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A GIS-based Hydrologic Decision-Support Tool for Strategic Planning 
in the Arrow Forest District 

Final Report - Revised 

Martin Carver, Ph.D., P.Eng., P.Ag. 
Greg Utzig, P.Ag. 

January 29, 2000 

1.0  INTRODUCTION 

In October 1998, the Arrow Forest District retained Martin Carver Consulting to begin development of a 
GIS-based decision -support tool to address hydrologic constraints in District planning. The two-fold goal 
of the proposed tool was established as follows: 

• Strategic Planning – identify relative levels of hydrologic risk in relation to forest development 
useful for broad-scale planning applications (e.g. , the Timber Supply Review). 

• Operational Planning  - provide a tool for improved decision making during review of Forest 
Development Plans, identifying thresholds of hydrologic risk in relation to development or 
suggesting where further (field-based) assessments may be needed. 

As the first step in this larger project, the following objectives were established for this work: 

1. Quantitative examination of experience gained in the application of the Interior Watershed 
Assessment Procedure, focusing on indicators, relations, and correlations that may be useful in 
the Arrow Forest District. 

2. Development of a bibliography on cumulative hydrologic watershed effects and, in particular, 
methods of assessment. Synthesize this literature focusing on indicators (and thresholds if 
available) which may be relevant and/or useful to the present work in the Arrow Forest District. 

3. Assessment of data availability, suitability, quality, and limitation in regard to the development of a 
decision-support tool. 

4. Development of a preliminary framework and content of a decision -support tool. 

These objectives are focused on the conditions of the Arrow Forest District and the needs of that District 
office. Kootenay Lake Forest District, due to its similar physiographic setting, has also been considered 
while carrying out this work. Given the developmental nature of this project, it was recognized that the 
relative emphasis of these components may change during the course of the work. 

To address these objectives, this report contains two major parts: 

• Synthesis of understanding about cumulative effects on watershed hydrology (using experience 
from both the IWAP and findings from other related regions of the Pacific Northwest). This work 
will assist in establishing the variables which describe relative impact of forest development 
across diverse watersheds in addition to identifying thresholds in levels of development in relation 
to watershed impact. 

• Development of an approach to assess cumulative effects in light of the limitations and 
constraints imposed by the systems and data sources in use in Arrow District – GIS systems, 
data availability, inconsistent data quality, etc. 
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Sections 3 and 4 address the first of these while sections 5 and 6 examine the second. Discussion and 
recommendations follow in section 7. Section 2 provides additional contextual background to this work. 
Appendix A1 provides definitions of acronyms used in the report. 

2.0 BACKGROUND 

In the Arrow Forest District, assessment of hydrologic constraints takes place at two planning levels. At 
the Forest Development Planning stage, the Interior Watershed Assessment Procedure is used in 
selected high-value watersheds. At the strategic-planning level, hydrologic constraints are considered in a 
crude way in the Timber Supply Review. The purpose of the present work is to address this disparity and 
provide a consistent theoretical basis for both these applications.  

2.1 Interior Watershed Assessment Procedure 

BC’s Interior Watershed Assessment Procedure (IWAP) is used in selected watersheds (Community 
Watersheds and some watersheds with high-value fish streams) to assess the cumulative effect of forest 
development on watershed hydrology. The application of the IWAP has brought considerable progress to 
forest-land management in BC. However, the quality of attention provided to watersheds which are 
currently not deemed to be of “high value” is markedly reduced over that of the Community Watersheds 
and high -value fish streams. 

The first version of the IWAP (Anon. 1995) was a formalized procedure which used specific objective 
measures of forest development - sometimes combined with professional evaluations of watershed 
impact - to yield recommendations for future development and, where appropriate, necessary restoration 
activities. This procedure will be referred to here as the “initial IWAP (Level 1)” to distinguish it from both 
Levels 2 and 3 of that same procedure and from revisions which have come about since 1995. This initial 
IWAP (Level 1) provided a structured method to assess hydrologic hazards from watershed and forest-
development characteristics. This procedure has been recently revised (Anon. 1999b) shifting emphasis 
away from standardized indicators to rely more heavily on professional opinion of hydrologic hazards 
based on field observations. This new procedure will be referred to here as the “new IWAP”. 

The initial IWAP (Level 1) was seen to be a failure by some due to its inability to consistently rank 
watersheds according to impact based on indicators alone. However, it was inherent in the nature of that 
Level 1 procedure that some watersheds would be inaccurately assessed – it was the overall correlation 
between the indicators and impact that was sought. It has been decided that the exceptions are too 
important and that field work should form a mandatory part of the procedure. This is reasonable due to 
the watershed-specific nature of that application. The broader application of the present work – in 
particular for use in the TSR - means that exceptions can be tolerated as long as the average indication 
across many watersheds remains accurate. In fact, it may be that indicators that have been abandoned in 
the IWAP will be useful to the present effort. 

2.2 Timber Supply Review 

The need has been identified within the Timber Supply Review (TSR) for an improved assessment of 
hydrologic limitations on the timber supply, especially in areas outside of designated high-value 
watersheds. The limits currently assumed in TSR planning are given in Table 1 (Anon. 1999a). They are 
all based on measures equivalent to ECA and may not be providing an appropriate measure of hydrologic 
constraint. 

2.3 Present Work 

There exists the potential to improve upon this situation: 

1. Experience from the IWAP may be used to sharpen TSR assumptions. Carver and Teti (1998) 
carried out an analysis of B.C.’s Watershed Assessment Procedure (WAP) and demonstrated 
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how the WAP indicators vary both regionally and provincially. In their study, some indicators were 
found to be redundant (correlated to each other) while others were found to be unreliable 
measures of cumulative impact. These and other findings can be used to help identify primary 
quantitative indicators of cumulative hydrologic impact relevant in developing the GIS tool. This 
bridging knowledge can be applied to improve the management of watersheds not assessed with 
the detailed, field-based consideration provided by the IWAP. 

2. Improved GIS capabilities in the District and in Victoria are becoming available. 

3. There have been recent improvements in available data and analysis techniques relevant to the 
consideration of cumulative hydrologic impacts (Watershed Ranking Tool, Nelson Region Terrain-
Attribute Study etc.).  

Table 1. TSR assumptions used to address hydrologic constraints in Arrow Forest District. 

Type of Area Planning Limit 

 

 
Domestic Watersheds 

Class 1 (springs and minor streams) 
• maximum disturbance 15% of total catchment area 

Class 2 (basins under 250 ha) 
• maximum disturbance 20% of total catchment area 

Class 3 (basins over 250 ha) 

• maximum disturbance 25% of total catchment area 

Watersheds with Fish-Bearing 
Streams 

Maximum disturbance 25% of total catchment area; these 
watersheds are established over landscape units. 

Integrated Resource Management 
Areas 

A maximum of 30% of the total area can be under 40 years of 
age.  

“Disturbance” is defined as less than 9-m greenup on the Crown forest (Anon. 1999a) 

Regardless of how the approach developed in this study performs in assessing cumulative hydrologic 
impact, on-the-ground information will always discover disparities with GIS exercises. The present work is 
focused on what can be done without field work that is better than what is currently done. As this is the 
initial proposal of a model in development, revisions are to be expected. 

Hydrologic resource values under consideration in this work consist of: 
• domestic and irrigation water sources, 
• aquatic habitat, and 
• floodplain and downstream property. 

This report does not address the relative value of these resources. These resources are identified here to 
help highlight the hydrologic mechanisms that will be in need of investigation. This is discussed in detail in 
section 3. Note that this report focuses on streams and makes no attempt to consider springs. 

 

3.0 THEORETICAL BASIS 

This section discusses the physical basis for an analysis of the effects of forest development on 
watershed hydrology. Watershed characteristics determine the relative sensitivity of different watersheds 
to forest development. Forest development can alter hydrologic response through specific mechanisms of 
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change. Identification of the resource values of importance suggests the aspects of watershed hydrologic 
behaviour which need consideration. In this case, resource values under consideration are 
domestic/irrigation water sources, fish habitat, and downstream/downslope property values (see section 
2.3).  

The present discussion is focused on the range of watershed conditions and management activities 
present in the Southern and Central Columbia Mountain Ecosections (covering much of the Arrow and 
Kootenay Lake Forest Districts). 

 

3.1 Mechanisms Linking Forest Development to Hydrologic Response 

Physical watershed characteristics contribute to inherent hazards for water-related resources values. 
Table 2 distinguishes these in terms of flow and sediment hazards. The risk to resource values varies in 
accordance with the indicated watershed characteristics independently of forest-management activities. 
In addition, the inherent character of a watershed enhances or reduces the extent to which development-
related impacts are experienced in a given watershed with respect to a mean watershed response across 
many watersheds. If these interactions are understood, they can be modeled in a risk-rating system. 

Table 2. Watershed  characteristics which shape background hydrologic hazard. 

Flow Hazards Sediment Hazards 

Peak-Flow Regime 
• extent of natural forest cover (ECA buffers) 
• soil moisture storage 
• low-elevation lakes/wetlands (flow buffers) 
• fire disturbance 
• basin morphology: 

• elevational distribution 
• aspect/elevation complexity 
• drainage density 
• basin size and shape 

• climatic influences 
• precipitation amount/distribution 

(rain/snow) 
• intensity/duration/frequency of storm 

events 

Low-Flow Regime 
• glaciers and long-duration snow fields 
• wetlands, high-elevation lakes  
• subsurface water storage 
• elevational distribution 
• precipitation amount/distribution (rain/snow) 

Sediment Regime 
• terrain instability (bedload) 
• soil erodibility (suspended load) 
• channel stability (see below) 
• fire disturbance 
• glaciers 
• low-elevation sediment traps (e.g., 

lakes) 
 

 

Channel Stability 
• channel type 
• peak-flow regime (see left) 
• fire disturbance 
• flood disturbance 
• low-elevation sediment traps (e.g., 

lakes) 
• terrain instability 

 

The “base case” without development can be established on the basis of the historic range of natural 
variability (see section 6.2.4). 
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Forest development as considered in this analysis consists of forest harvesting and road building. The 
primary flow and sediment consequences that occur as a result of these activities and which can cause 
impacts to the resources identified in section 3 are: 

• increased peak flows, 
• channel destabilization, 

• increased suspended sediment, and 
• reduced low flows. 

The processes that can occur as a result of forest development and which can affect the resource values 
of concern described below. Some of the discussion in this section follows Church (1996).  

Cut/Fill & Soil Exposure 

Roads increase sediment production through waterborne erosion and mass wasting. Active surfaces of 
forest roads and skid trails represent exposed areas  where sediment is produced due to abrasion, rilling, 
and in some cases, gully erosion. These effects can be mitigated with surface materials, road 
deactivation, revegetation, and disuse. Mass wasting can result directly from road construction – for 
instance, where a fillslope fails. Cutbanks can be undermined with the potential to cause chronic 
sediment sources contributing directly to ditch lines. Enhanced production of fine sediment increases 
suspended sediment concentrations especially during significant freshet rain-on-snow events. Enhanced 
delivery of coarse sediment to streams can destabilize channels resulting in, among other outcomes, a 
further increase in recruitment of fine sediment due to streambank erosion. 

Drainage Diversion 

The drainage system associated with the road network can significantly modify the natural drainage 
pattern. Water can be routed to drainage features and hillslopes that otherwise would not experience the 
flow. These new flows can initiate landslides or gullying, delivering sediment to streams. In addition, 
diverted drainage can advance the timing of runoff increasing peak flows and potentially decreasing late-
season low flows. 

Subsurface-Flow Interception  

Roads can bring subsurface flows to the surface, routing them to the drainage network. In addition, the 
road network acts as an extension to the drainage network, efficiently routing runoff to the natural 
drainage network (Wemple 1996). Both of these have the effect of advancing the timing of runoff serving 
to potentially increase peak flows and decrease late-season low flows. This mechanism is most likely to 
occur when roads pass through wet sites and/or require deep cuts (slopes with gradient over 40%). 

Loss of Riparian Function 

Harvesting in the riparian zone may reduce bank stability through direct disturbance and loss of root 
strength as a result of forest removal. Riparian harvest may remove sources of coarse-woody debris that 
may be necessary for channel stability. Other effects such as increased temperature due to the removal 
of the riparian vegetation are not considered in this analysis. 

Increased Rate of Snowmelt  

Openings in the forest (from harvesting and roads) increase the melt rate of the snowpack through 
greater exposure to solar radiation. Similar to the effect of flow interception, the faster melt rate serves to 
increase peak flows and potentially decrease late-season low flows, depending on distribution by aspect 
and elevation. Small openings may experience an intermediate melt rate in relation to their size and 
orientation. 
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Increased Snowpack & Decreased Evapotranspiration  

Openings in the forest - whether due to harvesting or to roads – generally increase winter snow 
accumulation through the loss of canopy snow interception and sublimation. The enhanced snow pack 
results in higher total basin runoff which can increase peak flows. The effect of harvesting is temporary – 
as the trees grow and canopy closure occurs, hydrologic recovery takes place resulting in a gradually-
diminished effect. In contrast, the effect of roads is permanent unless site rehabilitation/revegetation is 
accomplished. In general, enhanced snowpacks increase low flows but it is suspected that 5 to 10 years 
after initial harvest, depending on the type of new vegetation, reduced low flows can occur if water-uptake 
behaviour has changed.  

Small openings (less than 5 tree heights in diameter) can yield a snowpack different from that of large 
openings due to wind effects, and in some colder climates, sublimation from the ground. In the Arrow and 
Kootenay Lake Districts, it can be assumed that the snowpack within small openings (between 1 and 5 
tree heights in diameter) is roughly equivalent to that of large openings because of the moderate wind 
and temperature regimes (Dave Toews personal communication). In combination with the intermediate 
melt rate of small openings, it is generally expected that openings under 5 tree heights in diameter result 
overall in a potential for affecting peak flows which is intermediate between full canopy closure and large 
openings. The snowpack in very small openings (less than one tree height in diameter) may differ from 
that of small/large openings due to the higher relative significance of edge effects. Note that the 
enhanced-snowpack effect can be mitigated by the us e of single-tree selection.  

These hydrologic consequences cause resource impacts as shown in Figure 1. Reduced low flows affect 
only water quantity for consumption/irrigation and fish habitat. In contrast, increased peak flows can affect 
property directly through flooding and can also indirectly affect domestic water quality and fish habitat 
through channel destabilization. The degree to which these effects occur as a result of management will 
vary depending on the relative intensity, duration, and extent of the impacts resulting from the forest-
management regime applied. 

Figure 1. Mechanisms for hydrologic resource impact from forest development. 

 

Affected
Management Process Linkage Hydrologic Resource/

     Activity Mechanism Consequence Indicator

Cut/Fill & Enhanced Increased Reduced
Soil Exposure Waterborne Suspended Water Quality

Erosion Sediment
Drainage

Road Diversion Increased
Building Frequency of Channel Lost or Damaged

Subsurface Landslides Destabilization Aquatic Habitat
Flow

Interception Loss of Coarse
Woody Debris Damaged

Loss of Riparian Increased Property
Functions Peak Flows

Advanced
Forest Increased Rate Timing of Reduced

Removal of Snowmelt Runoff Reduced Low Seasonal
Flows Water

Locally Increased Increased Availability
Snowpack/Decreased Water Yield

Evapotranspiration

Off-setting
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3.2 Potential Impacts on Resource Values 

Three main resources are of concern in this analysis: drinking/irrigation water, fish habitat, and 
downstream property values. Four potential impacts on these resources due to forest development are 
considered here: 

Reduced Water Quality (for domestic consumption and irrigation) 

Forest development can alter the physical, chemical, and biological makeup of the water resource. It is 
widely accepted that these Districts’ most widespread water-quality concern is associated with increased 
sediment delivery to water courses. Other changes can be significant but often they stem from this 
fundamental physical change. Only sediment impacts are specifically considered in the present work. 

Loss/Damaged Aquatic Habitat 

Fish habitat requires steady recruitment of gravels and a balance of inputs and outputs in addition to 
general channel structure and stability consistent with maintaining the habitat. 

Damaged Property (and Structures) 

Flooding and channel change are natural processes which can be exacerbated by some impacts of forest 
development. 

Reduced Seasonal Water Availability (for irrigation, domestic consumption, and fish habitat) 

Late-season low flows are important for the maintenance of water quantity for domestic consumption and 
fish habitat. 

Each of these has the potential to occur as a result of forest development. The mechanisms for their 
occurrence can be complex, often with multiple simultaneous effects. See Figure 1. 

4.0 MANAGEMENT APPROACHES 

Reid (1993) defines a cumulative effect as “any environmental change influenced by a combination of 
land-use activities.” The present discussion focuses on assessment of cumulative effects as they pertain 
to watershed hydrology. Under a variety of names (e.g., Cumulative Watershed Effects (CWE), 
Watershed Analysis, and Watershed Assessment), these techniques have been developed to respond to 
the concern that incremental land-use activities create a deterioration in watershed condition that cannot 
readily be recognized from the site-specific consideration of additional development proposals.  

The development of BC’s Watershed Assessment Procedure is reviewed along with other procedures in 
BC involving the use of “watershed report cards”. Procedures followed in other jurisdictions are reviewed 
with a focus on the USA Pacific Northwest where most work has taken place on CWE in the context of 
forest development. A search was conducted of commercial databases and personal collections of 
literature to identify publications useful in the present exercise. A selection of the most useful of these 
papers is discussed in this review. The full list of publications may be examined in Appendix A2. The 
review in this section focuses on CWE approaches and research findings related to the dominant 
management activities present on Crown forest land within the Arrow Forest District - forest removal and 
road building with little other land use activity (i.e., urbanization, agriculture, etc). 

While this report has been under preparation, a separate literature search has been carried out by the 
Kamloops Forest Region for publications examining relationships between hydrologic response and “rate 
of cut” in hydrologically-similar forest environments to those found in southern BC. The search carried out 
as a part of this work has emphasized issues in addition to rate of cut. In consultation with Peter Lewis 
(Arrow Forest District), it was decided to discontinue this literature review until the result of the Kamloops 
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project was available. Literature emphasis here has instead been placed on the review and synthesis of 
approaches to cumulative-effects analysis/management. 

4.1 British Columbia 

Between the mid-1980s and the present, approaches have been developed to address the cumulative 
hydrologic effects of forest development in Crown forests: 

• Watershed Workbook (Wilford 1987) 
• Initial IWAP Level 1 (Anon. 1995) 
• Interim IWAP (Anon. 1998) 
• Domestic Watershed Guidelines (KBLUP) 
• Revised IWAP (May 1999; Anon. 1999b) 

These approaches use different selections of indicators as shown in Table 3. The assessments use the 
indicators of forest development in different ways to yield interp retations of hydrologic hazards as 
discussed in Table 4. 

The Watershed Workbook asks a series of questions about past and present conditions. Using scoring in 
a flowchart, it provides recommendations for management based on sensitivity indices for a variety of 
hazard classes. Although this approach was developed for coastal watersheds, it formed the conceptual 
basis for the IWAP. The initial IWAP/CWAP (Level 1) provided the first formal consideration of cumulative 
hydrologic effects in the management of all of BC’s Crown forests. Its scoring and algorithms were based 
largely on collective professional experience and opinion in BC in addition to limited calibration in a few 
watersheds. The other three approaches have emerged from the experience provided by the initial IWAP. 

The indicators used in these methods (Table 3), in addition to the way they are used, have been 
examined in several papers. Carver and Teti (1998) summarized insights from these papers and 
highlighted inefficiencies in their use through a descriptive statistical analysis. See section 5.1 for details. 

4.2 Other Jurisdictions 

The hydrologic effects of road building and forest harvesting are studied actively throughout the world. 
Due to the advanced state of forest development in the Pacific Northwest, approaches have been 
developed to systematically adjudicate advanced levels of forest development (mostly in the USA). These 
management approaches are reviewed in this section. In section 4.2.2, selected research results are 
highlighted. 

4.2.1 Analysis of Cumulative Effects of Forest Development 

Cumulative effects are not generally well addressed in environmental assessments (Burris and Canter 
1997). System complexity, management diversity, lack of knowledge about interactions through space 
and time, and political resistance all contribute to an inadequate state of knowledge to appropriately 
address the issue. There is even a lack of consensus on what constitutes a definition of cumulative effect 
(Reid 1993). In forest management, progress has been made in the USA Pacific Northwest and to a 
lesser degree in British Columbia where public outcry combined with new legislation has initiated the 
development of assessment approaches in many jurisdictions (Ellefson et al. 1997). 

Good  reviews exist of approaches available for assessing the cumulative effect of forestry activities on 
water resources (e.g., Megahan 1992, Reid 1993, and Beschta et al. 1995) and generally identify three 
types of approaches – checklists, indicator models, and process models. The present review 
characterizes the range of existing approaches in terms of the two types: process-based models and 
indicator approaches linked to system response. Checklist approaches also exist (e.g., Canter and 
Kamath 1997) but these are not reviewed because they are considered too subjective to be of use in the 
current situation. 
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Table 3. Indicators used to assess cumulative hydrologic effects - existing BC approaches.  

Indicator Units 
InitiaI  
IWAP 

Level 1 

KBLUP Interim 
IWAP 

Revised 
IWAP 

(May/99) 

Extent of Logging      

% of watershed % (ha/ha)   4 4 

ECA (H60 weighted) none 4 4 4 4 

Road Density      

in entire basin km/km2 4 4 4 4 

above the H60 line km/km2 4    

on erodible soils km/km2 4    

within 100 m of a stream  km/km2 4    

on erodible soils & within 100 m of stream km/km2 4    

on unstable slopes km/km2 4 4 4 4 

as high sediment source km/km2   4 4 

density of stream crossings no./km2 4 4 4  

Channel/Riparian      

stream logged % (km/km) 4  4  

fish stream logged % (km/km) 4    

S1/S2/S3/S4 streams logged % (km/km)    4 

stream logged on slopes > 60% % (km/km) 4    

streams with unstable channel % (km/km)   4 4 

Other      

density of landslides no./km2 4 4 4 4 

1) Some indicators are expressed as totals in the assessments but are densities since they are calculated 
for individual basins. Normalized parameters provide preferred expression for comparison of approaches. 
2) ECA and other terms are defined in Appendix A1.  

 

 

Process-Based Models 

Process-based models begin from a theoretical understanding of system behaviour. Given the diversity of 
natural systems and the complex interactions which are being modeled, they are generally complex with 
high data requirements and typically emerge from a research environment. However, they provide greater 
accuracy and have broad application across different landscapes and management regimes. Due to the 
limited applicability in the present context, only two examples are provided here. 
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Table 4. Use of indicators to assess hydrologic hazards in BC. 

Approach Method to Determine Hydrologic Hazards  

Watershed 
Workbook 

Wilford (1987) describes a sensitivity analysis for coastal BC watersheds in which 
factors affecting channel stability (natural and management) are examined to build 
sensitivity indices. These indices are combined in a flowchart to yield an overall 
sensitivity hazard for the watershed. The algorithms embodied in the flowchart are 
presented as a cookbook without a supporting rationale. 

Initial IWAP 
(Level 1) 

The indicators are scored (on a scale from 0 to 1 - see Appendix A3) then used in 
algorithms which combine and weight them to yield hazards in four categories: 
Peak Flow, Surface Erosion, Riparian Buffer, and Landslides. These numerical 
results are interpreted by a committee under the advice of a hydrologist. The 
method is intended as a coarse screening tool. The classes and the algorithms are 
based on a limited number of BC watershed studies. 

KBLUP Each indicator is rated as low, medium, or high according to defined numerical 
classes (see Appendix A3)  These values are taken into consideration (by a 
forester) during the preparation of the Forest Development Plan. No guidance is 
provided on how to reflect these hazards in planning nor are the class limits 
justified. 

Interim 
IWAP 
(NFR) 

The indicators are presented in a Report Card format and interpreted by a 
hydrologist to yield hydrologic hazards in five categories: peak flow, surface 
erosion, mass wasting, riparian buffer, and channel stability. These interpretations 
are provided to a committee along with management recommendations. 

Revised 
IWAP 
(May/99) 

The indicators are presented in a Report Card format and interpreted by a 
hydrologist to yield hydrologic hazards in four categories: peak flow, sediment 
sources, riparian function, and channel stability. In addition, important interactions 
between these hazards (and at different scales) are identified by the hydrologist. 
These interpretations are provided to a committee along with management 
recommendations. 

 

Cline et al. (1981) describe the model used in the R-1 and R-4 Regions of the US Forest Service. 
Sediment yield is predicted using relations and coefficients developed form extensive research in the 
Idaho Batholith. It is linked to another model (Stowell et al. 1983) to describe the effect on fish survival 
with changes in sediment yield. The procedure is well founded in research but looks only at one effect of 
one mechanism (increased sediment yield) and is calibrated only for the Idaho Batholith. This model has 
been combined with the ECA procedure described below and termed WATSED (USFS 1991 in Megahan 
1992). 

WRENSS (USFS 1980) consists of a series of procedures to evaluate forest-development impacts 
including changes in flow, sediment, and temperature regimes in addition to changes in nutrients and 
dissolved oxygen. The basis of the hydrologic component is computer simulation of water budgets. 
According to Reid (1993), WRENSS is a collection of tools useful for impact evaluation - some of the 
methods contained in it have been intensively tested while others have not been validated at all. Its use in 
cumulative-effects assessment would necessitate additional methods and demand extensive calibration. 
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The detailed process-based models are useful in providing understanding but cannot be usefully applied 
in the present context. Configuring them for the landscape under consideration would be onerous and, in 
fact, such an initiative would encounter a lack of data thereby spawning applied research for model 
calibration. Such an approach would be a substantial departure from the goal of developing a screening 
tool for addressing hydrologic constraints in forest-development planning.  

Indicator Models 

The second type uses indicators which correlate – at times crudely - to resource degradation. As 
explained in Salasan Consulting Ltd. et al. (1999), this approach seeks to select indicators that link 
environmental pressures to changes in environmental values. See for example Westland Resource 
Group (1995, p 24). These approaches tend to be simple to use but narrow in scope, requiring 
recalibration if applied to a different landscape and/or management regime. Several approaches are 
reviewed here which address aspects of hydrologic change in relation to forest development. 

The Equivalent Clearcut Model (USFS 1974, Galbraith 1975) is perhaps the most widely known in British 
Columbia. This model considers only a change in peak flow and only in relation to its potential to cause 
channel disruption. In its original design, all forest management activities were rated (including roads) 
according to their equivalent effect as a clearcut in contributing to an increase in peak flow. Coefficients 
were determined through local calibration and professional judgment as to the increase in water yield of 
management activities in relation to vegetation type, elevation, and age of the activity (Reid 1993). ECA is 
often used in forest management in British Columbia as a single index to represent the combined impact 
of all forest development. The ECA concept was never intended to be used in this way nor does ECA 
represent all mechanisms of resource degradation (see Figure 1 and section 5.1). 

In its initial form and like the ECA Model, the Equivalent Roaded Area (ERA) Model calculated a single 
index of forest-development impact, assuming channel destabilization to be the hydrologic response of 
greatest concern (e.g., Haskins 1986). In contrast to the ECA Model, the initial ERA approach assumed 
that resource degradation occurs from increased peak flows primarily due to soil compaction (reflecting 
the importance of this mechanism in California where it was developed). As explained by Reid (1993), 
this procedure has changed substantially since its conception (USFS 1988, Cobourn 1989a) to address 
downstream impact generated by several mechanisms. Impact potential is indexed by relating, through 
extensive calibration, the effects expected from each activity (including openings created by forest 
harvesting) to that expected from roads. ERA has become more an index of land-use intensity through 
what can be described as a locally-calibrated accounting of past, present, and future activities. Accounts 
of its application suggest that there may be thresholds that crudely relate to impact on hydrology or 
ecosystem behaviour (Cobourn 1989b; McGurk and Fong 1995). 

Klock (1985) has proposed a cumulative-effects approach which assumes that a change in sediment 
regime causes the hydrologic impact of greatest concern. This contrasts with the ECA model which looks 
only at a change in the flow regime. Klock’s scheme is not tested, its physical basis is unexplained, and it 
requires extensive calibration. As with the ECA model, it does not consider effects that accumulate 
through time. 

The Washington Forest Practices Board (1997) provided a multidisciplinary watershe d approach to 
assessment, prescription, and evaluation. Its strengths are seen to lie in identifying and reducing the 
dominant, direct physical effects of forest-land uses on salmonid habitat (Collins and Pess 1997). It is 
weaker in integrating changes from more than one type of input. It relies heavily on field work and uses a 
range of tools including empirical relations developed in the USA Pacific Northwest including Washington. 
It is useful to the present study in terms of its consideration of factors which affect watershed hydrology; it 
is less useful in integrating these into risk ratings in relation to potential detrimental hydrologic response. 

Athman and McCammom (1989) described a risk assessment developed for use in adjudicating forest 
development in the Bull Run watershed (Portland’s municipal water supply). An assessment was made 
showing that past management during 1975-1982 did not significantly alter water quality or flow response. 
This assessment was based partially on the availability of extensive water quality/quantity data. Risk 
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ratings were developed in relation to this period. Correlations were developed using three factors - ECA 
recovery, road recovery, and “entry days” – and were used as the basis for a comparative risk-rating 
system. The development of these correlations in relation to the research results was not described. 

A New District Approach 

The experience described above suggests the general content and structure of what is needed in the 
present work. Ideally, the rating system will have a strong theoretical basis, focused on the landscape and 
management regime under consideration. It will address both singular and cumulative effects (including 
interactions) to the extent that they are understood. While it is not feasible to use a physical model, the 
approach should be grounded in the understanding that research and detailed modeling can provide. The 
importance of spatial attributes in hydrologic impact analysis is clear and hence the proposal should 
include consideration of these features. 

In developing management indices, these studies make it clear that hydrologic response is too complex 
to be adequately represented by one index. Bettinger and Johnson (1998) reached this same conclusion 
in comparing indices of habitat quality with various indices of forest development including ECA. This was 
recognized in BC in the development of the Interior Watershed Assessment Procedure where five hazard 
indices are assessed (see sections 4.1 and 5.1). However, if the indices are poorly formulated or lack 
data or a physical basis, it may be more appropriate to acknowledge the lack of understanding and simply 
use crude “back of the envelope” calculations based on general indicators like basin ECA and road 
density. This is discussed further in section 6.2.1. 

The management context constrains the approach to be a tool simple in application exploiting GIS 
capabilities and available data. It is likely that an indicator approach will be most feasible; however, those 
indicators selected should be tied to relevant physical processes which correlate with impact (recall 
Figure 1). The structure should be established so that the results are amenable to interpretation in a risk-
assessment context. It is suggested that the proposal would be best implemented in terms of an adaptive-
management framework. Ongoing evaluation as knowledge and data improve would give the rating 
system the capacity to evolve thereby improving the precision and accuracy of its indications. 

Regardless of the content of the approach, because it is a management tool, it is important that it be 
structured in a risk assessment framework so that “science” and “policy” can be separated clearly. 
Salasan Consulting Ltd. et al. (1999) have developed a procedure for Environmental Risk Assessment 
(ERA), as a support tool for policy evaluation, land-use planning, and resource-management decision 
making. In this approach, risk is defined as the likelihood or probability of an adverse outcome or event. 
As stated in Salasan Consulting Ltd. et al. (1999), 

Although it may assist in decision making, ERA does not include the final step of actually 
deciding policy or choosing a management option. ERA provides managers and policy makers 
with information for making reasoned decisions, but it does not dictate a specific outcome. 
Managers and policymakers may use the results of ERA as an input to their deliberations, but 
they must also weigh other factors, such as legal mandates, community stability and social 
considerations before making a decision. Any decision taken by managers or policymakers will 
likely require a compromise resulting in residual risks of varying degrees to some, or all, of the 
factors considered. ERA provides a mechanism for managers to communicate forecasted risks 
associated with decisions, such that stakeholders and the public are informed of the full 
implications of decisions (e.g., Everest et. al., 1997).  

The approach can be used on the "back of an envelope" while preparing for a meeting, or as a 
rigorous in-depth study undertaken by an expert team over a span of years. Clearly, the 
reliability of results will generally increase with better data and increased effort, but decisions 
often do not wait for in-depth data collection. Environmental managers require a credible and 
defensible approach which can provide effective results when a rapid response is  necessary. 
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It is a systematic approach that can be applied in a variety of situations ranging from those with minimal 
available data and resources to those with detailed inventories and complex systems modeling. Figure 2 
illustrates the approach. The detailed steps are provided in Appendix A4. 

Boyer et al. (1999) took an alternate approach for the Perry Ridge Local Resource Use Plan (LRUP) 
Table. In that risk assessment, they rated the importance of the resources potentially affected by 
proposed forest development (i.e., consequence) and incorporated assessment of resource importance 
into the estimated risks. Mixing societal valuations of consequences with risks of undesirable outcomes 
can lead to controversy where people have differing value systems. 

Additional citations on this topic, not discussed in this section, are provided in Appendix A2. 

Figure 2. Framework for development of decision -support tool (Salasan Consulting Ltd. et al. 
1999). 

Select and Characterize 
Environmental Values

Historical
Variability

Habitat
Requirements

Ecosystem
Role

Economic and
Social Value

Past Pressures
Cumulative Impacts

Sensitivity
to Change

Present
Condition 

Define and Characterize
 Proposed Management 

Regimes
Types of
Activities

Intensity of
Activities

Extent and 
Location of Activities

Type and Degree
of Regulation

Duration of
Activities

Identify Indicators Identify Associated Pressures

Management
Plan Revisions
to Reduce Risk

Identify Risk Reduction Strategies

Model  Interactions between 
Proposed Management and 

Environmental Values

Past and
Future
Trends

Define
Thresholds

Assess Risks

Define
Risk Classes

Define
Base Case

Report
on Risks

Low Risk
Benchmark



 

Hydrologic Risk Assessment    29/1/00 14/37 Carver Consulting 
 

 

4.2.2 Forest Development and Watershed Hydrology 

Selected comments follow concerning important discussions ongoing in the research literature in relation 
to hydrologic response from forest development. 

It is becoming increasingly accepted that roads may contribute to changes in peak flow (Burroughs et al. 
1972; Harr et al. 1975; Zeimer 1981; King and Tennyson 1984; Wright 1990; Jones and Grant 1996 - in 
Ziegler and Giambelluca 1997). Wemple (1996) identified one mechanism in demonstrating how roads 
extend the natural drainage network by up to 40%, routing runoff and subsurface flow at a faster rate to 
the basin outlet. This hypothesis is also consistent with basic theory. What is less clear is the extent of 
road contribution to increased peak flows especially in relation to other changes such as higher basin 
water yield. Jones and Grant (1996) examined long-term records of streamflow in the H.J. Andrews 
experimental watersheds using categorical analysis and analysis of variance, approaches which appear 
to be much more sensitive than standard regression techniques (Church 1996). Their findings caused 
them to suggest that the increased efficiency with which roads deliver water to channels is the most 
significant factor responsible for increased peak flows. Howeve r, Thomas and Megahan (1998) disputed 
the findings of Jones and Grant (1996) by suggesting that their conclusions cannot reasonably be drawn 
due to flaws in their analysis of the data.  

A basin ECA of 20% is often used in BC as a threshold to guide managem ent decisions. For instance, 
this formed the basis of a recommendation for Clayoquot Sound of 1% basin harvest per year to a 
maximum of 20% ECA (Clayoquot Sound Scientific Panel, 1995). Church (1996) and others have found 
from detailed reviews of the literature that a trend of measurable increased peak flows occurs for basins 
with over 20% ECA. This observation does not mean that an ECA of 20% is a physical threshold of 
watershed response. Further, it does not imply that above an ECA of 20% channels will be destabilized 
by forest development, nor remain stable below 20%. The consequence of the change depends on a 
number of additional factors including the magnitude of the change in peak flow, changes in the regimes 
of sediment and coarse woody debris which may occur simultaneously, and many channel -related 
characteristics. Church (1996) has pointed out that an increase in peak flows likely occurs at lower levels 
of ECA (below the level at which it becomes measurable) – the inability to detect the change is a 
reflection of the large synoptic and landscape variability and implies a natural range of variability. It may 
be technically justified on other physical grounds to support an increase in peak flows; however, in the 
absence of the more detailed analysis that would be required, it is prudent to maintain the flow regime 
within the natural range of variability. 

Further elaboration of the relative importance of increasing the smaller frequent floods versus the larger 
infrequent floods would be of assistance – especially in relation to the changes in these flood classes as 
brought about by forest-development activities. Wolman and Miller (1960) explained how the annual flood 
does most of the work in forming the channel (1.5-year return period). Presumably, an increase in the 
peak flow of the frequent floods is therefore of concern to channel stability. To what extent are these 
types of changes important? And how important are they in the context of an enhanced sediment regime 
and/or a modified regime of wood recruitment? 

The identification of impact thresholds is useful in supporting management decisions. However, Zeeman 
(1976, in Megahan 1992) has argued that few changes in nature occur catastrophically at a threshold but 
rather occur incrementally. Instead, the concept of a threshold can be interpreted differently to mean a 
point beyond which an undesirable physical consequence will occur. It is the occurrence of such a 
consequence that forms the threshold concept with many different combinations of factors able to bring it 
about. With this modified concept of threshold, the challenge becomes to identify which combinations of 
watershed and development factors result in a high probability of specific thresholds being exceeded. 
Scherer and Winkler (1999) are currently asking this question with respect to the effects of rate of cut on 
hydrologic response. Once this report is available for review, the larger question of the effects of all forest 
development on hydrologic response can be examined in the context of the wid er research literature.  
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5.0 CONSIDERATIONS IN DEVELOPING DECISION-SUPPORT TOOL 

Data available for this work has shown recent improvements. The IWAP experience both in these Districts 
and in the province can reveal indicator behaviour and help to suggest which might be most practical. 
Simple proxy variables can be examined to see how well they reflect hydrologic change. These issues 
are discussed in section 5.1. Section 5.2 discusses existing and emerging District data sources and their 
limitations. 

5.1 Provincial and District Patterns in Forest Development 

IWAP data from the Arrow and Kootenay Lake Districts are examined in this section. (See Appendix A5 
for an updated summary of available IWAP reports.) In the absence of consistent impact data, this 
analysis is limited to a review of the indicator and proxy variables themselves and cannot identify which 
are most closely tied to impact. In addition, caution should be taken in assuming that patterns of 
development that have happened in the past will continue into the future. 

Carver and Teti (1998) 

Carver and Teti (1998) used as their primary data set a sample of WAP results from over 1000 sub-
basins from throughout the province. These data included results from the Nelson Forest Region 
incorporating most of the data (to 1997) from the Arrow and Kootenay Lake Forest Districts. They made 
the following observations: 

• no single indicator was found to be a good measure of watershed disturbance, highlighting the 
usefulness of considering different classes of disturbance (as featured in the WAP approach), 

• there was a relation between road density and ECA but it was generally weak, and 

• density of stream crossings and of roads near streams showed good correlation suggesting that 
only one factor was necessary in the approach; they suggested use of density of roads near 
streams because it was less prone to data error 

They reviewed other analyses of the WAP including ones which related impact to the indicators. Hamilton 
et al. (1996) and Pack and Gubala (1997) found reasonable correlation of IWAP hazard indications with 
real impact and were able to suggest some changes to the method to improve its accuracy – for example, 
distinguishing between natural and human-caused landslides and increasing the relative importance of 
roads near streams and on erodible soils. 

The work of Carver and Teti (1998) has been updated here for the Arrow and Kootenay Lake Forest 
Districts. A greater level of quality control has taken place on these data. In particular, residual areas 
have been identified and removed from the data set because they are not basins. In addition, the data 
from each report were corrected for miscellaneous errors. 

Selection of Development Indicators 

Density of stream crossing and of roads near streams were found to be well correlated in the District data. 
It is proposed here that the density of roads near streams be selected as the indicator for use in this 
project. Total road density remains a good general indicator of subsurface interception in addition to gross 
level of development and should be retained. Roads on unstable slopes and roads on erodible soils each 
model a distinct process important to evaluating basin disturbance. An additional indicator is suggested to 
better represent interception of subsurface flow: density of roads on wet sites (mesic or wetter) and on 
slopes over 40%. These roads are likely to have a depth of cut and a site type that result in intercepted 
water. 

Weighted ECA and extent of riparian logging remain important indicators. It is suggested that the peak -
flow index be abandoned in favour of a more complex combination of factors affecting peak flow. 
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Relations between other indicators were examined. There was little correlation which is not surprising 
given the variety of terrain under consideration. 

Distributions of Indicators 

The updated database of IWAP results is provided in Appendix A4. Tables 5 and 6 provide the 
distributions of these data in deciles. The following strategy can be applied to these distributions. First, 
they provide a clear indication of how these factors vary in basins for which there exists concern for 
hydrologic consequences from forest harvesting. For instance, They can be interpreted in light of the 
conversions provided in the initial IWAP Level 1 (Anon. 1995, p 16 - Table 1) as these scores were 
compiled from the collective professional experience of provincial technical specialists. Second, this 
indicator compilation needs combining with actual basin impact data. While these could be extracted from 
some IWAP reports, it is suggested that standardized measures need to be established and applied to all 
of these basins. With this additional information in hand, better assessment of the relative importance of 
each indicator can be made. See section 6.2.4 for further discussion. 

Table 5. Decile distributions of some District IWAP indicators.  

Range of Indicator within the Decile  
Decile 

% Area  
ha 

Private 
Land 

% basin 

Unweighted 
ECA 

Weighted 
ECA 

Portion of  
Stream Logged 

km/km 

Density of 
Landslides 

no/km2 

0-10 50 - 290 0 - 0 0 - 0.01 0 - 0.01 0 - 0 0 - 0 

10-20 290 - 590 0 - 0 0.01 - 0.04 0.01 - 0.07 0 - 0.03 0 - 0 

20-30 590 - 835 0 - 0 0.04 - 0.07 0.07 - 0.09 0.03 - 0.06 0 - 0 

30-40 835 - 1110 0 - 0 0.07 - 0.10 0.09 - 0.13 0.06 - 0.09 0 - 0 
40-50 1110 - 1420 0 - 0 0.10 - 0.13 0.13 - 0.16 0.09 - 0.11 0 - 0 

50-60 1420 - 1870 0 - 0 0.13 - 0.15 0.16 - 0.20 0.11 - 0.16 0 - 0.01 

60-70 1870 - 2455 0 - 0.24 0.15 - 0.17 0.20 - 0.22 0.16 - 0.20 0.01 - 0.07 
70-80 2455 - 3190 0.24 - 2.22 0.17 - 0.21 0.22 - 0.27 0.20 - 0.26 0.07 - 0.15 

80-90 3190 - 5205 2.22 - 14.3 0.21 - 0.28 0.27 - 0.40 0.26 - 0.36 0.15 - 0.27 

90-100 5205 - 38800 14.3 - 67.7 0.28 - 0.61 0.40 - 0.76 0.36 - 0.96 0.27 - 3.2 

mean 29.9 4.1 0.14 0.18 0.17 0.12 

std dev 54.1 11.2 0.11 0.15 0.17 0.34 

number 175 156 170 163 165 160 
 

Some additional observations: 

• over 60% of these basins have no private land 
• 90% of the basins have less than 28% unweighted ECA and less than 40% weighted ECA 
• 90% of the basins have less than one third of the riparian logged 
• over half of the basins have no landslides; 40% have between 0 and 0.27 landslides per square 

kilometre 
• road densities vary up to 4 km/km2; the top of this range occurs as a result of the inclusion of skid 

trails in small basins 
• roads on both erodible soils and within 100 m from a stream is a compressed indicator 
• roads density above the H60 appears to be about half that of total road density 
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When it is clear which development indicators are going to be used in the rating system, their distributions 
may be determined across the entire Arrow and Kootenay Lake Districts and interpreted in light of the 
more detailed information that is available for those basins with IWAP data. 

Table 6. Decile distributions of District IWAP road indicators.  

Range of Indicator within the Decile  
 

Decile 
% 

All Roads 
km/km2 

Roads on 
Erodible 

Soils 
km/km2 

Roads on 
Unstable 
Slopes 
km/km2 

Density of 
Stream 

Crossings 
xsings/km2 

Roads <100 
m from a 
Stream 
km/km2 

Roads <100m 
from Stream on 
Erodible Soils 

km/km2 

Roads 
above H60 

km/km2 

0-10 0 - 0.2 0 - 0 0 - 0 0 - 0.09 0 - 0.05 0 - 0 0 - 0 

10-20 0.2 – 0.44 0 - 0.1 0 - 0 0.09 - 0.32 0.05 - 0.14 0 - 0 0 - 0.03 

20-30 0.44 - 0.65 0.1 - 0.06 0 - 0.01 0.32 - 0.47 0.14 - 0.24 0 - 0.02 0.03 - 0.13 

30-40 0.65 - 0.84 0.06 - 0.13 0.01 - 0.03 0.47 - 0.63 0.24 - 0.29 0.02 - 0.05 0.13 - 0.25 

40-50 0.84 - 1.01 0.13 - 0.20 0.03 - 0.06 0.63 - 0.78 0.29 - 0.37 0.05 - 0.08 0.25 - 0.41 

50-60 1.01 - 1.28 0.20 - 0.27 0.06 - 0.1 0.78 - 0.98 0.37 - 0.40 0.08 - 0.10 0.41 - 0.52 

60-70 1.28 - 1.44 0.27 - 0.41 0.1 - 0.15 0.98 - 1.13 0.40 - 0.46 0.10 - 0.14 0.52 - 0.74 

70-80 1.44 - 1.77 0.41 - 0.56 0.15 - 0.2 1.13 - 1.42 0.46 - 0.53 0.14 - 0.22 0.74 - 1.00 

80-90 1.77 - 2.04 0.56 - 0.89 0.2 - 0.45 1.42 - 1.94 0.53 - 0.71 0.22 - 0.33 1.00 - 1.28 

90-100 2.04 - 3.99 0.89 - 2.84 0.45 - 1.55 1.94 - 10.9 0.71 - 2.97 0.33 - 1.92 1.28 - 2.54 

mean 1.13 0.35 0.17 1.11 0.40 0.14 .56 

std dev 0.77 0.43 0.28 1.49 0.35 0.22 .56 

number 174 164 164 165 165 163 166 

 

Proxy Variables 

How well do simple proxy variables such as ECA and total road dens ity track hydrologic hazard? Carver 
and Teti (1998) tried to answer this question by relating these common surrogates to the four hazards as 
determined in the IWAP. They found a crude relation between ECA and the hazards with only a slight 
improvement using total road density in place of ECA. 

Their finding reflected the underlying relation between road density and ECA. This relation is shown in 
Figure 3 using the data from the Arrow and Kootenay Lake Forest Districts. The large scatter is a result of 
the many factors which affect the density of roads: 

• terrain constraints 
• policy considerations 
• location of remaining wood supply 
• variation in harvesting methods (e.g., ground-skidding versus high -lead versus helicopter) 
• unequal treatment of skid trails 

• unequal consideration of private land in the assessment 
• different purpose of roads on private land versus Crown land 
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Using only one of these variables is inadequate in the present work – there is simply too much variability 
across the landscape. There may be potential for partitioning this variance but greater work will be 
required on the amount of data and its quality. It is a trade -off between reducing the variance and putting 
in the time to do this. Note that Figure 3 also suggests that, on average, 0.09 km/km2 of road density 
occurs for each 1% of ECA. This may be useful in the rating system. 

5.2 Availability and Quality of Existing Data 

In recent years, there have been significant improvements in the data available for improved hydrologic 
interpretations. These improvements include Provincial, Regional, and District data from planning, 
operational, and research initiatives. Each of these is discussed in this section. In addition, limitations of 
these and other existing data sources are identified in the context of the needs of the proposed tool. 

The most significant data shortcoming is the poor quality of existing stream mapping provided by TRIM 
(Terrain Resource Inventory Mapping). Unfortunately, this situation cannot be easily remedied nor is there 
a strategy in place to correct this problem. It is likely to remain a serious limitation to accurate assessment 
of hydrologic constraints on forest development. This concern is especially important for small basins. 

Figure 3. Basin ECA vs. basin road density (data from Arrow and Kootenay Lake Districts). 
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of aquatic features such as watershed boundaries, streams, lakes, and wetlands. Every aquatic feature in 
the Atlas is feature-coded and those associated with a flow or shoreline have a unique identifier called the 
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Atlas was derived from paper Federal NTS 1:50,000 base mapping and provides only third order or 
higher streams and a minimum watershed size of 50 ha. 

A project is underway to investigate the conversion or combining of the Atlas with TRIM (MELP 1996). 
This initiative is looking at taking the intelligence and capabilities of the Atlas and applying them to the 
more detailed TRIM map file and restructuring TRIM as watershed groups rather than as conventional 
map sheets. The additional detail of the 1:20,000 base would be preferred in many applications for which 
the Atlas is currently used and would be preferred for the present work. However, the watershed 
boundaries will need to be updated to 1:20,000 and it is not clear whether this will be included as part of 
the conversion. On rolling terrain, the boundaries could be significantly different between the two 
versions.  

Table 7. GIS databases used in the Watershed Ranking Tool. 

Input Database  Description 

 
Watershed Atlas 

Used to determine the basic units for summarizing and presenting 
the information; allows aggregation from small to medium to major 
watersheds (0.5 to 350 km2) based on watershed code 

Terrain Resource Inventory 
Mapping (TRIM) 

Topographic base map including slope (derived from an elevation 
base), road, and stream information (1987 -88 mapping) 

Baseline Thematic Mapping 
Land Use 

Land use and land cover information down to units of 15 hectare in 
size (urban, logged, agriculture, old-growth areas etc.) 

Fish Inventory Summary 
System 

Fish distribution and fish habitat information 

Community Watershed 
Information 

The location and points-of-diversion of all community watersheds 
as defined under the FPC 

Biogeoclimatic/Ecosection Ecological zone information 

MinFile Mining and mineral information 

 

Watershed Ranking Tool 

The Watershed Ranking Tool (WRT) was developed by the Ministry of Environment, Lands and Parks to 
provide decision makers with easy-to-use information about land and water resources of British 
Columbia. Province-wide GIS databases have been summarized using 150 measurements, calculated on 
a watershed unit basis. The input databases are described in Table 7. The data currently provided by the 
WRT are based on 1987-88 air photos (TRIM) and as such represent a serious limitation to its use in the 
present application. In addition, the WRT uses the original version of the Watershed Atlas which is known 
to contain errors. Hence, these indices cannot be considered up to date and will likely not serve the 
present effort. In the future, the WRT will use TRIM II (see below) and the updated version of the 
Watershed Atlas. It may be possible to make use of these data source once these updates are 
incorporated. In addition, the province-wide availability of these data opens the door to the possibility of 
applying the present work on a provincial basis. 
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TRIM II 

TRIM II is under development using soft photogrammetry and is expected to take another five years to 
complete for the entire province. It is being developed using data exchange agreements with forest 
licensees so that information can be kept up to date with minimal cost, thereby avoiding the need for 
future updates (Roger Balser, personal communication). It uses TRIM as a base and is revised and 
modified using current 1:40,000 air photos. No attempt is being made to use the information from the FC 
inventory due to the inadequacy of information on its source and accuracy. 

TRIM II is planned to contain all roads including most skid trails and hence might one day be useful in the 
application of the proposed tool. In the meantime, interim data are available for some parts of the 
province. Forest-tenured roads are being brought together under INCOSADA (Integrated Corporate 
Spatial and Attribute Database) whereas non-status roads and roads without a forest tenure are being 
assembled under the Forest Road Management System (Ken Bowen, personal communication). These 
data layers will not be available for the Arrow Forest District for anot her two years. The Invermere Forest 
District is the only forest district in the Nelson Forest Region which currently has TRIM II. 

It is not clear that any improvement on current stream mapping can be expected from TRIM II. 

5.2.2 Region 

ECA Determinations 

A project is underway (pilot area: the Kootenay Lake and Arrow Forest Districts) to establish a method to 
determine ECA for domestic watersheds on a district-wide basis (BC Ministry of Forests 1999 - Contract 
Number C99ELC432). This regional product may also be useful in other initiatives such as the TSR. 
Specifically, a method is being developed to calculate the following basin information: 

• total area 
• private land area 
• total logged area 
• gross clearcut area 
• elevation range 
• H60 elevation 
• ECA above H60 (including road area) 
• ECA below H60 (including road area)   
• road density 
• road ECA 

The database from this project will be available in the summer of 1999. 

A basic input required for this work is delineation of watersheds. In its present application, the method 
uses the domestic-watershed mapping carried out by Water Management Branch (MELP). This mapping 
was time consuming due to the need to consider points of interest especially in relation to the scale of the 
smaller units (Class 1 and 2 watersheds, KBLUP). 

To extend this work to the remainder of the land base, additional watershed delineation would be needed. 
Those basins outside of domestic watersheds are expected, for the most part, to be fish streams. If 
information from the Watershed Atlas were used for these areas, it would yield watershed units outside of 
domestic watersheds at third order and higher resulting in an inappropriate scale for considering 
hydrologic impact in addition to an uneven treatment of watersheds overall (domestic watersheds are 
mapped at all orders depending on their Points of Interest). Additional work would be required to address 
this situation – for instance, delineation of sub-basins within the larger units so that these additional units 
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would be reasonably consistent with existing mapping of domestic watersheds in addition to scales that 
are important hydrologically. 

Terrain-Attribute Study 

A research project is underway in the Nelson Forest Region looking at the relation between terrain 
attributes and landslide frequency/occurrence (Peter Jordan, Personal Communication). In its third year, 
this study looks at landslides within a study area covering half of the Arrow and Kootenay Lake Forest 
Districts - from the Purcell divide in the east to the Arrow Lakes in the west and from the Columbia-
Kootenay Rivers to the north end of the two districts. In the short term, this work can provide a 
georeferenced database of all landslides (minimum size 0.02 ha) within a significant portion of these 
Districts. In the longer term, this study may yield relations between terrain attributes readily available from 
available mapping and slope instability, calibrated to the local area. 

Pack (1997) has described a new approach to terrain-stability assessment which relies heavily on GIS 
methods. The approach involves providing deterministically-derived stability indices (calculated using GIS 
terrain modeling) as an input to a statistical examination of landslide frequency and terrain attributes. The 
GIS approach makes it compatible with the present effort. In addition, it is being tested in the Arrow and 
Kootenay Lake Districts in conjunction with the terrain-attribute study described above making this 
predictive model (when tested and operational) an ideal component of the proposed decision-support 
tool.  

Bedrock/Terrain/Soil Mapping 

Reconnaissance soils mapping is available for almost the entire Nelson Forest Region at 1:100,000 scale 
(e.g., 82F by Jungen 1980 and 82K by Wittnelson 1980). Due to the broad scale and the lack of detailed 
slope information, it is of limited value to this project. However, for areas without other terrain/soils 
mapping, it may be a useful source for soil-texture information.  

A generalized bedrock map has been produced as part of Jordan’s terrain attribute study and is available 
for the study area (1:250,000). It is estimated (Peter Jordan, personal communication) that this map could 
be completed for both Districts with one additional week of work. The map generalizes geology in about 
20 different classes including lithology and age. Where available soils mapping is judged to be 
inadequate, this generalized geology map may be proposed as a surrogate. 

5.2.3 District 

Terrain-Stability Mapping 

Roughly half of the Arrow and Kootenay Lake Forest Districts has available terrain-stability mapping. The 
reconnaissance mapping (Levels D and E) indicates Unstable, Potentially Unstable, and Stable polygons 
which correspond to Class V, IV, and III/II/I terrain respectively. The detailed mapping (Levels B and C) 
identifies the same classes of stability in addition to distinguishing separately Class I, II and III. These 
maps can be assembled into GIS layers and updated through time as coverage improves. A hard-copy 
compilation map is available for the Kootenay Lake District. The mapping includes a range of qualities 
and standards and hence any amalgamation should retain attributes which enable differentiation of these 
features. 

Improved Road Coverage 

In 1996, the Arrow Forest District moved the FC inventory to the TRIM base to improve the available road 
information. In addition, road information from forest development plans and other sources (e.g. , 1998 
satellite imagery) continues to be updated in this environment. The District has found this to be a more 
affordable approach than pursuing TRIM II.  
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6.0 PROPOSED DECISION-SUPPORT TOOL 

A decision-support tool is described here which provides a hydrologic risk rating for watersheds 
undergoing management for timber harvest. Although the structure presented can be applied widely, it 
has been developed to reflect the terrain, hydrology, and management conditions found specifically in the 
Arrow and Kootenay Lake Forest Districts. 

 6.1 Framework 

The proposal works within a risk-assessment framework similar to the Environmental Risk Assessment 
(ERA) approach presented by Salasan Consulting et al. (1999) and discussed in section 4.2.1. The risks 
to specific resources are determined based on characteristics of both the watershed and management 
activities. The following is a summary of important considerations that have influenced the development 
of the system of risk rating. 

Factor Selection 

The selection of factors used in the rating system considers: 
• level of understanding of system complexity (Figure 1), 

• extent and quality of available data (section 5.2), and 
• present knowledge of hydrologic outcome in relation to mechanisms under consideration. 

The system presented possesses a moderate degree of complexity. A highly simplified system can be 
considered – for example, one that involves only ECA and total road density - however, such a system 
would limit permanently the accuracy of assessed ratings because we know with confidence that these 
simple surrogate variables correlate only weakly with hydrologic outcome (see section 5.1) because they 
do not well address the many “exceptions” which run counter to trends. In contrast, a highly-complex key 
may be inappropriate where there is a lack of quantitative understanding of the effect of some 
mechanisms on hydrologic outcome. The selection of factors in the keys presented provides a reasonable 
balance between the level of knowledge, the present availability of data, and data that can be generated 
with a modest amount of additional work. 

Ultimately, it is high-impact development that is of greatest interest. As stated in Was hington Forest 
Practices Board (1997): 

A fundamental assumption of watershed analysis is that by applying standard forest practices in 
less sensitive areas and managing sensitive areas appropriately, the overall watershed 
condition will be protected and cumulative effects will not occur. 

Unfortunately, the factors which are most important to assess are also those most difficult to assess - site-
specific information about the quality of management on high-hazard sites. The initial IWAP (Level 1) 
IWAP attempt ed to approximate this information by focusing on development which has impact (road 
crossings, unstable terrain, etc). Although it was often accurate in its indication, there were sufficient 
misleading outcomes (largely due to poor quality of the data inp ut into the algorithms) that this approach 
has been discontinued in favour of an assessment more focused on field work and professional opinion. 
Unfortunately, many of the factors which would be useful in the present exercise will no longer be 
routinely gathered as part of BC’s Watershed Assessment Procedure. 

6.2 Data Inputs 

The factors which have been selected for inclusion in the rating system are identified in Table 8 along 
with data sources which are available across the entire district and other sources which are available for 
only part of the District or may become available in the future. 
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A list is provided here of “new” watershed data that is required in developing inputs for the risk 
assessment model, contingent on District budgetary constraints.  

• Improved stream  network 
• Mapping of watershed boundaries to consistent scale (1:20,000) 
• Compiled terrain mapping (or application of SINDEX and terrain attributes) 

• Index of channel vulnerability 
• Index of aspect/elevation complexity 
• Glaciers; wetlands/lakes 

• Roads on wet sites and on slopes over 40% 

Basin elevation range and basin shape including variation in aspect can affect snowmelt patterns 
especially in relation to harvest layout. It is proposed that an index be developed rating the degree of flow 
synchronization in the watershed. This index would require development and testing in the District GIS 
environment. 

6.3 Rating Keys 

Nested, hierarchical keys are proposed as the basis for a rating system of hydrologic risk. This format is 
amenable to easy modification as knowledge increases and hence is appropriate in an adaptive-
management context. It is also highly transparent in regard to the weighting of hydrologically-important 
factors. Where interactions are important, separate combined factors can be included. 

Four keys are provided in Tables 9 through 12. The keys for Peak Flow and Low Flow can be completed 
independently of other keys to yield risks that higher peak flows and lower low flows could occur due to a 
specific level of forest development in a specific watershed. The risk of peak flow changes can be used in 
the Channel Stability Key to yield a rating of the risk that the channel will be destabilized. Lastly, the risk 
to channel stability can be input into the Suspended Sediment Key to yield a rating of the risk of increased 
suspended sediment. 

Careful treatment must be given to basins with a significant proportion of private land. Although this has 
not been explicitly incorporated into the rating scheme presented in Tables 9 through 12, it is suggested 
that the following be carried out: 

1. Determine the percentage of the basin held privately. 
2. Calculate the road density and ECA associated with the private land. 

3. Run a sensitivity analysis of the effect on basin ECA of a private land ECA of three amounts: 
10%, 50%, and 100%; include calculation of the overall rating outcome.  

In situations where the overall rating is sensitive to activities on private land, penalize them with higher 
ratings. 

Face units are not specifically addressed in this rating system. They can be defined in relation to the 
Class 1 basins defined in the Domestic Watershed Guidelines (KBLUP). Where face units are excessively 
large, they will have to be broken down into smaller units to avoid averaging development impacts over 
too large an area. It is proposed that a supplementary matrix be developed for face units by modifying 
Table 9 so that the relative risk rating associated with face units is higher than for streams.  
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Table 8. Factors to be rated and their associated data sources. 

Data Source  
Regime 

 
Factor of Interest 

 
Surrogate for Modeling 

Purposes Full & Available 
Coverage 

Partial and/or Potential 
Coverage 

climatic regime  
( precipitation, ET, 
storm frequency, etc) 

biogeoclimatic subzones BEC mapping AES and other data 

snowmelt patterns index of aspect/elevation 
complexity  

1:125 000 maps TRIM & GIS analysis 

glaciers and snowfields satellite image terrain mapping  
low-flow generators wetlands, high-elevation lakes TRIM  

 

vulnerability to ECA % naturally forested  analysis of FC data 

susceptibility to 
disturbance 

basin morphology  KBLUP; 
Watershed Atlas 

TRIM interpretations  

soil moisture storage soil depth/texture  terrain mapping 

flow/sediment buffering wetlands & lakes TRIM, FC  

 
channel vulnerability  

 
channel index 

 
TRIM (gradient) 

interpretations - air 
photos & existing 
assessments/knowledge  

flo
w 

vulnerability due to fire recent fire history 
NDT patterns 

FC interpretation; 
NDT 

 

sediment yield due to 
mass wasting 

Class III, IV, and V terrain 
stability and LISS 

TRIM SINDEX1; terrain 
mapping 

sediment yield due to 
surface erosion 

waterborne-erosion potential: 
M, H, VH 
(includes delivery) 

generalized 
geology plus TRIM 

terrain mapping 

flood history WSC data  FRBC-funded monitoring  
flood disturbance 

debris-flood potential  terrain mapping 

si
te

 fa
ct

or
s 

 se
di

m
en

t 

sediment input glaciers satellite image terrain mapping 

ro
ad

 
bu

ild
in

g 

peak flows 
channel stability  
suspended sediment 
low flows 

total road density 3 

roads on erodible soils3 

roads on unstable soils3 

roads near streams3 

quality of road construction 

TRIM 
FDPs 
FC 
Arrow road 
inventory 

Watershed Ranking Tool 
TRIM II 

de
ve

lo
pm

en
t f

ac
to

rs
2  

fo
re

st
 

re
m

ov
al

 peak flows 
channel stability 
suspended sediment 
low flows 

weighted ECA4 

riparian logging 
FC 
FDPs 
MLSIS 
ISIS 

BC Ministry of Forests 
(1999) 

1) SINDEX is a deterministic approach to modeling terrain stability (Pack 1997) whereas “terrain mapping” as indicated in this 
table refers to subjective geomorphic analysis based on the experience of the terrain mapper. 
2) Refer to Figure 1 for the complexity linking the management factors 
3) Road density should be calculated by road type in relation to available data. 
4) ECA includes clearcuts, partial cuts, and burns. ECA on private land is also determined separately. 
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Table 9. Key for determination of risk due to peak flows.  

Factors Low Risk ç==========================è High Risk 

BASIN SIZE large  small 

ASPECT/ELEVATION 
COMPLEXITY 

high  low 

FLOW BUFFERS  present  absent 

NATURALLY FORESTED   
(% of basin) low  high S

it
e 

F
ac

to
r 

SOIL MOISTURE STORAGE large  minimal 

OVERALL BASIN             
ROAD DENSITY low  high 

ROADS ON WET SITES & 
ON SLOPES > 40% 

low  high 

M
an

ag
em

en
t 

F
ac

to
rs

 

ECA (H60 WEIGHTED) low  high 
 

 

Table 10. Key for determination of risk to channel stability.  

Factor Low Risk ç======================è High Risk  

Ne
st

ed
 

Fa
ct

or
 

RISK OF INCREASED PEAK 
FLOWS low  high 

SEDIMENT TRAPS present  absent 

MAJOR FLOOD DISTURBANCE distant  recent 

FIRE VULNERABILITY low  high 

CHANNEL VULNERABILITY low  high 

S
it

e 
F

ac
to

rs
 

SEDIMENT YIELD DUE TO 
TERRAIN INSTABILITY low  high 

OVERALL BASIN ROAD DENSITY  low  high 

ROADS NEAR STREAMS low  high 

ROADS ON UNSTABLE SOILS 
WITH DELIVERY POTENTIAL low  high 

ROADS UPSLOPE OF 
UNSTABLE SOILS low  high 

M
an

ag
em

en
t 

F
ac

to
rs

 

RIPARIAN LOGGING low  high 
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Table 11. Key for determination of risk of suspended sediment.  

Factor Low Risk ç======================è  High Risk 

N
es

te
d 

F
ac

to
r 

RISK TO CHANNEL STABILITY low  high 

SEDIMENT TRAPS present  absent 

GLACIERS present  absent 

SEDIMENT YIELD DUE TO 
SURFACE EROSION low  high 

S
it

e 
F

ac
to

rs
 

FIRE SUSCEPTIBILITY low  high 

BASIN ROAD DENSITY low  high 

ROADS NEAR STREAMS low  high 

ROADS ON UNSTABLE SOILS 
(WITH DELIVERY) low  high 

ROADS ON ERODIBLE SOILS 
(WITH DELIVERY) low  high 

M
an

ag
em

en
t 

F
ac

to
rs

 

RIPARIAN LOGGING low  high 

 

Table 12. Key for determination of risk to low flows.  

Factor Low Risk ç======================è  High Risk 

N
es

te
d

 
Fa

ct
or

 

RISK TO CHANNEL STABILITY low  high 

WETLANDS & HIGH-
ELEVATION LAKES 

present  absent 

PRECIPITATION 
AMOUNT/DISTRIBUTION 

low-intensity  
rain storms 

 high-intensity 
rain storms 

ELEVATIONAL DISTRIBUTION large variation  small variation 

GLACIERS & SNOW FIELDS present  absent S
it

e 
F

ac
to

rs
 

SUBSURFACE WATER 
STORAGE 

high  low 

OVERALL BASIN ROAD 
DENSITY 

low  high 

ROADS ON WET SITES & ON 
SLOPES > 40% 

low  high 

M
an

ag
em

en
t 

F
ac

to
rs

 

ECA (H60 WEIGHTED) high  low 
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6.4 Calibration 

With the risk-rating keys developed conceptually and the input data in place, calibrat ion follows. 
Calibration is best done in an iterative way with both input and impact data. The following are some 
important concerns which will need addressing at this stage. 

Base case  

The rating system assumes a base case defined by the historic range of natural variability. This may be 
difficult due to a lack of data and may rely on professional judgment. Refer to Salasan Consulting Ltd. et 
al. (1999) for more information. 

Impact Data 

To strengthen the rationale used to establish the ratings, consistent measures of watershed impact are 
needed, preferably in each of the four categories. A measure of peak -flow change is extremely difficult to 
gather because data are sparse and where data are available, analysis for changes in peak flows due to 
forest development is very difficult. Hence for the Peak Flow key, it is suggested that reliance be made on 
the research literature (see section 4.2.2). A system of assessment of channel stability can be developed 
and applied particularly to watersheds for which there is already significant forest development. Available 
channel assessments, flooding records, anecdotal information, and field work (if necessary) can be used 
in the assessment. The Suspended Sediment key can benefit from an impact assessment based on 
water quality data, water-user interviews, and professional opinions provided in IWAP reports. Water-user 
interviews in addition to the research literature can be used for the Low Flow Key. Where the appropriate 
impact index is weak, a limitation of the rating system may be suggested. 

Calibration Guidelines for Rating Effects of Forest Development 

Impact Persistence 

Where an effect of development is persistent its scoring should be increased in relation to ephemeral 
effects of similar size. 

Rating of Forest Development Impact in the Absence of Impact Data 

The distributions of development data (see section 5.1) can be used as an entry point into calibrating the 
development factors. The basic work on the IWAP data completed to date has helped clarify which data 
are required in the keys in addition to indicating the range of the variables that we see in the two Districts. 
In addition to this District information, use may be made of the scoring table in the IWAP Level 1 (Anon 
1995, p. 16) and potentially also the Watershed Workbook (Wilford 1979, p 29 and flowcharts) though this 
was prepared for coastal applications. These assessment techniques provide an experience in scoring 
development- and watershed-related parameters in relation to impact. Lastly, the review of research 
experience and management approaches in the USA Pacific Northwest (section 4.2.2) can be further 
examined now that a specific risk-assessment approach is available.  

The Need for Impact Data 

The IWAP development factors, reviewed in section 5.1, cannot indicate when “thresholds” of cumulative 
effects have been exceeded. This requires knowledge of the impacts of road building and harvesting on 
watershed/forest hydrology over diverse terrain. It is suggested that standard objective measures of 
impact be defined and applied to a sample of watersheds for which development factors are available. A 
review of the IWAP reports from the two districts (Arrow and Kootenay Lake) may be useful if reliable field 
truthing has taken place (though often the methods and criteria are not provided in these reports). Where 
field truthing has not occurred, alternative standard measures are needed, likely involving channel 
damage. However, due to the modest sample size (given the inherent geographic variability of the two 
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districts) and to the widely-varying quality of these assessments, a cautious approach is recommended 
toward reaching conclusions on the basis of these data alone. A larger data set can be assembled from 
the Districts encompassing a specific range of important development and terrain factors. 

6.5 Interpretation 

It is proposed that the calibration of the risk ratings be carried out to yield interpretations following Table 
13. In this table, “significant changes to the hydrologic regime” is interpreted to mean the occurrence of 
one or more of the following as a result of forest development: 

• increased peak flows of greater than 10%, 
• significant changes in channel instability, 
• significant changes in water quality, or 
• significant changes in fish habitat. 

Table 13. Proposed definitions of risk ratings.  

Risk 
Rating Definition 

Probability of Significant 
Hydrologic Impact (%)  

Very Low 
The assessed level of forest development is highly unlikely to 
have caused significant changes to the hydrologic regime  <5 

Low 
The assessed level of forest development is unlikely to have 
caused significant changes to the hydrologic regime 5-25 

Moderate 
The assessed level of forest development may have caused 
significant changes to the hydrologic regime 25-50 

High 
The assessed level of forest development is likely to have 
caused significant changes to the hydrologic regime 50-75 

Very High 
The assessed level of forest development is highly likely to 
have caused significant changes to the hydrologic regime >75 

 

Table 14 provides suggested general management responses in relation to risk level. This table can be 
used as a guide. After risk ratings have been determined, management implications may justify followup 
field work to investigate rating accuracy and better select the management response.. 

Table 14. Potential management response in relation to risk outcome. 

Risk Rating Possible Response  

VL few or no constraints 

L minor constraints 

M modify development; consider field work+ 

H modify and/or defer development; consider field work + 

VH defer development and rehabilitate; consider field work+ 
+ where a rating is designed to suggest caution in pursuing further development, it may be appropriate to 
pursue field work to investigate the watershed-specific need to modify and/or defer development. 
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7.0 DISCUSSION AND RECOMMENDATIONS 

7.1 Discussion 

The method presented provides a framework for quantitative translation of hydrologic impact into risk 
ratings for use in broad-scale forest-development planning. It has been designed to provide a balance 
between complexity reflecting the mechanisms and knowledge available in relation to data which is 
available or can be developed with a reasonable amount of additional work. There can be great variability 
across the landscape and across all management approaches hence the ratings cannot be expected to 
be “accurate” in every case: it is reliability of the general trend which is sought. 

Perhaps the greatest limitation is the underlying weakness in stream mapping. Knowing where the stream 
network is located is key to understanding hydrologic impact. In addition, this limitation weakens any 
factor that requires that information.  

The lack of watershed boundaries at a consistent scale (preferably 1:20,000) is an additional concern. 
Fortunately, this concern can be resolved more readily than the problem of stream locations. 

Terrain mapping can provide a wide range of information for hydrologic assessment (see Table 8). 
Unfortunately, there is a wide range in quality of this mapping due to changing standards and differences 
in the abilities of the mappers. Further, there are substantial areas in both districts that lack any terrain 
mapping. If the quality issues can be resolved, there will remain a two-tiered system with the second tier 
relying on a weaker alternative such as hillslope gradient. 

The effect of fire can be complex. Addressing this factor through consideration of natural disturbance 
types (NDT) is useful but requires interpretation. It can be argued that where the risk of fire is great, the 
hydrologic risk increases of a given management intensity because the combined effect of fire and forest 
development may destabilize the channel. For instance, in areas of NDT 1 and 2, fire is highly infrequent 
that it can be interpreted to be simply a background risk. In contrast, given active fire suppression in 
areas of NDT 4, there is a high likelihood of fire and hence hydrologic risk continues to increase with time.  

Climate change is a concern that should not be overlooked in establishing the risk ratings. Increasing 
snow packs and greater variability in weather patterns can be expected to occur. These factors result in a 
greater background hydrologic risk. 

Are existing approaches (summarized in Tables 3 and 4) suitably constructed in light of the findings of 
this study? Only the initial IWAP (Level 1) is similar to this report’s risk-rating scheme. The interim and 
draft revised IWAP versions rely heavily on professional judgment and field work and hence are difficult to 
compare to the present work. Given the subjective nature of these newer assessments, it could be 
argued that the indicators gathered are not needed and that a simple report card similar to KBLUP would 
be adequate – perhaps one which relies on ECA and total road density. However, if such a simple system 
is pursued, it should be recognized that it cannot be expected to provide much more than a highly general 
indication of hydrologic risk. It is the authors’ opinion that a similar approach to the initial IWAP (Level 1) 
is the preferred data gathering system because the information is then made available to other studies 
that seek a generalized statistical approach to evaluating watershed condition at a broad planning level. 

Effective implementation will require a system of  evaluation. The model framework and its evaluation 
should be implemented in the context of an adaptive-management approach in which the District actively 
seeks to gather the data that are currently unavailable in addition to carrying out ongoing evaluation of the 
factors, ratings, and class limits. Adjustments to the model would be possible as knowledge and objective 
data improve.  

The content of this model is expected to change as research and experience increase into the hydrologic 
effects of forest management. David Gluns (Ministry of Forests hydrologist, Nelson) is carrying out snow 
research in Redfish Creek which may lead to modifications in how openings are weighted by elevation in 
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ECA calculations. Research is underway in the Kamloops Forest Region (Rita Winkler, personal 
communication) looking at hydrologic recovery on a stand basis. This work may lead to changes in how 
ECA is calculated for forest openings. Improved predictive capability in assessing terrain stability may 
lead to changes in the selection of data for considering terrain stability. If the Watershed Ranking Tool, 
the Watershed Atlas, and TRIM II are completed with up-to-date information, the application of the 
decision-support tool could be greatly facilitated and, in fact, may be applicable province-wide. 

7.2  Recommendations 

If the District chooses to pursue implementation of the approach described here, the following key steps 
are recommended:  

• Identify data needs and begin assembling data especially those requiring lead time and GIS 
analysis. Complete the modified approach for face units. 

• Define objective field measures of impact. Establish meaningful impact classes for a sample of 
watersheds taken from the Arrow and Kootenay Lake Districts. Use channel assessments, flooding 
records, water quality records, and professional opinion provided in existing IWAP reports. Include 
these impact data with indicator data. 

• Test and calibrate the rating system including sensitivity analyses and a closer look at the 
assembled research publications. Examine the outcome statistically in relation to the “known 
condition” (impact class) of a variety of District watersheds. Adjust rating definitions to yield a 
distribution of risk outcomes. 

• Establish a system of evaluation. Support District monitoring of watershed sediment and flow 
regimes including water quality/quantity measurements and especially detailed analyses of 
available results (e.g., Yeow 1999 and other water-quality monitoring research programs). 

• Set up the project in the context of an adaptive-management framework. Identify the data that 
should be routinely gathered (e.g., as part of the FDP process). 

A focused examination of the research literature is recommended in conjunction with a review of the 
findings of Scherer and Winkler (1999) as part of the calibration exercise.  

8.0 CONCLUSIONS 

Based on an application of the principles of forest hydrology in the context of the effects of forest 
development, a review of available procedures both in BC and in other jurisdictions, and available IWAP 
data for Arrow and Kootenay Lake F orest Districts, a preliminary framework and risk-rating system for 
addressing hydrologic constraints in planning has been developed for use in these two districts. It is not a 
replacement to the Interior Watershed Assessment Procedure as it addresses a different management 
need and scale. 

The steps required to implement the approach have been outlined including assembling data sources and 
testing and calibrating the model. Improvements in the accuracy and precision of this approach will be 
possible as data and knowledge improve and as such it is recommended that if the proposal is 
implemented, it be done in the context of adaptive management. 
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APPENDIX A1. DEFINITIONS OF ACRONYMS 

AES Atmospheric Environment Service 

BEC Biogeoclimatic 

CWAP Coastal Watershed Assessment Procedure 
CWE Cumulative Watershed Effects 

ERA Equivalent Roaded Area (and Environmental Risk Assessment) 

ET Evapotranspiration 
FDP Forest Development Plan 

FC Forest Cover (provincial inventory) 

GIS Geographic Information System 

H60 The contour line above which lies 60% of the watershed area 

ISIS Integrated Silviculture Information System  

KBLUP Kootenay Boundary Land-Use Plan 

LISS Landslide Induced Sedimentation 

MLSIS Major Licensee Silviculture Information System 

NDT Natural Disturbance Type 

TRIM Terrain Resource Inventory Mapping 

TSR Timber Supply Review 

WAP Watershed Assessment Procedure 

WRT Watershed Ranking Tool 

WSC Water Survey of Canada 
 

APPENDIX A2. ANALYSIS OF CUMULATIVE WATERSHED EFFECTS – 
PUBLICATION LIST 

See attached diskette. 

APPENDIX A3. SCORING RANGES IN HYDROLOGIC ASSESSMENTS IN THE 
NELSON FOREST REGION. 
Kootenay-Boundary Land Use Plan 

Hazard Class 
Indicator Units 

Low Moderate High 

ECA (H60 weighted) none < 0.3 0.3 – 0.42 > 0.42 

total road density km/km2 < 1.5 1.5 – 2.1 > 2.1 

density of stream crossings no/km2 < 0.4 0.4 – 0.6 > 0.6 

density of landslides  no./km2 < 0.1 0.1 – 0.18 > 0.18 

density of roads on unstable slopes km/km2 < 0.15 0.15 – 0.25 > 0.25 

 

Initial IWAP (Level 1)  Refer to the scoring table on P 16 of the initial IWAP (Anon. 1995). 
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APPENDIX A4. STEPS IN THE ENVIRONMENTAL RISK ASSESSMENT APPROACH 
(SALASAN CONSULTING LTD. ET AL. 1999). 

Preparation – Focus and Design of the Assessment 
Step 1.  
Establish the 
Context for ERA 

• Identify and prioritize decision points for ERA (e.g., LRMPs, TSR or  policy review). 
• Prepare a preliminary list of environmental values for assessment.  
• Confirm the scope and scale  of the assessment.  
• Identify data inputs, assessment methods and presentation opportunities. Identify 

resources required for ERA (expertise, personnel, time, funding, scheduling). 
Step 2.  
Identify and 
Characterize Key 
Environmental 
Pressures  

• Determine human-caused pressures effecting changes in ecosystem processes, 
functions or attributes that may directly or indirectly impact environmental values: 
- macro-scale (e.g., climate change, road density increases); and 
- direct and indirect (e.g., point source pollution vs. fire suppression). 

• Review past and potential future management regimes that influence these pressures, 
and characterize the “cause-and-effect” relationships (to the extent possible).  

 
Step 3. 
Specify 
Environmental 
Values and 
Indicators  
for the ERA 

• Select specific environmental values for assessment, based on consideration of:  
- significance of ecosystem role (e.g., keystone species, critical habitats);  
- economic or social value;  
- likelihood for increasing risk and strength of relationship to pressures identified; 
- feasibility (e.g., availability of data, u nderstanding of habitat requirements); and, 
- scale appropriate to the level of reporting or decision-making. 

• Select indicators that link pressures to changes in risk  based on a consideration of: 
- strength of relationship between the indicator and risk to the environmental value; 
- sensitivity to change from human-caused management-related pressures; and, 
- availability of data. 

Conducting the Assessment 

 
Step 4. 
Characterize 
Environmental 
Trends, Indicator 
Relationships 
and Establish 
Risk Classes 

Based on best available information and professional judgment: 
• Describe a range of conditions for the selected environmental values, including: 

- the base case  (i.e., the historic range of variability or “natural” conditions);  
- current condition, with a summary of cumulative impacts of past development;  
- predicted future status (mid/long term trends with current management);  
- low risk benchmark  (i.e., conditions for sustained maintenance of the value); and, 
- predicted thresholds (e.g., minimum viable population, drinking water standards). 

• Choose methods for risk analysis based on ability to model relationships, track 
changes to indicators and describe risks to the environmental values being assessed. 

• Define risk classes (i.e., the types of risks and their specific ranges).  
Step 5. 
Evaluate 
Changes to 
Indicators and 
Risks 

• Define a range of proposed future management scenarios. For each scenario identify: 
- the intensity, scale and duration  of the various management activities; 
- predicted future pressures  resulting form those activities and, 
- consequent changes in selected indicators linked to the values being assessed. 

• Assess the degree of risk  (by class), at various future times, for each of the alternative 
management scenarios (including cumulative impacts). 

Interpreting, Reporting and Applying the Results 
Step 6. 
Report Results 
and Develop 
Risk Reduction 
Strategies 

• Present the assessment results; including assumptions, limitations, uncertainty, and a 
full explanation of the consequences of risk levels. 

• Identify risk reduction opportunities: 
- identify actions to decrease pressures linked to high risks, and actions to support or 

enhance activities linked to low risks; and, 
- propose management strategies, policy options or development scenarios that could 

reduce or minimize risk. 
 



 

Hydrologic Risk Assessment    29/1/00 37/37 Carver Consulting 
 

APPENDIX A5. IWAPS IN THE ARROW AND KOOTENAY LAKE FOREST 
DISTRICTS 

 

See spreadsheet on attached diskette. 

 

 

 

APPENDIX A6. IWAP DATA FROM THE ARROW AND KOOTENAY LAKE FOREST 
DISTRICTS 

 

See spreadsheet on attached diskette. 

 

 


