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Montana, a cool, dry mountain region
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Presenter
Presentation Notes
The photo in the background shows the Mauna Loa Observatory at dusk (courtesy Forrest Mims).  This is where, in 1958, Charles David Keeling began his now-famous atmospheric carbon dioxide data set – sometimes called “the Keeling Curve.”  The data trend shows carbon dioxide has risen from about 318 parts per million in 1958 to about 388 ppm in 2008.  The gray “saw-toothed” line shows actual measurements and the red line shows the running mean value.  

(Data courtesy NOAA Earth System Research Laboratory)  


“The rise In CO, Is proceeding so slowly that most
of us today will, very likely, live out our lives
without perceiving that a problem may exist™

Keeling CD, Harris TB, Wilkins EM, 1968. Concentration of atmospheric carbon dioxide at 500 and 700
millibars. J. Geophys. Res. 73:4511-28




@ Fossil and Cement Emissions

Global fossil and cement emissions: 9.5+0.5PgC in 2011, 54% over 1990
Projection for 2012: 9.7%x0.5PgC, 58% over 1990
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Source: Peters et al. 2012a; Le Quéré et al. 2012; CDIAC Data; Global Carbon Project 2012



http://www.earth-syst-sci-data-discuss.net/5/1107/2012
http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.globalcarbonproject.org/carbonbudget/
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Emissions growth 2000-2011: coal (4.9%/yr), oil (1.1%l/yr), gas (2.7%lyr),
cement (6.9%l/yr), flaring (4.3%l/yr, not shown)
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http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.earth-syst-sci-data-discuss.net/5/1107/2012
http://www.globalcarbonproject.org/carbonbudget/
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Billion-Dollar U.S. Weather Disasters, 1980 - 2012
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Sources: NOAA/NCDC (1980 - 2011)
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U.S. Drought of 2012
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Ocean Acidification

Over the last 200 years, about 50% of all CO, produced on
earth has been absorbed by the ocean. (Royal society 6/05)
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Arctic Sea Ice Loss

SUMMER ARCTIC SEA
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'Warming Winters in US

Arerage Low Temp in Coldest Month (1895-2010)
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Sperry Glacier
Glacier National Park, MT

In 1913, Sperry Glacier’s mass spanned across the entire basin and the glacier’s terminus was recorded at
over 150 ft. tall. Contemporary images show how the glacier has receded and separated into fragments.

% USGS USGS Repeat Photography Project

science for a changing worid http://nrmsc.usgs.gov/repeatphoto/ Qe
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Glacier National Park, Montana, United
States

Grinnell Glacier from Mt. Gould
1938 - 2006

1938 1981 1998
Hileman photo Key photo Fagre photo Holzer photo
GNP Archives USGS USGS UsGs
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Presentation Notes
The response to climate change is being observed with the receding glaciers.


Snowmelt i is Happenlng EarlleTr in the Spring in the West
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, North-slope
, Montana
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cubic feet per second

DAILY Discharge,

Auust Streamflow Trends 1950- 2007
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Presenter
Presentation Notes
This figure show the data spatially …Explain map…..

If we look at the normalized change per record spatially across the C-Rockies we see a dominate decreasing pattern in discharge, with very few strongly increasing trends

http://www.wilderness.org/index.cfm

Percent change in discharge from mean

Montana Mean August stream Discharge 1950-2007
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Low Water on the Mississippi Causes Barge Backup
August 23, 2012
(river level 7.6ft, normal is 19.4ft)
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The warming has lengthened growing seasons

and hastened green-up dates.

SHADES: TRENDS OF BEGIN DATE OF GROWING SEASON, 1950-99, FROM TEMPERATURES
DOTS: TRENDS IN LILAC FIRST-BLOOM DATES (Sites with 20+yrs of record)
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Geographic Variation in Annual Water Balance

(Precip - Potential ET, meters per year)
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ECOSYSTEM RESPONSES
to changing Land Water Balance
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IN THE SEMI-ARID WEST, FIRE IS NATURES
RECYCLING MECHANISM




Space Shuttle picture of Montana
Fires August 13, 2007

Livingston,MT



Since 1986: m

Western Fire Season 78 days longer
4X Increase in Fires > 1000a
6X Increase in Acres Burned
> Increase in Forests above 6500ft
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Larger Fraction of the Landscape Fire Vulnerable
for a Longer period of Time
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Figure 1. Recent mortality of major western conifer biornes to bark beetfes. (a) Map of western Neorth Aﬂ:u'n'u:ﬁ showirrg
regions of rmajor eruptions by three species. (b)) Sizes of corrifer biomre area affected by these three species over time. Data
are from the Canadian Forest Service, the British Columibia Ministry of Forests and Range, and the US Forest Service.
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http://www.ihdp.uni-bonn.de/

WhiteBark Pine, Union Pass, WY August 2008
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http://www.ihdp.uni-bonn.de/
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Higher temperatures will increase burn
areas in the West

How much more area will burn each
year if temperatures rise 1.8 °F:

- at least 6 times more
- 5-6 times more
- 4-5 times more
|:| 3-4 times more

|:| 2 - 3 times more

|:| up to 2 times more

National Research Council 2011



The Human Perturbation of the CO, Budget (2000-2009

7.7+0.5 PgCy* 4.1+0.1 PgC y? >
' 47% LA

26%
2.30.4 PgC y!

Global Carbon Project 2010; http://www.globalcarbonproject.org/carbonbudget/index.htm



http://www.globalcarbonproject.org/carbonbudget/index.htm

IS OUR CURRENT
CONSUMPTION OF Biospheric
NPP Sustainable*?
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GLOBAL NET TERRESTRIAL PRIMARY PRODUCTIO

0 200 400 600 800 1000 >1200
mean NPP (2000-2010) qC/m%yr

Zhao and Running, Science (2010)
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INcreasing

Land area is NOT

Global Arable Land
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Global Water Supply Threat
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The global percentage of dry areas has
iIncreased by about 1.74% (of global land
area) per decade (11%) from 1950 to 2008.

Aiguo Dai. J.Geophysical Res 2011

" 1 No appreciable flow




‘Jnsustainable groundwater withdrawal

Depletion rate 4cm/yr
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Presentation Notes
The MA projected potential future water problems. Now the GRACE satellite confirms them


Lake Powell, AZ
Colorado River Basin

Lake Powell Water Surface Elevations
1966 through Present
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Nitrogen Loading is already
damaging the biosphere

N Deposition rates ( 0 — 60kg/ha/yr )

Galloway et al. Science 2008



Gfgure‘l United Nations World Population Projections, 1950-2050
Source: World Population Prospects
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Global 14% Per capita reduction projected by 2030
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Future Bioenergy Potential
(estimated by economists)
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Presentation Notes
Gritsevskyi, A., Schrattenholzer, L., 2003: Costs of reducing carbon emissions: An integrated modeling framework approach. Climatic Change 56(1): 167-184.

Link to the article:
http://www.springerlink.com/content/q0121u571t0w0t87/fulltext.pdf
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Capacity for Bioenergy Production
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HANPP
Units: % of NPP
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ECOLOGY From Running, SW. Science 337 p1458-1459, 2012
A Measurable Planetary Boundary et mipimeny o posucion

provides a measurable boundary for human

for the B i osphere consumption of Earth’s biological resources.
Steven W. Running Availa b,e
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