








































































































Continued from page 35

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tions of unpublished data, and on the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

36

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



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
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Symposium Summary

Changing Climate,
Uncertain Futures, and
Evolving Practices

David Hutchinson and David Roche

\4

here is now consensus among

climate scientists that the Earth’s
climate is changing and that
human-induced greenhouse gas
emissions are playing a driving role.
Environmental practitioners are facing
an ever-increasing demand from
clients to incorporate climate change
into future development plans and
design criteria. However, there
remains a large gap between the
longer-term, global-scale climate
predictions typically provided by the
climate modelling community and
the local-scale (and often synoptic)
climate predictions needed by
practitioners. This knowledge gap has
often forced engineering design
studies and environmental impact
assessments to either make crude
assumptions about climate change or
avoid addressing it at all.

On April 21-23, 2008, the Air and
Waste Management Association and
Canadian Water Resources Association
jointly held a three-day symposium in
Vancouver, BC, to explore the gap
between scientists and practitioners.
The symposium brought together
leading experts on the current state of
climate change science and profes-
sionals who use future climate
predictions in engineering and envi-
ronmental studies. Twenty invited
speakers addressed a wide range of cli-
mate change topics and presented an
informative afternoon workshop ses-
sion on climate downscaling. Links to
symposium presentations can be
found at www.climatesymposium.com.’

This Streamline article presents a syn-
thesis of the symposium and
highlights key findings on the current
state of climate change science and
projected impacts for British Colum-
bia. The article concludes with

recommendations on guidelines for
including climate change into
practice.

Current State of Climate
Change Science

There has been tremendous effort over
the past three decades to develop
global climate models (GCM:s; also
known as general circulation models)
to simulate the Earth’s climate system
with its complex interactions and feed-
back among components. Continuing
research has led to ongoing improve-
ments to model resolution,
computational methods, and
parameterizations, as well as better
representation of greenhouse gas
emissions and their impact on radia-
tive forcings. These models have led
the Intergovernmental Panel on Cli-
mate Change to conclude with 90%
certainty that human activities are hav-
ing a measurable effect on the Earth’s
climate.

The current generation of GCMs
resolves a horizontal (grid cell) resolu-
tion on the order of 300-500 km and
10-20 vertical levels in the atmo-
sphere. At this scale, British Columbia
is represented by approximately 10
grid cells. Regional climate models
(RCMs) offer higher resolution (about
50 km) over a limited domain of the
Earth’s surface, but are nested within a
GCM and forced at the boundaries by
the GCM results. Despite their higher
resolution, RCMs rely on the same
physics-based equations as GCMs and
still require parameterization to
address sub-grid processes (e.g., con-
vection). Output from both GCMs and
RCMs is widely available; however, the
computational resources and technical
expertise required to run the climate
models limit their development and
execution to large organizations or

'Presentations will available online for up to 1 year following the symposium.

government agencies such as
OURANOS (www.ouranos.ca) or the
Canadian Climate Centre for Model-
ling and Analysis
(www.ccecma.ec.gc.ca).

While GCM and RCM climate simula-
tions are becoming increasingly
realistic, they include many calibrated
parameters. As with all calibrated
models, good model performance
under nominal conditions does not
necessarily mean that they can accu-
rately predict climatic response to
natural or anthropogenic perturba-
tions (e.g., rising greenhouse gas
concentrations, volcanoes). In fact,
many of the available GCMs do not
agree with each other in the direction
of change of a particular hydroclimate
variable for a particular region.

Typically, climate modellers illustrate
model performance using predictions
of global mean temperature over
recent history and the ability of the
model to predict changes in the global
mean resulting from major events such
as volcanic eruptions. Unfortunately,
these results offer little assistance to
the practitioner trying to objectively
determine whether a particular GCM
or RCM is reliably resolving the climate
system over a given spatial domain of
interest. The accuracy of a GCM to
reproduce synoptic-scale features is
critical to the success of any
downscaling technique applied to
derive local-scale predictions. Alex
Cannon (Environment Canada) pre-
sented recent work by lan McKendry
and others at UBC, who compared
predictions from the Canadian Global
Climate Model (CGCM2) with the
National Centers for Environmental
Prediction (NCEP) weather re-analysis
product, which provides a reasonable
representation of the “true” state of
the atmosphere (see McKendry et al.
2006). For the Pacific Northwest, the
authors found systematic errors in the
frequency of CGCM2’s prediction of
Arctic outflow and Pineapple Express
atmospheric circulation patterns for
the historical period 1961-1989.
While practitioners will find that objec-
tive evaluations such as McKendry et
al.'s are rare at present, the climate
modelling community is looking to
develop a standard set of validation
Continued on page 40
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data sets so that climate models can
be evaluated both spatially and tem-
porally (Reichler and Kim 2008). This
will make the evaluation of climate
model predictions for a particular
region more digestible for
practitioners.

Future anthropogenic emissions sce-
narios — the alternative ways in which
society might adapt and evolve over
the next 100 years — are an important
source of uncertainty in future climate
predictions. The scenarios range from
pessimistic “business-as-usual”
approaches to fossil fuel consumption
and population growth (“A1” and
“A2" scenarios, respectively), to rapid
technological change and introduction
of clean and resource efficient technol-
ogies (“B1” and “B2” scenarios,
respectively). Climate predictions for
the first half of the 21st century are
relatively insensitive to the different
emissions scenarios due to the resi-
dence time of greenhouse gas and
momentum of the global climate sys-
tem; regardless of the choices that
society makes today, the climate is
predicted to warm over the next sev-
eral decades. However, the choice of
emissions scenario significantly influ-
ences climate predictions for the latter
half of the 21st century.

The number of future climate realiza-
tions that can be derived by
combining different climate models
and emission scenarios can be over-
whelming to a practitioner. There is no
guidance from the climate modelling
community on how to best integrate
the model runs. The de facto
approach seems to involve considering
all combinations of models and emis-
sions scenarios to estimate uncertainty
for a given climatic variable, time
period, and location of interest (e.g.,
Rodenhuis et al. 2007).

Most water resource assessments focus
on catchment scales of about 10 to
1000 km?. Global and regional climate
models do not realistically represent
the atmospheric forcings at these
catchment scales. As a result, climate
models require some downscaling to
appropriately transfer information to
the local scale.

A number of established methods are
available to downscale climate change

projections from GCMs to the local
scale. Available methods vary from
simplistic approaches based on
observed climatology (e.g., the
“delta” method) to complex “dynami-
cal” downscaling methods that nest
climate models at ever-increasing reso-
lutions. The practitioner chooses a
downscaling technique most appropri-
ate to the task at hand. Environment
Canada’s Canadian Climate Change
Scenarios Network (www.cccsn.ca) pro-
vides an excellent source of
information on models, downscaling
tools, and analyses for practitioners.
Table 1 summarizes the strengths and
weaknesses of various classes of
downscaling methods based on Wilby
et al. (2004).

Projected Impacts of
Climate Change in British
Columbia

In general, global climate models pre-
dict warmer conditions for British
Columbia over the next century. How-
ever, prediction of future precipitation
conditions are mixed and within the
range of variability currently observed.
Watershed managers should be pre-
pared to manage the impacts
associated with both “warm and wet”
and “warm and dry” years.

While science can currently predict
general climate change trends for tem-
perature (and to a lesser extent,
precipitation), numerical predictions
retain a high degree of uncertainty.
Some guidance is offered in the sum-
mary of historical trends and projected
climate impacts conducted by the
Pacific Climate Impacts Consortium
(PCIC) and presented by Dave
Rodenhuis (Rodenhuis et al. 2007;
available free from the Pacific Climate
Impacts Consortium Web site at
www.pacificclimate.org). The PCIC
report summarizes predictions for a
number of hydroclimatic variables and
currently represents the most signifi-
cant analysis of its kind for British
Columbia.

Both weather (daily to decadal) and
climate (multi-decadal to centuries) in
British Columbia are strongly affected
by naturally occurring multi-year cli-
mate cycles such as the ENSO (El
Nifno-Southern Oscillation) and PDO

(Pacific Decadal Oscillation). Although
analysis has determined that underly-
ing climate change is occurring, these
climate anomalies will continue to
cyclically moderate or exacerbate
expected climate change effects. The
current generation of global climate
models represents these modes of cli-
mate variability imperfectly, and
practitioners should use model predic-
tions of these low-frequency climate
oscillations cautiously. In addition, the
natural variability associated with
these cycles should be carefully con-
sidered when assessing prediction
uncertainty.

The consensus GCM prediction of
warming in British Columbia is
expected to impact nival and glacial
hydrologic regimes most severely. This
warming will reduce winter snow
accumulation and lead to earlier
spring freshets followed by longer,
more pronounced summer low flows
(Leith and Whitfield 1998). Alan Ham-
let (University of Washington) showed
how hydrologic models can be used to
identify landscapes that may be sus-
ceptible under a changing climate. He
also presented a study demonstrating
that April T snowpacks in the US por-
tion of the Columbia Basin will be
much more sensitive to predicted cli-
mate warming than the Canadian
side.

In glacier-fed basins, reduced winter
accumulation and enhanced summer
ablation will lead to a reduction in gla-
cier mass and area through time. Dan
Moore (University of British Columbia)
presented a hypothesis representing
four distinct stages of response of
glacierized basins to a warming cli-
mate, as indicated by changes in late
summer streamflow. In the first stage,
glaciers maintain a quasi-equilibrium
with the contemporary climate. In the
second stage, glaciers respond to a cli-
mate warming by entering a negative
mass balance and late summer
streamflow increases. As glacier area
shrinks in response to continued
warming, continued recession no lon-
ger enhances late summer streamflow.
At this third stage, late summer
streamflow begins to decrease until it
reaches a new and lower state of
quasi-equilibrium (Stage 4) or until the
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glacier disappears altogether. Stahl
and Moore (2006) analyzed trends in
late summer (August - September)
streamflow from several hydrometric
gauges in British Columbia. They
found that basins with glaciers exhib-
ited a negative trend in late summer
streamflow whereas no apparent trend
was evident in basins that had no gla-
ciers present. This suggests that many
glacier basins in the Western Cordillera
may already be in the “third stage” of
response to climate warming. A
decrease in glacier meltwater contri-
bution during late summer will have
important consequences upon power
generation, stream thermal regimes,
and ecological assemblages.
Groundwater also plays an important
role in moderating streamflow and
thermal regimes. The interaction
between climate, surface water, and
groundwater in British Columbia is
complex. Aquifer response is not only
a function of the climate signal but
also the interaction of surface water,
recharge, aquifer properties, and
anthropogenic effects (e.g.,
drawdown). In many parts of British

Columbia, groundwater systems are
closely connected with the surface
water system. Diana Allen (Simon Fra-
ser University) used a groundwater
model to illustrate the close connec-
tion between the timing and
magnitude of surface water of the Ket-
tle River with groundwater levels near
Grand Forks, BC. Despite a predicted
increase in annual recharge to the
Grand Forks aquifer under future cli-
mate scenarios, groundwater levels are
predicted to be much lower in late
summer as the spring freshet on the
Kettle River occurs earlier in the year.

With declining summer streamflows,
agricultural water demand could
increase utilization of groundwater
resources even at current levels. How-
ever, agricultural demand is not
expected to remain constant. Pro-
jected increases in temperatures will
increase agricultural water demand,
especially in water-limited regions
such as the Okanagan Valley. This
could impact growing season length,
timing of bud burst, and evaporative
demand, which may favour certain
crop types or varieties. Denise Neilsen

(Agriculture and Agri-Food Canada)
illustrated how wineries in the
Okanagan have adapted to growing
more tender varieties of grapes in
response to less severe winter condi-
tions since the 1990s. Arguably of
greater interest was her illustration of
how continued change will move the
climate beyond the region of produc-
tivity now being enjoyed, such that
some varietals will become much
more difficult to support.

The Intergovernmental Panel on Cli-
mate Change estimates global sea
level will rise from 18 to 59 cm per
century primarily due to thermal
expansion of the oceans and melt con-
tribution from major ice caps such as
Greenland and Antarctica. However, if
the rate of glacier melt observed on
these ice caps in the past decade per-
sists, sea level may rise a further 17 cm
by the end of the 21st century. The
direction of increasing sea levels is
conclusive but local-scale predictions
are again confounded by external fac-
tors, in this case subsidence and local
tectonic movement. Bill Crawford
(Department of Fisheries and Oceans)

Table 1. Strengths and weaknesses of various downscaling techniques (adapted from Wilby et al. 2004)

Sub-class’
Delta Method
(e.g., ClimateBCb)

Class
Climatological

Statistical Regression Methods

(e.g., SDSM, € ASD?)

Weather Generators
(e.g., LARS-WG®)

Weather Typing
(e.g., Synoptic Typer)

Dynamical Regional Climate Models

(e.g., CRCM,°® RegCM3")

Strengths
e Straightforward to apply
e Easily accessible

Weaknesses

e Climate variables considered mutually
independent

e Poor representation of extremes

Temporal disaggregation of monthly values to

finer time scales may not be appropriate

e Straightforward to apply .
* Wide range of predictor variables

can be incorporated °
e Production of large ensembles for
uncertainty analysis
Production of long simulations for
extremes

e Yields physically interpretable link-

Poor representation of observed variance and
extreme events

May assume linearity and/or normality of data
Arbitrary adjustment of model parameters for
future climate

Unanticipated effects to secondary variables of
changing precipitation parameters

ages to surface climate

Physically consistent simulation of
all atmospheric variables for all lay-
ers of the atmosphere

Requires additional task of weather classification
Circulation-based schemes can be insensitive to
future climate forcings

May not capture intra-type variations in surface
climate

Considerable training and expertise in climate
modelling required

“Several of the statistically based downscaling techniques incorporate a hybrid of methods (e.g., regression + weather generator).
"See http://www.genetics.forestry.ubc.ca/cfcg/climate-models. html

“Statistical Downscaling Model (SDSM) — see https://co-public.lboro.ac.uk/cocwd/SDSM/

“ Automated Statistical Downscaling (ASD) — see http://gaia.ouranos.ca/DAl/downscaling_tools-e.html
‘Long Ashton Research Station Weather Generator — see http://www.rothamsted.bbsrc.ac.uk/mas-models/larswg.php
'See www.bom.gov.au/inside/ccsb/mss/projects/synoptictyper/
?Canadian Regional Climate Model - see www.ccma.ec.gc.ca/models/crem.shtml
"Regional Climate Model version 3 — see http://users.ictp.it/RegCNET/model.html

Continued on page 42
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Continued from page 41

showed how even coastal communi-
ties located relatively close together
can have rates of sea level rise that dif-
fer by 0.4-0.6 cm/yr. The main impact
of local tectonic movement on

ClimateBC (Wang et al. 2006) are an
excellent source of information, but
can be misleading if not applied with
an understanding of the limits and
uncertainties that accompany its

sea-level rise is a
function of energy
being stored in the
deforming plates
during the inter-seis-
mic period. It is
difficult to consider
how a major earth-
quake may affect the
rate of sea-level rise;
however, all coastal
communities of Brit-
ish Columbia must
be prepared to adapt
to long-term increas-
ing sea levels.

Guidance for
the Practitioner
The state of climate

A healthy, long-term
hydroclimate network
representative of
hydroclimatic conditions
experienced throughout
British Columbia is
necessary to enable
usage of state-of-the-art
downscaling techniques,
track and validate trends
in hydroclimatic
variables, validate
models, and improve
predictive capability at
unmonitored locations.

predictions.

Except for dynami-
cal downscaling,
all other
downscaling
techniques are
conditioned
somewhat upon
observational data
networks. A
healthy, long-term
hydroclimate
network represen-
tative of
hydroclimatic
conditions experi-
enced throughout
British Columbia is
necessary to

modelling science is
continually improv-

enable usage of
state-of-the-art

ing, and is expected

to eventually improve hydroclimate
predictions at scales directly relevant
to practitioners. The climate modelling
community is striving to deliver
regional climate model projections at
a horizontal grid scale of 10 km within
the next 5 years, a considerable
advancement over the status quo.
Given the speed at which the science
is evolving, practitioners must become
and stay familiar with the most current
climate change predictions. Summary
reports like the one recently produced
by PCIC offer practitioners an excellent
overview of up-to-date projected cli-
mate changes in British Columbia.
There is a near-term need for partner-
ship organizations (perhaps similar in
nature to PCIC) that can effectively
transfer information between model-
lers and practitioners.

Regardless of the advances in climate
modelling over the next 5-10 years,
the results from such models need to
downscale to conduct local impact
studies. Practitioners are encouraged
to learn more about various
downscaling techniques and their
advantages/disadvantages in a particu-
lar application. Tools such as

downscaling tech-
niques, track and
validate trends in hydroclimatic vari-
ables, validate models, and improve
predictive capability at unmonitored
locations. In particular, high elevations
and northern regions where the effects
of climate change are likely to be the
most dramatic need to be monitored
more closely.

Conclusions

The state of climate change science is
evolving rapidly and tools and tech-
niques for assessing local and regional
impact are becoming increasingly
available to the practitioner. The cli-
mate symposium offered an
opportunity for interchange between
scientists and professionals dealing
with climate change in their everyday
practice. While there remains a signifi-
cant gap between the states of science
and practice, events such as the cli-
mate symposium should be conducted
regularly to ensure that practitioners
are well equipped and informed of
advances in science, tools, and tech-
niques for incorporating climate
change impacts in local and regional
scale assessments. g

For more information, contact:

v
David Hutchinson

Environment Canada
Tel: (604) 713-9548
Email: david.hutchinson@ec.gc.ca

David Roche
Kerr Wood Leidal

Tel: (604) 294-2088
Email: droche@kwl.ca
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Information Note

Watershed Assessments
and Streamflow Studies
Now Available Online

Martin Carver

v

wo new collections of watershed

assessment and streamflow studies
from across British Columbia are now
available through the Ministry of
Environment’s EcoCat Web Page
(http://www.env.gov.bc.ca/ecocat/).

The first collection contains watershed
assessment studies that largely follow
the procedures developed under the
1990s Forest Practices Code in addi-
tion to related studies (e.g., riparian
and fish habitat assessments, restora-
tion overviews) carried out through
the Watershed Restoration Program.
The over-900 items in this collection
are in portable document format (pdf)
format and most include maps.

The second collection includes
streamflow and related studies carried
out largely by the Ministry of Environ-
ment’s former Water Management
Branch. This collection focusses on
flow measurements and analysis of
individual water sources around the
province as well as a few regional anal-
ysis studies. Although much of this
material dates back to the 1970s and
1980s, these studies may offer the
only hydrology data available for
many of the basins involved.

Accessing the Compilations

Go to the EcoCat link at
http://www.env.gov.bc.ca/ecocat/ and
click on “Public.” (If you are a member
of the BC public service, you can
access more reports by choosing
“Staff.”) The simplest option is a direct
keyword search by author or title of

the entire EcoCat collection; in this
case, results specific to hydrology will
be presented along with all other
items in the entire collection related to
your keyword. To focus on the hydrol-
ogy-related materials, click on
“Advanced Search” at the bottom of
the page and scroll down to the
“Water Information” box.

Ministry of Environment

EcoCat: The Ecological
Reports Catalogue

Highlight the collection of interest to
you—either “Watershed Assessment
Studies” or “Water Supply.” (Other
existing water-related studies, such as
the Water Quality collection, are also
accessible in this section.) Provide a
keyword and select title or author cor-
respondingly. Click on “Search” and all
relevant items in the chosen collection
will be displayed. If you do not pro-
vide a keyword, all the studies in the
collection will be presented for brows-
ing. Alternatively, you can indicate the
Region or Watershed Group of interest
(close to the top of the Advanced
Search page) and browse the reports
available in your geographic area of
interest.

If you prefer to search spatially, select
“Search for reports using a map” at
the bottom of the Advanced Search
page. Each dot shown represents one

study in the EcoCat archive. (There
should soon be an option to show
only those studies associated with sur-
face water or groundwater.) Use the
mouse repeatedly to draw a box in the
approximate part of the map that
interests you. After clicking on the
black information icon, metadata for a
point shown will be provided when
clicking on that point. The associated
report materials are available directly
in a hotlink. Alternatively, click on
“Find Location” at the top of the map,
then “Place Name” on the (right) side
list and choose a place name in the
area of interest to you. Again, a dot
indicates each study nearby. The
EcoCat interface may be updated so
these instructions may change slightly
in the future.

If you notice that other completed
watershed assessments or streamflow
studies (new or old) are not in the col-
lection, let us know. Historic
information is valuable to
both collections, and can
greatly assist hydrologists
when preparing an
up-to-date hydrologic
assessment for a particu-
lar drainage. In addition,
if you see errors in the
metadata or in how the
materials are provided or stored,
please get in touch.

Feedback on the compilation is wel-
comed and appreciated. Please send
all comments and additional informa-
tion to:

George Butcher

Water Stewardship Division

Ministry of Environment

PO Box 9362 Stn Prov Govt

Victoria, BC V8W 9M2

Tel: (250) 387-9515

Email: george.butcher@gov.bc.ca

For more information, contact:

v
Martin Carver
Health Protection Branch
Ministry of Healthy Living and Sport
Email: martin.carver@gov.bc.ca
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FORREX Announces

Name Change

FORREX Forest Research Extension
Partnership is a brand trusted in British
Columbia and beyond to provide objective
knowledge-based information and services
to support sustainable natural resource
management decisions. While the Society’s
constitution describes the natural resource
context, and research, development,
extension, and information management as
the main service areas, the name led people
to believe FORREX only served the forestry
sector, and only in extension. While this
sector is a priority focus, and extension
services are a mainstay of the organization,
FORREX wants to communicate our full
mandate and expand services to meet the
needs of the broader natural resource
community. So a name change is in order.
Welcome FORREX Forum for Research and
Extension in Natural Resources Society (still
FORREX for short).

Recent FORREX Publications

Compendium of Forest Hydrology and
Geomorphology in BC

Chapter 3: Weather and Climate by R.D.
Moore, D.L. Spittlehouse, P.H. Whitfield,
and K. Stahl.
http://www.forrex.org/program/water/PDFs/C
ompendium/Compendium_Chapter03.pdf
Chapter 15: Watershed Measurement
Methods and Data Limitations by M. Weiler,
R. Pike, D. Spittlehouse, R. Winkler, D.
Carlyle-Moses, G. Jost, D. Hutchinson, S.
Hamilton, P. Marquis, E. Quilty, R.D. Moore,
J. Richardson, P. Jordan, D. Hogan, P. Teti,
and N. Coops.
http://www.forrex.org/program/water/PDFs/
Compendium/Compendium_Chapter15.pdf

BC Journal of Ecosystems and
Management

Blackstock, M.D. 2008. Blue ecology and
climate change. BC Journal of Ecosystems
and Management 9(1):12-16.
http://www.forrex.org/publications/jem/
1S54 7/vol9_nol_art2.pdf

Bourgeois, W.W. 2008. Ecosystem-based
management: Its application to forest
management in British Columbia. BC
Journal of Ecosystems and Management
9(1):1-11.
http://www.forrex.org/publications/jem/
1S54 7/vol9_nol _art1.pdf

Lyons, C.K. and K. Day. 2008.
Biodegradable roads. BC Journal of
Ecosystems and Management 9(1):54-56.
http://www.forrex.org/publications/jem/
1S54 7/vol9_nol _art7.pdf

Shrimpton, J.M., C.J. Cena, and A.D. Clarke.
2008. Response of bull trout (Salvelinus
confluentus) to habitat reconnection
through replacement of hanging culverts
with bridges. BC Journal of Ecosystems and
Management 9(1):71-79.
http://www.forrex.org/publications/jem/
1S54 7/vol9_nol_art9.pdf

Smith, R.S., R.A. Scherer, and D.A. Dobson.
2008. Snow cover extent during spring
snowmelt in the south-central interior of
British Columbia. BC Journal of Ecosystems
and Management 9(1):57-70.
http://www.forrex.org/publications/jem/
1S547/vol9_nol_art8.pdf

Living Water Smart is the BC government’s
vision and plan to keep our water healthy
and secure for the future. Through this plan,
the BC government commits to new actions
and targets — and builds on existing efforts
to protect and keep our water safe. For
more information, see

http://www.livingwatersmart.ca/
Upcoming Events
River Restoration Northwest

February 3-5, 2009, Stevenson,
Washington

This conference focusses on stream
restoration questions of concern to project
planners, designers, engineers, biologists,
hydrologists, geomorphologists, regulators,
and land managers. The symposium will
focus on a multi-disciplinary approach to
stream restoration design, hence a broad
range of speakers and topics are
encouraged. Confirmed invited speakers
include Mary Power (UC Berkeley) and
Karen Campbell (National Center

for Earth Surface Dynamics), with short
courses on FishXing and on small dam
removal. The conference announcement
and call for abstracts are posted at
http://www.rrnw.org/wb/

Recent BC Ministry of Forests
and Range Publications
Pike, R.G., D.L. Spittlehouse, K.E. Bennett,
V.N. Egginton, P.]. Tschaplinski, T. Murdock,
and A.T. Werner. 2008. A summary of
climate change effects on watershed
hydrology. B.C. Ministry of Forests and
Range, Research Branch, Victoria, B.C.
Extension Note 87.
http://www.for.gov.bc.ca/hfd/pubs/Docs/
En/En87.pdf
Winkler, R., J. Rex, P. Teti, D. Maloney, and
T. Redding. 2008. Mountain pine beetle,
forest practices, and watershed
management. B.C. Ministry of Forests and
Range, Victoria, B.C. Extension Note No. 88.

http://www.for.gov.bc.ca/hfd/pubs/Docs/
En/,l)5n88.pdf I P

Recent USDA Forest Service

Publications
Grant, G. et al. 2008. Effects of forest
practices on peak flows and consequent
channel response: A state-of-science report
for western Oregon and Washington. U.S.
Department of Agriculture Forest Service,
Pacific Northwest Research Station,
Portland, Oreg. General Technical Report
PNW-GTR-760. 76 p.
http://www.fs.fed.us/pnw/pubs/
pnw_gtr760.pdf

Recent Journal Articles of
Interest

Robichaud, P.R. et al. 2008. New procedure
for sampling infiltration to assess post-fire
soil water repellency. U.S. Department of
Agriculture Forest Service, Rocky Mountain
Research Station, Fort Collins, Colo.
Research Note RMRS-RN-33. 14 p.
http://www.fs.fed.us/rm/pubs/rmrs_rn033.pdf
Kochenderfer, |.N. et al. 2008. Factors
affecting large peakflows on Appalachian
watersheds: Lessons from the Fernow
Experimental Forest. U.S. Department of
Agriculture Forest Service, Northern
Research Station, Newtown Square, Penn.
Research Paper NRS-3. 24 p.
http://nrs.fs.fed.us/pubs/rp/rp_nrs3.pdf

Chen, W. and X. Wei. 2008. Assessing the
relations between aquatic habitat indicators
and forest harvesting at the watershed scale
in the interior of British Columbia. Forest
Ecology and Management 256:152-160.

Chen, X. et al. 2008. Effects of large woody
debris on surface structure and aquatic
habitat in forested streams, Southern
Interior British Columbia, Canada. River
Research and Applications 24:862-875.

Clarke, S.E. et al. 2008. Modeling streams
and hydrogeomorphic attributes in Oregon
from digital and field data. Journal of the
American Water Resources Association
44:459-477.

Decker, A.S. et al. 2008. Rate of biotic
colonization following flow restoration
below a diversion dam in the Bridge River,
British Columbia. River Research and
Applications 24:876-883.

Essery, R. et al. 2008. Modelling longwave
radiation to snow beneath forest canopies
using hemispherical photography or linear
regression. Hydrological Processes
22:2788-2800.

Kovanen, D.). and O. Slaymaker. 2008. The
morphometric and stratigraphic framework
for estimates of debris flow incidence in the
North Cascades foothills, Washington State,
USA. Geomorphology 99:224-245.

Kroll, A.J. et al. 2008. Factors influencing
stream occupancy and detection probability
parameters of stream-associated ampbhibians
in commercial forests of Oregon and
Washington, USA. Forest Ecology and
Management 255:3726-3735.

Mazurkiewicz, A. et al. 2008. Assessing the
controls of the snow energy balance and
water available for runoff in a rain-on-snow
environment. Journal of Hydrology
354:1-14.

Nordin, R.N. et al. 2007. lon export from a
small British Columbia watershed after forest
harvesting. Water Quality Research Journal
of Canada 42:138-152.

Stamm, C. et al. 2008. Spatial and temporal
patterns of pharmaceuticals in the aquatic
environment: A review. Geography
Compass 2:920-955.
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