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Figure 3. Location of forest hydrology research study sites in different ecozones of Canada.

Buttle et al. 2000, 2005), there have
been few attempts to place these find-
ings into a national context, to
facilitate extrapolation of results to
other sites of interest, and to identify
particular forest landscapes in Canada
for which there is little or no informa-
tion on hydrologic properties and
processes. A central component of the
HELP project is the development of a
hydrologic database that compiles
measurements and data, based on the
following criteria:

1. the research addresses at least one
hydrologic variable (e.g.,
streamflow, soil moisture storage,
groundwater, stream temperature,
lake outflows);

2. published reference to the site
must be available (e.g., journal
articles, government reports);

3. exact location of the site must be
available;

4. the dominant vegetation is forest
cover and a description of this
cover is available;

5. a description of forest
management activities and/or
forest disturbance including timing
of events must be available; and

6. a description of the dates and
duration of the study is available.

Not all research studies that met these
criteria will be included in the data-
base due to data availability.
Availability of data depends on
researchers being willing and able to
share published data, or limited por-
tions of unpublished data, and on the
status of the data set. Some research
studies, especially those that began in

the late 1960s and early 1970s, have
exceeded the length of most research
professionals’ careers, leading to many
scattered or lost data sets. Therefore, a
secondary benefit to the HELP project
is the archiving of published data, to
make them readily available for future
research.

Based on the above criteria, 46
research studies have been identified
(Figure 3). These studies are distrib-
uted across the country and represent
most of the major forested ecozones in
Canada, except the more northerly,
boreal, and grass mixed-forest types
(Hudson Plains, Taiga Shield, Boreal
Cordillera, and Taiga Plains). Most
research studies have experienced
some type of forest management
activity, predominantly clearcut har-
vesting. In three of the research
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studies, wildfires were the dominant
disturbance (Fishtrap Creek, BC;
Southern Rockies, AB; and Swan
Hills/FORWARD, AB). Nine undis-
turbed or older, second-growth
studies are also included (Wolfe Creek,
YT; Upper Gray Creek, BC;
Utikuma/HEAD, AB; Lac Laflamme,
QC; Lac de la Tirasse, QC; Lake Claire,
QC; Hermine, QC; Dorset, ON; and
Kejimkujik, NS) and are important ref-
erence sites. Each Canadian hydrology
research study is described on the
HELP Web site at
http://canforhydro.org. Individual
metadata pages can be obtained for
each study, including information on
the long-term climate pattern of the
region and the climatic context of the
study period. A description of the
landscape of each site, the experimen-
tal design, and contact information are
also included.

The following are some general trends
noted in the characteristics of these
research sites. Approximately half of
the research sites are still active; not all
have ongoing scientific research, but
monitoring is still underway (Table 1).
Many of these sites possess long-term
data records, which are invaluable for
studying hydroecologic change under
variable climate conditions. Regretta-
bly, maintaining funding for these sites
is often difficult (Peter Tschaplinski,
Fred Beall, David Gluns, Erland
Maclsaac, and Martin Seto, pers.
comm.). Associations with other gov-
ernment agencies to collect data (i.e.,
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Figure 4. Frequency distribution of watershed areas for research study sites in Canada

compared with the WSC hydrologic database.

The WSC sites have natural, unregulated

measurements. The watershed area used to represent each research site was the area of the
largest sub-watershed, in cases where multiple basins were studied.

Meteorological Survey of Canada
[MSC] or Water Survey of Canada
[WSC]) have maintained the monitor-
ing (e.g., Hayward Brook, Nashwaak,
Kejimkujik) or preserved archived data
records (e.g., ELA, Streeter Creek, and
Marmot Creek) for many sites, extend-
ing their longevity.

The primary hydrologic variable col-
lected at 95% of the study sites is
streamflow. The hydrologic variable for
the remainder is water temperature or
lake outflows. Most sites have col-
lected a minimum of air temperature
and precipitation (rain and snow)
data, unless a representative MSC site

Table 1. Period of record for longer-term, active, and discontinued Canadian forest
hydrology research study studies. Hydrologic monitoring is ongoing at active sites listed in

italics, but it is unclear if specific forest hydrology research projects are underway at these
sites.

Nashwaak, NB
Kejimkujik, NS
Experimental Lakes Area (ELA), ON

Redfish Creek, BC

Status Study site and province

Active Dorset, ON

>30yr Marmot Creek, AB
Carnation Creek, BC

Active Turkey Lakes Watershed (TLW), ON

20-29 yr Lac Laflamme (Montmorency Forest), QC
Upper Penticton Creek, BC

Active Wolfe Creek, YT

10-19 yr Lac Claire, QC

Malcolm Knapp, BC

Discontinued
>10yr

Catamaran Brook, NB
Tri Creeks, AB

Spring Creek, AB
Streeter Creek, AB

Stuart-Takla, BC

REVEW (Montmorency Forest), QC

was located close by. Many research
sites with primary meteorological sta-
tions also have additional
meteorological measurements (e.g.,
wind, solar radiation, relative humid-
ity) and hydrologic variables (e.g.,
snow studies, groundwater, soil mois-
ture). Twenty-two studies have aquatic
ecology measurements (e.qg., fisheries
studies) and/or water quality measure-
ments (e.g., water chemistry, dissolved
oxygen).

One characteristic of the research sites
is the disparity of scales between forest
hydrology research and readily avail-
able hydrologic data, which is
primarily the WSC hydrologic archive.
Most research watersheds are less than
10 km? (Figure 4), while most WSC
gauged watersheds are 100 to over
1000 km? Data from the WSC sites are
readily available nationwide, and thus
are likely to form the conceptual mod-
els of hydrologic processes in a
particular landscape. However,
research typically focusses on
hydrologic processes that are mea-
sured at much smaller scales, and it is
largely unknown how specific
hydrologic variables change with basin
scale. For example, empirical and
modelling studies in forested land-
scapes in Ontario have shown that the
range of variability of streamflow
properties (low flows in central

Continued on page 38
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Ontario, Sanford et al. 2007; mean
annual peak runoff in southern
Ontario, Buttle and Eimers 2008) may
be considerable for small drainage
basins but begins to stabilize above a
particular basin size threshold. Such
behaviour is consistent with the Repre-
sentative Elementary Area (REA)
concept, which hypothesizes self-simi-
larity in basin response above a
threshold area and a tendency of
larger basins to average the variability
in local runoff patterns seen across
smaller areas (Wood et al. 1988). This
behaviour needs to be considered
when attempting to use the results
from research basins to predict the
cumulative effects of forest manage-
ment activities for larger drainage
basins. The occurrence and magnitude
of these critical threshold areas should
be examined for various forest
landscapes.

Summary

A better understanding of the com-
monalities and differences in
hydrologic properties and processes of
Canada’s various forest landscapes is
needed to advance the study and
management of forest water resources.
This endeavour will assist in the tailor-
ing of forest management guidelines
to regional conditions (i.e., at the pro-
vincial scale or finer), while providing a
common framework at the national
scale. The HELP project was initiated
to assist in this task through a series of
objectives. Two of these objectives
described here are (1) the design of a
classification system for characterizing
key hydrologic controls in forest land-
scapes across Canada, and (2) the
creation of a national database of for-
est hydrology research that can be
used to evaluate the classification
scheme. Work on these and other
objectives of the HELP project noted in
this paper is ongoing. Progress on the
HELP project, as well as access to the
forest hydrology database, can be
obtained on the Canadian Forest
Hydrology Web site at
http://canforhydro.org, and through
the bi-annual HELP newsletter
(contact: Dr. Fred Beall,
fredbeall@nrcan.gc.ca).

For further information, contact:

v
Jim Buttle
Department of Geography
Trent University
Tel: (705) 748-1011 ext. 7475
Email: jbuttle@trentu.ca
References

v
Bosch, J.M. and |.D. Hewlett. 1982. A review
of catchment experiments to determine
the effect of vegetation changes on water
yield and evapotranspiration. Journal of
Hydrology 55:3-23.

Buttle, ].M. 2002. Rethinking the donut: The
case for hydrologically relevant buffer
zones. Hydrological Processes
16:3093-3096.

. 2006. Mapping first-order controls
on streamflow from drainage basins: The
T template. Hydrological Processes
20:3415-3422.

Buttle, |.M., I.F. Creed, and R.D. Moore. 2005.
Advances in Canadian forest hydrology,
1999-2003. Hydrologic Processes
19:169-200.

Buttle, .M., I.F. Creed, and J.W. Pomeroy.
2000. Advances in Canadian forest
hydrology, 1995-1998. Hydrological
Processes 14:1551-1578.

Buttle, ].M. and M.C. Eimers. [2008]. Scaling
and physiographic controls on streamflow
properties on the Precambrian Shield,
south-central Ontario. Journal of
Hydrology. Submitted.

Chapman, T. 1989. Classification of regions.
In Comparative hydrology: An ecological
approach to land and water resources. M.
Falkenmark and T. Chapman (editors).
UNESCO, Paris, pp. 67-74.

Dahl, M., B. Nilsson, J.H. Langhoff, and J.C.
Refsgaard. 2007. Review of classification
systems and new multi-scale typology of
groundwater — surface water interaction.
Journal of Hydrology 344:1-16.

Devito, K., I. Creed, T. Gan, C. Mendoza, R.
Petrone, U. Silins, and B. Smerdon. 2005.
A framework for broad-scale classification
of hydrologic response units on the boreal
plain: Is topography the last thing to
consider? Hydrological Processes
19:1705-1714.

Hetherington, E.D. 1987. The importance of
forests in the hydrological regime. In
Canadian Aquatic Resources. M.C. Healy
and R.R. Wallace (editors). Department of
Fisheries and Oceans, Ottawa, Ont.,
Canadian Bulletin of Fisheries and Aquatic
Sciences 215, pp. 179-211.

Lee, P., C. Smyth, and S. Boutin. 2004.
Quantitative review of riparian buffer
width guidelines from Canada and the
United States. Journal of Environmental
Management 70:165-180.

Macdonald, E., C.J. Burgess, G.J. Scrimgeour,
S. Boutin, S. Reedyk, and B. Kotak. 2004.
Should riparian buffers be part of forest
management based on emulation of
natural disturbance? Forest Ecology and
Management 187:185-196.

McDonnell, J.|. and R. Woods. 2004. On the
need for catchment classification. Journal
of Hydrology 299:2-3.

Marshall, I.B. and P.H. Schut. 1999. A
national ecological framework for
Canada: Overview. Ecosystems Science
Directorate, Environment Canada and
Research Branch, Agriculture and
Agri-Food Canada. URL:
http://sis.agr.gc.ca/cansis/nsdb/ecostrat
/intro.html

Moore, R.D. 2005. Small stream channels and
their riparian zones in forested
catchments of the Pacific Northwest:
Introduction. Journal of the American
Water Resources Association 41:759-761.

Poff, N.L., J.D. Allan, M.B. Bain, J.R. Karr, K.L.
Prestegaard, B.D. Richter, R.E. Sparks, and
J.C. Stromberg. 1997. The natural flow
regime: A paradigm for river conservation
and restoration. BioScience 47:769-784.

Poff, N.L. and |.V. Ward. 1989. Implications of
streamflow variability and predictability
for lotic community structure: A regional
analysis of streamflow patterns. Canadian
Journal of Fisheries and Aquatic Science
46:1805-1818.

Richter, B.D., J.V. Baumgartner, J. Powell, and
D.P. Braun. 1996. A method for assessing
hydrologic alteration within ecosystems.
Conservation Biology 10:1163-1174.

Sanford, S.E., I.F. Creed, C.L. Tague, F.D. Beall,
and J.M. Buttle. 2007. Scale-dependence
of natural variability of flow regimes in a
forested landscape. Water Resources
Research 43:W08414,
doi:10.1029/2006 WR005299.

Wagener, T., M. Sivapalan, P. Troch, and R.
Woods. 2007. Catchment classification
and hydrologic similarity. Geography
Compass 1(4):901-931.

Winter, T.C. 2001. The concept of hydrologic
landscapes. Journal of the American
Water Resources Association
37(2):335-349.

Wolock, D.M., T.C. Winter, and G. McMahon.
2004. Delineation and evaluation of
hydrologic-landscape regions in the
United States using geographic
information system tools and multivariate
statistical analyses. Environmental
Management
10.1007/500267-003-5077-9:1-29.

Wood, E.F., M. Sivapalan, K. Beven, and L.
Band. 1988. Effects of spatial variability
and scale with implications to hydrologic
modelling. Journal of Hydrology
102:29-47.

38

Streamline Watershed Management Bulletin Vol. 12/No. 1 Fall 2008





