atmospheric compositionatmospheric composition

2.2. Enhancing the natural greenhouse effect will lead Enhancing the natural greenhouse effect will lead 
to longto long--term global warmingterm global warming

3.3. Changes in the climate are already evident, and Changes in the climate are already evident, and 
consistent with a human influenceconsistent with a human influence

4.4. Future warming is projected to be substantialFuture warming is projected to be substantial
5.5. The environment and society will both be The environment and society will both be 

impactedimpacted
6.6. Substantially slowing the ongoing change will Substantially slowing the ongoing change will 

require substantial early actions, with payoffs require substantial early actions, with payoffs 
coming mainly after several generationscoming mainly after several generations
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Model simulations of the 20Model simulations of the 20thth C indicate that human C indicate that human 
influences are the cause of the lateinfluences are the cause of the late--century warmingcentury warming
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The IPCC Has Concluded that the The IPCC Has Concluded that the 
Evidence for Human Influences on Evidence for Human Influences on 

Climate is Getting StrongerClimate is Getting Stronger

“The balance of evidence 
suggests a discernible 
human influence on global 
climate”

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



The continued increase in global population and use of The continued increase in global population and use of 
fossil fuels is projected to global COfossil fuels is projected to global CO22 emissions to increase emissions to increase 

by a factor of >1 to 4, depending on population increase, by a factor of >1 to 4, depending on population increase, 
technology advances, and international cooperationtechnology advances, and international cooperation

Need 
population 
figure

Past emissions came primarily from developed countries, but futuPast emissions came primarily from developed countries, but future re 
emissions will come primarily from developing countriesemissions will come primarily from developing countries----even though their even though their 

per capita use will remain significantly less than in the developer capita use will remain significantly less than in the developed nationsped nations



MidMid--range emission scenarios for 2100 project that range emission scenarios for 2100 project that 
humanhuman--induced radiative forcing will greatly exceed induced radiative forcing will greatly exceed 

natural and prenatural and pre--2121stst century increments century increments 

The Earth has yet to fully adjust to the effects of preThe Earth has yet to fully adjust to the effects of pre--1995 1995 
emissionsemissions---- and now 21and now 21stst century forcing will be much larger!century forcing will be much larger!



Although other approaches provide supporting Although other approaches provide supporting 
results, only climate models can be used to results, only climate models can be used to 
project the likely changes from this global project the likely changes from this global 

““geophysical experimentgeophysical experiment””

1. Laboratory and field experiments 1. Laboratory and field experiments 
are too limitedare too limited
2. Mathematical analyses must 2. Mathematical analyses must 
greatly simplify the Earth systemgreatly simplify the Earth system
3. Analogs from the past are 3. Analogs from the past are 
suggestive, but insufficiently similar suggestive, but insufficiently similar 
to the current situationto the current situation
4. Trend extrapolation is difficult due 4. Trend extrapolation is difficult due 
to natural variability and the uniquely to natural variability and the uniquely 
changing conditionschanging conditions
5. Numerical models are theoretical 5. Numerical models are theoretical 
constructs, but can treat the constructs, but can treat the 
expected types of changesexpected types of changes



Climate models are, for Climate models are, for 
example, reasonably example, reasonably 
able to represent the able to represent the 

largelarge--scale distribution scale distribution 
of annual average of annual average 

temperature (temperature (ººF) for the F) for the 
present climatepresent climate

Canadian Model Hadley (UK) Model



Climate models are also Climate models are also 
reasonably able to reasonably able to 

represent the seasonal represent the seasonal 
temperature range (temperature range (ººF) F) 
for the present climatefor the present climate

Canadian Model Hadley (UK) Model



Climate models simulate Climate models simulate 
some features of the some features of the 

monthly average monthly average 
precipitation (in./mo), but precipitation (in./mo), but 
do not adequately resolve do not adequately resolve 

the complex effects of the complex effects of 
mountain rangesmountain ranges

Canadian Model Hadley (UK) Model



The increase in COThe increase in CO22 emissions is projected to emissions is projected to 
cause a significant further increase in surface cause a significant further increase in surface 

temperature around the world temperature around the world 
(1.4 to 5.8(1.4 to 5.8ººC, or about 2.5 to 10C, or about 2.5 to 10ººF, by 2100)F, by 2100)

IPCC temperature 
increases

Source: IPCC TAR, 2001Source: IPCC TAR, 2001

Projected Temperature Change

Projected
CO2 Concentration



The projected The projected 
increase in global increase in global 

average temperature average temperature 
could result in global could result in global 
temperatures being temperatures being 

higher than they have higher than they have 
been in tens of been in tens of 

millions of yearsmillions of years

Prather diagram

Source: IPCC TAR, 2001 and M. PratherSource: IPCC TAR, 2001 and M. Prather



Model simulations project greater warming Model simulations project greater warming 
over land areas and in polar regionsover land areas and in polar regions

(values in (values in ººC, roughly double for C, roughly double for ººF)F)

In most current In most current 
climate models, climate models, 
the projection of the projection of 

the carbon the carbon 
dioxide (COdioxide (CO22) ) 

concentration is concentration is 
prescribed and prescribed and 
the results are the results are 
then compared then compared 
the results from the results from 

a control run a control run 
without a COwithout a CO22
increase. The increase. The 

newest models newest models 
are actually are actually 

simulating the simulating the 
full carbon cycle.full carbon cycle.

Simulated change in annual mean temperature (Simulated change in annual mean temperature (ººC) C) 
resulting from a doubling of COresulting from a doubling of CO22 in the atmosphere in the atmosphere 
in a typical climate model. in a typical climate model. 
Source: Govindasamy and Caldeira (2000)Source: Govindasamy and Caldeira (2000)



Model simulations of the global pattern of Model simulations of the global pattern of 
warming suggest greater warming in midwarming suggest greater warming in mid-- to to 

high latitudes, over land, and during the winterhigh latitudes, over land, and during the winter



““Global warmingGlobal warming”” is shorthand for a wide array is shorthand for a wide array 
of potential changes in the climateof potential changes in the climate

WarmingWarming is very likely to be greater in high than low latitudes, is very likely to be greater in high than low latitudes, 
greater in winter than in summer, and greater over land than ovegreater in winter than in summer, and greater over land than over r 
the oceansthe oceans

Total evaporationTotal evaporation is very likely to increase, more rapidly leading is very likely to increase, more rapidly leading 
to dry soil conditions and drought to dry soil conditions and drought 

Total global precipitationTotal global precipitation is very likely to increase, coming is very likely to increase, coming 
especially in relatively intense events that could increase flooespecially in relatively intense events that could increase flood d 
likelihood in some regions. likelihood in some regions. 

The highest percentage increase in precipitation is likely to ocThe highest percentage increase in precipitation is likely to occur cur 
in in midmid-- to highto high--latitudeslatitudes. . 

The potential for unexpected changesThe potential for unexpected changes is high as balancing is high as balancing 
influences are disrupted and thresholds are exceededinfluences are disrupted and thresholds are exceeded



Health ImpactsHealth Impacts
Weather-related mortality/heat stress
Infectious diseases
Air quality-induced respiratory effects

Agriculture ImpactsAgriculture Impacts
Crop yields and commodity prices
Irrigation demands
Pests and weed 

Water Resource ImpactsWater Resource Impacts
Changes in water supply and timing
Water quality
Increased competition for water

Coastal Area ImpactsCoastal Area Impacts
Erosion of beaches
Inundation of coastal wetlands
Costs to defend coastal communities

Forest ImpactsForest Impacts
Change in forest composition
Shift geographic range of forests
Forest health and productivity

Ecosystem ImpactsEcosystem Impacts
Shifts in ecological zones
Loss of habitat and species
Coral reefs threatened

Climate change is likely to lead to a range of Climate change is likely to lead to a range of 
important environmentalimportant environmental
and societal impactsand societal impacts

Climate Changes

Sea Level 
Rise

Temperature

Precipitation

Adapted from EPAAdapted from EPA

Societal ImpactsSocietal Impacts
Indigenous peoples and developing

nations
Exacerbated impacts on the poor
Dramatically different situation for

future generations



The US National Assessment (1997The US National Assessment (1997--2000) prepared national, 2000) prepared national, 
regional, and sectoral reports about past impacts and likely regional, and sectoral reports about past impacts and likely 

future consequences. These are downloadable from: future consequences. These are downloadable from: 
http://www.usgcrp.gov/usgcrp/nacc/default.htmhttp://www.usgcrp.gov/usgcrp/nacc/default.htm

This National Overview This National Overview 
report is also available report is also available 

from Cambridge from Cambridge 
University PressUniversity Press

The Southeast region report is available at http://www.usgcrp.goThe Southeast region report is available at http://www.usgcrp.gov/usgcrp/nacc/seregion.htmv/usgcrp/nacc/seregion.htm



For North Carolina, the two most relevant For North Carolina, the two most relevant 
assessments were Southeast and Coastalassessments were Southeast and Coastal
Key Issues from the Southeast Key Issues from the Southeast 

Regional Assessment:Regional Assessment:
AgricultureAgriculture
Forests and forest economicsForests and forest economics
Water qualityWater quality
Air qualityAir quality
Extreme weather eventsExtreme weather events

Additional issues recognized but not Additional issues recognized but not 
dealt with by regional assessment:dealt with by regional assessment:
Land use changeLand use change
Water resourcesWater resources
Coastal ecosystems and servicesCoastal ecosystems and services
Health and water qualityHealth and water quality
Socioeconomic and insurance Socioeconomic and insurance 
issuesissues
Urban issues (building design and Urban issues (building design and 
construction, infrastructure, etc.)construction, infrastructure, etc.)

Key Issues from the Coastal Key Issues from the Coastal 
Assessment:Assessment:
Shorelines and coastal developmentShorelines and coastal development
WetlandsWetlands
EstuariesEstuaries
Coral reefsCoral reefs
Ocean margins and fishery Ocean margins and fishery 
resourcesresources

Additional topics and issues mentioned:Additional topics and issues mentioned:
Coastal areas and populationsCoastal areas and populations
The importance of coastal resourcesThe importance of coastal resources
Ocean temperatures and currentsOcean temperatures and currents
Hurricanes and extratropical stormsHurricanes and extratropical storms
Precipitation and freshwater runoffPrecipitation and freshwater runoff
Sea level changeSea level change



The rising COThe rising CO22 concentration itself will have concentration itself will have 
important consequences for the environmentimportant consequences for the environment

Both the marine Both the marine 
and terrestrial and terrestrial 

environments will environments will 
be (are already be (are already 
being) affectedbeing) affected



The US agricultural sector is likely to be able to adapt The US agricultural sector is likely to be able to adapt 
to climate change. Overall productivity is likely to to climate change. Overall productivity is likely to 
increase due to the higher COincrease due to the higher CO22 concentration and  concentration and  

improved water use efficiency.improved water use efficiency.

With increased production, commodity prices would be expected toWith increased production, commodity prices would be expected to fall, fall, 
benefiting consumers, but causing economic harm in marginal farmbenefiting consumers, but causing economic harm in marginal farming areas. ing areas. 
Issues of changes in pests and plant diseases have yet to be evaIssues of changes in pests and plant diseases have yet to be evaluatedluated



Coral reefs are threatened by both ocean Coral reefs are threatened by both ocean 
warming and the rising COwarming and the rising CO22 concentrationconcentration

Source: Kleypas, Buddemeier, et al., Science, 1999; and U.S. National Assessment.



Climate model simulations used in theClimate model simulations used in the
US National Assessment project a US National Assessment project a 

2121stst century warming of about 5 century warming of about 5 -- 1010ººFF

Find the Hadley and Canadian 
model estimates of change in 
temp

Canadian model scenario Canadian model scenario 
for increase by 2100for increase by 2100

Hadley (UK)model scenario Hadley (UK)model scenario 
for increase by 2100for increase by 2100

Plots show the projected change in annual 
average temperature (ºF) over the 21st century



Model projections of the change in Model projections of the change in 
precipitation suggest the potential for precipitation suggest the potential for 
““hothot--drydry”” or or ““warmwarm--moistmoist”” conditionsconditions

Canadian model scenario Canadian model scenario 
for change by 2100for change by 2100

Hadley model scenario Hadley model scenario 
for increase by 2100for increase by 2100



The prospective changes in climate are The prospective changes in climate are 
roughly equivalent to imposing climatic roughly equivalent to imposing climatic 

conditions many hundreds of miles awayconditions many hundreds of miles away



The present distribution of ecosystems is a The present distribution of ecosystems is a 
result of plants and wildlife adapting to result of plants and wildlife adapting to 
prevailing climatic and soil conditions prevailing climatic and soil conditions 



Projected Projected 
Ecosystem Ecosystem 
Impacts by Impacts by 

21002100

Even accounting for Even accounting for 
the effects of COthe effects of CO22

fertilization and fertilization and 
enhancement, enhancement, 
changes in the changes in the 

climate will lead to climate will lead to 
regional changes in regional changes in 

the predominant the predominant 
vegetation type and, vegetation type and, 

as a result, in the as a result, in the 
extant wildlife. Some extant wildlife. Some 

of the transition is of the transition is 
likely to occur likely to occur 

relatively rapidly as a relatively rapidly as a 
result of fires and result of fires and 
other disturbancesother disturbances



Overall forest productivity is expected to rise, Overall forest productivity is expected to rise, 
although the predominant tree species in a although the predominant tree species in a 
location may change. In some areas, drier location may change. In some areas, drier 

summers are likely to raise the potential for fires.summers are likely to raise the potential for fires.
-100%

-50%

No change

+50%

+100-200%
>200%

Hadley Canadian

For hot, dry summertime conditions (the Canadian model scenario)For hot, dry summertime conditions (the Canadian model scenario), the forest mass , the forest mass 
burned is projected to increase significantly, especially in theburned is projected to increase significantly, especially in the western US and the lower western US and the lower 
MississippiMississippi--central Appalachians region. For warm, moist conditions (the Hadcentral Appalachians region. For warm, moist conditions (the Hadley model ley model 

scenario), increased fire likelihood is projected to occur mainlscenario), increased fire likelihood is projected to occur mainly in the western USy in the western US

Simulated change in biomass burnt by wildfires between the 20Simulated change in biomass burnt by wildfires between the 20thth and 21and 21st st centuries (per cent)centuries (per cent)

More Biomass 
Consumed by Fire



Conditions will be changing at the ends and Conditions will be changing at the ends and 
all along the pathways of migrating species, all along the pathways of migrating species, 
with the potential for significant disruptionwith the potential for significant disruption



Changes in precipitation will alter the Changes in precipitation will alter the 
availability of water resourcesavailability of water resources

Storm intensity, track, and numberStorm intensity, track, and number are likely to shift, although are likely to shift, although 
most types of changes remain uncertainmost types of changes remain uncertain
Warmer conditions will lead to Warmer conditions will lead to reduced springtime snowpackreduced springtime snowpack and and 
altered timing of river runoff (with less in summer)altered timing of river runoff (with less in summer)
A larger fraction of the precipitation is likely to come inA larger fraction of the precipitation is likely to come in intense intense 
stormsstorms, continuing the 20, continuing the 20thth century trendcentury trend
Warmer conditions will lead to Warmer conditions will lead to warmer water temperatures and warmer water temperatures and 
faster drying of soilsfaster drying of soils between stormsbetween storms
Average river flows and lake levelsAverage river flows and lake levels will be lower, especially in will be lower, especially in 
summer; creating greater competition for water resources)summer; creating greater competition for water resources)



Whether a region was relatively wet or dry, Whether a region was relatively wet or dry, 
potential waterpotential water--related impacts were of related impacts were of 

concern across the countryconcern across the country
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As an example, an As an example, an 
increase in the increase in the 

average temperature average temperature 
is expected to lead is expected to lead 

to a very large to a very large 
increase in the increase in the 

probability that hot probability that hot 
extremes may be extremes may be 

experienced.experienced.

Shifts in climate are Shifts in climate are 
expected to lead to expected to lead to 

changes in the changes in the 
frequency and intensity frequency and intensity 

of extremesof extremes



Precipitation has been Becoming More Intense, Precipitation has been Becoming More Intense, 
and Models Project this Tendency to Continueand Models Project this Tendency to Continue

A greater share of precipitation A greater share of precipitation 
has been occurring during the has been occurring during the 
most intense rainfall events, most intense rainfall events, 

leading to more intense stream leading to more intense stream 
flows. This has been occurring flows. This has been occurring 
in the US and around the worldin the US and around the world

Projections from all models Projections from all models 
indicate that the increase in indicate that the increase in 

temperature and atmospheric temperature and atmospheric 
humidity will lead to a greater humidity will lead to a greater 

share of precipitation share of precipitation 
occurring during the most occurring during the most 

intense rainfall eventsintense rainfall events



Ocean temperatures are risingOcean temperatures are rising
Hurricanes are Hurricanes are 

becoming more intensebecoming more intense
Hurricane models project warming Hurricane models project warming 

will further intensify hurricaneswill further intensify hurricanes
Source: Webster et Source: Webster et 
al., al., ScienceScience, 2005, 2005

Source: Knutson Source: Knutson 
and Tuleya, and Tuleya, 

ScienceScience, 2004, 2004

Hurricanes Hurricanes 
appear to be appear to be 

intensifying and intensifying and 
releasing more releasing more 
energy, and we energy, and we 
have become have become 

more vulnerable more vulnerable 
due to more due to more 

coastal residents coastal residents 
and buildingsand buildings



Global sea level rose by about 10 to 20 cm Global sea level rose by about 10 to 20 cm 
(4 to 8 inches) during the 20(4 to 8 inches) during the 20thth centurycentury

U.S. Sea Level Trends 
1900-2000
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Contributions to increases in Contributions to increases in 
global sea level occur as a global sea level occur as a 

result of thermal expansion of result of thermal expansion of 
warming ocean waters, melting warming ocean waters, melting 
of mountain glaciers, and net of mountain glaciers, and net 

losses from the Greenland and losses from the Greenland and 
Antarctica Ice Sheets. Changes Antarctica Ice Sheets. Changes 

in land stored on land in in land stored on land in 
reservoirs and aquifers can reservoirs and aquifers can 

also be important.also be important.

Changes in local sea level Changes in local sea level 
(relative sea level) are also (relative sea level) are also 

determined by coastal determined by coastal 
subsidence or emergence due subsidence or emergence due 

to longto long--term (e.g., glacial term (e.g., glacial 
rebound) and shortrebound) and short--term (e.g. term (e.g. 

aquifer pumping) factors.aquifer pumping) factors.



Global sea level is projected to rise by about Global sea level is projected to rise by about 
9 to 88 cm (4 to 35 inches) during the 219 to 88 cm (4 to 35 inches) during the 21st st century, century, 

with a midwith a mid--range value or higher increasingly likelyrange value or higher increasingly likely

Contributions to global sea level rise are projected to come maiContributions to global sea level rise are projected to come mainly from thermal expansion nly from thermal expansion 
of ocean waters and melting of mountain glaciers. These IPCC (20of ocean waters and melting of mountain glaciers. These IPCC (2001) estimates 01) estimates 

suggested that melting of the Greenland and Antarctica Ice Sheetsuggested that melting of the Greenland and Antarctica Ice Sheets would be small, but s would be small, but 
more recent indications are that there will be more significant more recent indications are that there will be more significant contributions.contributions.



The Greenland Ice 
Sheet Dominates Land 

Ice in the Arctic
Over the past two decades, the 
melt area on the Greenland ice 

sheet has increased on average 
by about 0.7%/year (or 

about16% from 1979 to 2002).

There is preliminary 
paleoclimatic evidence 

suggesting the Eemian sea 
level rise of a few meters 

occurred over a few centuries 
with rapid melting of about half 

of the Greenland ice Sheet.

The Greenland Ice The Greenland Ice 
Sheet Dominates Land Sheet Dominates Land 

Ice in the ArcticIce in the Arctic
Over the past two decades, the 
melt area on the Greenland ice 

sheet has increased on average 
by about 0.7%/year (or 

about16% from 1979 to 2002).

There is preliminary 
paleoclimatic evidence 

suggesting the Eemian sea 
level rise of a few meters 

occurred over a few centuries 
with rapid melting of about half 

of the Greenland ice Sheet.
Photo: Business Week Aug. 2004

The Greenland Ice Sheet The Greenland Ice Sheet 
Dominates Land Ice in the Dominates Land Ice in the 

ArcticArctic----and it is Melting at an and it is Melting at an 
Accelerating RateAccelerating Rate

Over the past two decades, the 
melt area on the Greenland ice 

sheet has increased on average by 
about 0.7%/year (or about 16% 

from 1979 to 2002).

There is preliminary paleoclimatic 
evidence suggesting that sea level 

was a few meters higher than at 
present during the Eemian 

interglacial 120,000 years ago. 
There is also evidence that this 

sea level rise occurred over a few 
centuries, mainly due to rapid 

melting of about half of the 
Greenland Ice Sheet.



Melting of the Melting of the 
Greenland Ice Sheet Greenland Ice Sheet 

in 2005 Exceeded in 2005 Exceeded 
Previous YearsPrevious Years

Source: Huff and Source: Huff and 
Steffen, CIRES, Steffen, CIRES, 

University of ColoradoUniversity of Colorado

Update:Update: Recent satellite Recent satellite 
observations of the observations of the 
melt rate are about 3 melt rate are about 3 
times as large as the times as large as the 
IPCCIPCC’’s projection for s projection for 
the whole 21the whole 21stst century!century!



The Gulf and East coasts are particularly The Gulf and East coasts are particularly 
vulnerable to projected sea level rise vulnerable to projected sea level rise 

Coastal islands and wetlands are the Coastal islands and wetlands are the ““shock absorbersshock absorbers”” in the event of hurricanesin the event of hurricanes



Coastal regions will be exposed to Coastal regions will be exposed to 
rising sea level and higher storm surgesrising sea level and higher storm surges

purple



The potential consequences for human health The potential consequences for human health 
are of several interacting typesare of several interacting types



The nighttime minimum temperature will The nighttime minimum temperature will 
increase more than the daytime maximumincrease more than the daytime maximum

The potential impacts include higher daytime peak The potential impacts include higher daytime peak 
electricity demand, longer periods of high demand, and electricity demand, longer periods of high demand, and 

reduced combustion efficienciesreduced combustion efficiencies



The average summertime heat index will The average summertime heat index will 
increase more than will the temperature, and the increase more than will the temperature, and the 

absolute humidity will increase exponentiallyabsolute humidity will increase exponentially



Strengthening public health and community Strengthening public health and community 
planning is likely to help moderateplanning is likely to help moderate

some types of potential consequencessome types of potential consequences

Community design and standards Community design and standards 
can limit mosquito habitatcan limit mosquito habitat

AirAir--conditioning and better conditioning and better 
housing can limit heat stresshousing can limit heat stress



Examples of key regional consequences within the USExamples of key regional consequences within the US

RegionRegion Environmental Environmental 
ConsequencesConsequences

Economic Economic 
ConsequencesConsequences

Consequences Consequences 
to Peopleto People

NortheastNortheast Wetland Wetland 
inundationinundation

Reduced Reduced 
wintertime wintertime 
recreationrecreation

Rising Rising 
summertime heat summertime heat 

indexindex

SoutheastSoutheast Loss of coastal Loss of coastal 
ecosystems; ecosystems; 

changing forestschanging forests

Increasing Increasing 
productivity of productivity of 

hardwood forestshardwood forests

Increased coastal Increased coastal 
flooding; longer, flooding; longer, 
hotter summershotter summers

MidwestMidwest Higher lake and Higher lake and 
river temperatures river temperatures 
alter fish speciesalter fish species

Increasing Increasing 
agricultural agricultural 
productivityproductivity

Lowered lake and Lowered lake and 
river levels; hotter river levels; hotter 

summerssummers

Great PlainsGreat Plains Warmer winters Warmer winters 
allow more allow more 

invasive speciesinvasive species

Increasing Increasing 
agricultural agricultural 
productivityproductivity

Worsened climatic Worsened climatic 
extremes in extremes in 

spring/summerspring/summer

WestWest Altered Altered 
ecosystems, and ecosystems, and 

more firemore fire

Rising snowline Rising snowline 
intensifies water intensifies water 

problemsproblems

Shift toward warm Shift toward warm 
season recreation; season recreation; 
greater fire dangergreater fire danger

NorthwestNorthwest Stress to cold/cool Stress to cold/cool 
water ecosystems water ecosystems 

and fishand fish

Earlier winter Earlier winter 
runoff tightens runoff tightens 
water supplieswater supplies

Shift to warm Shift to warm 
season recreation; season recreation; 

coastal erosioncoastal erosion



The closer the examination of potential The closer the examination of potential 
regional and sectoral impacts in the US, the regional and sectoral impacts in the US, the 

more couplings appear to worldwide impactsmore couplings appear to worldwide impacts

Economic and Market Couplings:Economic and Market Couplings: imported products, imported products, 
export markets, investments, international wellexport markets, investments, international well--beingbeing
Shared Resources and Environments:Shared Resources and Environments: water water 
resources, hydropower, fisheries, migrating species, resources, hydropower, fisheries, migrating species, 
ocean resources, biodiversityocean resources, biodiversity
Human Health:Human Health: disease prevalence and vectors, health disease prevalence and vectors, health 
of visitors, disease level of countries where visit and do of visitors, disease level of countries where visit and do 
businessbusiness
International Security and WellInternational Security and Well--Being:Being: pressures for pressures for 
immigration, environmental refugees, levels of immigration, environmental refugees, levels of 
international conflict and requirements for peaceinternational conflict and requirements for peace--
keeping, concern for relatives and peopleskeeping, concern for relatives and peoples



Climate change will affect peoples and Climate change will affect peoples and 
environments around the worldenvironments around the world



Although uncertainties remain about the details, Although uncertainties remain about the details, 
there is convincing evidence that human activities there is convincing evidence that human activities 
are altering the climate and that much more change are altering the climate and that much more change 
lies ahead. lies ahead. AdaptationAdaptation (proactive or reactive) to the (proactive or reactive) to the 
growing amount of change is a requirement.growing amount of change is a requirement.

Benjamin Franklin laid out the rationale for emissions Benjamin Franklin laid out the rationale for emissions 
reduction (reduction (MitigationMitigation): ): 

““It has been my opinion that he who receives It has been my opinion that he who receives 
an Estate from his ancestors is under some an Estate from his ancestors is under some 
kind of obligation to transmit the same to their kind of obligation to transmit the same to their 
posterity.posterity.””

Warming will create  a new look for the ArcticWarming will create  a new look for the Arctic





Because Science is Never Certain, Because Science is Never Certain, 
There Will Always be Differing ViewsThere Will Always be Differing Views

•• Scientific SkepticismScientific Skepticism: All scientists are taught to be skeptical, : All scientists are taught to be skeptical, 
to raise questions, and to investigate alternative hypotheses to raise questions, and to investigate alternative hypotheses 
and explanationsand explanations

•• IPCC ConsensusIPCC Consensus: Most active research scientists support the : Most active research scientists support the 
IPCC process as a means of expressing consensus IPCC process as a means of expressing consensus 
understanding and agree with the overall thrust and nature of understanding and agree with the overall thrust and nature of 
the findings, even if disagreeing with some detailsthe findings, even if disagreeing with some details

•• The SkepticsThe Skeptics: A relatively small number of active scientist and : A relatively small number of active scientist and 
a larger number of formerly active scientists, energy experts, a larger number of formerly active scientists, energy experts, 
and economistsand economists----generally also opposed to governmental generally also opposed to governmental 
interventions of many kindsinterventions of many kinds----who focus primarily on the who focus primarily on the 
shortcomings in understanding, and tend to be rather shortcomings in understanding, and tend to be rather 
uncritically attracted to alternative hypothesesuncritically attracted to alternative hypotheses



The consistency of The consistency of 
reconstructions of the reconstructions of the 

changes in changes in 
(a) CO(a) CO22 emissions, emissions, 

(b) CO(b) CO22 concentrations, and concentrations, and 
(c) surface temperature (c) surface temperature 
over the last 1000 years over the last 1000 years 

strongly suggest that the strongly suggest that the 
2020thth century has been century has been 

significantly warmed by significantly warmed by 
human activitieshuman activities

The Observations Alone The Observations Alone 
Create a Very Strong Create a Very Strong 

Circumstantial Case for a Circumstantial Case for a 
Strong Human InfluenceStrong Human Influence



To evaluate potential changes in atmospheric To evaluate potential changes in atmospheric 
composition, 6 storylines were created as composition, 6 storylines were created as 

possible scenarios for the futurepossible scenarios for the future

Emissions storylines:
• A1B: Rapid economic growth with balanced set of energy technologies
• A1T: Rapid economic growth with strong emphasis to non-fossil energy technologies
• A1F1: Rapid economic growth with emphasis on fossil fuel energy technologies
• A2: Heterogeneous world with preservation of local identities and fragmented economic growth
• B1: Convergent world economy, moving toward service and information economy and efficient technologies
• B2: Emphasis on local solutions, with continued growth in world population, and emphasis on 
environmental protection and social equity
•IS92a: Business as usual scenario generated in 1992 and used in IPCC’s Second Assessment Report



Summary of Impacts by the IPCCSummary of Impacts by the IPCC----there there 
is not much margin before most systems is not much margin before most systems 

are significantly impacted are significantly impacted 

Tem
perature inc rease  (

Tem
perature inc rease  ( ºº C

)
C

)



The World Faces a Difficult Challenge, The World Faces a Difficult Challenge, 
but it is not yet Technologically Insurmountablebut it is not yet Technologically Insurmountable

AdaptationAdaptation to ongoing and changes will be requiredto ongoing and changes will be required. Climate . Climate 
change has already begun and will continue for many decades, change has already begun and will continue for many decades, 
even with significant cutbacks in emissions. We can either use weven with significant cutbacks in emissions. We can either use what hat 
scientific information we have to prepare, or we will have to adscientific information we have to prepare, or we will have to adapt as apt as 
we go, costly as that may be.we go, costly as that may be.

MitigationMitigation is essential if we are to avoid initiating the rapid is essential if we are to avoid initiating the rapid 
onset of very disruptive impacts.onset of very disruptive impacts. Because of the time to make Because of the time to make 
changes and the inertia of the climate system, aggressive effortchanges and the inertia of the climate system, aggressive efforts to s to 
limit emissions need to begin now, even though the direct benefilimit emissions need to begin now, even though the direct benefits of ts of 
eventually slowing climate change will mainly be experienced by eventually slowing climate change will mainly be experienced by our our 
grandchildren. In the shortgrandchildren. In the short--term, the indirect benefits of improving term, the indirect benefits of improving 
energy security, creating jobs in the US, and some reduction in energy security, creating jobs in the US, and some reduction in air air 
and water pollution are likely.and water pollution are likely.

DelayDelay is very likely to only make the transition need to be more is very likely to only make the transition need to be more 
rapid, and therefore likely more expensiverapid, and therefore likely more expensive. California, for . California, for 
example, projects cost savings by making the transition.example, projects cost savings by making the transition.



The UN Framework Convention on Climate The UN Framework Convention on Climate 
Change, Adopted Internationally in 1992, Change, Adopted Internationally in 1992, 

Set an Objective of Atmospheric StabilizationSet an Objective of Atmospheric Stabilization

Objective 2 of the UNFCCC calls for:Objective 2 of the UNFCCC calls for:
stabilization of the greenhouse gas concentrations in the stabilization of the greenhouse gas concentrations in the 
atmosphereatmosphere
at a level that would prevent dangerous anthropogenic interferenat a level that would prevent dangerous anthropogenic interference ce 
with the climate system. with the climate system. 
Such a level should be achieved within a timeSuch a level should be achieved within a time--frame sufficientframe sufficient

to allow ecosystems to adapt naturally to climate change,to allow ecosystems to adapt naturally to climate change,
to ensure that food production is not threatened, andto ensure that food production is not threatened, and
to enable economic development to proceed in a sustainable manneto enable economic development to proceed in a sustainable manner.r.

Earth Summit, Rio de Janeiro, 1992Earth Summit, Rio de Janeiro, 1992

(adopted widely by the world community (adopted widely by the world community 
and approved by the US Senate in 1992)and approved by the US Senate in 1992)



Slowing the rate of climate change will require Slowing the rate of climate change will require 
significant reductions in COsignificant reductions in CO22 and CHand CH44 emissions, emissions, 

but the trends are in the opposite directionbut the trends are in the opposite direction

Future emissions will be the product of four terms:Future emissions will be the product of four terms:

•• The global populationThe global population RisingRising

•• Energy use per person Energy use per person RisingRising

(related to standard of living)(related to standard of living)

•• Fraction of energy comingFraction of energy coming Depends on choiceDepends on choice

from fossil fuelsfrom fossil fuels of technology of technology 

•• Amount of carbon from fossilAmount of carbon from fossil Will rise if go to coal, Will rise if go to coal, 

fuel generation of energyfuel generation of energy unless sequesterunless sequester



The Kyoto Protocol, Even if Fully Implemented, The Kyoto Protocol, Even if Fully Implemented, 
Would Have Only a Very Modest EffectWould Have Only a Very Modest Effect----

Challenging as It May Be, It Can Only Be a First StepChallenging as It May Be, It Can Only Be a First Step

Emissions Concentrations
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Actually stabilizing the atmospheric Actually stabilizing the atmospheric 
COCO22 concentration will require a concentration will require a 

significant reductions in emissionssignificant reductions in emissions

Assuming the world population rises from 6 billion to 10 billionAssuming the world population rises from 6 billion to 10 billion, , 
stabilizing COstabilizing CO22 implies the following per capita limits for the implies the following per capita limits for the 
2121st st century (compared to current level of 1 tC/person/yr):century (compared to current level of 1 tC/person/yr):

•• Current COCurrent CO22 level (370 ppmv) level (370 ppmv) Near zeroNear zero

•• Double preindustrial (550 ppmv) Double preindustrial (550 ppmv) 1 tC/person/yr1 tC/person/yr

•• Double 1990s (710 ppmv) Double 1990s (710 ppmv) 2 tC/person/yr2 tC/person/yr

•• Unconstrained (>1000 ppmv) Unconstrained (>1000 ppmv) 3 tC/person/yr3 tC/person/yr

•• U.S. usage today U.S. usage today >5 tC/person/yr>5 tC/person/yr

Global average decrement that Kyoto agreement would create isGlobal average decrement that Kyoto agreement would create is <0.25 tC/person/yr<0.25 tC/person/yr



A Range of ShortA Range of Short--term Options are Availableterm Options are Available
to Reduce Greenhouse Gas Emissionsto Reduce Greenhouse Gas Emissions

Improved efficiency (motors, lights, appliances, etc.)Improved efficiency (motors, lights, appliances, etc.)
Insulation and better thermal design of buildings and appliancesInsulation and better thermal design of buildings and appliances
Recycling and reduction of waste generation in manufacturingRecycling and reduction of waste generation in manufacturing
Better electronic controlsBetter electronic controls
Switching from coal and oil to natural gas so less carbon emitteSwitching from coal and oil to natural gas so less carbon emittedd
Improving combustion efficiencyImproving combustion efficiency
Reducing methane emissionsReducing methane emissions
Renewables where costRenewables where cost--effective (wind, solar, hydro, biomass)effective (wind, solar, hydro, biomass)
Reforestation and reducing deforestation as emissions offsetsReforestation and reducing deforestation as emissions offsets
Eliminating CFCs having high Global Warming PotentialsEliminating CFCs having high Global Warming Potentials
Lifestyle changes (mass transit, bicycling, carpooling, etc.)Lifestyle changes (mass transit, bicycling, carpooling, etc.)
Others (taxes, parking fees, incentives, etc.)Others (taxes, parking fees, incentives, etc.)





Getting to LongGetting to Long--term Solutions term Solutions 
Appears to be a Very Large ChallengeAppears to be a Very Large Challenge

From a global perspective, it is easy to be discouraged:From a global perspective, it is easy to be discouraged:
•• There are many gases to deal with (COThere are many gases to deal with (CO22, CH, CH44, etc.), etc.)
•• Solutions are needed for both transportation and for electric gSolutions are needed for both transportation and for electric generationeneration
•• With fossil fuels supplying 90% of the worldWith fossil fuels supplying 90% of the world’’s energy, finding a single s energy, finding a single 
solution is hard to imaginesolution is hard to imagine

Possibilities seem to include:Possibilities seem to include:
•• BiomassBiomass----competes with food and forests for land and nutrientscompetes with food and forests for land and nutrients
•• FissionFission----very large numbers required, with consequent very large numbers required, with consequent 

environmental issues on a global basisenvironmental issues on a global basis
•• FusionFusion----Appears to be 50 years in the futureAppears to be 50 years in the future
•• SolarSolar----Requires storage medium (possibly hydrogen)Requires storage medium (possibly hydrogen)
•• Solar power satellitesSolar power satellites----conceivable, but very visionaryconceivable, but very visionary
•• Ocean kelp farmingOcean kelp farming----massive undertakingmassive undertaking
•• Geoclimatic engineering (mirrors, aerosols)Geoclimatic engineering (mirrors, aerosols)----important sideimportant side--effectseffects
•• Adaptation starts to appear as an essential optionAdaptation starts to appear as an essential option



Taking a Regional Perspective Taking a Regional Perspective 
Provides the Basis for some Provides the Basis for some 

EncouragementEncouragement
Thinking about solutions on a regional basis:Thinking about solutions on a regional basis:

•• Wet tropics: biomass, reforestation, hydropower, etc.Wet tropics: biomass, reforestation, hydropower, etc.
•• Dry subtropics: windpower, distributed solar, solar thermalDry subtropics: windpower, distributed solar, solar thermal
•• Industrialized midlatitudes: efficiency, conservation, natural Industrialized midlatitudes: efficiency, conservation, natural gas as gas as 
transition to biomass, solar, wind, nuclear, etc.; dietary changtransition to biomass, solar, wind, nuclear, etc.; dietary changes es 

•• Large developing nations (China, India); efficient coal and othLarge developing nations (China, India); efficient coal and other      er      
fossil fuels, solar, wind, etc.fossil fuels, solar, wind, etc.

While there is a need to think globally, action and solutions arWhile there is a need to think globally, action and solutions are likely most e likely most 
practical if carried out on a local to national scale. practical if carried out on a local to national scale. 

The range of approaches seems to present many opportunities for The range of approaches seems to present many opportunities for 
technology.technology.

(Regional breakdown originally from L. Kulp)(Regional breakdown originally from L. Kulp)
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