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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



IPCC AR4, Kiehl and Trenberth (1997)

The Planetary Radiation Budget

Net incoming  342 – 107  =  235 W/m2 Net outgoing  = 235  W / m2                   



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

!4 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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1959:  316 ppmv

Dave Keeling, Scripps

+21.8 %



History of 

Atmospheric 

Forcings

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

Simulated and 
Observed 
Temperatures 

(Global Mean)

Warming

Cooling



Projections for Utah

6 climate models
3 emissions scenarios

Projections for interior 
West not very different 
from those for California

Warming
2001:  +1 C
2050:  +3 C
2098:  +5 C

Strong indication of no 
precipitation change

Resampling used.

Thanks to 
Mike Dettinger
USGS / Scripps



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





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
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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



Through 2007



Annual Temperature Trend 1976 - 2005                  National Temperature Trend by Season

The Last 30 Years

Winter   Spring   Summer  Autumn   Annual



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.



Spring (Mar-Apr-May) Mean Temperatures, 2000-2007.  
Departures from 1895-2000 Mean.  

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

The West dominates recent U.S. warming.



Summer (Jun-Jul-Aug) Mean Temperatures, 2000-2006.  
Departures from 1895-2000 Mean.  

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

The West dominates recent U.S. warming.



Autumn (Sep-Oct-Nov) Mean Temperatures, 2000-2006.  
Departures from 1895-2000 Mean.  

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

No particular pattern, scattered mild warming.



Winter (Dec-Jan-Feb) Mean Temperatures, 1999/2000-2006/2007.  
Departures from 1895-2000 Mean.  

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

The West and North dominate 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
30 N to 30 S / 80 E to 180 E.   Thanks to “CDC”
Jan-Nov (to include 2007)
Area B

0.5 C

1950 2000



Degrees C

9 models  x  3 scenarios = 27 “opinions”

Anomaly expectations for recent years.  Summer.

Thanks to John Abatzoglou



Model Resolution
IPCC Reports

(Intergovernmental Panel
on Climate Change)

First Assessment Report

Second Assessment Report

Third Assessment Report

Fourth Assessment Report



Grid 
resolution:

Global 
Climate Model 
and 
Reanalysis

Global

Regional
(slightly smaller; 
pixel resolution)

Desired 
Resolution
About 1 km

.
Or less

AR4 Models
~ 1 degree 
on a side





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









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































States

Counties

Climate
Divisions

Hydro
Basins





Southern Nevada Climate Division 4
12-Month March thru February 
Mean Temperature



Southern Nevada Climate Division 4
12-Month March thru February 
Mean Max Temperature



Southern Nevada Climate Division 4
12-Month March thru February 
Mean Min Temperature



Single PRISM pixel



Laughlin Nevada PRISM pixel
July 
Mean Max Temperature



Laughlin Nevada PRISM pixel
July 
Mean Min Temperature



Sep 28, 1999 Sep 26, 2000 Sep 25, 2001

Sep 24, 2002 Sep 30, 2003 Sep 21, 2004



Sep 27, 2005 Sep 26, 2006 Sep 25, 2007

Apr 1, 2008



2004











If a natural system experiences dry conditions, 

and no one is there to record it, 

is there drought?



?? Rats !!!

Summer 2004.  Joshua Tree National Park.
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Upper Colorado River Water Year Precipitation.
October through September.  Units:  Inches.
Data from PRISM.  Blue:  annual.  Red: 11-yr mean.
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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 Apr 3, 2008

Currently  45 % full
Minimum: 33 % full on April 8, 2005



Lake Powell Elevation Through Apr 5, 2008

Water level on Apr 5, 2008 was 3590.34 ft, -109.66 ft below full.  
Minimum level on April 8, 2005 was 3555 ft, -145 ft below full.
Source:  www.usbr.gov/uc/water/index.htl



11-Model Consensus
2 Scenarios

Colorado River Basin

By Month

3 Future Periods

From Christensen and 
Lettenmaier, in review, 
2007

J     F    M     A    M   J     J     A    S    O   N    D



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, in review period, 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
2020                            2050                           2080



The World’s Warm Oceans



2007 November.  3000-th Argo float deployed.



Through February 2008

“El Nino”

“La Nina”

NOAA ESRL (“CDC”), Wolter and Timlin



Global Sea Surface Temperature Anomalies ( C )  2008 March 23-29

NOAA ESRL (“CDC”)



Recent Evolution of Equatorial Pacific SST Departures

Updated  through 2008 March 16-22



Washington

Arizona

Central 
Sierra

Redmond & 
Koch, 1991, 
updated. ENSOENSO

Redmond & Koch, 
1991, updated.



Water Year Precipitation Percentage  2007 October 1 thru 2008 April 6



Water Year Precipitation Percentage 2007 October 1 thru 2008 April 6



Water Year Precipitation Percentage     30 Days  thru 2008 April 6



Water Year Temperature Departure  2007 October 1 thru 2008 April 6



Last 30 days
Thru 

2008 Apr 05



River Basin 
Precipitation

Water Year
2007 Oct 01

thru 
2008 Apr 07



River Basin 
Snowpack

2008 Apr 07



Winter (DJF)

Thru Feb 2008

NOAA 

National 
Climatic Data 

Center



Winter 2007-2008
Dec 01 – Mar 14

Surface Temperature

Departure from 
Climatology 
(1968-1996)

Reanalysis
Data



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 

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.  Average of 19 climate models.  Figure by Naomi Naik.

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



Seager et al, 2007.

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



? 

?

?

Is the current Southwest drought a once-or-twice-a-century 
drought like those of the past 500 years …

? … or   …

a harbinger of things to come, a different type of drought 
that we have not observed before ?



Karl and Knight, 1998.



Thomas R. Karl and Richard W. Knight, 1998.  Secular Trends of 
Precipitation Amount, Frequency, and Intensity in the United States.  
Bulletin of the American Meteorological Society ,  79 ( 2), 231–241.

Trends in Extreme Daily Precipitation, 1910-1996, by category.



Karl and Knight, 1998.

Contribution to change 
in total precipitation 
from different intensity 
classes.

1910-1996.

-- The intensity of 
precipitation has increased 
for very heavy and extreme 
precipitation days only.

-- The proportion of total 
annual precipitation derived
from heavy and extreme 
precipitation events has 
increased relative to more 
moderate precipitation.



Summary Points  1 of 3

Climate Change and Deserts - Comments

Something is happening.  Began without our noticing.
Southwest seems to have some trends all year long.

Provides one more source of variability.  “Old” variability continues.

Temp – Reasonable consensus on increase.
Temp – Already near life limits.  Small changes can push beyond.

Temperature as a hydrologic element – significant water implications.

Some suggestion that high elevations are warming more than low.

Precipitation.  Several characteristics matter, and can change:
Amount (annual totals) – modest decrease toward US-Mex border
Seasonality (fraction of annual) – more winter, less spring, monsoon ??
Frequency (how often) – probably somewhat less
Type (rain, or snow?) – more rain, less snow



Summary Points  2 of 3

Climate Change and Deserts

Soil Moisture Recharge
Cool precipitation “better” (more effective) than warm precipitation
Big need to understand the whole recharge process much better
Warmer temperatures may reduce soil moisture recharge

Changes in climate probably facilitate disturbance regimes
Changes in disturbance regimes and in climate favor opportunism …

… invasive species

Fire conditions likely more favorable, more disturbances
More arid deserts do not burn well, semi-arid can support fire better

System still has “unrealized warming;” earth radiation not in balance
We’re committed, like it or not.

Managers still have a continuing need for:
High quality gridded data sets (atmosphere, surface, subsurface)
Better tools to make information available to public and researchers



Summary Points  3 of 3

Climate Change and Deserts

In desert regions Climate Change is not the only big problem
Multiple stressors
Climate reduces “wiggle room” for testing and experimentation

Not hopeless.  Not easy.



Ctsy CDC Climate Change



We’re still plugging along!

Climate

Research



Thank You !



Discards



20 February 2007





2008 April 7



11-Model Consensus
2 Scenarios

Colorado River Basin

By Month

3 Future Periods

From Christensen and 
Lettenmaier, 2007



20 February 2007



White Mtn Summit, 14246 ft 
Reconfigured July 2004



2008, Science,, 319, 1080-1082, February 22



Winter (DJF)

Thru Feb 2008

NOAA 

National 
Climatic Data 

Center



Estimated effects of climate change on Colorado River streamflow (Lees Ferry):

By mid-Century, water managers can expect:

Small decrease (0-8 percent (-6))  Christensen and Lettenmaier, 2007

Large decrease (up to 40 percent)  Hoerling and Eischeid 2007

Moderate decrease (in between) Seager et al 2007

More moderate decrease (10 to 25 pct, -13 pct) from Milly et al 2005

A. None of these show streamflow going up !

B.  Any decrease is a source of concern !

C.  We have to resolve these differences !


