Geog 246: Special Topics in Climate & Water Resources
SNOW HYDROLOGY
Spring 2008

Fridays 9:00am – 12:00pm, Old Mill 219

Instructor:  
Dr. Beverley Wemple

Office/Phone:  Old Mill 202 / 656-2074

E-mail:

bwemple@uvm.edu
Office hours:
Tuesdays 2:00-4:00pm, Wednesdays 9:00-10:00am
Class web site:  http://www.uvm.edu/~bwemple/SnowHydro
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Course description, format, and goals:

Snow is a significant component of the hydrologic cycle in high latitude and high elevation environments.  In this course, we will examine spatial controls on snow accumulation and the dynamics of snowmelt processes through readings of recent research in snow hydrology, field assays of snow distribution, and analytical exercises.  Of particular interest will be the importance of snow to regional water resources in diverse geographic settings and the role of forest vegetation in modifying snow accumulation and snowmelt dynamics.  
Class sessions will be divided between seminar-styled sessions in which we will discuss current research in the field of snow hydrology and laboratory sessions that will include field exercise at sites in the area and laboratory exercises to practice analytical methods for evaluating snowpack properties and processes.  

Through participation in this course, students will:

· gain familiarity with current research themes in the area of snow hydrology through review and discussion of peer-reviewed scientific articles

· gain experience with field measurements techniques used to measure snow pack distribution and physical properties

· learn how to apply a range of statistical analysis and spatial modeling techniques to snow data using spreadsheet-, statistical analysis-, and GIS-software

· develop, execute and present a self-designed research project

Seminar Sessions and Reading Synopses:
Most of our class meetings will focus, in part, on a discussion of recent research in snow hydrology.  To participate in these discussions, students are expected to have read assigned papers before the class session in which they are discussed.  We will circulate discussion questions prior to our class meeting, and each student will be responsible for handing in a one page synopsis of each assigned paper to include (1) main points of the paper, (2) questions/comments, and (3) response to posted discussion question(s).  Beginning in week 4, students will be assigned responsibility to help develop the discussion question(s) and lead class discussions.
Field Exercises:

Field trips will provide students with a opportunity to learn techniques for measurement of snowpack conditions and topographic and forest canopy characteristics that influence snowpacks.  Each student is expected to participate in three full-day field trips, scheduled for approximately 9:00am – 5:00pm.  All measuring equipment and transportation will be provided.  Students will be responsible for bringing lunch, warm clothing and skis or snowshoes.     

Homework / Lab Exercises:

Homework and lab exercises are intended to expose students to data analysis methods used in snow hydrology and build computational skills.  We will make use of the Geotechniques Lab (L203) to complete these exercises and will employ spreadsheets, statistical software, and ArcGIS.  Some previous experience (typically gained through Geog 81) using these software packages is expected.
Research Project:

The research project is intended to expose students to the development of primary research.  Elements of the project include a project proposal (due March 7), an oral presentation (on April 25), and a written report (due May 2).  Students may complete a project individually or in small groups, but each student must submit an individually-written report.   The project may involve collection of field data, analysis of existing datasets, or computational modeling.  Examples of project ideas include 
· Analysis of the relationship between forest canopy conditions and snowpack water equivalent at UVM’s Jericho Research Forest and Mt. Mansfield State Forest

· Analysis of topographic effects on snow distribution on Mt. Mansfield
· Documentation of snowpack stratigraphy and preferential flow paths during snowmelt  
· Long-term trends in snow depth and/or snow water using data from regional monitoring stations (i.e. Mt. Mansfield snow stake, Sleepers River Experimental Watershed, Hubbard Brook Experimental Forest)

· Modeling of snow energy fluxes using data from regional meteorological monitoring stations (i.e. National Weather Service, Vermont Monitoring Cooperative)

A more detailed project guidelines document will be provided prior to the proposal deadline date of March 7.
Evaluation of Student Performance:

Grading for the course will be based on participation in seminar, field, and laboratory sessions, written summaries of readings, completion of homework exercises, and execution of a research project.  Distribution of effort for these graded activities is as follows:


Seminar attendance/participation:
20%


Reading synopses:


20%

Field exercises:


15%


Homework / Laboratory exercises:
15%


Research project:


30%

Tentative* course schedule and readings:

*schedule subject to change given weather conditions that will constrain trip timing
	Week / Date
	Topic/Readings

	1 / Jan 18

	Course Introduction:  Importance of snow in the hydrologic cycle; nature of spatial variation in snowpack distribution
Read: 
· Bales, R.C. and R.F. Harrington, 1995.  Recent progress in snow hydrology.  Reviews of Geophysics, 33(S1): 1011-1020.

	2 / Jan 25


	Influence of Climate Change on Snow Cover

Read: 

· Barnett, T.P, J. C. Adams, and D. P. Lettenmeier, 2005.  Potential impacts of a warming climate on water availability in snow-dominated regions.  Nature, 438: 303-309.

· Huntington, T.G., G.A. Hodgkins, B.D. Keim, and R.W. Dudley, 2004.  Changes in the Proportion of Precipitation Occurring as Snow in New England (1949-2000).  Journal of Climate, 17: 2626-2636.

· Nolin, A.W. and C. Daly, 2006.  Mapping “at-risk” snow in the Pacific Northwest, U.S.A.  Journal of Hydrometeorology, 7(5): 1164–1171.



	3 / Feb 1

	Measuring Snowpack Depth and Water Content – 
Trip 1: Sleepers River Experimental Watershed, Danville, VT
Read:

Dingman, S. L., 2002.  Chapter 5: Snow and Snowmelt (pages 166-179) in Physical Hydrology, 2nd edition.  Prentice Hall.  



	4 / Feb 8

	Spatial Variability in Snowpack Conditions
Read: 

· Jost, G., M. Weiler, D.R. Gluns, and Y. Alila, 2007.  The influence of forest and topography on snow accumulation and melt at the watershed-scale.  Journal of Hydrology, 347: 101-115.

· Fassnacht, S.R. and J.S. Deems, 2006.  Measurement sampling and scaling for deep montane snow depth data.  Hydrological Processes, 20: 829-838.


	5 / Feb 15

	Sampling Schemes for Assessing Spatial Variability in Snowpack Conditions – 
Trip 2: Mt. Mansfield State Forest (alternate date: Sat. 2/16)
Read:

· Watson, F.G.R, T.N. Anderson, W.B.Newman, S.E. Alexander, and R.A. Garrott, 2006.  Optimal sampling schemes for estimating mean snow water equivalents in stratified heterogeneous landscapes.  Journal of Hydrology, 328:432-452.


	6 / Feb 22

	Forest Canopy Influences on the Snowpack

Read:

· Murray, C.D. and J.M. Buttle, 2003.  Impacts of clearcut harvesting on snow accumulation and melt in northern hardwood forest.  Journal of Hydrology, 271: 197-212.

· Woods, S.W., R. Ahl, J. Sappington, and W. McCaughey, 2006. Snow accumulation in thinned lodgepole pine stands, Montana, USA.  Forest Ecology and Management. DOI:10.1015/j.foreco.2006.08.013.

 

	7 / Feb 29

	Predicting Spatial Distribution of Snow – Incorporating Vegetation and Topography
Read:

· Pomeroy, J.W., D.M. Gray, N.R. Hedstrom, and J.R. Janowicz, 2002.  Prediction of seasonal snow accumulation in cold climate forests.  Hydrological Processes, 16: 3543-3558.
· Lopez-Moreno, J.I. and J. Latron, 2007.  Influence of canopy density on snow distribution in a temperate mountain range.  Hydrological Processes.  DOI: 10.1002/hyp6572.



	Saturday, Mar 1


	Measuring Forest Canopy Influences on Snowpacks

Trip 3: Jericho Research Forest (alternate date: Fri., Mar 7)

	8 / Mar 7

	Term project proposals due  (students schedule individual meetings with instructor) – No class meeting
Read:

Project guidelines



	9 / Mar 14
	Spring Break

	10 / Mar 21

	Spatial Interpolation Techniques for Mapping Snow Distribution
Read:

· Hosang, J. and K. Dettwiler, 1991.  Evaluation of a water equivalent snow cover map in a small catchment area using a geostatistical approach.  Hydrological Processes, 5: 283-290.

· Erxleben, J., K. Elder, and R. Davis, 2002.  Comparison of spatial interpolation methods for estimating snow distribution in the Colorado Rocky Mountains.  Hydrological Processes, 16:3627-3649.



	11 / Mar 28

	Snowpack energy dynamics
Read:

· Dunne, T. and L.B. Leopold, 1978.  Chapter 13: Snow Hydrology (pages 470-487) in Water in Environmental Planning.  W.H. Freeman & Co.


	12 / Apr 4

	Modeling Snowmelt Processes
Read:

· Marks, D., J. Kimball, D Tingey, and T. Link, 1998.  The sensitivity of snowmelt processes to climate conditions and forest cover during rain-on-snow: a case study of the 1996 Pacific Northwest flood.  Hydrological Processes, 12: 1569-1587.


	13 / Apr 11

	Modeling Snowmelt Processes (continued)

Read:

· Hardy, J.P., R.E. Davis, R. Jordan, X. Li, C. Woodcock, W. Ni, and J.C. McKenzie, 1997.  Snow ablation modeling at the stand scale in a boreal jack pine forest.  Journal of Geophysical Research, 102 (D24): 29397-29405.
· Luce CH, Tarboton DG, Cooley KR. 1998. The influence of the spatial distribution of snow on basin-averaged snowmelt. Hydrological Processes, 12: 1671-1683.


	14 / Apr 18

	Snowmelt Runoff Dynamics
Read: 

· Shanley, J.B. and A. Chalmers, 1999.  The effect of frozen soil on snowmelt runoff at Sleepers River, Vermont.  Hydrological Processes, 13(12-13): 1843-1857.
(see next page)
· Albert, M., G. Koh and F. Perron, 1999.  Radar investigations of melt pathways in a natural snowpack.  Hydrological Processes, 13: 2991-3000.

· Buttle, J.M. and F. Xu, 1988.  Snowmelt runoff in suburban environments. Nordic Hydrology NOHYBB, 19(1): 19-40.


	15 / Apr 25
	Course wrap-up and project presentations



Final project paper due, Friday, May 2.

[image: image4.jpg]


[image: image5.jpg]


[image: image6.jpg]


