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ABSTRACT

The Southern Interior Region of the British Columbia Ministry of Sustainable Resource Management
(MSRM) partnered with FORREX—Forest Research Extension Partnership to review the potential effects
of forest management on streamflow in the Okanagan Basin. A literature review was conducted, and
the results were summarized in a draft report. A workshop was then held to obtain technical input
about the validity of such information and to identify current research, extension, and operational
needs.

The main focus of the literature review was the topic of low flows because of repeated conflicts in
the Okanagan Basin among water resource users during low water periods. We placed emphasis on
obtaining science-based information relevant to snowmelt-dominated hydrologic regimes representa-
tive of the Okanagan Basin.

The summarized outcomes of both the literature review and the technical workshop are presented
here. This report also includes a general overview of the Okanagan Basin; a “primer” on forest hydrology
and other water-quantity issues associated with forest management; and brief overviews of water
quality, groundwater, climate change, and watershed assessment methodologies.
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1 ABOUT THIS REPORT

The Southern Interior region of the British Columbia Ministry of Sustainable Resource Management
(MSRM) partnered with FORREX—Forest Research Extension Partnership to review the potential effects
of forest management on streamflow in the Okanagan Basin. The terms of reference established by
MSRM included:

+ aneed to summarize the current state of knowledge about the effects of forest management on
low flows, and

+ aneed to obtain technical input, through a workshop, to validate the summary, and to examine
current research, extension, and operational needs.

The main focus of this review was low flows, because of repeated conflicts among users of water
resources during low water periods. Emphasis was placed on obtaining science-based information
relevant to snowmelt-dominated hydrologic regimes representative of the Okanagan Basin.

After summarizing the results of the literature review, we produced a draft report and held a technical
workshop in November 2002. The workshop’s purpose was to obtain technical input from professionals,
managers, researchers, and academics with scientific and operational knowledge on the applicability of
the information to the Okanagan Basin. Through their input, research, extension, and operational needs
were identified. Workshop participants are listed in Appendix B. The summarized outcomes of both the
literature review and the technical workshop are presented here. To provide context, this report also
includes an overview of the Okanagan Basin; a “primer” on forest hydrology and other water-quantity
issues associated with forest management; and brief overviews of water quality, groundwater, climate
change, and watershed assessment methodologies.

The authors of this document have aimed to provide a broad technical audience with a comprehen-
sive overview of the effects of forest management on streamflow in the Okanagan Basin, therefore this
report is written such that a variety of people, not just hydrologists, will find it useful.

2 BACKGROUND INFORMATION

To fully benefit from the findings presented in this report, it is important that the reader have some basic
knowledge about the geography and hydrology of the Okanagan Basin, and about land use. As well, the
reader should understand the fundamentals of the hydrologic cycle and how watersheds are affected by
forestry and forest-management decisions. This section provides an overview of these topics.

2.1 About the Okanagan Basin

2.1.1 Geography of the Basin

The Okanagan Basin is located on the Thompson Plateau, in the southern interior region of British
Columbia, bounded by the towns of Enderby in the north and by Osoyoos in the south (Figure 1). The
climate of the area is classified as dry continental because the basin lies in a rain shadow which is east of
the Cascade Mountain Range and west of the Monashee Mountains. Because of its location, the basin is
generally one of the warmest and driest regions in British Columbia.

A distinct climate gradient exists with respect to elevation and location in the basin. The northern end
of the basin is generally colder and receives more precipitation than the southern end (Cohen and
Kulkarni 2001). Mean annual temperatures at the lower elevations of the basin are approximately 6°C,




with a winter mean of —3.5°C and a summertime mean of 15°C (Cohen and Kulkarni 2001:14). With
an average elevation of approximately 1120 m, the basin is characterized by a high plateau area
situated between 1000 and 1800 m (Figure 2). Precipitation varies with elevation. In general, annual
precipitation is 250-300 mm in the valleys and 400—600 mm in the plateau area, while the alpine and
subalpine areas can receive >1000 mm (Cohen and Kulkarni 2001:14).

Surficial deposits in the Okanagan Basin include thick,' unconsolidated deposits of glacial drift
covering much of the bedrock in the area (Zubel 1994), with numerous bedrock outcrops and thin
morainal veneers (Roed 1995). Vegetation reflects climate regimes and can be described by biogeocli-
matic zone. The Bunchgrass zone occupies the driest and hottest valley bottoms, which occur from
Summerland to the Canada/United States border. The Ponderosa Pine zone occurs in a thin strip that
surrounds much of Okanagan Lake and the Bunchgrass zone. As the climate regimes become wetter and
cooler (generally associated with increasing elevation), the zones in the remainder of the basin follow a
progression from Interior Douglas-Fir to Montane Spruce and Engelmann Spruce—Subalpine Fir. A
small amount of vegetation representative of the Interior Cedar—-Hemlock zone is located on the east
side of Okanagan Lake between Vernon and Peachland.
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contains 17 major watersheds
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2.1.2 Hydrology of the Basin

The drainage area of the Canadian portion of the basin is approximately 8200 km? (Cohen and Kulkarni
2001; Symonds 2001). The Okanagan Basin is a tributary to Columbia River in the United States and
comprises Kalamalka/Wood, Okanagan, Skaha, Vaseux, and Osoyoos Lakes. A system of four dams (on
Kalamalka, Okanagan, Skaha, and Vaseux Lakes) provides management controls for flood protection,
recreation, in-stream flow, fisheries, and domestic use. Peak runoff for streams in the basin occurs in the
spring between April and mid July, primarily from melting snowpacks situated above 1200 m
(Canada-British Columbia Okanagan Basin Agreement 1974).

In reviewing the Okanagan Basin water cycle, it is apparent that the amount of water available in an
average runoff year is relatively low (Figure 3). On average, the Okanagan Basin receives 554 mm of
precipitation. Of that amount, evapotranspiration from vegetation and infiltration into deep
groundwater together account for 419 mm, and approximately 122 mm flow into Okanagan Lake (of
which 53 mm subsequently evaporate).? This leaves 13 mm (or 2%) of the total precipitation for domes-
tic and irrigation purposes (Canada-British Columbia Okanagan Basin Agreement 1974; Dobson 1995).

More than 45 community watersheds exist in the basin, as well as approximately 6900 water licenses
(including those in the Shuswap area, northeast of Okanagan Basin) totalling over 385 000 acre-feet in
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water allocation (Cohen and Kulkarni 2001). In the Okanagan Basin there are 3600 reported wells, 50%
of which are shallow and possess limited capacity and yield, while 250 report yields >6 L/s (Zubel 1994).

Approximately 80% of the licensed water use in the Okanagan Basin comes from small tributary
streams, with mainstem lakes and rivers meeting the balance of the licensed demand (Symonds 2001).
Most of the streams are listed as “fully recorded” (at capacity for withdrawal of water) or in a state of
water shortage (Cohen and Kulkarni 2001, Symonds 2001), which leads to conflicts in managing for in-
stream and off-stream needs. Water quality in the basin is generally good although outbreaks of Giardia
and Cryptosporidosis have occurred.

2.1.3 Land Use in the Basin

Given the history of land use, limited supply of water, future projected water demands, and numerous
existing and potential water conflicts in the Okanagan Basin (Dobson Engineering Ltd. 2000), water
resources issues in the area are of significant concern. In no particular order, tourism, agriculture,
mining, and forestry are the dominant industries in the basin. It is difficult, however, to determine
accurate water-use statistics for these activities because administrative boundaries (e.g., municipalities,
forest service districts) infrequently coincide with watershed boundaries.

With respect to forest resources, the majority of the forested landbase in the Okanagan Basin is
situated on Crown land at mid to upper elevations. The Okanagan Basin occupies a portion of the
Okanagan Timber Supply Area (TSA) (Figure 4), which has a total allowable annual cut (AAC) of
2 615 000 m*/y (Okanagan-Shuswap LRMP 2002). Approximately 65% of the Okanagan TSA is classified
as forested, of which approximately 45% is considered suitable for operational forest harvesting
(Okanagan-Shuswap LRMP 2002). The three Tree Farm Licenses (TFLs) within the Okanagan TSA have
an AAC of 471 000 m>/y: TFL 15 is held by Weyerhaeuser Canada Limited (AAC 70 000 m>/y), TFL 33 is
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held by Federated Co-operatives Limited (AAC 21 000 m*/y), and TFL 49 is held by Riverside Forest
Products Limited (AAC 380 000 m’/y).

Agriculture in the basin is confined primarily to the valley bottoms. Due to its climate, the
Okanagan Basin is an ideal location for orchards and vineyards. In 1996, an estimated 78 283 ha were
considered agricultural lands, with 16 151 ha under crop (Cohen and Kulkarni 2001).

Tourism is a major activity in the basin, with an estimated one million tourists contributing
$830 million/year into local economies (Cohen and Kulkarni 2001).

2.2 Effects of Forest Management on Forest Hydrology and
Water Quantity: An Introduction

The hydrologic cycle (Figure 5) is a graphical representation of forest hydrologic processes and a good
model on which to base our discussion of forest hydrology. The reader is referred further to
Hetherington (1987), Brooks et al. (1997), and Satterlund and Adams (1992) for a more comprehensive
discussion of the importance of forests and forestry in the hydrologic regime.

Briefly, precipitation supplies the water that moves through the cycle, ultimately emerging from the
watershed as runoff. Precipitation is water from the atmosphere that is deposited in various forms (snow,
hail, rain), depending on the ambient temperature. Precipitation is highly variable in space and time,
and on an annual basis varies more than evapotranspiration. The amount and type of precipitation an
area receives ultimately affects the volume and timing of discharge from a watershed. The observable
surface discharge from a basin is generally termed runoff or streamflow. The total amount of water
flowing from a watershed, through both surface and subsurface flow, is properly known as water yield
(Figure 6, shaded area).

In areas where most annual precipitation falls as snow to form a snowpack, watersheds are typified as
being snowmelt dominated. Peak flows in these regimes generally occur in the spring and are defined as
either the maximum instantaneous discharge (maximum stage) or maximum daily discharge. Low flows
are defined as the minimum flow or absence of flow in a stream during the dry season. Low flows occupy
the portion of the annual streamflow hydrograph that occurs during late summer or early fall months
and carries through the winter months until spring snowmelt (Figure 6). Low flows are a normal,
seasonal part of the natural hydrologic regime and are distinct from drought; drought is also a natu-
ral event and is defined by less-than-normal precipitation (Smakhtin 2001). The low flow period ceases
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once the spring freshet begins (i.e., when the snowpack starts to melt). Unlike instantaneous peak
flows, low flows are continuous and are often characterized by a time period (e.g., lowest average flow
in a 7-day period) although no standard definition is adopted in the literature. Further discussion of
low flows is presented in section 3.3.1.

Hydrologic processes that affect the amount of precipitation available for runoff include intercep-
tion, evaporation, transpiration, and changes in water storage. Interception is both a process and an
amount. As a process, it is the interruption of the downward movement of precipitation and its
redistribution. As an amount, it is usually expressed as millimetres per year. In most cases, intercep-
tion denotes a “loss” of water, because temporarily stored rain or snow on vegetation evaporates back
to the atmosphere. However, in coastal areas where fog (fog drip) is prevalent, foliage can accumulate
precipitation. When storage capacity of the foliage is exceeded, throughfall occurs, i.e., water either
drips or flows off the vegetation to the forest floor.

Evapotranspiration is a term used to denote the “loss” (return) of water to the atmosphere through
the combined processes of evaporation and transpiration. Evaporation can occur from the soil surface,
from falling precipitation, from water bodies, and from vegetation surfaces. Transpiration is the move-
ment of water from the ground, through plant leaves (stomata), and then into the atmosphere.
Transpiration rates vary according to levels of radiant energy, soil moisture, humidity, wind, and stomata
resistance imposed by vegetation.

Forest cover directly affects rates of transpiration, evaporation, soil freezing, and patterns of snow
accumulation and melt (Hetherington 1987:183). Thus, changes in forest structure can modify processes
that control water balance in space and time. Removal of forest cover by harvesting and road construc-
tion can increase the amount of solar radiation reaching the ground, which in turn affects other
hydrologic processes such as snowmelt, evapotranspiration, soil freezing, etc. Forest harvesting also
reduces evapotranspiration/interception “losses” by eliminating transpiration and evaporation from the
elevated canopy (Hetherington 1987:186). This generally leads to increased moisture in the soil and a
reduced capacity of the soil to store moisture, which results in more water being available for streamflow.
Altering canopy properties also influences the accumulation and redistribution of snow, which subse-
quently influences melt characteristics (Winkler 1999).

The question “Is precipitation caused by forests, or are forests caused by precipitation?” is often
debated. Satterlund and Adams (1992:85) concluded that: “On the whole, it seems that the idea that




forests importantly affect precipitation is rejected by most meteorologists, except where fog drip and
rime occur frequently.” This conclusion is also supported by Golding’s (1980) literature review.

Forests also influence the routing and the storage characteristics of water in a watershed. Water that
reaches the ground’s surface will either infiltrate the soil or move over its surface. Infiltration is the rate
at which water enters the soil matrix. In forested areas, most soils readily absorb water. As a result, surface
runoff (overland flow) rarely occurs outside of stream channels (Hetherington 1987). As mentioned, lower
“losses” of water that occur as a result of forest harvesting, generally lead to lower storage potentials in the
soil matrix due to higher amounts of available precipitation. Typically, the result is higher water tables in
cleared areas, although the upper layers of the soil may appear drier due to increased evaporation. Road
building and other activities that cause soil disturbance can reduce local infiltration and increase
interception of surface and subsurface flow. Roads connected to the stream network may contribute to
quicker delivery of runoff in certain hydrologic regimes. Overall, because forests are “consumers” of
water, forest harvesting generally increases the amount of water available for streamflow.

3 LITERATURE REVIEW

This section describes how the literature review was conducted, and provides a comprehensive summary
of what was learned.’ It is vital that readers are aware that workshop participants raised many issues

about the literature, including identifying some cautions in applying the research results (section 4.1).
These limitations provide important context for the summary of the literature review about streamflow.

3.1 What Information was Collected, and How

A comprehensive search for peer-reviewed literature and unpublished/non-peer reviewed resource
materials was conducted to address three main questions:

1. How is streamflow (with an emphasis on low flows) in snowmelt-dominated regions modified by
forest-management practices such as timber harvesting, road construction/maintenance/deactiva-
tion, and silviculture activities?

2. What information is available to assist forestry practitioners and others in addressing water quantity
issues associated with forest management?

3. What are the current management approaches for assessing the potential effects of forest practices
on water quantity?

Literature was considered relevant if the studied watersheds were snowmelt dominated, and if they
met the following criteria as developed by Scherer (2001):

1. predominantly covered with coniferous forest types such as lodgepole pine, Engelmann spruce,
Douglas-fir, white fir, subalpine fir, ponderosa pine, and grand fir; and,

2. located in central British Columbia, or east of the Rocky Mountains in Alberta, Utah, Idaho,
Colorado, eastern Oregon, eastern Washington, or Arizona.

It is important to note that the literature search was primarily limited to studies that used the
paired watershed approach (i.e., involving both “control” and “treatment” watersheds).

In summarizing the literature, we focused on four hydrologic components: low flows, annual water
yield, spring peak flows, and timing of annual peak flows. For each hydrologic component, informa-

3 The references are compiled in section 6.0 Literature Cited and in Appendix A.




tion regarding forest management was placed in one of three categories, which follows an approach
used by Reiter and Beschta (1995):

1. timber harvesting,
2. road construction/maintenance/deactivation, or
3. silviculture activities.

Given the time and resource constraints of this project, this report does not include scientific infor-
mation regarding scenarios, forecasting, or predictive hydrologic models, although we acknowledge that
such information is important and valuable.

3.2 Information Sources

Information and references were obtained from the following sources:

+ Kamloops Forest Hydrology Abstracts Library, British Columbia Ministry of Forests, Kamloops
(http://foresthydrology.gov.bc.ca/)

+ BC Ministry of Forests Library, Victoria

+ Library, Corporate Services, Serving the BC Ministries of Sustainable Resource Management and
Water, Land and Air Protection, Victoria

+ Okanagan University College Library, Kelowna

+ University of British Columbia Library, Vancouver

+ World wide web (search through http://www.google.ca)

* TREECD

* AGRICOLA

* Natural Resources Information Network (http://nrin.forrex.org)

+ Canadian Forest Service Library Network
(http://catalogue2.nrcan.gc.ca/html/Metafore2/English_MultiLIS/Welcome3.html)

3.3 Effects of Forest-Management Activities on Water Quantity

3.3.1 Low Flows

As mentioned, the existence of various definitions of the term low flows may cause problems in some
applications. In the Okanagan Basin, low flows occupy the portion of the annual streamflow hydrograph
that begins during late summer or early fall and carries through the winter until spring freshet. Low
flows are maintained through the dry season by the release of water from groundwater storage and/or
surface water discharge from melting glaciers, lakes, wetlands, and flow from channel banks (Smakhtin
2001). These water sources can be thought of as storage reservoirs within the basin. The amount of
precipitation ultimately defines the amount of recharge that occurs in the storage reservoirs, while the
release of water is more a function of physiographic characteristics such as climate, topography, soils,
and geology (Smakhtin 2001; Cheng 1973). As such, low flows are naturally variable due to the complex
interaction and heterogeneity of watershed characteristics. During the dry season, many natural proc-
esses can affect low flows, including “the distribution and infiltration characteristics of the soils, the
hydraulic characteristics and extent of aquifers, the rate, frequency and amount of recharge, the
evapotranspiration rates from the basin, distribution of vegetation types, topography and climate”
(Smakhtin 2001:149).

Additionally, human activities can both increase and decrease low flows. These activities include:

+ groundwater withdrawal,
+ drainage of valley bottom soils for agriculture or construction,




* clearing or planting,

+ urbanization (creation of impervious surfaces),

 direct river withdrawal and returns,

* irrigation return flow,

* industrial discharge,

+ importation of water from outside of the catchment, and
+ dams and impoundments (Smakhtin 2001).

Several authors have examined previous research concerning the effects of forests and forest manage-
ment on low flows. It is common, however, for the research to focus on the entire streamflow hydrograph
vs. examining only the low flow portion.

Low Flows and Timber Harvesting

Many natural resource managers and members of the public believe that timber harvesting causes
streams to dry up. It is possible this belief has been created through non-scientific observations of
streamflow changes coinciding with timber-harvesting activities. However, this observation fails to
include the combined effects of climate trends (i.e., drought), other land uses, and natural agents of
change on observable water quantity. In some circumstances, the observation of low flows coinciding
with forest harvesting may be the result of confounding processes such as the aggradation of bedload in
depositional reaches. Overall, the perception that streams dry up as result of timber harvesting is un-
founded in the scientific literature (Brooks et al. 1997); this is further discussed below.

Reduced evapotranspiration and interception losses associated with removal of the forest cover are
the primary mechanisms for changes in low flows. During the growing season, forest stands can tran-
spire up to 3.3 mm of water/day (Table 1). A reduction in evapotranspiration as result of timber
harvesting can increase soil moisture and, subsequently, can increase streamflows during the growing
season (Satterlund and Adams 1992). Timber harvesting also removes the intercepting surfaces of the
forest canopy and this results in greater amounts of precipitation reaching the forest floor where
exposure to evaporative forces is less. Consequently, more water is available to contribute to soil
moisture and/or streamflow (Hetherington 1987).

Eight research studies that addressed low flows and matched the search criteria were identified in
the literature search (Table 2). Four studies identified increased volumes of low flows (i.e., increased

TABLE 1 Transpiration rates for various forest stands (adapted from Doyle 1991)

Transpiration during

Reference Study location Vegetation type growing season Remarks
(mm/day)

Kaufmann 1984 Colorado Engelmann spruce 2-3

Kaufmann 1984 Colorado Sub-alpine fir Upto 1

Kaufmann 1984 Colorado Lodgepole pine 0.1to0 0.3

Kaufmann et al. 1987 Colorado Aspen 0.1to 0.3 Limited data

Knight 1987 Wyoming Lodgepole pine 33 Unlimited soil moisture

Cermak and Kucera 1987 Czechoslovakia Spruce 1.5 Average soil moisture

Cermak and Kucera 1987 Czechoslovakia Pine 0.5

Cermak and Kucera 1987 Czechoslovakia Hardwoods 3

Cermak and Kucera 1987 Czechoslovakia Willow >3

Federer 1973 New Hampshire Hardwoods 3

Roseboom and Figliuzzi Saskatchewan Riparian phreatophytes 150 m’® of water/day/km 50-m wide zone of

1986

of channel length

phreatophytes




water quantity) subsequent to timber harvesting, and four studies documented no or non-significant
changes in low flows. Of the studies relevant to the Okanagan Basin, none documented a reduction in
low flows (lower water volumes).

The above findings are consistent with results obtained by Austin (1999), who reviewed almost 350
international studies concerned with low flows and peak flows. Twenty-eight of the studies evaluated by
Austin examined changes in low flows related to timber harvesting. In summary, 16 of the studies
identified an increase in low flows (increased water volume), 10 studies identified no changes or non-
significant changes in low flows while only 2 studies identified a decrease in low flows (lower water
quantity). Because the majority of these studies are not representative of the Okanagan Basin, Austin’s
research is not directly applicable. However, Austin’s work does demonstrate that, in the majority of
forest types, forest harvesting causes no change, or an increase, in streamflow during the low flow period
subsequent to forest harvesting. Austin concluded that: (1) low flows typically increase after harvesting,
(2) changes in low flows are highly variable and difficult to analyze statistically, and (3) low flows rarely
decrease in quantity.

It is important to note that in Austin’s review, two studies reported lower water quantity (reduced low
flows) after forest harvesting. These studies were both from the coastal forests in northwestern Oregon
and are not directly applicable to the Okanagan Basin. Nonetheless, it is important to understand why
reductions in water quantity were observed. In the first study, Harr (1982) attributed reductions in low
flows to a reduction in fog drip. Prior to timber harvesting, summer fog intercepted by the forest canopy
subsequently dripped onto the forest floor. The water that is intercepted by the forest canopy contributed
to the low flow component of the streamflow hydrograph. Upon removal of the forest canopy, the
process of fog drip was eliminated, thereby reducing a source of water for summer flows (Harr 1982). In
the second study, Hicks et al. (1991) identified reductions in low flows in two basins 8 years and 15 years
after timber harvesting. Reductions were attributed to changes in riparian vegetation, from coniferous to
deciduous. Because deciduous tree species transpire more water than conifers, lower water quantities
were observed (Hicks et al. 1991).

Further confirmation of the general increase in water quantity can be found in Johnson’s (1998)
review of British and other international studies of the effects of forestry on low flows. Johnson (1998)
makes four main conclusions:

+ Clearcutting increases low flows, especially during the growing season, due to reduced interception
losses and transpiration.

+ The magnitude of increases in low flows depends on seasonal rainfall and how much of the water-
shed area is clearcut. Johnson suggests that >25% of a watershed’s forest cover needs to be removed
(i.e., clearcut) before changes in low flows will be observed (assuming that the entire watershed was
originally forested).

+  As forests grow, rates of interception and evapotranspiration increase, which in turn results in
reduced soil moisture. Reduced soil moisture leads to reduced low flows, especially during the
summer months when transpiration rates are highest.

+ Quantifying potential changes in low flows is difficult given the differences in climatic and water-
shed factors and the differences in forest practices.

Natural disturbance in the form of insect epidemics and wildfires can also result in increased low flows
(increased water quantity) (Table 3). The literature search identified three studies that addressed
changes in low flows associated with beetle epidemics or wildfire. All of these studies reported an increase in
low flows.

The longevity of increased low flows after forest harvesting or natural disturbance is not generally
addressed in the literature because long-term studies on low flows are rare (Reiter and Beschta 1995).
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TABLE 3 Changes in low flows associated with insect epidemics and wildfire: Summary

Avg. increase

Forest cover in low flow
Years of
Avg. Reason post-
Study Drainage  Annual  Elev. annual Amount for harvest
location  Reference Forest type area streamflow range precip. Aspect removed removal study®
(km?) (mm)  (m) (mm) (%) (no.) (%) (mm)
White R., Bethlahmy Engelmann 1974 N.A. N.A.  NA w 30 Beetle 20 9.6 1.6
CcO (1975) spruce & epidemic (Oct) (Oct)
subalpine fir (no harvest)
Yampa R., Bethlahmy Engelmann 1564 N.A. N.A.  NA N 30 Beetle 20 314 1.25
CcO (1975) spruce & epidemic (Oct) (Oct)
subalpine fir (no harvest)
Palmer Cheng &  Douglas-fir, 18 71 1400- 1000 E 50 Severe 10 37 N.A.
Cr., Bondar lodgepole 1750 forest fire (Aug-Nov)
southern  (1984) pine,
BC Engelmann 68
8 (Oct)
spruce, &
subalpine fir
Jack Cr.,  Potts Lodgepole 133 305 1900- 347 A ~26 Beetle 5 N.A. 10
MO (1984) pine 3000 epidemic (fall &
(no harvest) winter)

 Includes road activities.

In the literature review, the majority of studies were typically carried out for no more than 8 years
after timber harvesting. Two studies that examined longer time horizons reported no changes in low
flows 14-30 years after harvesting. However, based on Austin’s (1999) extensive work, it was concluded
that low flows generally return to pretreatment levels approximately 3—4 years after harvesting. In
Johnson’s (1998) review, low flows were estimated to return to pretreatment levels approximately

6 years after harvesting. Austin (1999) noted that the longevity of increases in low flows (increased
quantity) is generally less than the expected changes in annual water yield, while Hetherington (1987)
noted that the expected duration of change is similar to water yield and will vary depending on the
rate of revegetation (3-30 years).

Influence of Roads and Silviculture Activities on Low Flows

The literature review identified no studies that examined the sole influence of roads or silviculture
activities on low flows, which is consistent with the findings of Reiter and Beschta (1995) and Gucinski
et al. (2001). Rather, most studies grouped the effects of roads and silviculture within the respective
timber-harvesting study to derive an overall comment on the effects of forest management on the
hydrologic regime. Therefore, we cannot comment on or discuss the sole influence of roads or silvicul-
ture on low flows in the Okanagan Basin.

Other Literature Summaries Concerned with Low Flows

It is important to note that our literature review revealed that many other summaries relevant to the
issue of low flows in the Okanagan Basin have been produced over the last 10 years. The findings of this
report are consistent with the findings of these other summaries:

+ Northwest Hydraulic Consultants. 2001. Hydrology, water use and conservation flows for
kokanee salmon and rainbow trout in the Okanagan Lake basin, BC. Fisheries Management
Branch, BC Fisheries, Victoria, BC. Unpublished.
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* Scherer, R. 2001. Effects of changes in forest cover on streamflow: a literature review. In Water-
shed Assessment in the Southern Interior of British Columbia: Workshop Proceedings, March
9-10, 2000, Penticton, British Columbia. D.A.A. Toews and S. Chatwin (editors). Research
Branch,

BC Ministry of Forests, Victoria. Working Paper #57.

+  Summit Environmental Consultants Ltd. 2001. Paired-watershed feasibility and basin similarity
study: Kamloops TSA. BC Ministry of Environment, Lands and Parks, Vernon, BC. Unpublished.

+ Austin, S.A. 1999. Streamflow response to forest management: a meta-analysis using published
data and flow duration curves. MSc thesis. Colorado State University, Fort Collins, Colorado.

* Reiter, M.L. and R.L. Beschta. 1995. The effects of forest practices on water. In Cumulative Effects of
Forest Practices in Oregon. Oregon Department of Forestry, Salem, Oregon. Chapter 7.

+ Little Mountain Consulting. 1993. Low flows and forest harvesting with reference to the BC inte-
rior. Unpublished.

3.3.2 Annual Water Yield

Many authors consider annual water yield to be the total observable discharge of surface water that flows
from a watershed over a period of 1 year. In forest management, any changes in the low flow and/or
spring-freshet peak flow portions of the hydrograph will therefore be reflected in annual water yield. The
effects of forests and forest management on annual water yield have long been studied. One of the
earliest watershed studies began in 1909 at Wagon Wheel Gap, Colorado, and over 100 similar studies in
Canada and the United States have been documented to date (Stednick 1996).

Annual Water Yield and Timber Harvesting

Forest cover removal directly affects the interception and evapotranspiration components of the hydro-
logic cycle. Many watershed study summaries completed for coastal and snowmelt-dominated areas have
shown that increases in annual water yield can occur following forest removal (Hibbert 1967; Bosch and
Hewlett 1982; Troendle and King 1985). Ffolliot et al. (2002:39) notes that the above authors and others
have arrived at three generalizations regarding the effects of forest cover removal on water yield.

1. Reduction in forest cover increases streamflow volumes.
2. Establishment of forest cover on sparsely vegetated watersheds decreases streamflow volumes.
3. Responses to treatments are variable, relatively short term, and unpredictable.

These generalizations are also consistent with summaries completed by Stednick (1996) and Scherer (2001).

As part of one of the most recent reviews of annual water yield, Stednick (1996) compared 35 paired
watershed studies situated within the Rocky Mountain/Inland Intermountain region. Studies from this
region closely reflect conditions of the Okanagan Basin; Golding (1986) identified this region as being
“similar to the dry snowpack, ponderosa pine and lodgepole pine regions of interior British Columbia.”
Stednick’s (1996:88) analysis yielded the following statement:*

The Rocky Mountain/Inland Intermountain region data suggest thata 15% harvest area resultsin a
measurable annual water yield increase. When 50% of the catchment was harvested, annual water
yield increase ranged from 25 to 250 mm and complete harvesting (100%) increased annual water
yield from zero to over 350 mm. The results are variable, especially above 30% harvest.

The variability of results identified in Stednick’s statement can be attributed to a combination of
factors that included local site conditions, climate, kind and degree of treatment, harvest location with

* Assumes that forest cover in the watershed was 100% prior to harvesting.
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respect to source area of streamflow, type and density of the pre-harvest forest, measurement error,
and natural variation in streamflow (Satterlund and Adams 1992; Stednick 1996).

Given that the observed response of water yield to timber harvesting is highly variable and com-
plex, it is difficult to create general quantifiable “rules-of-thumb” or guidelines regarding how
harvesting method, location, and rate of harvest will affect water yield. However, based on work by
Bosch and Hewlett (1982), Reiter and Beschta (1995), Stednick (1996), and Summit Environmental
Consultants Ltd. (2001), the following generalizations can be made:

1. Timber harvesting can be expected to cause the largest increases in water yield in areas where the
moisture content of the soil is high during the growing season. Timber harvesting in the streamflow
generation zones of a watershed (i.e., forest snowpack zone) is more likely to effect an increase in
water yield.

2. Streamflow responses to timber harvesting depend on the precipitation in a given year. An area with
high mean annual precipitation will tend to show a larger increase in water yield than an area with
low mean annual precipitation.

3. Asvegetation recovers, annual water yield will decrease.

4. Increases in water yield are unlikely to occur as a result of timber harvesting in areas with precipita-
tion <400 mm/y, and the potential for increases is only marginal in areas with precipitation between
400 and 500 mm/y.

5. Increases in water yield become difficult to detect in larger basins due to variations in groundwater
storage and release, tributary contributions, and differing patterns of precipitation or snowmelt
across a basin. Streamflow in larger basins is also more difficult to measure accurately, and therefore
actual increases may be difficult to identify.

The longevity of annual water yield increases is highly dependent on the rate of vegetation recovery
because vegetation recovery directly influences snowmelt rates and evapotranspiration rates (Summit
Environmental Consultants Ltd. 2001). A majority of studies indicate that water yields will return to
pretreatment levels approximately 10 to >30 years after harvesting (Summit Environmental Ltd. 2001).
This longevity of effect is significantly longer than the 3—6-year recovery period estimated by Austin
(1999) for low flows discussed in section 3.3.1.

Annual Water Yield and Roads

In conducting the literature search for this report, we found only a few studies that included an exami-
nation of the sole effect of roads on water yield in snowmelt-dominated watersheds The effects of road
construction, maintenance, and deactivation on watershed functioning is a complex, highly variable,
and, some say, poorly understood science. The reader is referred to Gucinski et al. 2001 and NCASI 2001
for comprehensive discussions of hypothesized and known hydrologic effects of roads on watershed
functioning.

Roads can theoretically affect the magnitude and timing of peak flows in several ways (Reiter and
Beschta 1995; Gucinski et al. 2001; Wemple et al. 1996):

+ Compacted road surfaces limit infiltration rates, which in turn can lead to surface runoff.

+ Road cutbanks can intercept slower subsurface flows and transform subsurface flows into more
rapid surface flows along road ditches.

+ Road ditches and culverts can reroute water more rapidly to the stream network.

Whether or not these effects translate into changes in water yield is highly variable because road
response will differ depending on the watershed’s hydrologic regime (i.e., snowmelt-dominated or
rain-dominated) and storm history.
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The hydrological effects of roads depends on several factors, including the location of roads on
hillslopes, characteristics of the soil profile, subsurface water flow and groundwater interception,
design of drainage structures (ditches and culverts) that affect the routing of flow through the
watershed, and proportion of the watershed occupied by roads.

(Gucinski et al. 2001:19)

One study that examined the effects of roads on water quantity within a snowmelt-dominated regime
was conducted by King and Tennyson (1984). King and Tennyson (1984) evaluated the effects of road
construction on flow in six watersheds in north central Idaho. The watersheds ranged in size from 28 to
148 ha, with roads comprising between 1.8 and 4.3% of the total area. The authors identified no signifi-
cant changes in water yield.

It is important to note that Teti and Northway (1986) re-analyzed King and Tennyson’s data using a
different statistical approach (i.e., weighted means and standard deviations) to determine if statistically
significant hydrologic changes had occurred within the entire study area. Based on the weighted results,
Teti and Northway documented an average yield increase of 5%. They attributed the increase to reduced
transpiration due to loss of vegetation from the road right-of-way construction and/or diversion of
groundwater at road cutslopes. Teti and Northway also documented an average 15% increase in flows
that were exceeded 75% of the time.” This increase was considered to be too large to be solely attributed
to reduced transpiration and was also cited as being related to alteration of runoff pathways on hillslopes
(Teti and Northway 1986).

Annual Water Yield and Silviculture

No studies evaluated the effects of silviculture activities on annual water yield. Compared to timber
harvesting, the effects of silviculture activities on annual water yield are theorized to be of “limited
significance” (Reiter and Beschta 1995).

3.3.3 Peak Flows

Peak Flows and Timber Harvesting

Extensive reviews of the literature on the response of peak flows to forest harvesting have been com-
pleted by MacDonald et al. (1997), Austin (1999), and Scherer (2001). The information about the effects
of timber harvesting on peak flows in Scherer’s literature synthesis have been adapted for the purposes of
this report, with supplemental information from Austin (1999).

In climates where snowmelt is the primary mechanism in generating peak flows, forest cover removal
has been shown to have a significant effect on snow accumulation, and on the timing and rate of snow-
melt (Golding and Swanson 1986; Hardy and Hansen-Bristow 1990; Troendle et al. 1988; Winkler 1999).
Ratios of peak snow water equivalent under forest canopies relative to that of clearcut openings typically
range from 0.7 to 0.9, with snowmelt rates varying from 0.4 to 0.7 (Winkler 1999). Timber harvesting
can increase soil moisture due to reductions in evapotranspiration, which in turn can increase the
amount of water available for runoff (Beschta and Reiter 1995). These changes can increase the magni-
tude of spring peak flows. Based on a summary of the literature about studies in watersheds similar to
the Okanagan Basin, the relationship between amount of forest cover removed and increased peak
flows is highly variable (Figure 7).

That the observed response varies widely between studies is consistent with work completed by
MacDonald et al. (1997) and Austin (1999). MacDonald et al. reviewed over 120 publications that
represented over 60 research sites and 120 treated catchments. The review included data from watersheds

> Flows that were exceeded by 75% of the time generally represent low flows which occur in late summer and fall (King and Tennyson 1984).
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in both coastal and interior British Columbia, as well as data relating to peak flows that were gener-
ated throughout the entire year. MacDonald et al. reported no consistent relationship between the
percent of a basin that had been harvested and the percent change in peak flows (Figure 8).
MacDonald et al. noted that increases in peak flows greater than 150% generally occurred in the
growing season as a result of rainfall and wetter antecedent soil-moisture conditions following forest
harvesting. MacDonald et al. (1997:9) also stated “that peak flows are generally much smaller during
the growing season and this means that a small increase in absolute discharge can yield very large
increases in percentage terms.”

Austin (1999) further evaluated the literature regarding paired watershed studies and changes in
peak flows associated with timber harvesting. Austin’s literature search summarized 39 studies that
covered 80 study basins worldwide. The observed effects of harvesting on peak flows ranged from —36
to 563%, which led to the general conclusion that
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peak flows typically increase by 35% or less after forest harvest, although the range of results is quite
wide. The smaller peak flows, such as those that occur during the growing season and periods of soil
recharge, showed the greatest relative increases. While larger peak flows did increase significantly [i.e.,
statistically], the changes were relatively small. The smaller increases in the larger peak flows may be
attributed to their occurrence when soil moisture levels are high regardless of the forest cover.
(Austin 1999:103)
The percent change that is documented by Austin (1999) and MacDonald et al. (1997) includes all
categories of peak flows such as annual instantaneous maximum, annual daily maximum, dormant
season maximum, growing season maximum, etc. The reader is encouraged to refer to these documents

if further detail is required.

Both MacDonald et al. (1997) and Austin (1999) identified a large amount of variability in the
response of peak flows to timber harvesting. Furthermore, few strong relationships between watershed
characteristics or management activities were identified. Therefore, no single variable—such as the
amount of forest cover removed, harvesting method, or silviculture system (e.g., clearcut or partial
cut)—was identified that quantitatively described changes in peak flows associated with timber
harvesting. This is consistent with Church and Eaton’s (2001:33) statement that:

Generalizations in complex sciences, such as ecology and environmental science, are usually of this
nature. Extracted from the particular circumstances of individual sites and events, conclusions
commonly can be offered in only qualitative terms.
Austin’s work (1999) allowed him to conclude that increases in peak flows persist for 10 years or
more after timber harvesting.

It should be acknowledged that our report is not comprehensive in addressing timber-harvesting
issues associated with peak flows. A comprehensive discussion was considered to be beyond the scope of
this report, but it is important to highlight that the effects of timber harvesting on peak flows have been
the focus of a significant amount of debate in the scientific literature (Jones and Grant 1996; Thomas
and Megahan 1998; Beschta et al. 2000; Jones and Grant 2001; Thomas and Megahan 2001). Much of the
debate stems from the variability observed between the results of various studies.

MacDonald et al. (1997) and Austin (1999) have attempted to explain the variability observed in the
study results, with somewhat limited success. The variability has been attributed to numerous spatial and
temporal issues that relate to management history, storm size, watershed hydraulic characteristics,
missing data, and data gaps, to name a few. For further discussion regarding temporal and spatial vari-
ability, the reader is encouraged to refer to Whitaker et al. (1998), Church and Eaton (2001), Austin
(1999), Alila (1998), and MacDonald et al. (1997).

Peak Flows and Roads

The literature review revealed few studies about the effects of roads on peak flows in snowmelt-domi-
nated regimes. Those studies that did focus on roads were typically of very short duration (i.e., 1-2 years
prior to timber harvesting). As already mentioned (see section 3.3.2), roads can theoretically affect the
magnitude and timing of peak flows in several ways (Reiter and Beschta 1995; Gucinski et al. 2001;
Wemple et al. 1996).

One study conducted by King and Tennyson (1984) in north-central Idaho was identified as being
related to the Okanagan Basin (as described in section 3.3.2). Six research watersheds were examined.
They ranged in size from 28 to 148 ha and roads comprised 1.8 to 4.3% of each watershed. Roads were
constructed 2 years prior to timber harvesting and seven variables were calculated from the stream-
flow data collected. These variables included: maximum streamflow; date of maximum streamflow;
minimum flow; and annual water yield and flows equalled or exceeded 5% of the time, 25% of the
time, and 75% of the time. Statistically significant changes were identified in the two watersheds that
had the highest road densities (3.9% and 4.3%). In one watershed, a statistically significant increase in
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the 25% exceedance flow was documented after road construction, while in another watershed a
statistically significant decrease in the 5% exceedance flow was documented. Road densities alone may
not account for the changes in flows because topography and road placement also play important
roles (Reiter and Beschta 1995).

Teti and Northway (1986) re-analyzed King and Tennyson’s (1984) data using a different statistical
approach (i.e., weighted means and standard deviations to determine if statistically significant hydro-
logic changes occurred within the entire study area. Using a two-tailed significance test, Teti and
Northway did not find significant changes in peak flows (i.e., Q peak) that could be attributed to road
construction. But, Teti and Northway did provide comments regarding the research design and sug-
gested that “King and Tennyson’s conclusion that there were ‘significant changes in streamflow variables
after road construction’ could be attributed to type 1 error” (Teti and Northway 1986:829).6 Teti and
Northway note that if King and Tennyson had used a one-tailed significance test, “different conclusions”
would have emerged from their results.

Peak Flows and Silviculture Activities

Our literature review revealed no studies related to the Okanagan Basin that evaluated the sole effects of
silviculture activities (e.g., thinning, brushing, and weeding) on peak flows. This finding is consistent
with the review conducted by Reiter and Beschta (1995) in which no Oregon studies about site-prepara-
tion activities and changes in peak flows were found.

3.3.4 Timing of Peak Flows

Influence of Timber Harvesting on Timing of Peak Flows

As documented by Scherer (2001), an advancement in the timing of peak flows may occur as a
result of changes in snow accumulation and snowmelt caused by timber harvesting, e.g., faster
rate of snowmelt and earlier melt of the snowpack. Some researchers have documented increased
snowmelt rates after timber harvesting, with the ratio of melt in the forest to melt in the open-
ings ranging between 0.4 and 0.7 (Winkler 1999). However, the literature shows that the average
date at which peak flows occurred in the post-harvesting periods was quite variable. The date of
peak ranged from an advancement of 18 days to no change, compared to control watersheds
(Tables 4 and 5).

Influence of Road Construction/Maintenance/Deactivation and Silviculture Activities

on Timing of Peak Flows

No studies evaluated the timing of peak flows associated with roads and silviculture activities. The
effects of roads and silviculture activities are often not the focus of research because timber harvesting
takes precedence. And, because these activities generally do not occur in the absence of timber harvest-
ing, it is difficult to study their sole influence on streamflow.

However, it can be theorized that roads can change the timing of peak flows because they can
intercept subsurface flows at cutslopes, reroute flows through road ditches to stream channel
networks, and reduce infiltration rates. However, these effects are likely site specific and depend on
road location, construction method, condition (e.g., active or re-vegetated), and maintenance, as
well as proximity and connection of the road to the stream channel network, soil conditions, topogra-
phy, and climate (Reiter and Beschta 1995; Gucinski et al. 2001; Wemple et al. 1996).

® Type 1 error is a statistical term used to describe the potential that an observed difference is due to chance instead of representing
an actual difference (MacDonald et al. 1991).
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TABLE 4 Average number of days in peak flow advancement in the post-harvesting period, compared to control watersheds.

Forest removed

(assumed Avg. annual
Equivalent peak flow Forest removal
Location Reference Drainage area  Clearcut Area) advancement method
(km?) (%) (no. days)
Brownie Creek, UT Burton (1997) 21.3 25 0 Clearcut
Camp Cr., southern BC Cheng (1989) 33.9 30 13 Clearcut
Thomas Cr., central AZ Gottfried (1991) 2.27 13 0 Partial cut, clearcut
Horse Cr., King (1989) 8:1.48 Due to 8:0 Clearcut
north-central ID King & Tennyson 10:0.65 roads/harvesting 10:0
Basins 8, 10, 12, 14, 16, 18 (1984) 12:0.84 8:3.7 12:8
14:0.62 10:2.6 14:0
16:0.22 12:3.9/36.6 16:0
18:0.86 14:1.8/29.2 18:0
16:3.0/25.0
18:4.3/33.4
Fool Cr., CO Troendle & King (1985) 2.89 40 7.5 Clearcut
Deadhorse Cr., CO Troendle & King (1987) 2.7 13 0 Clearcut, partial cut
North Fork to Troendle & King (1987) 0.41 36 0 Clearcut
Deadhorse Cr., CO
Wagon Wheel Gap, CO Van Haveren (1988) 0.9 100 0 Clearcut

TABLE 5 Average number of days of peak flow advancement after insect epidemic or wildfire, compared to control

watersheds.
Forest removed
(assumed Avg. annual
Equivalent peak flow Forest removal
Location Reference Drainage area  Clearcut Area) advancement method
(km?) (%) (no. days)
White R., CO Bethlahmy (1975) 1974 30 0 Beetle epidemic
(no harvest)
Yampa R., CO Bethlahmy (1975) 1564 30 0 Beetle epidemic
(no harvest)
Palmer Cr., southern BC ~ Cheng (1984) 18 50 5to 18 Severe forest fire
Jack Cr., MO Potts (1984) 133 35 14 t0 21 Beetle cpidemic

(no harvest)

3.4 Other Issues Related to Water Quantity

The main goal of this report is to review the current state of knowledge surrounding low flows in the
Okanagan Basin. However, as part of the original terms of reference for the project, other issues related
to water quantity and low flows were also of interest. These issues include water quality, groundwater,
climate change, assessment methodologies, and scaling. Given the ambitious timeline for this project, this

document provides only a very basic summary of what was learned about these topics.

3.4.1 Water Quality
The effect of forest management on water quality is a very large subject and is beyond the scope of this
report. However, given the importance of the subject, a very brief summary is presented, and we
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encourage the reader to refer to Dissmeyer (2000), Hetherington (1987), MacDonald et al. (1991),
Binkley and Brown (1993a), Brown and Binkley (1994), and MacGregor (1994) for background
information.

Water quality is most often described with reference to its physical, chemical, and biological com-
ponents. However, the term “water quality” possesses meaning only when related to some specified use
of water. For example, the quality of water suitable for recreation, drinking, or habitat is different in
each case. Typically, the quality of water flowing from watersheds in British Columbia is high, yet this
quality naturally varies in time and space. In a pristine watershed, i.e., in the absence of human influ-
ence, natural processes such as channel erosion, wildfire, blowdown, and mass wasting can lead to
increased nutrients and sediment input (Harr and Fredriksen 1988).

Water quality has been shown to vary substantially in time. For example, elevated sediment levels
generally occur during the spring freshet and during large summer storm events. More specifically,
stormflow may differ in chemical and physical composition from interstorm runoff that is composed
predominately of groundwater (subsurface water). Forest-management decisions can potentially affect
water quality by altering temperature and nutrient regimes, and by putting sediments and nutrients into
aquatic ecosystems. The complex interaction of ecosystems, forest management, and hydrologic proc-
esses, means that changes in water quality related to specific land uses can be difficult to quantify.

Alterations in water quantity can affect water quality in many ways. Increased magnitude and fre-
quency of peak flows causes more sediment to erode from road surfaces and stream channels, resulting
in higher turbidity levels. Channel aggradation associated with channel bank stability, increased sedi-
ment deposition from landslides, and changes in peak flows can also affect low flows. Aggraded channels
may also cause surface flows to disappear earlier in the low flow season because water that would have
flowed on the surface goes below the elevated channel bed (Hetherington 1987).

3.4.2 Groundwater

Our research turned up little information regarding the effects of forest management on groundwater
resources. This may be because the effects of forest management on groundwater are considered to be
minimal (Brooks et al. 1997). Brooks et al. (1997:106) provides three reasons for this small effect.

1. Only a small portion of any recharge area is under clearcut or harvested conditions at any time.

2. Recharge usually occurs over vast areas. Aquifers store large amounts of water and do not respond
quickly or noticeably to small changes in recharge.

3. Changes in evapotranspiration, infiltration, and permeability normally would not be severe, espe-
cially when compared to changes in precipitation and energy associated with natural fluctuations in
climate.

In terms of groundwater research in the Okanagan Basin, the most critical research needs are related to:

1. overwithdrawal of aquifers such that their capacity to adequately recharge is exceeded,

2. contamination of groundwater sources from agriculture and urban sources, and

3. changes in surface water flows (e.g., water extraction) that can alter recharge of groundwater
sources (Roed 1995).

Forest-management activities such as timber harvesting have the potential to increase the amount
of water that reaches unconfined groundwater sources. These Increases are primarily the result of
reduced evapotranspiration rates and increased snow accumulation. In extreme cases, it is possible
that forest-management activities can reduce water infiltration or redirect water flow to streams,
which in turn reduces the amount of water available for groundwater recharge (Brooks et al. 1997).
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3.4.3 Climate Change
A significant amount of research regarding climate change and water quantity has been done globally
in recent years. It is clear that climate change will have a significant influence on the streamflow

hydrograph and water quantity. These changes may be large and may overshadow any potential
effects of forest management on water quantity.”

We found no references about the interacting effects of climate change, hydrology, and forest management.

Leith and Whitfield (1998) examined the sole influence of climate change on the hydrologic regime in
the southern interior region of the Okanagan Basin. They studied six watersheds in isolation of the
confounding influences of land use (i.e., forest harvesting). The results demonstrated an “earlier onset of
snowmelt runoff followed by an increasingly long and dry summer, with the possibility of water short-
ages in late summer” (Leith and Whitfield 1998:230). Observed increases in winter streamflows were
attributed to a greater percentage of rain falling versus snow accumulation during this season.

However, some overview and modelling “scenario” information sources were located, and these
were useful in providing background to the topic.

Recently, the British Columbia Ministry of Water, Land and Air Protection produced the publica-
tion Indicators of Climate Change for British Columbia, 2002 (Fraser 2002). This publication contains a
description of historical climate trends and the most up-to-date climate projections. The following is a
summary of this information for the southern interior region of British Columbia, which includes the
North and South Thompson River Basins (Table 6).

TABLE 6 Indicators of climate change for the southern interior region of British Columbia, including the North and South
Thompson River Basins: Summary (Fraser 2002).

Indicator for the southern Change
interior region of BC 1895-1995 1929-1998 1935-2000 Projected change
(°C / century) (% / decade) (% / decade)
Temperature
Average annual +1.1 +1 to 4° / century.
Winter +1.8
Spring +1.2
Summer +0.9
Fall +0.8
Maximum +0.9 Lows increase more than highs.
Minimum +1.4 Lows increase more than highs.
Precipitation
Average annual +3 Remain with 10% until 2050,
and increase 10-20% by 2090.
Spring +5
Summer +6
Snow water equivalent No trend
Snow depth -3

7 P. Whitfield, Meteorological Service of Canada, Environment Canada, Vancouver, BC; personal communication at technical
workshop, November 2002.
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We found that many studies treat the landscape as static (non-changing) in order to study the sole
influence of a changed climate (scenario versus prediction). Thus, many climate studies are of limited
use for decision-making purposes because of the uncertain direction and magnitude of projected
changes. For example, while winter precipitation is projected to increase for the Okanagan Basin, climate
models are not in agreement on the direction of change for summertime precipitation (Cohen and
Kulkarni 2001). Despite such discrepancies, the information provided by modelling is the best we have
available for addressing the effects of climate change.

3.5 Scaling, Cumulative Effects, and Assessment Methodologies

In watershed management, scaling is a term used to describe the “practice of extrapolating results or
models developed at a particular time or spatial scale to largely different scales.”® The concept of scaling
is intricately linked to our understanding and prediction of cumulative effects. The majority of research
documented in this report is based on a “reductionist perspective” (Reiter and Beschta 1995). Such
studies have parameterized (broken down) study variables into a single variable in order to identify a
cause-and-effect relationship that could help improve forest management. Cumulative effects, on the
other hand, can be considered the opposite of this approach and are more holistic and integrative in
nature (Reiter and Beschta 1995).

As already explained, no stringent guidelines or quick and easy “rules-of-thumb” can be drawn from
the literature. This uncertainty makes it difficult to develop science-based decision processes for forest
and watershed management. However, over the last 20 years numerous assessment methodologies have
been developed to evaluate the potential “cumulative and discrete” water quantity and quality effects of
forest management. All of these assessment methodologies provide watershed-specific information to
assist in the decision-making process. Assessment methodologies detailed in this report include (see
Appendix C): Interior Watershed Assessment Procedure Guidebook (IWAP), Version 2 (BC Ministry of
Forests 2001); Timber/Fish/Wildlife (TFw) Watershed Analysis Method (Washington Forest Practices
Board 1997); Oregon Watershed Assessment Manual (Watershed Professionals Network 1999); Idaho
Forest Practices Method (Idaho Dept. of Lands 2000); FEMAT Watershed Analysis Approach (Federal
Ecosystem Management Assessment Team 1994); and the Rational Approach (Grant 1986).

Most of these methodologies are centered on an assessment philosophy that addresses potential
cumulative effects within a watershed. The philosophy uses an integrative approach to help understand
the overall interactions (e.g., scaling) between “forest practices, landscapes, natural disturbance regimes
and resultant effects” (Reiter and Beschta 1995:160). The integrative cumulative effects approach has
become the primary method used by natural resource managers in Canada and the United States.

In reviewing the above assessment methodologies, there are no easily applied approaches to assess or
predict the effects of forest management on streamflow. Many of these approaches provide a variety of
“rules-of-thumb” or “thresholds” for evaluating the risk of forest-management activities. Though not
explicitly stated, all assessments rely heavily on professional judgment, which cannot be avoided
because of the complex interaction of forest management with a watershed’s climate, geology,
geomorphology, and vegetation.

3.6 Hydrologic Models

Hydrologic modelling is a complex and immense topic that cannot be adequately addressed in this
document. Further details on hydrologic modelling are provided in Appendix C.

8 Peter Wall Institute for Advanced Studies, Scaling and Non-Linearity in Hydrology; conference held June 2-6, 2002 at the
University of British Columbia, Vancouver, BC; conference organizing committee co-chairs Y. Alila and R.D. Moore.
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Numerous summaries of physically based models and/or their usefulness in predicting the effects of
proposed forest development have been completed by Brooks et al. 1997, Singh 1995, Pike 1998, and
Alila et al. 1998. However, to date, few physically based models have been used in forest operations,
and they are primarily based on extensive data sets compiled from research watersheds (Alila and
Becker 2001). A physically based model for use in ungauged (dataless) watersheds, suitable for use by
forest planners with limited experience in modelling, does not yet exist.

4 SUMMARY OF WORKSHOP AND LITERATURE REVIEW OUTCOMES

Participants at the technical workshop held in November 2002 extensively discussed the topic of forest
management and low flows. Despite the wide range and comprehensive nature of this input, a concerted
effort was made to adequately incorporate information obtained from the workshop into this report.
This information is summarized here and includes limitations in the application of low flow research in
forest management, and identification of current knowledge gaps and research needs. The results of the
literature review and the technical workshop also helped us further define extension and operational
needs. Addressing these points is paramount to furthering our understanding of hydrological processes
and, subsequently, to improving forest-management practices in the Okanagan Basin.

4.1 Limitations in Applying Low Flows Science

The following list of limitations regarding low flow science and our literature review is presented to
provide context for the summary of literature review (section 3.0).

+ The majority of watershed studies that we reviewed were conducted at relatively small scales (i.e.,
catchment areas <10 km?). The number of studies from plateau areas (such as in the highlands of
the Okanagan Basin) were limited. The scaling of results from small watersheds to larger plan-
ning units can be problematic because of inherent differences in hydrologic processes.

+ The majority of watershed studies that we reviewed addressed changes in water quantity with
minimal recognition of the related significance of potential changes to channel stability, fish, and
fish habitat. While low flows are important, changes to other areas of the streamflow
hydrograph are also important (i.e., increasing flow and channel stability).

+ Because low flows are based largely on arbitrarily defined intervals (3 days, 7 days, etc.), the
definition of low flows can be problematic. A non-standardized definition of low flows, and
related generalizations, complicates comparisons that can be derived from the literature. Addi-
tionally, the importance and causes of low flows in the winter, late summer, and fall may differ
between studies. Caution therefore must be exercised when generalizing from case studies with
unclear definitions of low flows, with definitions that are different from other studies, or with
definitions that do not match the reader’s intended application.

+ Studies that report changes in low flows and peak flows in percent (%) may be misleading
because large percent changes in flow may not equate to significant unit volume changes in flow
(mm).

+ Many studies reported that no statistically significant changes were detected. Some workshop
participants noted that just because a statistically significant change was not observed, does not
mean that a hydrologic change had not occurred.

+ Caution should be used when interpreting low flow data from research studies because, in many
cases, studies were designed to explore the effects of forest management on water yield or peak
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4.2

flows. As such, the research methodologies may be inadequate for assessing low flows
(e.g., precision issues of low flow data from studies that focused on peak flows).

Caution should be used in interpreting winter low flow data because frozen stream conditions
and ice formation affect the precision of data and the ability to measure low flows.

Low flows can be difficult to monitor. Standard methodologies and techniques may not be
consistent between the groups and agencies that collect low flow data.

Knowledge of low flows is hampered by an incomplete understanding of generation processes,
particularly those relating to subsurface flow and the interacting effects of forest practices.

The majority of research conclusions are based on “old” forest practices (e.g., forest practices that
occurred prior to the 1990s). These studies may not be appropriate in addressing current forest
practices that occur under more stringent regulation.

The effects of climate change and natural variation on water quantity are not mutually exclusive
from the effects of forest management. Studies that ignore this interaction may therefore tend to
oversimplify the complexity of the topic.

Some workshop participants felt it was not possible to create rules-of-thumb (e.g., rate of cut and
resulting effect on low flow regime) because low flow data is generally based on averages and is
potentially not as precise as data from other areas of the streamflow record (i.e., higher flows).
However, other workshop participants felt it would be possible to make generalizations about low
flows, if safety factors were included.

Knowledge Gaps

While roads have the potential to intercept and reroute water to the stream network—and,
theoretically, to affect low flows, annual yield, peak flows, and peak flow advancement—Ilittle
information was located on this topic for snowmelt-dominated regimes.

While many studies found that water quantity returned to pre-harvest levels, none addressed the
effects of forest management on water quantity over the long term or over successive rotations.

All of the assessment methodologies detailed in this report dealt with individual watersheds at
spatial scales of approximately 50 to 500 km?. No single strategic planning tool was identified
that could be used at the larger landscape level (e.g., Okanagan Basin or Okanagan TSA).

None of the studies reviewed linked hydrologic response of forest-management decisions to
biogeoclimatic zone.

While theoretical information and limited study results about the effects of wildfire on water
quantity were found, no studies examined the effects of wildfire suppression on water quantity.

No studies addressed the effects of riparian vegetation on streamflow in both upland and lowland
portions of watersheds in the Okanagan Basin.

None of the studies addressed potential differences in transpiration and evaporation rates be-
tween forest stands of different age classes specific to the Okanagan. While some natural resource
managers are concerned that young forest stands will transpire at rates higher than those of
mature forests, no information was found to address this.

Little information regarding the effects of forest management on groundwater was located. A
better understanding of how groundwater varies from year to year, and of how water withdraw-
als affect low flows, is required.
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4.3

4.4

An understanding of how water transfers from a cutblock to a stream network (e.g., subsurface
flow pathways and the effects these pathways may have on water quantity) is generally lacking.

The literature lacks information about assessing how, or even determining if, an advancement in
peak flow affects different low flow regimes.

Research Needs

Address the above knowledge gaps.

Acquire a better understanding of the linkages of hydrologic processes across the landscape (e.g.,
hillslope to valley), especially on the plateau areas in the Okanagan Basin, and a better under-
standing of the linkages between groundwater and surface water from the cutblock to the stream
network.

Conduct long-term maintenance of data collection systems to adequately assess natural variabil-
ity, forest-management effects, and climate trends.

Execute more specific research on the relative significance of climate change versus effects of forest
management on low flows (water quantity).

Develop Integrated, multidisciplinary, multiscale, long-term research programs that integrate
watershed modelling development/testing, field-based process studies, and paired-watershed
approaches to improve decision-support tools for natural resource managers.

Conduct further research about the effects of roads and watershed restoration (e.g., road deacti-
vation) on water quantity effects.

Acquire a better understanding of the influence that surficial geology (glaciated vs. non-glaci-
ated) has on low flows and hydrologic processes.
Gain a better understanding of late season water balance in relation to low flows.

Extension/Training Needs

Teaching natural resource managers and the public about general hydrology concepts will help
them avoid forming misconceptions about the effects of forest-management activities on hydro-
logic processes.

Forest hydrology is a multidisciplinary field that requires significant formal education and
operational/experiential knowledge. Education and mentoring programs (e.g., government
mentoring programs) need improvement, as do programs for transferring operational/experien-
tial knowledge to inexperienced individuals.

More training in data limitations and collection, and in statistical design, is required. In particular,
British Columbia’s new results-based Forest and Range Practices Act® will increase the need for
statistical design and analysis to properly monitor and evaluate hydrologic effects.

° http://www.for.gov.bc.ca/code/

25



4.5

4.6

Operational Management Needs

Better data about water use, water supply, current water demands, and future water demands are
required. Also, surface water, groundwater, and meteorological variables need to be metered to
better calculate the overall water balance.

Natural resource managers have a short-term need for appropriate decision-support tools, and a
long-term need for comprehensive/adaptive management processes.

Next Steps

The technical workshop brought forward many issues and ideas about how to proceed. The following are
some of the suggestions for what to do next with respect to the topic of streamflow and forest management:

Extension of the information contained in this report, e.g., through workshops aimed at opera-
tional and natural resource stewardship personnel.

Creation of professional workshops and presentations in collaboration with the Canadian Water
Resources Association.

Creation of other extension products (i.e., newsletter articles, web site materials, briefing notes)
based on material in this report.

Produce a second, condensed version of this report, with an emphasis on linking hydrological
process to the Okanagan Basin. More specifically, place flow changes (amount) in context of
hydrological/physiographic regime of the Okanagan Basin, and source contribution area by
elevation analysis.

Conduct further work with interested workshop participants, possibly including a follow-up
technical workshop to better focus on next steps and opportunities for collaboration.

5 CONCLUSIONS

In 2002, the Southern Interior Region of the British Columbia Ministry of Sustainable Resource
Management (MSRM) partnered with FORREX to produce an overview of the potential effects of forest
management on streamflow in Okanagan Basin. Emphasis was placed on obtaining science-based
information about low flows relevant to snowmelt-dominated hydrologic regimes representative of the
Okanagan Basin. A draft report was presented to and discussed at a technical workshop in November
2002. Key recommendations generated from the workshop were incorporated into the final report.

Workshop participants and the authors identified many limitations in how research results are ap-
plied in the course of forest management. In light of these limitations, the following conclusions can be
drawn from the literature review:

In terms of water quantity (low flows), the hydrologic response to forest-management activities
was found to be variable in magnitude, time, and space.

Annual water yield, low flows, and peak flows could increase in volume or magnitude as a result
of forest-management activities.

The longevity of response varied with the re-establishment of vegetation; i.e., from 10 to 30 years
for annual water yield and peak flows, and from 3 to 6 years for low flows.

In snowmelt-dominated hydrologic regimes, the post-treatment timing of peak flows may occur
earlier in the season than usual.
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+ Similar forest-management activities can result in different magnitudes of responses.

+ No case studies relevant to the Okanagan Basin reported a decrease in water quantity as a result
of forest management.

Relative to other issues pertinent to water quantity and forest management, the literature review
revealed that:

+ Natural disturbances such as insect epidemics and wildfires appear to have effects on streamflow
similar to those of forest management.

+ Changes in streamflow associated with forest management have the potential to affect water
quality. Increased water quantity, and associated erosion can result in increased turbidity and
sediment yield.

+ The effects of forest management on groundwater quantity are considered to be small. However,
the amount of research in this area is limited.

+ Climate change is a very complex subject that is difficult to study in isolation of a responding
environment. One study documented that water quantity decreased in summer solely due to
climate change. The same study also reported increased water quantity in the winter. Climate
change will likely play a significant role in regard to changes in water quantity. The effects of
climate change on water quantity will likely be much more significant than the effects of forest-
management activities.

+ Numerous assessment methodologies have been developed to deal with the high level of uncer-
tainty and variability in hydrologic response. Most methodologies assess both discrete and
cumulative effects. All methodologies necessarily incorporate a high level of professional judgment
and expertise due to the complexity of most hydrologic regimes.

Numerous knowledge, research, and extension needs were identified in this report. Addressing these
needs is essential for furthering our understanding of hydrological processes, and subsequently improv-
ing land and water management practices, in the Okanagan Basin. Integrated, multidisciplinary,
multi-scale, long-term research programs need to be developed to address the significant level of vari-
ability in existing research studies. These programs should integrate both watershed modelling
development/testing, field-based process studies, and paired watershed approaches to ultimately improve
decision-support tools for natural resource managers.
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APPENDIX C Other issues related to water quantity

The following text is extracted verbatim from the draft of this report that was presented to workshop
participants on November 21, 2002. It is presented again here to give further background on the issues.

Scaling, Cumulative Effects, and Assessment Methodologies

In watershed management terms, scaling is a concept used to describe the “...practice of extrapolating
results or models developed at a particular time or spatial scale to largely different scales,...” " Scaling is
a relatively new term that may be unfamiliar to many resource managers in the field of watershed man-
agement. Recently this term has come to the forefront in watershed management science in BC as
demonstrated by the recent conference titled: Scaling and Non-linearity in Hydrology, held in Vancouver
on June 2-6, 2002. As a result, the integration of theories surrounding the concept of scaling into water-
shed management brings us to the “edge of the envelope” in the science of forest hydrology.
Fundamental to making forest management decisions and understanding watershed systems is the
integration of hydrologic, ecological, atmospheric and geomorphic processes.'! To fully understand
watershed processes, an understanding of the space-time relationships of climate, precipitation and
evapotranspiration and the interaction with the spatial watershed characteristics are required (Peter Wall
Institute for Advanced Studies 2002). The entire integration of watershed processes over temporal and
spatial scales is a large issue and touches on many knowledge gaps, too numerous to discuss given the
scope of this report.

The concept of scaling is intricately linked to our understanding and prediction of cumulative effects.
The majority of research documented in this report is primarily based on a “reductionist perspective”
(Reiter and Beschta 1995). Such studies have parameterized study variables into a single variable in order
to identify a cause-and-effect relationship to develop improved forest management. Cumulative effects,
on the other hand, is the opposite of this approach and is more holistic and integrative in nature (Reiter
and Beschta 1995).

As documented throughout the report there are no quick and easy “rules-of-thumb” or stringent
guidelines that can be drawn from the literature. This level of uncertainty can be somewhat daunting in
regards to development of science-based decisions in forest and watershed management. However, over
the last 20 years numerous assessment methodologies have been developed to evaluate the potential
“cumulative and discrete” water quantity and quality impacts from forest management. All of these
assessment methodologies provide watershed specific information to assist in the decision-making
process.

The majority of methodologies are centered on an assessment philosophy that addresses potential
cumulative effects within a watershed. By addressing cumulative effects, an integrative approach is used
in an attempt to put the individual pieces together to understand the overall interactions (e.g., scal-
ing) between ”... forest practices, landscapes, natural disturbance regimes and resultant effects.”
(Reiter and Beschta 1995:160). The integrative cumulative effects approach has become the primary
method utilized by many natural resource managers in Canada and the United States.

Cumulative effects approaches utilized in the US have been summarized by many authors (e.g.,
Reiter and Beschta 1995; Berg et al. 1996). The following section provides a brief summary of some of
these approaches along with approaches used in British Columbia. Highlighted within each of these
approaches is specific information regarding water quantity and timber harvesting. By no means are
the following descriptions comprehensive or exhaustive.

10,11 gee Footnote 8.
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The purpose of describing these approaches is to highlight that in reviewing the literature on
assessment methodologies, there are no easily applied approaches to assess or predict the impacts of
forest management on streamflows. Many of these approaches provide a variety of “rule-of-thumb” or
“thresholds” that are used to evaluate the risk of forest management activities. Though it may not be
explicit, all assessments rely heavily on professional judgment. Professional judgment is required given
the complexity of the forest management effects and the heterogeneity in a watershed’s climate, geol-
ogy, geomorphology and vegetation.

Interior Watershed Assessment Procedure (IWAP) Guidebook

The Interior Watershed Assessment Procedure (IWAP) is the current watershed assessment procedure
used in the interior of British Columbia. The IWAP methodology is a guide to assist forest managers to
understand “...the potential for cumulative hydrological effects from past and proposed forest harvest-
ing and road building” (BC Ministry of Forests 2001:2). The IWAP procedure focuses on four main
areas: peak flows, sediment erosion / mass wasting, riparian areas and channel condition. Usually a
qualified professional / hydrologist (i.e., professional engineer, professional geoscientist or registered
professional forester) with experience in forest hydrology, geomorphology, terrain stability and forest
management conducts the assessment. Watershed management decisions are primarily focused on issues
identified on Crown land regarding either past or proposed forest development. A watershed advisory
committee is assembled to provide specific watershed information and develop recommendations for
proposed forest development based on the professional’s report. The committee typically consists of
representatives from the forest industry (forest licensee), government agencies (Ministry of Forests,
Ministry of Water, Land and Air Protection and Ministry of Sustainable Resource Management), and
water licensee. Additional members may be present if warranted (i.e., local government and other non-
government representatives).

With regard to water quantity, peak flows are the primary component evaluated. Low flows are not
usually addressed unless explicitly requested by the watershed advisory committee. The qualified profes-
sional evaluates changes to peak flows through the integration of a watershed’s (or sub-basin’s) current
and proposed Equivalent Clearcut Area (ECA), logging history, road density and stream channel condi-
tion. Issues regarding surface erosion, riparian harvesting and landslides are all taken into account in
addressing potential impacts associated with peak flows. Evaluation of peak flows typically relies heavily
on the ECA within a watershed. As described in earlier sections, this approach is somewhat limited since
there is not a direct correlation between increased peak flows with the percent of forest cover removed.
In evaluating peak flows, the hydrologist must also evaluate “cumulative and discrete effects” related to
channel disturbance / sensitivity, past logging history, location of proposed logging, riparian condition
and landslide history.

Timber/Fish/Wildlife (TFw) Watershed Analysis Method

The Timber/Fish/Wildlife (TFW) Watershed Analysis Method was developed in Washington State to
assist in the development of forest plans for individual watersheds located on non-federal forests
(Washington Forest Practices Board 1997). The process is based on three main steps: resource assess-
ment, prescription process and effectiveness monitoring. The resource assessment component is
conducted by a team of specialists with expertise in areas of forest management, forest hydrology (i.e.,
peak flows), mass wasting, sediment erosion, fisheries, and channel morphology. Upon completion of
the resource assessment process the assessment team develops “rule calls” based on the vulnerability and
sensitivity of the various components of the watershed. Rule calls are based on a synthesis of informa-
tion collected and analyzed by the evaluation team. Resource specialists in conjunction with forest
mangers develop site specific or landscape level prescriptions to minimize direct and cumulative
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impacts within a watershed. Monitoring approaches are developed to evaluate the various
prescriptions.

The standard hydrologic assessment for water quantity focuses on peak flows with rain, rain-on-snow
and snowmelt generated flows all considered. Peak flows are assessed through local climatic, hydro-
logic data and / or regional empirical relationships. Water available for runoff (WAR) for snowmelt
generated peak flows are based on empirical equations for snow accumulation and snowmelt. Changes
in peak flows are evaluated by comparing different scenarios of hydrologic maturity. Hydrologic
maturity is determined through the evaluation of forest cover scenarios for the watershed. Scenarios
include: maximum hydrologic recovery (i.e., all forest land is classified as hydrologically mature),
minimum hydrologic recovery (i.e., all forest land is classified as hydrologically immature) and the
current watershed condition (i.e., current distribution of land types and forest cover).

Reiter and Beschta (1995) have cited the assessment methodology as being a holistic approach to
understanding forest practices and the condition of a watershed. The approach recognizes that water-
shed ecosystems are complex with biological and physical characteristics reflecting local factors such as
climatic, geologic and geomorphic variables. This process also recognizes that sensitivity of watersheds
to forest practices is highly variable (Reiter and Beschta 1995).

Oregon Watershed Assessment Manual

The Oregon Watershed Assessment Manual (Watershed Professionals Network 1999) is similar to the
TFW Watershed Analysis Method. This manual was developed by the Oregon Watershed Enhancement
Board to provide local non-government organizations (e.g., citizen groups) assistance by technical
experts in conducting broad screening of watershed condition. The primary focus of the manual is on
restoration or enhancement of fish habitat. The manual includes evaluation tools to assess the condition
of a watershed as result of natural and human influences. This assessment methodology is made up of
four main components: start-up and identification of watershed issues, historical conditions and
channel habitat type classification, watershed characterization, and watershed condition and monitoring
plan. The watershed characterization component includes a “cookbook” for evaluating hydrology and
water use, riparian / wetlands, sediment sources, channel modification, water quality and fish / fish
habitat.

Water quantity is evaluated at a “pre-screening” level to determine if peak flows and low flows should
be further analyzed by a specialist. Peak flows are first categorized through an examination of the
dominant peak flow generation mechanism (i.e., rain, rain-on-snow or snowmelt). In this process,
rain generated peak flows are identified as being unlikely to have been impacted by timber harvest. The
risk that timber harvesting may enhance peak flows associated with drainages that are dominated by
rain-on-snow generated peak flows are evaluated based on a threshold of density of crown cover and
the percent watershed area situated above the rain-on-snow area. Snowmelt-dominated peak flows are
not evaluated and technical assistance from a hydrologist is recommended. Timber harvesting effects
on low flows are not explicitly evaluated and, instead, are assessed based on further evaluation that
may occur as result of identification of channel dewatering and aggradation (Watershed Professionals
Network 1999).

Idaho Forest Practices Method

The Idaho Forest Practices Method was developed to assess cumulative effects in any given watershed
and to estimate the risk of planned forest development (Idaho Department of Lands 2000). The process
was designed to give trained evaluators an understanding of inherent hazards and current condition of a
watershed based on hydrologic processes and disturbance history. This approach is based on direct
observations of the stream channels and landscape as opposed to being a model based / indirect

43



indicator approach. The approach can be completed by any trained natural resource manager and is
based on field measurements and professional judgment.

The process consists of two primary components: the Watershed Condition Assessment Process
and the Impact Control Process. The Watershed Condition Assessment Process consists of technical
observations to determine hazards inherent in a watershed related to erosion, stream temperature and
nutrient accumulation. Current stream channel and watershed condition are also evaluated. Decision
criteria are used by a natural resource manager as a guide to determine the stream and watershed
condition. The Impact Control Process provides a guide to resource managers to develop solutions to
address cumulative watershed effects that were identified in the Watershed Assessment Condition
Assessment component.

Water quantity is assessed through the evaluation of peak flows and the susceptibility of stream
channels to adverse change. The process is based on an evaluation of risk by utilizing ratings established
for the amount of forest cover removed and stream channel stability. These ratings were based on profes-
sional judgment developed by hydrologists with experience in Idaho. Low flows are not considered in the
assessment.

FEMAT Watershed Analysis Approach

The FEMAT (Forest Ecosystem Management Assessment Team) Watershed Analysis Approach was devel-
oped through an interagency scientific team that was commissioned by former President Bill Clinton in
April 1993 (FEMAT 1994). The team was commissioned to deal with forest m anagement on federal forest
land in the range of the northern spotted owl. A key component developed by FEMAT was an ecosystem
based watershed analysis approach. This approach is required before new management activities occur
on federal lands within the Pacific Northwest. The FEMAT Watershed Analysis Approach is essentially an
ecosystem analysis at a watershed scale (FEMAT 1994). The intent of the watershed analysis is to develop a
scientifically based analysis of processes and conditions to develop sound management decisions within
a watershed. The analytic modules of the watershed analysis approach consider a wide variety of topics
that include vegetation cover (current vegetation, potential vegetation, landscape patterns and plant
species of concern), disturbance (historic disturbance, blow down, roads, surface erosion, landslides,
debris flow, etc.), physical hydrology (peak flows, baseflow, channel condition, etc.), biological compo-
nents (aquatic biology, wildlife habitat), water quality and human use (RIEC 1995). The analysis team
consists of a variety of interagency specialists.

The peak flow evaluation found in the pilot approach (FEMAT 1994) is modeled directly after the TFw
Watershed Analysis Method. Low flows are considered in this assessment through the evaluation of
baseflows, which essentially is a characterization of the present regime in the watershed. The baseflow
regime is determined through the development of maps that identify areas of stream channels that are
dry during the summer. This evaluation also includes a review of streamflow records, if available, field
observations and interviews with individuals familiar with the history of the watershed. In the proce-
dure, a framework is provided to assist in identifying the mechanism for changes in low flows. Issues
such as flow diversions, dams, climatic patterns, channel condition (dewatering) and hillslope condi-
tions are all considered.

Rational Approach

The Rational Approach is a strategy to assess peak flows based on the assumption that channels are
disrupted when channel beds and banks are reworked by the mobilization of the streambed (Grant
1986). The Rational Approach is a procedure for evaluating potential stream channel impacts from
predicted increases in peak flows from forest development. The approach evaluates the mobility of a
streambed based on hydraulic relationships of channel geometry and bed particle size. Once
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discharges that can cause bed mobility in a given stream reach are estimated, predicted peak flow
increases (magnitude and frequency) can be evaluated to determine if stream channels have likely been
(or will be) disrupted. This approach requires the use of some type of model or assumption for predic-
tion of peak flow increases.

Hydrologic Models

Hydrologic modelling is a complex and immense topic that cannot be adequately addressed in this
short review. This section is therefore an introduction to the subject. In general, hydrologic models
represent simplifications of reality and are based on our understanding of the hydrologic processes
they represent. Models are tools that can be used to solve complex watershed management problems.
Hydrologic models are generally comprised of both theoretical and empirical mathematical equations
and, therefore, almost always contain parameters and variables. A variable is simply a characteristic of
a hydrologic system that varies in space and time. Examples of variables might include temperature,
precipitation or streamflow. In contrast, a parameter is a value characterizing a watershed, or portion
thereof, that usually remains constant over time. Generally, models that contain parameters must be
calibrated to the watershed they are being applied to produce satisfactory results. Calibration involves
adjusting model parameters so that the difference between the observed values and predicted values
produced is minimized. Once the model is calibrated it is then “validated” by evaluating its perform-
ance on a portion of data that was not used in the calibration process. The amount and quality of data
required for calibration and validation varies with each model application. Generally, it is viewed that
the quality of data used to calibrate and validate a model is more important than the absolute quan-
tity (record length). Specifically, data sets that possess much hydrologic variability (i.e., wet, normal
and dry years) contain more informative data and, therefore, generally lead to better calibrations
irrespective of record length. It is prudent therefore to only use a model within its calibrated range as
use outside may lead to incorrect conclusions and potentially bad management decisions. Hence, a
vital component of modeling is to have a well designed data collection strategy from which high
quality data is derived.

There are many different types of simulation models available today ranging from simple, single
regression equations to highly complex, physically based computer models that simulate the movement
of water through the landscape. More specifically, in modeling the response of a watershed to forest
management there are two basic categories of models: physically based and empirically based (Brooks et
al. 1997). Empirical models are based on relationships developed from experimental watershed studies
and from professional judgment. An example of a simplistic empirical model used in BC is the genera-
tion of a peak flow index calculated through the Equivalent Clearcut Area used in the original 1995 TWAP
procedure (Alila and Becker 2001). Conversely, physically based models are based on the integration
of hydrologic processes and are more quantitative in nature. One intent in developing physically based
models is to provide a method that is defensible and reproducible (NCASI 1992). Furthermore, the use
of predictive, physically based hydrologic models to assist forest managers in making watershed level
decisions has been the focus of many research initiatives (e.g., Alila and Becker 2001; NCASI 1992), and
these are important to note.

Numerous summaries of physically based models and/or their usefulness in predicting the impacts
of proposed forest development have been completed by several authors (Brooks et al. 1997; Singh
1995; Pike 1998; Whittaker et al. 1998). However, to date, few physically based models have been used
in practice (forest operations) and are primarily research based through the use of extensive data sets
compiled from research watersheds (Alila and Becker 2001). To this effect, a physically based model for
use in ungauged (dataless) watersheds that can be used by forest planners with limited experience in
modeling does not yet exist.
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