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Potential external sources of climate change

Human

Greenhouse gasses
Carbon dioxide
Methane
Nitrous oxide
Ozone
Chloroflourocarbons

Aerosols
Radiative effects (the flow of radiant energy)
Microphysics effects (how clouds form and how they work)

Land use / land cover changes
Changes in albedo
Changes in water vapor
Changes in vegetative influence / participation in energy and mass flows

Natural

Astronomical radiation forcing
Solar variations
Volcanoes
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+20.8 %



Atmospheric Methane:  Resumption of its Rise???
Methane is 23 times more potent as a greenhouse gas than CO2



MODIS 20070121



MODIS 20070206



Pollution is a global 
atmospheric  concern

Obviously for health reasons

But, also,

Aerosols have effects on 

Temperature
And
Precipitation

Also note:
Aerosols are unequally 
distributed around the earth



Owen B. Toon

How Pollution 
Suppresses Rain

Science Magazine,

10 March 2000

287 (5459), 1763-1765

Daniel Rosenfeld

Aerosols Suppressing Precipitation in the 
Central Sierra:  Results of the 2006 Winter 
Field Campaign

14 Sep 2006.  California Climate Change 
Research Conference.

Suppression of Rain and Snow by Industrial 
and Urban Air Pollution.  Science, 2000, 
March 10, 287, 1793-1796.
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Ship trails 20030630



History of 

Atmospheric 

Forcings

Simulated and 
Observed 
Temperatures 

(Global Mean)

Hansen et al, 2005.  Earth's 
energy imbalance: 
Confirmation and implications. 
Science, 308, 1431.

Warming influences

Cooling influences



Annual

Jan-Dec

thru 2007

NOAA 

National 
Climatic Data 

Center





Courtesy of Mike Dettinger, USGS / Scripps.

Dettinger MD. 2005. From climate change spaghetti to climate-change distributions for 21st 
Century California. San Francisco Estuary and Watershed Science. Vol. 3, Issue 1, (March 
2005), Article 4.                       http://repositories.cdlib.org/jmie/sfews/vol3/iss1/art4

2007

Yesterday     Tomorrow



Year
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

A
nn

ua
l M

ea
n 

Te
m

pe
ra

tu
re

 ( 
F 

)

47

48

49

50

51

52

53

Western United States (11 states) Annual Jan-Dec Temperature
Provisional data from NCDC / CPC.  Blue:  11-year running mean.
Units:  Deg F.  Data source NOAA  cooperative network, thru Dec 2007.

Western Regional
  Climate Center
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Western United States (11 states) October-March Precipitation.
Provisional data from NCDC / CPC.   112 Winters, 1895-2006.
Units:  Inches.  Data source NOAA cooperative network, thru Mar 2007.

11-year running mean
individual winters

Western Regional
   Climate Center
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Western United States (11 states) Water Year (Oct-Sep) Precipitation.
Provisional data from NCDC / CPC.  Blue:  11-year running mean.
Units:  Inches.  Data source NOAA  cooperative network, thru Nov 2006.

Western Regional
  Climate Center









Eleven climate monitoring 
regions determined from a 
comprehensive analysis.
(John Abatzoglou, WRCC)



Sierra Nevada
Winter-Centered
12-Month
Oct-Sep
Water Year
Precipitation

Thru Sep 2008







Through 
Sep 2007

PRISM values
not yet available
after June 2008



Through 
Sep 2007

PRISM values
not yet available
after June 2008



Through 
Sep 2007

PRISM values
not yet available
after June 2008



Through 
Sep 2007

PRISM values
not yet available
after June 2008



Winter

Spring

Summer

Autumn

Through 
June 2008

Later PRISM 
values not yet 

available





30 Year Trend 1976-Present



Annual Mean Temperatures, 2000-2006.  
Departures from 1895-2000 Mean.  

Non-standardized.  Units:  Degrees F.      Normalized (standard deviations).

The West dominates recent U.S. warming.



SST Departure from Climatology, Annual Jan-Dec, for 8 years 1999-2006.

AB



Sea Surface Temperature.  All ocean areas in box
30 N to 30 S / 80 E to 180 E.   Thanks to “CDC”
Annual Jan-Dec.
Area A

0.5 C

1950 2000



Sea Surface Temperature.  All ocean areas in box
25 N to 25 S / 70 E to 180 E.   Thanks to “CDC”
Area B

0.5 C

1950 2000



Westmap:  U Arizona, DRI/WRCC, OSU    NOAA – NCTP       …CLIMAS/WRCC/CAP

Can be expanded to cover additional states       www.wrcc.dri.edu/PROJECTS.html



States, counties, hydro basins, climate divisions, grid squares, stakeholder pixels

Uses 4 km (maybe soon 2 km) PRISM Monthly Time Series 1895 - last month



July-June 12-month Precipitation
Clark County, Nevada
With
10-Year Running Mean
Based on PRISM analysis



Jan-Dec 12-month Temperature
Clark County, Nevada
With
10-Year Running Mean
Based on PRISM analysis



Western United States Warming Climate Evidence

1. Warming - thermometers (NOAA coop surface data network)
2. Warming - thermometers (NOAA upper air data network)
3. Warming - thermometers (subsurface, western boreholes)
4. Snowpack decrease in spring months (Snotel network)
5. More rain / less snow in winter months (NOAA coop network)
6. Earlier snowmelt runoff pulse (date shift, USGS stream gage network)
7. Earlier blooming of lilacs and honeysuckles (phenology networks)
8. Mountain glacier recession and mass loss
9. Upward movement of plant / animal habitat zones
10.  Warmer river and lake temperatures







Upper Colorado Annual 700 mb Temp  (10,000 ft)

1 C



Upper Colorado Dec-Jan-Feb 700 mb Temp  (10,000 ft)

1 C



Upper Colorado Mar-May 700 mb Temp  
(10,000 ft)

Freezing

1 C



Upper Colorado Jun-Aug 700 mb Temp  
(10,000 ft)

1 C



Upper Colorado Sep-Nov 700 mb Temp (10,000 ft)

Freezing

1 C
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Upper Colorado River Water Year Precipitation.
October through September.  Units:  Inches.
Data from PRISM.  Blue:  annual.  Red: 11-yr mean.

2007
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Upper Colorado Basin Mean Annual Temperature.
Units:  Degrees F.  Annual:  red.  11-year running mean:  blue

Data from PRISM:  1895-2006.  
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Lower Colorado Basin Mean Annual Temperature.
Units:  Degrees F.  Annual:  red.  11-year running mean:  blue

Data from PRISM:  1895-2006.  



Reconstructed natural flow at Lees Ferry.  Water Years 1906-2006.  White: preliminary estimates.
Running mean plotted at end of 5-year period.

WY 2006-07 estimate (Aug 07) approx 69 percent



Lake Powell Storage Through December 02, 2008

Currently 57.3 % full
Minimum: 33 % full on April 8, 2005

Colorado River Storage
2008 Sep 30:  59.3 %



Lake Powell Elevation Through December 02, 2008

Water level on November 01, 2007 was 3621.66 ft, -88.34 ft below full.  
Minimum level on April 8, 2005 was 3555 ft, -145 ft below full.
Source:  www.usbr.gov/uc/water/index.html
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Lake Mead, October 2007

Photo by Ken Dewey



Seager et al, 2007.  Average of 19 climate models.  Figure by Naomi Naik.

www.ldeo.columbia.edu/res/div/ocp/drought/science.shtml



VIC 
Variable 
Infiltration 
Capacity
Representation

Colorado River 
Basin

From 
Christensen and 
Lettenmaier,
Hyrology and 
Earth System 
Sciences, 2007



11 Models, 2 CO2 Scenarios, Colorado River Basin (from Christensen and Lettenmaier, HESS, 2007)



11-Model Consensus
2 Scenarios

Colorado River Basin

By Month

3 Future Periods

From Christensen and 
Lettenmaier, Hydrology 
and Earth System 
Sciences,  2007.
Online journal.



Niklas Christensen and Dennis Lettenmaier, A multimodel ensemble approach to assessment of climate 
change impacts on the hydrology and water resources of the Colorado River basin.  Hydrology and Earth 
System Sciences, Hydrology and Earth System Sciences, 2007, online journal:
http://www.hydro.washington.edu/SurfaceWaterGroup/Publications/hessd-2006-0147-tx.pdf

PER 1: 2010-2039        PER 2: 2040-2069       PER 3: 2070-2099
Flow at Lees Ferry



Marty Hoerling and Jon Eischeid, Past Peak Water in the Southwest, SW Hydrology, 2007 Jan/Feb.



R. Seager, M.F. Ting, I.M. Held, 
Y. Kushnir, J. Lu, G. Vecchi, 
H.-P. Huang, N. Harnik, A. 

Leetmaa, N.-C. Lau, C. Li, J. 
Velez, N. Naik, 2007. Model 
Projections of an Imminent 
Transition to a More Arid 

Climate in Southwestern North 
America. Science, DOI: 

10.1126/science.1139601 

~23 years 
from now

Average of 19 
climate models.  

2007.

Figure by
Gabriel Vecchi. 

www.ldeo.columbia.edu/r
es/div/ocp/drought/scienc

e.shtml



Seager et al, 2007.
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