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Mission of Western Regional Climate Center

Act as a repository of historical weather and climate data for the western
United States

Disseminate climate data and information to the private sector, the public,
federal and state agencies, and academic and research institutions

Conduct research useful for applications of climate information

Serve as a focal point for coordination of climate service activities in the
western United States

Maintain strong links to other elements of the climate services sector in
the United States, at all levels:

National
Regional
State
Local



A busy web site  …  87000 accesses per day in March 2005, and

1032 Mb / day of data & products.    Content based on user requests.



Partners
In-state, so far we are working with:
California Climate Change Center

Scripps Climate Research Division
California Department of Water Resources

Division of Flood Management
California Snow Survey
California Data Exchange Center
State Climatologist

National Weather Service
Weather Forecast Offices
River Forecast Center

California Energy Commission
Ocean Observing System (CeNCOOS, SCCOOS, PACOOS)
California Air Resources Board (exploratory)
UC Reserve System (Snow Lab, Sagehen, White Mtns, Santa Margarita)
UC System (San Diego, Berkeley, Los Angeles, Merced, Davis?)
CalFed



WRCC - California projects in a nutshell

Baseline activities  (NOAA, WRCC)
California Applications Program (NOAA, Scripps)
California Climate Data Archive (CEC, Scripps)
California Coastal Climate Data Archive (CEC, Scripps)
Enhanced California Climate Monitoring (CEC)

 Sierra Nevada Climate Monitoring (CEC, Scripps)
Blue Oaks Paleoclimate (Calfed, U AR / U AZ / Scripps)
Climate Reference Network (NOAA)
Yosemite Wireless (NSF, Scripps, NPS)
RAWS QC (NIFC Boise)
Channel Islands (USGS / NPS)
Caljet/Pacjet program successor – SHARE (NOAA, __?)



WRCC – National projects with California connections

   Climate Reference Network Western US (NOAA)
   National snow data set (NOAA, Rutgers, UNL, ISWS)
   Hydroclimatic extremes (NSF, Scripps, UNR)
   National historical/current radiosonde database (NOAA)
   RAWS, and thus any network with subdaily data (BLM)
   Soil moisture estimation for rangelands (BLM)
   Westmap: time series, spatial PRISM data (NOAA, UAZ, OSU)
   CUAHSI Sierra Nevada Hydrologic Observatory (in prog)
   Visualization of climate anomalies (NOAA, U AZ)
   



 “Regular” WRCC web pages:
NOAA Sites:  184 north + 26 SFO + 110 south + 26 LAX = 362 

184 
Sites



“Regular” WRCC web pages:  
Sites included if > 5 yrs, Temp and Precip, a few are precip-only.

110 sites



26 sites



32 sites



A NOAA activity
within the

Office of Global
Programs

Now concluding
its tenth year.

Program has made
numerous inroads
into climate issues
of wide concern.

Physical and
social sciences

interacting.



Climate Services:  A “decision-centric” activity.*

* NRC, 2001:  A Climate Services Vision:  First Steps Toward the Future



Biggest Lesson:

Cannot fully
understand how
climate
information is
used, without
understanding
the decision
environment.

Requires:

Sustained
interaction with
stakeholders to
develop trust.





meteora.ucsd.edu/cap



California
Statewide
Precipitation

1895-2004

California
Statewide
Temperature

1895-2004



Does this:

Capture this ?

More details, please !



Year
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Tahoe City, CA. Coop station.  Mean Annual Temperature.
Units:  Degrees F.
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1931-2003
Ave = 43.2
s.d. = 1.27
skew = .176
N = 69 years

Under Development:  Individual station graphs



Data Sets

NOAA
Cooperative
Surface Airways (NWS, FAA, ASOS, AWOS)
Upper Air
Coastal and buoys

USDA Snotel
Interagency RAWS
Climate Reference Network
Cal Dept Water Resources / Snow Survey & Precip
Cal CIMIS (Cal Irrigation Management & Info System)
Cal Air Resources Board and Air Quality Mgmt Districts
Specialized mesonets and California projects
Research data sets
*National Cooperative Mesonet – ISOS: Int Sfc Obs Sys

or NERON:  National Env Real-time Obs Network
Derived, gridded, analyzed data under consideration

California climate – index time series



Northern
California



Central
California



Southern
California



RED = NWS COOP 
PURPLE = SNOTEL 
DARK BLUE = RAWS 
LIGHT BLUE = SURFACE AIRWAYS 
YELLOW = MISC (CURRENTLY CIMIS, CDEC, BUOYS)

Current Stations



Left figure:   Dan Cayan, Scripps
Climate Research Division, California
Applications Program

A Need for
High Elevation Sites



Grids.

Reanalysis
Resolution:

Global

Regional
(slightly smaller;
pixel resolution)

Desired
Resolution

About 1 km



Sierra Annual Jan-Dec 600 mb Temp  (14,000 ft)



Sierra Annual Jan-Dec 700 mb Temp  (10,000 ft)



Sierra Oct-Mar 700 mb Temp  (10,000 ft)

Freezing



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

Freezing



Sierra  March  700 mb Temp  (10,000 ft)

Freezing



2003 March 10



White Mountain
Summit.

Highest active live
transmission station
in North America.

14246 ft. / 4342 m.

Summer 2003



White Mtn Summit
Wind braces July 2004



White Mtn Summit
Solar Sensor July 2004



White Mtn Summit
Reconfigured July 2004



White Mountain
Summit

East Mast

Light Riming

December 8, 2004

Photo Courtesy
John Smiley, WMRS



           South      Central Sierra Snow Lab       East
Photo:  Dave Simeral



Hot Plate
Precip Gage

Geonor
Precip Gage

Belfort
Precip Gage

Hot Plate Precipitation Gage at Central Sierra Snow Lab,  April 2005

Photo:  Dave Simeral



Slide Mountain, Lake Tahoe Basin, 9650 ft.Chemists, for example, like 
to be in clouds.



Slide Mountain
Toward SSW

Photo:  Dave Simeral



Slide Mountain
Toward NW

Needs AC Power!
Our current mission

Photo:  Dave Simeral



operations?  or  testing ?

Ice
+

Wind
+

Imbalance
+

Shaking
+

Clouds
+

Battery Discharge
+

Many Hours
=

“Interesting Data”

Ward Peak.  Lake Tahoe Basin.  8600 feet.
Photo:  Arlen Huggins



Mt Warren



Mt Warren

View looking south up Deer Cr (NB: beautiful Pleistocene Rock Glacial cyn), a tributary
of Lundy Cyn (note also limber pines at left foreslope (one of our sites).  7/00

Warren Bench Rd ends here
Our highest pine sites here

Deer Creek Canyon

Lundy Canyon

To Mono Lake

Mt Warren (12327 ft) Toward South.  July 2000.

Photo:  Connie Millar



Photo:  Dave Simeral



Temporal
Variability of

Orographic
Effect on
Precipitation

Sacramento (10’)

Versus

Tahoe City (6230’)

July thru June

Oct-March Percent
of Annual:

83% at Tahoe

88% at Sacramento
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Tahoe City / Sacramento.   1909-10  thru 2000-01.
Blue:  7-year running mean.
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Ratio of Tahoe City / Sacramento Precipitation, July thru June
versus  June-November Southern Oscillation Index.
1909-1910  thru  2000-2001.  N = 68.  r = 0.37 (p < .01)  Mean 1.76.
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High Ratio
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Kelly. Redmond,  Western Regional Climate Center.



High Ratio

Low Ratio

Kelly. Redmond,  Western Regional Climate Center.

La Nina

El Nino



Conclusion:

Even this extremely simple analysis indicates:

Orographic effects vary significantly from winter to winter.

Variability exists at both interannual and multi-decade scales.

In the Central Sierra, a clear relation to the Southern
Oscillation Index.
----------
In the Central Sierra, we have found no relation whatever with
precipitation itself, just with enhancement percentages.

In the Central Sierra, major floods are not associated with El
Nino, but seem to occur preferentially in La Nina winters.



Near Vogelsang, only gage above 10,000 ft

Jessica Lundquist,
Scripps, now at CDC

Things
seem to
act
differently
above
about
10,000
feet.



www.fs.fed.us/psw/mtnclim

Mountain Climate
Network - MONET



Suggested Areas:
North



Suggested Areas:
South



A strategy to attain this goal involves these elements:

• All major mountain ranges should be sampled.
• Along-axis and cross-axis sampling for major mountain chains.
• Approximately 5-10 sites per state (1 per 28000 - 56000 km2)
• Highest sites as high as possible within each state, but at both high relative and

absolute elevations.
• Free air exposures at higher sites.
• Utilize existing measurements and networks, and extend existing records, when

possible.
• AC power to prevent ice/rime when practical.
• Temperature, relative humidity, wind speed and direction, solar radiation as main

elements, others as feasible.
• Hourly readings, and real-time communication whenever possible
• Absence of local artificial influences, site stable for next 5-10 decades.
• Current and historical measurements accessible via World Wide Web when

possible.
• Hydro measurements (precipitation, snow water content, and depth) not practical at

highest points, so have lower sites in more protected settings to permit these.
• Maintain stable site characteristics (e.g., vegetation height) needed for measurement

homogeneity.
• High quality, rugged, durable instrumentation with proven track records greatly

desirable.
• Site documentation history available and accessible.



Snotel – Federal
(USDA / NRCS)



Snotel  Plus
CDEC
Automated:
CA State
Snow Survey



Yosemite

Weather and
Climate Stations

www.yosemite.dri.edu



TREX – Terrain Induced Rotors Experiment
Independence CA Owens Valley                www.wrcc.dri.edu/trex

6 mi

10 km



1 mile
1 kmTREX – Terrain Induced Rotors Experiment

Independence CA Owens Valley



TREX – Station 14

Photo:  Dave Simeral



TREX – Station 13

Photo:  Dave Simeral



Left:
Visible Satellite
Image
July 15, 2003
1500 GMT

Below:
June 28, 2003
0115 GMT

What’s so special about the coast?



Why special ?
The coast marks a sharp transition in climate, esp in summer.
Very large numbers of people crowd the shoreline.
Slight movement of sea breeze can have major energy
effects.
Climatic variations of some elements (temperature, wind) are
poorly correlated with variations just a short distance inland,
on several time scales, hours to months.
Important biological species (e.g. anadromous fish), and
ecological systems, utilize both marine and terrestrial waters.
Ocean-land, and local-regional-global scale interactions;
variable vertical and horizontal structure in the water.
Sky conditions:  social, economic, psychological effects
(“June Gloom”).
Sharp gradients in both horizontal and vertical dimensions.
“America’s Oceans in Crisis” - Pew Ocean Commission, 2003







Draft final can be found at
 

ftp.wrcc.dri.edu/nps/chis



Source:  www.pacoos.org/Pages/readings.htm



Present
HF Radar
Arrays
(CODAR)

Planned
for entire
CA coast



California Coastal Climate Data Archive

Joint effort with Scripps

NOAA Cooperative Sites

NOAA / FAA / Surface Airways

NOAA Data Buoys

NOAA CMAN – Coastal Marine Automated Network

Air quality, lighthouses, piers, local

Research data sets as available, profilers, etc



US Climate Reference Network Planned Configuration
(114 stations in Lower 48)

NOAA funded (110)
 CRN partner stations (4)

Final Configuration, USCRN in CONUS, Jan 05.ppt  (mrh)





Death Valley, Stovepipe Wells CRN



CA Merced 23 WSW, CA Merced 23 WSW, KestersonKesterson Reservoir, ( Reservoir, (  U.S. Bureau of Reclamation)U.S. Bureau of Reclamation)
37.2 N  120.9 W  64’

March 25, 2004



C – Potential New
California Climate
Monitoring Site

A – Potential
Augmentation Site

S – Additional sites of
opportunity

R
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ECCM Strategy as of
April 2005

Special California CRN
stations appear to be too

expensive for ECCM

R – Existing or “expected”
national CRN

Ocean to
Great Basin

South
Transect

Ocean
to Great
Basin
North
Transect

One or two transects from
the near shore ocean to
far western Great Basin.

Augment selected Sierra
mountaintops.

Leverage other current
and planned projects.

R

RR

R



CEC / PIER  Enhanced California Climate Monitoring Project - 1

10-15 Full or augmented stations possible.

Transects / clusters across strong climatic gradients:  coast and mountains.

Transects across relatively unobserved areas.

Transects across relatively simple topography & geometry when feasible.

A few long term sites in San Francisco Bay area away from artificial influences
    (but can leverage with area groups, NPS, etc)

Coastal points and headlands (coordinated with Coastal Ocean Obs System).

Long term site stability and acceptable exposure is a priority.

Willing site hosts for power, communications, to anticipate maintenance.

Mountaintop sites (White Mtns (3), Mt Warren, Slide Mt, Mt Hoffman, Mammoth?)

Platforms for added instruments (aerosols, solar radiation, etc)



CEC / PIER   Enhanced California Climate Monitoring Project - 2

Coordinate with CEC Sierra obs, NOAA Hydromet Test Bed, CODAR/OOS,

    other coastal, CRN, NPS I&M, NOAA-NWS, air quality networks,

    NOAA Climate Test Bed, others)

Identify areas to deploy equipment if future resources materialize

    Southeastern deserts, northeast plateau, Sierra north-to-south, Klamath River

    interior coastal

Facilitate an east-side strong-gradient cluster (Sierra – Owens – White/Inyo).



Blue Oak

Valley Oak

Courtesy Dave
Stahle, University
of Arkansas Tree
Ring Laboratory

Lifetime:
200-500 years

Ancient trees in
the Central Valley.

Highly correlated
with precipitation.



Blue oak grow at
approximately 100-
1200 meters
elevation.

1-3 million hectares,
roughly 10-50 trees
per hectare.

Total approximately
40 million trees.



Observed vs Tree-Ring Reconstructed 
Central California Precipitation 1931-1996
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Blue Oak Chronologies.

+   site location

XX YYY:

XX  site number

YYY  elevation (meters)

Cored in late 1990s by 
Dave Stahle.

Stahle, D.W., M.D. Therrell, M.K.
Cleaveland, D.R. Cayan, and M.D.
Dettinger, 2001.  Ancient blue oaks
reveal human impact on San
Francisco Bay salinity.  EOS, 82(12),
141-145.



Four runs:

Run A:  Basic set.

All 12 sites. 1711-1992

Run B:  Longer set.

Stations 1,2,3,4,6,8,9,11,12,13 1670-1992

Run C:  Longer set, more recent.

Stations 1,2,11,12,13 1586-1996.

Run D.  Central Central Valley, I-80 corridor only.

Stations 3,4,5,6 1647-1996

Report:

Redmond, K.T., D.W. Stahle, M.K. Therrell, D.R. Cayan, and M.D. Dettinger, 2002.
400 years of California Central Valley Precipitation Reconstructed from Blue Oaks.
Preprint, 13th AMS Symposium on Global Change and Climate Variations, Orlando
FL, 13–17 January 2002, pp. 20-23.



EOF 1 55 %
Run A
1711-1992
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EOF 1  Time Series.
All Sites (12).  Blue Oak Only.  1711-1992.
Running Mean:  Green - 7 Years,  Blue - 15 Years.
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EOF 1 Time Series.
Run C.  Blue Oak.  1586-1996.
Normalized Data.
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Run C.  Blue Oak.  1586-1996.
Running Mean:  Green - 7 Years, Blue - 15 Years.



Run A.
1711-1992.
282 years.

Top:
Multi-taper spectra.

EOF #1, #2, #3

Bottom:
Maximum entropy 
Spectra.

EOF #1, #2, #3

Run C similar.

10 5 3.3 2.5 220

Period (yrs): 

6.7 4 2.9



Blue Oak Preliminary Conclusions:

The “overall-wet/dry” and “north-south” patterns emerge fairly clearly.
The “east-west” cross-valley differences are more ambiguous.

Appears to replicate 20th Century overall precipitation fairly well.

Regime-like behavior is present, but few sharp breaks such as 1976-77 shift.

Spectra show both ENSO scale (2-4 years, in EOF #2) and longer scale (6-8 years,
and approx 15 years, in EOF #1).  True PDO behavior would be at 30-50 years for
full cycles.  No clear evidence of PDO-type behavior in Central Valley.

Numerous 6-8 year short-term regimes visible in the time series, like the recent
drought and recent wet spells.

Current CALFED Blue Oak Project:

Dave Stahle, Dave Meko, Dan Cayan, Mike Dettinger, Kelly Redmond

Dave Stahle and crew are now coring an additional 2000 trees, for more spatial
detail, and to see if vertical (orographic) effects can be seen.  Analysis phase
awaits these chronologies.  Preparing better climate data sets.



UCAR Upper Air Plots.  Station Map.    Source:   www.rap.ucar.edu/weather/upper/



r = 0.43
p < 0.003
t-test +4.3 
p < 0.0004
KS
p < 0.001
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San Diego.  Oct-Mar inversion percentage.
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Plotted versus prior Jun-Nov SOI.
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Vertical motion, 700 mb.  10 La Nina minus 10 El Nino.  Red = more sinking.
Winter months.



Conclusions thus far:

Quite clear that some meteorological factors relevant to air quality are tied to very
large scale climate patterns, extending across the Pacific and elsewhere.

To the extent that these patterns are related to El Nino or La Nina, they possess a
modest degree of predictability.

It seems likely that other aspects of ventilation and stagnancy are related to large
scale patterns of atmospheric and oceanic climate in the Pacific and elsewhere in
the Northern Hemisphere.



Today’s visit

Traditionally not a lot of interaction between climate services and the air quality
community.  Air quality meteorological data sets are relatively unknown and
unused by this community.

One goal is to learn whether air quality meteorological data and metadata  are
sufficiently accessible, have sufficient documentation of past practices and sites,
and whether suitable for studies of climate and climate variability.

What is the nature of air quality ties to large scale climate patterns?

What is the geographic distribution, spatial density, degree of artificial exposure,
length of record, etc of air quality meteorological data?

Can stations in air quality meteorological networks and other networks be used
better to meet multiple or mutually supportive objectives?

What products are presently generated (real-time or afterward) by air quality
meteorological stations?

What are the major unmet gaps in air quality meteorological data, and could some
of these be met by coordinating with other networks?  Mountains?  Coasts?

If AQ met data are useful, is it worth folding them into a “one stop shopping”
retrieval environment?  What are the fundamental mechanics of this?

Provide update on California climate activities at WRCC and elsewhere?

Identify areas of mutual interest, possible collaboration or interaction.



WRCC  Contacts:

Kelly Redmond
Regional Climatologist

775-674-7011  voice
kelly.redmond@dri.edu 

Laura Edwards
California Climate Specialist

775-674-7163 voice
laura.edwards@dri.edu

Greg McCurdy 
Applications Programmer

775-674-7165 voice
greg.mccurdy@dri.edu

Dave Simeral
Field Meteorologist / Technician

775-674-7132
dave.simeral@dri.edu

Western Regional Climate Center
Desert Research Institute

2215 Raggio Parkway
Reno Nevada  89512-1095

775-674-7016   fax

www.wrcc.dri.edu
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