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Summary of Evidence for Summary of Evidence for 
h l hh l hAnthropogenic Climate ChangeAnthropogenic Climate Change

“Warming of the climate system is unequivocal, 
as is now evident from observations of increases 
in global average air and ocean temperatures, 
widespread melting of snow and ice and risingwidespread melting of snow and ice and rising 
global average sea level.”

‐ IPCC, 20007



Arctic air temperature change reconstructed (blue), observed (red) 



Low latitude composite of Thompson (2003) dataLow‐latitude composite of Thompson (2003) data
Oxygen isotopes in alpine glaciers



Paleo reconstructions of temperature change Paleo reconstructions of temperature change 
h l 2000h l 2000over the last 2000 yearsover the last 2000 years
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Observed changes in (a) globalObserved changes in (a) global 
average surface temperature; (b) 
global average sea level from 
tide gauge (blue) and satellite 
(red) data; and (c)
Northern Hemisphere snow 
cover for March‐April. All 
differences are relative todifferences are relative to 
corresponding averages for the 
period 1961‐1990. Smoothed 
curves represent
d d l d l hildecadal averaged values while 
circles show yearly values. The 
shaded areas are the uncertainty 
intervals estimated from a 
comprehensive analysis of
known uncertainties (a and b) 
and from the time series (c).



“Average Northern Hemisphere temperatures 
during the second half of the 20th centuryduring the second half of the 20th century 
were very likely higher than during any other
50‐year period in the last 500 years and likely50‐year period in the last 500 years and likely 
the highest in at least the past 1300 years.”

‐‐ IPCC, 2007





Some extreme weather events have changed in Some extreme weather events have changed in 
frequency and/or intensity over the last 50 years:frequency and/or intensity over the last 50 years:frequency and/or intensity over the last 50 years:frequency and/or intensity over the last 50 years:

• It is very likely that cold days, cold nights and frosts 
have become less frequent over most land areas, whilehave become less frequent over most land areas, while 
hot days and hot nights have become more frequent. 

• It is likely that heat waves have become more frequent y q
over most land areas. 

• It is likely that the frequency of heavy precipitation 
events (or proportion of total rainfall from heavy falls) 
has increased over most areas.
It i lik l th t th i id f t hi h l l• It is likely that the incidence of extreme high sea level 
has increased at a broad range of sites worldwide since 
1975. 

‐‐ IPCC, 2007



“There is observational evidence of an 
increase in intense tropical cyclone activity in 
the North Atlantic since about 1970, and 
suggestions of increased intense tropical 
cyclone activity in some other regions where 
concerns over data quality are greater”

‐‐ IPCC, 2007



Causes of Recent Climate ChangeCauses of Recent Climate ChangeCauses of Recent Climate ChangeCauses of Recent Climate Change



(a) Global annual emissions of anthropogenic GHGs from 1970 to 2004.5 (b) Share of 
different anthropogenic GHGs in total emissions in 2004 in terms of CO2‐eq. (c) Share of p g q ( )
different sectors in total anthropogenic GHG emissions in 2004 in terms of CO2‐eq. 
(Forestry includes deforestation.)





“Global atmospheric concentrations of CO2, CH4 and 
N2O h i d k dl lt f hN2O have increased markedly as a result of human 
activities since 1750 and now far exceed pre‐industrial 
values determined from ice cores spanning manyvalues determined from ice cores spanning many 
thousands of years. The atmospheric concentrations of 
CO2 and CH4 in 2005 exceed by far the natural range y g
over the last 650,000 years. Global increases in CO2 
concentrations are due primarily to fossil fuel use, with 
land‐use change providing another significant but 
smaller contribution. It is very likely that the observed 
increase in CH4 concentration is predominantly due toincrease in CH4 concentration is predominantly due to 
agriculture and fossil fuel use. The increase in N2O 
concentration is primarily due to agriculture.”concentration is primarily due to agriculture.

‐‐ IPCC, 2007



Per Capita GHG EmissionsPer Capita GHG EmissionsPer Capita GHG EmissionsPer Capita GHG Emissions
Annex I countries include most OECD states and some 

central European countries

Japan, Australia, New Zealand



Per GDP GHG EmissionsPer GDP GHG EmissionsPer GDP GHG EmissionsPer GDP GHG Emissions





Most of the observed increase in global averageMost of the observed increase in global average 
temperatures since the mid‐20th century is very 
likely due to the observed increase in anthropogeniclikely due to the observed increase in anthropogenic 
GHG concentrations. This is an advance since the 
TAR’s conclusion that “most of the observed 
warming over the last 50 years is likely to have been 
due to the increase in GHG concentrations”

‐‐ IPCC, 2007





“It is likely that there has been significant 
anthropogenic warming over the past 50 yearsanthropogenic warming over the past 50 years 
averaged over each continent (except 
Antarctica) “)

‐‐ IPCC, 2007



ProjectionsProjections



Global GHG emissions (in GtCO2‐eq per year) in the absence of additional climate 
policies: six illustrative SRES marker scenarios (colored lines) and 80th percentile rangepolicies: six illustrative SRES marker scenarios (colored lines) and 80th percentile range 
of recent scenarios published since SRES (post‐SRES) (gray shaded area). Dashed lines 
show the full range of post‐SRES scenarios. The emissions include CO2, CH4, N2O and 
F‐gases.



“There is high agreement andmuch evidence that 
with current climate change mitigation policieswith current climate change mitigation policies 
and related sustainable development practices, 
global GHG emissions will continue to grow overglobal GHG emissions will continue to grow over 
the next few decades. Baseline emissions 
scenarios published since the IPCC Special Report 
on Emissions Scenarios (SRES, 2000) are 
comparable in range to those presented in SRES.”

‐‐ IPCC, 2007



Left panel: Solid lines are multi‐model global averages of surface warming (relative to 1980‐
1999) for the SRES scenarios A2 A1B and B1 shown as continuations of the 20th century1999) for the SRES scenarios A2, A1B and B1, shown as continuations of the 20th century 
simulations. The orange line is for the experiment where concentrations were held constant at 
year 2000 values. The bars in the middle of the figure indicate the best estimate (solid line 
within each bar) and the likely range assessed for the six SRES marker scenarios at 2090‐2099 
relative to 1980‐1999. The assessment of the best estimate and likely ranges in the bars includes 
the Atmosphere‐Ocean General Circulation Models (AOGCMs) in the left part of the figure, as 
well as results from a hierarchy of independent models and observational constraints. Right 
panels: Projected surface temperature changes for the early and late 21st century relative topanels: Projected surface temperature changes for the early and late 21st century relative to 
the period 1980‐1999. The panels show the multi‐AOGCM average projections for the A2 (top), 
A1B (middle) and B1 (bottom) SRES scenarios averaged over decades 2020‐2029 (left) and 2090‐
2099 (right).



“For the next two decades a warming of about 0.2°CFor the next two decades a warming of about 0.2 C 
per decade is projected for a range of SRES emissions 
scenarios. Even if the concentrations of all GHGs and 
aerosols had been kept constant at year 2000 levels, a 
further warming of about 0.1°C per decade would be 

t d Aft d t t j tiexpected. Afterwards, temperature projections 
increasingly depend on specific emissions scenarios.”

‐‐ IPCC, 2007



Relative changes in precipitation (in percent) for the period 2090‐2099, relative to 1980‐
1999. Values are multi‐model averages based on the SRES A1B scenario for December to 
February (left) and June to August (right). White areas are where less than 66% of the 
models agree in the sign of the change and stippled areas are where more than 90% of 
the models agree in the sign of the change.



BasinBasin‐‐Wide Percentage Change in Power Wide Percentage Change in Power 
DissipationDissipationpp

DifferentDifferentDifferent Different 
Climate Climate 
ModelsModels



P j d Cli IP j d Cli IProjected Climate ImpactsProjected Climate Impacts







Dealing with Climate ChangeDealing with Climate ChangeDealing with Climate ChangeDealing with Climate Change

• Winners and losersWinners and losers
• Difficult but necessary cost‐benefit analysis
S ill l i i li j i• Still large uncertainty in climate projections

• Small but difficult‐to‐quantify risk of major 
climate shifts (e.g. collapse of Greenland ice 
sheet)



Atmospheric lifetime of COAtmospheric lifetime of CO22 is centuries longis centuries long

32Hansen, 2007



Summary of Possible ResponsesSummary of Possible ResponsesSummary of Possible ResponsesSummary of Possible Responses

• Mitigation

• Adaptationp

• Geoengineering• Geoengineering



StrategiesStrategiesStrategiesStrategies

• Reduce emissions
– gasification of coal—potential CO2 capture
– alternative sources– nuclear, wind, etc.
– unlikely to effect major reductions
– Fcous on non‐CO2 greenhouse gases

• Carbon sequestration• Carbon sequestration
• Other geoengineering
– technically feasible, $20‐30 billion/yeartechnically feasible, $20 30 billion/year
– Side effects, e.g. reduced precipitation

• Adaptation



“Responding to climate change involves an iterative 
risk management process that includes both mitigationrisk management process that includes both mitigation 
and adaptation, taking into account actual and 
avoided climate change damages, co‐benefits, 
sustainability, equity and attitudes to risk.”

IPCC 2007‐‐ IPCC, 2007



AdaptationAdaptation



AdaptationAdaptation



MitigationMitigation



WHAT ARE SOME LEADING RISKS  
WHOSE ODDS OR AMPLITUDES COULD 

BE LOWERED BY MITIGATION? 

DEPLETION OF ARCTIC SUMMER SEA ICE?
Replacing reflecting with absorbing surface (2007 was 50% of 1979) 

INSTABILITY OF GREENLAND & WEST ANTARCTIC ICE SHEETS?INSTABILITY OF GREENLAND & WEST ANTARCTIC ICE SHEETS?
7+5=12 meters of potential sea-level rise (Eemian sea level rise = 4-6 meters)

DEEP OCEAN CARBON & HEAT SINK SLOWED BY DECREASED SEA ICE 
& INCREASED FRESH WATER INPUTS INTO POLAR SEAS?

INSTABILITY OF ARCTIC TUNDRA & PERMAFROST?
About 1670 billion tons of carbon stored in Arctic tundra & frozen soils 

& C S S U S O O S S
e.g. collapse if CO2  >620 ppm and CLIMATE SENSITIVITY >3.5oC (Scott et al)

(Tarnocai, GBC, 2009)

DELETERIOUS INCREASES OF OCEANIC ACIDITY?
pH drop exceeding 0.5 (>875 ppm CO2) could decimate calcareous phytoplankton

SHIFTING CLIMATE ZONES? 
Maximum warming & % precipitation increase in polar regions?

More arid sub-tropics & lower mid-latitudes?

INCREASING DESTRUCTIVENESS OF TYPHOONS & HURRICANES?
Increased 2-3 times post-1960 and correlated with sea-surface warming? 

(Emanuel, 2005)
Contact rprinn@mit.edu for citation permission



MitigationMitigation

Estimated economic mitigation potential by sector and region using technologies and practicesEstimated economic mitigation potential by sector and region using technologies and practices 
expected to be available in 2030. The potentials do not include non‐technical options such as 
lifestyle changes.







Cumulative PROBABILITY OF GLOBAL AVERAGE SURFACE AIR WARMING
from 1981-2000 to 2091-2100, WITHOUT (1400 ppm-eq CO2) & WITH A 550,

660, 790 or 900 ppm-equivalent CO2 GHG STABILIZATION POLICY 

∆T > 2oC
(values in red relative to 

∆T > 4oC ∆T > 6oC

660, 790 or 900 ppm equivalent CO2 GHG STABILIZATION POLICY 
(400 forecasts per case. Ref: Sokolov et al, Journal of Climate, 2009)

Contact rprinn@mit.edu for citation permission

(values in red relative to 
1860 or pre-industrial)

No Policy at 1400 100% (100%) 85% 25%

Stabilize at 900 (L4) 100% (100%) 25% 0.25%Stabilize at 900 (L4) 100% (100%) 25% 0.25%

Stabilize at 790 (L3) 97% (100%) 7% < 0.25%( ) ( )

Stabilize at 660 (L2) 80% (97%) 0.25% < 0.25%

Stabilize at 550 (L1) 25% (80%) < 0.25% < 0.25%

WITH THESE PROBABILITIES FOR WARMING EXCEEDING 2oC ABOVE PRE-INDUSTRIAL, 
HOW FEASIBLE IS A POLICY TARGET TO LIMIT WARMING TO LESS THAN 2oC?



CostsCosts



USING EPPA MODEL, WHAT IS THE PROBABILITY FOR GLOBAL 
MITIGATION COSTS (expressed as % WELFARE* LOSSES in 2050), 
WITH A 550 660 790  900  CO STABILIZATION POLICY?

∆WL>1% ∆WL>2% ∆WL>3%

WITH A 550, 660, 790 or 900 ppm-eq CO2 STABILIZATION POLICY?

∆WL>1% ∆WL>2% ∆WL>3%

No Policy - - -

Stabilize at 
900 1% 0.25% <0.25%

Stabilize at 
790 3% 0.5% <0.25%

Stabilize at 
660 25% 2% 0.5%

Stabilize at Stabilize at 
550 70% 30% 10%

Contact rprinn@mit.edu for citation permission*Approximately the total consumption of goods & services



USING EPPA MODEL, WHAT IS THE SCALE OF THE 
GLOBAL CHALLENGE?

e g  Global Primary Energy for a 660 ppm CO -equivalent e.g. Global Primary Energy for a 660 ppm CO2-equivalent 
stabilization scenario with nuclear restricted.

Efficiency
Gains (Transport

& Buildings)

Bio-
f l

Coal

fuels

Coal 

Nuclear
IF UNRESTRICTED, 

NUCLEAR COMPETES WITH 
& COULD REPLACE COAL 

WITH CCS. Coal

Gas

Coal 
with C 
capture 
and 

SOLAR & WIND NEED 
LARGE COST REDUCTIONS 

TO COMPETE.

Oil
and 
storage

Contact rprinn@mit.edu for citation permission *Carbon price ~$1750/tonC in 2100



ARE THERE ISSUES REGARDING THE CONVERSION OF 
LAND FOR RENEWABLE ENERGY AT LARGE SCALES?

For bio-fuels to provide 240 EJ/year (7.5 TW or 60% of current demand or 
18% of 2100 demand) requires more than 3.4 billion acres of land

dedicated to crops producing ethanol, which is 8.5 times the total US 

FRACTION OF LAND IN 2100 DEVOTED TO BIO-FUELS PRODUCTION for TRANSPORTATION, 

p p g ,
cropland, assuming 40% efficiency in the conversion of the biomass 

(cellulose). 

,
etc. WITH A 660 ppm CO2-equivalent STABILIZATION POLICY & DEFORESTATION 

ISSUES FOR CONCERN

Ref: Melillo,  
et al, 2009

ISSUES FOR CONCERN
COMPETITION WITH FOOD FOR LAND & WATER

GREENHOUSE GAS RELEASE DURING LAND CONVERSION
LOSS OF NATURAL ECOSYSTEMS (TROPICAL FORESTS)

CLIMATE EFFECTS OF LAND CONVERSION 
Contact rprinn@mit.edu
for citation permission



SOLAR PANELS WARM INSTALLED DESERT 
REGIONS & WARM/COOL ELSEWHERE

WHAT ARE 
EFFECTS OF 

SOLAR ARRAYS AT 
LARGE SCALES 

REGIONS & WARM/COOL ELSEWHERE

LARGE SCALES 
(5.3 TW OVER 
SAHARAN & 

ARABIAN 
DESERTS) ON DESERTS) ON 

SUNLIGHT 
ABSORPTION 
(W/m2) AND 
SURFACE 

TEMPERATURE 
(oC)?

(Ref: Wang & Prinn, 
2009)

CAN AVOID THESE EFFECTS BY 
ADDING REFLECTORS TO THE ADDING REFLECTORS TO THE 

ARRAY TO YIELD ORIGINAL 
REFLECTIVITY

Contact rprinn@mit.edu for citation permission



WINDMILLS WARM INSTALLED LAND 
REGIONS & WARM/COOL ELSEWHERE

WHAT ARE EFFECTS OF WHAT ARE EFFECTS OF 
WINDMILL ARRAYS AT 

LARGE SCALES ON 
SURFACE TEMPERATURE 
OVER SEMI-ARID LAND 
(L  5TW  58 million km2)

LINEAR ARRAYS 
PERPENDICULAR TO WINDS 

FAVORED

(L, 5TW, 58 million km2)
(Ref: Wang & Prinn, 2009)

FAVORED

INTERMITTENCY CHALLENGE:
Twenty-year averages and 
standard deviations of the 
monthly mean wind power 
consumption (dKE/dt) by 

simulated windmills installed 
in: North America (NA), South 

America (SA), Africa and 
Middle East (AF), Australia 

(AU), and Eurasia (EA).

NEED BACKUP GENERATION 
CAPACITY,  POSSIBLY INCLUDING 

ON-SITE ENERGY STORAGE
Contact rprinn@mit.edu for citation permission


