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Rocky Mountain Hydrologic Research Center 
 

The forerunner of the Rocky Mountain Hydrologic Research Center was the 
Rocky Mountain Hydraulic Laboratory organized under the laws of the State of Colorado 
on September 5, 1945.  Chesley Posey found a site for the laboratory on the North St. 
Vrain Creek below Highway 7 near Allenspark, Colorado.  At this 20-acre site alongside 
the North St. Vrain Creek, several hydraulic flumes were constructed and portions of 
those flumes can be seen today.  Research was focused on bridge scour and open channel 
hydraulics.  About 1960, the hydraulic research activity declined but the site has been 
used for more diverse research in recent years.   

 
In 1991, the name was changed to the Rocky Mountain Hydrologic Research 

Center to reflect new research goals of conducting a broad range of hydrologic and 
environmental science investigations in this headwater area of the Rocky Mountains.  
The site has had little disturbance in the last 50 years.  The site is still available for 
research and anyone interested need only contact any one of the Trustees of the Rocky 
Mountain Hydrologic Research Center listed below. 
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Beaver vs. Floods in Controlling Hydrological Processes of Floodplains 
 

Cherie J. Westbrook1, David J. Cooper1, Bruce W. Baker2 
 

1Department of Forest, Rangeland, and Watershed Stewardship 
Colorado State University, Fort Collins, Colorado, USA 80523-1472 

cherie@cnr.colostate.edu 
 

2U.S. Geological Survey, USGS Fort Collins Science Center, 2150 Centre Ave., Bldg C, 
Fort Collins, Colorado, USA 80526-811   

 
Water table dynamics in montane riparian wetlands are controlled by complex 

interactions among groundwater, river water, and lateral inflow from adjacent hillslopes. 
Streams may be the primary water source for riparian wetlands, and peak flows are 
generally regarded as the main hydrological mechanism for sustaining high water tables. 
However, beaver dams may also alter stream stage and the exchange of water between 
stream channels and riparian wetlands. This study tests the hypothesis that beaver, by 
building cross-channel dams, can maintain higher groundwater levels than low 
recurrence-interval floods, and produce distinct spatial and temporal patterns of flooding. 
Data were collected in 2002, which was a dry year when beaver dams spanned the 
Colorado River, and in 2003, when a large flood washed out all of the beaver dams. The 
2002 water year had the lowest peak discharge on record (5.4 m3 s-1), and a 2 m tall by 65 
m long beaver dam present throughout the year. Water flowed mainly from the beaver 
pond to the western side of the valley, inundating 8.7 ha adjacent to and downstream of 
the dam. Ground water levels (network of 200 wells) in the area adjacent to the beaver 
dam were stable and remained within 0.30 m of the ground surface all summer. The 
beaver dam caused elevated water levels in the middle of the valley floor both east and 
west of the river during mid and late summer. In 2003, the snowmelt peak flow was 26.1 
m3 s-1, and had an estimated recurrence-interval of 17.4 years. The beaver dam was 
breached on 29 May 2003, just prior to peak runoff, and was absent for the remainder of 
the year. Water moved down-valley with floodwaters inundating 4.9 ha of the study reach 
when the beaver dam was absent. Water levels in the areas previously influenced by the 
beaver dam showed a drawdown of up to 1 m over the summer. The results confirm the 
critical role of beaver in maintaining high water tables in riparian wetlands. However, the 
control of beaver over groundwater levels overrides other key factors such as annual peak 
flows, which have previously been regarded as the main hydrologic mechanism for 
sustaining high water tables in riparian wetlands. 
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Willow shrubs, beaver, ungulates, and floods 
 

J. Dungan Smith 
 

U. S. Geological Survey, 3215 Marine Street, Suite E-127, Boulder, Colorado 
jdsmith@hillsmith.com 

 
Prior to the 1800, it was common for the headwater tributaries of streams and 

rivers in the semi-arid parts of Western North America to be populated by beaver and to 
be bordered by dense willow carrs. In many of these areas, encroachment of agriculture 
and other human activities have caused a substantial reduction in the number of beaver 
and in the amount of woody riparian vegetation. Even in some National Parks poor 
wildlife management practices have allowed elk populations to expand to the point where 
beaver and willow-based ecosystems are being put at risk. The loss of these headwater 
ecosystems has several important hydrologic and biologic impacts on the rivers 
downstream. Of particular hydrologic importance for the rivers, and of primary concern 
in this talk, is loss of the protection from heavy rainfall events in headwater drainage 
basins that these beaver-maintained ecosystems have provided. 

 
 A mathematical model for overbank flow through willow carrs is used to 

demonstrate the importance of the beaver-maintained environment with respect to flood 
mitigation and to show how the willow shrubs act to reduce the vertically averaged 
velocity, alter the shape of the velocity profile, and reduce the shear stress on the 
sediment bed preventing its erosion. Field data from a large flood on a headwater 
tributary of Plum Creek (south of Denver, Colorado) are used to demonstrate the validity 
of the model for calculating flow properties during deep overbank flows and for 
predicting the threshold of geomorphic transformation of the stream system from a single 
threaded one into a broad, multi-threaded one. Information from this site also is used to 
show how grazing of willow shoots by cattle limits the area of the riparian zone that can 
be inhabited by beaver and, thus, restricts the area of the floodplain that is protected from 
erosion during severe floods. The zone of demarcation between the willow carr and 
grazed fields often is quite sharp and bounds the area in which the riparian zone is 
robustly protected from floods from that which is vulnerable to floodplain erosion. 

 
Like cattle, deer and elk also eat the shoots from beaver-trimmed willow clumps. 

If the grazing pressure from any or all of these animals is great enough, the willow roots 
can never again produce stems large enough and numerous enough to provide sufficient 
food for the beaver, the water table drops, and the willow carrs are converted into 
rangeland. If the water table drops sufficiently, the willows are stressed physiologically, 
the number and nutritional value of the shoots is reduced, and this food source is lost for 
the ungulates. In addition, the morphology of the river system, which has evolved in 
conjunction with the willow carr, is now out of equilibrium, and overbank flows are now 
capable of eroding the floodplain and altering the fluvial geomorphology both at the 
headwater sites and further downstream along the river.  
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Drought and Environmental Flows: A Few Issues 
 

Robert T. Milhous 
 

U.S. Geological Survey, Fort Collins Science Center, Fort Collins, Colorado 
Robert_Milhous@usgs.gov 

 
Most of the thinking and procedures for establishing environmental (instream) 

flows are about the establishment of an environmental streamflow that meets the 
ecological needs of the aquatic ecosystem in normal conditions.  Also, most of the time 
when an environmental flow is being established by water administration agencies the 
flows are reasonable.  Little thought is made of the impact of drought on the ability to 
implement an environmental streamflow.  When a drought occurs, the conflict between 
various stakeholder groups becomes intense with a strong tendency to set an established 
environmental flow aside because there is an emergency (the drought).  Environmental 
flows could be established with the drought response being part of the overall water 
administration plan.  This paper explores some of the issues about being specific about 
droughts and environmental flow.  Not least of these is the definition of drought and just 
what do fish (and other aquatic animals) need during a time – can droughts be beneficial 
to the aquatic ecosystem? 
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Wildfire Impacts of Reservoirs in the Western United States 
 

Deborah A. Martin and John A. Moody 
 

U.S. Geological Survey, 3215 Marine St., Suite E-127, Boulder, Colorado 
damartin@usgs.gov, jamoody@usgs.gov 

 
Wildfires change the soil properties and hydrologic conditions of watersheds 

upstream from reservoirs.  If a wildfire is soon followed by high-intensity rainfall, then 
runoff and erosion can increase to a degree that depends upon the tectonic and geologic 
characteristics of the burned watershed.  We develop a wildfire impact index covering a 
large scale (106 km2) to identify reservoirs expected to experience post-fire 
sedimentation. Reservoirs in the western United States that are most likely to be affected 
by wildfire are in the mountains of the southwest and along the tectonically active west 
coast.  
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Refilling Reservoirs After Drought: What the Tree-ring Record Says 
(and Doesn’t Say) About High-flow Years 

 
Jeff Lukas1 and Connie Woodhouse2 

 
1INSTAAR, University of Colorado, 2NOAA-NCDC Paleoclimatology Branch 

lukas@colorado.edu, Connie.Woodhouse@noaa.gov 
  

In our work with Colorado water managers to reconstruct streamflow over the 
past 300-600 years using tree-rings, we have focused on accurately reconstructing severe 
droughts. But also important to the sustainability of water supplies over time are 
subsequent wet years that refill reservoirs drained by drought. A single very wet year, 
such as 1957 on the Front Range, can wipe clean the accumulated storage deficit from 
several years of drought. However, the reconstructions derived from moisture-sensitive 
trees tend not to reproduce the magnitude of wet extremes as well as they do dry 
extremes, almost always underestimating the wet extremes.  
 

This relative lack of fidelity in the highest flows is particularly pronounced in the 
reconstruction of streamflow for the South Platte River at South Platte. Four years in the 
calibration period (1942, 1957, 1970, and 1973) with gaged flows over 480,000 acre-feet 
(>160% of normal) were underestimated by the tree-ring model by 20-35%. In this 
analysis, we first examine possible causes for these discrepancies. Then, we assess 
whether first examine possible causes for these discrepancies. Then, we assess whether 
these errors in high-flow years might significantly impact the accurate modeling of water 
system sustainability using tree-ring data. Finally, we examine the occurrence of very wet 
years over the past several centuries to see if there are trends, or patterns relative to 
drought occurrences. 
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Watershed Runoff and Erosion Modeling: Current Effort and Future 
Direction 

 
Yong G. Lai 

 
Sedimentation and River Hydraulics Group, Technical Service Center, Bureau of 

Reclamation, Denver, Colorado 
ylai@do.usbr.gov 

 
This presentation discusses the concept and current progress of a project on the 

development of a computer model, GSTAR-W, for erosion on watershed and sediment 
delivery to river systems. Extensive literature review reveals that existing erosion models 
are limited by various simplifying assumptions and intended target use. A model that can 
be used for predicting the Total Maximum Daily Load (TMDL), with reasonable 
confidence, is still lacking. The objective of this project is to develop a unified computer 
model incorporating the unified erosion theories that are useful to sediment TMDL 
estimation.  
 

GSTAR-W is a physically-based, process-oriented, and distributed model. It 
builds on years of experience in sediment and erosion research and practice at the Bureau 
of Reclamation. It also incorporates the latest technologies of other leading models. 
GSTAR-W consists of two major sub-models: the sediment delivery erosion model and 
the channel/reservoir system model, with a seamless integration of the two. The erosion 
model adopts a new overland hydrology methodology that uses combined kinematic, 
diffusive-wave and dynamic routing. Flexible meshing strategy is adopted with the 
Arbitrarily Shaped Element Method (ASEM) for geometry representation. ASEM unifies 
existing grid strategies and numerical formulations under one framework and facilitates 
modeling of widely varying scales. The overland erosion model incorporates the latest 
sheet, rill and gully erosion research results and is based on the minimum energy 
dissipation rate theory or its simplified minimum unit stream power theory. Under this 
theory, sheet, rill and gully erosion, as well as the sediment transport in the 
channel/reservoir system, are modeled under one unified approach. The channel/reservoir 
sediment model is based on GSTAR-1D with some adaptations and enhancements. The 
channel/reservoir model allows arbitrary channel cross-sections, quasi-three-dimensional 
alluvial channel evolution with bank erosion, and extensive reservoir modeling. The same 
method is also used to model channels such as classical gullies, which is not available in 
most existing models.  
 

Presentation will focus on the progress made so far, as well as preliminary case 
study results, to show the benefits of the GSTAR-W methodology. The watershed 
hydrological component of the model is demonstrated with laboratory as well as field 
cases. 
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Aedes albopictus:  Disease Vector, Invasive Species, Colorado Resident 

 
Michael Kline 

 
University of Colorado at Denver 

Kline780@yahoo.com 
 

 
     Aedes albopictus is a container breeding species of mosquito indigenous to Southeast 
Asia and India.  For the past 25 years, Aedes albopictus has gradually spread throughout 
most of the tropics and South America.  In 1983, Aedes albopictus was first introduced 
into the United States in Houston, Texas from used tires shipped from Japan.  Since then, 
Aedes albopictus has spread throughout much of the eastern and southern United States 
with established populations in at least 26 states. 
 
     The spread of Aedes albopictus in the United States is a matter of concern because the 
species is a vector of many potentially fatal viruses including dengue virus, West Nile 
virus, eastern equine encephalitis, and Cache Valley virus. 
 
     In 2003, a single specimen of Aedes albopictus was collected in Ft. Lupton, Colorado 
in a field adjacent to a tractor tire company.  A year later, Aedes albopictus appears to 
have established a breeding population capable of surviving the Colorado winter and 
potentially spreading throughout the state. 
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Examining Infiltration and Runoff Processes After a Forest Fire 
 

David A. Kinner1 and John A. Moody2 
 

1U.S. Geological Survey, Golden, Colorado 
2U.S. Geological Survey, 3215 Marine Street, Suite E-127, Boulder, Colorado 

dakinner@usgs.gov, jamoody@usgs.gov 
 

Runoff is generally increased on hillslopes burned by forest fires.  The paradigm 
for increased post-fire overland flow is due to the development of water repellency at the 
soil surface or near the soil surface.  In ongoing work, we are exploring the mechanisms 
of overland flow generation in the Overland burned area near Jamestown, Colorado.  Our 
hypothesis is that the ash layer at the soil surface increases overland flow by either acting 
as a capillary barrier or by sealing the soil surface.  Additionally, the ability for a burned 
hillslope to generate runoff is a function of the connectivity of hillslope drainage.  To 
examine these questions, we conducted a series of rainfall simulation experiments on 
both north and south aspects using a variety of rainfall intensities.  North-facing plots 
were wetter during the experiments, and therefore produced higher runoff and peak flows 
at all intensities.  In the south-facing plots, the plot with fine ash that was well connected 
(4 large rills) produced more runoff than the plot with only two rills and coarse ash at the 
surface.  A subsequent plot experiment with subsurface tensiometers and moisture probes 
indicates that high plot runoff occurs without saturating a horizon 2 cm below the 
surface.  This implies that the layer controlling runoff generation is at the near surface (< 
2 cm in depth).  Although the exact mechanism for surface generation of overland flow 
has not been identified, tension infiltrometer tests indicate the surface was not water 
repellent at the time of measurement.  Future experiments will focus on the role of ash in 
creating this excess runoff.     
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Generation and Verification of Theoretical Rating Curves in the 

Whitewater River Basin, Kansas 
 

Jason Kean 
 

University of Colorado, Boulder, Colorado 
jwkean@usgs.gov 

 
A new method for generating stage-discharge relations (rating curves) for 

geomorphically stable channels is presented and applied to two streams in the Whitewater 
River basin, Kansas. The approach converts measurements of stage into discharge using a 
fluid-mechanically based model. The model does not use empirical roughness 
coefficients, such as Manning coefficients, but rather determines channel roughness from 
field measurements of the 1) channel geometry, 2) the physical roughness of the bed, 
banks, and floodplain, and 3) the vegetation density on the banks and floodplain. These 
measurements are used to calculate explicitly the drag on the small scale topographic 
features on the boundary, the drag on the stems and branches of woody vegetation, and 
the friction on the bed, banks, and floodplain. The theoretical rating curves produced by 
the model for two study reaches, which are near USGS gages, are in good agreement with 
direct measurements of discharge made by the USGS. Our method has the potential of 
providing accurate estimates of stream flows less expensively than conventional gaging 
methods. In addition, the method can be used to obtain more accurate discharge estimates 
during large floods than is currently possible. 
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Effect of Air Pollution on Precipitation along the Front Range of the 
Rocky Mountains 

 
Israel L. Jirak, William R. Cotton, and William L. Woodley 

 
Colorado State University, Department of Atmospheric Science, Fort Collins, Colorado 

ijirak@atmos.colostate.edu 
 
 

 Air pollution generated in industrial and urban areas can act to suppress 
precipitation by creating a narrow cloud droplet spectrum, which inhibits the collision 
and coalescence process.  In fact, precipitation ratios of elevated sites to upwind coastal 
urban areas have decreased during the 20th century for locations in California and Israel 
while pollution emissions have increased.  Precipitation suppression by pollution should 
also be evident in other areas of the world where shallow, orographic clouds produce 
precipitation.  This study investigates the precipitation trends for sites along the Front 
Range of the Rocky Mountains to determine the effect that air pollution has on 
precipitation in this region.  Examination of precipitation data reveals decreasing trends 
in upslope precipitation for elevated sites relative to upwind polluted sites in Denver and 
Colorado Springs on the order of 30% over the past half-century.  Similar precipitation 
trends were not found for more pristine sites in the region, providing evidence of 
precipitation suppression by air pollution along the Front Range.     
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A review of the 2004 Water Year in Colorado 
 

Nolan J. Doesken 
 

Colorado Climate Center, Department of Atmospheric Science, Colorado State 
University, Fort Collins, Colorado  

nolan@ccc.atmos.colostate.edu 
 

This presentation is a synopsis of weather conditions in Colorado during the 2004 
Water Year, Oct 1, 2003 - Sep. 30, 2004.  Drought concerns were again rampant in 
Colorado during the spring of 2004 as winter snow accumulation was below to much 
below average over much of Colorado, especially the northern and central mountains.  
March was exceptionally warm and dry leading to an early start to the 2004 wildfire 
season. Fortunately, April brought widespread wetter than average conditions for a 
temporary reprieve before hot and dry weather again dominated May - mid June.  
Weather patterns then shifted and the eastern half of Colorado enjoyed one of the coolest 
and wettest summers in many years, greatly reducing demand for surface water supplies 
and helping parched grasslands to begin to make noticeable recovery after more than 4 
years of serious drought.  Compilations of precipitation, snowpack and temperature data 
will be presented for the 2004 water year.  Detailed precipitation patterns for several 
specific storms will be shown using data from the Community Collaborative Rain and 
Hail Study volunteer precipitation network. 
 


