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What's the Great Basin?

What’s the Mojave Desert?
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Annual Precipitation in Selected Ranges (inches)
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Nevada Precip-Elevation Distribution
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Nevada Annual Precipitation Cycle
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What’s the climate gonna do?
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Courtesy of Mike Dettinger, USGS / Scripps.

PROJECTED CHANGES IN ANNUAL TEMPERATURE, NORTHERN CALIFORNIA

8 . I v 1 . ] ] v | L, | § v 1 . ] ] v 1 ] . 1 | 8
i — A2 Emissions 2010 ’
— B2 EmEssions

6 — BAL) Emissions 6
O Q
= 4 4 c(QD
o w
8 2 2 O

0 0

=D a ! N 1 2 1 a 1 N 1 1 a 1 . 1 a 1 a =D
1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 2100

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.
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Courtesy of Mike Dettinger, USGS / Scripps.

PROJECTED CHANGES IN ANNUAL PRECIPITATION, NORTHERN CALIFORNIA
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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 2009.
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(@ Anomaly (°C) relative to 1901-2000

Jan-Dec Global Mean Temperature over Land & Ocean
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With thanks to John Abatzoglou
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Change in P-E (2021-2040 minus 1950-2000) 2030 Projected
Shifts

::::

drier wetter
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Winkel Tripel projection centered on -90.0°E

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

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



Projected Change in Precipitation 1950-2000 to 2021-2040

(Percent of 1950-2000)
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Water Year Precipitation (inches)

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 20009.
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Nevada Statewide
Precipitation Oct-Sep
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Water Year Precipitation (Oct-Sep) thru Sep 2009. Central Great Basin.

Total Precipitation for Central Great Basin
12 month period ending in September
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March-Feb Mean Temperature thru Feb 2010. Central Great Basin.
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March-Feb Mean Maximum Temperature thru Feb 2010. Central Great Basin.

Mean Maximum Temperature for Central Great Basin

12 month period ending in February
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March-Feb Mean Minimum Temperature thru Feb 2010. Central Great Basin.
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12 month period ending in February
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www.cefa.dri.edu/Westmap/

or, access via
WRCC web
“Projects” at
www.wrcc.dri.edu




Water Year Precipitation (Oct-Sep) thru Sep 2009. Mojave-Mono Basins.

Total Precipitation for Northern Mojave - Mono Lake Basins
12 month period ending in September
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Mean Temperature for Northern Mojave - Mono Lake Basins
12 month period ending in February

Mar-Feb Mean Temperature thru Feb 2010. Mojave-Mono Basin.
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Mar-Feb Mean Maximum Temperature thru Feb 2010. Mojave-Mono Basin.

Temperature
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Mar-Feb Mean Minimum Temperature thru Feb 2010. Mojave-Mono Basin.

Mean Minimum Temperature for Northern Mojave - Mono Lake Basins

12 month period ending in February
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MaPng New lerram
Climate Qh'angc and America’s West

Anticipating Challenges to Western Mountain Ecosystems and Resources

The Consortium for lntcgrated Climate Research in
Western Mountains

(CIRMOUNT)

Jufy 2006
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White Mtn Summit, 14246 ft
Reconfigured July 2004




North American
Freezing Level
Tracker

Freezing Level
Has Important
Hydrologic Effects
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Select: Central Nevada, 12 months ending in Jan, Temperature 0 C, 9-year running mean.

42 North American Freezing Level Tracker
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Elevation (m)

Elevation of Freezing Level over Central Nevada. Annual. 1948 through 2009.
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Elevation of Freezing Level over Central Nevada. Oct - Mar. 1948 through 2010.
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Elevation (m)

Elevation of Freezing Level over Central Nevada. March. 1948 through 2010.
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Elevation of Freezing Level over Central Nevada. Mar-Apr-May. 1948 thru 20009.
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Elevation (m)

Elevation of Freezing Level over Central Nevada. Jun-Jul-Aug. 1948 thru 20009.
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The World’s Warm Oceans
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Global Sea Surface Temperature Anomalies ( C) 2010 April 4-10
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Through February 2010
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Jun-Nov SOI

Split Samples:
vs.

Updated from Redmond and Koch (1991). Winters of 1933/34 - 1994/95.
Reddish: Composite El Nino winters are wet, La Nina winters are dry.
Bluish/greenish: Composite El Nino winters are dry, La Nina winters are wet.

Redmond, K.T., and R.W. Koch, 1991. Surface climate and streamflow
variability in the western United States and their relationship to large-scale
circulation indices. Water Resources Research, 27(9), 2381-2399.
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Recent Evolution of Equatorial Pacific SST Departures
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Sercent of Percent of Normal Precipitation (%)
Average 10/1/2009 — 3/29/2010

Precipitation

N T WA —
L e N e e |
1 Oct 2009 : - ; 300
2s;h|\;|:r 2010 120
1.30
1110
— 100

— S0

—1 7

o)

Zh

5

Cenerated 3,/30/2010 at HPRCC using provisional dotao. MOAA Fegicnal Climate Centers



Sercent of Percent of Normal Precipitation (%)
Average {/1/2010 - 3/29/2010

Precipitation

Calendar 590
Year to Date 00
01 Jan 2010 ’ 150
thru 130
29 Mar 2010 .

7 110
= d 4 £ 100

-

—1 A

5

+ 4 25

saver 5

C
T

Cenerated 24307010 gt HPRCC using orowvisional doto. WAL Reagicnal Climate Cantaers



Departfure from Normal Temperature (F)
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Some Observations on Observations
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Coop stations with long enough record to summarize temperature (~5 years)

WRCC Summary Graphics
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Stations
Ingested by
ACIS
Applied
Climate
Information
System

Percent of Normal Precipitation (%)
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Satellite Terrain |

Hyhirid

flap

_:_-,

fa]

.-‘I‘M.
A EARE

New observations
HCN-M
Historical Climatology
Network — Modernized
NOAA NWS-NCDC
28 March 2010

FOWERED E'Y 00 mi
Gougle |

200 km |




WRCC RAWS Remote Automated Weather Stations. 30 March 2010. ~1700 active + 600 deactivated
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WRCC Archive of USDA NRCS Snotel sites. 30 March 2010.

~750 sites.

-

|

=

Nl




A prime candidate for federal interagency coordination

For Weather a “Network of Networks” is under development

For Climate, a “Climate Network of Networks” is needed

This is especially a pertinent issue in the western states

Climate stations need to meet higher standards

Temporal consistency in site exposure, methods, documentation.

An excellent candidate for a
National Climate Service

Interagency Collaboration and Coordination activity



National Water Information System: Web Interface

Data Category: Geographic Area:
USG5 Water Resources Urited States

Mews - updated March 17, 2010

USGS Water Data for the Nation

Data Category

. Current-conditions data transmitted from
LR LG selected surface-water, groundwater, and Introduction

water-guality sites, _
These pages provide access to water-resources data

— . Descriptive site information for all sites with ; o ; ;
N AL G ELLL links to all available water data for individual cc_:ullec_ted at approxlmately 1.5 ml”'.on Sltes. in all 50 States.’ the
sites, District of Columbia, and Puerto Rico. Online access to this
data is organized around the categories listed to the left,

The USGS investigates the occurrence, guantity, quality,

Surface water :EF%J!DW and evels in streams, lakes, and distribution, and movement of surface and underground
_ waters and disseminates the data to the public, State and local
Groundwater BUESESEEILRTEIES governments, public and private utilities, and other Federal
Chemical and physical data for streams, lakes, agencies involved with managing our water resources,

Water quali springs, and wells,

L__Aboutus _JE  Help N  Tutorial

Map af all sites with links to all available water
data for individual sites,

Duestions about sites/datay Top
Feedback on this web site Explanation of terms
Automated refrievals Subscribe for system changes
Help ews

ssihility FOIA Privacy Policies and Motices

11,5, Department of the Interior | WLS. Geological Survey ’.D&A aov 'ﬂ-"_"r
e e _‘"'-»"'1

Title: USGS Water Data for USA
URL: http: f fwaterdata.usgs.gov/nwis?

TAKE PRIDE
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USGS Real-Time Water Data for the Nation

roup table by | Select sites by number or name

--- Predefined displays -—- |G ]
Introduction : | N -

Daily Streamflow Conditions

Sunday, Harch 28, 2010 00:30ET

Z USGS

Explanation

& High

@ = o0th percentile
75th - B9th percentile
25th - F4th percentile
10th - 24th percentile

@ < 10th percentile

® Low

{) Mot ranked

The colored dots on this map depict
streamflow conditions as a percentile,
wihich is computed from the period of
record for the current day of the year,
Only stations with at least 30 years of
record are used.

The gray circles indicate other stations
that were not ranked in percentiles either
because they have fewer than 30 vears
of record or because they report
parameters other than streamflow. Some
stations, for example, measure stage
only,

Select a state from the map to
access real-time data

Real-time data typically are recorded at 15-60 minute
intervals, stored onsite, and then transmitted to USGS
offices every 1 to 4 hours, depending on the data relay
technigque used. Recording and transmission times may
be more frequent during critical events, Data from
real-time sites are relayed to USGES offices via satellite,
telephone, and/or radio and are available for viewing
within minutes of arrival.

All real-time data are provisional and subject to
revision.

Build a custom summary table of the
Build Table most recent data for one or more
sites, states, or hydrologic regions.

Build a custom sequence of graphical
Build Sequence |or tabular data for one or more sites,
states, or hydrologic regions.




A data access asymmetry

A national capability exists for anyone to be able to access the basic historical
public data base for water (National Water Information System)

There is no equivalent access to the basic historical public data base for climate
Technological barriers to such access have disappeared

There is widespread ability to access large portions of the main climate data base
within the climate services community (eg, RCCs via ACIS, even within WRCC can
access the whole country)

Techniques and interfaces for this already exist, but not accessible to the public.
There seems to be no real reason to preserve this disparity

There are ample reasons for all federal agencies to have wide access to public
data and to methods for summary and visualization (e.g., NPClime for NPS, ACIS)
could serve many more users

How is water data different from climate data ?

This could include both point data, and assimilated and gridded data.

Should be a component of a National Climate Service
No reason to wait for a formal National Climate Service



Annual Tmax Trend from 1950-2008 from PRISM (recent, not latest version).
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Annual Tmin Trend from 1950-2008 from PRISM (recent, not latest version).
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Annual Tmax Trend from 1975-2008 from PRISM (recent, not latest version).
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Annual Tmin Trend from 1975-2008 from PRISM (recent, not latest version).
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September 28, 1999

U.S. Drught Monitor

Map focuses on widespreod drought.
Lol candifions may vary.

D0 Watch Drought type: used only
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D2 Drougie-Severe " eW*,
D Oroughe-Extreme A= Agriculture == . . )
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# Delnestes Overlapping Arsas = Forest fire danger T e y

* Released Thursday, Sep 30, 1999

Plus (+) = Forecast ta intensify next two weeks
Minus () = Forecast to diminish next two weeks
Mo sign = No change in drought classification forecast

Sep 28, 1999

U.S. Drought Monitor septemper 24, 2002
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hittp://drought.unl.eduidm

Released Thursday, September 26, 2002
Author David Mishus, JAWFICPCINOAA

Sep 24, 2002
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Map focuses on widespread drought,
Locol conditions may very.
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The Drought Monitor focuses an broad-scale conditions. T L
Local conditions may vary. See accompanying text summary
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U.S. Drought Monitor Sertember 27, 2005
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I D3 Drought - Extreme H = Hydrological (water)

W D4 Drought - Exceptional  (No type = Both impacts)

USDA @ |

T y, Sep 29, 2005
Author: Douglas Le Comte, CPC/NOAA

The Crought Monitor focuses on broad-scale conditions.
Local conditions may vary. See accompanying text summary
for forecast statements
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Ml D4 Drougnt - Exceptional

USDA
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The Drought Monitor focuses on broad-scale conditions.
Local may vary. See ing text summary
for forecast statements,

http:/idrought.unl.edu/dm
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may vary. See fext summary

for forecast statements. Rel dTh fay, S ber 28, 2006
http:/idrought.unl.edu/dm  Author: Ned iz Love-Brotak,

The Drought Monifor focuses on broad-scale condilions.
Local i
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Drought impact Types:

r~ Delineates dominant impacts

A = Agricultural (crops, pastures,
grasslands)

H = Hydrological (water)

Intensity.

[] DO Abnermally Dry
] D1 Drought - Moderate
[ D2 Drought - Severe
M D3 Drought - Extreme

M D4 Drought - Exceptional

The Drought Monitor focuses an broad-scale conditions.
Local conditions may vary. See accompanying text summary

mber 25, 2007

Valid 8 a.m. EDT

U.S. Drought Monitor s

Intensity: Drought Impact Types:

[] DO Abnormally Dry r~ Delineates dominant impacts
[_] D1 Drought - Moderate A = Agricultural (crops, pastures,
[ D2 Drought - Severe grasslands)
I D3 Drought - Extreme H = Hydrological (water)

M D4 Drought - Exceptional

The Drought Monitor facuses on broad-scale conditions.
Local conditions may vary. See text summary
for forecast stafements.

http:/idrought.unl.edu/dm

d Thursday, Si ber 27, 2007
Author: David Miskus, JAWF/CPC/NOAA

Sep 25, 2007

March 23, 2010

Valid 8 a.m. EDT

U.S. Drought Monitor

Intensity. Drought impact Types:

[} DO Abnormally Dry r~ Delineates dominant impacts
[] D1 Drought - Moderate A = Agricultural (crops, pastures,
[ D2 Drought - Severe grasslands)
M D3 Drought - Extreme H = Hydrological (water)

M D4 Drought - Exceptional

The Drought Monitor focuses an broad-scale conditions.
Local it

for forecast statements.
http:/idrought.unl.edu/dm

Sep 29, 2009

Released Thursday, October 1, 2009
Author: David Miskus, JAWF/CPC/NOAA

imay vary. See text summary
for forecast statements.

http:/idrought.unl.edu/dm

Mar 23, 2010

Released Thursday, March 25, 2010
Author: Brad Rippey, U.S. Department of Agriculture
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Lake Powell Storage Through April 13, 2010
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Date 1 major tick =1 year

As of 13 April 2010: 56 % full (capacity 24.17 MAF)
Minimum: 33 % full on April 8, 2005



Lake Powell Elevation Through April 13, 2010
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Date 1 major tick =1 year

Water level on April 13, 2010 was 3618.65 ft, - 81 ft below full.
Minimum level on April 8, 2005 was 3555 ft, -145 ft below full.

Source: www.usbr.gov/uc/water/index.htl



Lake Mead, October 2007

Photo by Ken Dewey



million acre feet

Lessons from History.

Colorado River Flow. Lees Ferry. Reconstructed 762 thru 2005 A.D.
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Red: Gauged record.
Blue: Reconstructed record.
20-Year moving averages.

Meko, D.M., C.A. Woodhouse, C.H. Baisan, T. Knight, J.J. Lukas, M.K. Hughes, and M.W. Salzer, 2007.
Medieval drought in the upper Colorado River basin.
Geophysical Research Letters 34m L10705, doi: 10.1029/2007GL029988



Global Surface Temperature Departure (C)
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Daily Global Temperature from Microwave Sounding Unit, Ch 5, 4.4 km.

Daily global average temperature at: 14,000 ft / 4.4 km [ 600 mb {chD5)
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The temperature on 04/13 /2010
is 0.57 deg F warmer than
this day last year.

Checked traces are displayed. To display other traces, check the hoxies) and click "Hedraw’”.
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20-year average
2008

20-year record
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University of Alabama — Huntsville. Roy Spencer



T Departure from '79-'98 Avy. (deg. C.)

UAH Globally Averaged Satellite-Based Temperature
of the Lower Atmosphere
(Jan. 19792 thru Mar. 2010)
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Research needs (1/1)

Thorough elucidation of temperature effects of climate change
Because of much greater confidence in temperature projections

Effects of climate change on fine spatial scales
For hydrology
“Fine” is on the order of 1-4 km
For ecology
“Fine” is on the order of a few meters to a few km
Mountains and complex terrain issues
Snow hydrology and temperature issues

Particular interest in recharge
Effects of rising temperatures
What is the “equivalence” between precipitation and temperature effects ?
Appears to be that about +1 C is ~ “like” 2-4 % less precipitation
Mountain block recharge — how does it work, in detail ?

Downscaling
Dynamical. To how small scales can this be pushed?
Statistical. Will eventually be needed at some small scale.

Climate change uncertainty. Quantification and depiction.



Research needs (2/2)

Long-term ultimate goal for water accounting:
Ability to determine and depict all water budget components throughout the
region on a small scale grid, by month, through time (simple !!l)
Sizes and rates of change of reservoirs (all types, natural/human) and
Flows of water between reservoirs
Supporting fine scale data sets

More attention to water demand, human and natural

Improved estimates of soil moisture status throughout the West
Measurements and modeling combined

Continued attention to detection and attribution techniques
Better forecast systems (not merely forecasts) to address Year 2 and beyond
Better climate forecasts
Incorporation of regional climate forcings into forecast systems
Ability to resolve mountains and their effects. ~0.5to 1 km resolution
Knowledge of, and depiction of, forecast uncertainty

Improvements in quality of gridded climate analyses
A climate-change-compatible version of fine-scale approaches like PRISM



Climate data and observational needs for research and outreach/education

Greater density of surface observations. Very sparse observations at present.
Better sampling of mid and high elevations

Dense networks operating for long periods that sample climate in regions of
high spatial gradients in climate
Transects
Clusters
Great Basin: mountains ~like other mountains, valleys ~like other valleys

Operational production of fine-spatial-scale gridded climate observations
e.g., PRISM

Climate Network of Networks. Cross-agency network coordination.
Climate observations need higher standards than “weather” observations
We are not even adequately using what we now observe

Coordination between USDI centers and existing NOAA centers

Linkages to existing climate data distribution systems and product generators
Build on existing infrastructure for climate services
Coordinate with existing data networks to avoid duplication

More “Trackers” for wide audiences



Climate data and observational needs for research and outreach/education
More information on “demand” side of drought

Evaporation

Transpiration

Sublimation

Groundwater status . . . very patchy information

Information displays to simply convey complex water information
as a complement Drought Monitor maps

How to describe and depict drought in a dry climate

Improved, more frequent, and more dense reports of climate/drought impacts
Recent Farm Services Agency visit to WRCC - still many uncertainties

Ability to view via the web all components of the water budget
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Nevada Statewide
Precipitation Dec-Feb

| | | | | | | | | Nevada Statewide
i | | | | | § § § B Precipitation

Winter
Dec-Jan-Feb
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Crrangs Ling Denabas 17-year ranning mean YEAR w;mf;:ﬂﬁﬂ‘ﬂ

Limear Trend 1885-present + L0+ 0.58in. (+ 3= 18%)per 100 yr
Lingar Trend 1849-praseni + 0.84 + 1.57in, i+ 20= 49%) per 100 yr
Linear Trend 1975-prasent + 144+ 3.88in. (+ 45 £ 123%) per 100 yr
Waltes! Year 6.02 in. { 191%) in 1916 MEAN  3.15in.
Driest Year 115 in. { 36%) in 1977 STDEV  1.11in.

Dac-Feb 2010 35100 { 111%) RAMEK 74 of 115



Nevada Statewide
Precipitation Mar-May
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1895
thru
2009

INCHES
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2000
Westarn Reglonal

Climate Genter
Lingar Trend 1895-present + 0.57 £ 0.54in. + 19= 18%) per 100 yr
Linear Trend 1949-present + 081 1.60in. i+ 30+ 53%)per100yr
Linear Trend 1975-prasent - 242+ 3.88in, (- B1£ 130%) per 100 yr
Waltes! Year 617 in. { 207%) in 1995 MEAN  257in.
Driest Year 1.07 in. { 36%) in 1910 STDEV  1.11in.

Mar-kay 2004 245 in. [ 82%) RAMK 53 of 116



Nevada Statewide
Precipitation Jun-Aug
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USGS Surface-Water Data for the Nation

GEEIRTUTTEICY (9,043 sites)

Real-time data are time-series (recorded at fixed
intervals) data from automated equipment and
represent the most current hydrologic conditions.,
Measurements are commonly recorded at 5-60
minute intervals and transmitted to the MNWIS
database every 1-4 hours, Real-time data are
available online for 120 days.

DENVEEICHED (25,165 sites)

Daily values are summarized from time-series data
for each day for the period of record and may
represent the daily mean, median, maximum,
minimum, and/or other derived value, Daily values
include approved, guality-assured data that may be
publizhed, and more recent provizional data, whose
accuracy has not been verified. Example.

| Statistics 22000 sitesi

Statistics are computed from approved daily mean
time-series data at each site. These links provide
summaries of approved historical daily values for
daily, monthly, and annual (water year or calendar
year) time periods.

Peak-flow data (27,623 sites)

Annual maximum instantaneous peak streamflow
and gage height

@IEIEED (47,974 sites)

Feriodic manual measurements of streamflow and

Introduction

Mationally, USGS surface-water data includes more than 850,000
station years of time-series data that describe stream levels, streamflow
(dizcharge), reservoir and lake levels, surface-water quality, and rainfall.
The data are collected by automatic recorders and manual measurements
at field installations across the Mation,

Data are collected by field personnel or relayed through telephones or
satellites to offices where it is stored and processed. The data relayed
through the Geostationary Operational Environmental Satellite {GOES)
system are processed automatically in near real time, and in many cases,
real-time data are available online within minutes.

Once a complete day of readings are received from a site, daily
summary data are generated and stored in the data base. Recent
provisional daily data are updated on the web once a day when the
computation is completed.

Annually, the USGS finalizes and publishes the daily data in a series of
water-data reports. Daily streamflow data and peak data are updated
annually following publication of the reports,

Tutorial explaining how to perform a surface water retrieval and
understand the results
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NOAA TRACS
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OPTIONS FOR IMPROVING CLUMATE MODELING
TO AsSSIST WATER UTILITY PLANNING
FOR CLIMATE CHANGE

December 2009

Water Utilities Climate Alliance
David Behar (lunch speaker)

Denver Water
Metropolitan Water District of SoCal
NYC Dept Environmental Protection

g | Portland Water Bureau
B San Diego County Water Authority

San Francisco Public Utilities Comnmnr

B Seattle Public Utilities

Southern Nevada Water Authority

Authors

fasll Joe Barsugli, WWA, UC-Boulder

Chris Anderson, lowa St Univ

Joel Smith, Stratus Consulting
Jason Vogel, Stratus Consulting
Lots of practical recommendations

What next ??7?



Actionable Science:

“Data, analysis, and forecasts that are sufficiently predictive,
accepted, and understandable to support decision-making,
Including capital investment decision-making.”

- David Behar
San Francisco Public Utilities Commission

From:
Water Utilities Climate Alliance, December 2009. “Options for Improving
Climate Modeling to Assist Water Utility Planning for Climate Change”
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