Production, Gbhoe/a

@
S

IS
S

w
S

N
S

=
)

193

o

& Non-con Gas
mGas
aNGLs

Polar Oil
 Deep Water
= Heavy
@ Regular

1950

1970

1990

2010

2030

2050




.g.-‘f ""}

. WHET ar'e 4@




= '1‘
e g —F‘l’f&

W@‘ét her VSPL Hrmal ,

o "'i-’l ; h: T o 7}

a X A
.

i e o7 e - o
it T o g
- R H
) [ k= b
-, [ !';'- A
Sis '_'\, B Ty }
- W
Y .
i L]
5 . " -"I_ e s
LT B i
y |
: L ¥
i




irn‘:

0 What are't




+ By dlré’? .

f.” ¢ "”-p"re.&




Direct measurement

Global Temperature Change (°C)
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Proxy Data

Average solar radiation = 198 W/m2 at the Earth’s surface

Degrea © +/- 0.16 W/m2 direct solar forcing Cumulative radiative
anomaly from 1561-80 norme T©'Y 1500 years (Shindell, @6) forcing 1.7 W/m2 (2005)
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Temperatures AD 200-2000, from proxy lempsraiurs indicstors anad direct measuramsant (rad)
showing rise from from long-term cooling trend. Mann & Jones, Geophys. Ressarch Lettars, 2003,
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Sea level rise
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We know the Earth is warming by direct phenomenological observation
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7 From satellite measurements Antarcticais

losing ice volume at the rate of 48 cubic 1
miles per year (2006) and Greenland at the
rate of 57 cupic miles per year (2005).
1975 1980 1985 1990 1995 2000 2005
Year
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Jet Propulsion Laboratory, 2006; Chen, Wilson and Tapley, Science, 2007



(Rignot, 2008)
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Ice shrink CeTRELE TS s

The summer sea ice e o s o = RUSSIA
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Arctic Ice Melting

NASA climate scientist Jay Zwally - “ At this
rate, the Arctic Ocean could be nearly ice-
free at the end of summer by 2012, much
faster than previous predictions.”

— Satellite {197?—2007}
— Mean IPCC
Most likely d‘velopment
IPCC range

1960 1980 2000 2020 2040
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Recent beetle outbreaks have caused extensive mortality across millions of hectares in
western North America (Figure 6 — Logan and Powell 2001, 2006), with large mature cohorts
(age 70-80 yr) contributing to widespread vulnerability (Carroll 2006). Warmer temperatures
facilitate insect outbreaks in two ways: 1) drought stress makes trees more vulnerable to
attack, and 2) insect populations respond to increased temperatures by speeding up their
reproductive cycles (e.g., to 1-year life cycles — Werner and Holsten 1985, Logan and Bentz
1999, Logan and Powell 2001).

Interior lodgepole pine

Warming temperatures would Global

be expected to exacerpate warming // | | Higher temperatures & more Stand-replacing
these already devastating ' | severe and extended droughts fire regime
outbreaks northward and even l
eaStWard acr_ogs the : Bark beetles Extensive mature
continental divide (Logan and : and defoliators -l_ cohorts (70-80 yrs)
Powell 2006, but see Hicke et ; !

al. 2006), but even at gurrent Lodgepole pine mortality

levels of recent mortality 1 3 |
lodgepole pine ecosys-tems Fuel

-~

Large severe fires

v
Salvage logging

accumulation

may be poised for significant
changes.

v \ 4

Changes in species composition (including exotics)
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The state of Alaska has experienced massive fires in
the last decade, including the five largest fires in the
USA (NIFC 2006). Over 2.5 million ha burned in the
interior in 2004. Concurrently (1990s), massive
outbreaks of the spruce bark beetle (Dendroctonus
rufipennis)

occurred on and near the Kenai Peninsula in south-
central Alaska (Berg et al. 2006). Although periodic
outbreaks have occurred throughout the historical
record, both in south-central Alaska and the
southwestern Yukon, these most recent outbreaks
may be unprecedented in extent and percentage
mortality (over 90% in many places — Ross et al. 2001,
Berg et al. 2006).

Both these phenomena are likely associated with
warmer temperatures in recent decades (Duffy et al.
2005, Berg et al. 2006, Werner et al. 2006). Summer
temperatures in the Arctic have risen 0.3 — 0.4 deg. C
per decade since 1961 (Chapin et al. 2005).

McKenzie, 2007 . @ Gany Grassch 2001
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COEMSE Modeled
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faster than predicted

Ocean saturation
— Southern Ocean (Le Quere, 2007)
— North Atlantic (Schuster, 2007)

Loss of efficiency of all natural sinks
— Land and sea (Canadell, 2007)

Permafrost thaw (Delisle, 2007)
ncrease in observed river runoff (Piao, 2007)

ncrease in atmospheric moisture content
(Santer, 2007)
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@ Global warming evidence
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U.S. Drouht Monitor

w H | W i
Y . -

s <D
N\
S
i

Intensity: Drought Impact Types:

.| DOAbnormally Dry r~ Delineates dominant impacts
| D1 Drought - Moderate A = Agricultural (crops, pastures,
[ | D2 Drought - Severe grasslands)

B D3 Drought - Extreme H = Hydrological (water)

January 29, 2008

Valid 7 am. EST

I D4 Drought - Exceptional USDA

The Drought Monitor focuses on broad-scale conditions. S ooV oo wonc itigstion conter

Local conditions may vary. See accompanying text summary

for forecast statements. Released Thursday, January 31, 2008

http:ﬂdruught.un].ed u/dm Author: David Miskus, JAWF/CPC/NOAA



Conclusion

 The Earth is In fact warming at a current
rate greater than 0.2C or .36F per decade

 The observed phenomena are matching or
exceeding predictions.




