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Presentation Abstracts 
 
11/8, 8:30 – Responding to water scarcity: the big picture 
 
Drought as Disaster: The challenges of mobilizing political response to drought 
Tim Casey, Professor of Political Science, Colorado Mesa University  

This talk will consider the challenges posed by drought for disaster assistance and mobilizing political action to 
respond to the drought.  Several factors will be considered that make droughts uniquely difficult to muster 
political support for action compared to other forms of natural disaster.   

Whose River? Cultural foundations of the Law of the River 
Jeff Sellen, Assistant Professor, Environmental Studies, Western State Colorado University  

Who owns the Colorado River?  The Law of the River, based on the Winters Doctrine, developed in 1908, the 
Colorado River Compact, negotiated in 1922, and the treaty signed by Mexico and the U.S. in 1944, establishes a 
broad framework for ownership. This framework is further elaborated in more localized compacts, legislation, 
and court decrees.  Underlying this legal structure of ownership is an equally, if not more, significant foundation 
of “cultural property”: a sense of ownership grounded in tradition, identity, and community values. 

As human demands upon the Colorado River increase while natural flows decrease (a future that most of us can 
easily imagine), the legal structures that define ownership of the river will undoubtedly face new stresses. The 
Law of the River stands as a bulwark against the erosive tendencies of future conflict, yet, like any legal 
structure, it is only as stable as the cultural foundations in which it is grounded.  This presentation will examine 
those foundations in an effort to imagine--and perhaps prepare for--a future that requires fundamental change. 

 
11/8, 9:00am – Dust from the Desert, Beetles in the Headwaters: Regional environmental influences on Upper Colorado 
Basin Hydrology 
 

Dust in the western US:  How biological, physical and human activities at the local scale interact to affect hydrologic 
function at the landscape scale   
 Jayne Belnap, Research Ecologist, United States Geological Survey, Moab 

Dryland regions constitute over 35% of terrestrial lands around the globe. Limited rainfall in these regions 
restricts plant growth and the spaces between vascular plants are often large.  Most interspace soils are 
protected from wind erosion by the cover of rocks, physical crusts, and biological crusts (cyanobacteria, lichens, 
and mosses).  However, disturbance of the soil surface in dryland regions (e.g., recreation, livestock, mining and 
energy exploration, military exercises, fire) reduces or eliminates the protective cover of the soils. Rising 
temperatures will reduce soil moisture and thus plant cover. Wind tunnel data show that most desert surfaces 
produce little sediment under typical wind speeds.  However, disturbing the soil surface with vehicles, humans, 
or animals resulted in much higher sediment production from all surfaces tested, regardless of parent material, 
texture, or age of the soil surface. Synergist effects, such as surface disturbance occurring during drought 
periods in annualized plant communities, can create very large dust events. As surface disturbance, invasion, 
and drought are expected to increase in the future, an increase in dust production can be expected as well. 
Deposition of dust on the snowpack darkens the surface, increasing snowmelt by 50 days or more and exposing 
soils to evaporation. Earlier germinating plants increase transpiration of soil water as well.  Models suggest 
these factors can reduce flow in streams and rivers that combine to reduce water inputs to the Colorado River 
by 5% annually, which is half of the amount “owed” by treaty to Mexico. In addition, earlier runoff means a 
reduction in late season water, as well as a decline in water quality. We will discuss ways to mitigate dust 
loading onto the snowpack and thus mitigate these impacts. 

 



Snow system interannual variability case study – WY 2011 and WY 2012  
Chris Landry, Center for Snow and Avalanche Studies, Colorado Dust-on-Snow Program 

Colorado has just experienced back-to-back water years exhibiting extreme variations in mountain snowpack 
formation and ablation.  Statewide, Snotel sites captured record or near-record snow water equivalent 
measurements late in the La Nina winter of 2010/2011, primarily the result of very stormy March/April/May 
weather.  Peak SWE values occurred at or near the latest dates in the periods of record at those Snotel sites and 
streamflow data document the intense rates of snowmelt runoff that followed, enhanced by dust-on-snow.  In 
stark contrast, late winter 2011/2012 was as exceptionally dry as the preceding year was wet.  Many Snotel sites 
recorded their earliest date of peak SWE in their periods of record, in March, at very low values.  SWE values 
soon fell below their historic range at many sites, and most sites recorded “snow all gone” at or near the earliest 
date in their periods of record.  Snowmelt runoff, again enhanced by dust-on-snow, began very early, peaked 
early at very low values, and began a precipitous decline at or near the time that peak SWE and snowmelt 
acceleration occurred during the prior spring of 2011.  Storm, snowpack, and streamflow data from the Senator 
Beck Basin Study Area also illustrate this large range in behaviors.   
 

A Conceptual Model of Water-Related Impacts from Bark Beetle Infestations  
Eric Gordon, Managing Director, Western Water Assessment, Cooperative Institute for Research in Environmental 
Sciences, University of Colorado - Boulder 

Since 1996, an ongoing outbreak of bark beetleshas caused widespread mortality across millions of acres of 
conifer forests in the Upper Colorado River Basin, especially in headwaters catchments with high rates of 
lodgepole pine mortality. Given that forests significantly influence streamflow compared to areas with other 
vegetation cover types, widespread tree death in watersheds can dramatically alter many ecohydrologic 
processes including transpiration, canopy solar transmission and snow interception, subcanopy wind regimes, 
soil infiltration, forest energy storage and snow surface albedo.Few studies have documented the effects of 
MPB infestations on hydrologic processes, and little is known about the overall direction and magnitude of 
changes in water yield and timing of runoff due to insect-induced tree death. In this presentation we will review 
and synthesize existing research and provide new results quantifying the effects of beetle infestations on canopy 
structure, snow interception and transmission to create a conceptual model of the hydrologic effects of MPB-
induced lodgepole pine death during different stages of mortality. We will identify the primary hydrologic 
processes operating in living forest stands, stands in multiple stages of death and long-dead stands undergoing 
regeneration and estimate the direction of change in new water yield. This conceptual model can help water 
resource decision makers throughout the Intermountain West better understand the complex effects of bark 
beetle infestations on water supply availability. 

Hydrologic Impacts of the Mountain Pine Beetle on Tributary Catchments of the Upper Colorado River Basin  
Ben Livneh, Western Water Assessment, NOAA Earth Systems Research Laboratory, University of Colorado - Boulder 

Over the past decade, the northern headwaters of the Upper Colorado River Basin have suffered widespread 
tree kills due to Mountain Pine Beetle (MPB) infestation across a range of forest types, elevation, and latitude. 
This sub-region supplies a substantial portion of the freshwater to the rest of the basin, which is an essential 
freshwater resource for 7 states and over 30 million people. The impacts of MPB on forests are generally non-
uniform in spatial extent. Further, while forest canopies may be lost as the result of an outbreak, the understory 
foliage may be simultaneously recovering. These spatial and temporal irregularities combined with climatic 
variability present a unique challenge for hydrologic analysis. In this study, we attempt to separate the 
competing streamflow alteration drivers through assessing system sensitivities to individual and combined 
disturbances. The preliminary analysis is geared towards training a hydrologic model over the historical period 
as a baseline for sensitivities. The Distributed Hydrology Soils and Vegetation Model (DHSVM) was selected to 
simulate hydrologic conditions over a small number of candidate catchments that offer a gradient in MPB 
impacts, elevation, and forest coverage. The primary mode of validation and analysis used is observed 
streamflow for each catchment. Experiments are focused on examining the impacts of changing Leaf Area Index 
(LAI) and changes in solar reflectance (albedo) from MPB for both the forest canopy and understory separately, 
extending through the past decade. We anticipate that these results will lead to a clearer understanding of how 
MPB outbreaks impact streamflow and overall hydrologic responses, to better inform water managers and 
possible mitigation strategies. 

 



11/8, 10:15am – Meeting Environmental Water Needs in Cooperation with Other Uses 
 

Overview of the Colorado Water Trust’s Request for Water 2012  
Amy Beatie, Executive Director, Colorado Water Trust 

The COLORADO WATER TRUST ("CWT"), a Colorado nonprofit organization that uses market-based, voluntary 
mechanisms to restore and protect streamflows, is planning to lease water rights this summer and fall from 
willing lessors as part of CWT’s efforts to help maintain streamflows in anticipation of the ongoing drought.  To 
facilitate this process, we placed a public, widely-circulated Request for Water on Monday, April 23, 2012.   

The Request for Water is a process intended to let water users know that CWT would like to lease direct flow 
and storage water rights for the summer and fall of 2012 in order to provide a response strategy to the drought 
conditions.  We are implementing a significant outreach strategy to help get the word out that we are seeking 
water rights for this purpose.  To move water instream, CWT will use the never-before-used short-term leasing 
program, created by a 2003 law for purposes just like this.  It allows for water to be placed instream through an 
administrative approval process, rather than through water court, a significant benefit to using this program. 

All projections suggest that the state will see low-flow conditions in all of its seven river basins, with some basins 
seeing significantly lower flows than they did in 2002 and 2003, the most significant recent drought period.  In 
fact, as of last Tuesday, the statewide snowpack was estimated to be at 20% of average, lower in many cases 
than 2002 at this time of year.  These are the kinds of numbers that could lead to the Governor declaring a state 
of emergency for several sectors--including agricultural, recreational, and municipal.  We are being very careful 
not to present a "sky-is-falling" message, but we do intend to be clear about the effects of drought on all water 
uses in Colorado, from the consumptive to the non-consumptive, to underscore why we believe the temporary 
response we have proposed is rational, a good idea, and will make a difference.   

There are two primary motivators for this Request for Water.  Through facilitating a series of leases to benefit 
instream flows during 2012, the Colorado Water Trust will offer water rights holders a market-based alternative 
to irrigation and other water uses in a drought year while simultaneously providing immediate and lasting 
benefits to Colorado’s aquatic ecosystems.  In essence, we are using the market to encourage water users to 
grow water for fish instead of putting water to its customary use. 

We hope to place as much water as we can back into our priority streams this summer, understanding that 
these are market-based transactions that will use a tool that has significant restrictions so there is no real way to 
predict what the response will be or whether the water offered will be satisfactory for the program.  That being 
said, we've had more than twenty inquiries about the program since its release and we still have two weeks 
before water rights offers need to be submitted.  We think this bodes well for the program. 

Developing a Water Conservation Campaign that Benefits Streamflows in the Roaring Fork Watershed  
George Moss Driscoll, Esq., for the Roaring Fork Conservancy  

This presentation will explain the ongoing effort by public and private water interests in the Roaring Fork 
Watershed to develop a water conservation campaign designed to benefit local rivers and streams.  This effort 
was born out of the Roaring Fork Watershed Plan, a locally-based water management planning initiative 
involving public and private stakeholders and funded in part through the Interbasin Compact Committee/Basin 
Roundtable process.  In order to help ensure adequate instream flows in the valley, the Watershed Plan advised 
local stakeholders to “investigate if water conservation translates to environmental benefits under Colorado 
water law,” and to promote “the most strategic water conservation measures.” 

Throughout 2010, Roaring Fork Conservancy investigated the legal options currently available to water users in 
Colorado for employing water conservation as a means to benefit local streamflows.  This work was completed 
with financial support from Garfield County and the Pitkin County Healthy Rivers and Streams Fund, and 
resulted in a final report, Opportunities for Water Conservation: Realizing the Streamflow Benefits from Local 
Water Conservation Efforts (released April, 2012).   

Although the concept is of widespread interest, in Colorado, water conservation raises a host of complicated 
legal issues, such as potential claims of abandonment of water rights, waste, and injury to other water users.  
The purpose of the study was to assess the full range of available water conservation strategies, evaluate the 



existing legal barriers to these strategies, and make recommendations for how local interests in the Roaring Fork 
Watershed should proceed accordingly.   

The concept of employing water conservation measures to benefit streamflows raises a host of legal and 
engineering questions outside the scope of customary water law and administration in Colorado.  The issue is 
also convoluted by several relatively new legislative measures intended to promote conservation efforts, but 
which remain legally untested.  To sort through these issues, Roaring Fork Conservancy employed a legal 
consultant and sought the advice of numerous water attorneys and engineers.  RFC also sought input from the 
Colorado Water Conservation Board and the Colorado Water Trust on this complicated and somewhat 
controversial issue.  The result is an objective analysis of the legal, engineering, and practical barriers to using 
water conservation to improve local streamflows.   

The presentation will briefly examine the findings from this study, including the types of conservation measures 
that could potentially be used to benefit local streamflows, local circumstances that affect the feasibility of such 
measures, and the remaining legal barriers to the concept.  The presentation will conclude with a brief 
discussion of how local stakeholders in the Roaring Fork Watershed are pursuing their options with respect to 
water conservation and how such efforts fit within the larger objective of satisfying the long-term consumptive 
and nonconsumptive water demands in the watershed.   

Dolores River -  A Way Forward:  Development of the 'Implementation, Monitoring and Evaluation Plan' for Warm Water 
Native Fish in the Lower Dolores River  
David Graf, Regional Water Specialist, Colorado Parks and Wildlife 

Development of the Dolores Project in 1984 culminated a period of great uncertainty for the farmers in the 
Montezuma Valley in southwest Colorado, one typified by hydrologic extremes of drought and flood.  The 
Project stabilized and enhanced an irrigation supply that ran big in spring and was largely unavailable toward the 
latter parts of the summer.  In addition, a portion of the Project water supply was dedicated to downstream 
releases that were meant to restore perennial flow to a canyon river dewatered each summer by a river-
sweeping trans-basin water diversion near the town of Dolores.  However, the Dolores Project also brought 
other changes to the river below the dam:  truncated or non-existent spring runoff; introduction of predatory 
non-native species; and changes to the downstream thermal regime in the river.   

The Dolores River Dialogue (DRD) was initiated in 2004 to begin to address some of the downstream ecological 
effects of the Dolores Project and from the historic depletions affecting the Dolores River.  Soon afterward the 
San Juan Public Lands Center (SJPLC) initiated a federal land management process for the Forest and BLM lands 
within their jurisdiction.  In cooperation with the DRD, the SJPLC helped create the Lower Dolores River Working 
Group, intended to craft a community-based planning framework for the Dolores River corridor which was 
found to be suitable for inclusion into the Wild and Scenic Rivers system by the Federal planning review.  The 
Working Group began work in 2008, and in 2010 recommended establishment of a National Conservation Area 
(NCA) that would protect the Outstandingly Remarkable Values (ORV) identified by the management review.  A 
legislative subcommittee was established to focus generally agreed-upon principles into the legislative language 
for the NCA, and made remarkable progress on difficult issues such as mineral development, travel 
management, timber harvest, and NCA boundaries, but could not agree on principles nor language that would 
provide assurance that the roundtail chub, a State Species of Special Concern and water-dependent ORV, would 
be protected.  The subcommittee then initiated a process, called 'A Way Forward' that called upon three 
independent fishery scientists to define the status of the roundtail and two other native aquatic species similarly 
dependent on flows in the river (flannelmouth and bluehead sucker) and to also identify opportunities for 
altering current water management to provide the best means for preserving these fish below McPhee Dam.   

The most recent collaboration to emerge in summer 2011 was the Implementation Team, comprised specifically 
of institutions and entities with responsibilities to manage water, wildlife, and land below the river, and the 
NGOs critical to successful implementation that could also provide the critical linkage between water 
management and the National Conservation Area.  The Lower Dolores River 'Implementation, Monitoring, and 
Evaluation Plan for Native Fish' is the result of approximately 14 months of effort by this partnership, and this 
Plan and other materials prepared by the Implementation Team have now become critical parts of the outreach 
effort that will hopefully move both the NCA and the native fish communities below McPhee Dam in a positive 
direction. 



 
Colorado Basin Agriculture Being Creative with its Water 
Panel overview & background 
Moderator:Denis Reich,Water Resources Specialist, Colorado Water Institute 

2012 has undeniably been a drought year. This drought has been incredibly harmful in somestates of the U.S., 
including Colorado, but it has also increased attention on water scarcitythroughout the Upper and Lower Basins 
of the Colorado River system. Generally speaking,planning and policy in the basin remains focused on meeting 
increased future demand fromtowns and cities. To do this successfully it appears unavoidable that a large chunk 
of irrigatedagricultural acreage will be sold off for its water rights, so that water can be transferred 
tomunicipalities, allowing thirsty cities to grow.Clearly most of those selling agricultural water must be irrigators 
themselves. This is largely afunction of municipalities’ buying power and the prices they can offer the state’s 
irrigators fortheir water. Yet agricultural leaders openly argue that agricultural water, and ultimatelyagriculture 
is dying the death of a thousand tiny cuts; that of incremental decreed watertransfers out of crop and livestock 
production into municipal growth. This 10,000 foot view on Western agricultural water’s gloomy (and conflicted) 
future perhapsoverlooks a handful of important caveats: First, that each ditch and ditch company is different. 
Water right portfolio, crop selection, andcompany management are all variables that dictate how vulnerable an 
irrigation district is to acrippling water transfer. Secondly, environmental water advocates are often portrayed as 
agriculture’s second adversary(after municipalities) in the battle to protect their water and their futures. 
Counter to thisprevailing opinion there are many examples where innovative strategies with watermanagement 
can benefit the environment while also benefiting local agriculture with newinfrastructure and improved long 
term water security. Finally, there are many intelligent agrarians in the Colorado River Basin who are more 
thansimply astute stewards of their water. Their undocumented and creative work in the field isconsistently 
overlooked. Perhaps since most farmers of this ilk prefer an audience of cudchewing bovines to a podium and a 
room full of water wonks. It’s likely these quiet achieversare key ingredients to a future that includes profitable 
and sustainable ag in a water short world.This panel will seek to highlight creative approaches that will likely be 
part of the mix asagricultural water and its users deal with 2012 and prepare for future droughts in the 
UpperColorado River Basin. 

 

Western Slope Water Bank   
Taylor Hawes, Colorado River Program Director, The Nature Conservancy 

A coalition of stakeholders has come together to explore water bankingconcepts on the Western Slope of 
Colorado. The partnership includes two West Slopeconservation districts, the State of Colorado, Front Range 
cities, irrigators, two NativeAmerican tribes, the Bureau of Reclamation and the Nature Conservancy. Several 
years ago,the State of Colorado attempted to develop a water bank in the Arkansas River. The Arkansasbank 
never took off. There are significant differences between the Arkansas bank the WestSlope water bank. This 
presentation will describe the on-going work on the West Slope waterbank and explore some of the differences 
between the Arkansas bank idea and the West Slope bank. This presentation will also explore some “guided 
market” concepts that might allowfarmers and ranchers to lease water while providing environmental benefits. 
 

Lessons from the Lower Basin:  Colorado River Delta Water Trust  
Jennifer Pitt, Director, Colorado River Project, Environmental Defense Fund 

The Colorado River Delta Water Trust operates in Mexico, at the southern end of the ColoradoRiver. The Trust’s 
mission is to work with irrigators in the Mexicali Valley to secure water forlocal river flows and riverside forests. 
The Trust solicits and receives donations of financialresources, which it uses to acquire water rights from willing 
sellers in the Mexicali irrigationdistrict. This presentation serves as a example from the Lower Colorado River 
Basin on howagricultural water can serve both agriculture and adjoining uses. Jennifer will explore 
severalfeatures of the Trust that have helped it to operate successfully in one of Mexico’s mostproductive 
agricultural regions. 
 

Interviews with Colorado River Basin Agricultural Water Stakeholders  
Peter Taylor, Associate Professor of Sociology, Colorado State University 

As urban population growth, predicted climate change and other stresses pose unprecedented challenges 
to water supplies throughout the Colorado River Basin, increasing pressure is beingbrought to bear on 
agriculture’s share of Western water by municipal, industry, energy,recreation, environmental and other 



interests. This paper will present preliminary findings froma Colorado State University-led, USDA-funded 
research project to study the perspectives offarmers and ranchers on current challenges to agricultural 
water in the Colorado River Basin. 

Fifty farmers, ranchers and agricultural water managers were interviewed by telephone in allseven Basin 
states about the challenges agricultural water faces today and how its users areresponding. Among major 
challenges, interviewees identified urban development and relateddemographic shifts, uncertain surface 
water supplies, groundwater-surface water interactions,increasingly complex regulatory and legal 
frameworks, competition from influential new wateruser interests such as environmentalists and others, 
and cultural changes that are in many casesbringing very significant changes to agriculture and ranching 
and how these sectors use water.Water users within the agricultural sector are nevertheless responding 
to these pressures with awide range of strategies to strengthen their capacity to manage change 
effectively. Theseresponse strategies vary significantly by state, region and local conditions, but they 
includeinnovative approaches to water leasing, cooperative conservation efforts involving multiplewater 
user groups, voluntary fallowing programs, multi-stakeholder water negotiations andagreements, joint 
ventures with other water users including urban developers, and finally,individual and water organization 
choices to sell land and or water rights. 

This presentation will explore interviewees’ perspectives on the strengths and problemsassociated with 
these responses and their impacts on farmers, their communities and theresource. The research suggests 
that some agricultural water users are poised to benefitsignificantly from current changes underway in 
the sector while others struggle to adapt andmaintain desired ways of life. The paper will identify and 
explore some of the diversehistorical, legal and policy contexts and local conditions that shape 
agricultural users’ ability tomake their own decisions about what is best for their operations, their families 
and theircommunities. Based on the experiences, insights and suggestions of agricultural water 
usersinterviewed, the paper will identify possible opportunities for pilot projects, educational effortsand 
additional research that could provide needed support for the agricultural water sector as itfaces a future 
of unprecedented change. 

 

Keeping my farm green for the next 30 years  
Paul Kehmeier, Irrigator & Farmer in Eckert, CO. 

I recognize that the water rights for our farm are not God given. I wish they were, but thewater rights were 
granted to my great grandfather by a law and a judge. Therefore another lawand another judge could take the 
water away.  I believe my best strategy for keeping our farm green for the next 30 years is to: 
1) Cooperate with the agencies and organizations that are helping irrigators 
2) Keep current on the activities of the people who want my water, and either work with themor try to stay 
ahead of them. 

I need to keep in mind that 30 years from now whether our farm is green or brown may turnout to be as much a 
matter of farm economics as a matter of water politics. It is possible thatthe water operation will be successful, 
but the patient will die anyway. At present however,both the business outlook and the irrigation outlook appear 
positive. 

 
11/8, 1:30 – Understanding and Managing Water Availability and Streamflows 
CI-WATER High Performance Computing Model to Investigate Future Water Resources Availability in the Upper 
Colorado River Basin  
Fred Ogden, Professor Cline Distinguished Chair of Engineering, Environment and Natural Resources,Department 
of Civil&  Architectural Engineering and Haub School of Environment and Natural Resources, University of 
Wyoming 

The CI-WATER project is a cooperative agreement between the US National Science Foundation (NSF) and the 
Utah and Wyoming jurisdictions of the NSF Experimental Program to Stimulate Competitive Research (ESPCoR).   
The project is focused on the Upper Colorado River Basin  (UCRB) and has four components: 1) Enhance 
cyberinfrastructure facilities; 2) Enhance access to data and computationally-intensive modeling; 3) Enable high-
resolution multi-physics modeling; and 4) Enhance STEM Learning and Water Science Engagement.    



This presentation focuses on the third component of the CI-WATER project, which is being lead by our team at 
the University of Wyoming.   We are developing a high-resolution physics-based model to allow us to investigate 
future water availability in the Upper Colorado River basin with particular focus on the effects of landuse, 
population, and climate changes on the availability of water in 50 years.   Our computational model is starting 
from existing, proven computer codes developed by members of our team in cooperation with the U.S. Army 
Corps of Engineers, and the National Center for Atmospheric Research.  Our model places emphasis on the 
engineered aspects of water management and use in the UCRB, where we explicitly simulate storage reservoirs, 
diversions, irrigation.   Furthermore, our model employs higher resolution in high altitude areas where most 
snow-melt runoff is produced and spatial complexity is important.  This talk will discuss model developments 
and our objectives to develop a user community and transfer the use of the technology to water managers in 
conjunction with our collaborators at Brigham Young University, Utah State University, and the University of 
Utah. 

 
Using water infrastructure to manage streamflow under climate change in the upper Green River basin  
Ryan McShane, Ph. D. student in Ecology, Colorado State University 

Water resource managers are challenged with weighing competing agricultural, urban and industrial demands 
for water against the environmental flows necessary for maintaining healthy rivers, andwith climate change, 
information on the ecological impacts of modifiedflow in rivers will be crucial.  To better understand these 
impacts, we used Indicators of Hydrologic Alteration (IHA) to analyze the impact of climate change on 
streamflow in the upper Green River basin of Wyoming, which is critical to thewater supplies of the 
sevenColorado River basin states.  IHA was developed to gauge the ecosystem impacts of human-effected 
changes to streamflow, which we found applicable to evaluatingthe potential alteration of streamflow caused by 
climate change.  We used multiple climate projection models (the World Climate Research Programme’s 
Coupled Model Intercomparison Project phase 3 multi-model dataset) to assess the sensitivity of streamflow to 
varied future temperature and precipitation patterns.  We applied a semi-distributed hydrologic model (the 
Stockholm Environment Institute’s Water Evaluation and Planning System) to 79 subwatersheds defined by 
topography, climate and land use, generating weekly hydrographs for 167reaches on which we computed IHA 
for 1970-2000 and 2030-2060.  Our hydrologic model included water infrastructure (6 dams and 41 diversions) 
with which we explored management scenarios to mediate the altered streamflow.  These scenarios included 
strategies aimed at restoring “natural” flows, maximizing the existing storage capacity or irrigation delivery, and 
releasing environmental flows designed to minimize the establishment and spread of non-native species.  Our 
application of IHA, with a GIS-derived geomorphic valley classification, will then be used to assess the potential 
future risk of species invasions in the upper Green River basin. 

 
How seasonal and inter-annual variation in river flow impact shallow groundwater fluctuation and riparian 
vegetation health on the impounded Dolores River, southwest Colorado 
Gary L. Gianniny, Professor of Geosciences, Fort Lewis College 

Regulated flows on western rivers are known to change flood regimes, reduce flow variability, and impact 
riparian vegetation in a number of ways. On the dam-controlled Dolores River, the timing and frequency 
of peak flows due to snowmelt are relatively unchanged, but the magnitude of such flows is significantly 
lower. We have documented declines in the cover of cottonwood woodlands below the dam, and 
hypothesize that these changes are due to a lack of groundwater recharge. Here we report the results of 
three years (2010-2012) of shallow groundwater well data and two years of on-site precipitation and soil 
moisture data from three sites on the Dolores River: one above and two below McPhee Dam. Each site 
contains a transect of three piezometers with pressure transducers to measure water height, and 
barometric pressure, an in-stream gage, as well as a tipping rain gauge to measure site specific 
precipitation events. Quantification of river discharge and dam releases are compiled from US Geological 
Survey and Colorado Division of Water Resources stream gauges near the study sites. 

Wells located in the willow, cottonwood, and more drought-tolerant forb/shrub vegetation zones indicate 
that while the Dolores below the dam has substantially reduced flows, the floodplain does still experience 
some recharge during seasonal flow events, with the most significant recharge occurring during longer 
duration high flows in spring. However, a twenty-year data set from one Dolores River site shows changes 



in vegetation composition post-dam; new evidence from groundwater wells indicates a possible link with 
recharge - or lack thereof. While shrubby phreatophytes on the riverbank have increased in cover (due to 
lack of scouring spring floods), canopy cover of the dominant cottonwoods has declined, especially in the 
wake of severe drought. Using our well data, we extrapolated that the low river flows during the 2000-
2003 drought cycle led to a lack of groundwater recharge in the floodplain and a loss of the connection 
between cottonwood root systems and the water table. This is consistent with on-site rain gauge data 
from 2011 which demonstrate that higher elevation sites are recharged by both precipitation and 
hyporheic flow associated with high stream flows, but at the more drought sensitive lower elevations, 
sites are dependent on hyporheic flow and bank storage to recharge the aquifer. At these sites, 
cottonwood cover has declined significantly, especially during & after prolonged drought. 

Flow management plans on dam controlled rivers in warmer drier climates, like the Dolores river, need to 
address overall riparian ecosystem health which is highly dependent on groundwater recharge from long 
duration high to moderate volume flows 

11/8, 2:15 – Strategies for engaging the public and specific constituencies on regional water issues 
 
Grassroots & Grasstops water education: Helping Coloradans Speak Fluent Water and Cultivating a Network of 
Water Leaders  
Kristin Maharg, Program Manager, Colorado Foundation for Water Education 

This presentation will describe two projects: 1) Water Fluency and the Water 2012 Speakers Bureau and 2) the 
Water Leaders Program.  Water Fluency and the Water 2012 Speakers Bureau started, nearly a year ago in an 
effort to help more Coloradans Speak Fluent Water. Since January 2012, these water experts have reached more 
than 2,500 Coloradans—largely members of civic groups like Rotary and Kiwanis clubs, teaching them about 
water in Colorado. Although the Speakers Bureau started as an initiative to celebrate 2012—the Year of Water 
in Colorado, it will not end when the year comes to a close. Join us in discussing the future of the Speakers 
Bureau, offer your stories and suggestions and find out what impacts this group of volunteer educators has 
made and will make in the coming year. 
 

The Water Leaders Program is an innovative year-long course offering Colorado professionals with an interest in 
water resource issues the opportunity to improve their leadership skills, learn basic management techniques 
and increase their water resources knowledge. Each class is diverse – attendees come from law, government, 
environmental activism, recreation, and engineering. Participants engage in a powerful experience that involves 
extensive assessments, training sessions, executive coaching, peer learning and professional networking. As a 
result, alumni are better equipped to address the opportunities within their workplace and challenges of the 
water community in general. Over the past year, CFWE has conducted an independent and comprehensive 
evaluation to assess the program’s impact and implement areas of improvement. Hear what the Water Leaders 
Program has to offer this coming year as applicants are solicited from around the state and tell us how the 
Upper Colorado River Basin can contribute to fostering the next generation of water leadership. 

 

Down the Colorado Expedition/ Interactive Website  
Zak Podmore, Colorado College State of the Rockies Project 

In June 2012, four adventurers started at the headwaters of the upper Colorado River in Rocky Mountain 
National Park and head downstream for at least two months. While on the river, they took video and 
photographs, interview basin stakeholders, and record water quality data. Working with partners in the Marine 
Ventures Foundation, the Colorado College State of the Rockies Project, and the river conservation group, Below 
the Surface (Outside Magazine’s 2012 “readers of the year”), they are will creating a robust geographical 
overview of Colorado River basin. 

The centerpiece of the expedition will be an interactive map of the Colorado River Basin. As they traveled 
downstream, they collected stories for this map. Throughout the summer, a team of researchers at Colorado 
College also posted analyses of river issues, so anyone tuning in to the expedition can learn about the Colorado 
through our personal narrative, interviews, and objective research. 

The goal of the project is to make the voices of various stakeholders and “river experts” heard, as well as 
providing a virtual tour of the Colorado River through narratives, photographs, videos, and scientific research. 



Join us this summer to hear our stories from the river.Protecting Rivers and Sustaining Rural Communities in the 
Colorado River Basin 

Richard Van Gytenbeek Colorado River Basin Outreach Coordinator, Trout Unlimited 
The program is presented as a three-part narrated PowerPoint presentation and three short videos entitled 
“Voices of the Colorado River.” The videos highlight people from the upper Colorado River basin who express 
the importance of the river to their lives and the need to work together to preserve its health.  
 

11/8, 3:30 - Nuts & Bolts of Municipal Conservation: Promising Strategies 
 

Measuring the Impact of a Municipal Landscape Water Conservation Program, Front Range, Colorado  
Dan Stellar, Water Division Director, Center for ReSource Conservation, Boulder, CO 

Water allocation for agricultural, municipal, industrial, environmental and recreational uses is challenged 
in the Upper Colorado River Basin by scarce water availability. One way to address this challenge is to 
implement water conservation programs at the household level.  Municipalities that rely on water from 
the Colorado River Basin have used water conservation programs, among other practices and measures, 
to meet the demands of rapidly growing populations. An outstanding question for these municipalities, as 
well as for the other stakeholders (i.e. water customers, city planners, etc.) is whether or not these 
programs are effective. For example, how much water is actually saved by these programs?  Have these 
programs been able to reduce water use while preserving landscape health? Are these programs 
providing enough water savings to be cost-effective for the municipalities who pay for them?   

At the Center for ReSource Conservation (CRC), we have extensive experience implementing water 
conservation programs, through projects such as Slow the Flow (STF), a free sprinkler inspection program 
available primarily to residential customers of participating Colorado water providers.  STF is most likely 
the largest residential water conservation program in Colorado.  The program has been running for over 8 
years and currently serves 23 municipalities in Colorado and beyond.  In 2012 we will conduct nearly 2000 
sprinkler inspections, also known as irrigation audits.  In light of the extensive data collected through STF, 
we are now engaged in a rigorous study to assess the impact of our program on individual users, utilities 
and region-wide.  In the past year, the CRC has requested data from its municipal partners on water use of 
the STF program participants from before and after the audits were performed.  A methodology was 
developed to assess water savings at a variety of temporal and spatial scales.  A final dataset of 
approximately 1500 unique participants (households who have received the water audit) was used in the 
analysis of the impact of the STF program.  Preliminary results show that the median household savings 
were approximately 6,900 gal per year after the audit was performed.  These savings were calculated with 
climactic factors accounted for.   This study and presentation are of interest because they demonstrate 1) 
how a region-wide conservation program can be implemented, 2) the specific results of analyzing Slow 
the Flow, one of the largest residential water conservation programs in Colorado and 3) a detailed 
methodology which can be used to assess a range of water conservation programs. 

Future work by the CRC will hope to address questions of the longitudinal savings of the program as well 
as addressing other measurements of effectiveness such as cost savings.  

Questions remaining, that may be useful for spurring a discussion during the Q&A period at the end of our 
presentation, include, but are not limited to:  

 What are other metrics that should be used to measure water conservation programs? 

 Who should measure water conservation programs? 

 Can water conservation programs, if measured appropriately and rigorously, represent a viable 
alternative to generating new sources of supply? 

Graywater Reuse as a Viable Means to Municipal Water Demands under Water Shortages 
Sybil Sharvelle, Assistant Professor, Department of Civil and Environmental Engineering, Colorado State University 

The Integrated Urban Water Model (IUWM) has been developed by Colorado State University to evaluate 
alternative water conservation practices such as reclaimed water reuse, rainwater catchment, indoor 
conservation fixtures and graywater reuse. Results will be presented for scenarios in Colorado where water 
supply savings, wastewater treatment reduction and cost savings are demonstrated for these conservation 



practices. Graywater (water from laundry, showers, baths and handwash sinks)  reuse is an attractive alternative 
for water conservation in the urban environment due to low infrastructure requirements and its ability to 
achieve substantial reductions in demand for potable water while also reducing wastewater generated. 
Graywater can be reused for irrigation or toilet flushing. Guidance will be provided for graywater system setup 
and operation to ensure safe reuse of graywater for these applications. In addition, concerns associated with 
graywater reuse such human health risks and impact to soil and plant health when applied for irrigation will be 
addressed. 
 

11/8, 4:00 - Municipal Water Use – How Far Can/ Should we go with Conservation to Meet Future Needs? 
 
Smart Water Project  
Drew Beckwith, Water Policy Manager, Western Resource Advocates 

Our Smart Water Project successfully promotes increased urban water conservation and identifies alternative 
sources of supply to meet future demand all across our region. We keep water in the West’s rivers, lakes, and 
aquifers by working with governments and water providers to implement common-sense strategies, such as 
tiered water rate structures, smart land-use planning, landscape regulations, and re-use of existing supplies. 

Conserving our way to a sustainable future  
Ken Ransford, Colorado Basin Roundtable member 

Water for Colorado’s next population doubling must come from additional river diversions, drying up 
irrigated agriculture, or conservation.  If global warming concerns prove out and average temperatures 
rise 3-5 degrees in the next 70 years, Ken believes it is unlikely that there is any significant additional 
water available from Colorado rivers for additional development.  Polls show that citizens view 
agricultural dry-up as their least favorite option to provide water for further population growth.  Ken 
believes that this leaves conservation as the most reasonable alternative to provide water for future 
growth.  His talk will focus on the risks of additional river diversions or agricultural dry-up and identify 
barriers to conservation.  It will conclude with an audience-led discussion of strategies to make 
conservation the first rather than last tool out of the box to address Colorado’s water supply gap. 

Conservation approach of Colorado’s Metro Roundtable  
Greg Fisher, Chief Planner, Denver Water 

The purpose of the Metro Roundtable’s memo articulating its conservation strategy is to present an estimation 
of potential future water demand reductions which the Metro Basin Roundtable can reasonably expect by 2050 
based on current and future water conservation programs and improved water use efficiencies.  In keeping with 
SWSI and other state water conservation policy efforts, estimated demand reductions relate to three basic 
processes or influences on water use: 

 Passive saving reductions related to the natural replacement of customer water using fixtures and 
appliances; 

 Other changes in water use behaviors (e.g., state legislation, changes in land use, drought impacts, etc.); and 

 Active water conservation program impacts related to implementation of water conservation programs 
sponsored by water utilities and special districts. 

Noteworthy is that current water demand is trending downward due to a combination of these three influences.  
Similarly, future demand reductions will require that water utilities, NGOs, water customers, and state and local 
officials work together to support and ensure that meaningful, permanent water conservation programs are 
developed and implemented. 

This shared responsibility for future water conservation does not dismiss the important role of water utilities to 
act as good stewards of the State’s water resources.  But the work of managing water in Colorado is not solely 
the responsibility of our water utilities.  It requires the cooperation and collaboration between all members of 
the water community. 

 
 
 
 



Posters 
 

Colorado River Basin National Drought Information System Drought Early Warning System  
Nolan Doesken, Colorado State Climatologist 

The Colorado Climate Center at Colorado State University is responsible for monitoring the climate of Colorado 
and provide information and expertise to better understand climate variations and extremes.  A summary of 
2012 climate conditions will be presented -- showing the rapid development of drought in the Upper Colorado 
River basin and the extremely high evapotranspiration rates that developed this past spring and summer.  2012 
ended up as the 5th driest year in Colorado in the past 118 years.   

The Colorado Climate Center also maintains several observing systems in Colorado including the Colorado 
Agricultural Meteorological Network (CoAgMet) and the  Community Collaborative Rain, Hail and Snow Network 
(CoCoRaHS).  Data from low-cost back yard rain gauges have proven to be extremely valuable in improving data 
collection, rainfall mapping and overall water education.  Volunteers are needed in all areas of the Colorado 
River Basin to help track precipitation patterns. 

If you are interested in learning more about the climate of Colorado, in becoming a rain gauge volunteer, or in 
getting weekly climate updates from the Colorado Climate Center, please visit Nolan Doesken (State 
Climatologist).  nolan@atmos.colostate.edu  or  the Colorado Climate Center website   
http://ccc.atmos.colostate.edu 

 

Middle Colorado Watershed Partnership  
Laurie Rink, Coordinator 

The Middle Colorado Watershed includes the mainstem of the Colorado River and all tributaries (except the 
Roaring Fork River) from the Garfield County line east of Glenwood Canyon to DeBeque Canyon, an area 
approximately 2640 square miles in size.  The watershed delineation includes portions of Garfield, Mesa and 
Eagle counties. 

An assemblage of diverse interests, the Middle Colorado River Watershed Partnership (MCRWP), is working 
cooperatively to define the current and potential future conditions of the watershed.  With the support of state 
grant funds, and both cash and technical contributions from project partners, the MCRWP is moving forward 
with development of a watershed plan. The watershed plan will characterize existing conditions, identify existing 
and potential water quality issues, and establish objectives and strategies to address existing issues and mitigate 
future water quality impacts. Plan development is expected to take two years with completion scheduled for 
December 2014. 

Specific project goals of the watershed plan include: 

 Increasing coordination, awareness and stakeholder engagement to create a shared understanding, a 
common voice, and build support for proactive protection of the watershed;   

 Characterizing existing conditions to document and evaluate baseline watershed health and to establish 
objectives and benchmarks for achieving desired conditions;  

 Identifying and prioritizing strategies and activities including on-the-ground projects, best management 
practices and other measures to address priority needs and impairments;  

 Establishing an adaptive management framework to evaluate and monitor water quality and watershed 
issues and evaluate the effectiveness of strategies and activities.     

The MCRWP process is open to all members of the public and everyone’s input is welcomed and encouraged. 

 

NHDPlus Natural Stream Flow Estimates for Colorado 
Ariel Doumbouya, U.S. Geological Survey 
 

This map compares the methodology and results of the NHDPlus (National Hydrography Dataset Plus) Version 1 
Unit Runoff Method (UROM) and NHDPlus Version 2 Enhanced Unit Runoff Method (EROM) calculations for 
estimating streamflow in Colorado. The map does not represent actual streamflow, but rather modeled natural 
streamflow based on the UROM and EROM models. NHDPlus includes a stream network based on the medium 
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resolution NHD, improved networking, name attributes, and “value-added attributes” (VAA’s) providing 
additional flowline characteristics. The stream lines come from NHDPlus version 1 (UROM method) and NHDPlus 
version 2 (EROM method). The line weights represent ranges in mean annual streamflow measured in cubic feet 
per second (cfs).  The UROM stream flow estimates are calculated using flowline catchment areas and unit 
runoff (cfs/km2) values from associated 8-digit hydrologic subbasins. The EROM, used to estimate streamflows 
in NHDPlusV2, incorporates several improvements to the original UROM used in NHDPlusV1. By reviewing these 
methods it is possible to better understand flow model estimates and understand characteristics of Colorado’s 
drainage network. 
 

Linking Hydrography Data: Using the National Hydrography Dataset (NHD) and the Hydrography Event Management 
(HEM) Tools 
Ariel Doumbouya, U.S. Geological Survey 
 

The National Hydrography Dataset (NHD) serves as a framework for geospatial data, representing the surface 
water features of the United States. These features may have additional information linked to them, describing 
other characteristics relating to hydrology, water quality, biology, regulations and a host of other data. 
Information is linked to the NHD using a linear flow network. It is possible to create addresses on that linear 
system to describe where information is located. This process is known as linear referencing. These locations are 
known as events. Events can be a points, lines or polygons. Use of the Hydrography Event Management (HEM) 
Tools, fully exploit the potential of the NHD model and the maintenance of linked hydrography data.  
 

 


