Geomorphologically- Based Stream Restoration Annotated Bibliography

Leslie Wood

March 5, 2001

* Leopold, L.B. and M.G. Wolman. 1960. River meanders.  Bulletin of the Geological Society of America 71: 769-794.

Most rivers have a curvature radius to channel width ratio of 2-3.  Rivers are usually straight for less than 10 river widths.  Flow dynamics, particularly helical flow,  and energy dissipation determine meander shape.  The curvature of a river decreases sediment transport because of energy dissipation.  As bank erosion occurs in a bend of a meander, an equal amount of deposition occurs on the opposite back so that the channel moves across its floodplain.  If a channel does not move in its floodplain then material eroded from the curve lands on a point bar on the same side of the channel downstream.  Meanders cause energy loss, but the pattern of meanders offers the smallest energy loss of any configuration of curved channels.

This is a review paper that is well written but technical.  I found it hard to read at times because of the new vocabulary and concepts to me. It seems like a thorough review of what was known in 1960 because it includes references to literature from Europe, India, and Africa.  However, certain sections of the paper focus on primary data the authors collected, so the paper is probably is a bit biased towards their own work. 

Pelly, J. 2000. Restoring Our Rivers. Environmental Science & Technology.  February 1, 2000, 86A-90A.

There is a lot of money in river restoration, but the money seems to be thrown away since most projects fail.  Currently, we know little about aquatic ecosystems or restoration ecology.  Few long term studies have been conducted that elucidate the complexity of river processes, forms, and ecological relationships.  Many restoration projects are funded without post-project monitoring which means we learn little from our mistakes.  Also, the goals of most restoration projects are based more on human values, such as restoring and conserving a few target species rather than entire ecosystem functions which means unknown species may be endangered. Adaptive management, which treats each project as an experiment to improve future projects, may be a better way to approach stream restoration.

The point Pelly makes is foreseeable in a field that is so young and has immense public popularity.  Shortsighted, easy-to-implement restoration projects seem to be the norm today.  Treating each project as an experiment makes common sense when we know so little.  Her style is easy to read and she uses convincing examples of appropriate, though expensive, restoration projects.

* Rinaldi, M. and P.A. Johnson. 1997. Characterization of Stream Meanders for Stream Restoration.  Journal of Hydraulic Engineering 123(6): 567-570.

Many state and local government agencies use Rosgen’s stream restoration procedure which calls for the use of equations developed by Leopold and Wolman.  Most streams restored are orders of magnitude smaller than the data Leopold and Wolman used to create the equations. Rinaldi and Johnson collected meander wavelength, radius of curvature, meander amplitude, and channel width data from 18 streams in the Piedmont of Maryland.  They then compared these parameters to the expected parameters given by Leopold and Wolman’s equations.  The measured values were significantly less than the computed values.  This difference may be due to Leopold and Wolman using much bigger rivers to create their equations, the Maryland streams having a lot of bank vegetation that may limit meander development, and Maryland streams’ urbanized watersheds.  Therefore, restoration planners should perform field studies to determine whether meander characteristics are within the range of the data used to create the equations.  Also, planners should assess whether the equations are appropriate given regional differences in geology, climate, and soil type.

Because Rosgen’s stream restoration procedure is so popular, I think this paper is important for the field of stream restoration.  Most restoration planners probably do not think about assessing the appropriateness of using the equations.  My only concern is that they tested the equations on streams that are not pristine due to their urbanized watersheds which may have changed the meander characteristics.  Easy to follow paper with straightforward logic.

* Clewell, A.F. 2000. Restoring for Natural Authenticity.  Ecological Restoration 18(4): 216-217.

Clewell wrestles with defining a restored ecosystem and whether a restoration project should put the ecosystem “back the way it was” or make it reasonably functioning in terms of energy flow and nutrient cycling.  He feels a system with natural authenticity, developed in response to natural processes and lacks indications of being intentionally planner or cultured, is good enough.  Whereas historical authenticity of returning to the original, pre-disturbance ecosystem can only be achieved by luck.  

This is an op-ed piece appropriate for the journal Ecological Restoration.  I’m glad to see someone directly dealing with the idea that restoration does not need to bring an ecosystem to a historical level.  Most disturbed ecosystems interact with other disturbed ecosystems, so a restored one must be able to handle this new dynamic.  I like that Clewell suggests that most restoration projects are really rehabilitation projects.

Kondolf, M.G. and E.R. Micheli. 1995. Evaluating Stream Restoration Projects.  Environmental Management 19(1):1-15.

Most stream restoration projects lack post-project evaluation which leads to repeating past mistakes.  Kondolf and Micheli suggest measuring geomorphic characteristics for ten years after implementation.  They give a format for planning and designing a project with evaluation kept in mind that includes securing resources early for post-project evaluation, determining historical channel conditions, defining evaluation criteria, and defining evaluation techniques.  Post-project evaluation should include changes to channel capacity, floodplain inundation, channel stability, cross-section surveys, physical habitat features, riparian vegetation, wildlife populations, as well as aerial photos and permanent photo stations.  

This paper applies science and good planning to give a framework on how to approach stream restoration project evaluation.  It has a straight forward style and no data.  It does give examples of poorly documented projects that were difficult to evaluate.  Hind sight is 20-20.

Kondolf, G.M. 1996. A cross-section of stream channel restoration.  Journal of Soil and Water Conservation. March-April: 119-125.

Kondolf review a range of stream restoration project goals and activities to demonstrate the need for systematic studies evaluating the success of restoration projects.  Some goals can be disruptive to the stream’s processes, such as flood control and controlling bank erosion.  However, these goals can be reached with environmentally sensitive projects.  Other common goals include channel stabilization, channel relocation, restoring natural meanders, restoring bed morphology, improving aquatic and riparian habitat, and improving water quality.  He then explores two case studies: Carmel River and Wraysburg River projects.

Data are minimal and displayed as graphs.  There’s not a lot of substance to this paper except to argue that there are several types of projects that are called restoration that actually harm a natural stream channel.

Hession, W.C., T.E. Johnson, D.F. Charles, D.D. Hart, R.J. Horwitz, D.A. Kreeger, J.E. Pizzuto, D.J. Velinsky, J.D. Newbold, C.Cianfrani, T. Clason, A.M. Compton, N. Coulter, L. Fuselier, B.D. Marshall, and J. Reed. 2000. Ecological benefits of riparian reforestation in urban watersheds: study design and preliminary results.  Environmental Monitoring and Assessment 63: 211-222.

The ecological benefit of riparian forests diminish if no improvements are made to stormwater run-off or water quality.  Upon comparison between urbanized or suburbanized forested and non-forested streams, the authors preliminarily found forested channels are up to 2.5 times wider than non-forested (urbanized) channels and cross-sectional areas of flow are 1.1 to 2.7 times larger than non-forested channels. Non-forested streams have more biomass than forested streams and species richness is only slightly less.  Bed material grain size are not related to forest buffers.  Forested streams have 23% lower dissolved inorganic nitrogen and 90% lower soluble reactive phosphorus but higher biodiversity and evenness.

They have an intricate and interesting study design pairing forested watersheds with non-forested watersheds based on the amount of urbanization and watershed area.  This paper only gave preliminary results, so it will be interesting to learn what the three year study concludes.  None of the results are surprising except maybe the grain size. Results are all summarized on one table. Chris is one of the authors, so if you have questions about this paper I’m sure she can field them.

Pizzuto, J.E., W.C. Hession, M. McBride. 2000. Comparing gravel-bed rivers in paired urban and rural catchments of southern Pennsylvania.  Geology 28(1): 79-83.

In order to restore urban streams, we must understand how they differ from rural streams.  By pairing urban to rural watersheds, the authors learned that urban channels are wider and straighter, but not deeper. Also, there is only a subtle difference in bed material grain size suggesting that urban streams continue to be fed sediment from their watersheds.

This study uses agricultural streams as the comparison to urban stream.  Considering agricultural streams have their own problems, the comparison is interesting but agricultural streams shouldn’t be used as natural benchmarks. Well written paper with good visuals.

* means paper discussed in class

