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Land & Ocean Temperature Departure from Average Feb 2015

(with respect to a 1981-2010 base period)
Data Source: GHCN-M version 3.2.2 & ERSST version 3b

Globally,
February |
was the
2~ warmest
in the last

136 years!! -————— ee—
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Va NOAA's National Climatic Data Center Degrees Celsius Please Note: Gray areas represent missing data
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Land & Ocean Temperature Percentiles Dec 2014-Feb 2015
NOAA'’s National Climatic Data Center
Data Source: GHCN-M version 3.2.2 & ERSST version 3b

Record Much Cooler than Near Warmer than Much Record
. Coldest Cooler than Average Average Average Warmer than  Warmest
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Global Land—Ocean Temperature Index
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Global Warming Science

“Most of the observed increase in globally averaged temperatures
since the mid-20+ century is very very likely* due to the observed
increase in anthropogenic greenhouse gas concentrations...”

The Inter-Governmental Panel on Climate Change (IPCC) AR4 2007

“This evidence for human influence has grown since ARA4. It is
extremely likely that human influence has been the dominant
cause of the observed warming since the mid-20t" century...”
IPCC AR5 2013

*“very likely” => 90% probability; “extremely likely” => 95%
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Atmospheric CO, at Mauna Loa Observatory
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Alert, Nunavut, Canada [82 27'N, 62 31'W]
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Temperature and CO, from Antarctic ice cores e[ 400
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Anthropogenic greenhouse gases (CO2, CHs, N:20...)
CO:2 is mainly produced by the combustion of fossil fuel:
coal, gas, oil...

(a) Fuel Type (b) Cumulatlve Emissions (c) Cumulative Emissions by Reglon
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Global emissions GtC yr

Confirmation that rising CO2 levels are due to human activity

Changes in the isotopic Changes in the atmospheric
composition of carbon concentration of oxygen
Atmospheric carbon dioxide vs oxygen
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Solar radiation powers
the climate system.

Some solar radiation
is reflected by
the Earth and the
atmosphere.

About half the solar radiation
is absorbed by the
Earth's surface and warms it.

Source: IPCC
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Infrared radiation is
emitted from the Earth’s
surface.
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"If the quantity of carbonic acid [CO2] in the air
should sink to one-half its present percentage,
the temperature would fall by about 4°C. On the
other hand, any doubling of the percentage of
carbon dioxide in the air would raise the
temperature of the earth's surface by 4°C; and if
the carbon dioxide were increased fourfold, the

temperature would rise by 8°C.”

-- Arrhenius, 1908
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Global Average Temperature and
Carbon Dioxide Concentrations, 1880 - 2004
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Horizontal Grid
(Latitude-Longitude)

Vertical Grid
(Height or Pressure)

Physical Processes in a Model
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Precipitation Climatology 1980-1999
Climate Models

Sea ice concentration (%)
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Natural factors only (solar, volcanic)
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Natural + Anthropogenic (CO2, CHa etc)

Temperature anomaly (°C)
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Variations in the Earth’s surface temperature: year 1000 to 2100

Deviation in °Celsius (in relation to 1990 value)

Observations, Norhern Hemisphere, proxy data
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Comparison with
CMIPS5 models, RCP scenarios emulated CMIP3 RCP
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Planning Horizons and Uncertainty

Global mean temperature near—term projections relative to 1986-2005
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Number of natural catastrophes 1980-2011 Bl Geophysical events: Earth-
quake, volcanic eruption

1,000 |
Bl Meteorological events:
Tropical storm, winter storm,
800 | severe weather, hail, tornado,
local storm
600 | Bl Hydrological events: Storm
surge, river flood, flash flood,
mass movement (landslide)
400
Bl Climatological events: Heat-
wave, cold wave, wildfire,
200 | drought
0
1980 1985 1990 1995 2000 2005 2010

~90% of 2011’s events were weather-related. Overall and insured losses from
weather-related natural catastrophes were the second-highest on record since 1980
(taking inflation into account). Insured losses from meteorological, hydrological and
Climatological causes in 2011 were $201B...”

P. Hoppe, Head of GeoRisks Research, MunichRe
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The European Heat Wave of 2003

Hottest summer on record in Europe since at least 1540

Distribution of Swiss monthly and seasonal summer temperatures for 1864 — 2003.
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“Economic costs exceeding

€13 billion with a death toll of

over 30,000 across Europe
(UNEP, 2004)”
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The European Heat Wave of 2003

Hottest summer on record in Europe since at least 1540

An event such as 2003 is expected to occur only once in 1000 years.
But by 2040, this will be an average year and by 2060 it will be a cold summer.
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Exceedance of 2013
Precipitation

(a)

0 20 40 60 80 100119
Number of Years

33 UMASS
ey AMHERST
Geosciences

SPEI

California Drought

Jan-Dec Cumulative

(b) Precipitation
’_\1200 -0 0 & 08 2 & 4 8 93
- --- Mean
E10004 _ 2013
-

)

5 800 1976

a

0 —_—

qu 600 ’,‘
[z —

s g

g 200 -7 et~
=5

(&)

rrrrrri
MJJ ASOND

Precipitation (mm month')

Standardized Precipitation-Evapotranspiration Index, 24-Months Ending in March

California

20 40 60 80 100

0

12-Month Running

(c) Mean Precipitation
1 — NcDC
PRISM |
| | )
- ||| } | i i |
R k 3 1 ! nl
B II‘,‘"":-\"‘”"' .':‘.n‘l‘ ':".
\ K .u' ',..-' ‘ .”' S R ',"
=] Sep Jun
1924 1976 '1:331 ..
. 2014
1 I | | | |
1900 192019401960 1980 2000

1900 1910

1920

1930 1940 1950 1960 1970 1980

Data

1990

2000

2010

Source: WRCC/UI, Created: 4-06-2015

CLIMATE SYSTEM

RESEARCH CENTER



Drought Severity Classification

Droughts

Going into drought: short-term dryness slowing

Abnormally planting, growth of crops or pastures. Coming out of

DO
Dry drought: some lingering water deficits; pastures or

crops not fully recovered
Some damage to crops, pastures; streams,
reservoirs, or wells low, some water shortages

D1 Moderate Drought : o
developing or imminent; voluntary water-use
restrictions requested

D2 Severe Crop or pasture losses likely; water shortages

Drought common; water restrictions imposed

gMajor crop/pasture losses; widespread water
i Extreme Droug o
shortages or restrictions

. EExceptionaI and widespread crop/pasture losses;
Exceptional

Drought

ishortages of water in reservoirs, streams, and wells

icreating water emergencies

(Percentiles)

(Percentiles)

Ranges
Category Description Possible Impacts Palmer Drought CPC Soil USGS Weekly ' Standardized Objective Short and
Index Moisture Model Streamflow Precipitation Index Long-term Drought

(SPI)
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Hurricane Sandy
A billion-dollar event. Was it caused by climate change?

*

D)

*» a classic late-season hurricane

147 direct deaths

§75 billion damage; second-costliest cyclone in US

2 business days close in the New York Stock Exchange
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Hurricane Sandy
A billion-dollar event. Was it caused by climate change?
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Cold vs warm SSTs in the Main Development Region
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Colorado Floods 2013

Sep rainfall totals — 1893-2013
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Extreme Event Attribution

Climate Model Runs With/Without Greenhouse Gases

Global Temperature Anomalies
from 1890-1919 average
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Distribution of long-term instrumental data sets in the NE U.S.
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Annual precipitation: 1890-2005
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Length of growing season (days)
(Trend = 0.15 days/year or ~16.5 days over the period of record)

270 1
250 1

230 T

210

140 “ . * 4 s “+

1893 1903 1913 1923 1933 1943 1953 1963 1973 1983 1993 2003

Number of days between first span of at least 6 days with daily mean temperature >5°C
and first span after 1 July of 6 days with daily mean temperature <5°C

NECSC

Northeast CllmateSGenceCenter EAN

¢ AMHERST




Extreme Precipitation

Extreme Precipitation Index

1900 1920 1940 1960 1980 2000
Year

Percent increases in the
precipitation amount falling in the
heaviest 1% of daily precipitation
events from 1958 to 2012.

Source: Kunkel et al., 2013
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Seasonal precipitation changes (SRES A2-baseline)

multi-model means
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Projected Changes in Light, Moderate, and Heavy
Precipitation (by 2090s)
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The figure shows projected changes from the 1990s average to the
2090s average in the amount of precipitation falling in light, moderate,
and heavy events in North America. Projected changes are displayed in 5
percent increments from the lightest drizzles to the heaviest downpours.
As shown here, the lightest precipitation is projected to decrease, while
the heaviest will increase, continuing the observed trend. The higher
emission scenario’' yields larger changes. Projections are based on the
models used in the IPCC 2007 Fourth Assessment Report.
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Change in the
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snow-covered
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month in
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forced VIC simulations
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Most of the fossil fuel inventories that support valuations
of major energy companies can not be consumed without

massive changes in global climate....
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Monthly Arctic sea ice volume
(anomalies from 1979-2011 g

SUMMER ARCTIC SEA
ICE BOUNDARY IN 1979

Arctic Sea Ice Volume
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GLOBAL WARMING How Politicians
AND POLITICAL Cracked Down on
INTIMIDATION

Earth Heated Up

How Politicians Cracked Down on
Scientists as the Earth Heated Up

RAYMOND S. BRADLEY

~~~~~~~

A firsthand account of the political war on science
and a primer on climate change that addresses the
real questions at stake

Global warming is the number one environmental issue

of our time, yet some prominent politicians have refused
to accept scientific evidence of human responsibility and
have opposed any legislation or international agreement
that would limit greenhouse gas emissions. A few have
gone aven further and have tried to destroy the reputations
of scientists researching climate change by deliberately
undermining the credibility of their research. These poli-
ticians have sought to sow seeds of doubt in the minds of
the public and to weaken public and political support for

the control of fossil fuel use : N Y :
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Amherst and Boston www.umass.edu/umpress
168 pp., $19.95 paper, ISBN g78-1-55849-869-3 $80.00 unjacketed cloth, ISBN 978-1-55849-868-6
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I am not willing to adopt multi-trillion dollar programs
to reduce greenhouse gases in America. They don't call it
America warming, they call it global warming.”

Mitt Romney, Oct 11, 2011
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Carbon emissions: the view from the U.S. Congress:

2007
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Carbon emissions: the view from China:
1751-2006
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Carbon emissions: the view from India:
Par person, 2007
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How to reduce greenhouse gas emissions:

1. .Use.more energy efficient technology

2. Reduce waste (conservation)

3. Promote renewable energy (solar, wind, geothermal...)
4..Manage growth sustainably & promote local agriculture
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