WERA-102: Climate Data and Analyses for Applications in Agriculture and Natural Resources

State/Cooperating Organization Reports 
Cooperator:  Natural Resources Conservation Service National Water and Climate Center
Reported by: Jan Curtis, National Water and Climate Center, Portland, Oregon
National Water and Climate Center

http://www.wcc.nrcs.usda.gov/climate/
Water and Climate Monitoring.  Snowmelt provides approximately 50-80 percent of the streamflow in the West.  The NRCS conducts snow surveys and provides information that helps Federal, State, and local agencies, power companies, irrigation districts, and the Provincial Governments of British Columbia, Alberta and the Yukon Territory make sound water management decisions.   Natural resource data from 1100 manual snow courses, 755 automated Snowpack TELemetry (SNOTEL) sites, 756 stream gauges, 328 reservoirs, and 1,532 climatological observing stations are integrated to create basin and watershed analysis and water supply forecasts for 748 water supply forecast points using an automated database and forecasting system.    

SNOTEL.  The SNOTEL network increased by 8 sites in FY 2008 to 755.  SNOTEL collects the vast majority of the critical, high elevation snowpack and climate data used to monitor water yields in the mountainous West.  SNOTEL plays a key role during flooding and other life threatening snow related events by providing hourly precipitation, temperature, and snowpack depletion information that improves flood forecasts.  Snowpack information enables emergency management agencies to effectively prepare for and mitigate flood damage months in advance of the spring snowmelt, and to prepare and mitigate the effects of drought. 

Soil Climate Analysis Network (SCAN).  SCAN provides users with near real-time climate and soil moisture and soil temperature information via the Internet. During FY 2008, the 39-state network was expanded to 150 sites with 6 new SCAN sites installed in Nevada.  This cooperative program is funded through Federal and non-Federal partnerships.  SCAN information also supports drought monitoring and mitigation as part of the Western Governors’ National Integrated Drought Information System (NIDIS), flood risk assessments, crop productivity, disease and insect infestation modeling and a wide variety of NRCS Global Change research activities.  SCAN also provides data required for soils research, water balance models, watershed planning and weather forecast models.  The data from these sites provides real-time information to support soil-climate monitoring and provide information for better land and water resource management. 

Accomplishments

PRISM

The PRISM spatial climatology monthly updated datasets (http://prism.oregonstate.edu/products/matrix.phtml?vartype=ppt&view=maps) has been funding through FY09.  These maps and gridded data fields are available only to USDA.gov IP addresses due to the PRISM Group’s new marketing strategy to release new data to only paying customer.  While the data is publicly funded, the use of the PRISM Group’s server (delivery) is not.  This business model parallels the NCDC data processing fee structure.

The serially completed 4km daily gridded PRISM dataset of the lower-48 using COOP temperature and precipitation (gap filed dataset) completed, covering the period 1960 to 2001.  NRCS hopes to have these dataset available via AgACIS (ACIS) in the future.  However, a prototype server to deliver these data can be viewed at:

http://199.156.165.141/hdeweb/default.aspx.  If anyone wants to house these data, contact me.

Based on the work performed (August 15, 2006 – September 30, 2007) by The PRISM Group to develop a Spatial Quality Control System for the Snowpack Telemetry (SNOTEL) System and subsequent review by the State’s DCO Editors, the following summary is provide:

The SNOTEL temperature QC effort completed in early 2007 revealed that most QC’d data was accurately flagged (as a confidence probability).  Exceptions included SNOTEL sites that were isolated, temperature sensors that exhibited very slow drift, and sensors that were covered in snow (causing continuous near isothermal trends near 32F).  However, missing and suspect data were captured accurately at better than 99% of the time.  The problems associated with pooling of cold air in winter were identified by using upper air soundings.  This effort helped to reduce false alarm rates of suspect readings.

The SNOTEL precipitation QC effort completed in early 2008 revealed that most QC’d data was accurately flagged with the exception of isolated high daily amounts which appeared to be correct.  The QC methodology flagged these events as suspect when they were not.  These events were very rare and were easily identified and verified.  A work around this issue would be to allow for a higher range of confidence (especially in summer when convective precipitation is usually spatially quite random).  However, this might also result in higher fault alarm rates.  This methodology is flexible to user’s needs, allowing for customized specification on risk tolerance (degree of confidence).

The next step is to apply this methodology it to our Digital Monitoring Products (DMP) in nearer real-time.  Funding will determine how fast this can be achieved as well as problematic issues relating to the failover transition.

The PRISM Group is in contract with the Agriculture Research Services (USDA) to develop a new Plant Hardiness Map for the lower-48 using ~800 m resolution PRISM (1971-2000).  This product is expected by early -2009.

Climate Services Technology Development The Agricultural Applied Climate Information System (AgACIS) has been integrated with the NRCS electronic Field Office Technical Guide to provide access to historical and real-time climate information for over 8,000 climate stations.  This effort has been funded through FY09. 

The NWCC is producing a weekly Drought and Snowpack update for water and natural resource managers (http://www.wcc.nrcs.usda.gov/water/drought/wdr.pl).  The report provides a “grab and go” summary that can be easily used for drought and water resource briefings.

Modeling 

In 2008 Water and Climate Services updated and implemented several software components to support and enhance Modeling efforts. OMS has been updated to dynamically implement changes to any model of interest. The Precipitation-Runoff Modeling System (PRMS) developed by the USGS is the model of choice but OMS provides the framework to incorporate new technology for the individual components of PRMS. A GIS support program, WEASEL, has been added to the modeling environment to accentuate automated interpretation of GIS layers for watershed designation and parameter estimation in operation of PRMS. The WCS staff has obtained and incorporated improved vegetative, land use and canopy layers that will become part of the WEASEL system. An agreement with Colorado State University is in place providing support for modeling efforts and a proposal to NASA covering implementation of OMS, PRMS and MODIS satellite observations has been submitted.

Publications and Internet Resources

Cooperator:  USDI Bureau of Reclamation
Reported by: Peter Palmer, Agrimet Program Coordinator, Boise, Idaho
Introduction

AgriMet is the Bureau of Reclamation's network of automated weather stations for agricultural consumptive water use modeling.  The program encompasses agricultural areas in the Pacific Northwest region (the states of Idaho, Washington, Oregon, western Montana and portions of northern California, Nevada, Utah and western Wyoming) as well as central and eastern Montana in Reclamation’s Great Plains region.  

AgriMet provides timely crop water use information to a variety of customers, including federal and state agencies, irrigation districts, agricultural consultants, county extension agents, university researchers, and individual farmers and irrigators.  The information is used to help irrigators apply the right amount of water to their crops at the right time.  Potential program benefits include conservation of water and power resources, improved agricultural production, reductions in soil erosion, and improvements in surface and ground water quality.

The AgriMet program consists of the following components:

· In the Pacific Northwest Region:  A network of 69 automated weather stations, and three stations operated by the NOAA Air Resources Laboratory that provide the data required for crop water use modeling.

· In the Great Plains Region: A network of 21 automated weather stations.

· A satellite telemetry and downlink system, shared with the Hydromet program.

· A set of computer programs for data quality control and crop consumptive water use modeling.

· An information dissemination system, including a home page on the World Wide Web and publication in local agricultural newspapers.

Primary AgriMet sponsorship continues to be coordinated by the U.S. Bureau of Reclamation.  Additional sponsorships and cooperating users include Bonneville Power Administration, other public and private electric utilities, irrigation districts, state land grant universities, Cooperative Extension Service, Natural Resources Conservation Service, Agricultural Research Service, and other state and local agricultural and water resource organizations.  Operation and maintenance costs are cost-shared through sponsorship agreements with participating entities.

Highlights for 2008

Following are program highlights for 2008, by WCC-102 Objectives:

Objective 1:   Coordinate collection and dissemination of weather and climate data and

                        information in the western U.S. and serve as a forum for discussion of 

                        related issues.

· Calibration and maintenance of sensors was performed at AgriMet stations during the spring in preparation for the growing season.

· Remedial maintenance visits were made as needed to weather stations in order to maintain operational status and data quality standards.

· Reclamation continues to cooperate with the NOAA Air Resources Laboratory to transfer information from three existing stations to Reclamation’s computer system for use in crop water modeling.

· Reclamation in the Pacific Northwest region has completed a telemetry upgrade to the AgriMet network:  all stations now report their data on an hourly basis (instead of once every four hours), improving the usefulness of the data for a variety of applications.

· Enhancements continue to be made to Reclamation’s AgriMet Home Page on the World Wide Web to improve access to weather and crop water use information. 

· Near-real time weather data from AgriMet stations continue to be incorporated into several other networks to improve the delivery of timely weather data to a variety of users: the Mesowest Network (sponsored by the University of Utah), the National Weather Service in Missoula, MT (Current surface observations in the Pacific Northwest), USDA World Agricultural Outlook Board, Oregon State University’s Integrated Plant Protection Center, Oregon State University’s Irrigation Water Management Online Program,  AWIS Weather Services, Inc., and Irrisoft’s Weather Reach irrigation water management system.

Objective 2:  Identify weather and climate issues and support research related to agriculture

                      and natural resources in the West.

· No Activity

Objective 3:  Promote access to, and use of, weather- and climate-based products in order to improve monitoring and decision making related to agriculture and natural resources issues (e.g.; drought, fire, water supply).

· Crop water use charts were generated for each station each day of the growing season, April through mid-October -- a total of almost 10,000 crop water use charts.  These charts are specifically tailored to 50 crops grown in the Pacific Northwest region.

· Crop water use charts, annual evapotranspiration summaries, and daily weather summaries were made available to thousands of users through a home page on the World Wide Web.  Much of this information is then re-disseminated by agricultural consultants, irrigation districts, and local newspapers.

· Numerous special data requests were filled, providing high quality agricultural weather and crop water use data to a variety of users. 

· Access to all historical weather and crop water use information is available on Reclamation’s AgriMet Home Page on the Internet.

· AgriMet weather data is utilized daily by the Oregon State University Integrated Plant Protection Center for degree day and pest management modeling.

· AgriMet soil temperature data is used by the USDA World Agricultural Outlook Board for assessing agricultural conditions in the Pacific Northwest.

· AgriMet crop consumptive water use information is used by Oregon State University’s Online Irrigation Scheduling Program.  This program assists irrigators in efficient irrigation scheduling practices.

· AgriMet is being used as the source of  ET information for residential lawn “Smart Controllers” in several locations in the Northwest though Irrisoft’s “Weather Reach” program.

· The AgriMet program coordinator made several presentations in 2008 to highlight the importance of agricultural weather data collection and ET modeling in the West.  These presentations include:

· January 23, 2008:   Peter Palmer made a brief presentation to  representatives of Oregon State University and the Natural Resources Conservation Service regarding the use of AgriMet ET data in an on-line irrigation scheduling service.

· April 16, 2008:  Peter Palmer made a poster presentation on the AgriMet program to the Western Snow Conference in Hood River, OR.  Approximately 100 people were in attendance.

· July 16, 2008:  Peter Palmer made a presentation on AgriMet to the Western Region Coordinating Committee on Irrigation Scheduling in Amarillo, TX.  Approximately 30 people attended.

· September 12, 2008:  Peter Palmer attended the annual conference of the American Society of Agricultural and Biological Engineers.  AgriMet pamphlets were distributed to approximately 100 participants.  At the annual banquet, AgriMet was awarded this year’s “Industrial Achievement Award”.

· November 18, 2008:  Peter Palmer made a presentation on AgriMet’s products and services to the Idaho Environmental Summit, held in Boise, Idaho.

Objective 4:  Coordinate the development of new climatological analysis technologies such as remote sensing and geographic information systems.

· New graphical quality control procedures were developed using Excel and Visual Basic to improve daily data quality control procedures.

For more information on the AgriMet program, visit the AgriMet websites:

Pacific Northwest Region:
http://www.usbr.gov/pn/agrimet
Great Plains Region:

http://www.usbr.gov/gp/agrimet/index.cfm
Or contact the AgriMet Program Coordinators:

	Peter Palmer
	Tim Grove

	US Bureau of Reclamation
	US Bureau of Reclamation

	Pacific Northwest Region PN-6435
	Great Plains Region GP-4500

	1150 North Curtis Road, Suite 100
	316 North 26th

	Boise, Idaho 83706-1234
	Billings, Montana 59101

	(208) 378-5283
	(406) 247-7759

	FAX 378-5305
	FAX  247-7793

	ppalmer@pn.usbr.gov
	tgrove@gp.usbr.gov


Cooperator:  USDI Bureau of Land Management
Reported by: Scott F. Archer

Summary: BLM continues to operate a national interagency network of nearly 2,200 near-real time solar powered fire weather stations throughout the country.  Other participating agencies include: USDA-Forest Service, USDI-Bureau of Indian Affairs, USDI-National Park Service, USDI-U.S. Fish & Wildlife Service, and the National Association of State Foresters.  All stations have shielded ambient temperature/relative humidity, tipping bucket liquid precipitation, 20 ft wind speed/direction, and fuel temperature/moisture.  Most also have solar radiation, and many have soil temperature/moisture.  On a case-by-case basis, we are able to modify for 10 m winds, and to add other sensors (such as optical measurement of aerosols).  

BLM is in the process of developing a Computerized Maintenance Management System (CMMS), an online shared database containing documentation of annual calibration and maintenance of each automated weather station operated by the wildland fire community. 

Recent RAWS data are available via several NWS Forecast Offices, ROMAN, and MesoWest websites.  All data are available from the Western Regional Climate Center website (http://www.wrcc.dri.edu/wraws/).  WRCC also provides meta data and statistical analysis tools.  

In addition, BLM has been providing limited assistance to the CoCoRaHS Program (http://www.cocorahs.org/) by providing 4 in plastic rain gauges for use by rural ranchers in order to obtain more precipitation information on the range lands.  Depending on resources, BLM is interested in expanding their involvement.

Objectives
1.  Coordinate collection and dissemination of weather and climate data and information in the western U.S. and serve as a forum for discussion of related issues. 

BLM operates over 2,200 near-real time solar powered fire weather stations throughout the country. Near-real time data are available from several sources on the web, and archived data (as well as metadata and analysis tools) are available on-line at the Western Regional Climate Center website.
2.  Identify weather and climate issues and support research related to agriculture and natural resources especially in the West. 

BLM field offices participate in a several western State Drought Response Task Forces.  Key issues are rangeland vegetation, stock tank evaporation, and streamflow responses to climate variability.  In addition, BLM has participated on the U.S. Department of the Interior’s (DOI) Climate Change Task Force, which has made its work available to the public (http://www.usgs.gov/global_change/doi_taskforce.asp) Three Draft DOI Climate Change Task Force subcommittee reports highlight a series of questions and issues (and options for addressing them) that may become increasingly important as a result of climate change.  The Land & Water Management Subcommittee identified potential issues and challenges facing DOI as a consequence of climate change, and suggested possible options for addressing them. The Law & Policy Subcommittee identified legal and policy issues facing the DOI, and suggested possible options for addressing them. And the Science Subcommittee identified the science and information needed to assist the DOI in addressing the consequences of climate change, and suggested possible options for getting the needed science. 
3.  Promote access to, and use of, weather- and climate-based products in order to improve monitoring and decision making related to agriculture and natural resources issues (e.g.; drought, fire, water supply). 

BLM routinely utilizes fire weather information to plan for, and respond to wildfire events.   Near-real time fire weather information enhances efficient mobilization of equipment, supplies and personnel, and has enhanced fire-fighter safety by anticipating changing weather conditions.  In addition, historical hourly relative humidity and precipitation event information has been useful in evaluating potential visibility impacts from proposed activities through the NEPA process.

4.  Coordinate the development of new climatological analysis technologies such as remote sensing and geographic information systems

BLM is very interested in utilizing GIS analysis of multiple time scale Standard Precipitation Indices to assist in rapid response to developing drought in remote rangeland situations.

Cooperator:  USDA Forest Service
Reported by:  Francis M. Fujioka, Pacific Southwest Research Station, Riverside California
Accomplishments

a) In partnership with the Experimental Climate Prediction Center (ECPC) at the Scripps Institution of Oceanography, UC San Diego, we provided prototype weekly to seasonal fire weather/fire danger predictions for the US and regional predictions for the Southwest and California.  Users view the products on a web site maintained by ECPC. The PI provided input to seasonal fire danger outlooks prepared jointly by Predictive Service units at the geographic area coordination centers and the National Interagency Coordination Center at Boise.

b) We used high resolution weather models to drive fire behavior models, and, with a collaborator at the National Center for Atmospheric Research, modeled the feedback that fire has on atmospheric processes.  We also examined weather modeling applications for predicting fire danger and smoke dispersion.  Numerical modeling experiments were conducted to evaluate simulated fire behavior with observed fire data from an airborne infrared imaging system (FireMapper).  Results were presented at several meetings of fire specialists in California, and the 2007 fire symposium of the American Meteorological Society.

Cooperator:  Western Region Climate Center
Reported by:  Laura Edwards, Assistant Research Climatologist

The Western Regional Climate Center (WRCC), housed at Desert Research Institute in Reno, Nevada, is one of six NOAA Regional Climate Centers, and serves the 11 western states, Alaska, Hawaii and the Pacific Islands.  

The WRCC has contributed to the WERA-102 objectives through these activities:

1. Coordinate collection and dissemination of weather and climate data and information in the western U.S. and serve as a forum for discussion of related issues.

· Archival of, and access to, many data sets for the western U.S. including: RAWS, COOP, airports (SAO/METAR), CIMIS, SNOTEL, along with regional and local observing networks.

· Continued development and operational oversight of WxCoder III project for web-based entry of COOP data, and preparation for eventual “paperless” COOP network.

· Three staff (Jim Ashby, Michelle Breckner and Laura Edwards) serve as Nevada’s CoCoRaHS state coordinators.  There were two training sessions in 2008 led by this group, in addition to attending other public events and collaboration with the National Weather Service offices in Reno and Las Vegas.

· Starting in April 2008 WRCC became heavily involved in site surveys for the National Weather Service Historical Climatology Network Modernization (HCN-M) in the Four-Corners region (CO, NM, AZ, UT).

· WRCC staff continue to work with the Nevada state climate office to digitize their monthly observational data.

2. Identify weather and climate issues and support research related to agriculture and natural resources especially in the West.

· Drought has remained a key issue in the West.  A second dry winter in California raised this issue to a high profile in that state.  WRCC is working actively with California agencies to develop better ways to portray drought conditions in that state.  In particular, one need is to better differentiate between impacts to irrigated and non-irrigated agriculture.

· Designation of a western author for the U.S. Drought Monitor.  Laura Edwards began in this role in 2008.  Preparation for this included a visit to the National Drought Mitigation Center (NDMC) in July for training with Brian Fuchs.  Brian Fuchs of NDMC also visited WRCC during Laura’s first week in this role in September 2008.  She also attended the North American Drought Monitor workshop in Ottawa, Ontario, Canada in October. (There was no US Drought Monitor workshop this year -- the US and North American Drought Monitors alternate years for workshops).

· Participation in other activities of NIDIS (National Integrated Drought Information System).  Kelly Redmond is actively involved with the NIDIS Program Implementation Team, and with the first NIDIS pilot project on the Upper Colorado River Basin pilot project.  

· New funding received for NOAA TRACS project to create a WestWide Drought Tracker.  Laura Edwards and John Abatzoglou will be in contact with several climatologists in the western U.S. to solicit feedback and ideas for its development.

· Climate change continues to elevate in importance in the West.  Approximately 20 presentations given on this topic in various venues in the West during 2008.

3. Promote access to, and use of, weather- and climate-based products in order to improve monitoring and decision making related to agriculture and natural resources issues (e.g.; drought, fire, water supply).

· A new tool to view temperature and precipitation histories called Westmap  (www.cefa.dri.edu/Westmap) became more accessible and useful in summer 2008.  This effort was funded under the NOAA TRACS program.

· WRCC is collaborating with state climate offices, water resource management agencies, the National Weather Service and others in the region to develop ways to portray the status of streams and reservoirs for drought monitoring and assessment.  

· In 2008, Dr. Tim Brown became director of the WRCC, in addition to his role as director of CEFA (Program for Climate, Ecosystems and Fire Applications) at DRI.  WRCC and CEFA personnel are working more closely as a result.  CEFA is in the forefront nationally on developing seasonal outlooks for fire, and continues to provide a variety of twice-daily MM5 and air quality forecasts for smoke management and other fire issues.

· Continued involvement with the National Park Service (NPS) on NPClime, a method that makes use of the Applied Climate Information System (ACIS) developed by the RCCs.  NPS has ready access to the entire COOP database via this technology.  This approach can be readily replicated for other land and resource management agencies.

4. Coordinate the development of new climatological analysis technologies such as remote sensing and geographic information systems.

· A peer-reviewed paper was prepared on innovative techniques to develop a set of California sub-regions for climate monitoring purposes.  These techniques included quality control methods to identify periods of inhomogeneous data, and the paper has been accepted in the AMS Journal of Applied Meteorology and Climatology (Abatzoglou et al. 2009).

· GIS has been critical in development of the US Drought Monitor.  Other staff members have used GIS and other mapping techniques (Google Maps) for the HCN-M project, and other uses.

State:  Wyoming
Reported by:  Steve Gray, State Climatologist, Wyoming State Climate Office and Water Resources Data System
Introduction

The Wyoming Water Resources Data System (WRDS; http://www.wrds.uwyo.edu/) and Wyoming State Climate Office (SCO; http://www.wrds.uwyo.edu/wrds/wsc/wsc.html) are the single largest providers of water and climate-related data in the state.  Housed within the Department of Civil and Architectural Engineering at the University of Wyoming, WRDS and the SCO are funded primarily through grants from the Wyoming Water Development Commission.   The WRDS-SCO office provides direct support to Wyoming agriculture in a variety of ways, ranging from the development of enhanced drought-monitoring products to the online dissemination of water and climate data.  WRDS and the SCO also support Wyoming agriculture in a more general sense by assisting in the development of the State Water Plan and helping to coordinate long-term climate and hydrologic monitoring efforts throughout the region.  A sampling of products from WRDS and the SCO can be found at:  

http://www.wrds.uwyo.edu/wrds/wsc/dtf/drought.html

http://www.wrds.uwyo.edu/wrds/climatological.html

Highlights for 2008

WERA-102 Objective 1:  Coordinate collection and dissemination of weather and climate data and information in the Western U.S.

· Obtained $25,000 from the Wyoming Department of Agriculture for continued updates and maintenance of the Wyoming Soil Moisture network.  Gained approval for continuing support at the $12,000/yr level for the next 2-3 fiscal years. 

· Completed a project aimed at developing low-cost sensor platforms for monitoring soil moisture content across Wyoming.  

· Coordinated with NWS and NRCS on the installation of eight new weather/climate monitoring stations, and partnered with NWS on upgrades to nine existing weather stations.

· Worked with researchers from the University of Wyoming and the State Engineers Office to install a series of ET monitoring station in the Green River Basin.  On-the-ground observations—flux tower and weather station—will be combined with satellite imagery to develop regional ET estimate across various irrigated land types.     

· Worked with the Governor’s office to produce a variety of products (e.g. press releases, informational brochures, etc.) on current drought conditions and water conservation.  Worked with Governor’s office on the development of a new Climate Issues Task force to replace the Drought Task Force which has operated for the past 5+ years.  

· Worked with NWS and the National Park Service to address monitoring needs related to natural hazards (e.g. landslides and avalanches) in Yellowstone National Park.   

· Continued to offer ready access to a large suite of water and climate-related data via the World Wide Web.  

· Hosted a variety of seminars and meetings on the issues of drought and climate change in Wyoming and the West at large.  

· Continued active participation in the COCORAHS program.  Recent efforts have been centered on increasing coverage in underserved areas, and involving agricultural producers in the program.  

Objective 2:  Identify key weather and climate-related issues, and support research on these issues related to agriculture and natural resources in the West.  

· Continued (2nd year) a federally-funded project that examines the effects of drought and climate variability/change on a group of ecologically important pine species in the Northern Rocky Mountains.  

· Provided logistical and research support to several projects aimed at understanding the contribution of glacial runoff to late-season irrigation and fisheries in Wyoming.  

· Conducted and collaborated on a variety of research projects aimed at developing a long-term history of water resources and climate for agricultural areas within the state.

· Worked with National Park Service to assess their climate-monitoring protocols and spatial coverage of climate monitoring sites.  A key goal of this work is to help determine if the existing climate monitoring network meets the demands of natural resource management in this region.  

· COCORAHS participation also addresses a key problem within the state, namely a lack of precipitation monitoring sites in many areas.

Objective 3:  Promote access to, and use of, weather- and climate-based products related to agriculture and natural resource management in the West.

· Launched a series of ArcIMS interfaces that allow users to explore spatial data in an online-mapping framework.  Access to related products can be found at:

· http://www.wrds.uwyo.edu/sco/gis/IMS.html

· Completed a major overhaul of our online resources, and introduced a variety of graphical products that allow farmers, ranchers, and natural resource managers easier access to weather and climate-related data.  Many of these products blend data from existing sources and multiple agencies to produce new, value-added resources for agriculture and natural resource management.  

· Launched a new set of custom “climate summaries” aimed at various natural resource management agencies around the state.  

Objective 4:  Coordinate the development of new climatological analysis technologies such as remote sensing and GIS.

· We are working with a variety of State agencies to refine GIS-based maps of irrigated lands throughout Wyoming.  These maps are, in turn, linked to information about diversions and water rights, and should form the foundation for many additional projects linking climate variability and climate change to irrigated agriculture in our region.  

· We are working with a number of researchers from the University of Wyoming and University of Arizona to develop animated maps showing changes in snowpack and seasonal precipitation over the western United States.  Through additional collaborations with paleoclimatologists, we also hope to extend these dynamic mapping products to cover the past 500 yr or more.   

· As mentioned under Objective 3 we are actively pursuing the development of map-based interfaces for improved data access.  These interfaces are online geopgraphic information systems that link users to dynamic databases and a host of graphical products.    

State:  Colorado
Reported by:  Nolan Doesken, State Climatologist, Colorado Climate Center, Colorado State University
The following is a summary of work performed at the Colorado Climate Center during the past year that is contributing to the goals and objectives of this technical coordinating committee.

Precipitation data collection, QC, data integration and mapping

Use of Co-op data – work with 

WERA-102 Objectives:

1. Coordinate collection and dissemination of weather and climate data and information in the western U.S. and serve as a forum for discussion of related issues.

CCC activities:  

· completed multi-year study for the National Weather Service evaluating ultrasonic snow depth sensors as a way to improve timely and consistent measurement of snowfall and snow depth, especially at automated stations.  Results showed considerable promise but instrumentation does require careful siting and moderate maintenance.  Results of work  can be found  (Ref  Ryan, et al)

· Continued operation of historic Fort Collins weather station with 120 years of uninterrupted data collection including evaporation, soil temperatures, etc.  Also, continued the operation of the 60-station Colorado Agricultural Meteorological Network.

· In collaboration with New Mexico State University, we petitioned the Western Association of Agricultural Experiment Station Directors to form a new technical coordinating committee focused on the collection and use of precipitation data from volunteer networks.  This proposal was approved, and our first meeting will be held in May 2009

· Continued ongoing collaborations with the National Weather Service, Regional Climate Centers and the National Climatic Data Center to maintain and enhance the NWS Cooperative Network as a backbone climate monitoring network.  Currently supporting site surveying efforts for the modernized Historical Climate Network (HCN-M) whose pilot project is in the SW United States including Colorado.

2. Identify weather and climate issues and support research related to agriculture and natural resources especially in the West

.

CCC activities:

· Colorado has been involved recently (since 2002) in a statewide assessment of water use and future water demands.  This has been carried out through the formation of the Interbasin Compact Commission.  Through this process, we have seen the need for better assessment of consumptive use of surface water supplies and are beginning funded work through this process to instrument and monitor evapotranspiration rates from irrigated hay meadow environments.  Because of economic limitations of this agricultural sector, limited specialized climate services had previously been offered.  Beginning in 2009, hay meadow ET monitoring will begin in the North Platte and Yampa river basins of northwest Colorado.

· Climate Change and the growing concern over potential reduction in surface water supplies in the coming years over the Southwestern U.S. has resulted in the development of a new “Climate Trends Website” (link) for Colorado that utilizes only the best and longest climate data available from regions of Colorado.  We contributed chapters for two new reports on climate change in Colorado including the Citizen’s Guide to Climate Change.  

· We are completing a special project examining trends in crop evapotranspiration over time.  The main conclusion of this work (final report pending) is that ET trends may be detectable but only if ET weather stations are well sited and well maintained.

3. Promote access to, and use of, weather- and climate-based products in order to improve monitoring and decision making related to agriculture and natural resources issues (e.g.; drought, fire, water supply).

CCC Activities: 

· The Colorado Climate Center has become an active participant in planning activities associated with the National Integrated Drought Information System (NIDIS) and the upcoming pilot project for drought early warning in the Upper Colorado River basin.

· The Colorado Climate Center continues to strive to support, maintain and enhance the Colorado Agricultural Meteorological network (CoAgMet).  While funding remains low and maintenance support inadequate, we continue to form effective partnerships with federal, state and private entities who want and need timely data on parameters such as humidity, wind, solar energy and soil temperatures.  Based on recommendations from the Colorado Water Institute advisory board, we have added features to the CoAgMet website including station exposure classifications to help users determine how representative a given weather station may be for specific applications.  Also, we added a user-defined choices for the type of ET model to be used in generating reference and crop water use assessments.

· We continue to widely promote access to and participation in the Community Collaborative Rain, Hail and Snow network (CoCoRaHS) as a low-cost, low technology approach to high resolution community-scale precipitation monitoring.  CoCoRaHS data are now being accessed and utilized by a growing mix of federal, state, local, research and business agencies and organizations who are affected by the magnitude and variability of precipitation.

4. Coordinate the development of new climatological analysis technologies such as remote sensing and geographic information systems.

CCC Activities:

· We have added GIS mapping capabilities beginning at end of the 2008 water year to provide timely maps of precipitation totals and anomalies in Colorado combining data from a combination of diverse sources (NWS Co-op, ASOS, SNOTEL and CoCoRaHS) and we are exploring the addition of RAWS and CoAgMet for summer only applications or with pseudo normals that account for the under-reporting of precipitation that characterize their use of tipping bucket precipitation technology.

· Have begun dialogue with others in Colorado regarding coordinating ET mapping using CoAgMet and RAWS data along with satellite.  We are interested in adding ET forecast products derivable from NWS forecast models, but do not yet have sponsors for this work.

Extension of results and findings.

We continue to share our results and findings and reach new audiences through many public presentations at meetings, conferences and workshops of agricultural, conservation and natural resources organizations in Colorado.  We also utilize the Colorado Climate Center’s websites:   http://ccc.atmos.colostate.edu, http://www.coagmet.com, http://www.cocorahs.org  as well as print and broadcoast media, professional journals and other publications to share information more broadly within Colorado.

State:  New Mexico
Reported by:  Ted Sammis, State Climatologist, New Mexico State University
Introduction:

Americans use climate information to make decisions about personal activities and activities affecting the country's economic development.  Climate data is collected by private citizens, local, state and federal agencies.  The New Mexico State climatologist is responsible for coordinating the dissemination of this information at the state level.  The New Mexico state climatologist maintains a website, located at http://weather.nmsu.edu,  to help disseminate climate information.  This website contains the data collected from an automated weather data network maintained by the state climate office, as well the data from private citizens and other government agencies.  Internet users may retrieve climate data in either text or graphical format for specific geographical areas and time frames.

Objective 1:   

Coordinate collection and dissemination of weather and climate data and information in the western U.S. and serve as a forum for discussion of related issues.

A) New Mexico Climate Center continues to collect data from automated and manual networks in New Mexico. The data is presented through a web interface in various formats with both raw and interpolated values.

B) New methods of communication with the automated weather stations maintained by the office are being tested.  Currently, a new weather station is on-line using a combination of radio-based and Internet communications, facilitating more frequent data retrieval. A meteor burst communication system is being installed for the Burrow mountain climate station installed this year. 

C) Initiated a new region coordinating committee for Cocorahs. The planning committee met, wrote the final proposal and it was approved. 

D) Published three newsletters on climate issues last year in New Mexico. see http://weather.nmsu.edu/news.htm


Objective 2:

Identify weather and climate issues and support research related to agriculture and natural resources in the West.

A) Additional journal articles were published on the dust emitted agricultural tillage operations. The data was collected using a Lidar system, see references.  

Objective 3:  

Promote access to, and use of, weather- and climate-based products in order to improve monitoring and decision making related to agriculture and natural resources issues (e.g.; drought, fire, water supply).

A) Climate data was used to drive a water balance model for scheduling irrigations in pecans orchards. The Pecanigator a simple nomograph was developed and is being used by a pecan grower to scheduling irrigation. See references 

Objective 4:

Coordinate the development of new climatological analysis technologies such as remote sensing and geographic information systems. 

         A) The state climatologist present at a paper on July 5 at the 2008 International Geoscience and Remote Sensing Symposium a paper entitled A REMOTE SENSING MODEL ESTIMATING LAKE EVAPORATION and  at the state ASAE Meeting March 4 2008 Las Cruces NM presented a talk on the Dust from agriculture fields.
State:  Utah
Reported by:  Robert Gillies, State Climatologist, Utah State University
Accomplishments

Release of update of website – that include new features

· Visualize Weather and Climate – Satellite and radar loops of current conditions from respectively the GOES satellite and NEXRAD. Overlays also provided for observations, derived fields and GIS layers.

· Plant Management Tools - Utah TRAPs (Timing Resource and Alert for Pests) a degree-day calculator, insect phenology, and management tool for agriculture and landscape locations in northern Utah. 

· Using degree days and insect phenology is a key feature of Integrated Pest Management. Using the fruit growers’ infrastructure of weather stations, the site computes near real time degree days to predict an insect's emergence or life stage, and provides the optimal treatment timing. Note that degree days and insect development information provided in the TRAPs tool pertains to Utah pest only. Several pest models (peach twig borer, codling moth, and western cherry fruit fly) have been validated for Utah, and others are currently being tested. 

· Water Rangers (CoCoRaHS UT) – Utah joined CoCoRaHS July 1, 2008. 

· Climate Conversions - This page contains several tools for performing various weather related conversions.

· Climate Reports – Static Reports contain Freeze Dates and Water Year Reports for all States in the US. Dynamic Reports use a google interface to query the COOP database and create summary reports that are Monthly, Period of Record, Precipitation, Mean Temperature and Reference Evapotranspiration.

· Updates (u) to and new (n) links constitute – New Features (u), Credits (u), Climate Links (u), Policy and Uses (u), Feedback (n), Contact Us (n), Research (n) and Help (u&n, now page specific). 

· Also – The site now contains a configurable (input of station ID or google map interface) weather bar for ASOS station choice that then connects to the COOP database to show the records and normals for the nearest COOP station (by default but can be user defined). A news bar has been added to indicate and allow download of climate center articles like the monthly climate summary. Additionally, the site is a valid CSS and RSS feed.

State:  Oregon
Reported by: Leonard Coop, Integrated Plant Protection Center, Oregon State University

I recently joined the WERA102 group as a recommended replacement for long-time member George Taylor, who recently retired from the position of Oregon State Climatologist. I develop weather and climate driven applications for agriculture, particularly IPM. At the November 19-21 2008 Davis, CA meeting, I presented an overview of my groups history and current developments. Here is a summary list of items presented:

-12+ year history of delivering web-based weather-driven IPM decision support tools, originally for degree-day pest models 

-Ideas involving use of climatologically-aided-interpolation for development and delivery of degree-day maps and interpolated max-min temperature values for improved QA/QC of data and products

-Recent shift to hourly-weather driven plant disease risk models for plant biosecurity and IPM

-Description of 12,000+ weather station data ingest and database storage system

-Illustration of current web-based plant disease model delivery system

-Description of current 3+ state (OR, CA, WA, Western ID) 7-day hourly plant disease risk model forecast system developed by Fox Weather, LLC and delivered jointly by Fox Weather and IPPC

-Illustration of ability to evaluate forecasted weather and risk model performance by changing dates of model and forecast intervals

-Display of GRASSLinks/GIS interface for national selection of weather station(s) for running degree-day and plant disease risk models

-Description of 48-state system for delivery of regional and full 48-state cumulative degree-day maps using 32,41,45, and 50 degrees F. lower thresholds, example application of the maps for plant biosecurity needs

-Introduction to IPPC's online custom degree-day mapmaking application, with example using corn growing degree-days in Wisconsin

-Description of IPPC's new developments in a) virtual weather data, b) online tools for virtual weather error estimation and evaluation tools, c) online forecast evaluation tools

-Preliminary data showing superiority of virtual weather data estimated by nearby station-based elevation+weighted regression approaches as compared to Day0 forecast-based virtual weather data

-Discussion of future developmental plans, ideas for system improvements

I observed many areas of connection/possible collaboration with other members of the group, and was favorably impressed with other member's presentations and recent work. In particular, being an Entomologist, I gained an increased understanding of issues in climatology presented at the meeting, including various issues in water management, irrigation decision support, climate change issues, data QA/QC issues and ideas, downscaling of forecast and climate change models, operational aspects of the Agrimet network, flood control issues, fire spread modeling, issues in using the WRF mesoscale forecast model, how SNOTEL works with the OSU PRISM group, and use of the Penman ET model.  The meeting was very well-run and had very informative guest speakers on “outside the box” (for me) ideas in climatology, such as latest IPCC results, and climate reported by the Lewis and Clark expedition. I look forward to future participation in the WERA102 group.

State:  California
Reported by: Michael Anderson, State Climatologist, California Department of Water Resources
Over the past year the California State Climate Office has been involved in a variety of projects and collaborations that apply to this technical coordinating committee.  The efforts are in the areas of design hydrology, evapotranspiration forecasting, and extreme precipitation monitoring.
In partnership with state and federal agencies, an update of California’s design hydrology is underway.  Precipitation depth-duration-frequency data is being updated with the Department of Water Resources (DWR) Bulletin 195 as well as with the NOAA Atlas 14 product.  The DWR Bulletin 195 is currently in internal review and is expected to be published online by mid-2009.  The NOAA Atlas 14 product for California faced some delays due to contracting issues, but is currently scheduled for completion in 2010 with the release of an online Geographical Information System product.  Information from these products will be used in efforts to update the design runoff hydrology for California.  The U.S. Army Corps of Engineers is working with DWR to produce frequency based runoff hydrograph information for the Central Valley to support floodplain mapping and flood management projects.  The U.S. Geological Survey has begun work on updating equations for frequency-based hydrology for ungaged streams in the state.  A web-based Geographical Information System product is expected in the next three years.

Work continued this year on an evapotranspiration forecast for the Sacramento Basin with a project that included the partnership of the State Climatologist, Professor Rick Snyder from UC Davis and the Sacramento Weather Forecast Office (WFO).  This five-day ET forecast is based on existing gridded forecast variables currently produced by the Sacramento WFO.  Using a routine developed by Professor Snyder, the gridded variables are used to compute an estimate of potential ET for the next five days.  Values are compared with the regional California Irrigation Management Information Service (CIMIS) gages in the region.  The forecast will be released via webpage once completed and fully tested.

A new project was launched in 2008 to begin the deployment of weather monitoring equipment to assist in the forecasting and monitoring of extreme precipitation conditions in California.  The project is a partnership effort between DWR, Scripps Institute of Oceanography, and NOAA’s Earth Systems Research Laboratory (ESRL).  Three types of instrumentation are to be deployed in this project:  GPS-Met (water vapor), soil moisture, and vertically pointing radar (freezing level).  Deployment of the instruments will occur over a five-year period.  In addition, NOAA’s ESRL will develop decision support material for quantitative precipitation forecasting that utilizes data from the new instruments.  Data from the new instruments will also be disseminated via DWR’s California Data Exchange Center operational database.

Water year 2008 was the second consecutive dry year for California.  The continued development and evolution of drought conditions in the state will necessitate the generation of data products for the general public as well as local, state, and federal agencies.  Development of these products will occur in the coming year and be described in next year’s report.
In general, dissemination of climate information from the office occurs via web page, phone, fax, email and print.  In 2008 the State Climatologist web page underwent modifications to conform to internal Department of Water Resources’ standards.  Further modifications will be made in the coming year to improve access for data serving and project information.
Educational Session
The Committee also conducted an “Educational Session” on the topic of Global Climate Change”.  Dr. Dave Bader from Lawrence Livermore National Lab presented information from the latest U. S. Climate Change Science Program Assessment in which he participated.  Professor Brian Weare from UC Davis also gave a presentation and talked about a seminar series the University of California Davis put on for state government employees titled Climate Change 101.  Professor Terry Nathan gave a lunchtime talk on weather and climate aspects of the Lewis and Clark expedition.  For the field trip portion of the meeting, the group went out to visit the UC Davis California Irrigation Management Information System (CIMIS) station and weighing lysimeters located in the research agriculture plots west of the main part of campus.  Also located nearby these stations is the Davis NWS COOP station.
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