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Quantifying the effects of roads and the benefits of watershed restoration 
in the face of climate change

Roads are often identified as sources of ecological process disruption.  Roads can damage aquatic ecosystems 
by altering hydrologic, wood, and sediment regimes, degrade water quality, and reduce habitat suitability for 
aquatic biota.  Often sedimentation is singled out as a premiere contributor to degradation. Over the past half 
century, thousands of miles of roads have been built across federal lands for a variety of purposes.  In response 
to climate change, road restoration is considered a high priority as a means to reduce factors limiting natural 
processes and native species, particularly as a potential adaptation strategy to assist cold-water fish species. 
With an extensive road network and limited funding, managers must prioritize restoration activities that will 
cost-effectively reduce the most pressing negative impacts of roads (Luce et al. 2001) while maintaining 
necessary access and public support.  Here we address this prioritization need by merging two proven 
monitoring approaches to develop a new understanding of road restoration effects on aquatic ecosystems. First, 
we apply an empirical methodology known as the Geomorphic Roads Analysis Inventory Program (GRAIP) 
to locate and estimate fine sediment generation produced on road surfaces and delivered to streams.  We then 
link the GRAIP sediment delivery monitoring with stream channel monitoring approaches to: 1) develop 
local relationships of road effects with in-channel responses; 2) evaluate the effectiveness of road restoration 
activities within a landscape context; and 3) provide a foundation for long term monitoring.  Early results 
support conceptual models linking high road densities with increased fine sediment within streams, but indicate 
a small percentage of roads are responsible for the majority of fine sediment delivered from road surfaces, thus 
lending support for informed approaches for repairing necessary roads and removing unneeded, legacy roads 
when appropriate. 

Robert Al-Chokhachy1, Tom Black2, Cameron Thomas3, Bruce Rieman4, Anne Carlson5, Shane Hendrickson6, and Eric Archer7

1U.S. Geological Survey, Northern Rocky Mountain Science Center, 
2327 University Way, Suite 2, Bozeman, MT 59715, PH: 406-994-
7842, Email: ral-chokhachy@usgs.gov; 2USDA Forest Service, Rocky 
Mountain Research Station, 322 East Front Street, Suite 401, Boise, 
ID 83702, PH: 208-373-4363, Email: tblack@fs.fed.us; 3USDA Forest 
Service, Missoula, MT; 4Clearwater Resource Council, Seeley Lake, 
MT; 5The Wilderness Society, Bozeman, MT; 6USDA Forest Service, 
Missoula, MT; 7USDA Forest Service, Logan, UT



Roads restoration in the context of aquatic ecosystems

Forest roads represent a major landscape disturbance to aquatic ecosystems in much of the Rocky Mountains and 
Pacific Northwest (Trombulak & Frissell, 2000).  Over the past half century, hundreds of thousands of miles of 
roads have been built across federal lands for commercial and recreational purposes.  For aquatic ecosystems, roads 
can substantially alter hydrologic regimes, increase sediment delivery, and reduce water quality, each of which 
can negatively affect aquatic biota.  The effects of roads may be particularly problematic for native salmonids 
such as bull trout (Salvelinus confluentus) and subspecies of cutthroat trout (Oncorhynchus clarkii) (Thurow, Lee, 
& Rieman, 1997), which spend critical portions of their life-cycles in headwater streams directly and indirectly 
influenced by roads.   Acknowledgement of the pervasive problems associated with roads resulted in part to the 
establishment of the Collaborative Forest Landscape Restoration Program (CFLRP; www.fs.fed.us/restoration/
CFLRP/) by Congress in 2009.  The CFLRP is part of the Omnibus Public Land Management Act and is directed 
in encouraging collaborative, science-based ecosystem restoration while specifically incorporating ecological, 
economic, and social sustainability components. 

Road restoration in the Southwest Crown of the Continent

Forest roads represent a major landscape disturbance to aquatic ecosystems in much of the Rocky Mountains and 
The Southwest Crown of the Continent (SWCC) in western Montana is one of 23 areas across the United States 
targeted for road restoration under the CFLRP.  The SWCC is set in three national forests (Flathead, Helena, and 
Lolo) comprising an area of 1.5 million acres and currently contains >4,500 miles of roads. Both native bull trout 
and westslope cutthroat trout are distributed throughout the SWCC and anticipated changes in climate suggest 
increased temperatures in lower-elevation portions of stream networks are likely to disproportionately increase the 
reliance of populations on headwater, forested systems exposed to the deleterious effects of roads. 

Restoring these watersheds as part of the CFLRP may provide key habitats for these fishes and other native aquatic 
species under a warming climate (sensu Pyke et al., 2008). The multitude of forest roads in headwater streams within 
the SWCC, however, demonstrates the need to prioritize restoration actions to areas limiting native aquatic biota.  
Unfortunately, quantitative information to guide restoration activities is lacking, and most assessments are based 
either on general relationships developed for a much broader region or very limited estimates of erosion processes 
and uncalibrated models.

Native bull trout and westslope cutthroat trout. Photo courtesy of J. Armstrong; University of Washington.



To address this need, we integrate two proven monitoring approaches to develop a robust, in situ understanding 
of sediment delivery from forest roads and resulting effects on instream channel processes and biota within four 
watersheds in the SWCC.  Detailed road inventories and the GRAIP model (www.fs.fed.us/GRAIP) were used to 
monitor the interactions between roads, hillslopes and streams. GRAIP both locates and estimates fine sediment 
generation from road surfaces and delivered to the stream.  This tool has been combined with channel monitoring 
methods developed by the U.S. Forest Service’s Pacific Fisheries/Inland Fisheries Biological Opinion (PIBO; www.
fs.fed.us/biology/fishecology/emp/) Effectiveness Monitoring Program that has been effective in characterizing 
stream habitat relationships with land management activities (Al-Chokhachy, Roper, & Archer, 2010).  

Expected outcomes

By using the GRAIP sediment estimates to measure the effects of roads on channel attributes (e.g., fine sediment 
levels) we can evaluate the effectiveness of road restoration activities within a landscape context and provide a 
foundation for long term monitoring. Early results support conceptual models linking high road densities with 
increased fine sediment within streams, but indicate a small percentage of roads are responsible for the majority of 
fine sediment delivered from road surfaces.  

By the end of 2013, the GRAIP inventory will be completed in all four watersheds and habitat monitoring data 
will be collected at 56 randomly-selected stream sites (Stevens & Olsen, 1999), to measure channel response and 
ultimately allow us to estimate the benefits of watershed-scale restoration.

Through support from the Great Northern Landscape Conservation Collaborative, (www.greatnorthernlcc.org) 
and the Southwest Crown of the Continent Collaborative Forest Landscape Restoration Project (www.swcrown.
org) the early results from this integrated project demonstrate the benefits of refining our understanding of roads 
to use resources strategically in identifying restoration actions.  Ultimately, the results of this work will assist 
in developing an informed approach for road restoration in the SWCC and in similar landscapes of the western 
United States

Locations (drainpoints) where roads deliver sediment to streams in the 
SWCC, Montana; streams are colored to reflect the road sediment per unit 
area. 



The Northern Rocky Mountain Science Center is located in Bozeman, Montana and includes two field stations in Montana and one duty station in Wyoming.  For more 

information on NOROCK’s research, please visit  http://nrmsc.usgs.gov or contact the Center Director:  Jeff Kershner 406-994-5304 or jkershner@usgs.gov    
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A sediment trap for quantifying road erosion rates in the 
SWCC (Black and Luce 2013).  Photo courtesy of T. Black, 
U.S. Forest Service.


