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ER 516: Cumulative Effects and Watershed Analysis

Definition:


Multiple management activities over time or space may combine with natural processes to produce adverse effects on downstream aquatic and riparian resources.  These adverse impacts are referred to as cumulative watershed effects (CWEs).  The consideration of cumulative effects is required by the National Environmental Policy Act (NEPA), and CWEs are of considerable concern to state and federal resource management agencies such as the U.S. Forest Service and the Bureau of Land Management.  Another major push towards watershed analysis comes from the Environmental Protection Agency, as water bodies not meeting water quality standards have to enter into the TMDL (Total Maximum Daily Load) process.  Setting a TMDL requires one to estimate the contribution of all sources relative to the assimilative capacity of the water body in question, and so the development of a TMDL requires, almost by definition, a watershed approach.  Similarly, the Endangered Species Act requires the U.S. Fish and Wildlife Service to review projects that might adversely affect the habitat of threatened and endangered species.  With the recent listing of numerous aquatic species, the cumulative effects of land and water use on aquatic habitat is an increasingly important constraint on land management.


Previous methods used to evaluate and predict CWEs are now being supplemented by the development of more comprehensive watershed analysis (WA) procedures, the procedures to quantify TMDLs, and the analyses needed to produce Habitat Conservation Plans (HCPs).  Over the last decade there has been a substantial increase in interest and approaches, but there is still little consensus on the “best” approach, or what is reasonable and realistic.  For example, the State of Washington was leading the way in developing an explicit watershed analysis procedure for forested areas, but this effort is now largely moribund, and it is not clear that the results justified the effort.  In California there is considerable controversy over the development of HCPs and how CWEs should be analysed with respect to timber harvest on both public and private lands.  In some cases the criticisms or concerns over CWEs may be a cover for achieving broader goals (e.g., eliminate or minimize timber harvest).

Objectives:


Cumulative watershed effects are proving difficult to evaluate and predict.  This course will: (1) present the laws and regulations that are forcing the explicit consideration of cumulative watershed effects and the development of watershed analysis procedures; (2) provide a technical review of the physical processes that control the presence and magnitude of CWEs; (3) review existing methodologies for assessing and predicting CWEs; (4) review the procedures for conducting watershed analyses; and (5) apply watershed analysis on a pilot basis to one or more local catchments.  The course will focus on non-point sources, particularly forestry, as by its very nature forestry is spatially extensive, considers long time scales, and can address CWEs more easily because entire watersheds are within the jurisdiction of on a few landowners or land management agencies.  This means that forest management issues have been a primary impetus and proving ground for much of the work on CWEs and watershed analysis.  However, the concepts and approaches applied in this course are much more broadly applicable, and we will explicitly look at both the recent efforts to develop TMDLs and efforts to assess the cumulative effects of wetland loss.

Structure:


The first half of the semester will utilize lectures by the instructor, class discussions of assigned readings, and outside speakers to review the basic issues and procedures associated with cumulative watershed effects.  There will be a series of short homework assignments to facilitate your understanding of some of the commonly-used procedures to predict CWEs, and to survey the recent literature relevant to this course.


The second half of the semester will focus on the procedures for conducting a watershed analysis, and the preparation of prototype watershed analyses.  The class will be divided into groups, and each group will prepare a watershed analysis on a Front Range watershed.  During this time we will also be reviewing relevant case studies, and bring in outside speakers to discuss how their agencies are attempting to deal with cumulative effects, watershed analyses, TMDLs, and related issues.  Other class sessions will be used to discuss issues arising in the preparation of the watershed analyses by each group of students.  At the end of the semester each group will produce a written watershed analysis and make an oral presentation.  The written products are expected to be useful to the concerned agencies.  The course will conclude with a brief take-home final.

Grading:


In accordance with the structure outlined above, the tentative grading scheme is as follows:


Homeworks






15-20%


Participation and peer review 




10-15%


Watershed analysis (team project)

Written report

 



35-40%

Oral presentations 




10-15%


Take-home final (due Tuesday, May 11 at 1330)

15-20%

Please note that this is a graduate course, and students are expected to do the necessary readings and other work without prompting by the instructor.  Failure to responsibly keep up with the course material will force changes in course organization and the tentative grading scheme (more homeworks, a midterm, etc.).

Office Hours: Room 339-C, TBA (most afternoons?)

Spring 2006
Tentative Schedule: Cumulative Effects and Watershed Analysis

1. Course introduction (1 hour)

2. Legal basis for CWEs (5 hours)

2.1. NEPA and resultant regulations (Thatcher, 1990; MacDonald et al., 1991, pp. 8-17; CEQ, 1997)

2.2. Role of the Clean Water Act, including water quality standards, habitat protection measures in the Endangered Species Act, and the TMDL (Total Maximum Daily Load) process (EPA, 1991; 1999)


2.3. Endangered Species Act 

3. Definition, potential causal mechanisms, and prediction of CWEs

3.1. Basics of CWEs (Reid, 1992, pp. 1-37; Ice, 1987; Grant and Swanson, 1990) (1 hour)

3.2. Land use effects on hydrologic processes (Reid, pp. 56-63; Austin, 1999; Jones, 2000; Harr, 1987; Rector and MacDonald, 1987; Troendle and Olson, 1993; MacDonald and Stednick, 2003; (3 hours)


3.3. Predicting hydrologic effects (Troendle and Leaf, 1980; Austin, 1999; Jones, 2000; Bowling 

and Lettenmaier, 2001) (2 hours)


3.4. Land use effects on erosion processes (Reid, 1992, pp. 64-72) (5 hours) 



3.4.1. Surface erosion (particularly from timber harvest, roads, fire)



3.4.2. Mass wasting



3.4.3. Bed and bank erosion; downstream effects



3.4.4. Sediment delivery and routing (Walling, 1983; Bunte and MacDonald, 1999)



3.4.5. Recovery curves

Assignment and Introduction to Watersheds (2 hours)

3.5. Predicting sediment production and delivery (Megahan et al., 1980 [also known as R1/R4]; Dietrich et al., 1982; Reid and Dunne, 1996) (2 hours)

3.6. Existing models and case studies (4 hours)



3.6.1. Equivalent Clearcut (or Roaded) Acres (Cobourn, 1989)



3.6.2. WATSED (USFS Region 1)



3.6.3. A synoptic approach (Leibowitz et al., 1992)



3.6.4. Guidance for Sediment TMDLs (EPA, 1999)


3.7. Other conceptual issues (4 hours)



3.7.1. Quantifying management

3.7.2. Stream types and evaluating channel condition (Montgomery and MacDonald, 2002)

3.7.3. Spatial and temporal scale, temporal lags, and recovery (Harr, 1987; Bunte and MacDonald, 1999; MacDonald, 2000)

3.7.4. Difficulty of detecting change (Madsen, 1995; Loftis et al., 2000)

4. Watershed Analysis Procedures and Accompanying Critiques


4.1. Federal Interagency Manual and Case Studies (1 hour)


4.2. State of Washington (1 hour)


4.3. Province of British Columbia: Interior and Coastal (1 hour)

5. Other Case Studies (e.g., South Fork of the Salmon) and Guest Speakers (4 hours)

6. Student presentations (3 hours)

7. Review and synthesis (2 hours)

