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Summary 

Background and Context 

The Forest Practices Board is aware of growing concern about the need to assess and manage 
the cumulative effects of multiple resource-based activities on Crown land. In the context of 
cumulative effects, the Board is interested in how activities regulated under the Forest and Range 
Practices Act (FRPA) and other natural resource developments interact to affect FRPA values.1 
For the purposes of more fully understanding the issues surrounding the topic, we initiated an 
investigation, one component of which was a cumulative effects assessment (CEA) case study. 
This report summarizes the methods used in, and the findings of, that assessment. 
 
The experience gained from this case study was used to assist in the development of a more 
general understanding of the issues surrounding cumulative effects assessment and 
management, as discussed in the accompanying report titled Cumulative Effects: From Assessment 
Towards Management. 
 
Methods 

Because this was a case study, the Board had the luxury of choosing a study area that was both 
interesting from the point of view of a CEA and had a substantial amount of available 
information relevant to the project. We chose the Kiskatinaw River watershed, southwest of 
Dawson Creek, BC, because it has a variety of human activities, including forestry, agriculture 
and natural gas developments, and also had recent aerial photography (2007) that facilitated the 
evaluation of land-based impacts. 
 
The Board used a CEA process that begins with the choice of a set of “valued ecosystem 
components” (VECs). That focuses the assessment on the cumulative effects on the VECs, rather 
than the effects themselves. We chose specific aspects of three resource values2 identified in 
FRPA as our VECs to focus this CEA:  

• forest soil;  

• winter habitat for caribou; and 

• drinking water quantity and quality for the City of Dawson Creek.  
 
These VECs were chosen largely for the purposes of demonstration. In a “real” CEA, 
consultation with stakeholders would have been required to choose VECs.  
 
  

                                                           
1 http://www.for.gov.bc.ca/hfp/frep/values/index.htm 
2 op. cit.  

http://www.for.gov.bc.ca/hfp/frep/values/index.htm
http://www.for.gov.bc.ca/hfp/frep/values/index.htm
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For each VEC we: 

• chose a set of indicators to represent the status VECs. 

• chose limits of acceptable change or limits of concern for indicators for the VECs (where 
appropriate). 

• collected information about the historical and current status of the indicators. 

• projected the future status of the indicators (where appropriate). 
 
Indicators for all three VECs required a map depicting the change in natural resource 
development over time. We used a combination of map data and ortho-photo interpretation to 
produce maps at the mid-1980s, the mid-1990s and at 2007. A variety of other data was used, 
including stream-flow data and turbidity. We projected development scenarios 10 years into the 
future using a combination of trend analysis and polling of professionals responsible for 
industrial development in the area.  
 
Results and Conclusions 
Forest Soil  

Current and projected future (at 2017) levels of forest soil loss were estimated to be 2.5% and 
3.2%, respectively. We were unable to find well-accepted limits for soil loss at the landscape 
level. However, the estimate of 3.2% at 2017 is below the estimate of 3.8%, used for planning 
purposes in the nearby Peace-Moberly Tract. It is important to note that there is uncertainty in 
the current and future estimates of soil loss, primarily because of a lack of information about the 
rate of loss and recovery on some disturbance types. Given pessimistic assumptions, projected 
soil loss at 2017 may be as high as 4.9 %. Therefore, it seems reasonable to consider doing work 
to determine the rates of recovery of soil function in the face of various disturbances and to 
revisit the state of forest soils conservation in five years. 
 
Winter Habitat for Caribou 

Caribou have likely retreated south in the study area, as habitat quality has deteriorated 
because of increased human activity. All indicators of winter habitat quality for caribou have 
deteriorated over time, to the point where they have exceeded the limits of concern derived 
from published literature. As a result, there is no need to project these indicators to 2017. Any 
additional industrial development will drive the indicators further from the limits set. The 
caribou that inhabit the Kiskatinaw also range south of the drainage, and outside the study 
area. More information is required to know whether that portion of their range is of sufficient 
size and quality to sustain the population. 
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Drinking Water Quantity and Quality 

The CEA found relatively unambiguous indications of changes in the flow regime of the river, 
over the period of record, that indicate a concern for drinking water quantity. Additional 
human activity, particularly in the form of drilling for natural gas, has the potential to cause 
withdrawals from the river that exceed limits of concern. We found no widespread issues about 
landscape-level disturbance that should be a cause for concern, but there are localized problem 
areas. However, we in no way imply that the citizens of Dawson Creek should be unconcerned 
about issues of water quantity or quality. In particular, there have been episodes in the past of 
very low flow (zero, in fact). Depending on when these occur in the future, the consequences for 
Dawson Creek could be severe. The City of Dawson Creek is pursuing engineering solutions to 
mitigate issues of low flow. They have recently installed a weir at the outlet to Bearhole Lake 
and have acquired the land required to build an off-stream storage reservoir with a capacity of 
400 million gallons. The Board concludes that: 
 

• Water use by the natural gas industry should be closely monitored. 

• Best management practices should be followed for all human activities in the watershed 
to ensure that sediment input to the river and disruption of natural drainage patterns 
are minimized.  For example, road ditch lengths and depths should be minimized and, 
where possible, no development should occur on erodible soils, and all practicable 
measures should be undertaken to reduce the extent of riparian disturbance by cattle. 
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1.0 Introduction 
We (the Forest Practices Board) are aware of growing concern about the need to assess and 
manage cumulative effects of multiple resource-based activities on Crown land in British 
Columbia.3  

Since the introduction of the Forest and Range Practices Act (FRPA) in 2004, the Board has been 
interested in assessing the achievement of government objectives for forest values that are 
established in the legislation. We have been fine tuning our audit and investigation procedures 
under FRPA, testing criteria and indicators, and considering how best to evaluate the effects of 
forest and range practice on these forest values. At the same time, we have been seeing 
examples where resource developments, other than forestry and range, are impacting the same 
values on the same land area. In some cases, the efforts of the forest industry to protect an 
important value can be negated by the development work of another industry. 

This led us to undertake an investigation into the topic of cumulative effects assessment (CEA) 
in British Columbia. We were interested in how activities regulated under the FRPA and other 
natural resource developments interact to affect FRPA values.4 For the purposes of more fully 
understanding the issues surrounding the topic, we conducted a case study CEA in the 
Kiskatinaw River watershed in northeastern British Columbia. 

We chose the Kiskatinaw River watershed for three main reasons.  

1. There is relatively good information about the current state of the land base in the area, 
including recent aerial photography.  

2. The Kiskatinaw River watershed is interesting, from the point of view of a CEA, because 
there are a variety of human activities including forestry, agriculture and natural gas 
developments within its boundaries. The cumulative effects of these activities, in the 
past and future are not immediately obvious.  

3. We decided to conduct the CEA in the same location as a standard forest and range 
audit, to take advantage of the potential synergies created by both projects. The 
Kiskatinaw River watershed is in the Peace Forest District, which was randomly selected 
for an audit in 2008.5 

Through this case study, we hoped to illuminate those effects. However, the primary objective 
of the case study was to shed light on the process of CEA rather than to draw specific 
conclusions about the study area. 
 

                                                           
3  This concern has been formally expressed to the Board by representatives of environmental non-government 

organizations (ENGOs), the forest industry and First Nations. The concern has been expressed informally by a 
variety of people on numerous occasions to Board members and staff.  

4  http://www.for.gov.bc.ca/hfp/frep/values/index.htm 
5  http://www.fpb.gov.bc.ca/ARC121_Kiskatinaw_River_Watershed.htm  

http://www.for.gov.bc.ca/hfp/frep/values/index.htm
http://www.fpb.gov.bc.ca/ARC121_Kiskatinaw_River_Watershed.htm
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We used a CEA process that begins with principles of environmental impact assessment 
generally accepted in Canada since 1984.6 The key to this approach is to choose a set of “valued 
ecosystem components” (VECs) that will be the focus of the assessment. Focusing on VECs, 
rather than the effects, enables one to ask specific questions in specific places about the effects of 
a full array of human activities (i.e., the cumulative effects).  

We agree with the contention that CEA is simply “environmental assessment done right.”7 
Although many authors have developed special definitions and classifications of cumulative 
effects, Duinker and Grieg have recently (2006) come to the conclusion that this is less than 
helpful and that “the critically important point is quite simply to assess the aggregate stresses 
acting on the VECs.”8    

For the purpose of this case study we chose specific aspects of three FRPA resource values as 
VECs to focus this CEA: 
 

• Soil - forest soil; 
• Wildlife - winter habitat for caribou; and  
• Water - drinking water quantity and quality for the city of Dawson Creek. 

The water VEC is only about the drinking water supply for Dawson Creek (and Pouce Coupe 
and Rolla). We did not consider implications of cumulative effects on the aquatic ecosystem. 

Although these VECs were chosen somewhat arbitrarily, they were not chosen at random. They 
represent important values in the area as expressed by the Dawson Creek Land and Resource 
Management Plan,9 they are important values in the context of the Board’s mandate and we 
believe they may illustrate of some of the broader issues surrounding CEA.  

The choice of VECs focuses the specific study area for the CEA, that is, the portion of the 
Kiskatinaw River watershed upstream of Arras, the intake for the water supply for the City of 
Dawson Creek (Figure 1). This conveniently coincides with an appropriate area for the other 
two VECs because virtually all of the area of the Kiskatinaw River watershed north of Arras is 
currently non-forested agricultural land.  
 
  

                                                           
6  Beanlands G.E. and Duinker P.N. 1984. An ecological framework for environmental impact assessment J. Environ. 

Manage.  18:267-277. 
7  Duinker, P.N. 1994. Cumulative effects assessment: What’s the big deal? page 11 in Kennedy A. J. (ed.) 1994. 

Cumulative effects assessment in Canada: From concept to practice. Alberta Society of Professional Biologists, 
Edmonton, Alberta, 333 pp. 

8  Duinker P.N. and L.A. Grieg. 2006. The Impotence of Cumulative Effects Assessment in Canada: Ailments and 
Ideas for Redeployment Environmental Management 37:153–161. 

9  http://ilmbwww.gov.bc.ca/slrp/lrmp/fortstjohn/dawson_creek/index.html 

http://ilmbwww.gov.bc.ca/slrp/lrmp/fortstjohn/dawson_creek/index.html
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It is important to note that this project was a case study CEA. If this work were to be done in a 
real world context: 

• The geographic scope would be determined by factors that might include the scope of 
the specific project or the specific decision maker that needs to consider the implications 
of the CEA. This topic is discussed in some detail in the main report. 

• VECs would be chosen “[b]ased on the results of the [public consultation or social 
scoping exercise to determine the values attached to various ecosystem components], 
proponents and reviewers will have to agree on an initial set of valued ecosystem 
components for the assessment. Studies would subsequently be designed to investigate 
potential changes in these components. It is recognized that further concerns may be 
identified and studied as the assessment proceeds.”10 

                                                           
10  Supra note 5. 
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Figure 1.  The Kiskatinaw River watershed showing the study area, the location of the stream gauging station at 

Farmington and the water intake for the City of Dawson Creek at Arras. 
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2.0 Methods of Cumulative Effects Assessment 
For each VEC, the CEA method involves five basic steps: 

1. Choose a set of indicators to represent the status of the VEC. 

2. Choose limits for the values of the indicators to represent specified levels of risk to, or 
concern about, the VEC (where appropriate). 

3. Collect information about the past and present status of the indicators in the face of past 
and present human activities in the study area. 

4. Project the future status of the indicators (where appropriate) in the face of reasonably 
foreseeable human activities in the study area. 

5. Evaluate the past, present and projected future status of the indicators, as appropriate, 
and draw conclusions about cumulative effects on the VECs. 

The chosen set of indicators and limits was obtained by an examination of relevant published 
literature and through consultation with domain experts. The indicators, limits and methods 
specific to their assessment and evaluation are described in Section 3.0. 

As with most CEAs, we relied on available information for the assessment of the past and 
present status of the indicators. We did not collect any time series information ourselves.  
Information was obtained from five sources: 

• For all three VECs: 
o Maps of the footprint of human activities related to natural resource development in 

the study area. These maps were prepared for this project using the process outlined 
below. 

o Other maps, including terrain, forest age, species composition and natural 
disturbances, obtained from corporate government databases. 

• Specifically for the caribou VEC: 
o habitat use information based on locations obtained from radio telemetry studies 

conducted by the Ministry of Environment. 

• Specifically for the water VEC: 
o River discharge recorded as mean daily flow (m3/second) for the period 1966 to 2007, 

as measured by the Water Survey of Canada for the Kiskatinaw River at Farmington 
[Figure 1 (http://www.wsc.ec.gc.ca/hydat/H2O/index_e.cfm?cname=main_e.cfm 
Station ID 07FD001)]. 

o Water turbidity (or its converse, water clarity) recorded as nephelometric turbidity 
units (NTUs) by the Water and Environmental Department of the City of Dawson 
Creek at the Arras pump house (Figure 1) on a daily basis from 1995 to 2009 and on 
an intermittent basis from 1991 to 2004. 

  

http://www.wsc.ec.gc.ca/hydat/H2O/index_e.cfm?cname=main_e.cfm
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Indicators for all three VECs required a map depicting the change in the human footprint 
(i.e., natural resource development) over time. A combination of available map data and 
interpretation of 2007 ortho-photos was used to produce maps showing the human footprint 
during the mid-1980s, the mid-1990s and at 2007. The most recent date (2007) was chosen 
because high resolution (1 metre) ortho-photography was available for that date. The other two 
time periods were chosen because 1:20 000 base mapping, created in 1985 and 1996,11 was 
available for that date. The base mapping and ortho-photography were augmented with 
separate map data showing the location and timing of forest harvesting12 and natural gas 
developments.13 Development of the human footprint prior to the mid-1980s was not mapped 
because the level of effort required (to ortho-rectify and interpret aerial photography from an 
earlier date) did not justify the additional information (primarily about the history of 
agricultural development; complete historical records of natural gas development and forest 
harvesting in the area were available). 

To project the future human footprint in the study area, a combination of trend analysis and 
polling of professionals with knowledge of, and/or responsibility for, industrial development in 
the area was used. Details of the projection methods and a summary of the results are provided 
in Appendix 1.  

The projection provides the total additional footprint for a single point in time 10 years in the 
future (2017). A 10-year projection period was chosen for a number of reasons, discussed in 
detail in Appendix 1. A key reason is that it is consistent with advice that, when projecting 
using trend analysis, the data about past development of human disturbances should cover a 
period at least twice the forecast horizon14 (i.e., projections of the future must be firmly rooted 
in the present and the past). 

A single base case was projected for forestry and agriculture because these are mature 
industries with a well-developed infrastructure and a well-understood history in the study area.  
In contrast, the development of the natural gas industry in the area is both rapidly changing 
and uncertain in terms of extent and technology. Therefore, different scenarios were projected 
based on the last five years of natural gas development in the area and an understanding of the 
nature of possible new development in the major “tight gas play” of recent interest (i.e., the 
Montney play). Six possible future scenarios for development of the natural gas industry were 
projected. These scenarios are a combination of: 

• Three levels of development in the area (number of wells drilled per year):  
1. base case (40 conventional and 70 tight gas wells); 
2. high development (60 conventional and 105 tight gas wells); and  
3. low development (20 conventional and 35 tight gas wells).  

  

                                                           
11  TRIM 1 and TRIM 2 http://ilmbwww.gov.bc.ca/bmgs/pba/trim/ 
12  RESULTs and the Vegetation Resources Inventory. 
13  http://www.ogc.gov.bc.ca/GIS.asp 
14  Duinker, P.N.;  L.A. Greig. 2007. Scenario analysis in environmental impact assessment: Improving explorations of 

the future Environmental Impact Assessment Review 27:206–219. 

http://ilmbwww.gov.bc.ca/bmgs/pba/trim/
http://www.ogc.gov.bc.ca/GIS.asp
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• Two levels of water usage by the tight gas well drilling process:  
1. high use (20 000 m3/well); and  
2. low use (2 000 m3/well)  

It is important to note that, while each scenario combination is possible, there should be no 
assumptions made about the relative likelihood of any scenario–from the point of view of a 
decision maker all the scenarios should be considered to be equally likely (or unlikely). (See 
Appendix 1 for details of the scenarios.)  

The projections for forestry, agriculture and natural gas development were spatially explicit, 
that is, the locations of individual cutblocks, wells, roads, etc., were projected. This was done 
primarily to simplify the process of estimating the amounts of linear features (roads and 
pipelines) that would be associated with the increased development. However, only a single 
projection was developed. It is only appropriate to interpret the results of the projection over 
the relatively broad geographic areas represented by the sub-basins in the watershed.  

Other human footprints (e.g., buildings, pits, reservoirs) were assumed to have a linear increase, 
based on the trend over the last 20 years. Given available information, this increase could only 
be projected at a sub-watershed level. These footprints have a limited extent and this limitation 
was not seen to be significant. 

3.0 Cumulative Effects Assessments for the Valued 
Ecosystem Components 

The remainder of the report provides an assessment of the cumulative effects of past, present 
and potential future human activities and natural disturbances on the three selected VECs: 

1. Soil - forest soil; 
2. Wildlife - winter habitat for caribou; and  
3. Water - drinking water quantity and quality for the city of Dawson Creek. 

 
Separately for each VEC, we present a rationale for the indicators chosen to represent the VEC, 
along with the limits of acceptable change in those indicators (as appropriate). We then present 
the results of the assessment of cumulative effects on those indicators, and finally we provide 
conclusions about the assessment. The results for the VECs are presented in increasing order of 
complexity, level of effort expended and apparent interest among local stakeholders (as 
expressed at meetings and based on requests for information and presentations): soils, caribou, 
water. 
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3.1 Forest Soil 

Properly functioning soil is critical to the productive capacity of the land. In the forestry context 
“[t]he objective set by government for soils is, without unduly reducing the supply of timber 
from British Columbia's forests, to conserve the productivity and the hydrologic function of 
soils.”15  

3.1.1 Indicators and limits 

We used the area of land in the following categories as our indicator of the loss of forest soil:  

• Forestry - 5% of logging blocks (roads, trails and landings)16 
• Natural Gas - 100% of well pads and facility footprints (e.g., processing plants, 

compressors) 
• Seismic - 25% of the area of cat cut (old style) seismic lines17 
• Other - 100% of borrow pits, reservoirs, etc. 
• Roads - 100% of paved and gravel roads and 25% of the area of unimproved roads18 

Note that these estimates represent an indicator of soil loss only. We have no comprehensive or 
reliable information to estimate rates of soil recovery on disturbed areas, nor can we be certain 
what proportion of the disturbances in each category actually contributes to soil loss. 
Implications of this issue are discussed below. 

An overall indicator of the loss of forest soil was calculated as the total of the land area in all 
categories divided by the total forested land area (plus the area disturbed) and was expressed as 
a percentage. Note that this is a crude indicator of the importance of soil loss to overall forest 
productivity because it does not incorporate the potential impact of the loss of non-forested 
(wetland) soils on overall hydrologic function. 

We were unable to find well-accepted limits to forest soil loss at a forest level. An as yet 
unpublished Peace-Moberly Tract Draft Sustainable Resource Management Plan (Nov. 2006) 
sets precautionary limits at 3.8% for the more sensitive portion of the plan area and 7.5% for the 
less sensitive portion of the plan area. These limits are intended to trigger a review of activities 
when they are reached. At a site level, the Forest Planning and Practices Regulation of the Forest 
and Range Practices Act sets a practice requirement limit of 7% soil disturbance, in the form of 
permanent access structures. The most recent timber supply analysis assumes that the total area 
of future roads, trail and lands on the timber harvesting landbase will be 5%.19 

  

                                                           
15 http://www.bclaws.ca/EPLibraries/bclaws_new/document/ID/freeside/12_14_2004#section5 
16 Based on the public discussion paper for the second Timber Supply Review of the Dawson Creek TSA 

http://www.for.gov.bc.ca/hts/tsa/tsa41/tsr2/pdp.pdf. 
17 Estimate loosely based on the information in Lee, P. and S. Boutin. Persistence and developmental transition of 

wide seismic lines in the western Boreal Plains of Canada. J. Env. Manage. 78:240-250. 
18 Ibid. 
19 http://www.for.gov.bc.ca/hts/tsa/tsa41/tsr2/analysis.pdf 

http://www.bclaws.ca/EPLibraries/bclaws_new/document/ID/freeside/12_14_2004#section5
http://www.for.gov.bc.ca/hts/tsa/tsa41/tsr2/pdp.pdf
http://www.for.gov.bc.ca/hts/tsa/tsa41/tsr2/analysis.pdf
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3.1.2 Results 

The total cumulative amount of soil disturbance has approximately tripled from 0.8% in the 
mid-1980s to 2.5% in 2007. Almost half (1.1%) is the result of roads (Table 1). The base case 
projection for 2017 is that 3.2% of the forest soils will be disturbed. The projection indicates that 
very little new road will be built, but all other disturbance sources will increase. The high 
development scenario shows a total disturbance of 3.5% with natural gas at 1.3% and roads at 
1.2%. 

Table 1. Soil disturbance by source as a percent of forested land area 

  
Time Period 

  Disturbance source Mid-1980s Mid-1990s 2007 2017a 

Forestry 0.1 0.2 0.4 0.6 

Natural Gas (and seismic) 0.2 0.4 0.7 1.1 

Other 0.0 0.1 0.3 0.4 

Roads 0.5 0.9 1.1 1.1 
Total      0.8%    1.7%    2.5%    3.2% 

a All figures use base case projection. 

3.1.3 Summary and conclusions 

There are some issues with the analysis of loss of forest soil, the most important being the 
amount of soil loss caused by older, cat cut seismic lines and unimproved roads. Some might 
consider the estimate of 25% to be optimistic. As a sensitivity analysis, we assumed that 100% of 
the area of these features represented soil disturbance. The result is that the current loss may be 
as high as 3.9% and the projected loss at 2017 may be as high as 4.7 to 4.9%. 

This sensitivity analysis indicates a cause for concern if the most restrictive limit, set by the 
Peace-Moberly SRMP, of 3.8% is chosen. If that limit were chosen, a review would be triggered, 
and the first step would be to collect field-based estimates of the level of soil disturbance (and 
recovery) resulting from old style cat cut seismic lines and unimproved roads. If any of the 
other limits were chosen (ranging between 5% and 7.5%) the analysis would be sufficient to 
indicate that there is no cause for concern about loss of forest soil (i.e., it is now, and is projected 
at 2017, to be within the limits). However, it seems reasonable that the analysis be redone prior 
to 2017, particularly if there is any indication that the high development scenario might come to 
pass.  

3.2 Winter Habitat for Caribou 

Woodland caribou (Rangifer tarandus caribou) that inhabit the Kiskatinaw River watershed are 
part of the Southern Mountains Population. British Columbia has provincial, federal and 
international obligations to protect the Southern Mountains Population of woodland caribou 
and their habitat. A literature review summarizing the current status of and factors that are 
likely leading to the declines in caribou populations is provided in Appendix 2. 
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Caribou in the Kiskatinaw are currently confined to the southern portion of the study area20 
(Figure 2), although in the past they ranged further north in the watershed. All results for 
caribou winter habitat are presented for the area occupied within the study area (the current 
winter range) and for the entire study area. No analysis was conducted for the portion of the 
winter range occupied by the caribou herd that is outside of the study area to the south. 

3.2.1 Indicators and limits 

Caribou are widely reported to be sensitive to industrial activity. It is believed that they avoid 
most human disturbances and that they require large, undisturbed areas of habitat. We use 
three, somewhat interrelated, indicators of this concept (based on the review of published 
literature presented in Appendix 2). 

3.2.1.1 Core habitat 

Management recommendations for woodland caribou focus on providing large amounts of 
contiguous or core habitat. However, the amount and configuration of core habitat required is 
often speculated on but rarely defined. Most managers recommend using patch-sizes similar to 
natural disturbances as a model for anthropogenic development within caribou range.21  

Management recommendations in Ontario and in BC call for patch-size mosaics in the range of 
10 000 hectares.22 Studies examining the amount of undisturbed habitat required by caribou in 
boreal forests found caribou locations and distribution associated with undisturbed areas 
5 000-10 000 hectares in size.23 An assessment of caribou population data and percent of range 
subject to natural and human disturbance for boreal and northern caribou herds in Alberta 
suggests that population declines occur when more than 50% of the range is disturbed.24 

We defined core habitat as follows: areas with mature (>50 year old) coniferous tree cover or 
wetlands that were further away from industrial activities and natural disturbances than the 
avoidance distances specified in Table 2 (see Appendix 2 for a detailed discussion of the 
rationale used for the avoidance buffers). 

                                                           
20 Based on radio-telemetry information provided by the Government of British Columbia. 
21 Racey, G. D. and Armstrong, E. R. 1996. Towards a caribou habitat management strategy for northwestern Ontario: 

running the gauntlet. Rangifer Special Issue No. 9: 159–170. 
22 Ibid. 
23 O’Brien, D., Manseau, M., Fall, A. & Fortin, M. 2006. Testing the importance of spatial configuration of winter 

habitat for woodland caribou: An application of graph theory. Biological Conservation 130: 70–83. 
24 Anderson, R. B., Dyer, S. J., Francis, S. R. & Anderson, E. M. 2002. Development of a threshold approach for 

assessing industrial impacts on woodland caribou in Yukon. Draft report, version 2.1. Prepared for Environment 
Directorate, Northern Affairs Program, Whitehorse, YT, Canada. 60pp. 
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Figure 2.  Known winter range of caribou inhabiting the Kiskatinaw River watershed. 

  



12 Appendix to FPB/SR/39 Forest Practices Board 

Table 2.  Modeled avoidance buffers by disturbance type used to estimate core winter habitat for caribou 

Disturbance Avoidance Buffer (metres) 
Oil & Gas Well and Facilities 500 m 
Gravel Pits 500 m 
Buildings 500 m 
Paved and Gravel Roads 250 m 
Pipelines 250 m 
Seismic Lines (“cat cut”) 250 m 
Transmission Lines 250 m 
Logging Blocks 540 m 
Agricultural Regions 540 m 
Burns < 50 years old 500 m 

Reservoirs, abandoned gravel pits, unimproved roads, mulcher and hand-cut seismic lines and 
trails were not buffered. 

Limits for core area, based on published literature and management guidelines, were: 

• Total core area should be greater than 50% of the area over which the herd ranges. 
• Core area patch size should average greater than 5000 hectares. 

3.2.1.2 Density of linear corridors 

Several researchers have indicated that there is a strong negative correlation between the 
density of linear corridors in a caribou herd’s range and the success of the populations. A 
review25 of population data for woodland caribou in Alberta suggested that caribou populations 
may decline when linear corridor density exceeds 1.8 km/km2. In Alberta, a threshold of 
1.5 km/km2 was set based on personal communications, unpublished data and reported 
densities of linear corridors for caribou ranges in Alberta.26 A study27 that used simulation 
modeling to assess cumulative impacts of development on woodland caribou found, at current 
levels of development, caribou would be extirpated in areas where corridor densities exceed 
1.22 km/km2.   

We used the length (kilometre) of major linear features (paved roads, improved gravel roads, 
cat cut seismic lines and pipelines) per squared kilometre (km2) as our indicator of the density 
of linear corridors. 

Based on these studies and reviews, we set a limit for linear corridor density at 1.22 km/km2.  

                                                           
25 Francis, S., R. Anderson, and S. Dyer. 2002. Development of a threshold approach for assessing industrial impacts 

on woodland caribou in Yukon. Presentation provided at the Assessment and Management of Cumulative Effects 
Workshop, Whitehorse, YT, March 25-26, 2002. 

26 Salmo Consulting Inc, Axys Environmental Consulting Ltd., Forem Technologies & Wildlife & Company Ltd. 2004. 
Deh Cho cumulative effects study, phase 1: management indicators and thresholds. Prepared for Deh Cho Land Use 
Planning Committee, Fort Providence, NWT, Canada. 152pp. 

27 Weclaw, P., Hudson, R. J. 2004. Simulation of conservation and management of woodland caribou. Ecological 
Modelling 177: 75–94. 
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3.2.1.3 Modeled estimate of the rate of population change 

There is research linking population declines of caribou with increases in natural and 
anthropogenic disturbance.28 This work correlated the percent of disturbed habitat (burns 
<50 years of age and areas within 250 metres of any anthropogenic disturbance) for five boreal 
caribou herds in Alberta and found a significant correlation (R2 = 95.8%) between the rate of 
population change for each caribou herd and the amount of disturbed habitat within their 
range. This linear relationship was used to develop a model of the rate of population change for 
a caribou herd based on the amount of natural and anthropogenic disturbance within their 
range. 

We used this modeled rate of population change as our third indicator used to assess winter 
habitat quality for caribou.29 

We set a limit of a minimum modeled value of 1.0 (i.e., the population should be stable or 
increasing, based on the conditions of the habitat). 

3.2.2 Results 

Summary results for the indicators are presented in the following three sections. Details of the 
results are shown in the tables in Appendix 2. For each indicator, the results are presented 
separately for the entire study area and for the portion of the study area currently used by 
caribou in the winter. 

3.2.2.1 Core habitat 

Results for the core habitat indicators are presented in Table 3 and Table 4. In the mid-1980s, 
both indicators were below the limits set (>50% core habitat amount and >5000 hectares average 
core habitat patch size). This was true for both the entire study area and the currently used 
winter range. The status of both indicators has declined since the mid-1980s to 2007. 

Table 3.  Percent of the currently used winter range and the entire study area in core habitat for different time periods 
 mid-1980s mid-1990s 2007 
Current winter range 42 32 21 
Entire study area 29 19 9 

Table 4.  Average core area patch size (hectares) in the currently used winter range and the entire study area for 
different time periods 

 mid-1980s mid-1990s 2007 
Current winter range 155 89 65 
Entire study area 133 75 40 

 

                                                           
28 First published by Boreal Caribou Committee. 2003. Boreal Caribou Committee quicknote: developing a habitat 

planning target for range planning. Available at: http://www.albertacariboucommittee.ca/protect/BCC-Quicknote-
01-20030827b.pdf and later by Sorensen, T., P. McLoughlin, D. Hervieuxc, E. Dzusd, J. Nolan, B. Wynes, and S. 
Boutin. 2008. Determining Sustainable Levels of Cumulative Effects for Boreal Caribou. Journal of Wildlife 
Management 72(4):900-905. 

29 Ibid. Sorenson et al. 2008. 

http://www.albertacariboucommittee.ca/protect/BCC-Quicknote-01-20030827b.pdf
http://www.albertacariboucommittee.ca/protect/BCC-Quicknote-01-20030827b.pdf
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3.2.2.2 Density of linear corridors 

In the mid-1980s, the density of linear corridors was below the limit set (1.22 km/km2) for both 
the entire study area and the currently used winter range. By 2007, that density had increased to 
over twice the limit set. It is now well above any of the suggested limits we found in the 
literature. 

Table 5.  Density of linear corridors (km/km2) in the currently used winter range and the entire study area for different 
time periods 

 mid-1980s mid-1990s 2007 
Current winter range 1.07 1.33 2.51 
Entire study area 1.21 1.77 4.00 

3.2.2.3 Modeled estimate of the rate of population change 

The status of the habitat in the mid-1980s indicated that the caribou population might be 
increasing by three or four percent a year. By 2007, the habitat condition indicates that even in 
the currently used winter range, the population would be declining (at a rate of three percent 
per year). 

Table 6.  Modeled rate of population change in the currently used winter range and the entire study area for different 
time periods 

 mid-1980s mid-1990s 2007 
Current winter range 1.04 1.01 0.97 
Entire study area 1.03 0.98 0.93 

3.2.3 Summary and conclusions 

By 2007, all four indicators of caribou winter habitat quality had exceeded the limits set for both 
the entire study area and in the currently used winter range within the study area. As a result, 
there is no need to project these indicators to 2017. Any additional industrial development will 
drive the indicators further from the limits set. 

There is substantial debate about the reasons for declines in caribou populations, which seem to 
be occurring throughout the entire range of the species.30 There seems to be a strong correlation 
between rates of decline and amounts of human-caused disturbance to habitat; however, no 
cause-and-effect relationship has been established. Hypotheses about the reasons for the 
declines vary, but generally have involved increased predation rates because of changes in 
predator-prey dynamics brought about by increasing access of predators to caribou (see 
Appendix 2), although more recent explanations include climate change as a possible causative 
factor.31 

                                                           
30 Vors, L. S. and M. Boyce. 2009. Global declines of caribou and reindeer. Global Change Biology. 15(11):2626-2633. 
31 Ibid. 
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3.3 Drinking Water Quantity and Quality 

The Kiskatinaw River serves as the source of drinking water for the City of Dawson Creek, the 
Village of Pouce Coupe, and thousands of rural residents of the Peace River Regional District.  
Upwards of 20,000 people rely on the water from the Kiskatinaw River above the intake at the 
weir at Arras.32  

3.3.1 Indicators and limits 

We chose indicators that could be based on available data to represent drinking water quantity 
and quality as a valued ecosystem component in the Kiskatinaw River watershed. Where 
appropriate and possible, we also chose limits of acceptable change in those indicators over the 
period of record and the projected future. The indicators and their limits can be grouped in 
three general categories as follows. 

3.3.1.1 Water quantity (flow regime) 

We initially intended to look for indications of changes in the flow regime by conducting 
standard time-series analyses of various attributes of the regime (e.g., mean annual discharge, 
seasonal flow, monthly flow) and testing for statistical significance of the trends. We found that 
no significant trends could be detected. However, we were concerned that the high inherent 
variability in the system may be masking trends that actually existed.33 This concern is based on 
the assumption that the precautionary principle should be applied in the case of drinking water 
quantity. In this context, we are more concerned about not detecting a change in the flow 
regime when, in fact, there has been a change, than we are about concluding that there has been 
a change when, in fact, no change has occurred. 

To minimize this problem we took the approach of the US Forest Service’s National 
Environmental Status and Trends (NEST) Indicators Program34 and divided the period of record 
of the flow regime into halves. We looked for differences between the “before” and “after” half 
in indicators that might cause a concern for drinking water quantity:  

• median flow 
• mean flow 
• maximum flow 
• minimum flow 

For these indicators, our threshold for concern was that there should be no significant difference 
(P>0.05) in the indicator between the two periods. We also used this approach to conduct a 
simplified version of the methodology described by Déry and others,35 in which graphic 
representations of the flow regime for the two time periods are examined for differences. 

                                                           
32 http://www.dawsoncreek.ca/cityhall/departments/water/watershed.asp 
33 That is, we were concerned about the risk of committing Type II errors (beta errors or false negatives). 
34 http://www.fs.fed.us/NEST/index.shtml 
35 Déry, S., K. Stahl, R. Moore, P. Whitfield, B. Menounos and J. Burford. 2009. Detection of runoff timing changes in 

pluvial, nival, and glacial rivers of western Canada. Water Resources Research 45, W04426, 
doi:10.1029/2008WR006975. 

http://www.dawsoncreek.ca/cityhall/departments/water/watershed.asp
http://www.fs.fed.us/NEST/index.shtml
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We projected indicators of landscape level disturbances that may have an effect on the flow 
regime as outlined in Section 3.3.1.3, but we are not able to project the flow regime itself. 
However, we did project water use by the City of Dawson Creek, based on the trend in use 
since 1960. We also projected water use by the natural gas industry for the purpose of well 
fracturing and completion. There is significant uncertainty about the level of natural gas 
development that might occur and the need for water for fracturing. Therefore, we projected the 
water use for six different scenarios (see Section 2.0).  

We compared the projected water use to the estimated 30Q40 flows36 (the lowest 30-day average 
flow projected to occur, on average, once every 40 years [the period of record]). We use this as 
our low flow indicator because it relates to the need to have flow in the river over the long term 
(hence the 40 years) but acknowledges the fact that the water supply system has some storage 
capacity as a buffer (hence the 30 days).37 Our threshold for concern was that the annualized 
water use should not be greater than the 30Q40 flow. 

3.3.1.2 Water Quality (Turbidity) 

Turbidity, as measured in NTUs, was our main indicator of drinking water quality for several 
reasons: 

• reasonably consistent measurement of turbidity levels have been taken at the pump 
house at Arras since 1995; 

• suspended solids, for which turbidity is a good indicator, can interfere with the 
disinfection process during water treatment; and  

• excess turbidity results in damage to the drinking water intake pumps and requires that 
the pumps be shut down.  

The number of days with NTU readings above specified values has been used as an indicator of 
concern about turbidity for water treatment facilities.38 We examined three indicators related to 
the number of days above or below given turbidities: 

1. The number of days in a year with NTU readings below 50. This value was chosen 
because it is referenced by the Ministry of Environment with respect to the amount of 
induced change allowable for raw drinking water with treatment to remove 
particulates.39 

2. The total number of days in a year with NTU readings greater than or equal to 500. This 
value was chosen because it is the turbidity at which the pumps at Arras are shut 
down;40 corresponding to the number of days of required shut-down. 

                                                           
36 Calculated using USEPA 2006. DFLOW 3.1  http://epa.gov/waterscience/models/dflow/ and referenced by Pryce, R. 

2004. Hydrological low flow indices and their uses. Watershed Science Centre, Trent University WSC Report 
no. 04-2004. 

37 The current storage capacity of the system may be up to 3 months (P. Caputa, pers. comm.). 
38 Newcombe C.P. 2003. Impact assessment model for clear water fish exposed to excessively cloudy water. Journal of 

the American Water Resources Association. June 2003, pp. 529–544. 
39 http://www.env.gov.bc.ca/wat/wq/BCguidelines/turbidity/turbidity.html 
40 http://www.dawsoncreek.ca/cityhall/departments/water/watershed.asp 

http://epa.gov/waterscience/models/dflow/
http://www.env.gov.bc.ca/wat/wq/BCguidelines/turbidity/turbidity.html
http://www.dawsoncreek.ca/cityhall/departments/water/watershed.asp
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3. The maximum number of consecutive days with NTU readings greater than or equal to 
500. This value was chosen because it corresponds to the longest required shut down 
period. 

Our limits for concern are that there should be no significant decrease (P>0.05) in the first 
indicator and no significant increase (P>0.05) in the second and third indicators over the period 
of record (1995-2009). 

We were unable to find a suitable method of explicitly projecting future turbidity levels.  

3.3.1.3 Water Quantity and Quality (Landscape level disturbance) 

Our main indicator of the effect of landscape level disturbances on water quality and quantity is 
the risk of significant channel destabilization resulting from increased peak flows. This risk is 
estimated based on the combination of a rating of watershed sensitivity to increased peak flow 
and the equivalent clearcut area (ECA) in the watershed (Table 7). 
 
Table 7.  Risk ratings for significant channel destabilization resulting from increased peak flows 

Risk Ratings 
Equivalent Clearcut Area (from all disturbance sources). 
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The sensitivity of the stream channel in the watershed to increased peak flows was based on a 
combination of seven factors (see Appendix 3 for details): 

1. Rosgen stream channel sensitivity score;41 
2. topography; 
3. drainage efficiency;  
4. general soils and bedrock types; 
5. climate; 
6. flow; and 
7. dominant natural disturbance type. 

                                                           
41 Rosgen D.L. 2006. Watershed Assessment of River Stability and Sediment Supply (WARSSS). Wildland Hydrology, 

Fort Collins, Colorado. 
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The risk of significant channel destabilization resulting from increased peak flows was assessed 
individually for the areas shown in Figure 3: 

• 10 individual small sub-watersheds in the study area; 

• the entire West Kiskatinaw River watershed; 

• the upper reaches of the Kiskatinaw River watershed above the confluence with the 
West Kiskatinaw River; and 

• the entire Kiskatinaw River watershed above the water intake at Arras. 

We assessed the risk for three time periods in the past, based on the human footprint mapping 
described in Section 2.0: the mid-1980s, the mid-1990s and 2007. We projected the risk at 2017 
for three scenarios levels of natural gas development, as described in Section 2.0 and in detail in 
Appendix 1 and for a scenario of mountain pine beetle disturbance in which 80% of the 
lodgepole pine in the study area dies in the next 10 years and, at their death, pine stands have 
an ECA of 50%.42 

We calculated ECA using the method described in Interior Watershed Assessment Procedure 
(IWAP) Guidebook.43 ECA was partitioned by source, to the extent possible, into the following 
categories: 

• agriculture (cleared areas for cultivation and pasture) 

• forest harvesting (cutblocks and landings) 

• natural gas development (processing facilities, well sites, pipelines and all seismic lines) 

• roads (created for any purpose) 

• natural disturbances (wildfire in the past and a projection of mountain pine beetle 
damage) 

• other (buildings, other industrial footprints like borrow pits, etc.) 

Sources of ECA from forest harvesting and natural disturbances were assumed to recover at the 
rates specified in the IWAP guidebook. All other sources were assumed not to recover; that is, 
the entire area was assumed to have a 100% ECA, regardless of when it occurred in the past.44 

Our threshold for concern was a moderate risk of significant channel destabilization resulting 
from increased peak flows either in the past or projected for the future. 

                                                           
42 http://www.fpb.gov.bc.ca/publications.aspx?id=2776&terms=beetle 
43 http://www.for.gov.bc.ca/tasb/legsregs/fpc/fpcguide/iwap/iwap-toc.htm 
44 Based on slow recovery rates of forested canopies on seismic lines (Supra note 16) and well sites (Bulmer, C., M. 

Krzic, and K. Green. 2003. Soil Productivity and Forest Regeneration Success on Reclaimed Oil and Gas Sites. SCEK 
Fund report). 

http://www.fpb.gov.bc.ca/publications.aspx?id=2776&terms=beetle
http://www.for.gov.bc.ca/tasb/legsregs/fpc/fpcguide/iwap/iwap-toc.htm
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Figure 3.  The study area showing the boundaries of the 10 individual sub-basins and the areas included in the 

upper Kiskatinaw and West Kiskatinaw River sub-watersheds. 
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We also assessed the current (2007) condition of five other landscape-level indicators of human 
disturbance related to water quality or quantity: 

1. Total area disturbed by any source. 
2. Density of active stream crossings located on erodible soils (alluvial or lacustrine soils). 
3. Proportion of the mainstem of the watercourse that had been logged. 
4. Proportion of the tributaries that had been logged. 
5. Proportion of the mainstem of the watercourse easily accessible to cattle (the length of 

streambank that is logged and is close to a feed lot or a farm and appears to be accessed 
by cattle or easily accessible by cattle, assessed and measured from ortho-photos). 

While no limits for concern were set for these indicators, they provide valuable additional 
insight into the condition of the watershed that can augment the interpretations made based on 
the assessment of risk of significant channel destabilization resulting from increased peak flows. 

3.3.2 Results 

3.3.2.1 Water quantity (flow regime) 

Change in flow over time 
The mean daily flow (m3/second) as recorded by the Water Survey of Canada for the useable45 
period of record is shown in Figure 4. Flows show a high degree of variability within and 
among years. The maximum daily flow of 600 m3/second was recorded on July 20, 2001, during 
a flood event brought on by a rainstorm. The minimum daily flow of 0 m3/second occurred 
during an eight-day period from December 29, 1992, to January 5, 1993, and is assumed to have 
occurred due to very low rainfall during the summers of 1991 and 1992. 

 
Figure 4.  Mean daily flow as recorded by the Water Survey of Canada at Farmington (note logarithmic scale on y-

axis). 
                                                           
45 From March 1966 to March 2008. Note that flow measurements have been taken at Farmington since 1944, but daily 

measurements have only been consistently taken since 1966. 
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The characteristics of the annual flow regime are summarized in Figure 5. The typical flow 
regime varies over two orders of magnitude with: 

• a rapid increase in flow in the spring as a result of snow melt (beginning as early as mid-
March and occasionally extending into mid-May); 

• a highly variable flow regime as a result of spring and summer rain events, from May to 
the end of July; 

• a period of reasonably stable but low flows, as the system drains from August through 
October; 

• a transition period of declining flow from November through January; 
• a period of low flow, often less than 1 m3/second, from February through mid-March. 

 

 
Figure 5.  Median and 1st and 3rd quartiles of mean daily flow at Farmington for the period March 15, 1966, to 

March 15, 2008. 
 
We summarized four characteristics of the flow regime for the first and second halves of the 
period of record (as described in Section 3.3.1.1). The results (Table 8) indicated that there has 
been no statistically significant change in the values of the indicators. However, there is a cause 
for concern because there has been a statistically significant increase in the variability of the 
system. That is, the variance in the median flow, mean flow and maximum flow is significantly 
higher in the latter half of the period of record. Variability in the flow regime will cause 
difficulties in managing the abstraction of water by the City of Dawson Creek. 
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Table 8.  Results of analysis of flow regime parameters for the first and second halves of the period of record 
 Median Flow Mean Flow Maximum Flow Minimum Flow 

Time Period Median Variance Mean Variance Mean Variance Mean Variance 
1966 - 1986 3.20 2.21 11.1 18.7 170 11,720 0.50 0.09 
1987 - 2007 1.73 14.80 10.5 44.3 174 25,375 0.41 0.12 

Statistic1 1.52 6.69 0.36 2.36 -0.08 2.17 0.84 0.78 
Probability2 P<0.15 P<0.001 P=0.36 P<0.05 P=0.47 P<0.05 P=0.20 P<0.25 
Significant? no yes no yes no yes no no 

1 Chi-square for median, F-statistic for variance, unpooled t-statistic for means. 
2 Probability of t-statistic is calculated directly, Chi-Square and F-statistic are interpolated from tables. 
 
We conducted a second analysis in which we divided the period of record into two halves and 
examined the median of the mean daily flow for each day in both halves. The results, presented 
in Figure 6, show dramatic and highly significant (Chi-Square = 208; P<0.001) differences among 
the two halves of the period of record. Noticeable in Figure 6 are changes in the spring freshet: 

• the peak is close to 45% lower in the second half (30 vs. 56 m3/second); and 

• the peak occurs nine days earlier in the second half (April 28 vs. May 6). The beginning 
of the spring freshet is similarly advanced. 

 

 
Figure 6.  Median of mean daily flows for the two halves of the period of record. 
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We are mainly concerned with changes in the low flow characteristics of the flow regime. 
Figure 7 shows the same information presented in Figure 6 only it is truncated at 6 m3/second to 
emphasize the differences in the low, flow portion of the regime. We note that the period of 
reasonably stable, but low flows, as the system drains in August through October was relatively 
consistent at around 4 m3/second during the first half of the period of record, but has dropped 
to around 2 m3/second during the second half. This change has been accompanied by a 
statistically significant change in the timing of the lowest flows during the year (Fisher’s exact 
test P = 0.035). Prior to 1985, the lowest flows during the year always occurred during the latter 
part of the “hydrological year,” that is from December to mid-March. Starting in 1985 the 
Kiskatinaw has experienced five years in which the lowest flow occurred in late July or August. 
These changes are troubling from the perspective of drinking water quantity. Low flows in 
August would occur during peak demand for domestic water use and high demand for 
agricultural water use.  
 

 
Figure 7.  Median of mean daily flows for the two halves of the period of record truncated at 6 m3/second. 

 
We note that the flow during the lowest part of the flow regime, February and the first half of 
March, remains unchanged at about 1 m3/second. 

We do not have a satisfactory explanation for these changes in the flow regime. Characteristics 
of the flow regime are highly correlated with precipitation but there has been no noticeable 
change in the precipitation regime, as measured at the Dawson Creek airport from 1969 to 2004 
(e.g., total precipitation, seasonal precipitation, precipitation falling as snow). There has been a 
significant increase in the temperature regime (e.g., mean temperature during the growing 
season, mean maximum temperature during winter, etc.) but whether this has caused changes 
in the flow regime remains unknown. The increase in winter temperatures may have 
contributed to a reduction in the median size of the spring freshet by reducing the amount of 
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snow on the ground when the melt begins. The average amount of snow on the ground at the 
end of February was 36 centimetres during the first half of the period of record and only 
17 centimetres during the second half of the period of record. This difference seems substantial 
and is nearly statistically significant (P = 0.08). However, this variable is poorly recorded at the 
Dawson Creek Airport.46 The changes cannot be easily explained in the context of land use 
changes in the watershed (see Section 3.3.2.3). As noted by Déry and others, “an important task 
is the development of approaches for disentangling the effects of climatic variability and change 
from the effects of land cover change.”47 We also note that this analysis is simplistic and cursory 
when compared to analysis done by Déry and others.48 The analysis is indicative of a cause for 
concern but further investigation is required.49 

Licensed and permitted water use 
There are currently 33 licences granted by the Ministry of Environment under Part 2 of the 
Water Act that allow abstraction of water from the Kiskatinaw River watershed.50 Most of the 
licensed water withdrawals are for purposes that are seasonal in nature, occurring during the 
peak flow or transition period (Table 9). The City of Dawson Creek is the largest single 
permitted user, with a licence amounting to 0.105 m3/second.  
 
Table 9.  Annualized licensed withdrawals from the Kiskatinaw River watershed by purpose 

Purpose Permitted withdrawal (m3/sec.)1 

Stored Water 0.352  
Irrigation 0.079  
Natural Gas Well Drilling 0.013  
Dust Control 0.004  
Stock Watering 0.001  
Domestic 0.0003  
City of Dawson Creek 0.105  
Total 0.554  

1 Based on a report from http://a100.gov.bc.ca/pub/wtrwhse/water_licences.input and information in specific licenses. 
 
  

                                                           
46 It is only available for 23 of the 38 years of record. 
47 Déry, S., K. Stahl, R. Moore, P. Whitfield, B. Menounos and J. Burford. 2009. Detection of runoff timing changes in 

pluvial, nival, and glacial rivers of western Canada. Water Resources Research 45, W04426, 
doi:10.1029/2008WR006975. 

48 Ibid. 
49 It is possible that much of the change may be related to the Pacific Decadal Oscillation (Allan Chapman, pers. 

comm). It is also clear that the analysis is subject to a temporal analogue of the modifiable areal unit problem 
described in Jelinski, D. and Wu, J. 1996. The modifiable areal unit problem and implications for landscape ecology. 
Landscape Ecology 11:129-140. 

50 http://a100.gov.bc.ca/pub/wtrwhse/water_licences.input 

http://a100.gov.bc.ca/pub/wtrwhse/water_licences.input
http://a100.gov.bc.ca/pub/wtrwhse/water_licences.input
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There are also two approvals granted by the Oil and Gas Commission under Section 8 of the 
Water Act (as a special enactment of the Oil and Gas Commission Act). These approvals are 
temporary51 and allow withdrawal of water from 25 locations in the watershed. The total 
permitted withdrawal is 10 200 m3/day which is an annualized rate of 0.18 m3/second. 
The total of the permits and approvals is 0.738 m3/second or about 75% of the median minimum 
flow at the Farmington gauging station. It is very important to note that this is an annualized rate 
of permitted use. Actual abstractions likely vary significantly among seasons and total 
abstractions are may be lower than the permitted amount. 

Current and projected water use 
Very little is known about the actual amount of water that is abstracted from the Kiskatinaw 
River watershed. Aside from the records provided by the Water and Environmental 
Department of the City of Dawson Creek for volumes taken at the Arras pump house52 there is 
no readily available information about the amount of water that is actually abstracted from the 
system (as opposed the permitted and approved volumes discussed above). Water use by the 
City of Dawson Creek has shown a more-or-less steady increase from 1960 to the present. Initial 
volumes abstracted (in 1960) were 0.034 m3/second. Usage in 2007 was 0.077 m3/second. This 
usage is relatively consistent over the year. The maximum usage typically occurs in June with a 
volume about 18% higher than the average volume for the year. 

We have no information about the actual amounts or timing of abstractions for other uses. We 
can infer from the purposes of the permitted uses (Table 9) that the majority (82%) of this 
volume would be abstracted either during the spring freshet (for storage) or during the summer 
(dust control and irrigation). 

We know that the natural gas industry has a substantial permitted or approved volume that can 
be abstracted (0.19 m3/second) but we have no information on how much of that allocation is 
actually used or when it is abstracted. We also know that a portion of the water used by the 
natural gas industry comes from unrecorded sources such as groundwater wells or borrow pits 
and dugouts.53 As of 2007, there were at least 180 dugouts, mostly on private land, and 257 
borrow pits, mostly on Crown land, in the study area. Very little is known about the amount of 
water that is pumped out of the groundwater wells in the area. 

We projected water use by the natural gas industry for the purpose of well fracturing under six 
different scenarios. The results are presented in Table 10. We also projected water use by the 
City of Dawson Creek to 2017. That projection indicates that they may be abstracting 
0.089 m3/second on an annual basis.54 This results in an additional reduction in volume of at 
Farmington of 0.012 m3/second (because the current volume they are abstracting is 
0.077 m3/second). This amount needs to be added to the water use by the natural gas industry 
presented in Table 10. 

                                                           
51 They expire on October 14 and December 15, 2010. 
52 http://www.dawsoncreek.ca/cityhall/departments/water/treatment.asp 
53 Scheck, J. 2009. 2008/09 winter compliance Audit: Results of Water Act Section 8 (short term use of water) approvals. 

Prepared for the Ministry of Environment and the Oil and Gas Commission. 
54 Based on a linear projection for the entire period of record (1960 to 2007). 

http://www.dawsoncreek.ca/cityhall/departments/water/treatment.asp
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Table 10.  Projection of annual water use (m3/second) by the natural gas industry under three scenarios of the 
number of wells drilled per year and two scenarios of the amount of water required for fracturing of tight gas 
wells 

 Water use for tight gas wells1 

Number of wells drilled per year 
         (conventional and tight gas) 

 
low (2 000 m3/well) 

 
high (20 000 m3/well) 

low  (20 and 35) 0.003 0.022 
base   (40 and 70) 0.005 0.045 
high   (60 and 105) 0.008 0.067 

1 Conventional wells use 500 m3 in all scenarios. 

Our stated level of concern for future projections of water use was that they should not exceed 
the 30Q40 flow.55 We estimated the 30Q40 flow at 0.06 m3/second.  

We compared estimates of the 30Q40 flow with six different projections of annual water use by 
the natural gas industry combined with the projected increase in use by the City of Dawson 
Creek. We note that, for the scenario with the high number of wells drilled and the high water 
use per well, the annualized water use would be 0.079 m3/second (use by natural gas plus the 
increased use by the City of Dawson Creek). That amount exceeds the 30Q40 flow by 
approximately 30%. 

This demonstrates a potential issue, should something like the high scenario materialize. 
Whether it represents an actual issue depends on the seasonality of use of water by the natural 
gas industry. We have been told by a number of sources that water used by the natural gas 
industry would typically be extracted and stored during periods of high water availability and 
thus would have limited impact on the low-flow characteristics of the flow regime. This needs 
to be confirmed based on records of actual use. 

3.3.2.2 Water quality (turbidity) 

We conducted an extensive analysis of the turbidity data collected at the Arras pump house. We 
found that estimates of mean turbidity and sediment yield based turbidity were highly 
correlated with stream flow. 

As discussed in Section 3.3.1.2 we believe the most useful indicator of turbidity is the number of 
days with turbidity below and above specified values. 

Results for our first indicator, the number of days with turbidity less than or equal to 50 NTUs, 
are shown in Figure 8. The results show no indication of a concern for this indicator (i.e., no 
statistically significant decrease in the number of days). To the contrary, turbidity 
measurements over the past 14 years indicate that there has been a statistically significant 
increase in the number of days with turbidity less than or equal to 50 NTUs. One could interpret 
this as an improvement in water quality over time. This variable is highly correlated with 
stream flow and attributes of the precipitation regime such as total precipitation and the 
number of months with precipitation above average values. However, when these correlates are 
included in the analysis, the relationship is strengthened, not weakened, indicating that the 
trend over time may be real. 

                                                           
55 The lowest 30-day average flow that is projected to occur, on average, once every 40 years [the period of record]. 
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Figure 8.  Total number of days with turbidity less than or equal to 50 NTUs. 

 
We also examined two other indicators of drinking water quality base on turbidity levels of 
500 NTUs because that is turbidity at which the intake pump at Arras is shut down. Figure 9 
shows the total number of days per year with turbidity greater than or equal to 500 NTUs and 
Figure 10 shows the maximum number of consecutive days in a year that turbidity has been 
greater than or equal to 500 NTUs (the longest shut down period required). 

There has been no significant change in either indicator over the last decade and a half 
(P = 0.131 and P = 0.146; respectively). 

 
Figure 9.  Total number of days with turbidity greater than or equal to 500 NTUs. 
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Figure 10.  Maximum number of consecutive days in a year with turbidity greater than or equal to 500 NTUs. 

 
3.3.2.3 Water quantity and quality (landscape level disturbance) 

We estimated the ECA for three time periods in the past and projected the estimate for three 
scenarios of levels of natural gas development at 2017. The estimate was partitioned, to the 
extent possible, by source of the disturbance (Figure 11). In 2007, the ECA for the study area was 
14%. Our projections for 2017 are 15, 16 and 18% for the low, base case and high development 
scenarios, respectively. By 2007 forestry was the dominant source of ECA in the study area, 
contributing over one-third of the total. We project that it will continue to be the dominant 
source, although the contribution of the natural gas industry will increase. We project only a 
small increase due to roads because access throughout the watershed is already well developed. 

The physical characteristics of the Kiskatinaw above Arras indicate that it has a moderate 
sensitivity to increased peak flow (see Appendix 3 for methods). Because of the moderate rating 
and the ECA of less than 25% currently and for all future scenarios, we conclude that, for the 
Kiskatinaw River watershed above Arras, the risk of significant channel destabilization 
resulting from increased peak flows is very low. 
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Figure 11.  Historical and projected equivalent clearcut area (ECA) by source for the Kiskatinaw River watershed 

above Arras. 
 
We also projected a scenario in which 80% of the pine in the study area is killed by mountain 
pine beetles over the next 10 years and pine stands, at their death, have an ECA of 50%. This 
scenario, combined with the three scenarios of level of natural gas development, results in an 
overall ECA for the study area of 23, 25 and 27% for the low, base and high scenarios, 
respectively. This results in a risk of significant channel destabilization resulting from increased 
peak flows that is very low or low (at 27%; see Table 7). 

We also partitioned the landscape level disturbance by sub-watersheds (shown in Figure 3) and 
calculated and projected ECAs for each of 10 individual sub-watersheds, for the West 
Kiskatinaw River watershed and for the mainstem of the Kiskatinaw above the confluence with 
the West Kiskatinaw (Table 11) Results for each sub-watershed showing the contribution of by 
source are shown in Appendix 4. The results indicate that, throughout the upper reaches of the 
watershed, the risk of significant channel destabilization resulting from increased peak flows is 
very low both in the past and for the projected scenarios. In contrast, three of the four sub-
watersheds in the lower reaches of the study area have been much more heavily developed. By 
2007, the risk of significant channel destabilization resulting from increased peak flows was 
high for Five Mile Creek and is projected to remain high at 2017 under all scenarios (Table 11). 
This risk level meets the level of concern for the indicator. 
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Table 11.  Historical and projected ECA percent partitioned by sub-watershed and showing watershed sensitivity and 
risk of significant channel destabilization 

  
During the past 

 Scenarios projected 
at 2017 

  

Watershed Mid- 
80s 

Mid- 
90s 

 
2007 

 low base high sensitivity risk 

Sundown Creek 3 11 11  10 13 17 low very low 
Jackpine Creek 6 9 14  12 14 17 low very low 
Big Lick Creek 1 2 4  5 5 6 low very low 

West Kiskatinaw 7 10 11  10 12 14 low very low 

Ministick Creek 1 5 10  11 12 14 low very low 
Sunderman Creek 2 3 5  5 5 6 low very low 

Borden Creek 1 4 8  8 9 9 low very low 

Upper Kiskatinaw 2 5 8  8 9 9 low very low 

Five Mile Creek 31 42 44  44 45 46 moderate high1 

Brassey Creek 11 18 21  23 25 29 moderate very low/ 
low2 

Reamer Creek 27 32 36  35 36 40 low low/ 
moderate3 

Oetata Creek 1 6 12  13 15 18 low very low 

Kiskatinaw Above Arras 8 11 14  15 16 18 moderate very low 

1 At 2007 and for all scenarios.  
2 For the base and high scenario.  
3 For the high scenario only. 
 
We also did assessment, at 2007, of five other indicators of landscape-level disturbance related 
to the total area disturbed, problem stream crossings, riparian logging and cattle access to the 
mainstems in the watershed. The results (Table 12) show the same trends as does the ECA 
indicator. Throughout the upper reaches of the watershed, there is very little cause for concern 
due to the human footprint. However, in the lower reaches of the watershed, Five Mile Creek, 
Brassey Creek and Reamer Creek all have indications of human disturbance that are a cause for 
concern for drinking water quality. In these sub-watersheds, the mainstem and many of the 
tributaries have had riparian logging, the majority of which is associated with agricultural 
activities. Much of this riparian removal appears to have caused bank instability and bank 
erosion, resulting in important sediment sources. The riparian logging has also resulted in easy 
access by cattle to the mainstem of the creeks, which is likely an important source of bacterial 
contamination. 

Throughout the study area there are many road/stream crossings, but the vast majority of 
crossings are inactive and/or are on stable soils. There are at least 37 that are both active and 
located on highly erodible soils. These crossings are concentrated in the Five Mile and Brassey 
Creek sub-watersheds (Table 12), suggesting that there may be site-specific problems with 
stream crossings and sediment generation in these areas, but that the overall impact of stream 
crossings on the suspended sediment regime is relatively minor. 
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Table 12.  Summary of other indicators of landscape level disturbance 

 
Watershed 

Percent 
of total 

area 
disturbed 
by 2007 

Density of active 
stream crossings 

located on erodible 
soils 

(#/km2    =density) 

Percent of 
mainstem 
logged1 

Percent of 
tributaries 

logged1 

Percent of 
mainstem 

easily 
accessed 
by cattle1 

Sundown Creek 13 0/49                =0.0    
Jackpine Creek 17 1/253           =0.004    
Big Lick Creek 4 0/91                =0.0    

West Kiskatinaw River 17 1/999              =0.01    

Ministik Creek 10 0/126                =0.0    
Sunderman Creek 5 0/93                 =0.0    
Borden Creek 8 0/63                 =0.0    

Upper Kiskatinaw River 9 2/989             =0.002    

Five Mile Creek 45 10/52               =0.19 87 3 23 
Brassey Creek 24 19/207               =0.09 9 9 18 
Reamer Creek 38 0/23                 =0.0 5 1 1 
Oetata Creek 13 4/193               =0.02    

Kiskatinaw River above Arras 17 37/2809              =0.01 0 2 5 
1 Zeros not shown. 

Our assessment of the implications of landscape level disturbances on water quality are in 
general agreement with the results of various measurements of water quality parameters 
collected by the BC Ministry of Environment at locations throughout the watershed from 2004 to 
2007 and analyzed and reported separately by them.56 They found bacteria concentrations that 
surpassed BC Drinking Water Guidelines for untreated water at the Arras pump house and 
concluded that Brassey Creek is the primary contributor from both failing septic 
systems/lagoons and livestock in the stream. Some human waste contamination was identified 
at the confluence of the East and West arms of the Kiskatinaw River. The source of this 
contamination was not identified; it likely came from residences around One Island and 
Cutbanks Lakes, oil and gas camps and public campgrounds. They also found both total 
organic carbon and dissolved organic carbon levels at the Arras pump that consistently 
exceeded the recommended guidelines for chlorination; however they were unable to specify 
the source, which may be natural or the result of human activity in the watershed. 

  

                                                           
56 Matscha, G., J. Jacklin and D. Sutherland. 2006. Water Quality Source Identification in the Kiskatinaw Watershed 

near Dawson Creek, BC. Interim Report prepared for the Ministry of the Environment, Prince George, BC and 
Matscha Gabi 2008. Bacteria and Parasite Source Identification in the Kiskatinaw Watershed near Dawson Creek, 
BC. 2004-2007. Report prepared for the Ministry of the Environment, Prince George, BC. 
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3.3.3 Summary and conclusions 

3.3.3.1 Water quantity (flow regime) 

We conclude that there have been several important changes in the flow regime57 that may be of 
concern from the point of view of one managing drinking water quantity. There appears to have 
been: 

• an increase in the variability of the total flow and the maximum flow; 
• a decrease in the median flow of the spring freshet; 
• a decrease in the median flow during the late summer and early fall; and  
• a change in the timing of the low flow in some recent years (occurring in the late 

summer). 

As noted previously, it is unclear what the relative contribution of climate change and land use 
change is to these changes in the flow regime. 

We projected water use by the natural gas industry coupled with the projected increase in use 
by the City of Dawson Creek. We compared that projection against indicators of the likelihood 
of an extended low-flow event. We found evidence for concern if we assumed that water use by 
the industry has a uniform effect on flow over the year and our most extreme scenario of water 
use by the industry came to pass. Both of these assumptions need to be examined more 
thoroughly. 

Perhaps most importantly, we conclude that the citizens of Dawson Creek should be concerned 
about issues of water quantity. In particular, there have been episodes in the past of very low 
flow (zero in fact). Depending on when, during the year, these events occur in the future, the 
consequences for the Dawson Creek water supply could be severe. We note that truly 
estimating the probability of rare events, like the Kiskatinaw running dry, is impossible.58 
Estimating their impact, should they occur, is often easy, and far more important in most cases. 

3.3.3.2 Water quality (turbidity) 

We found no indication that there has been deterioration in the turbidity regime of the 
Kiskatinaw River from 1995 to 2009. In fact, it appears that the chronic (low turbidity) 
characteristics may have improved. This is in stark contrast to the oral history provided by the 
Water and Environmental Department of the City of Dawson Creek, who indicate that issues 
with turbidity have increased over time.59 A likely explanation for this difference is that the 
period of record for the oral history extends back to 1960, whereas our analysis is based only on 
the last 14 years. It is entirely possible that there was deterioration in the turbidity prior to 1995, 
but that deterioration has been halted as management practices have improved in the recent 
past. 
 

                                                           
57 Based on a comparison of the period from 1966 to 1986 with the period from 1987 to 2007. 
58 Taleb, N. 2007. The black swan: the impact of the highly improbable. Random House Inc. New York. 
59 http://www.dawsoncreek.ca/cityhall/departments/water/watershed.asp 

http://www.dawsoncreek.ca/cityhall/departments/water/watershed.asp
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The Kiskatinaw River is naturally turbid due to the physical characteristics of the watershed. 
There have been large natural hydro-climatic events (floods) recorded in the past that have 
caused extensive disturbance to the fluvial system, increasing bank erosion and earth slumping 
and resulting in temporary increases in turbidity.60 Similar events with similar consequences 
can be expected in the future. 

3.3.3.3 Water quantity and quality (landscape level disturbance) 

We estimated the cumulative effect of all sources of human activity and natural disturbances on 
equivalent clearcut area. We used that information, in combination with a rating of the 
sensitivity of watersheds to disturbance, to assess the risk of significant channel destabilization 
resulting from increased peak flows both in the past and for the projected future scenarios. 

At the level of the entire study area (the Kiskatinaw River watershed above Arras) we found no 
cause for concern. The risk was low or very low throughout the past and for all projected future 
scenarios. There were two specific areas in the study area (sub-watersheds) where the risk was 
moderate and one where the risk was high (our limit for level of concern was moderate). All 
three of these areas are in the lower reaches of the watershed where agricultural and forestry 
activities have been ongoing for many years. The risk in the upper reaches of the watershed was 
uniformly very low. 

                                                           
60 Forsite 2004. Kiskatinaw River Watershed Assessment. Unpublished manuscript produced for West Fraser Mills 

Ltd. Chetwynd Operations. 



34 Appendix to FPB/SR/39 Forest Practices Board 

Appendix1:  Footprint Projection Methods and 
Summary of Results 

A1.1 General 

To project the future human footprint in the study area, we use a combination of trend analysis 
and projection, and polling of professionals with knowledge of and/or responsibility for 
industrial development in the area (Cornish 2004). The projection is provided for a single point 
in time, 10 years in the future (2017). The total additional footprint over the entire 10-year 
period was projected (i.e., there was no annual projection—the time step is 10 years). Concerns 
have been expressed about cumulative effects analyses that project forward for a relatively 
short time period. It is possible that critical thresholds for some VECs will be crossed just 
beyond the end of the projection period (Duinker and Greig 2006). In fact, this is a valid concern 
of projections regardless of how long the projection period is—the threshold may be just out of 
sight no matter how far we look. This concern can, and should, be addressed through a 
qualitative assessment of the state of the indicators and the rate of change in the past and the 
projected future, no matter how far that projection extends. It is also possible that the recovery 
of some human disturbances, that take significant time, will not be adequately presented 
(Madill, pers. comm.). Again, recovery can be projected for the chosen time period and the 
extent of recovery beyond that can be qualitatively assessed if there is a need to do so.  

We chose a 10-year projection period for four principal reasons: 

1. It is consistent with the conclusions of Bérubé (2007) that, “there is consensus on the 
difficulty of describing the state of an environmental component beyond the horizon of 
10 years.” 

2. It is consistent with advice that, when projecting using trend analysis, the data about 
past development of human disturbances should cover a period at least twice the 
forecast horizon (Dunker and Greig 2007); i.e., projections of the future must be firmly 
rooted in the present and the past.   

3. Projections of future events are, by their very nature, fraught with difficulties and the 
further one attempts to project into the future, the less likely it becomes that the 
projection will have any meaning whatsoever (Taleb 2007). 

4. We are not attempting to assess the long-term sustainability of the natural resource 
enterprises in the study area. We are attempting to assess their cumulative effects on the 
VECs. Because of the uncertainties involved in CEA it is desirable to redo the assessment 
on a frequent basis. Therefore it seems reasonable to conduct the assessment over a 
projection period that would equal half the time between assessments. That is, the CEA 
should be repeated every five years if there is a 10-year projection period. 
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We project a single base case for forestry and agriculture because these are mature industries 
with a well-developed infrastructure and a well-understood history in the study area.  There are 
relatively few players in the forestry industry and polling of those involved indicated a 
reasonable level of certainty about the future developments in the next 10 years. In contrast, the 
natural gas industry in the area is rapidly developing both in terms of extent and technology. In 
addition, there are a large number of operators in the area.61 For these reasons, it was not 
possible to obtain a consensus on nature or the amount of activity that might occur even in the 
near future. Therefore we project a variety of possible future scenarios for development of the 
natural gas industry. 

We do not provide a spatially explicit projection of the future of natural disturbances (fire and 
mountain pine beetle).  We did provide an aspatial projection of the current mountain pine 
beetle outbreak using the methods described on page 18. 

A1.2 Forest Harvesting 

The amount of forest harvesting that may occur in the watershed was projected for private land 
logging and for the three major licensees that operate on Crown land in the area: Louisiana 
Pacific, West Fraser and BC Timber Sales. For the three major licensees, all future forest 
harvesting was restricted to the timber harvesting land base as defined for the current allowable 
annual cut determination (TSRII).62 All harvest blocks were assumed to have 10% retention of 
mature timber for wildlife tree patches, riparian management and other purposes and 
permanent access structures comprising 5% of the block area.   

A1.2.1  Louisiana Pacific 

The amount of harvesting projected for Louisiana Pacific was based on maps it provided of 
harvesting during the last seven years. These maps showed an average annual harvest of 
650 hectares. Therefore, we projected a future harvest of approximately 6500 hectares in the 
watershed during the next 10 years. 

The projected harvest blocks were centered on forest stands identified by Louisiana Pacific as 
being potential harvest areas over the next 10 years, based on species profile (deciduous 
leading) and age (>95 years old). Projected harvest blocks were created from potential harvest 
stands by placing a 75-metre buffer, constrained to deciduous leading forest, around the stands 
identified. The blocks chosen for harvest were preferentially the largest blocks that were closest 
to existing roads and seismic lines. 

  

                                                           
61 Twenty-two companies have drilled wells in the last five years. 
62 http://www.for.gov.bc.ca/hts/tsa/tsa41/tsr2/rationale.pdf 

http://www.for.gov.bc.ca/hts/tsa/tsa41/tsr2/rationale.pdf
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A1.2.2 West Fraser 

The amount of harvesting projected for West Fraser was based on discussions with the licensee, 
which indicated that it would harvest approximately 550 hectares over the next three years and 
that it would have no activity in the watershed for the remaining seven years. The area of 
harvest is based on estimates that it would harvest 150 000 cubic metres of wood in the 
watershed (Brian Pate, pers. comm.) and the fact that it averaged 275 cubic metres per hectare in 
blocks harvested in the watershed since 2002.63 The harvest blocks were placed in pine-
dominated stands. Harvest blocks were chosen preferentially from those with the highest 
volume of pine per hectare that were closest to existing roads and seismic lines within the area 
traditionally operated in by West Fraser, in the southwestern portion of the study area. 

A1.2.3 BCTS 

The amount of harvesting projected for BCTS was based on its level of activity since the 
inception of the organization five years ago. This amounted to an average of 4.4 blocks a year 
with an average size of 31 hectares, or a total of 136 hectares per year. Therefore, in the next 
10 years, BCTS was projected to harvest approximately 1360 hectares. BCTS provided plans that 
identify this much area to be harvested in the watershed, so no modeled projection of its harvest 
was required. The plans include a combination of deciduous and coniferous blocks. 

A1.2.4 Private Land Logging 

Based on our analysis of the changes in the human footprint since the mid-1980s, there has been 
a slight increase in the rate of private land logging over time, but that increase is not significant 
(P=0.36). Therefore, the amount of private land logging projected for the next 10 years was equal 
to the average area harvested over the three previous time periods (mid-80s, mid-90s and to 
2007); approximately 475 hectares. That harvesting was assumed to occur in deciduous stands 
>95-years old. 

A1.2.5 Summary of Results of the Forestry Projection 

A summary of the harvest projection for each of the three major licensees and the private land 
logging is provided in Table 13. The actual area projected differs slightly from the proposed 
areas, as outlined above. We projected a total of 8500 hectares of logging to occur over the next 
10 years, 88% of which is in deciduous-leading stands. A total of 154 blocks are projected to be 
harvested with a mean size of 55 hectares. Note that the maximum size for both Louisiana 
Pacific and BC Timber Sales is well over the default maximum size of 60 hectares as specified by 
the Forest Planning and Practices Regulation Section 64(b). This is in keeping with the intent of the 
Ministry of Forest, Mines and Lands to promote the concept of managing to mimic natural 
disturbances in the area (Bob Phipps, pers. comm.). 
 
 
 
 
 

                                                           
63 Based on harvest history from the Forest Tenures and Administration System http://apps12.for.gov.bc.ca/fta/. 

http://apps12.for.gov.bc.ca/fta/
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Table 13.  Summary of harvest projection by licensee (and for private land logging) 
 Area Harvested (ha) Number Block Size (ha) 
Licensee Coniferous Deciduous Total of Blocks Mean Min Max 
Louisiana Pacific  6130 6130  106   58  27  320 
BC Timber Sales 435 936 1371  18   76  8  355 
West Fraser 558  558  13   43  24  84 
Private Land  439 439  17  26  4  77 
Grand Total 993 7506 8499  154   55   4   355 

 
All of the future forest harvest blocks projected were found to have existing roads or seismic 
lines within or immediately adjacent to the block. Therefore, no additional road building was 
assumed to occur as a result of the projected forest harvesting. 

A1.3 Natural Gas Development 

As outlined above, a single projection of natural gas development in the study area is difficult 
for a variety of reasons. Therefore, we project a set of possible futures (scenarios) of natural gas 
development in the watershed. We assert that each of these scenarios is possible but we make 
no assumptions or statements about the relative likelihood of any scenario—from the point of 
view of a decision-maker, all the scenarios should be considered to be equally likely (or 
unlikely). The scenarios are based on the last five years of natural gas development in the area 
and our understanding of the nature of possible new development in major “tight gas play” of 
recent interest in the area (i.e., the Montney play). This understanding is based on discussions 
with personnel from the Oil and Gas Commission, the Ministry of Energy Mines and Petroleum 
Resources (now the Ministry of Natural Resources Operations), Shell Canada and Encana 
Corporation. 

Development of natural gas formations of conventional reservoir quality (primarily the Cadotte 
formation) can be expected to continue into the future, although future development rates may 
be expected to be lower than past development rates as the formations play out. For the past 
five years, there has been an average of approximately 70 wells per year drilled in the study 
area. Therefore, we project three scenarios for future conventional development: 

1. Base case – 40 wells drilled per year for a total of 400 new wells by 2017 
2. Low scenario – 20 wells per year 
3. High scenario – 60 wells per year 

While there has been some limited activity in the watershed in the Montney tight gas play, it 
remains to be seen how development of this play will continue. We project that a base-case 
scenario for gas development will involve drilling the same number of wells per year as have 
been drilled in the past and that low and high development scenarios will be similar in 
magnitude to the conventional gas development scenarios: 

1. Base case – 70 wells drilled per year for a total of 700 new wells by 2017 
2. Low scenario – 35 wells per year 
3. High scenario – 105 wells per year 
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The number of wells drilled is only one aspect of the footprint associated with the natural gas 
industry. Each well is located on a pad that disturbs the soil. Each pad requires a road for access 
and a pipeline for delivery of the gas to the distribution system. Drilling of the wells consumes 
water. We project the footprint of the natural gas industry based on the parameters outlined in 
Table 14 and in the text that follows. Natural gas wells were not projected to occur in provincial 
parks, on any water bodies or on existing well pads. 

Table 14.  Characteristics of natural gas wells as modeled in the projection 

 Type of development 
 Conventional Gas Tight Gas 
Spatial location of 
wells 

random throughout the study area but 
preferentially closer to existing wells drilled 
in the last 5 years  

within the Montney play area, spaced on a 
4km grid, preferentially closest to existing 
well drilled in the last 5 years 

Pad size 1.5 hectares 4 hectares 
Number of wells 
per pad 

1 or 2 6 

Water use per well 500 cubic metres two scenarios:  2 000 and 20 000 cubic 
metres64 

To estimate the amount of new road required, we determined the shortest straight-line distance 
from each new well pad to another well pad (new or existing) or an existing road. One half of 
that distance was used as the estimate of new road required on the assumption that most new 
well pads would be accessed from another new well pad. New roads were assumed to be 2-lane 
gravel roads (25-metres wide). We projected that a total of 81 kilometres of road would be 
required for the base case scenario (42 kilometres for the low scenario and 134 kilometres for the 
high scenario). 

To estimate the amount of new pipeline required, we determined the shortest straight line 
distance from each well pad to another well pad (new or existing) or to an existing pipeline. We 
assumed that 85% of the length of the road’s right-of-way used to access the new wells would 
also be used for construction of the associated pipeline. In the remaining 15%, (chosen at 
random) the straight line distance to the nearest well (new or existing) or pipeline was used to 
calculate the additional pipeline required. The result was that an additional 17 kilometres of 
new pipeline would be required for the base case scenario (8 kilometres for the low scenario 
and 30 kilometres for the high scenario). Pipeline right-of-ways were assumed to be 20-metres 
wide. 

All new seismic projects were assumed to be 3-D seismic and were assumed to occur only 
where 3-D seismic projects had not already been conducted. The base case scenario assumed 
that half the remaining area would be covered by seismic projects, whereas the high scenario 
assumed that the entire remaining area would be covered. The seismic projects were assumed 
to have characteristics similar to existing 3-D seismic in the area (i.e., source lines are 4 metres in 
width and are placed at a rate of 2.5 kilometres per square kilometer). Receiver lines were 
assumed to be inconsequential in their effect on the VECs. Two scenarios were considered: for 
the base case scenario, half the remaining area not covered by existing 3-D seismic was 
completed, and for the high scenario, the entire area not covered by 3-D seismic was completed. 
                                                           
64 There is some significant uncertainty about how much water will be required by the fracturing process involved in 

the production of gas from tight shale. 
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A total additional footprint of 2500 hectares in the base case and 5000 hectares in the high 
scenario resulted from new seismic projects. 

A1.4 Agriculture and Other Human Footprints 

Agricultural land clearing was assumed to increase the area of agricultural land by 10% over the 
next 10 years; a total additional footprint of 950 hectares. This land clearing was assumed to 
occur adjacent to existing clearings. All other human footprints (e.g., buildings, pits, reservoirs) 
were assumed to have a linear increase based on the trend over the last 20 years.  This resulted 
in an additional human footprint of 300 hectares. 
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Appendix 2:  Review of Literature About Factors 
Influencing Caribou Populations and Habitat Use With 
Specific Reference to the Kiskatinaw and Detailed 
Results for Indicators of Habitat Quality 

A2.1 Introduction 

Woodland caribou (Rangifer tarandus caribou) that inhabit the Kiskatinaw River watershed are 
part of the Southern Mountains Population, and as such, are considered nationally threatened 
(COSEWIC 2002). This status is a result of declining and isolated populations, decreased range 
size and quality, and increased levels of development, disturbance and predation (COSEWIC 
2002). In Canada, these caribou are entitled to protection under the federal Species at Risk Act 
(SARA 2003), and are considered to be of special concern in the province of British Columbia (BC 
Conservation Data Centre, 2008). British Columbia has provincial, federal and international 
obligations to protect the Southern Mountains Population of woodland caribou and their 
habitat (Hatter 2002). 

Population declines of caribou in North America were first observed during the late 1800s and 
early 1900s, and coincided with increased hunting pressure and habitat alteration as a result of 
European settlement (Bergerud 1974). In British Columbia, an increase in fires and logging 
reverted older forests to early-seral forests (shrub and deciduous), allowing for the colonization 
and/or increase in deer, moose and consequently wolf populations (Bergerud 1974). Increased 
numbers of wolves may have resulted in higher adult and calf mortality in some caribou 
populations (Bergerud 1974). The low reproductive rate and high calf mortality rate of caribou 
compared to other cervids makes them particularly vulnerable to any changes in predator 
dynamics (Bergerud 1974, Adams & Dale 1998a). Thus, the central theory for population 
declines of woodland caribou observed during the late 1800s and early 1900s is that increased 
caribou mortality, due to overhunting and higher predator numbers tipped previously stable 
caribou populations into a decline (Bergerud 1974, Seip 1992, Seip & Cichowksi 1996).   

Variation in habitat use and forage species among woodland caribou herds has resulted in the 
categorization of caribou in British Columbia into three distinct ecotypes; mountain, northern 
and boreal (Bergerud 1978, Stevenson & Hatler 1985, Herd & Vagt 1998). The threatened 
Southern Mountains Population of woodland caribou includes both the mountain and northern 
ecotypes. Caribou that range within the Kiskatinaw River watershed are considered to be the 
northern ecotype of woodland caribou. Northern caribou commonly inhabit low-elevation pine 
(Pinus contorta) or black-spruce forests (Picea mariana) during winter months, and migrate to 
subalpine and alpine areas during calving and summer (Cichowksi 1993, Wood 1996, Johnson 
et al. 2000, Jones et al. 2007). Migration by northern caribou to mountainous areas is believed to 
be a strategy to space away from wolves during the critical calving period (Bergerud et al. 
1984a, Bergerud & Page 1987, Seip 1992). Caribou that calve in subalpine and alpine areas have 
higher calf survival compared to caribou that calve in low-elevation forests (Seip & Cichowksi 
1996). In winter, northern caribou space out from predators by existing at low densities and 
occupying forest types not commonly used by other ungulate species and their predators 
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(Bergerud 1980, Bergerud et al. 1984a). Avoidance by caribou of forest types used by moose, 
and consequently wolves, may act to effectively reduce predation pressure on caribou 
populations (James et al. 2004).  

A limited amount of information is available about the caribou that range within the 
Kiskatinaw River watershed. These caribou are believed to be part of the Narraway herd that 
also extends further south in BC, and into Alberta (Seip & Jones 2008a). Female caribou migrate 
south into the Rocky Mountains during calving and summer, and return to the boreal forest 
within, and bordering, the Kiskatinaw River watershed in the winter. Limited data indicates 
that males may be more likely than females to remain in the boreal forest year-round. In winter, 
these caribou forage in a variety of different forest types where they feed on both terrestrial and 
arboreal lichens (Seip 2008). Snow depths and hardness appear to play a role in selection of 
habitat and forage species in winter (Seip 2008). Although the population and status of caribou 
within this region is unknown, a survey conducted in March 2008 reported a minimum count of 
49 caribou (Seip & Jones 2008a). 

Populations of woodland caribou are declining in many parts of British Columbia and Alberta 
(Seip & Cichowksi 1996, Heard & Vagt 1998, Dzus 2001, McLoughlin et al. 2003). Stability of 
woodland caribou populations likely depends on their ability to remain spatially separated 
from predators (Bergerud et al. 1984b, Seip 1991, Seip & Cichowksi 1996). Habitat alteration 
may impede strategies used by caribou to avoid predators and lead to increased mortality and 
predation of woodland caribou (Seip 1991, James & Stuart-Smith 2000, McLoughlin et al. 2003).  
Natural or anthropogenic disturbance in caribou habitat may result in loss or avoidance of 
habitat by caribou (Smith et al. 2000, Dyer et al. 2001, Joly et al. 2003, Schaefer & Mahoney 2007), 
increased access for humans and predators into caribou habitat (Bergerud et al. 1984b, Edmonds 
& Bloomfield 1984, Seip & Cichowksi 1996), barriers or obstruction of caribou movements (Dyer 
2002) and altered predator-prey dynamics (Seip 1991, James 1999, James & Stuart-Smith 2000). 

A2.2 Factors Limiting Caribou Herds 

The majority of adult and calf mortality in most woodland caribou populations can be 
attributed to predation, mainly by wolves (Fuller & Keith 1980, Bergerud & Elliot 1986, 
Bergerud & Page 1987, Seip 1992, Seip & Cichowksi 1996, McLoughlin et al. 2003, Wittmer et al., 
2005, Gustine et al. 2006). Wolf predation on caribou can be substantial enough to cause the 
decline of a population in areas where moose and caribou overlap, and wolf densities are 
sustained by moose densities (Seip 1992). Calf survival and recruitment rates increase in areas 
where wolves have been reduced or are absent (Bergerud & Elliot 1986, Bergerud & Page 1987, 
Seip 1992). Caribou populations throughout the 1900s in British Columbia appeared to be 
inversely related to wolf densities (Bergerud & Elliot 1986).   

Presumably, caribou require habitat that allows them to space out or space away from 
predators, while still obtaining adequate forage (Bergerud et al. 1984b, Seip 1991, Cumming et 
al. 1996, Seip & Cichowksi 1996).  Caribou likely seek areas of reduced predation risk at a large-
scale, and then forage quality within these low-risk areas of predation (Bergerud et al. 1984a, 
Bergerud & Page 1987, Bergerud et al. 1990, Heard et al. 1996, Gustine et al. 2006). Land-use 
strategies that ensure areas of contiguous habitat are advocated by researchers, particularly for 
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caribou that winter in the boreal forest, where the ability to space away from predators is 
essential (Bergerud et al. 1984b, Seip 1991, Seip & Cichowksi 1996). The size and configuration 
of contiguous habitat needed to ensure survival of caribou populations, however, is unresolved 
and recommendations vary within and among provinces (Racey & Armstrong 1996, Seip 1998, 
O’Brien 1996). 

Currently, the ultimate cause of population declines for woodland caribou is believed to be 
alteration of habitat resulting in increased predation of caribou (Cumming 1992, McLoughlin et 
al. 2003, Sorensen et al. 2008). Habitat loss, habitat avoidance, increased access or mobility of 
predators, and altered predator-prey dynamics as a result of habitat alteration may all act to 
increase predation rates of woodland caribou. 

Habitat loss occurs when an area is permanently changed into habitat that caribou do not use 
(e.g., buildings, gravel pits). Caribou require large expanses of undisturbed habitat where they 
can effectively space out to avoid predation (Seip & Cichowski 1996). Loss of habitat within 
caribou range may concentrate caribou into smaller areas, making presence of caribou more 
predictable to predators on the landscape (Seip 1991, Smith 2001, Dyer et al. 2001).   

Habitat avoidance occurs when natural or anthropogenic disturbances create habitat that 
caribou are unlikely to use (e.g., cutblocks, burns). Caribou may avoid deforested areas due to 
differences in snow conditions (Fuller & Keith 1981, Edmonds & Bloomfield 1984), vegetation 
(Schaefer & Pruitt 1991, Thomas et al. 1996), and/or obstructions to foraging or mobility 
(Schaefer & Pruitt 1991) between forested and deforested habitat. Research indicates that 
caribou may also avoid areas adjacent to disturbed habitat (Smith et al. 2000, Dyer et al. 2001, 
Joly et al. 2003). Similar to habitat loss, avoidance of disturbed and adjacent habitat by caribou 
may compromise their anti-predator strategy of spacing out across the landscape. 

Access into, or mobility of predators within, caribou range may increase with habitat alteration.  
Linear corridors may make travel easier (e.g., harder snow conditions, reduced obstacles) for 
predators and improve access into caribou habitat (Edmonds & Bloomfield 1984, Thurber et al. 
1994, Seip & Cichowski 1996). One study found that wolf locations occur closer to linear 
corridors than random locations (James & Stuart-Smith 2000). In winter, wolves travel 2.8 times 
faster on linear corridors than in forested areas (James 1999). Increased mobility of predators 
along linear corridors may reduce search time by predators and increase encounter and 
predation rates of caribou. Caribou may also be attracted to linear corridors for ease of travel 
(Bergerud et al. 1984, Edmonds & Bloomfield 1984, James & Stuart-Smith 2000) or high-quality 
vegetation (Edmonds & Bloomfield 1984, James & Stuart Smith 2000). Attraction of caribou to 
linear corridors may result in increased predation of caribou.   

Predator-prey dynamics may be influenced when habitat is altered. Creation of early-seral 
forests enhance habitat for prey species other than caribou, such as moose or deer (Seip & 
Cichowksi 1996). Higher densities of alternate prey may attract or sustain predator numbers in 
areas inhabited by caribou, resulting in increased adult and calf mortality of caribou (Seip 1991, 
Seip 1992). 
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The extent to which each of these outcomes (habitat loss, habitat avoidance, increased access 
and mobility of predators, and altered predator-prey dynamics) has contributed or will 
contribute to population declines of caribou is unresolved. Although numerous studies have 
linked habitat alteration with these outcomes, the mechanisms by which each of these lead to 
increased predation of caribou are largely theoretical. Research indicates that habitat alteration 
leads to increased predation and consequently population declines of caribou, but at present, a 
causal relationship between natural and anthropogenic disturbance and population declines of 
caribou has not been established.  

A2.2.1 Impacts of natural processes on caribou habitat 

A2.2.1.1 Fire 

Fire will negatively affect quality of habitat for caribou if it eliminates or reduces forage lichens 
present in the burned areas (Schaefer & Pruitt 1991, Thomas 1996). Fire may be beneficial in the 
long-term, however, by returning older forests to lichen-generating stands (Schaefer & Pruitt 
1991, Coxon & Marsh 2001, Sulyma & Coxon 2001). Fire may also have a negative effect on 
habitat quality by creating early-seral habitat that may attract moose or other alternate prey for 
wolves (Maier et al. 2005).   

Most studies indicate that caribou avoid areas in the initial decades following a fire, and stands 
that are less than 50 years of age (Schaefer & Pruitt 1991, Thomas et al. 1996, Joly et al. 2003).  
This avoidance may also extend to forested areas up to 500 metres away from adjacent burns 
(Joly et al. 2003). Caribou may avoid young burned areas due to reduced forage (Schaefer & 
Pruitt 1991, Thomas et al. 1996), and increased deadfall, which may obstruct caribou movement 
or access to ground forage (Schaefer & Pruitt 1991). Additionally, stands with little or no tree 
cover may be inhospitable to caribou in certain parts of winter because the lack of snow 
interception by the canopy will result in deeper snow, and increased exposure to sun 
(melt/freeze events) and wind will result in harder snow. These conditions may inhibit cratering 
(pawing through snow to obtain ground forage) by caribou (Schaefer & Pruitt 1991, Jones 2007). 

Some caribou herds have abandoned their former range or increased the size of their former 
winter range following a fire (Schaefer & Pruitt 1991). Other herds showed no change in fidelity 
or increase in home range size despite large portions of their range being burned (Dalerum et al. 
2007). Despite avoidance of fires or potential change in home ranges by caribou, only one study 
has found a correlation between fire and population declines (Sorenson et al. 2008). However, it 
is possible that a time lag exists between the occurrence of a fire and changes in predator-prey 
dynamics that result in population declines so this relationship may not have been detected 
because of the timelines in other studies. 

Caribou may not be influenced by fires within their range if there are adequate amounts of 
undisturbed stands where they can avoid predators, while still obtaining adequate forage 
(Schaefer & Pruitt 1991, Dalerum et al. 2007). Differences among studies in changes to 
distribution of caribou following a fire indicate that the influence of fire on herd distribution 
may be somewhat dependent on the size and quality of remaining caribou range. Given 
adequate range size, fire may be beneficial to caribou by converting older non-lichen producing 
stands into lichen-producing stands (Schaefer & Pruitt 1991). 
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A2.2.1.2 Mountain pine beetle 

An unprecedented mountain pine beetle (Dendroctonus ponderosae) outbreak has occurred within 
British Columbia over the past decade, and is expected to continue until 2019 (Walton et al. 
2008). Currently, over 46% of merchantable pine volume within the timber harvesting land base 
in British Columbia has been attacked or killed, and a total of 77% of pine is projected to be 
killed by the end of the attack in 2019 (Walton et al. 2008). The majority of pine stands inhabited 
by northern caribou are likely to be affected in the southern and central parts of BC.   

Limited research has been conducted on the impacts of mountain pine beetle to caribou 
(Cichowksi & Williston 2005, Seip & Jones 2008b). Changes to forest structure due to attack by 
mountain pine beetle are gradual, and impacts to caribou may not be apparent for years to 
come (Cichowksi & Williston 2005). Preliminary investigations reveal that percent cover of 
caribou forage lichens may decline in forests attacked by mountain pine beetle and be replaced 
by dwarf shrubs and/or moss (Cichowksi & Williston 2005, Seip & Jones 2008b). There is 
speculation that changes in snow conditions or fallen trees may inhibit cratering or movement 
by caribou in beetle-killed forests (Cickowski & Williston 2005). As such, caribou may abandon 
beetle-killed winter range and remain in subalpine/alpine areas throughout the year (Cichowksi 
& Williston 2005). If caribou continue to migrate to low-elevation winter range they may be 
forced to move through or forage in areas where risk of predation may be higher than in former 
pine-lichen winter range (Cichowksi & Williston 2005). 

A2.2.2  Impacts of resource use on caribou habitat 

A2.2.2.1 Forest harvesting 

Studies examining the impacts of timber harvesting within woodland caribou ranges indicate 
that caribou commonly avoid or abandon areas that have been logged (Darby & Duquette 1986, 
Cumming & Beange 1993, Smith et al. 2000, Schaefer & Mahoney 2007, Vors et al. 2007, Courtois 
et al. 2008). Caribou have been shown to avoid cutblocks up to an average of 9.2 kilometres 
(Schaefer & Mahoney 2007), although other studies predict an average avoidance of 
1.2 kilometres for new cutblocks, and 540 metres for older cutblocks (Smith et al. 2000).  
Conversely, caribou may select cutblocks during certain seasons, such as spring, when green 
vegetation is optimal (Hins et al. 2008). Although continued use of logged areas by caribou has 
been documented (Hins et al. 2008, Seip & Jones, 2008b), snow conditions may make cutblocks 
inhospitable for large portions of the winter (Seip & Jones, 2008b).  

Logging typically occurs in low-elevation forests and, as such, has the greatest impact on winter 
ranges of northern caribou (Seip 1998). Similar to fires, cutblocks within caribou ranges result in 
an increase in early-seral habitat. Rate of predation by wolves on caribou may increase in 
cutover areas, as wolves generally use or select early-seral stage habitats in disproportion to 
forested areas (Kuzyk et al. 2004, Neufield 2006). Studies in Ontario suggest that numbers of 
caribou may decline on winter ranges following logging (Darby & Duquette 1986, Cumming & 
Beange 1993), and that caribou no longer occur within 13 kilometres of an area 20 years after it 
has been harvested (Vors et al. 2007). Smith (2004) found a negative correlation between road 
and cutblock densities and survival of adult female caribou. A study examining seasonal 
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selection patterns in both wolves and caribou found that generally caribou avoided and wolves 
selected cutblocks and deforested areas (Neufield 2006). 

A2.2.2.2 Linear corridors  

Linear corridors (e.g., roads, pipelines, and seismic lines) in caribou range can result in 
mortality to caribou through vehicle collisions or increased access into ranges by hunters, 
poachers and predators (Johnson 1985, Bergerud et al. 1984b, Edmonds & Bloomfield 1984, Seip 
& Cichowksi 1996). Caribou mortality may also occur when altered habitat influences caribou 
movement and predator-prey dynamics. Caribou may avoid linear features (James & Stuart-
Smith 2000, Dyer et al. 2001, Oberg 2001, Nellemann et al. 2003), and in some cases these 
corridors can act as semi-permeable barriers (i.e., caribou cross roads less frequently than 
expected) to caribou movement (Dyer et al. 2002). The barrier effect of roads (improved gravel) 
was greatest during late winter when traffic levels were highest (Dyer et al. 2002). Loss of 
habitat through avoidance behavior or barriers to movement may force caribou into suboptimal 
habitat and/or make their whereabouts more predictable to predators on the landscape (Dyer et 
al. 2001). 

Some predators (e.g., bears) may be attracted to enhanced vegetation or predictable presence of 
alternate prey along linear corridors (Dzuz 2001). Wolves can travel faster along linear corridors 
than in the forest (James 1999), and may favour these features for travel routes, particularly in 
winter (Edmonds & Bloomfield 1984, Dzus 2001). Faster travel rates by wolves may increase 
their encounter rate with prey. Locations of caribou killed by wolves occurred closer to linear 
corridors than locations of live caribou, and wolf locations occurred closer to linear corridors 
than random locations (James & Stuart-Smith 2000). Thus, an increased density of linear 
corridors in caribou habitat may ultimately influence the rate of predation by wolves on 
caribou. 

Research indicates that caribou avoid roads (improved gravel) from 250 up to 500 metres (Dyer 
et al. 2001, Oberg 2001), and seismic lines (more than 5-metres wide) up to 250 metres (Dyer et 
al. 2001). Some caribou, however, use linear corridors as travel routes, particularly in deep snow 
(Bergerud et al. 1984b, Jones unpublished data). Roads may also be used by caribou to increase 
forage opportunities or obtain salt (Edmonds & Bloomfield 1984, Jones unpublished data). 
Increased risk of predation and mortality due to collisions, hunting or poaching may occur, 
however, for caribou that do not avoid linear corridors (Bergerud et al. 1984b, James & Stuart-
Smith 2000, Jones unpublished data).  

A2.2.2.3 Other 

Avoidance of natural resource development and human activity is typical among woodland 
caribou herds. Avoidance (up to three kilometres) and disruption of migration patterns of 
woodland caribou occurred during, and the year following, construction of a hydroelectric 
project (Mahoney & Schaefer 2002). Caribou avoided (up to six kilometres) a gold-mine site 
during construction and operation (Weir et al. 2007) of the mine. Dyer et al. (2001) documented 
avoidance (up to one kilometre) distances by caribou of well sites. Disturbances, such as loud 
noise attributed to petroleum exploration, may increase movement rates of caribou and/or 
result in the displacement of caribou into suboptimal habitat (Bradshaw et al. 1997). Even 



46 Appendix to FPB/SR/39 Forest Practices Board 

extensive use of areas by snowmobiles has been shown to result in the displacement or 
abandonment of winter range by woodland caribou (Seip et al. 2007). 

Studies on barren-ground caribou (Rangifer tarandus tarandus) also indicate that caribou in the 
arctic avoid human infrastructure (up to four kilometres), and indicate that population declines 
may occur as a result of the cumulative impacts of development in caribou range (Nellemann et 
al. 2003, Cameron et al. 2005). Conversely, Cronin et al. (1998) compared population 
demographics among herds in the Arctic that were exposed and not exposed to oilfield 
development and found that demographics were similar. It may not be appropriate, however, 
to assume that the impacts of development on population demographics of barren-ground and 
woodland caribou are similar. Barren-ground caribou space away from denning wolves during 
calving by migrating large distances across arctic tundra (Heard et al. 1996).  Alteration of 
tundra habitat does not enhance habitat for alternate prey, and consequently would not 
influence predator numbers. Caribou in the arctic may even become habituated to human 
activities and development when risk of predation (by wolves or humans) is negligible (Haskell 
& Ballard 2008).   

A2.3 Summary 

Natural and anthropogenic disturbance have been shown to influence caribou distribution and 
movement (Schaefer & Pruitt 1991, Smith et al. 2000, Dyer et al. 2002), and development 
activities have been associated with increased mortality of woodland caribou (Darby & 
Duquette 1986, Cumming & Beange 1993, James & Stuart-Smith 2000, Smith 2004). Although 
recent studies have linked disturbance with population declines or extirpation of caribou (Vors 
et al. 2007, Sorenson et al. 2008), a causal relationship between population declines and 
landscape disturbance has not been ascertained (Bergerud et al. 1984b, Sorenson et al. 2008).  
Population response of caribou to natural disturbances are difficult to measure due to lifespan 
and mobility of caribou (Schaefer & Mahoney 2007), population and recruitment survey 
constraints in forested areas (Dzuz 2001), and the necessity of using suitable control and 
treatment sites to determine cause-and-effect (Bergerud et al. 1984b, McLoughlin et al. 2003).  
Given research constraints and well-documented links between caribou distribution, population 
demographics and disturbance, the lack of an established causal relationship between 
population declines and disturbance of woodland caribou does not provide sufficient evidence 
that such a relationship is nonexistent (Seip 1998, Dzuz 2001, Mahoney & Schaefer 2002). 
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Table 15.  Literature indicating avoidance of natural and anthropogenic disturbances by caribou. Avoidance distances 
were not quantified in these studies. 

Disturbance Reference Study Area Habitat 

Burns (< 55 yrs) Schaefer & Pruitt 1991 Southeastern Manitoba Boreal Forest 

Burns (< 60 yrs) Thomas et al. 1996 Northwest Territories Boreal Forest 

Burns (< 50 yrs) Dalerum et al. 2007 Northern Alberta Boreal Forest 

Cutblocks (< 7 yrs) Courtois et al. 2008 Quebec Boreal Forest 

Cublocks (< 10 yrs) Darby & Duquette 1986 Northern Ontario Boreal Forest 

Cutblocks (< 12 yrs) Cumming & Beange 1993 Northern Ontario Boreal Forest 

Cutblocks (0 – 40 yrs) Hins et al. 2008 Quebec Boreal Forest 

Cutblocks  Neufield 2006 West-central Alberta Sub-boreal Forest 

Cutblocks Rettie & Messier 2000 Manitoba Boreal Forest 

Seismic Lines Neufield 2006 West-central Alberta Sub-boreal Forest 

 

Table 16.  Literature indicating avoidance of natural and anthropogenic disturbances by caribou and mean or 
maximum avoidance distances from disturbance. To reduce overestimation of avoided habitat by caribou, 
the smallest avoidance distance (in bold) for each disturbance type was used to quantify habitat avoided 
by woodland caribou. 

Disturbance Reference Study Area Habitat Avoidance 
Distance 

Burns (< 50 yrs) Joly et al. 2003 Alaska Boreal Forest 500m (max) 

Active Cutblocks Schaefer & 
Mahoney 2007 

East-central 
Newfoundland 

Boreal Forest 9.2 km (mean) 

Cutblocks (< 2 yrs) Smith et al. 2000 West-central Alberta Sub-boreal Forest 1.2 km (mean) 

Cutblocks (> 2 yrs) Smith et al. 2000 West-central Alberta Sub-boreal Forest 540 m (mean) 

Cutblocks (~< 50 yrs) Vors et al. 2007 Ontario Boreal Forest 13 km (max) 

Roads (improved gravel) Dyer et al. 2001 Northeastern Alberta Boreal Forest 250 m (max) 

Roads (improved gravel) Oberg 2001 West-central Alberta Sub-boreal Forest 500 m (max) 

Seismic Lines Dyer et al. 2001 Northeastern Alberta Boreal Forest 250 m (max) 

Well Sites (~> 2 yrs) Dyer et al. 2001 Northeastern Alberta Boreal Forest 500 m (max) 

Well Sites (~< 2 yrs) Dyer et al. 2001 Northeastern Alberta Boreal Forest 1000 m (max) 
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Table 17.  Total core area and mean, minimum and maximum core area patch sizes for entire study area and the 
currently used caribou winter range 

 Entire Study Area  Currently Used Winter Range  

 mid-
1980s 

mid-
1990s 2007 mid-

1980s 
mid-

1990s 2007 

Core Area (ha) 81 549 53 421 25 343 30 479 23 440 15 121 

Core Area (%) 29 19 9 42 32 21 

No. Patches 613 710 638 197 262 234 

Mean Patch Size (ha) 133 75 40 155 89 65 

Maximum Patch Size (ha) 5 404 3 538 3 093 5 404 3 538 3 093 

 
Table 18.  Density (km/km2) of linear corridors for the currently used caribou winter range and the entire study area 

 Entire Study Area Currently Used Winter Range 

 mid-
1980s mid-1990s 2007 mid-1980s mid-1990s 2007 

Pipelinea 0.00 0.17 0.49 0.00 0.03 0.16 

Road  
(Paved)a 

0.02 0.04 0.04 0.00 0.00 0.00 

Road  
(Gravel)a 

0.22 0.35 0.39 0.13 0.22 0.22 

Road (Unimproved) 0.23 0.52 0.71 0.22 0.41 0.50 

Seismic Line  
(Cat Cut)a 

0.00 0.00 1.06 0.00 0.00 0.67 

Seismic Line  
(Mulcher Cut) 

0.00 0.00 0.21 0.00 0.00 0.06 

Seismic Line  
(Hand Cut) 

0.00 0.00 1.46 0.00 0.00 1.68 

Seismic Line (Unknown)a 0.98 1.19 1.81 0.94 1.08 1.40 

Trail 0.36 0.73 0.74 0.16 0.47 0.47 

Transmission Linea 0.00 0.01 0.01    

Total   
(Buffered Corridors) 

1.21 1.77 4.00 1.07 1.33 2.51 

Total                  
(All Corridors) 

1.81 3.01 6.91 1.44 2.21 5.15 

a Linear corridors that were buffered based on literature findings of avoidance distances by caribou of linear features. 
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Appendix 3:  Method of Calculating Stream Channel 
Sensitivity 
Watershed sensitivity, relative to the potential for increases in peak flows (PFs), was computed as 
follows:  

    PFs= Rs * TOP * DEf *VERT*CLIM*SYNC* NDTf 

Where:  

1. Rs = The Rosgen stream channel sensitivity score, applied to the lower reaches of the 
watershed (Rosgen 1996, 2006). 

2. TOP = The watershed topography factor. This is related to general topography of the 
watershed and the connectivity of the hillslopes to the stream network. 

3. DEf = The drainage efficiency factor of the watershed (related to the number, size and 
location of lakes and wetlands in the watershed). 

4. VERT = This is the typology factor, which considers general soils and bedrock types and 
their effect on the conductivity of water through the soil (i.e., the proportion of shallow 
horizontal flow [fast] vs. deep bedrock flow [slow]).  

5. CLIM = The influence of climate type (as indexed by Biogeoclimatic subzones) on 
potential for increases in peak flows cause by land disturbance. For example a rain-on-
snow zone will be much more sensitive than a dry desert type.  

6. SYNC = The flow synchronization factor. This factor considers the distribution of 
elevation zones in the watershed and how flows may be desynchronized with a greater 
distribution of elevation bands. For example, a flat watershed, where most of the area 
generates peak flows at a similar time (i.e., flows are synchronized) will be more 
sensitive to extensive land-use disturbances then will be a steeper watershed.  

7. NDTf = The dominant natural disturbance type in the watershed. The assumption here 
is that a lower sensitivity rating will be given to those watersheds where large natural 
disturbances are frequent and the biological communities may be better adapted to 
frequent natural changes caused by large disturbances (e.g., wildfires, insect infestations 
and possibly clearcutting). 

The computation of the overall watershed sensitivity (PFs) is based on the sensitivity rating classes 
and scores provided in the following seven tables (Table 19 to Table 25). 

Resulting values can vary from 0.1 to 5.5 and are converted to sensitivity ratings as follows: 

• 0 to <1.5   Very Low 
• >=1.5 - <2.5  Low 
• >=2.5 - <3.5  Moderate 
• >=3.5 - <4.5  High 
• >=4.5  Very High 
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Table 19.  Rosgen channel sensitivity rating (Rs) 

Rosgen Stream Type Stream Sensitivity Class  Channel Sensitivity Score 
(Rs) 

A3 to A6 
F3 to F6, G3 to G6 Very High 5 

C3 to C6 and D3 to D6 High 4 
E3 to E6 Moderate 3 

C1 and C2 and B3 to B6 Low 2 
A1, A2, B1, B2, F1, F2, G1, G2 Very Low 1 

Table 20.  Watershed topography rating (TOP) 

Description of the Watershed Topography Factor 
(TOP) 

Gently rolling with very wide uncoupled floodplains (small reduction in sensitivity) 0.90 

Hilly, gentle mountains, generally uncoupled with floodplains  0.92 

Mountainous with localized steepness  0.95 

Generally steep and coupled  0.98 

Very steep and tightly coupled (no reduction in sensitivity) 1.00 

Table 21.  Watershed drainage efficiency rating (DEf) 

Description of Watershed Characteristics Relative to 
Abundance of Lakes and Wetlands 

Drainage Efficiency and 
Lateral Connectivity 

(Topology) (DEf) 

Numerous lakes, or one big lake, near outlet (big reduction in sensitivity), low 
drainage density 0.70 

Numerous lakes that are scattered throughout watershed with low to moderate 
drainage density 0.80 

Moderate amount of lakes scattered throughout watershed with moderate to 
high drainage density 0.90 

Few lakes that are scattered throughout watershed with high drainage density. 0.95 
No lakes (no reduction in sensitivity), very high drainage density (no reduction in 
sensitivity) 1.00 

Table 22.  Watershed typology rating (VERT) 

Description of the Watershed 
Typology Factor 

Soils and bedrock relative to 
vertical vs horizontal drainage 

(VERT) 

Very deep porous soils with fractured bedrock 0.90 

Deep porous soils with fractured bedrock 0.92 

Shallow soils with fractured bedrock or deep soils with solid bedrock 0.95 

Moderately shallow soils with solid bedrock 0.98 

Very shallow soils and solid bedrock 1.00 
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Table 23.  Watershed flow synchronization rating (SYNC) 
% of Watershed in “Low Elevation  
(i.e., less than 300 m above outlet) 

Flow Synchronization Factor 
(SYNC) 

90-100 1.10 
60-90 1.05 
30-60 1.00 
10-30 0.95 
<10 0.90 

 
Table 24.  Watershed natural disturbance type rating (NDTf) 

Dominant NDT Type in Watershed Natural Disturbance Factor 
(NDTf) 

NDT 5 - Alpine tundra and subalpine park land ( less sensitive because 
better adapted to being disturbed) 

0.85 

NDT 4 - Frequent stand maintaining fires, (less sensitive because better 
adapted to frequent disturbance) 

0.90 

NDT 3 - Frequent stand initiating fires, (a bit less sensitive) 0.92 

NDT 2 - Infrequent stand-initiating events (minor reduction in sensitivity) 0.98 

NDT 1 - Rare stand initiating events (no reduction in sensitivity) 1.00 

Table 25.  Watershed climate type rating (CLIM) 

BEC 
Zone 

Weight for BEC Peak Flow Generation 
Index 

Justification for Peak Flow Generation Weight Selection 
 

Rank 
1= Logging in this zone 
generates the biggest 
increases in peak flows 
14= Logging in this 
zones causes the least 
effect on increases in 
peak flows 

Score (CLIM) 
(Score is scaled 

from 0 to 1, where 
1 is biggest impact 
and 0 would be no 

impact at all) 
 

MH High 1 Deepest snowpack and rain on snow zones 

ICH High 1 Wet climate with potentially lots of snow, not that much 
different than MH 

ESSF High 1 Deep snowpacks and thus the effect of logging on snow 
accumulation and melt can be significant. Not that much 
different than ICH and ESSF 

MS High 1 Climate is wet and snowy (less than ESSF, but more than 
SBS) 

SBS High 1 Not a huge annual precipitation, but significant snowpack 
CWH Moderate 0.75 Lots of rain, but not much snow. Thus effects of tree removal 

are less, but still significant 
CDF Moderate 0.75 Lots of rain, but virtually no snow 
SWB Moderate 0.75 Although winters are long, snowpacks are not that deep.  
BWBS Low-Mod 0.75 Although winters are long, snowpacks are not that deep. 
SBPS Low 0.60 Very dry and low snowpack, but completely forested.  
IDF Low 0.60 Most of the zone is relatively dry with generally more rain 

than snow. 
PP Very Low 0.25 Very dry and low snowpack, not much logging potential in 

PP 
BG Very Low 0.25 Minimal logging in this zone 
AT Very Low 0.25 No logging in this zone 
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Appendix 4:  Historical and Projected Disturbance 
Amounts and Resulting Equivalent Clearcut Area 
(Expressed as a Percent of Total Area) by Sub-
Watershed and Industry 
 
Table 26.  Five Mile Creek watershed 

 Agriculture Forest 
Harvesting Burns Oil and Gas Roads Other Total 

 Ha % Ha % Ha % Ha % Ha % Ha % Ha % 

Mid-
80s 1396 26.8 16 0.3 11 0.2 30 0.6 125 2.4 10 0.2 1588 30.5 

Mid-
90s 1356 26.1 146 2.8 448 8.6 60 1.2 163 3.1 16 0.3 2189 42.1 

2007 1323 25.4 198 3.8 399 7.7 110 2.1 174 3.3 85 1.6 2289 44.0 

2017 
(Base) 1456 28.0 241 4.6 218 4.2 141 2.7 174 3.3 102 2.0 2332 44.8 

2017 
(High)       209 4.0 178 3.4   2402 46.2 

2017 
(Low)       110 2.1 174 3.3   2300 44.2 

 
Table 27.  Brassey Creek watershed 

 Agriculture Forest 
Harvesting Burns Oil and Gas Roads Other Total 

 Ha % Ha % Ha % Ha % Ha % Ha % Ha % 
Mid-
80s 1639 7.9 237 1.1 152 0.7 138 0.7 177 0.9 3 0.0 2346 11.2 

Mid-
90s 1588 7.6 938 4.5 297 1.4 355 1.7 474 2.3 25 0.1 3676 17.6 

2007 1578 7.6 1491 7.2 189 0.9 484 2.3 523 2.5 62 0.3 4327 20.8 

2017 
(base) 1736 8.4 1765 8.5 152 0.7 995 4.8 547 2.6 75 0.4 5270 25.3 

2017 
(high)       1769 8.5 556 2.7   6053 29.0 

2017 
(low)       544 2.6 533 2.6   4806 23.0 
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Table 28.  Reamer Creek watershed 
 Agriculture Forest 

Harvesting Burns Oil and Gas Roads Other Total 

 Ha % Ha % Ha % Ha % Ha % Ha % Ha % 

Mid-
80s 587 25.5 0 0 0 0 15 0.6 28 1.2 2 0.1 632 27.4 

Mid-
90s 575 25.1 82 3.6 0 0 19 0.8 52 2.3 2 0.1 730 31.7 

2007 567 24.6 177 7.7 0 0 23 1.0 62 2.7 3 0.1 832 36.1 

2017 
(base) 624 27.2 81 3.5 0 0 61 2.7 63 2.7 4 0.2 833 36.2 

2017 
(high)       144 6.2 65 2.8   917 39.8 

2017 
(low)       23 1.0 62 2.7   794 34.5 

 
Table 29.  Oetata Creek watershed 

 Agriculture Forest 
Harvesting Burns Oil and Gas Roads Other Total 

 Ha % Ha % Ha % Ha % Ha % Ha % Ha % 

Mid-
80s 3 0 0 0 0 0 115 0.6 74 0.4 0 0 193 1 

Mid-
90s 3 0 705 3.6 27 0.1 184 0.9 139 0.7 4 0.0 1063 5.5 

2007 1 0 1596 8.2 23 0.1 465 2.4 246 1.3 32 0.2 2363 12.2 

2017 
(base) 2 0 1552 8.0 28 0.1 952 4.9 271 1.4 39 0.2 2843 14.7 

2017 
(high)       1670 8.6 288 1.5   3577 18.4 

2017 
(low)       566 2.9 263 1.4   2449 12.6 
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Table 30. Sundown Creek watershed 
 Agriculture Forest 

Harvesting Burns Oil and Gas Roads Other Total 

 Ha % Ha % Ha % Ha % Ha % Ha % Ha % 

Mid-
80s 0 0 69 1.4 51 1 24 0.5 22 0.4 0 0 165 3.4 

Mid-
90s 0 0 391 8 20 0.4 55 1.1 62 1.3 0 0 528 10.7 

2007 0 0 304 6.2 13 0.3 116 2.4 75 1.5 6 0.1 515 10.5 

2017 
(base) 0 0 268 5.5 7 0.1 270 5.5 81 1.6 7 0.2 633 12.9 

2017 
(high)       494 10.1 81 1.7   858 17.4 

2017 
(low)       135 2.7 78 1.6   496 10.1 

 
Table 31.  Jackpine Creek watershed 

 Agriculture Forest 
Harvesting Burns Oil and Gas Roads Other Total 

 Ha % Ha % Ha % Ha % Ha % Ha % Ha % 

Mid-
80s 15 0.1 1154 4.5 49 0.2 111 0.4 100 5.6 0 0 1430 5.6 

Mid-
90s 15 0.1 1718 6.8 15 0.1 203 0.8 273 1.1 10 0 2235 8.8 

2007 1 0.0 2730 10.7 16 0.1 400 1.6 337 1.3 17 0.1 3501 13.8 

2017 
(base) 2 0.0 2316 9.1 14 0.1 839 3.3 352 1.4 20 0.1 3543 14.0 

2017 
(high)       1632 6.4 357 1.4   4341 17.1 

2017 
(low)       417 1.6 342 1.3   3111 12.3 
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Table 32.  Big Lick Creek watershed 
 Agriculture Forest 

Harvesting Burns Oil and Gas Roads Other Total 

 Ha % Ha % Ha % Ha % Ha % Ha % Ha % 

Mid-
80s 0 0 0 0 0 0 71 0.8 43 0.5 0 0 114 1.2 

Mid-
90s 0 0 0 0 0 0 81 0.9 72 0.8 11 0.1 164 1.8 

2007 0 0 60 0.7 0 0 229 2.5 91 1.0 17 0.2 397 4.3 

2017 
(base) 0 0 60 0.7 0 0 283 3.1 99 1.1 21 0.2 462 5.1 

2017 
(high)       342 3.7 101 1.1   524 5.7 

217 
(low)       248 2.7 97 1.1   426 4.7 

 
Table 33.  West Kiskatinaw River watershed 

 Agriculture Forest 
Harvesting Burns Oil and Gas Roads Other Total 

 Ha % Ha % Ha % Ha % Ha % Ha % Ha % 

Mid-
80s 22 0.0 3231 3.5 3303 3.6 467 0.5 587 0.6 0 0 7466 7.5 

Mid-
90s 22 0.0 6232 6.2 1746 1.7 790 0.8 1077 1.1 54 0.0 9921 9.9 

2007 8 0.0 7159 7.1 1079 1.1 1769 1.8 1275 1.3 105 0.1 11395 11.4 

2017 
(base) 8 0.0 6249 6.3 728 0.7 3260 3.3 1340 1.3 127 0.1 11712 11.7 

2017 
(high)       5805 5.8 1374 1.4   14291 14.3 

2017 
(low)       1904 1.9 1310 1.3   10326 10.3 
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Table 34.  Ministick Creek watershed 
 Agriculture Forest 

Harvesting Burns Oil and Gas Roads Other Total 

 Ha % Ha % Ha % Ha % Ha % Ha % Ha % 

Mid-
80s 0 0 0 0 10 0.1 93 0.7 27 0.2 0 0 130 1.0 

Mid-
90s 0 0 189 1.5 80 0.6 221 1.7 119 0.9 7 0.1 616 4.9 

2007 0 0 538 4.3 61 0.5 469 3.7 138 1.1 13 0.1 1220 9.6 

2017 
(base) 0 0 747 5.9 44 0.4 605 4.8 149 1.2 16 0.1 1561 12.4 

2017 
(high)       809 6.4 161 1.3   1777 14.1 

2017 
(low)       487 3.9 141 1.1   1435 11.4 

 
Table 35.  Sunderman Creek watershed 

 Agriculture Forest 
Harvesting Burns Oil and Gas Roads Other Total 

 Ha % Ha % Ha % Ha % Ha % Ha % Ha % 

Mid-
80s 0 0 16 0.2 41 0.4 65 0.7 39 0.4 3 0.0 164 1.8 

Mid-
90s 0 0 12 0.1 75 0.8 83 0.9 135 1.4 10 0.1 314 3.4 

2007 0 0 12 0.1 70 0.7 195 2.1 139 1.5 16 0.2 432 4.6 

2017 
(base) 0 0 10 0.1 39 0.4 264 2.8 149 1.6 19 0.2 482 5.2 

2017 
(high)       373 4.0 157 1.7   598 6.4 

2017 
(low)       209 2.2 147 1.6   423 4.5 
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Table 36.  Borden Creek watershed 
 Agriculture Forest 

Harvesting Burns Oil and Gas Roads Other Total 

 Ha % Ha % Ha % Ha % Ha % Ha % Ha % 

Mid-
80s 0 0 0 0 1 0.0 34 0.5 22 0.3 0 0 56 0.9 

Mid-
90s 0 0 0 0 12 0.2 159 2.5 65 1.1 7 0.1 244 3.9 

2007 0 0 132 2.1 6 0.1 251 4.0 86 1.4 25 0.4 500 8.0 

2017 
(base) 0 0 93 1.5 4 0.1 315 5.0 96 1.5 30 0.5 538 8.6 

2017 
(high)       338 5.4 102 1.6   567 9.1 

2017 
(low)       288 4.6 92 1.5   507 8.1 

 
Table 37.  Upper Kiskatinaw River watershed 

 Agriculture Forest 
Harvesting Burns Oil and Gas Roads Other Total 

 Ha % Ha % Ha % Ha % Ha % Ha % Ha % 

Mid-
80s 128 0.1 546 0.6 279 0.3 592 0.6 470 0.5 15 0 2031 2.1 

Mid-
90s 121 0.1 1633 1.7 721 0.7 1337 1.4 189 0.2 1121 1 5122 5.2 

2007 114 0.1 2775 2.8 601 0.6 3013 3.0 402 0.4 1310 1 8216 8.3 

2017 
(base) 126 0.1 3254 3.3 417 0.4 3123 3.2 1245 1.3 469 0.5 8633 8.8 

2017 
(high)       3608 3.7 1279 1.3   9152 9.3 

2017 
(low)       2761 2.8 1212 1.2   8239 8.4 
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Table 38.  Kiskatinaw River watershed above Arras 
 Agriculture Forest 

Harvesting Burns Oil and Gas Roads Other Total 

 Ha % Ha % Ha % Ha % Ha % Ha % Ha % 

Mid-
80s 10 054 3.6 4 304 1.5 3 927 1.4 1 500 0.5 1 736 0.6 46 0.0 21 566 7.7 

Mid-
90s 9 764 3.5 10 747 3.8 3 599 1.3 3 186 1.1 3 603 1.3 319 0.1 31 217 11.1 

2007 9 602 3.4 15 938 5.7 2 517 0.9 6 485 2.3 4 239 1.5 766 0.3 39 546 14.1 

2017 
(base) 10 562 3.8 16 922 6.0 1 720 0.6 10 106 3.6 4 453 1.6 922 0.3 44 684 15.9 

2017 
(high)       15 624 5.6 4 591 1.6   50 341 18.0 

2017 
(low)       7 069 2.5 4 352 1.5   41 546 14.8 
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