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Topics

Climate change drivers

Climate variability remains, with new source(s)

Projected changes, relevant to water and hydrology

Is any of this happening?    …..   Can we tell?

Tools to watch climate unfold

Recent climate

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



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.



Ship trails 20030630



Kasatochi



Kasatochi 20081023:1500ADT Jerry Morris

080709 Jerry Morris



Kasatochi.  August 07 eruption.  Largest SO2 input since Pinatubo.



Redoubt.  Drift River lahar.  2009 March 23.  Game McGimsey.



Redoubt.  Mouth of Drift River.  2009 March 23.  Cyrus Read.



090327:1925 GMT  Redoubt Eruption
From Homer AK.  Jonathan Dehn.



090326:1730 GMT  Redoubt Eruption
SSEC, UW Madison.



Solar Output During the Satellite Era

Through late December 2008



spaceweather.com

2008:  266 of 366 days, No sunspots.  Most spotless days since 1913 with 311 days.
2009 through May 2:  117 days (87 pct of year).
Typical solar min:  485 spotless days.  This solar min thru May 2:  617 spotless days.



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

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



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

21 Years
From 2009



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

2009
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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 Dec 2008.

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 2009.

11-year running mean
individual winters

Western Regional
   Climate 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

2009
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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 2008.

Western Regional
  Climate Center



Thru Dec 2008

NOAA 

National Climatic 
Data Center



Spring Summer

Autumn Winter

Temperature
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Western United States (11 states) Dec-Jan-Feb Temperature
Provisional data from NCDC / CPC.  Blue:  11-year running mean.
Units:  Inches.  Data source NOAA  cooperative network, thru Feb 2009.

Western Regional
  Climate Center
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Western United States (11 states) Mar-Apr-May Temperature
Provisional data from NCDC / CPC.  Blue:  11-year running mean.
Units:  Deg F.  Data source NOAA  cooperative network, thru Dec 2008.

Western Regional
  Climate Center Year
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Western United States (11 states) June-July-August Temperature
Provisional data from NCDC / CPC.  Blue:  11-year running mean.
Units:  Deg F.  Data source NOAA  cooperative network, thru Dec 2008.

Western Regional
  Climate Center
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Western United States (11 states) Sept-Oct-Nov Temperature
Provisional data from NCDC / CPC.  Blue:  11-year running mean.
Units:  Deg F.  Data source NOAA  cooperative network, thru Dec 2008.

Western Regional
  Climate Center



IPCC Emissions Scenarios. 

(observed trajectory in 2009 is above all of these) 

Figure from Environment Canada, 2005.



Annual 

Winter 
Spring 
Summer 
Autumn

East Central 
Nevada

Projected 

Temperature 

Changes ( C )

15 Models

IPCC A1B

Early 21st

2011-2040

Middle 21st

2041-2070

Late 21st

2071-2100

John Abatzoglou



Annual 

Winter 
Spring 
Summer 
Autumn

East Central 
Nevada

Projected 

Precipitation 

Changes ( % )

15 Models

IPCC A1B

Early 21st

2011-2040

Middle 21st

2041-2070

Late 21st

2071-2100

John Abatzoglou



Annual Temperature Trend 1976 - 2005                  National Temperature Trend by Season

The Last 30 Years

Winter   Spring   Summer  Autumn   Annual



2000                  2001                 2002                  2003                 2004

2005                  2006                 2007                  2008                 

United States Annual Temperature Departure from 1950-1995 Mean

NOAA Divisional Data, Western Regional Climate Center, Plotted by ESRL PSD



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 / 65 E to 180 E.   Thanks to “CDC”
Annual Jan-Dec 
Area B

0.5 C

1950 2000



The World’s Warm Oceans



Through March 2009

“El Nino”

“La Nina”

NOAA ESRL (“CDC”), Wolter and Timlin



Global Sea Surface Temperature Anomalies ( C )  2009 April 19-25

NOAA ESRL (“CDC”)



Recent Evolution of Equatorial Pacific SST Departures

Updated  through 2009 April 19-25



Washington

Arizona

Central 
Sierra

Redmond & 
Koch, 1991, 
updated. ENSO

Redmond & Koch, 
1991, updated.







www.cefa.dri.edu/Westmap        or     www.wrcc.dri.edu/Projects  (select Westmap)



Mean Annual Temperature for Oregon + Washington



Mean Annual Temperature for Oregon + Washington

Maximum Temp                                             Minimum Temp



T Max          



T Min         



Mean Seasonal Temperature for Oregon + Washington

Spring  MAM

Summer   JJA Autumn  SON

Winter  DJF



Jan                          Feb                          Mar                             Apr

May                         Jun                          Jul                            Aug

Sep                          Oct                          Nov                           Dec

Mean Monthly Temperature for Oregon + Washington



Total Winter-Centered Precipitation for Oregon + Washington



Mean Annual Temperature for Coastal / Interior OR-WA



Mean Seasonal Temperature for Coastal / Interior OR-WA

Winter  DJF Spring  MAM

Summer  JJA Autumn  SON



Mean Annual Temperature for Coastal / Interior OR-WA

Maximum Temp                                               Minimum Temp



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



March 10, 2004

7.5” / 170 mm

12” / 300 mm

55” / 1400 mm

70” / 1800 mm





Potential effects of global warming on the Sacramento / San 
Joaquin watershed and the San Francisco estuary
Noah Knowles and Dan Cayan, Climate Research Division, 
Scripps Institution of Oceanography

P

T
6 C



Not online yet.  Mockup of home Page.  Temporary Test Grid from Reanalysis. 



Time Series
Monthly
Fixed temperature
Fixed height
Pct precip as snow
Daily
Fixed temperature
Fixed height
Maps
Monthly / Daily
Fixed temperature.
Mean / departure

Fixed height
Mean / departure

Product Setup
Graph parameters
Period / duration
Color scheme
Absolute vs

departure

Select type of product, set up display parameters, select location for time series or domain for map.



North American 
Freezing Level

Tracker

Example for 

Tahoe Climate Change
Symposium

held on
St Patricks Day  2009

John Abatzoglou



Elevation of Freezing Level over Lake Tahoe.   Annual.  From NCEP Reanalysis. 



Elevation of Freezing Level over Lake Tahoe.   Winter.  From NCEP Reanalysis. 



Elevation of Freezing Level over Lake Tahoe.   Spring.  From NCEP Reanalysis. 



Elevation of Freezing Level over Lake Tahoe.   Summer.  From NCEP Reanalysis. 



Elevation of Freezing Level over Lake Tahoe.   Autumn.  From NCEP Reanalysis. 



Elevation of Freezing Level over Lake Tahoe.  365 Days into early March 2009.  
Climatology 1948-2009:  black line median and blue percentiles. 



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

Sep 30, 2008 Apr 28, 2009





Water Year Precipitation (Oct-Sep) thru Sep 2008.   Upper Colorado River Basin.



Water Year Mean Temperature (Oct-Sep) thru 2008.   Upper Colorado River Basin.



Water Year MAX Temperature (Oct-Sep) thru 2008.   Upper Colorado River Basin.



Water Year MIN Temperature (Oct-Sep) thru 2008.   Upper Colorado River Basin.



Lake Powell Storage Through May 2, 2009

Currently 53 % full   (capacity 24.17 MAF)
Minimum: 33 % full on April 8, 2005



Lake Powell Elevation Through May 2, 2009

Water level on Apr 17, 2009 was 3611.80 ft,  - 88 ft below full.  
Minimum level on April 8, 2005 was 3555 ft, -145 ft below full.
Source:  www.usbr.gov/uc/water/index.htl



? 

?

?

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 ?



Updated by 
John Abatzoglou



John Abatzoglou, Kelly Redmond, Laura Edwards.

Classification of regional climate variability in the 
state of California.  

2009, in press, Journal of Applied Meteorology and 
Climatology.





Water Year
Oct-Sep
Precip

Sierra
Nevada

1895/96
thru
2007/08



Precipitation 
Season 
To Date

July 01 
to 
April 30

1895-96 
Thru
2008-09



Water Year
Oct-Sep
Precip

South
Coastal
California

1895/96
thru
2007/08



Sierra Nevada

Temperature
and

Precipitation

Oct  2007 
Thru 

Sep  2008

A possible 
analog for 

climate 
change ?

California Climate 
Tracker



Sierra 
Nevada

Winter 
Precipitation

DJF

1895-96
Thru
2008-09



Sierra 
Nevada

Spring 
Precipitation

MAM

1895
Thru
2009



Water Year
2008 Oct 1
Thru
2009 May 01



Water Year
2008 Oct 01

Thru
2009 May 01



Water Year
2008 Oct 01

Thru
2009 May 01



Winter 2008-2009
Dec thru Mar

Surface Temperature

Departure from 
Climatology 
(1968-1996)

Reanalysis
Data



Western Basins

Snow Water Content

from
Snotel Stations

Percent of Average

2009May 02

Above L Powell   83%



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



Anticipated changes in Western USA next several decades:

Increased temperatures everywhere.      Temperature is a hydrologic element.

A little more warming in summer, a little less warming in winter

Precipitation increases during the mid-winter months in relation to rest of year

Precipitation reduction from late winter onward

More rain, less snow at most elevations except highest

Higher freezing levels

Somewhat shorter and more intense precipitation supply season

Longer demand season, starts earlier in spring, lasts later in autumn

Seemingly paradoxically, possibly more floods and droughts (!)

Total annual precipitation not greatly different, more north, less south

Same precipitation with higher temperatures is “like” less precipitation

This is all not necessarily straightforward.



Thank You

Bishop Creek, CA
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