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Why has 2012 been the hottest year on

record in the US?

More than 40,000 daily heat records have been broken around the country so far this year,
according to the National Oceanic and Atmospheric Administration, compared with last year's

25,000 daily records set by this date.

By Douglas Main, QurdmazingPlanet Staff Whiter / July 3, 2012
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Heat is beating records around the country: the first five months of 2012 have been the
hottest on record in the contiguous United States. And that's not including June, when

164 all-time high temperature records were tied or broken around the country,

according to government records.
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201 2 shaping up to be hottest on record in US
E xpect more weird weather, says MO AL
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That's unusual, since the most intense heat
usually comes in July and August for much of
the country, said Jake Crouch, a climate
scientist with MNational Climatic Data Center.
For example, only 47 all-time high records were
tied or broken in June of last year.

Also, more than 40,000 daily heat records have
been broken around the country so far this
year, according to the Mational Oceanic and
Atmospheric Administration. Compare that with
last year —the ninth warmest on record —
when only 25 000 daily records had been set



)) State of Climate? Or weather?
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Significant Events for %

July 2012 o i EOBR
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The Long Draw Fire burned Hot and dry conditi ﬁpraug_huut

nearly 560,000 acres in eastern much of the central US le /
OR during July, the largest expansion of drought con tion:zo Tonn,
wildfire to impact the state since 63 percent of the nation. The dryness - @’_/f‘
the 1840s, and excessive heat devastated cro&é ’
and livestock from the Great A line of strong Eorms moved
@ Plains to the Midwest. tl'uroi.lgh the.* itheast, cutting
3 @ A rare, high elevation tornado PORE 1o arter million

An active monsoonal flow  Was observed along the g customers dnd killing two

hrnug-ht above average slope of Mount Evans in r pegple

precipitation to parts of CO at an elevation of 7
the Southwest, CA had its 11,900 feet. 4
fifth wettest Julﬁndél*:".l'\‘__ ; @

had its eighth wett b Drought upstream of the Lower Mississippi

X River has caused nea r-record-ow ﬂearﬁ
../ flow along thesi d MS, impacting,
. aquatjgdife and river transportation.’ :
- b ; «
AK had its gighth wettest July -~
on-regord w 2low .
average month T T ures. ) The average U.5. temperature during July was_?if.ﬁ'f, 3.3°F above
average, and the warmest July on record. Precipitation averaged
T V’J across the mation during July was 2.57 inches, 0,19 inch below average,



| )) Things to think about

y marked the 36 consecutive July and 329t
consecutive month with a global temperature above the
20t century average. The last below-average temperature
July was July 1976 and the last below-average temperature
month was February 1985.

The average temperature for the contiguous U.S. during
July was 77.6°F, 3.3°F above the 20" century average,
marking the warmest July and all-time warmest month on
record for the nation in a period of record that dates back to
1895. The previous warmest July for the nation was July
1936, when the average U.S. temperature was 77.4°F.



Setting more US temperature records

——— Warmest 12-month periods for Contiguous US: 1895-2012
 Noshonal Cllmaihe Dot Coms NOAA's National Climatic Data Center
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) US climate Regions
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South Region: Temperature Seasonal Trends

South, Temperature, March-May

South, Temperature, June-August
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| )J{ South Region: Precipitation Seasonal Trends

South, Precipitation, March-May
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West North Central, Temperature, August-July

9-Point Trend Long Term ——
Binomial Filier +1.61°F/Century Average Temperature
477
461
457
ﬂ [ i
447 | "
51| il T l
1 I l . vt i
431 > v
|1 ¥ re
42 )
Y
417 Ts
407
West North Central, Precipitation, August-July
9-Point Trend — Long Term - —
Binamial Filier +0.57" Century Average Precipitation
227 T 560
540
211
T 520
207
r500
197 480
\ |
187 F 460
" - I 4
] N 1 4 : 440
17 % (- ' K \J &
\ [ f | k420
18] h A \J k400
151 L\ {\ H 380
1 T360
T 340
137
T320
121 +300
1300 1910 1920 1930 1940 1950 1960 1970 1580 1930 2000 2010

NWC Region Climate Trends

— August 1895-July 2012

West North Central, PDSI, August-July

PDSI

1940 1960 1970 1580 1950 2000

1950

1910 1920 1930

1900

Source: NOAA/NCDC http://www.ncdc.noaa.gov/temp-and-precip/time-
series/index.php?parameter=tmp&month=5&year=2012&filter=3&state=1

06&div=0

2010

1sad



NWC Region: Temperature Seasonal Trends
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NWC Region: Precipitation Seasonal Trends
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Kansas, Temperature, March-May

9-Point Trend
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Kansas, Temperature, May-July
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What about extremes?



How Is the current warmth different from the

Figure 2. Areas of the Lower 48 States with Hot Daily
High Temperatures, 1910-2008

m
% a0 Figure 3. Areas of the Lower 48 States with Hot Daily
T Low Temperatures, 1910-2008
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Breaking records in the US

More Daily Record Highs in U.S.Than Record Lows

Expectation in

absence of global warming 2009 2010
1950s 60s 70s 80s  90s _ 2000s g,. A @ ) '
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’ Extremes in the South region
)

South Extremes in Maximum Temperature (Step 1)
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Northern Rockies and Plains Extremes in Maximum Temperature (Step 1)

Northern Rockics and Plains Extremes in Minimum Temperature {Step 2) Northern Rockies and Plains Extremes in 1-Day Precipitation (Step 4%)
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Extremes in the Contiguous US

Contiguous U.S. Extremes in Maximum Temperature (Step 1)

Contiguous U.S, Extremes in Minimum Temperature (Step 2)
Annual (January-December) 1910-2011
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Changes by Season trend from 1976 to 2005

U.S. Average Rate of Long-Term Trend
Temperature Change (per decade)
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What about the global picture?
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| ) Global temperature trends and ENSO

Annual Global Land and Ocean Temperature Anomalies
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Eastern Pacific SST Anomaly 178W-70W

ENSO trends

Pacific SSTs




2012 Global Monthly Temperature Anomalies
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Land & Ocean Temperature Anomalies Jan-Jul 2012

(with respect to a 1981-2010 base period)
Data Source: GHCN-M version 3.1.0 & ERSST version 3b
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2012 Global Monthly Precipitation Anomalies
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Changes in Global Extreme Temperatures

Jun-Jul-Aug Temperature Anomaly (°C): Base Period = 1951-1980
-0.09 1965 -0.11 1975

Fig. 1. June—July—August surface temperature anomalies in 1955, 1965, 1975, and
the past 6 y relative to the 1951-1980 mean. Number on Upper Right is the global
mean (average over all area with data).



Extremes are not just this year!

COUNTRIES THAT SET NEW RECORD HIGHS IN 2010
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Changes in Global Extreme Temperatures

Jun—Jul-Ang Temperature Anomahes: Global

a Cold Areas Typical 1951=1980 Temperature Hot Areas
70} —Celd 4 L 4 | —EBo o1 |
-——Wery Caold: - — - Very Hot Wi
&0+ —— Extremely Cold 4 F 4 }—ExremelyBEot , 1) | ' 1Y
— 50 o[ L =
& 1 |
E = 1] Il h' "ﬁll' 1 ]
3 LN 4 TN - 1 E
VA Il
- i I 'I LA - ” ._L ’
’ | s B | i
10 . Wy !
A, FLE AN A . i y o T

1 (] 1 1
I%EEI 1960 1970 1920 1990 2000 20101930 1960 1970 1980 1990 2000 "ﬂllilli'-“'ﬂ 1960 1970 1920 1990 2000 1010

Jun—Jal-Aug Temperature Anomahes: NH Land

Cold Aveas Typical 1951-1980 Temperature Hot Areas poa
S'u ¥ ¥ L] ¥ i L L ] ¥ L ¥ L} i L L ¥ L™ N
7o —Celd 4 k 4 p—Bmx ) |
R L e I B — b Very Hot——— bt ]
&0t ——Exmemaly Cald 4 F 4 |} —Exmemsly Eo
= 50 ' 4 F 4 FI 1
¥ L 1. M I 7
@l . : il | - T
E’ AL TP . ] "'."I' I’V’Ih ¥ ' ] b aal | 1___"
-1, 30 & ". { . - | { ||F II'I"‘ i t — - Tk T | ¢ A
4 L1l :_ . l'hll l i i ¥ I;I ’I-"‘I& ' 4 4 “:
...|:| -ll. ] | i 4.,. I -1 - lil;- I: - | . | a ; LU I r
10} Wibhind | vy | 1
il a0 [~ _ I' " q r‘! *_.

(PPN, B P L R P R S
1350 1960 1970 1580 1990 2000 30101950 1960 1570 1980 1990 2000 30101950 1960 1970 1580 1950 2000 3010

Fig. 5. Area of the world covered by temperature anomalies in the categories
defined as hot (> 0.430), very hot (> 20), and extremely hot (> 35), with analogous
divisions for cold anomalies.

Source: Hansen, Satoa and Ruedyb Perception of climate change PNAS August 6, 2012




Changes in Global Extreme Temperatures

Jun—Jul-Aug Temperature Anomaly Distribution: Global
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Fig. 4. Frequency of occurrence (y axis) of local temperature anomalies (relative to
1951-1980 mean) divided by local standard deviation (x axis) obtained by counting
gridboxes with anomalies in each 0.05 interval. Area under each curve is unity.

Source: Hansen, Satoa and Ruedyb Perception of climate change PNAS August 6, 2012



Global and US 5 warmest years and 2012
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Year-to-Date Global Temperature Anomalies
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Hot Area Percentage in Summer

NH Land: Jun—Jul-Aug United States: Jun—Jul-Aug SH Land: Dec—Jan—Feb
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Fig. 7. Percent area covered by temperature anomalies in categories defined as hot
(>0.430), very hot (>206), and extremely hot (>3c). Anomalies are relative to
1951-1980 base period; o is from 1951-1980 data.

Source: Hansen, Satoa and Ruedyb Perception of climate change PNAS August 6, 2012



What are some causes of the patterns we see Iin
the United States?



Observed Warming hole

ANQTB0NAWN0C00NO05006 0 02003 055 078 100

Observed change in surface air temperature between 1930 and 1990. Observations are from
the NASA GISS Surface Temperature Analysis. (Credit: Image courtesy of Eric
Leibensperger)

Source: http://www.sciencedaily.com/releases/2012/04/120426155117.htm
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It’s the Ocean. Stupid! — 700m Heat content
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It’s the Ocean. Stupid! — 2000m Heat content
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\ Causes: Changes in Snow Climatology:
} )), Change between the last two climate periods

[New—0Id]/[0Id]x100% Annual Snow

—copilmmn 0 | I I I L eew—

—-40 -0 -10 -0 0 10 20 40

Figure 1: Percent difference between the 1981-2010 and 1971-2000 average annual snowfall totals across the
contiguous United States. Both sets of averages are computed from GHCN-Daily using the methods employed for the
1981-2010 normals. At each location, the percent difference is calculated as the difference between the 1981-2010 and
1971-2000 normals, divided by the 1971-2000 normal. A positive difference indicates that the 1981-2010 snowfall
normal is greater than the 1971-2000 normal at the same location.

Source: WHAT'S NEW FOR SNOW IN NOAA'S 1981-2010 U.S. CLIMATE NORMALS? Durre, Squires, Vose, Arguez,
Applequist, and Yin. NOAA NESDIS National Climatic Data Center, Asheville, North Carolina
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Source: Huber and Mechem Univ of Kansas
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(a) Historical (2005-1850) Crop PFTs Yo (b) Historical (2005-1850) Tree PFT Harvest %
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| ‘\' 4 Historical responses: Fully coupled vs Land cover only

(e) Full Transient - Change in Leaf Area Index m2/m? () Land Cover Change Only - Change in LAl m2/m?
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y _."\;,;' Historical FreSPONSES. Fully coupled vs Land cover only

(c) Full Transient - Change in 2m Temperature DegC
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sea Ice Extent : Sea Ice Extent
)9/18/2007 08/26/2012

| ’ Arctic Sea lce Extent 2007 vs 2012

National Snow and Ice Data Center, Boulder, CO
National Snow and Ice Data Center, Boulder, CO

median median
1979-2000 1979-2000

Source: NSIDC http://nsidc.org/arcticseaicenews/




Arctic Sea Ice AREA

Arctic Sea Ice Extent
(Area of ocean with at least 15% sea ice)
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Arctic Sea ice THICKNESS

Daily Average Arctic Sea Ice Thickness from PIOMAS
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Source: http://psc.apl.washington.edu/wordpress/research/projects/arctic-sea-ice-volume-anomaly/



Arctic sea ice VOLUME

Arctic Sea Ice Volume Anomaly and Trend from PIOMAS

U L L L B DL L L L L L L
— ! i P;Er _;.ci-z:“ce ‘L'e.rcnser -
T 5Eh —
o ‘
o L \ |
s =
o ) v -
N B L L \ "I ﬂ‘!ﬂ -
5 o ' ’ —~
Tl o ‘l - |
o V)
(D N
z T M -
o i ] |
v Ay
> - A4 “
© "
E 55— WA N
c
< - S —
)
= L -
-]
2 i -
>
@ L
o
-10—
—  Anomaly Trend: -3.0 £ 1.0 [1000 km®/Decade] —
Last Day: 2012-08-25 _
~ Version: IC-SST 2.0 |
NI T IS IO TR ST AT (I ST I ST ST R ST R R

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

Source: http://psc.apl.washington.edu/wordpress/research/projects/arctic-sea-ice-volume-anomaly/




If you are not convinced?



Figure 1. Length of Growing Season in the Lower 48 States, 1900-2002
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Timing of the last spring frost and the first fall
frost in the lower 48 states compared with a
long-term average. Positive values indicate that
the frost occurred later in the year, and
negative values indicate that the frost occurred
earlier in the year. The trend lines were
smoothed using an 11-year moving average.

Source: EPA: Kunkel, 2009 http://epa.gov/climatechange/science/indicat

Length of the growing season in the lower ...
48 states compared with a long-term

average. For each year, the line represents

the number of days shorter or longer than
average. The trend line was smoothed

using an 11-year moving average.

Choosing a different long-term average for
comparison would not change the shape of

the trend

Figure 3. Timing of Last Spring Frost and First Fall Frost in the Lower

48 States, 1900-2002
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Plant hardiness zones:

2 2EE 40 S hm 7 il SEE 10
Source: EPA : Arbor Day Foundation 2006 http://epa.gov/climatechange/science/indicators/society-eco/plant-zones.html




Figure 1. First Leaf Dates in the Lower 48 States, 1900-2008

US Plant Phenology | .

Modeled trends in lilac and honeysuckle
bloom dates across the lower 48 states,
using the 1961 to 1990 average as a
baseline. Positive values indicate that
blooming occurred later in the year, and

negative values indicate that b|00ming 900 1910 1520 1930 1940 1950 1960 1970 1980 1990 2000 2010
occurred earlier. The thicker line was Figure 2. First Bloom Dates in the Lower 48 States, 1900-2008
smoothed using a nine-year weighted N

average. Choosing a different long-term
average for comparison would not change
the shape of the trend
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Source: EPA: Schwartz, 2009 http://epa.gov/climatechange/science/indicators/society-eco/leaf-bloom-dates.html



Annual change in latitude of bird
center of abundance for 305
widespread bird species in North
America from 1966 to 2005. Each
winter is represented by the year in
which it began (for example, winter
20052006 is shown as 2005). The
shaded band shows the likely range of
values, based on the number of
measurements collected and the
precision of the methods used.

Changes in Bird Ranges 1966 to 2005

Figure 1. Change in Latitude of Bird Center of Abundance, 1966-2005
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Source EPA: National Audubon Society, 2009 http://epa.gov/climatechange/science/indicators/society-eco/bird-ranges.html




Figure 1. Trends in April Snowpack in the Western United States and
SnOW PaCk Canada, 1950-2000

e O Percent change:

Trends in snow water
equivalent in the western
United States and part of
Canada. Negative trends are
shown by red circles and
positive trends by blue.

Source EPA: Mote, 2009 http://epa.gov/climatechange/science/indicators/snow-ice/snowpack.html



Changes in ocean carbon
dioxide levels (measured as a
partial pressure) and acidity
(measured as pH). The data
come from two observation
stations in the North Atlantic
Ocean (Canary Islands and
Bermuda) and one in the
Pacific (Hawaii). Dots
represent individual
measurements, while the lines
represent smoothed trends.
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a \’ Now what!?

MOAS CRW Satellite Coral Eileclr:hmg Alert Ared 04 Sep 2012
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Some last thoughts?



Implications

of 2012?
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Why 2013 will be a year of crisis

By David Frum, CNIN Contributor
updated 11:01 AM EDT, Mon September 3,2012

Rotting com was damaged by severe drought on a farm near Bruceville, Indiana,

STORY HIGHLIGHTS

David Frum: The drought inthe
U 8. Russiaand Australia is
driving up food prices

He says sharp rises in prices
have long been tied to unrest
among the world's poor

High prices have been cited as
a cause oflast year's upheaval
in Egypt and Tunisia, he says

Frum: The winner of November
electionin U 8. will have to deal
with the consequences

David Frum

Editor's note: David Frum is a confributing editor at Newsweek and
The Daily Beast and a CNN confributor. He Is the author of seven
books, including a new novel, "Patriofs.”

(CNN) -- Prediction: 2013 will be a year of serious global crisis. That
crisis is predictahle, and in fact has already begun. It will inescapably
confront the next president of the United States. Yet this emerging
crisis got not a mention at the Republican National Convention in
Tampa. We'll see if the Democrats do better.

The crisis ariginates in this summer's extremne weather. Almost 80%
of the continental United States experienced drought conditions.
Russia and Australia experienced drought as well.

The drought has ruined key crops. The corn harvest is expected to
drop to the lowest level since 1895, In just July, prices for corn and
wheat jumped about 25% each, prices for soybeans about 17%.

These higher grain prices will flow through to higher food
prices. For consumers in developed countries, higher food
prices are a burden -- but in almost all cases, a
manageahle burden.

Americans spend only about 10% of their after-tax
incomes on food of all kinds, including restaurant meals
and prepackaged foods. Surveys for Gallup find that the
typical American family is spending one-third less on food
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40 $23.00 $22.00
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TS 50 $46.00 $44.00
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Part of complete coverage on

Opinion on the news

What Democrats need to do in
Charlotte

updated 8:51 AM EDT, Mon September 3, 2012

Julian Zelizer says it's not
enough for President Obama
to ariticize Romney's stands or
blame Bush; he needsto
defend his record.

Politics of Clint Eastwood's empty
chair
updated 10:42 AM EDT, Mon September 3, 2012
. John Avon says the empty
‘ chair was a symbol of
[ everything that's wiong with
the presidertial campaigns.

Why 2013 will be a year of crisis

updated 11:01 AM EDT, Mon September 3, 2012

David Frum says the drought
is driving up world food prices
and history suggests that is
likely to produce unrest within
poor nations.

Romney and the politics of pandering
updated 10:20 PMEDT, Sat September 1, 2012
W Mitt Romneyis doingin 2012
| what Barack Obama did four
years ago -- pandering to
voters to seek election -- but
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