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Summary  
 
This risk analysis has been undertaken to evaluate the potential risks to public safety and 
infrastructure as a result of soil and hydrologic changes resulting from the Terrace Mountain fire 
northwest of Kelowna. Elements that were evaluated for potential risk included populated areas 
located on fans or flood plains below the fire, and the public road systems that access these 
locations. 
 
The Terrace Mountain fire burned about 9300 ha, including about 42% of the Shorts Creek 
drainage, and adjacent areas above Okanagan Lake and in the Bear (Lambly) Creek drainage. 
About half of the area was burned at high and moderate severities. The most significant area of 
high vegetation and soil burn severity is the lower half of the Stuart Creek drainage, and adjacent 
slopes above the Fintry High Farm area. 
 
The most likely increased hazards to occur in the first 3 to 5 years following the fire are: debris 
flows and floods in tributary streams due to increased runoff from the burned area, especially 
during high-intensity summer rainstorms and long-duration fall rainstorms; soil erosion from the 
burned area; and high runoff and sedimentation in the main Shorts Creek drainage.   
 
There is a high risk to public safety in part of the Fintry High Farm area of the Shorts Creek 
valley, where several houses are exposed to risk from possible debris flows or landslides from 
severely burned slopes above. There is also a high hazard of debris flows and debris floods on 
Stuart Creek, but because its fan is mostly undeveloped, the risk is only rated moderate. 
 
The Quilpituk Creek channel has a moderate increased risk of floods or debris flows. Other areas 
below the fire bordering Okanagan Lake have low risk. 
 
The Fintry fan at the mouth of Shorts Creek could experience slightly higher peak flows in 
spring as a result of the fire, but risks on the fan from increased flow or sediment load are low. 
 
Several recommendations are presented, for more detailed geotechnical studies, mitigation of 
risks, and communication of information on potential risks to stakeholders. 
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Introduction and Objectives  
 
The Terrace Mountain fire, number K50720 (also known as the 38km Stuart FSR fire) burned an 
area of about 9300 ha from July 16 to mid-August, 2009. It primarily occupies a large portion 
(about 43%) of the Shorts Creek drainage, and smaller areas in the Bear (Lambly) Creek 
drainage, and the face above Okanagan Lake south of Fintry. The Shorts Creek drainage has 
several farms and residences located in its valley. The Westside Road is downslope of the fire 
along Okanagan Lake. Fintry Provincial Park and protected area are located on the alluvial fan of 
Shorts Creek and in its lower valley, and the Chapperon-Shorts Protected and Management 
Areas occur respectively in the middle and upper reaches of the valley. 
 
Beginning in mid-August, a risk analysis of post-wildfire natural hazards in the Terrace 
Mountain fire was conducted by Southern Interior Forest Region Research staff. Field work was 
conducted by the analysis team (P. Jordan, M. Curran, and C. Bulmer) on August 18-22.  
 
The primary objective of post-wildfire risk analyses by the BC Ministry of Forests and Range is 
to identify increased risks to public safety and infrastructure resulting from wildfire. Specific 
objectives of this risk analysis include:  
• identify the values (or consequences) at risk;  
• identify and map the boundaries of watersheds affected by the fire;  
• prepare a preliminary vegetation burn severity map;  
• assess soil burn severity, and identify areas of water repellent soils ;  
• assess the potential for increased overland flow and soil erosion in the burned area;  
• evaluate the potential for increased runoff, and increased peak flows and sediment transport, 

in Shorts Creek and tributary streams;  
• evaluate the potential for landslides, debris flows, and other natural hazards in and below the 

burned areas;  
• analyse risks, and identify specific hazards that could affect the elements at risk;  
• give recommendations for consideration in managing the identified risks. 
 
Following a wildfire, the likelihood of landslides, erosion, and floods can increase. This can be 
caused by water repellent soils in areas of severe burn, by loss of forest canopy and forest floor 
interception capacity, and related factors. Several incidents of destructive events occurred 
following the 2003 wildfires in British Columbia, including the Kuskonook, Lamb Creek, Cedar 
Hills, Mt Ingersoll, and Okanagan Mountain Park fires (Jordan and Covert, 2009). As a result of 
these incidents, a procedure was developed in the Southern Interior Forest Region for analysing 
post-wildfire risks and these were applied and further tested on the 2007 fires near Nelson. 
Further information on the causes of post-wildfire hazards, and on the analysis procedure, is 
given in Curran et al (2006) and Jordan et al (2006).  
 
A draft Policy and Standard Operating Procedure have been prepared for conducting post-
wildfire risk assessments in British Columbia, and are currently being reviewed. Also, there is a 
draft memorandum of understanding (MOU) with the Provincial Emergency Program (PEP) 
regarding communication of identified hazards to stakeholders. Fires are screened for potential 
risk to public safety and infrastructure, and then further evaluated through a more detailed risk 
analysis when warranted. The risk analysis follows typical procedures for natural hazard and 
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hydrologic risk assessments, but is augmented by more detailed evaluation of soil burn severity 
and mapping of vegetation effects in the burned area.  
 
The definitions and general framework for risk analysis given in Wise et al (2004) are used. In 
particular, risk analysis is “the systematic use of information to identify hazards and to estimate 
the chance for, and severity of, injury or loss to individuals or populations, property, the 
environment, or other things of value”. Risk analysis (unlike risk assessment) does not include 
determining whether a risk is acceptable or tolerable.  
 
This risk analysis was conducted in a short time frame, beginning as soon as it was safe to do 
field work in the fire, in order to communicate risk information and recommendations to 
stakeholders in a timely manner. Therefore, some aspects of this analysis are preliminary, and 
some recommendations are given for more detailed work in the coming weeks. The focus of the 
risk analysis is the incremental effects of natural hazards caused by the fire, and it does not 
attempt to address any pre-existing conditions.   
 
Methods  
 
An aerial reconnaissance was undertaken on August 18, on which oblique aerial photos were 
taken of the entire fire area from an elevation of about 10,000 ft. Ground traverses were 
conducted on August 19-21, to collect data on soil burn severity and water repellency, and other 
soil and slope information. Additional field work was done August 22, inspecting the lower 
Shorts Creek valley and fan, and slopes below the burned area in suspected areas of high risk. 
Field data were entered for analysis and a vegetation burn severity map was prepared during the 
week of August 24th, with subsequent data analysis as resources permitted. 
 
Vegetation burn severity mapping  
 
Vegetation burn severity, or fire severity, refers to the effects of the fire on the forest canopy and 
understory. For this assessment, a preliminary severity map was prepared by identifying areas (or 
polygons) of high, moderate, and low severity on the aerial photos, and transferring the polygons 
to a base map. The map is appended to this report. The following classification is used (after 
Curran et al, 2006):  
– High – trees blackened and dead, needles consumed, understory consumed;  
– Moderate – Trees burned and dead, needles remain, understory mostly burned;  
– Low – Canopy and trunks partially burned, understory lightly or patchily burned.  
 
A more detailed and accurate map of vegetation burn severity can be prepared from Landsat 
satellite imagery and plans have been made for this updated map; however, the results of this risk 
analysis are not expected to change significantly based on this new information.  
 
Soil burn severity and water repellency – field methods  
 
Soil burn severity refers to the effects of the fire on soil hydrologic function. The following 
classification is used (after Curran et al, 2006):  
– High – forest floor consumed, mineral soil has altered porosity and structure;  
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– Moderate – litter consumed; duff consumed or charred, mineral soil unaltered;  
– Low – litter scorched or consumed, duff and mineral soil unaltered.  
 
Soil burn severity may, but not necessarily, be correlated with vegetation burn severity. In areas 
of high and moderate soil burn severity, the soil may also be water repellent, increasing the 
likelihood of overland flow during heavy rain. Soil burn severity can only be determined by 
observations on the ground. For this assessment, our team of 2-3 people spent three days doing 
ground traverses in the accessible areas considered to be of greatest concern. Severity was 
assessed at 52 plots and recorded on a field form, using six indicators: litter, duff, fine fuel, large 
fuel, mineral soil exposure, and presence/absence of live roots, which are combined to create an 
overall soil burn severity rating. Water repellency was assessed using the water drop penetration 
test: the mineral soil is exposed along a shallow trench, and water drops are applied. Strong 
repellency is present if the drops stay on the surface longer than 40 seconds, and the potential for 
runoff is considered greatly increased if this condition exists over 70% or more of the trench.  
 
Watershed boundaries  
 
The boundaries of the Shorts Creek watershed above the fan apex, as well as tributaries in the 
area affected by the fire were identified on the 1:20,000 TRIM contour map. These watershed 
boundaries and areas may differ slightly from those reported elsewhere. Some of the tributary 
stream locations and watershed boundaries are uncertain, and may need to be confirmed in the 
field, if further more detailed assessments are done. 
 
Risk analysis  
 
A qualitative scale of High-Moderate-Low is used for rating hazard, consequence, and risk. At 
the simplest level, risk is the product of hazard (or probability of occurrence) and consequence. 
Consequence is a combination of spatial probability, temporal probability, and vulnerability. 
Further information on these concepts is given in Wise et al (2004). Although the rating scale is 
subjective, there is general agreement amongst engineers and geoscientists in British Columbia, 
based on many past risk analyses and incident investigations, as to the meaning of the qualitative 
rating terms (see Wise et al, 2004, for more details and references). For this risk analysis, a 
simple risk matrix combining hazard and consequence is used (Figure 1).  
 
Information reviewed  
 
The following maps, reports, and other information were reviewed, to identify possible values at 
risk and pre-existing hazards: 
• orthophotos and topographic maps 
• fire perimeter maps and other mapped  information used by the Incident Management Team 
• terrain stability mapping (Quaterra Environmental Consulting 2001) 
• soil maps (Kowall, 1986) 
• bedrock geology maps (accessed on-line from the BC Geological Survey Branch “The Map 

Place”) 
• Shorts Creek Fisheries Sensitive Watershed Assessment (Dobson 2008) 
• streamflow data for nearby watersheds (from the Water Survey of Canada on-line database) 
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• water license data 
• information on recreational facilities in the area, from BC Parks and other sources. 
 
Study Area 
 
Most of the fire is within the Shorts Creek drainage, and most of the potential risks are in this 
drainage. Slopes above the Westside Road were also burned and were considered in our analysis, 
along with the Shorts Creek watershed and associated residential areas. A small area of the fire is 
in the Bear Creek drainage, but it covers a very small proportion of that drainage, and is not of 
concern from a public safety and infrastructure perspective.  
 
Description of the Shorts Creek Watershed  
 
The Shorts Creek watershed covers an area of 18,600 ha on the west side of the Okanagan Lake, 
about 30 km northwest of Kelowna. A large alluvial fan (about 100 ha) extends into the lake at 
the mouth of the creek. The small community of Fintry, and Fintry Provincial Park, occupy the 
fan and adjacent benches. 
 
The upper 2/3 of the Shorts Creek valley consists of a long, narrow, canyon, ranging in elevation 
from about  600 m, to 1300 m below the upper headwaters at the head of the valley. The canyon 
sides consist of bedrock outcrops and thin colluvial soils. The north-facing slopes are densely 
forested, and the south-facing slopes are covered with grassland and sparse forest. Above the 
canyon area there is a rolling plateau area where slopes are relatively gentle (mostly 0-40%), and 
are largely blanketed by glacial till. Steeper slopes occur on some of the higher hills rising above 
the plateau, and there are cliffs around Terrace Mountain which rises to just over 1900 m. In the 
steeper areas above and below the plateau area, and on many of the knolls within the plateau, 
soils are shallow with bedrock-derived colluvium and some frequent rock outcrops. A few larger 
tributary creeks drain the south side of the valley as smaller canyons that have similar 
characteristics to the main Shorts Creek watershed.  
 
Along the lower 1/3 of the valley bottom bordering Shorts Creek, there are some deep deposits 
of fluvial and glaciofluvial material, and a relatively large, flat,  floodplain before the creek drops 
down a small gorge onto the alluvial fan, at about 350 m elevation.  
 
The watershed is primarily underlain by granitic and volcanic rocks, with some sedimentary 
rocks in the Shorts Creek canyon. Granodiorite occurs on the hillsides overlooking Okanagan 
Lake and in most of the Stuart Creek drainage, and in the upper Shorts Creek drainage. Terrace 
Mountain and portions of the north side of the drainage are composed of younger (Tertiary age) 
volcanic rocks. Surficial materials include regional morainal deposits derived in part from 
volcanic rock north of Shorts Creek (hence of more silty and clayey texture) and also colluvium 
from the local bedrock.  Surface textures of the colluvial soils are coarser (fine sandy loam to 
loamy sand) with a high content of angular coarse fragments. Soils derived from morainal 
deposits are finer textured (fine sandy loam, silt loam, and loam with a perceptible clay content). 
Some of the shallower morainal deposits are thinner and coarser textured. Poorly drained organic 
and gleyed soils are found in localized depressional areas. 
 



Terrace Mountain Fire  K50720  Post-wildfire Risk Analysis 

24-09-2009       Page 7 

Most of the watershed was heavily forested at one time, with a history of logging and more 
recently, some mountain pine beetle (MPB) mortality and associated additional harvesting. The 
upper valley, including the area of the fire, is mostly in the MSdm2 biogeoclimatic subzone, with 
some ESSFdc2 at higher elevations, and IDFmw1 and IDKdk2 and xh1 on lower elevation 
slopes above the lower valley and the main Okanagan Lake valley. 
 
The burned area was mostly forested with lodgepole pine, Douglas-fir and western larch with 
some wetter areas that had more spruce and balsam, and drier areas that had more ponderosa 
pine. It is likely that there was a considerable MPB mortality in some areas, which added to areas 
of high fire intensity and resulting vegetation and soil burn severities. Many of the high burn 
severity areas apparently had considerable fuel loads in terms of downed woody debris.  
 
A road enters the valley from the east and accesses the farmland and residences along the Shorts 
creek floodplain. There are numerous old trails and forestry roads in the uplands above the 
canyon areas, with at least one old road crossing the steeper slopes into the lower reaches of 
Stuart Creek. A regionally significant off-road vehicle recreation area is on the Bear Creek side 
of the fire, and there are a large number of ATV trails, as well as mountain bike and hiking trails.  
 
Most of the Shorts Creek watershed is in the TFL 49 area of Tolko, and also includes some BC 
Timber Sales operating areas. 
 
 
Resources at Risk  
 
The main objective of this risk analysis is to identify risks to public safety and infrastructure 
from post-wildfire natural hazards. There are a number of values or resources which could be 
potentially at risk, and these are discussed in more detail in the “Hazards” and “Risk Analysis” 
sections of the report. 
 
The Shorts Creek valley contains several houses and farms (known as the Fintry High Farm 
area). Some houses and other buildings are located on the south side of the valley, at the base of 
the steep valley side, and may be at risk of debris flows or debris slides from the burned area 
above. This is considered to be the most serious potential risk, and we focused much of our 
attention in the field on this area. 
 
The northeast part of the fire is on a ridge high above Okanagan Lake, including part of the 
drainage of Quilpituk Creek and several small poorly-defined drainages. The Westside Road and 
a number of houses are along the lakeshore. There is also a small area of private land with 
several houses at the head of Bald Range Creek, near the southeast corner of the fire. 
 
The fire burned a large portion of the Shorts Creek watershed, which already has a high 
equivalent clearcut area (ECA) and high road density. Increased peak flows and increased 
sediment yield from the burned area could have a cumulative long-term effect on channel 
stability in the valley and on the Fintry alluvial fan. There could also be a short-term hazard if 
the peak flow, either from spring snowmelt or summer-fall rainstorms, is increased enough to 
exceed the capacity of the channel, or of bridges or culverts. 
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There are several other resource values which are largely beyond the scope of this risk analysis. 
The watershed of Bighorn Reservoir in the Bear (Lambly) Creek drainage includes a small part 
of the burned area, and a number of fireguards. Also there is an intake and canal which diverts 
water from Dunwaters Creek, a tributary of Shorts Creek, into the reservoir. We understand that 
the fireguards and other fire suppression activities may present some water quality concerns. We 
did not inspect any areas outside of the fire perimeter in this area. Part of the Bear Creek off-road 
vehicle recreation area is in the burned area. There are several domestic water licenses on Shorts 
Creek. Finally, part of the Fintry Protected Area is within or downstream of the burned area, and 
there could be impacts on wildlife or fish habitat. 
 
 
Results of vegetation burn severity mapping and soil burn severity field checking  
 
The preliminary vegetation burn severity map is shown in the appendix. (A full-size version in 
paper or digital form is also available.) A summary of the burned areas by sub-watershed for 
Shorts Creek and its tributaries, and other affected drainages, is given in Table 1. 
 
Three traverses made through the burned area, in the headwaters, middle plateau area and eastern 
parts of the fire, and 52 plots were assessed for soil burn severity and correlation with vegetation 
impacts. In the areas mapped as high vegetation burn severity, about 77% of plots had high soil 
burn severity, and about 29% of plots had strong water repellency. These plots are concentrated 
in specific areas, especially the lower half of the Stuart Creek drainage, and parts of the Wilson 
Creek drainage.  
 
For areas of moderate vegetation burn severity, only about 15% of plots had high soil burn 
severity and none had strong water repellency. However, there were areas of young plantation 
(about 10-15 years old) in the Stuart Creek drainage which had high soil burn severity and strong 
water repellency. (Vegetation burn severity is not defined for these cutblocks as there is no forest 
canopy. They are shown on the map as a separate category, “moderate – cutblock”.) Some of 
these areas showed evidence of overland flow and surface erosion during the rainfall of August 
14. 
 
Areas of high soil burn severity generally had a high level (80% or more) of exposed mineral 
soil, although this often was covered by a layer of ash several centimetres thick. The ash 
provides little or no protection, as it easily gets washed or blown off. It can clog soil pores or 
lead to crusting, which can contribute to increased overland flow.  
 
The probability of overland flow in high-intensity rainstorms is greatly increased by the presence 
of water repellent soil, but it is also increased significantly in areas of bare mineral soil without 
water repellency, due to the loss of storage capacity in the forest floor, and pore sealing by ash 
and eroded fine soil. In the western US, many post-wildfire flood and erosion events have 
occurred in areas of high soil burn severity without strong water repellency (Cannon and 
Gartner, 2005).  
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In general, most areas mapped as having high vegetation burn severity are likely to have an 
increased probability of overland flow and erosion, due to the strong correlation with high soil 
burn severity. In this fire, high soil burn severity and water repellency are most prevalent in the 
eastern part, especially the Stuart Creek drainage and adjacent areas. In other areas of the fire, 
high soil burn severity and water repellency are less common, and are patchy in their occurrence. 
 
In many areas, the hydrologic impact of the burn may be mitigated by very stony soils, or by 
downed rotten logs embedded in the soil which remained largely unburned. The stones and logs 
can prevent rill erosion and provide pathways for infiltration, thus reducing the likelihood of 
extensive overland flow. In areas of moderate vegetation burn severity, overland flow is unlikely 
because of natural soil mulching by needle fall, and the often patchy nature of the burn. 
 
 
Hazards due to the burn  
 
It is well established through research and experience that wildfire can result in significant 
changes to watershed hydrology and geomorphology. These can include (Robichaud et al, 2000; 
Scott and Pike, 2003; Cannon and Gartner, 2005; Curran et al., 2006):  
• Combustion of the forest floor produces hydrophobic compounds which accumulate below 

the surface, resulting in a water repellent layer which inhibits infiltration and can produce 
overland flow during heavy rainfall;  

• Loss of litter and duff by burning removes the water storage capacity which normally exists in 
the forest floor;  

• The interception capacity of the forest canopy and understory shrub layer is removed;  
• The vegetation and forest floor layers which protect the soil from raindrop energy are 

removed, exposing the underlying mineral soil to erosion;  
• Loss of the forest vegetation results in less evapotranspiration, increased snow accumulation, 

and potentially higher groundwater levels.  
 
The hydrologic changes include both short-term and long-term effects. The most severe effects 
are short-term, including flooding, erosion, and debris flows. Severity of effects depends on the 
extent of forest floor loss and water repellency, and also the extent of exposed mineral soil and 
depth of root kill. The short-term effects typically last for about 3 to 5 years. Long-term effects 
are similar to those of clearcutting. This risk analysis is primarily concerned with short-term 
effects.  
 
Flooding  
 
In burned areas affected by water repellency and other soil hydrologic changes, large amounts of 
overland flow can be generated. Forest soils normally have very high infiltration capacities, and 
overland flow due to high-intensity rainfall is rare, so this represents a significant change. The 
effect is most serious with dry soil conditions and high rainfall intensities (i.e. rainstorms in 
summer with dry antecedent soil moisture). The water repellency effects tend to become less 
with prolonged contact with wet snow and meltwater in spring, so the effect is minimal during 
spring snowmelt.  
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Only a small portion of a watershed needs to have water repellent conditions in order for 
overland flow and flooding to occur, especially if it is located in the headwater area of a 
drainage. High-intensity summer rainstorms typically affect relatively small areas, so it is more 
likely that only one or several small tributaries of a large drainage such as Shorts Creek would 
experience flooding. Discharge at the Shorts Creek fan would be unlikely to reach peak flows 
levels from these events. However, frontal storms which can produce prolonged, moderate-
intensity rainfall in October or November could produce extensive flooding over the entire burn 
area, especially if antecedent soil moisture conditions were dry, or if it fell on early-season snow. 
High peak flows on Shorts Creek could conceivably be generated by such an event.  
 
The adjacent drainage to the north of Shorts Creek, Whiteman Creek, has a stream gauging 
station with 37 years of record. All annual maximum flows have occurred during the spring 
snowmelt period, and although several minor peaks have occurred in July and August, no 
significant peak discharge has ever occurred in the fall or winter. Therefore it is considered 
unlikely that any fall runoff event on Shorts Creek would cause flooding. 
 
Soil erosion  
 
Intense rainfall and overland flow in severely burned areas is likely to cause erosion of ash, 
charcoal, and surface mineral soil. This will increase turbidity if eroded sediment reaches stream 
channels, and can be a water quality concern. The effect should last only for a few years, until 
water repellency breaks down and vegetation becomes established.  
 
There are numerous fireguards throughout the fire and adjacent areas to the south and east. 
Surface erosion and rilling of exposed bare soil on fireguards can present a water quality concern 
where there is connectivity between the site and nearby stream channels. No attempt was made 
during this risk analysis project to inspect fireguards. This hazard will likely be mitigated 
successfully by normal fireguard rehabilitation. 
 
Debris flows  
 
The most significant mass movement hazard that can be caused by post-wildfire effects is debris 
flows in gullies and steep stream channels. Following the 2003 and 2007 fires in southern BC, a 
number of debris flows occurred during rainstorms, the most common cause of which was 
exceptionally high stream discharge from burned areas concentrating in steep (>60%) channels 
(Jordan and Covert, 2009). Although many steep channels are normally subject to some debris 
flow hazard during rainstorms or snowmelt, the hazard (or probability of occurrence) can be 
greatly increased following severe wildfires. 
 
In the middle and upper Shorts Creek drainage, a debris flows hazard exists in the many steep 
north-facing gullies and steep stream channels on the south side of the middle Shorts Creek 
canyon. The hazard is probably significant only where there are extensive areas of high burn 
severity above the steep channels, which is the case at several locations from Dunwaters Creek to 
Christie Creek. The consequence of debris flows in this area is very low, as the only effect would 
likely be the introduction of sediment to the Shorts Creek valley bottom, which would gradually 
be moved down the Shorts Creek channel. 
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A much more significant debris flow hazard exists on Wilson Creek and on several small, 
indistinct gullies east of Stuart Creek. There are several houses in the Shorts Creek valley which 
could be exposed to risk from debris flows in this area (see further discussion of risks below). 
 
The Stuart Creek fan has very old debris flow deposits on the upper part of the fan, but debris 
flows do not appear to have reached the lower part of the fan. The Stuart Creek fan is less steep 
(about 11%) than fans typically formed by debris flows, and its main channel is also much less 
steep (10-20%) than the gradient at which debris flows typically originate. Probably, past debris 
flows originated in the steep gullies which can be seen on the valley sides, and flowed as far as 
the upper part of the fan, where they deposited as soon as channel confinement was lost. The 
hazard of debris flows has greatly increased in the lower Stuart Creek drainage due to the almost 
continuous high severity burn, and it is possible that some events could reach the fan. 
 
Debris floods  
 
Debris floods can occur when the entire channel becomes mobilized during a flood, resulting in 
very high transport rates of coarse sediment and large organic debris. This can happen if an 
extremely high peak flow causes bank undercutting or erosion of normally-stable log jams or 
sediment accumulations in the channel. Debris floods can also be caused by a landslide or debris 
flow which enters the stream at a time of peak discharge; the sudden input of debris can result in 
the entire stream bed becoming mobilized. Debris floods can occur on lower gradient and larger 
stream channels than those which are subject to debris flows. A local example of post-wildfire 
debris floods was the October 2003 events on Rembler and Lebanon Creeks in Kelowna. 
 
On Shorts Creek, the most likely scenario which could cause a debris flood in the main channel 
would be a debris flow entering the channel during a spring rain-on-snow event when discharge 
is near its peak. However, such a circumstance is unlikely, as post-wildfire debris flows more 
usually occur during localized summer rainstorms. Any debris flood which might occur in the 
middle Shorts Creek channel would deposit its sediment at the upper end of the low-gradient 
floodplain in the High Farm area, and so would not directly affect the Fintry fan.  
 
The Stuart Creek channel and fan have a high hazard of post-wildfire debris floods, which could 
be caused by runoff from the extensive burned areas in its watershed, or by small debris flows 
entering the channel from the steep valley sides. 
 
Landslides (other than debris flows)  
 
The steeper slopes associated with the main canyon and tributary canyons and creeks are mapped 
as terrain stability class 3 on most upper slopes and class 4 and 5 on the mid to lower slopes 
above the creeks. (Class 5 is the most unstable on a scale of 1 to 5). The natural instability 
appears to be largely associated with volcanic bedrock. An increased likelihood of occurrence of 
small rockfall or debris slide events in this area is likely, wherever there is high or moderate 
severity burn. However, small landslides in this area would have minimal consequences.   
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The steep burned slopes east and west of Stuart Creek, above the High Farm area, may have a 
significant hazard of open-slope debris slides (see further discussion of risks below). In this area, 
and in other parts of the fire, the presence of roads increases the likelihood of landslides, 
especially where roads have severely burned areas above and steep slopes below. Adequate road 
drainage, and maintenance of existing drainage structures, is therefore very important in 
minimizing risks from landslides and erosion. 
 
 
Triggering events:  
 
Two types of rainfall event are most likely to cause landslide or flood events following wildfire. 
These are:  
• Short-duration, high-intensity rainstorms in summer. These convective storms may cover only 

a small area, and so are often unrecorded by weather stations and are difficult to forecast. 
Examples of post-wildfire events caused by this type of event are the 2004 Kuskonook Creek 
debris flows, and the October 2003 floods at Kelowna. Most post-wildfire events documented 
in the western USA are of this type.  

• Long-duration frontal rainstorms which typically occur in fall or early winter. These can 
produce 50-100 mm of rain over several days, and may fall on an early-season snowpack at 
high elevations. An example of this type of event is the October 2005 debris flows in the 2003 
Mt Ingersoll burn near Burton.  

 
In the Terrace Mountain fire, the first type of rainstorm is the most likely to cause debris flows in 
the small tributary streams, although the second type also could cause them. The second type of 
rainstorm is more likely to cause widespread flooding which could result in high peak flow on 
the Shorts Creek fan, but is not considered to be a major risk.   
 
Short-duration, high-intensity rainstorms typically affect only a small area, and therefore would 
probably cause debris flows in only one or two of the tributary gullies or creeks. Long-duration, 
moderate-intensity frontal rainstorms, although less likely than summer thunderstorms, could 
cause widespread debris flow and flood activity over much of the Shorts Creek watershed, in 
areas with high burn severity. The likelihood of both types of rainfall event triggering debris 
flows has been increased by the fire, due to increased overland flow that could be produced in 
the burned area, and to reduced canopy and forest floor interception capacity.   
 
The likelihood of debris flows and floods in the spring may also be increased somewhat, but not 
to the extent as in the summer and fall. The main factor in spring events is increased snow 
accumulation and snowmelt rate in burned areas, an effect which is essentially the same as 
clearcutting. The reason for the relatively lower impact of spring hydrologic events is that the 
peak runoff increase due to ECA effects is in the order of 50%, while the runoff increase due to 
high-intensity summer rainstorms on areas of high soil burn severity can be 10 to 100 times.  
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Risk analysis  
 
The following sections give information on the significant increased risks identified in this study. 
A brief summary of the risks is given in Table 2. 
 
Shorts Creek valley – Fintry High Farm area 
 
There are at least two houses on the south side of the valley at the base of the burned slope, 
which are potentially at risk from debris flows or open-slope debris slides from the slopes above. 
The areas which are known to be at risk are (refer to Figure 2): a house at the base of a small 
gully, below about 27 km on the Terrace road (location A); and one or more houses on the small 
fan of Wilson Creek (location B). Figure 2 is a map showing this area. 
 
The likelihood of landslide events which are large enough to be damaging may be low, but it is 
greatly increased from pre-fire conditions. As the houses are very close to the base of the slope, 
the consequence is high. At location A, the hazard is from possible debris flows in a shallow 
gully which is directly above the house. At location B, the hazard is mainly from possible debris 
flows in Wilson Creek, although open-slope debris slides from severely burned slopes either side 
are also possible. The hazardous slopes are partly on private land. The terrain stability map 
(which unfortunately has been clipped to exclude the private land) shows that adjacent slopes are 
class 4 and 5 (potentially unstable and unstable respectively). 
 
A fireguard has been constructed on steep, rocky ground above the base of the slope at both 
locations; it does not appear to contribute to the hazard. 
 
The hazard in this area is moderate to high, and as the consequence is high, the risk is estimated 
as high. A more detailed geotechnical risk assessment has been recommended, and it is currently 
underway (as of the date of writing, 8 September 2009).  
 
The risk in the valley is confined to houses immediately at the base of the slope. Other locations 
in the valley separated from the slope by level ground are not at any increased risk from effects 
of the fire. 
 
There are several opportunities for mitigating these risks, including: building berms or 
depressions into the fireguard to deflect debris flows; applying straw mulch to severely burned 
slopes; and making drainage improvements to the roads above location A. At present, the 
Terrace Main logging road has inadequate culverts in the area above location A, and water from 
further up the road is captured and diverted to the gully. Improving the drainage at this site 
should be a high priority. There is also an old, undriveable, abandoned road below the Terrace 
road which may contribute to the potential hazard. Further information on mitigation 
opportunities should be included with the detailed geotechnical assessment. 
 
The fan of Stuart Creek is subject to greatly increased debris flow and debris flood hazards, 
because of the extent of high severity burn in its drainage. It is extremely unlikely that debris 
flows would reach the bottom of the large, relatively low-gradient (about 7-11%), fan. However, 
debris floods, or fine sediment from a debris flow upstream, could reach the valley bottom, and 
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avulsions (change of channel location) on the fan are also possible. There are no known 
consequences on the fan, other than a barn located at the edge of the fan, and two irrigation water 
licenses on Stuart Creek. Sediment reaching the bottom of the fan would be an inconvenience 
rather than a serious hazard. Since the debris flow and debris flood hazard on the fan are high, 
and the consequences are low, the risk is rated moderate. As most of the burn in Stuart Creek is 
at lower elevations, the spring peak flow is not expected to be significantly increased. 
 
On the main channel of Shorts Creek, somewhat higher spring peak flows and increased 
sediment load are possible because of the fire. These are not believed to be a significant hazard. 
 
Quilpituk Creek and Okanagan Lake face 
 
The small, steep channel of Quilpituk Creek drains a severely burned slope high above 
Okanagan Lake, and leads to Westside Road and at least one house at the lake shore. A 
substantial area near the headwaters of the drainage have been burned at high (20%) and 
moderate (22%) severity. One field inspection at the base of the burned area showed low 
repellency and very stony soils. The topography in this area is quite irregular, with bedrock 
ridges, talus slopes, and small dry valleys running parallel to the slope. No inspections were 
made further upslope, but the air photos indicate that similar, ridged, stony topography occupies 
most of the drainage. There are no obvious channels or hollows leading from the burned slopes 
to the creek. This topography suggests that, despite the high vegetation burn severity, the 
likelihood of high peak flows being generated from overland flow during rainstorms is only 
moderate. 
 
The channel of Quilpituk Creek in the lower part of the burn has a slope of 20-30%, which is too 
low for debris flow initiation, and there is no evidence of past debris flow movement in the 
channel. A few 100 m above the lake, it steepens to 40-50%, which is possibly steep enough to 
initiate a small debris flow if the stream discharge was exceptionally high. Immediately above 
Westside Road, the channel slopes at 20-30%, and is bordered by deposits of ancient debris 
flows. Below the road is a small fan, with a house and a few smaller structures. The road crosses 
the creek in two culverts, which are probably inadequate to carry any substantially increased 
peak flow or sediment load. If the culverts were to be blocked during a flood, water would be 
diverted south down the road. A small debris flow would probably be captured by the road. In 
the unlikely event of a large debris flow or a complete washout of the road, the house below the 
road would be at risk. 
 
The increased hazard from debris flows is low, but the consequence to the property of a large 
debris flow would be high; therefore the risk is considered moderate. The increased flood hazard 
is moderate, and the consequence, mainly to Westside Road, is also considered moderate 
(damage to the road, and minor risk to public safety) so the risk is rated as moderate. 
 
The hillside further north which drains to Okanagan Lake has a large area of high burn severity 
on its upper elevations. The topography of the area is similar to the Quilpituk Creek drainage, 
with rock ridges, stony soils, and a lack of defined drainage channels, and there are some large 
benches which break the continuity of the slope leading to the lake. The hazards from debris 
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flows or floods is believed to be low, and the probability of events reaching the Westside Road 
or houses along the lakeshore is also low. Therefore the risk is considered to be low. 
 
The Terrace logging road follows the contour just below the burned area, and there is also a 
major road which switchbacks down the slope below the Terrace road, as well some fireguards 
and abandoned old roads. There is a possibility that drainage diversions could be caused by these 
roads, which could lead to possible landslides or erosion below, in the event that locally high 
peak flows are generated from the burned area during rainstorms. Therefore proper drainage 
control on these roads is important. 
 
The small area of private land and houses at the head of Bald Range Creek along the Terrace 
road is not believed to be at risk from any hazards from the burned area. 
 
Fintry fan 
 
The fan of Shorts Creek is far removed from direct impacts of any mass movement events from 
the burned area, and the low gradient floodplain in the High Farm area should prevent any 
increased coarse sediment load from reaching the lower channel in the short term.  
 
It is possible that the extensive burned area in the Shorts Creek watershed could result in 
increased peak flows in spring. The drainage has had extensive logging, and the equivalent 
clearcut area (ECA) before the fire was estimated at 19%, or 27% in the snow-sensitive higher 
elevation part of the drainage (Dobson, 2008). Approximately 24% of the drainage has been 
burned at high or moderate severity, distributed between low and high elevations. This burned 
area will, in the long term, function similarly to a clearcut or to areas of MPB mortality. The high 
and moderate severity burned areas can be added to the ECA from logged areas, since almost all 
the previously logged areas have low burn severity or were unburned. Therefore, the ECA for the 
entire drainage is expected to increase to about 43%. This could be increased further if there is 
any extensive salvage logging of low burn severity areas. Therefore, there could be an increase 
in spring peak flow at the fan. 
 
The creek channel at the fan appears to be reasonably stable near its apex, although an avulsion 
might conceivably be possible if there was an extreme flood, or if the supply of bedload were to 
greatly increase. Most of the fan is occupied by a large field, although there are several 
residential properties and some historic buildings in the provincial park that could be affected by 
any channel migration. The fan is very low-gradient (1.7%, based on one measurement). A 
complicating factor is that the channel at the fan apex is presently depleted of sediment, 
apparently because of a large log jam upstream from Westside Road (Dobson, 2008). If this were 
to fail due to increased peak flow, it could result in increased bedload supply to the fan. 
According to Dobson, this would likely have benefits for channel stability, but if the increase 
were too sudden, for example during an extreme flood event, it could create a risk of avulsion. 
 
Dobson (2008) rated the peak flow hazards due to past and proposed logging as low. With the 
additional ECA due to the fire, the hazard may be low to moderate. The potential consequences 
of increased peak flow on the fan are difficult to predict, but they are probably low to moderate. 
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The risk of increased flow causing channel avulsion affecting residential properties and historic 
buildings on the fan is therefore rated as low. 
 
Water quality and related concerns 
 
Water quality may be a concern in Shorts Creek. There are 6 domestic water licenses on the 
creek, as well several irrigation licenses. The extent of use of the domestic licenses is not known; 
from the water license data, it appears that wells are more common than surface sources for 
domestic water use in this area. Water quality impacts are possible, from short-term increases in 
fine sediment, if fire-related debris flows or erosion occur in upstream areas. This sediment 
source is likely to be minor, except in the first year, when there may be a significant amount of 
ash and soot in the water. The most severely impacted drainage is Stuart Creek, and the main 
Shorts Creek drainage does not have a high proportion of high burn severity. Therefore any 
water quality impacts are likely to be greatest below Stuart Creek. 
 
In the Bear Creek community watershed, the extent of burned area is insignificant. However, 
there are many fireguards in the watershed outside the fire perimeter. Sediment, and solutes from 
areas treated with fire retardant, are believed to be a significant issue in the area draining to the 
Big Horn Reservoir. The present risk analysis does not consider this issue. 
 
Recreation 
 
The Bear Creek Motorized Vehicle Recreation Area occupies much of the area between Bear 
Creek and the south rim of the Shorts Creek valley. The trail map shows that most trails are 
south of the burned area; however, there are several trails within the fire perimeter between 
Terrace Mountain and Quilpituk and Bald Range Creeks. There are also reported to be hiking 
trails between Terrace Mountain and Shorts Creek, and in the Fintry Protected Area, but we have 
not obtained any specific information about them. 
 
Uncontrolled off-road vehicle use in burned areas and on fireguards can exacerbate runoff and 
erosion issues, and there are increased hazards to users in the burned area from windfall and the 
presence of sharp burned spikes. Trail and fireguard rehabilitation, and reopening of trails in the 
burned area, should consider these issues. 
 
 
Conclusions and recommendations 
 
The Terrace Mountain fire covered about 42% of the Shorts Creek drainage, roughly half of 
which was burned at high and moderate severities. Adjacent areas draining east above Okanagan 
Lake were also burned. The most significant area of high vegetation and soil burn severity is the 
lower half of the Stuart Creek drainage, and adjacent slopes above the Fintry High Farm area. 
 
There is a high risk to public safety in part of the Fintry High Farm area of the Shorts Creek 
valley, where several houses are at risk from possible debris flows or landslides from severely 
burned slopes above. There is also a high hazard of debris flows and debris floods on Stuart 
Creek, but because its fan is mostly undeveloped, the risk is only rated moderate. 
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The Quilpituk Creek channel has a moderate increased risk from floods or debris flows. Other 
areas below the fire bordering Okanagan Lake have low risk. 
 
The Fintry fan at the mouth of Shorts Creek could experience slightly higher peak flows in 
spring as a result of the fire, but risks to buildings on the fan from increased flow or sediment 
load are low. 
 
Risks to water quality may exist depending on the nature of the water systems but are beyond the 
scope of this report. 
 
The following recommendations for risk management are presented.  
 
(It is not the purpose of this risk analysis to determine whether risks are acceptable, or if they 
should be mitigated, or which agencies should be responsible for risk management. The 
recommendations below are intended to draw attention to the most significant risks, and suggest 
where further study or action is warranted.)  
 
1. The risks identified in this report should be communicated to all stakeholders, including 

residents, landowners, local government, the forest licensee, water licensees, recreational 
users, and possibly others. 

 
2. A detailed geotechnical risk assessment should be made of the area of high risk in the Fintry 

High Farm area. (This was underway at the time of writing.) The feasibility of possible 
mitigation options to reduce the risk should be considered in this assessment, such as straw 
mulching of burned slopes and improved road drainage control above the locations at risk. 

 
3. An assessment should be made of road drainage along the Terrace Main logging road and 

adjacent roads, from Quilpituk Creek to Wilson Creek including the Stuart Creek and Wilson 
Creek valleys. Improvements to drainage should be made where necessary, to reduce risks 
from possible road drainage diversions originating from increased runoff in severely burned 
areas.  

 
4. A further assessment of cumulative hydrologic impacts on the Fintry fan should be 

considered. 
 
5. Any plans for extensive salvage logging in the Shorts Creek drainage should be assessed in 

consideration of the cumulative effects of increased ECA on peak flows. 
 
6. Reforestation is a desirable treatment to promote hydrologic recovery in the burned areas.  
 
7. Rainfall, erosion events, revegetation, and the effectiveness of any mitigation treatments in 

the burned for should be monitored for several years, to revise risk ratings, and improve risk 
analysis and risk management procedures for future fires.  
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Figure 1. Example of a simple qualitative risk matrix. This example is for partial risk (probability 
of the hazard affecting a specific element) of a landslide. From Wise et al (2004).  
 
 
 
Table 1.  Watershed characteristics  
 
Watershed  Area 

(ha) 
Area in 

burn peri-
meter (ha) 

HIGH  
burn severity 

(%) 

MODERATE 
burn severity 

(%) 

Remarks  

Shorts Creek 18600 8032 11.5 12.9  
Shorts Cr sub-drainages     Refer to map for locations 
  Lower Shorts Cr 1008 0 0 0  
  High Farm Face 1 262 230 46.3 34.1  
  Stuart Cr 2335 1916 32.8 22.8  
  Wilson Cr 291 290 42.0 21.3  
  High Farm Face 2 464 410 15.8 32.8  
  Christie Cr 1280 588 17.5 13.2  
  Middle Shorts South 915 908 26.1 46.1  
  Dunwaters Cr Lower 1058 803 19.6 24.4  

  Dunwaters Cr Upper 670 161 2.0 9.1 Diverted to Big Horn 
reservoir 

  Middle Shorts North 3834 64 0 0  
  Upper Shorts Cr 6486 2660 5.7 10.2  
Okanagan Lake Face 1000 278 14.7 10.8  
Quilpituk Cr 436 311 19.9 21.9  
Bald Range Cr ? 641 negligible negligible Area not measured 

North Terrace Cr 695 48 negligible negligible Drains to Big Horn 
reservoir 
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Table 2. Summary table of risks. 
 
Value at risk Hazard process Hazard 

rating 
Consequence 

rating 
Risk 

rating 
Shorts Cr valley: public 
safety, to houses in Fintry 
High Farm area 

Debris flows in gully (location A) H H H 
Debris flows on Wilson Cr, or 
debris slides on adjacent slopes 

M-H H H 

 Flooding on Shorts Cr L L L 
Stuart Creek fan: barn, 
nearby farmland 

Debris flows or floods on Stuart Cr H L M 

Fintry fan: public safety 
and infrastructure, to 
houses, historic buildings, 
and roads on fan 

Flooding and increased sediment on 
Shorts Cr 

L-M L-M L 

Quilpituk Cr: public safety 
to house on fan and 
travellers on Westside Rd; 
damage to road 

Flooding and increased sediment 
load 

M M M 

Debris flows L H M 

Okanagan Lake face: 
Westside Rd and houses 

Floods in small poorly-defined 
drainages, or landslides on face 

L L L 

 
Notes: 
1. Hazard and risk are rated only where there is an increased hazard due to the fire. 
2. In this table, a simple three-level scale (L, M, H = low, moderate, high) is used for hazard, 
consequence, and risk. 
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Appendix: Vegetation burn severity map. (separate file:  K50720_BurnSeverity_11x17.pdf) 
 



 

  



 
 

Photo 1.  Low, moderate, and high burn severity above upper Shorts Creek valley. 

 

 

 
 

Photo 2.  Looking up Stuart Creek valley, with large area of high severity burn. Terrace 

Main road crosses photo. Shorts Creek valley and Stuart Creek fan are visible at bottom 

of picture.  



 
 

Photo 3.  Fintry High Farm area of Shorts Creek valley. Areas at risk from debris flows 

are east (A) and west (B) of the Stuart Creek fan. 

 

 
 

Photo 4.  Looking down to head of gully above Location A. 

 

A 
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Photo 5.  Moderate vegetation burn severity area, with high soil burn severity, starting to 

be covered by natural mulch from fallen needles. Stuart Creek valley. 

 

 
 

Photo 6.  High vegetation and soil burn severity area, Stuart Creek valley. 



 
 

Photo 7.  Moderate to high soil burn severity, which has impacted a riparian zone. 

Tributary north of upper Shorts Creek. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 8.  Testing water repellency using the water drop penetration test. Inset shows 

exposed, strongly repellent, soil layer with a persistent water drop. 
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