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Jill Baron and Don Campbell of the USGS led 14 people from NOAA, USGS, NPS, USBR, and the CSU Colorado Climate Center on a field trip to Loch Vale in Rocky Mountain National Park to see some of the instrumentation that has been installed in the watershed, and to discuss plans for monitoring related to climate change.
Research and Monitoring in Loch Vale

The instrumentation in Loch Vale is designed to monitor meteorological and hydrologic parameters in support of research on fundamental processes related to climate, precipitation quality, runoff generation, hydrology, geochemistry, water quality, ecology, and paleoecology.  One of the primary goals of the work is to determine what ranges of variability are natural, and what ranges represent perturbations by human activity.  The research is described on the Loch Vale Watershed web page (http://co.water.usgs.gov/lochvale/).  The instruments cover a range of elevation from about 10,000 to about 13,000 feet, representing sub-alpine to alpine environments in a typical glaciated, mountain valley containing a string of lakes.  One of the original reasons for the selection of Loch Vale for such studies was the granitic bedrock, which provides minimal buffering capacity.  (There are minor amounts of calcite derived from post-Laramide vulcanism in parts of the valley.)  

Monitoring in Loch Vale began in 1981 with instrumentation related to precipitation quality, mostly for acid rain studies, and later for additional precipitation chemistry such as nitrate.  In 1991 the site became part of the USGS network of sites for studies of Water, Energy, and Biogeochemical Balances (WEBB), and additional instrumentation was installed.  Much of information collected is available in near-real time on the web.  Currently instrumentation in the valley includes:
--A sophisticated weather station equipped for estimating evapotranspiration,

--Wet and dry precipitation collectors,

--Hill-slope monitoring areas for runoff generation, on both north and south-facing slopes,

--Ground-water monitoring sites,

--Three streamgages, including one on the outlet of the Loch, and
--A variety of additional sensors, including moisture stress in individual trees, different locations in various lakes, snow and ice monitoring sites, soil moisture, and so forth.
The USGS National Water Information System (NWIS) site inventory contains 96 sites with data collected from Loch Vale.  These sites can be viewed by doing an NWIS site-inventory retrieval based on the following latitude-longitude box:
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For some parameters, the instrumental record has been supplemented with paleoecological and paleogeochemical information extending back to the Pleistocene era, derived from lakebed sediment cores.  Researchers have discerned anthropogenic signals dating back to about 1860 when mining and smelting activities in Colorado resulted in a spike in lead concentrations, and nutrient concentrations began rising.  As a result, the diatom community started shifting toward species normally found in less oligotrophic lakes, and the tundra community started shifting away from angiosperms and toward grasses.
In Loch Vale, we visited the main weather station.  It includes duplicate collecting equipment for wet-dry deposition and for precipitation quantity, to ensure the integrity of the nitrate data, on which state regulatory decisions are likely to be based.  We also visited the Parshall flume and streamgage on the outlet of the Loch.

Current Climate Monitoring in Loch Vale
The meteorological and other data collected at Loch Vale show a clear signal of a warming climate and some of its effects.  This is evident in the temperature record and in energy budgets, water chemistry, ecological shifts, and snowpack dynamics.

Proposed, Planned, and Related Ongoing Climate-Monitoring Efforts

Western Mountain Initiative (WMI) (http://www.cfr.washington.edu/research.fme/wmi/)  (NPS, USGS, USFS, academia)—an ongoing network of mountain protected areas for global change research, including Rocky Mountain National Park.  The overarching objective of the Western Mountain Initiative is to understand and predict the responses of Western mountain ecosystems to climatic variability and change, emphasizing sensitivities, thresholds, resistance, and resilience.
National Ecological Observatory Network (NEON) (http://www.neoninc.org/)
NEON apparently plans to establish an ecological observing station in the Montane ecosystem near the eastern and southern borders of Rocky Mountain National Park.  This would be part of their Prairie to Plateau study, involving the Platte River Basin, the Platte headwater areas along the Continental Divide, and the western slope.  Niwot Ridge and the Fraser Experimental Forest would probably be parts of this study.
Westwide Water Analysis (USBR)  Also known as the Water for America Basin Study Program (http://www.usbr.gov/newsroom/newsrelease/detail.cfm?RecordID=29981)
The purpose of the Basin Studies is to define options for meeting future water demands in river basins in the 17 Western States.  One of the basin studies is The Colorado River Basin Water Supply and Demand Study ($1 million Reclamation, $1 million matching) covering portions of Arizona, California, Colorado, Nevada, New Mexico, Utah and Wyoming.

Climate Effects Monitoring Network (USGS).  Apparently the USGS is planning to include the greater Platte River Basin in the climate effects monitoring network.  This would include both Niobrara National Scenic River and Rocky Mountain National Park.  A USGS circular describing a science plan for this study is in preparation. Also as part of this effort, the USGS is giving some consideration to establishing some studies related to understanding effects of climate change on water resources in the upper Colorado River Basin.  Don Campbell provided a handout pertaining to some of the issues that could be covered by such studies, including changes in snowmelt timing, quantifying sublimation from snowpacks, and effects of mountain pine beetle on water resources in the basin.  
National Integrated Drought Information System (NIDIS) Upper Colorado River River Basin Pilot (NOAA, USBR, Colorado Climate Center, USGS), (http://www.drought.gov/imageserver/NIDIS/homepage/feature.pdf).  NIDIS has established a pilot drought early warning information system for the upper Colorado River Basin, and is considering including instrumentation in Loch Vale as part of the program.  

Proposed Collaboration

Field trip participants, particularly Chuck Hennig (USBR), and Bret Bruce, Don Campbell, and Jill Baron (USGS), discussed joining forces in a consortium to promote and conduct coordinated studies of climate change and effects in the southern Rocky Mountain area-South Platte-Upper Colorado River area.  Components could include monitoring, modeling, hydrologic effects, ecological effects, and so on.  Glenn mentioned the existing model of the Southwest Climate Change Network at the University of Arizona (http://www.southwestclimatechange.org/).
At the conclusion of the field trip, several of the participants agreed to continue discussions along these lines, and to explore the possibility of another field trip or meeting focused on the Fraser Experimental Forest.

