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1 Introduction 

In 2017 the BC government published a document entitled “Interim Assessment Protocol 
for Aquatic Ecosystems in British Columbia”. This protocol describes how to apply metrics, 
called “Benchmarks” to a watershed in a manner that creates consistency across 
watersheds in the province. Additionally one can periodically use the same metrics on one 
watershed to document changes in that watershed over time. In this report it will be 
referred to as the “BC CEF Protocol” for ease of writing. The document can be downloaded 
from the link supplied in the Bibliography. 
 
This report uses that protocol on the watershed drained by Silverton Creek to provide a 
baseline going forward. It also shows how the “Total Land Disturbance” benchmark value 
changed as a result of the Blacktail Mountain wildfire of 2018. This demonstrates how the 
protocol can be used to track changes in a watershed over time. 
  
The wildfire had a significant impact on the watershed and the on-going effects of that fire 
should be monitored as we move forward. As stated in the government report 
(Crookshanks, 2018) the hazard of flooding caused by snowmelt could impact the Village of 
Silverton and Highway 6 within the Village boundary.  
 
This report also points out other problems that could occur as a result of the damage 
caused by that fire. The most significant are the debris slides that will occur.  These will 
lower the quality of the water in the creek. They could also block the creek entirely creating 
a temporary dam. If that happens, water will build up behind that dam and eventually burst 
through the dam threatening the Village of Silverton with a flash flood. 
 
Maina (2019) describes how there is greater snowpack in burned areas due to the lack of 
trees which hold up the snow and allow a large portion of it to sublimate. This leads to 
greater water runoff during the spring freshette, again causing erosion and slides. 
 
This report does not address all of the indicators mentioned in the Cumulative Effects 
Framework but addresses the significant ones to indicate those that are most important 
and deserve further work. The portion of the Village of Silverton that falls within the 
Silverton Creek watershed has been left out of this study because it is small in comparison 
to the watershed itself and the study is designed to look at the main watershed upstream 
from the Village. 

 

   
  



Cumulative Effects Framework, Silverton Creek, B.C.                                                                              October 15, 2019 

 

Opus Petroleum Engineering Ltd. Page 3 
 

 

2 Conclusions 

 

1. The following benchmarks for the Silverton Creek watershed are from the BC CEF 
Protocols:  

a. The Road density in the watershed is     Low. 
b. The Road density less than 100 metres from creeks is    High 
c. The Road density on unstable slopes is      Low. 
d. The Stream crossing density is       High 
e. The Riparian disturbance from wildfires alone is     High. 

i.  Before the 2018 Blacktail mountain wildfire it was   Low. 
f. Peak flow index and Total Land Disturbance were not calculated 
g. There are no working Mines in the watershed.     
h. There are no Permitted waste discharge sites in the watershed.   
i. There are 4 Downstream Water Rights Interests shown 

          in the Kootenay Boundary Water tool report, (Appendix D) 
j. There are no Dams in the watershed. 

 

2. Using the “Rollup” system described in the BC CEF Protocol the Silverton Creek 
watershed rating is 0.54, which is designated as “Moderate”. 

 

3. Most of the benchmarks used to evaluate and quantify the state of a watershed using 
the BC CEF Protocol are easy to evaluate using a GIS mapping program such as the 
open source (free) QGIS. This gives an easy way to evaluate, quantify and compare 
the state of a watershed with other watersheds in the province and to show how the 
watershed is changing over time. 

 

4. The Blacktail Mountain wildfire burned area can be expected to have debris flows in 
a manner similar to the Springer Creek fire area. Because the Blacktail Mountain fire 
is in an undeveloped area where no residences or highways are threatened, it will 
probably not receive much attention or restoration work from government 
agencies. This leaves it up to the local community to monitor and protect this 
natural asset, the Silverton Creek watershed.  
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3 Recommendations 

1. Silverton Creek should be monitored for flow volume in real time by installing a 
water level monitoring system in the creek. This can alert the Village through a level 
alarm if the water flow drops precipitously indicating an upstream blockage.  

2. Water quality monitoring should be continued on Silverton creek to document 
changes in the water quality which can indicate debris flows in the watershed. 

3. The burned area should be monitored to document slides and their impact on the 
creek. 

4. The burned area should be monitored to determine if re-growth is occurring and 
consider whether enhancements should be undertaken as part of the Village of 
Silverton’s natural asset management program. 

5. When LiDAR becomes available, it should be used to document and predict land 
movements in the watershed. 

6. Studies using satellite radar have been used to predict land movements. The 
European Space Agency has two radar satellites, Sentinel 1A and 1B, that provide 
images about every three days at this latitude. The data is free. Canada has recently 
deployed an array of radar satellites that provide coverage of the entire country 
every day. These data could be helpful in predicting and monitoring land movement. 
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Map 1 

 

4 Discussion 

The Silverton Creek watershed is located in the West Kootenay region of south eastern 
British Columbia. The map below shows the mountainous topography of the watershed. All 
inset maps in this report are taken from the larger sized maps that are included in 
Appendix A. The reader should consult the map in Appendix A to see greater detail. 
 
This report calculates five of the six “benchmarks” following the procedure described in the 
BC CEF Protocol.  The sixth is more complicated and has not been evaluated in this report. 
 
The benchmarks have been rolled up into one value, as shown in the “Value Rollup” section 
of this report. 
 
A separate section of this report has been written about the Blacktail Mountain wildfire 
because of its significant and long term impacts. 
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Map 2 

4.1 Road Density 
 
The roads in the watershed are made up of two types, roads that are currently permitted 
(called “active roads” in this report) and roads that were built in the past but are not 
maintained or have been released from permit.  
 
Map 2, inset below, shows the location of all of the roads on record in the BC provincial 
database (DataBC) within the Silverton Creek watershed. Those that are still active are 
shown in black the remainder in yellow. 
 
The area of the Silverton Creek watershed is 121.8 square kilometres. Based upon the 
active road length (68 kilometres) the road density is 0.56 km/sq. km., “low” using the 
benchmarks listed in the BC CEF Protocol, which are: 
<0.6 km./sq. km. – low;  0.6 to 1.2 km./sq.km. – moderate;  >1.2 km./sq.km. – high. 

 
 
 
 

 

 

 

 
 

  



Cumulative Effects Framework, Silverton Creek, B.C.                                                                              October 15, 2019 

 

Opus Petroleum Engineering Ltd. Page 7 
 

 4.2 Road Density less than 100 m. from a stream 
 
Roads that are near creeks and streams can impact the hydrology and water quality in the 
watershed. The BC CEF Protocol has a benchmark to address this called “Road density δα 
100 m. from a stream (within 100 m. of a stream). The benchmarks are:    
<0.08 km./sq. km. – low;  0.08 to 0..16 km./sq.km. – moderate;  >0.16 km./sq.km. – high 
 
The inset map below shows active roads in the Silverton Creek watershed together with 
the streams (showing the 100 metre buffer zone). The active roads that are within the 100 
metre buffer are highlighted in red. The total length of the red segments is 36.6 kilometres, 
resulting in a value of 0.30 km per sq. km. This is in the “high” category, in the BC CEF 
Protocol.  

Map 3 
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Map 4 

 
4.3 Road Density on unstable slopes 

  
Roads on unstable slopes are another metric in Cumulative Effects mapping that is easy to 
calculate. The BC CEF Protocol defines unstable slopes as those slopes having a slope 
greater than 60% (31 degrees). 
 
Map 4, clipped below, shows unstable slopes in lilac with those sections of active roads 
shown in red with a yellow outline. 
 
Most roads in the Silverton Creek watershed were built along valley bottoms to get to 
logging sites. Once at the site the roads have to cross steeper slopes and some of these are 
defined as unstable using the definition above. 
 
There are only 5 kilometres of roads on unstable slopes, yielding a value of 0.04 km./sq. 
km. Using the benchmark value shown in the BC CEF Protocol (shown below), the Silverton 
Creek watershed is “low”. 
Benchmarks: 
<0.06 km./sq. km. – low; 0.06 to 0.12 km./sq.km. – moderate; >0.12 km./sq.km. – high 
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4.4 Stream Crossing Density 

 

The clip of  Map 5 above shows the location of all places that an active road crosses a 
stream. The BC CEF Protocol has the following benchmarks for stream crossings in interior 
watersheds: <0.16/sq. km. – low;  0.16 to 0.32/sq.km. – moderate;  >0.32/sq.km. – high 
 
There are 68 kilometres of active roads in the Silverton Creek watershed. They cross 
streams 91 times; very “high” at 0.ͷ crossings per km. 
 
 

Map 5 
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4.5 Riparian Disturbance 
 

The BC CEF Protocol states the 
following: “Riparian related 
disturbance is defined as that 
occurring within 30 m. of a stream. 
Total Disturbance includes human 
disturbance since 1995 (rail, 
transmission, major rights of way, 
harvesting, mining, oil & gas, 
seismic, agriculture, and urban 
activity), historical logging (pre-
1995), natural fire and insect 
disturbance.”  
 
There are no rail, transmission, 
major rights of way, harvesting, oil 
& gas, seismic, or agriculture that 
the author is aware of and the 
mining  was  before 1995. Urban 
activity would include the portion 
of the Village of Silverton that 
drains into the creek which has 
been specifically excluded from 
this report. 

 
The map above shows the areas where there has been disturbance caused by wildfires fires 
and the location of cut blocks.  
 
Timber harvesters have riparian disturbance rules that vary according to the stream 
conditions such as the width of the stream and whether it is fish bearing. Rather than try to 
determine which cut blocks came within 30 m of a stream, this report focuses on the 
wildfire disturbance only. If all of the cut blocks came within 30 m. of a stream it would add 
14.5 kilometers to the total streams length. 
 
 The benchmark measure in the BC CEF Protocol is calculated by dividing the total length of 
streams with disturbed riparian area by the total length of all streams in the watershed.  
The benchmarks are: 
<0.10 km/km – low;   0.10 to 0.20 km/km – moderate;   >0.20 km/km – high. 
 
There are 269 kilometres if streams in the Silverton Creek watershed, excluding the Village 
itself. The total stream length within wildfire burned areas is 56.3 kilometres, after 
adjusting for riparian areas that have burned twice (portions of the 1958 and 1985 wildfire 
burn areas were burned again by the 2018 wildfire). 

 

Map 6 
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Thus, the Silverton Creek watershed is highly impacted by wildfires alone, being 0.21 km. 
per km. (56.3 km. /269 km.) without the disturbance caused by timber harvesting (cut 
blocks).  
 
Prior to 2018 (the 2018 Blacktail Mountain fire is “square-hatched” on the map below), 
stream disturbance from wildfires alone was 13.0 km., giving a disturbance ratio of 0.05, 
rating “low”. The Blacktail Mountain wildfire moved the Cumulative Effects benchmark to 
“high”. This demonstrates how these benchmarks can be used to quantify changes in a 
watershed over time. 

 

Map 7 
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4.6 Other indicators 
 
There are several other indicators that are described in the BC CEF Protocol. They are: 
 
The ‘Peak Flow Index’ is complicated and beyond the scope of this study. As stated in the 
protocol: “This is a preliminary risk categorization based upon the variable parameter ECA. 
This indicator assessment should be supported with localized watershed knowledge.” (ECA 
is Equivalent Clear Cut Area.) 
 
 ‘Total Land Disturbance’ is another category that requires custom development and is 
beyond the scope of this study.  
 
‘N�mbe� �f Mi�e�ǯ: There are no active mines in the watershed.  
 
There are no ‘Permitted Waste Discharge’ locations that the author is aware of.  
 
‘Water Withdrawals’ is a potential benchmark that is undefined in the BC CEF Protocol. 
Appendix D is a copy of a report that was generated by the Kootenay Boundary Water Tool. 
It shows water licenses (as of the date of the report) as well as numerous other factors. 
This tool is on-line and these reports can be generated by anyone, to update the 
information contained in them. The link to the Kootenay Boundary Water Tools is shown in 
the “Resources section of this report. 
 
ǮDams (#/watershed)’ is 0 since there are no dams in this watershed. 
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4.7 Value Rollup 
 
The BC CEF Protocol suggests using the following table to come to a single number to 
represent the total watershed condition. The author has coloured the groupings green for 
low, yellow for moderate and red for high to make interpretation easier. 
 

 
 
Using Table 1 we get the following values indicating that the Silverton Creek watershed is 
considered “moderate” when the roll-up is calculated. 

 
This excerpt is taken from the BC CEF Protocol and explains their procedure: 
“The watershed unit value roll-up follows a similar procedure to that of the Watershed 
Assessment Procedure Guidebook (BC MOF 1999). Each raw, calculated indicator value is 
translated into a normalized score between 0 and 1 (Table 1). All values within the lowest 
classification receive a normalized score of 0 while the remainder of the calculated values 
are divided into equal interval classifications (from 0.1-1.0) with an identified upper value 
serving as the highest classification 1.0. Indicator values are assigned a score based on its 
corresponding interval. The classification represents the normalized score for the 
assessment unit indicator (Table 1). Each assessment watershed will therefore receive a 
single normalized score for each of the six benchmarked indicators assessed. 
Once indicator scores are calculated, the average of the six scores for each assessment 
watershed is calculated resulting in a single, comprehensive watershed score for each unit 
assessed. For coastal assessment watersheds, those that receive a value <0.3 are scored low, those that 
receive a value >0.7 are scored high while those in between are scored moderate. For interior assessment 
watersheds, those that receive a value <0.4 are scored low, those that receive a value >0.8 are scored high 
while those in between are scored moderate.”   
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Map 8 

5 Wildfire and Debris Flow 

On July 19, 2018 lightning struck Blacktail Mountain near the headwaters of Silverton 
Creek. The fire that it created moved north along the ridges on the east and west sides of 
the creek all the way to the divide that separates Silverton and Carpenter Creek to the 
north.. When the wildfire died, of natural causes, it had destroyed an estimated 2363 
hectares of forest, using data from Sentinel-2 satellite images (Crookshanks, 2018). This is 
19% of the area of the Silverton Creek watershed.  

 
Much of the burned area was 
classified as severely burned 
from analysis of Sentinel-2 
satellite data and ground 
truthing. Severe burns 
destroy all surface and 
subsurface organic matter 
and leave only altered sterile 
soil. With no root structure 
or tree canopy to influence 
rainfall and soil cohesion 
these severe burned areas 
are prone to debris flows 
which not only change the 
topography of the landscape 
but also can cause damming 
of creeks; changes in water 
quality and quantity; and 
threaten infrastructure and 
people. 
 
The Springer Creek fire of 
2011 can be used as an 
analog for what can be 

expected in the burned area in Silverton Creek. A report on the Springer Creek fire and a 
long term risk analysis is available from the Regional District of Central Kootenay (RDCK) 
website (Nichol, 2008). The bibliography at the end of this report has a link to that report.  
 
The Blacktail Mountain wildfire burned area can be expected to have debris flows in a 
manner similar to the Springer Creek fire area. Because the Blacktail Mountain fire is in an 
undeveloped area where no residences or highways are threatened, it will probably not 
receive much attention or restoration work from government agencies. This leaves it up to 
the local community to monitor and protect this natural asset, the Silverton Creek 
watershed. Most of the threat from the burn can be expected as a result of debris flows. 
  
As a general guideline, debris flow initiation occurs when soil saturation exceeds the ability 
of the soil to remain in place on a slope. Any slope of 25 degrees (47%) is a candidate for 

Map 7 
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the initiation of a debris flow. Once initiated, transportation and erosion will continue to 
occur on slopes and gullies of 15 degrees (27%) or greater. Deposition usually begins once 
the gradient flattens to less than 10 degrees. (VanDine, 1996) 
 
There are many other factors that influence debris flows and deposition ( Chatwin, 1994; 
Highland, 2008) but the above are mentioned here to allow one to indicate where these 
debris flows may occur in the burned area of the Silverton creek watershed. Map 8, shows 
the burned area overlain on a map of the Silverton Creek watershed with the areas having a 
slope greater than 25 degrees shown in yellow-orange. An enlarged portion of Map 8 is 
shown below. 

 

 
 

It is interesting to note that a study (Ferrell, 2019) done by a Selkirk College student, Karlie 
Ferrell, indicates the same areas and burn severities using Landsat 8 images rather than 
Sentinel-2 images as were used by Crookshanks (Crookshanks, 2018). 
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6 Resources 

Govt. of BC video “CEF 101” 
An introductory video on what the BC Cumulative Effects Framework is all about. 
https://youtu.be/Zj6DKJuCQnE 
 
Kootenay Boundary Water Tool 
https://kwt.bcwatertool.ca/watershed 
 
DataBC 
https://data.gov.bc.ca/ 
 
Geogratis 
http://geogratis.cgdi.gc.ca/ 
 
Rural District of Central Kootenay Ȃ wildfire reports 
https://rdck.ca/EN/main/services/emergency-management/geotechnical-hazards.html 
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Appendix A 
Maps 

To the report entitled “Cumulative Effects Framework, Silverton, B.C., dated Oct 15, 2019” 

 

Note:  
All maps were produced using QGIS 3.8.1 Zanzibar 
All map projections are EPSG: 26911, NAD83/UTM zone 11N 
All maps are at a scale of 1:90,000 
Vector and raster files used are available from the author upon request. 
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Report on Blacktail Mountain wildfire 

To the report entitled ǲCumulative Effects Framework, Silverton, B.C., dated Oct 15, 2019ǳ 

 

Crookshanks, S., 2018, ǲPost-Wildfire Natural Hazard Risk Analysis, Fire N51329, Blacktail 
Mo�n�ainǳǡ Mini���� of Fo�e���ǡ Land� and Na���al Re�o��ce O�e�a�ion� ȋFLNROȌǡ Dec 10, 
2018. 
 



 
MINISTRY OF FORESTS, LANDS AND NATURAL RESOURCE OPERATIONS,  

POST-WILDFIRE RISK ANALYSIS – PRELIMINARY REPORT 
 

NOTE: The results given on this form are preliminary in nature and are intended to be a warning of potential hazards and risks.  It is not 
a final risk analysis and further work may alter the conclusions.  Please contact the author for more information. 
 
FIRE:   Blacktail Mountain N51329 FIRE YEAR: 2018 DATE OF REPORT: 10 Dec, 2018 
AUTHOR:  Sarah Crookshanks 
REPORT PREPARED FOR:  District Manager, Southeast Fire Centre 
FIRE SIZE, LOCATION, AND LAND STATUS:  2000 ha. Fire is located in the headwaters of Silverton Creek east of the 
Village of Silverton. 
VALUES AT RISK: Village of Silverton, Highway 6   
WATERSHEDS AFFECTED: 
 
 
Silverton Creek 

TOTAL AREA 
 
 

12180 ha 
 
 

AREA BURNED 
 
 

2000 ha (16%) 
 
 

BURN SEVERITY 
(% of burned area) 

 
500 ha, 25% Low 

930 ha, 47% Medium 
570 ha, 29% High 

 
SUMMARY OF HAZARDS AND RISKS3: 
Hazards: The most significant hazard is flooding caused by snowmelt 
Risks: 
1. Risk of spring flooding impacting the Village of Silverton 
2. Risk of spring flooding impacting Highway 6 
 
1. Hazard = P(H), the probability of occurrence of a hazardous event 
2. Risk = Partial risk P(HA) = P(H) × the probability of it reaching or affecting an element at risk 
3. Rating definitions consistent with Land Management Handbook 69,Postwildfire Natural Hazards Risk 
Analysis in British Columbia (Province of British Columbia, 2015) 

HAZARD 1 
 
 

M 
M 
 

RISK 2 
 
 
L 
L 

RECOMMENDATIONS:   
1. The Village of Silverton should monitor water levels in Silverton Creek and their flood protection works during spring 
freshet. The Village of Silverton is also responsible for ensuring their flood protection works are well maintained. 
 
2. The effects of the Blacktail Mountain fire on hydrological processes should be taken into account when planning future 
forest development (either salvage logging or the development of non-burned areas) in the Silverton Creek watershed. 
 
POTENTIAL MITIGATION:  
Flood protection works owned by the village are already in place on the Silverton Creek fan. No mitigation within the fire 
perimeter is recommended. 
 
COMMENTS:   
The impacts of the Blacktail Mountain fire on snowmelt-dominated peak flows will likely continue for several decades as 
the tree canopy is re-established within the fire perimeter.  
 
The gradient of Silverton Creek is below the threshold for transport of debris flows and floods; therefore any landslides 
that may occur within the fire perimeter do not pose a hazard to infrastructure on the fan.  
 
There is one domestic water licence on Silverton Creek in the name of Klondike Silver Corporation; based on the file 
information, it is unlikely that the licence is in use at this time.  
SIGNATURE:   
Original signed and sealed by Sarah Crookshanks, P.Geo. 
 
 
 

ATTACHMENTS:  
See attached memo and map for further details. 
 
 

REVIEWED BY: 
Original signed and sealed by Natasha Neumann, P.Ag. 
 
 
 
Southern Interior Forest Region, preliminary report form version 1.1, 2010 



 
Post-Wildfire Natural Hazards Risk Analysis, Fire N51329, Blacktail Mountain 

Sarah Crookshanks, MFLNRO, December 10 2018 
 

Introduction and methods 
 
This memo provides additional information that is intended to supplement the initial preliminary report summary form 
(attached). The Blacktail Mountain fire burned approximately 2363 ha of land in the headwaters of Silverton Creek. The 
fire was initiated by lightning and was discovered on July 19, 2018. A natural hazards risk analysis of the fire was 
completed following the procedures outlined in Land Management Handbook 69 (Hope et al., 2015).  
 
On August 30, 2018, an overview flight was completed by Sarah Crookshanks (MFLNRORD). The fire was still burning at 
the time, although the fire did not expand much through September. On October 10, 2018 a ground assessment of the 
fire was completed by Sarah Crookshanks and Natasha Neumann (MFLNRORD).  
 
The burn severity mapping was provided by MFLNRORD Regional Operations based on Differenced Normalized Burn 
Ratio calculations using same year classification satellite imagery. The original classification under-reported the burn 
severity; therefore the burn severity classification break points were adjusted to better reflect field observations. 
 
Burned area observations  
The burn severity fire map in Figure 1 and the aerial photos of the fire (Figures 2 through 4) show that most of the 
burned area lies between 1600 and 2000 m on east and west facing aspects. The riparian zones along the valley bottoms 
for the most part remained unburned. Three burn severity plots were undertaken where access allowed. Soil burn 
severity was similar to the vegetation burn severity at all three sites.  
  
The most significant post-wildfire hazard for Silverton Creek is flooding caused by snowmelt during the spring freshet. 
Approximately twenty percent of the Silverton Creek watershed burned, of which almost half is moderate or high burn 
severity. Approximately 27% of the Silverton Creek watershed above the H60 elevation (1650 m) was burned. The H60 
elevation refers to the snowline elevation when the upper 60% of the basin area is still covered with snow.  Vegetation 
removal in the area above the H60 elevation is generally understood to have a greater influence on peak flows due to 
changes in snow accumulation and snowmelt processes.  
 
Discussion of post-wildfire flood hazard and risk 
 
The Blacktail Mountain fire will increase the likelihood of earlier and possibly higher spring peak flows in Silverton Creek. 
Even though the proportion of burned area within the overall watershed is low, the potential for the synchronization of 
runoff is significant based on two factors: elevation and aspect. Assuming that the burned area (mostly located between 
1600 and 2000 m) melts earlier, this runoff will combine with the snowmelt from forested land at lower elevations. In 
terms of aspect, the Silverton Creek watershed is mostly composed of south, east and west facing slopes. Since the fire 
mostly occurred on east and west facing aspects, the potentially earlier melt from the burned area will combine with the 
snowmelt from the south facing slopes. While synchronization will increase the likelihood of earlier and higher spring 
peak flows, the large basin size, wide elevation range and alpine areas may help to moderate the flood response 
potential in Silverton Creek.  
 
Considering the factors discussed above, there is a moderate likelihood of increased spring flooding in Silverton due to 
the incremental hydrological effects of the Blacktail Mountain fire. This hazard of spring flooding is due to increased 
snow accumulation, more rapid snowmelt, spatially synchronized snowmelt, and higher groundwater levels in burned 
areas, and can persist for many years until revegetation occurs. 
 



The Silverton Creek channel is incised on its fan and the likelihood of avulsion during a spring flood event is low. The 
Village and the highway contractor should monitor the channel on the fan during spring freshet. The formation of a log 
jam may cause higher streamflow velocities and exacerbate any bank erosion issues. 
 
Historical disturbances, such as forest harvesting and other wildfires, also affect the frequency and magnitude of peak 
flows in Silverton Creek; however, the consideration of the cumulative impacts of all disturbances within the watershed 
is beyond the scope of this analysis. The effects of the Blacktail Mountain fire on hydrological processes should be taken 
into account when planning future forest development (either salvage logging or the development of non-burned areas) 
in the Silverton Creek watershed. Further hydrological assessment would be needed to confirm the extent of possible 
impacts. 
 
 
 



 
Figure 1. Burned area reflectance classification map of the Blacktail Mountain fire (N51329) showing estimated burn 
severity. Inset map shows the entire Silverton Creek watershed. 



 
Figure 2. Looking north at the Blacktail Mountain fire from above Natanek Lake. 
 
 

 
Figure 3. Looking east at the Blacktail Mountain fire within the Fennell Creek valley (tributary to Silverton Creek). 
 
 



 
Figure 4. Looking south towards Nanatek lake. 



Appendix C 
Assessment of Blacktail Mountain wildfire 

To the report entitled ǲCumulative Effects Framework, Silverton, B.C., dated Oct 15, 2019ǳ 

 

Ferrellǡ KǤǡ ʹͲͳͻǡ ǲDetermining Burn E�tent and Severit� Using Vegetation Indices in Pre 
and Post Wild Fire Conditionsǳǡ report prepared as a GIS ͵Ͳ class project at Selkirk 
College, edited by R. H. Johnson. 
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Abstract 
Several hundred million hectares of forest and other vegetation types are estimated to burn annually 
throughout the world, making forest fire the most dominant disturbance in forests. Remote sensing 
techniques have been identified as an effective tool for preventing and monitoring those forest fires. 
Focusing on the Blacktail Mountain fire, which started on July 19th, 2018, this study used three Landsat 8 
images, and aimed to map the overall burned area by applying four vegetation indices; Normalized 
Difference Vegetation Index (NDVI), Modified Soil Adjusted Vegetation Index (MSAVI), Burn Area Index 
(BAI) and Normalized Burn Ratio (NBR). The burn severity was calculated by applying the Differenced 
Normalized Burn Ratio (dNBR), and fire prediction was attempted using Normalized Burn Ratio Thermal 
(NBRt). This study reveals the accuracy of the four indices in burn mapping, shows similar results 
between NDVI and NBR, and demonstrates that both are suitable for identifying and mapping burned 
areas.  This study also concludes that dNBR can be a reliable tool in determining burn severity while 
paired with field data. Lastly, this study shows that when using NBRt on its own with minimal satellite 
images available, that it does not show significant results to assist in fire prediction. Challenges and 
limitations encountered when working with thermal bands are discussed. Further research is 
encouraged using satellite missions with a higher temporal resolution, as well as accompanied studies of 
other historical fires for a better understanding of fire characteristics on a larger scale.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



1. Introduction 
 

British Columbia, the most western Canadian Province, covers 95 million hectares of land. Forests cover 
close to 64% of that land, covering almost 60.3 million hectares (BC Forest Facts). BC forests are well 
known around the world for their ecological and wildlife value, picturesque beauty, and importance to 
recreation and tourism.  Since the beginning of these forests, they have continuously changed as a result 
of wildfire. Wildfire is a frequent natural occurrence, and is a necessary event to encourage an 
ecological process which aids in rapid growth in young trees, early and abundant seed germination and 
the dispersal of seeds. It is also important for controlling age structures and creating ecological diversity.  
(Thuan Chu and Xulin Guo 2014). While on the other hand, forest fires can cause an extreme burden on 
our economic, environmental, and social livelihoods, and is one of the primary sources of large scale 
forest mortality across the world.  In BC alone, by the end of the 2017 fiscal year, a total of 1,216,053 
hectares was burned by wild fire, costing approximately $568 Million (Wildfire Averages). 

To effectively manage these forest ecosystems, land managers and scientists require timely and 
comprehensive information on fire damage extent, and fire behavior.  Better prediction of fire danger 
and fire detection has significant benefits for both economic and human safety values. (Leblon et al. 
2012) This can be done with Remote Sensing, a technique that has been developing since the mid-
ϭϵϴϬ͛s͘ A birds eye view offers a better advantage over the on the ground surveying with a global 
positioning system (GPS), which often fails to capture the patchiness of fires and large scale fire effects  
(Lentile et al. 2006). By acquiring images received by satellites orbiting the earth, this tool is able to 
address three different temporal fire-effect phases: pre-fire conditions, active fire characteristics and 
post-fire ecosystem responses in real-time. Vegetation information from remote sensed images is 
mainly interpreted by differences and changes of the green leaves from plants and canopy spectral 
characteristics by obtaining the electromagnetic wave reflectance information using passive sensors. 
The reflectance of light can change due to surface characteristics, temperature, and water content, 
therefor making this a valuable tool for assessing vegetation health over time. Vegetation Indices 
combining visible and NIR bands have improved the sensitivity of the detection of green vegetation. 
Each VI being used today has its own specific expression of green vegetation, its own suitability for 
specific uses, and some limiting factors (Xue and Su 2017). 

The aim of this study was to discover the ideal VI for identifying and mapping the extent and severity of 
the burnt area left by the Blacktail Mountain Fire on pre and post fire images from the Landsat 8 
Satellite Mission. This study focuses on two of the three fire effect phases, pre-fire, and active fire. As 
this fire occurred in 2018, there were no observations of vegetation regrowth post fire to assess the 
third fire effect phase.  
 
This study also aimed to asses if detecting potential fire susceptible areas is reliable with Thermal 
Infrared Sensors. This sensor uses active sensors which measure the heat emitted from the ground to 
identify arid or drought stricken areas. Historically detection and monitoring of wildfires has relied on 
aircraft and satellites with visible and IR Bands. Advances in sensor platforms are revolutionizing the way 
we predict, detect and monitor wildfires. Sensor systems like Thermal Infrared are becoming more 
available and affordable with such instruments as the Landsat 8 Thermal Infrared Sensor (TIRS). As fires 
burn much hotter than the typical temperature of surfaces on the Earth, heat provides a strong signal 
for the prediction and detection of fire. While smoke can be a cue for detection, it can also obscure the 
visibility of the flame. Past studies have shown that TIR imaging has an advantage over NIR and SWIR 



sensors in this respect with its wavelengths ability to penetrate thick smoke and allow imaging of 
hotspots. Another advantage of TIR sensing for fire detection is that is can be performed both day and 
night, as it detects emitted energy rather than reflected energy from the sun (Allison et al. 2016). 
 

The following research questions were answered during this study; 

x examine the accuracy and suitability of NDVI, MSAVI, NBR, BAI in mapping burned areas 
compared to official data; 

x identify the levels of severity within the burn perimeter using DNBR; 
x asses if NBRT can reliably be used in fire detection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

2. Study Area  
 

On July 19th 2018, a forest fire was detected on Blacktail Mountain in Kokanee Glacier Park, about 8 
kilometers southeast of Silverton BC. This fire devastated 2,363 hectares (estimated), and left 19% of the 
watershed burned. 

 

Figure 1 Blacktail Mountain in Kokanee Glacier Park 

 



3. Client 
Richard H. Johnson 
Richard.slrc@gmail.com 
250-358-2590 
 
Richard is a Geological Engineer with over fifty years of experience in reservoir engineering, geology, 
economic evaluations, computer reservoir modelling, hydrogeology, and management. Richard is also 
the Managing Director at the Slocan Lake Research Centre (SLRC), a branch of Opus Petroleum focused 
on scientific research. The Slocan Lake Research Center (SLRC) is a non-political, non-government and 
non-profit agency devoting their efforts to environmental matters in the Slocan Lake Area. 
  
This project will benefit the Village of Silverton with future forest fire management and resource 
planning. The contact for the Village of Silverton is Leah Main. She is a Silverton Councillor and RDCK 
Director.   
 

4. Data Used 
 
Landsat 8 is an American earth observation satellite launched on February 11th, 2013. This satellite has a 
16 day repeat cycle, captures more than 700 scenes a day, and has produced over 1.3 million scenes 
available for download. This study used Landsat 8 imagery because of its repeated coverage, ease of 
access, and its use of Thermal Infrared Sensor instrument, which measures different intensities of the 
light as different surface temperatures (Landsat Missions). 
 
Three images were acquired for the purpose of this study from the USGS Global Visualization Viewer 
(GloVis) website. Images were collected in 2017, one, a year prior to the fire, and one, 5 days prior to 
the fire, and one in 2018, immediately after the fire. The images a year prior and immediately after the 
fire were collected during the months of September (Sept 27th, 2017 and Sept 5th, 2018 respectively) to 
maintain consistency of environmental condition for accurate vegetation comparison. The image 
immediately prior to the fire was acquired on July 12th, 2018.  Attention was taken to ensure images 
were cloud free, and with limited amounts of smoke post fire as to not interfere with analysis. Band 
information for these images can be found in Table 1. Highlighted bands are the ones used in the 
analysis for this study.  
 
Table 1. Spectral and spatial information for Landsat 8 

Band Spectral Resolution 
(micrometer) 

Spatial Resolution 

Operational Land Imager (OLI) 
Band 1 ʹCoastal aerosol 0.43 ʹ 0.45 30 
Band 2 ʹ Blue 0.45 ʹ 0.51 30 
Band 3 ʹ Green  0.53 ʹ 0.59 30 
Band 4 ʹ Red 0.64 ʹ 0.67 30 
Band 5 - Near Infrared (NIR) 0.85 ʹ 0.88 30 
Band 6 ʹ SWIR 1 1.57 ʹ 1.65 30 
Band 7 ʹ SWIR 2 2.11 ʹ 2.29 30 



Band 8 ʹ Panchromatic 0.50 - 0.68 15 
Band 9 ʹ Cirrus 1.36 ʹ 1.38 30 
Thermal Infrared Sensor (TIRS) 
Band 10 ʹ Thermal Infrared 
(TIRS) 1 

10.60 ʹ 11.19 100 

Band 11 ʹ Thermal Infrared 
(TIRS)2 

11.50 - 12.51 100 

 

5. Methods 
 
Two Vegetation Indices, Normalized Difference Vegetation Index (NDVI), and Modified Soil Adjusted 
Vegetation Index (MSAVI) as well as and two Burn Indices, Burn Area Index (BAI), Normalized Burn Ratio 
(NBR), were used to test their suitability and limitations for burn mapping. In addition to measuring 
burned area, Pre and Post NBR images are used to understand the degree of post-fire environmental 
change. Differenced Normalized Burn Ratio (DNBR) was used to detect the severity of burn scars left 
within the study area. Normalized Burn Ratio Thermal (NBRT) was used on an image acquired 5 days 
before the fire occurred to quantify emitted heat from the ground surface. 
 
Prior to mapping the burned areas, satellite images were pre-processed. In ENVI version 5.3, radiometric 
calibration and dark object  subtraction were completed after sub-setting the images to the study area. 
The Indices, based on the RED, NIR, and SWIR bands, were calculated for mapping the burned area in 
this study. 

 
 

x Normalized Difference Vegetation Index (NDVI) ʹ is a widely used SI and is related to the 
amount of green vegetation making use of the relatively high reflection of vegetation in the NIR 
spectral region wavelengths , and absorption of radiation by chlorophyll in the red spectral 
region (Schepers et al. 2014): 

NDVI = (NIR-RED) / (NIR+RED) 

x Modified Soil Adjusted Vegetation index (MSAVI) ʹ specifically designed for burned land 
application, a modified version of SAVI, MSAVI reduces soil noise and increases the dynamic 
range of the vegetation signal (Burn Indices Tutorial): 

MSAVI = 2NIR + 1 - Sqrt (2NIR + 1) ^ 2 - 8 (NIR - RED) / 2 

x Normalized Burn Ratio (NBR) ʹ Similar to NDVI, except that is uses NIR and SWIR wavelengths. 
Widely used for burn severity assessments, provides good discriminatory power between 
burned and unburned areas (Schepers et al. 2014): 

NBR = (NIR- SWIR) / (NIR+SWIR) 

x Burn Area Index (BAI) ʹ specifically designed to detect and enhance the charcoal signal post fire. 
This SI using red and NIR reflectance values to calculate the spectral distance from each pixel to 



a reference spectral point to which burned pixels converge. Brighter pixels indicate burned areas 
(Burn Indices Tutorial): 

BAI = 1 / (0.1- RED) ^2 + (0.06 ʹ NIR) ^2 

In order to determine the accuracy of these four indices, a shape file was created in ENVI outlining the 
burn perimeter produced by each Index respectively. Shapefiles were created subjectively based on 
visual interpretation using the grey scale color contrast between pixels in the images. These shapefiles 
were compared to the official perimeter shape file released by the Province of BC, Wildfire Service. The 
area was calculated by clipping the Indices shape files from the official shape file in ArcGIS Pro. For 
separability of burned forest from unburned forest͕ random ROI͛s were plotted for histograms 
representing the spectral indices for all four indices.  

Following the corrections, and SI burn area mapping, the dNBR was then applied to the study area to 
identify the levels of severity within the burn perimeter.  

x Differenced Normalized Burn Ratio (dNBR) - Becoming the standard SI methodology to assess 
burn severity, dNBR is used by differencing the post and pre-fire index images. Differenced 
images are best measured using data collected immediately before the fire and then 
immediately after the fire to reduce reflectance from vegetation regrowth (Work with the 
Difference Normalized Burn Index). 

dNBR = PrefireNBR ʹ PostfireNBR 

Finally, thermal bands were calibrated to brightness temperatures, and stacked with the multi-temporal 
bands. The Normalized Burn Ratio Thermal was then applied to July 12th image to quantify if any area 
showed signs of drought or increased ground temperature before the fire struck on July 19th, 2018.  
 

x Normalized Burn Ratio Thermal (NBRT) - Uses the thermal band to enhance the NBR. The 
addition of the thermal band, allows the detection of heat for fire prediction, and analysis even 
in images with thick smoke.  

NBRT = (NIR ʹ SWIR (TIR/1000))/(NIR + SWIR (TIR/1000)) 
 

Both dNBR and NBRT final images were the classified to determine area coverage within the official 
polygon of each burn severity category and to produce final maps.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 



Methods Work Flow Diagram 
 

 
Figure 2 Work Flow Diagram 

 
 

 

 

 

 

 
 

 



6. Results and Discussion  
 

Using Fig. 3 for analysis, it can be seen in all the images that a grey scale is used for its values with darker 
colors representing burn scars, and lighter colors representing healthy vegetation, with the exception of 
BAI which symbolized the burn scar with white. Using visual analysis on the images along with analysis 
of the spectral signatures (Fig 4) from the four indices using histograms, it is clear that NBR has the best 
separability between mean burn and mean unburned area values. NDVI also has substantial mean value 
separability, while MSAVI and specifically BAI have significant overlapping spectral signatures.   

 

Figure 3 Compared Indices for Burn Mapping 

 

 

 



 

Histograms show the distribution of pixel values with the images (a) NDVI, (b) MSAVI, (c) NBR, and (d) 
BAI. The actual threshold values to identify burned areas differ from one index to another, since each 
index has a different sensitivity. Fig. 4 shows the differential sensitivities of the indices to burned and 
unburned areas. They are largely discernible from each other in NDVI and NBR, less so in MSAVI, and the 
least discernible in BAI.  
 

 

(a)        (b) 

 

(c)       (d) 

Figure 4 Indices Histogram Comparison 

 



 

Figure 5 Polygons of VI's compared to official fire perimeter shapefile 

In Fig 5 the shape files created from each Indices are compared to the official fire perimeter released by 
BC Fire Service. Table 2 calculates the difference in area burned compared to the shape file, total area 
inside the perimeter and total area outside the perimeter. NBR and NDVI performed well, both showing 
considerably more accuracy than MSAVI and BAI for both fire area interpreted inside the official fire 
perimeter and fire area interpreted outside the perimeter. The results from BAI unexpectedly provided 
the poorest performance. BAI showed the least discrimination of burned areas with rock.  

Table 2. Area of Indices coverage compared to official perimeter 

Burned Area in Ha 
 NDVI MSAVI NBR BAI 
Total Burned Area 1807.4 1765.9 1878.7 1628.1 
Inside the Official 
Perimeter 

1673.3 1564.1 1739.9 1469.9 

Outside the 
Official Perimeter 

134.1 201.8 138.8 158.2 

Official Burned Area 2361.5 2361.5 2361.5 2361.5 



 

By performing the dNBR, Fig 6 (a) demonstrates the level of severity from the burn scar. There is a clear 
distinction between areas of high severity burn and lower severity. Higher dNBR values represent a 
higher indication that the pixels in the image are ͞burned͟. For increased accuracy it is suggested that 
dNBR results are supported by a field assessment, as dNBR values can vary by scene. However as these 
figures show, dNBR can provide a useful initial interpretation. This can provide valuable indication on 
exact locations where land managers should focus their reclamation efforts (Normalized Burn Ratio). Fig 
6 (b) shows the different levels of burn severity clipped to the official perimeter, overlaid on the post-
fire Landsat 8 image.  

 

(a)    (b) 

Figure 6 Burn Severity Map 

         

Table 3. Burn Severity Classification 

Burn Area Severity Classification 
Severity Level dNBR range Area (ha) Percentage 
Enhanced 
Regrowth 

< -0.1 37.2 1.6 

Unburned          -0.1  to + 0.1 265.4 11.2 
Low Severity + 0.1 to + 0.27 561.4 23.8 
Moderate 
Severity 

+0.27 to + 0.66 643.0 27.2 

High Severity >0.66 854.5 36.2 
 

 

 

Fig. 7 (a) shows the heat response from the pre-fire image and Fig. 7 (b) shows the heat response from 
the post fire image. I expected to see more correlation between the two images, such as a response 



from low moisture level and arid drought conditions. The red values in the NBRT images, when visually 
interpreted in the original true color image, mostly represent heat reflected from rock. Table 4 does not 
show any pattern or consistency between the value changes. Therefor the answer to this research 
question is unknown and further research using other historical fire data for comparison is necessary to 
make a conclusion. 

 

 

(a)    (b) 

Figure 7 NBRT Map 

 

Table 4.  

Pre Fire Thermal Images compared to Post Fire NBR 
 NBR Thermal Pre 

Fire Area (ha) 
NBR Post Fire Area (ha) Total (%) change between pre and post fire 

images 
Red 114.3                  969.9 Up 88.2 
Orange 323.1 420.4 Up 23.1 
Yellow 612.3 376.9 Down 38.4 
Light Green 920.88 318.9 Down 65.4 
Green 389.5 274.0 Down 29.7 

7. Conclusions 
 

Remote Sensing has proven to be an effective and timely tool in wildfire management and for studying 
wildfire behavior. Using Indices on these remotely sensed images continues to improve and advance, 
but as mentioned above they all have their own suitability for specific uses, and some limiting factors. 
Each VI may provide better or worse results dependent on forest type, study area size, and sensor type. 
This study only covered one fire covering just over 2000 hectares, spanning similar forest cover type. 
Results from this study may be biased to this specific area and the fire behavior in that event.  
Normalized Burn Ratio and Normalized Difference Vegetation Index proved to be considerably more 
effective indices for mapping this fire specifically. Differenced Normalized Burn Ratio was also effective 
on this fire, showing clear distinction between areas of high a low burn severity. However with the low 



temporal resolution, this study was unable to achieve a comprehensive conclusion to answer whether 
Thermal bands can be used to predict if an area is susceptible to fire hazard or not. Without a larger 
scale study with further research it cannot be reliably used for fire detection. 

Studying fire in all three fire stages is necessary to continue our understanding of fire behavior, however 
sending out field staff can be often unsafe, inefficient, and inaccessible.  The use of VI͛s in burn mapping 
and severity mapping is fast, affordable and safe. It can be done at any stage of a fire, and can be 
applied to any geographic location through the expansive coverage of modern satellite missions.  

8. Limitations 
 

One of the main limitations of this study is the temporal resolution of the satellite mission Landsat 8. An 
increased image acquired cycle would have made analysis of the thermal bands possibly more 
constructive. As it was very cloudy during this study period, it also minimized my availability of images. 
The cloud coverage was too severe, and while the heats emitted energy can penetrate smoke, it is 
unable to penetrate cloud similarly to the passive sensors. I would have liked to study how well the 
thermal bands provided image analysis through thick smoke, however no images were found on smoke 
filled days.   

9. Further Research and Recommendations 
 

The best way to validate the results from the fire severity map would be to confirm actual conditions on 
the ground. Aerial surveys and field work should be considered once this area is snow free. I would also 
recommend continued monitoring of this this area yearly, using the successful Indices mentioned earlier 
in this report. This will provide an excellent visual analysis on how well the vegetation is recovering. I 
would also recommend doing more research, once Lidar Data is available for this region, as it is 
beneficial in providing tree canopy and regeneration heights, which is a valuable aid in estimating timber 
value.  
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Appendix D 
Silverton Creek Watershed Report 

To the report entitled ǲCumulative Effects Framework, Silverton, B.C., dated Oct 15, 2019ǳ 

 

 
Report from the ǲKootena� Boundary Water Toolǳ 
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KOOTENAY BOUNDARY 
WATER TOOL

JYP] 14, 2019
WFI: 9262241

2 km

1 mi
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Made [MXh caVe MR VMcXSVMa, BC b] FSYRdV] STaXMaP

H]dVSPSg] - ARRYaP
The QaT WhS[W Xhe UYeV] (SVaRge) aRd dS[RWXVeaQ (gVe]) [aXeVWhedW. The XabPe bePS[ TVSZMdeW aR SZeVZMe[ Sf Xhe h]dVSPSg] aRd
e\MWXMRg aYXhSVM^ed [aXeV aPPScaXMSRW YRdeV Xhe WaXeV SYWXaMRabMPMX] AcX [MXhMR XheWe [aXeVWhedW.

¶ QYeV] WaXeVWLed DS[RWXVeaQ WaXeVWLed

AVea (OQs) 33.8 122

MeaR ARRYaP DMWchaVge (Qt/W) 1.27 3.79

APPScaXMSRW (Qt/W) 0 0.059

APPScaXMSRW (%) 0 1.6

ReWeVZeW & ReWXVMcXMSRW PVeWeRX* PVeWeRX*

ARRYaP RYRSff (Qt/]V) 39,974,397 119,649,015

CYVVeRX TSXaP APPScaXMSRW (Qt/]V) 
(WaXeV PMceRce & ShSVX TeVQ UWe ATTVSZaPW)

0 1,873,231

SeaWSRaP FPS[ SeRWMXMZMX]** WMRXeV WMRXeV

The dS[RWXVeaQ [aXeVWhed MW de¡Red aX Xhe PScaXMSR [heVe Xhe UYeVMed dVaMRage QeeXW [MXh aRSXheV dVaMRage Sf cSQTaVabPe WM^e. FSV MRfSVQaXMSR fYVXheV dS[RWXVeaQ, TPeaWe geReVaXe aR addMXMSRaP VeTSVX aX a PScaXMSR
Sf MRXeVeWX. PVedMcXMSRW fSV WQaPP [aXeVWhedW (geReVaPP] WQaPPeV XhaR 50 WU. OQ.) Qa] be PeWW accYVaXe dYe XS Xhe PacO Sf h]dVSQeXVMc daXa aZaMPabPe fSV [aXeVWhedW Sf XhMW WM^e.
* FSV QSVe MRfSVQaXMSR SR [aXeV VeWeVZeW SV VeWXVMcXMSRW TVeWeRX MR Xhe [aXeVWhed, TPeaWe ZMWMX Xhe PMROW bePS[ SV cSRXacX FVSRXCSYRXeV BC.
WaXeV ReWeVZaXMSRW: hXXTW://[[[2.gSZ.bc.ca/gSZ/cSRXeRX/eRZMVSRQeRX/aMV-PaRd-[aXeV/[aXeV/[aXeV-PMceRWMRg-VMghXW/[aXeV-VeWeVZaXMSRW
WaXeV ReWXVMcXMSRW: hXXTW://[[[2.gSZ.bc.ca/gSZ/cSRXeRX/eRZMVSRQeRX/aMV-PaRd-[aXeV/[aXeV/[aXeV-PMceRWMRg-VMghXW/[aXeV-aPPScaXMSR-VeWXVMcXMSRW
FVSRXCSYRXeV BC: [[[.fVSRXcSYRXeVbc.ca EQaMP: FVSRXCSYRXeVBC@gSZ.bc.ca TSPP FVee: 1-877-855-3222 OYXWMde NSVXL AQeVMca: ++1-778-372-0729
**PXSPeQ], R. ERZMVSRQeRXaP FPS[ PVSXecXMSR MR BVMXMWh CSPYQbMa. PVeWeRXaXMSR XS 2015 IFC PaReP, ATVMP 29, 2015.

3 km

3 mi



PDJH 3 RI 10 7/14/2019 :FI: 9262241

H]dVSPSg] - MSRXhP] SMPZeVXSR CVeeO

The chaVX aRd XabPe WhS[ MRfSVQaXMSR SR QSdePed h]dVSPSg] aRd e\MWXMRg aPPScaXMSRW MR Xhe UYeV] [aXeVWhed. ThMW PScaXMSR MW WhS[R [MXh
aR SVaRge QaVOeV aRd [aXeVWhed SYXPMRe MR Xhe QaT SR Tage 2.

RMWO MaRageQeRX LeZeP 1

RMWO MaRageQeRX LeZeP 2

RMWO MaRageQeRX LeZeP 3

E\MWXMRg APPScaXMSRW

MeaR ARRYaP DMWchaVge (MAD)

MAD 1.27 Qt/W

20% MAD 0.253 Qt/W

10% MAD 0.127 Qt/W

0
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5

JaR Feb MaV ATV Ma] JYR JYP AYg SeT OcX NSZ Dec

% Sf MAD 6.9% 3.8% 1.1% 8.3% 183.5% 431.6% 343.9% 88.1% 42.4% 43.7% 28.3% 13.6%

FPS[ SeRWMXMZMX] HMgh HMgh HMgh HMgh LS[ LS[ LS[ LS[ LS[ LS[ LS[ MSd

E\MWXMRg APPScaXMSRW (Qt/W) 0 0 0 0 0 0 0 0 0 0 0 0

MeaR MSRXhP] DMWchaVge (Qt/W) 0.087 0.048 0.014 0.105 2.32 5.47 4.36 1.12 0.536 0.553 0.359 0.172

PSXeRXMaP APPScaXMSR (Qt/W, RMWO MgQX 1) 0 0 0 0 0.349 0.82 0.653 0.167 0.08 0.083 0.054 0

PSXeRXMaP APPScaXMSR (Qt/W, RMWO MgQX 2) 0.004 0.002 0.001 0.005 0.465 1.093 0.871 0.223 0.107 0.111 0.072 0.017

PSXeRXMaP APPScaXMSR (Qt/W, RMWO MgQX 3) >0.004 >0.002 >0.001 >0.005 >0.465 >1.093 >0.871 >0.223 >0.107 >0.111 >0.072 >0.017

NSXeW
The [aXeVWhed aX XhMW PScaXMSR MW 33.81 OQs MR WM^e. MSRXhP] aRd aRRYaP QeaR ¢S[ eWXMQaXeW aVe ORS[R XS be PeWW VePMabPe MR [aXeVWhedW Sf XhMW WM^e dYe XS MRcVeaWed MRXeV-aRRYaP aRd WeaWSRaP ZaVMabMPMX], MQTVecMWe
[aXeVWhed dePMReaXMSR, aRd PacO Sf h]dVSQeXVMc daXa aZaMPabPe MR Xhe VegMSR fSV [aXeVWhedW Sf XhMW WM^e. GeReVaPP], Xhe caTabMPMX] Sf WQaPP [aXeVWhedW XS TVSZMde VePMabPe ¢S[W MW PS[eV XhaR fSV PaVgeV [aXeVWhedW.
MeXhSdW: MSRXhP] dMWchaVge eWXMQaXeW haZe beeR geReVaXed fVSQ a h]dVSPSgMc QSdeP. E\MWXMRg aPPScaXMSR ZSPYQeW haZe beeR WYQQaVM^ed fVSQ gSZeVRQeRX [aXeV PMceRce aRd WhSVX XeVQ aTTVSZaP daXabaWeW. PSXeRXMaP
aPPScaXMSRW aVe deXeVQMRed YWMRg cVMXeVMa eWXabPMWhed MR Xhe PVSZMRce Sf BC ERZMVSRQeRXaP FPS[ NeedW (EFN) PSPMc]. RMWO QaRageQeRX PeZePW haZe beeR caPcYPaXed aWWYQMRg Xhe TVeWeRce Sf ¡Wh. If Xhe WSYVce caR be
cPaWWM¡ed aW RSR-¡Wh beaVMRg, XhMW Qa] affecX VMWO QaRageQeRX PeZePW. FSV QSVe MRfSVQaXMSR SR Xhe EFN TSPMc]: hXXTW://[[[2.gSZ.bc.ca/gSZ/cSRXeRX/eRZMVSRQeRX/aMV-PaRd-[aXeV/[aXeV/[aXeV-PMceRWMRg-VMghXW/[aXeV-
TSPMcMeW/eRZMVSRQeRXaP-¢S[-ReedW
RMWO MaRageQeRX LeZePW: The PVSZMRce Sf BC ERZMVSRQeRXaP FPS[ NeedW PSPMc] eWXabPMWheW VMWO QaRageQeRX PeZePW XS be YWed MR Xhe eZaPYaXMSR Sf aTTPMcaXMSRW fSV [aXeV VMghXW. RMWO MaRageQeRX LeZePW aRd aWWScMaXed
RMWO MaRageQeRX MeaWYVeW aVe dMWcYWWed SR Tage 5 Sf XhMW VeTSVX.
AccYVac]: The UYeV] [aXeVWhed MW [MXhMR Xhe KSSXeRa] BSYRdaV] RegMSR. The h]dVSPSgMc QSdePMRg WXYd] cSRdYcXed MR XhMW VegMSR eQTPS]ed a [aXeV baPaRce aTTVSach XS eWXMQaXe VYRSff MR YRgaYged baWMRW. The QSdeP
YWed 143 [aXeVWhedW [MXh h]dVSQeXVMc gaYgeW, aRd MRcPYded deXaMPed MRfSVQaXMSR SR [aXeVWhed cPMQaXe, eZaTSXVaRWTMVaXMSR, XSTSgVaTh], ZegeXaXMSR aRd PaRd cSZeV. The QSdeP [aW caPMbVaXed YWMRg WXVeaQ ¢S[
QeaWYVeQeRXW fVSQ Xhe WaXeV SYVZe] Sf CaRada, aRd ZaPMdaXed YWMRg a PeaZe-SRe-SYX cVSWW ZaPMdaXMSR. EVVSV QeXVMcW caPcYPaXed fSV Xhe eRXMVe QSdeP dSQaMR aVe: MeaR eVVSV = 4.3%, MedMaR EVVSV = 0.3%, MeaR AbWSPYXe
EVVSV = 14.8%, WaXeVWhedW [MXhMR +/- 20% = 79%.
APPScaXMSRW: E\MWXMRg aPPScaXMSR ZSPYQeW aVe deXeVQMRed fVSQ dMgMXaP daXabaWeW aRd MRcPYde BC WaXeV SYWXaMRabMPMX] AcX PMceRceW aRd WhSVX XeVQ aTTVSZaPW. TheWe VeTVeWeRX a Qa\MQYQ aQSYRX Sf [aXeV aYXhSVM^ed, RSX
acXYaP YWe. IR QaR] caWeW, PMceRceW Qa] haZe addMXMSRaP XeVQW aRd cSRdMXMSRW XS XhSWe VeTVeWeRXed MR Xhe dMgMXaP ZeVWMSR [hMch aVe RSX VeTVeWeRXed. ThMW Qa] VeWYPX MR e\MWXMRg aPPScaXMSR ZSPYQeW beMRg TVeWeRXed aW PaVgeV
XhaR aVe acXYaPP] aTTVSZed, eMXheV MR XSXaP (SR aR aRRYaP baWMW) SV fSV MRdMZMdYaP QSRXhW. OR WYbWeUYeRX TageW Sf XhMW VeTSVX, MRfSVQaXMSR SR each PMceRce SccYVVMRg MR Xhe [aXeVWhed MW TVSZMded, aPSRg [MXh PMROW XS WcaRRed
cSTMeW Sf cSQTPeXe [aXeV PMceRce MRfSVQaXMSR. FSV QSVe MRfSVQaXMSR SR WTecM¡c aVeaW Sf cSRceVR, TPeaWe cSRXacX WaXeV SXe[aVdWhMT SXaff ZMa FVSRXCSYRXeV BC. CSRXacX MRfSVQaXMSR fSV FVSRXCSYRXeV BC MW TVSZMded SR
Tage 2 Sf XhMW VeTSVX.

MSRXhP] DMWchaVge (Qt/W)
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H]dVSPSg] - MSRXhP] SMPZeVXSR CVeeO

The chaVX aRd XabPe WhS[ MRfSVQaXMSR SR QSdePed h]dVSPSg] aRd e\MWXMRg aPPScaXMSRW MR Xhe ¶ dS[RWXVeaQ [aXeVWLed, [heVe Xhe WYbNecX
dVaMRage QeeXW [MXh aRSXheV dVaMRage Sf cSQTaVabPe WM^e. ThMW PScaXMSR MW WhS[R [MXh a gVe] QaVOeV aRd [aXeVWhed SYXPMRe MR Xhe QaT
SR Tage 2.

RMWO MaRageQeRX LeZeP 1

RMWO MaRageQeRX LeZeP 2

RMWO MaRageQeRX LeZeP 3

E\MWXMRg APPScaXMSRW

MeaR ARRYaP DMWchaVge (MAD)

MAD 3.79 Qt/W

20% MAD 0.758 Qt/W

10% MAD 0.379 Qt/W
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JaR Feb MaV ATV Ma] JYR JYP AYg SeT OcX NSZ Dec

% Sf MAD 12.3% 8.2% 5.5% 22.6% 254.7% 420.0% 268.5% 64.0% 37.5% 45.2% 36.3% 20.7%

FPS[ SeRWMXMZMX] MSd HMgh HMgh LS[ LS[ LS[ LS[ LS[ LS[ LS[ LS[ LS[

E\MWXMRg APPScaXMSRW (Qt/W) 0.059 0.059 0.059 0.059 0.06 0.06 0.06 0.06 0.06 0.059 0.059 0.059

MeaR MSRXhP] DMWchaVge (Qt/W) 0.468 0.312 0.207 0.857 9.66 15.9 10.2 2.43 1.42 1.72 1.38 0.784

PSXeRXMaP APPScaXMSR (Qt/W, RMWO MgQX 1) 0 0 0 0.069 1.39 2.33 1.47 0.304 0.154 0.198 0.147 0.058

PSXeRXMaP APPScaXMSR (Qt/W, RMWO MgQX 2) 0 0 0 0.112 1.872 3.125 1.976 0.426 0.225 0.284 0.216 0.098

PSXeRXMaP APPScaXMSR (Qt/W, RMWO MgQX 3) >0 >0 >0 >0.112 >1.872 >3.125 >1.976 >0.426 >0.225 >0.284 >0.216 >0.098

NSXeW
MeXhSdW: MSRXhP] dMWchaVge eWXMQaXeW haZe beeR geReVaXed fVSQ a h]dVSPSgMc QSdeP. E\MWXMRg aPPScaXMSR ZSPYQeW haZe beeR WYQQaVM^ed fVSQ gSZeVRQeRX [aXeV PMceRce aRd WhSVX XeVQ aTTVSZaP daXabaWeW. PSXeRXMaP
aPPScaXMSRW aVe deXeVQMRed YWMRg cVMXeVMa eWXabPMWhed MR Xhe PVSZMRce Sf BC ERZMVSRQeRXaP FPS[ NeedW (EFN) PSPMc]. RMWO QaRageQeRX PeZePW haZe beeR caPcYPaXed aWWYQMRg Xhe TVeWeRce Sf ¡Wh. If Xhe WSYVce caR be
cPaWWM¡ed aW RSR-¡Wh beaVMRg, XhMW Qa] affecX VMWO QaRageQeRX PeZePW. FSV QSVe MRfSVQaXMSR SR Xhe EFN TSPMc]: hXXTW://[[[2.gSZ.bc.ca/gSZ/cSRXeRX/eRZMVSRQeRX/aMV-PaRd-[aXeV/[aXeV/[aXeV-PMceRWMRg-VMghXW/[aXeV-
TSPMcMeW/eRZMVSRQeRXaP-¢S[-ReedW
RMWO MaRageQeRX LeZePW: The PVSZMRce Sf BC ERZMVSRQeRXaP FPS[ NeedW PSPMc] eWXabPMWheW VMWO QaRageQeRX PeZePW XS be YWed MR Xhe eZaPYaXMSR Sf aTTPMcaXMSRW fSV [aXeV VMghXW. RMWO MaRageQeRX LeZePW aRd aWWScMaXed
RMWO MaRageQeRX MeaWYVeW aVe dMWcYWWed SR Tage 5 Sf XhMW VeTSVX.
AccYVac]: The UYeV] [aXeVWhed MW [MXhMR Xhe KSSXeRa] BSYRdaV] RegMSR. The h]dVSPSgMc QSdePMRg WXYd] cSRdYcXed MR XhMW VegMSR eQTPS]ed a [aXeV baPaRce aTTVSach XS eWXMQaXe VYRSff MR YRgaYged baWMRW. The QSdeP
YWed 143 [aXeVWhedW [MXh h]dVSQeXVMc gaYgeW, aRd MRcPYded deXaMPed MRfSVQaXMSR SR [aXeVWhed cPMQaXe, eZaTSXVaRWTMVaXMSR, XSTSgVaTh], ZegeXaXMSR aRd PaRd cSZeV. The QSdeP [aW caPMbVaXed YWMRg WXVeaQ ¢S[
QeaWYVeQeRXW fVSQ Xhe WaXeV SYVZe] Sf CaRada, aRd ZaPMdaXed YWMRg a PeaZe-SRe-SYX cVSWW ZaPMdaXMSR. EVVSV QeXVMcW caPcYPaXed fSV Xhe eRXMVe QSdeP dSQaMR aVe: MeaR eVVSV = 4.3%, MedMaR EVVSV = 0.3%, MeaR AbWSPYXe
EVVSV = 14.8%, WaXeVWhedW [MXhMR +/- 20% = 79%.
APPScaXMSRW: E\MWXMRg aPPScaXMSR ZSPYQeW aVe deXeVQMRed fVSQ dMgMXaP daXabaWeW aRd MRcPYde BC WaXeV SYWXaMRabMPMX] AcX PMceRceW aRd WhSVX XeVQ aTTVSZaPW. TheWe VeTVeWeRX a Qa\MQYQ aQSYRX Sf [aXeV aYXhSVM^ed, RSX
acXYaP YWe. IR QaR] caWeW, PMceRceW Qa] haZe addMXMSRaP XeVQW aRd cSRdMXMSRW XS XhSWe VeTVeWeRXed MR Xhe dMgMXaP ZeVWMSR [hMch aVe RSX VeTVeWeRXed. ThMW Qa] VeWYPX MR e\MWXMRg aPPScaXMSR ZSPYQeW beMRg TVeWeRXed aW PaVgeV
XhaR aVe acXYaPP] aTTVSZed, eMXheV MR XSXaP (SR aR aRRYaP baWMW) SV fSV MRdMZMdYaP QSRXhW. OR WYbWeUYeRX TageW Sf XhMW VeTSVX, MRfSVQaXMSR SR each PMceRce SccYVVMRg MR Xhe [aXeVWhed MW TVSZMded, aPSRg [MXh PMROW XS WcaRRed
cSTMeW Sf cSQTPeXe [aXeV PMceRce MRfSVQaXMSR. FSV QSVe MRfSVQaXMSR SR WTecM¡c aVeaW Sf cSRceVR, TPeaWe cSRXacX WaXeV SXe[aVdWhMT SXaff ZMa FVSRXCSYRXeV BC. CSRXacX MRfSVQaXMSR fSV FVSRXCSYRXeV BC MW TVSZMded SR
Tage 2 Sf XhMW VeTSVX.

MSRXhP] DMWchaVge (Qt/W)
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RMWO MaRageQeRX LeZePW aRd MeaWYVeW
GYMde XS MRXeVTVeXMRg TSXeRXMaP aPPScaXMSR aQSYRXW MR each eRZMVSRQeRXaP ¢S[ ReedW VMWO PeZeP aW de¡Red MR Xhe PVSZMRce Sf BC
ERZMVSRQeRXaP FPS[ NeedW PSPMc].

WaXeV ZSPYQeW TVeWeRXed aW "PSXeRXMaP APPScaXMSRW" [MXhMR XhMW VeTSVX aVe deXeVQMRed MR cSRWMdeVaXMSR Sf Xhe PVSZMRce Sf BC ERZMVSRQeRXaP FPS[
NeedW PSPMc]. WMXhMR Xhe PSPMc], VMWO QaRageQeRX QeaWYVeW aVe WYggeWXed XS aWWeWW SV QMXMgaXe TSXeRXMaP effecXW Sf [MXhdVa[aPW fVSQ a WXVeaQ, aRd
TVSZMde aR ecSW]WXeQ TeVWTecXMZe SR eRZMVSRQeRXaP ¢S[ ReedW. The QeaWYVeW aVe aWWScMaXed [MXh VMWO PeZePW 1, 2, aRd 3 aRd aVe MRXeRded XS gYMde
[heVe QSVe caYXMSR Qa] be Reeded MR VeZMe[MRg aR aTTPMcaXMSR SV QaOMRg a decMWMSR.

WheVe XheVe aVe ORS[R WTecMeW SV habMXaX WeRWMXMZMXMeW, QSVe deXaMPed, WMXe-WTecM¡c WXYdMeW Qa] be VeUYMVed. WheVe deXaMPed aWWeWWQeRXW SV WXYdMeW
e\MWX, Xhe] [MPP WYTeVWede TSPMc] VecSQQeRdaXMSRW.

RMWO QaRageQeRX PeZePW, fSV aWWeWWMRg Re[ aTTPMcaXMSRW XS [MXhdVa[ [aXeV, aVe deXeVQMRed fSV each QSRXh YWMRg Xhe VePaXMSRWhMT Sf QeaR QSRXhP]
¢S[W XS Xhe QeaR aRRYaP dMWchaVge, aRd aPWS YWMRg a WXVeaQ WM^e XhVeWhSPd baWed SR QeaR aRRYaP ¢S[W. The caPcYPaXMSRW TVeWeRXed [MXhMR XhMW VeTSVX
aWWYQe aPP WXVeaQW aVe ¡Wh-beaVMRg. WheVe RS [aXeV MW MRdMcaXed aW aZaMPabPe YRdeV a VMWO PeZeP, Xhe WXVeaQ Qa] be ZeV] ¢S[ WeRWMXMZe dYVMRg XhaX
XMQe, SV Xhe WXVeaQ Qa] haZe e\MWXMRg aPPScaXMSRW MR e\ceWW Sf Xhe VePeZaRX XhVeWhSPd.

IRXeV-aRRYaP h]dVSPSgMc ZaVMabMPMX] Qa] affecX Xhe aQSYRX Sf [aXeV aZaMPabPe MR a gMZeR ]eaV. The MQTacX Sf XhMW ZaVMabMPMX] SR [aXeV aPPScaXMSRW WhSYPd be
cSRWMdeVed WeTaVaXeP] fVSQ Xhe MRfSVQaXMSR TVeWeRXed MR XhMW VeTSVX.

The fSPPS[MRg VMWO QaRageQeRX QeaWYVeW Qa] be aTTVSTVMaXe fSV cSRWMdeVaXMSR befSVe a decMWMSR MW Qade, cSYPd be cSQTPeXed b] VegMSRaP WXaff XS
MRfSVQ a decMWMSR, SV cSYPd be a cSRdMXMSR Sf Xhe PMceRce SV aTTVSZaP.

RMWO QaRageQeRX QeaWYVeW Qa] dMffeV fSV WhSVX-XeVQ aTTVSZaPW ZW. PMceRceW aRd Qa] ZaV] MR VePaXMSR XS [MXhdVa[aP aQSYRXW.

RMWO MaRageQeRX LeZeP 1
MeaWYVeW XS aWWeWW SV QMXMKaXe TSXeRXMaP effecXW SR PS[ WeRWMXMZMX] ¢S[ TeVMSdW:
1. AWWeWW ZeVacMX] Sf MRfSVQaXMSR aRd eRWYVe aTTVSTVMaXe QeXhSdW aVe YWed (ReWSYVceW IRfSVQaXMSR SXaRdaVdW CSQQMXXee)
2. CSRWMdeV dS[RWXVeaQ YWeVW aRd WTecMeW/habMXaXW

RMWO MaRageQeRX LeZeP 2
MeaWYVeW XS aWWeWW SV QMXMKaXe TSXeRXMaP effecXW SR QSdeVaXe WeRWMXMZMX] ¢S[ TeVMSdW:
IR addMXMSR XS LeZeP 1 QeaWYVeW:
1. EWXabPMWh adeUYaXe baWePMRe h]dVSPSgMcaP daXa befSVe [MXhdVa[aPW
2. PVeTaVe VecSRRaMWWaRce-PeZeP ¡Wh aRd ¡Wh habMXaX MQTacX aWWeWWQeRX (e.g., SecXMSR 4.1.10.1 MR Le[MW eX aP. 2004)
3. IWWYe WeaWSRaP PMceRce, SV VeWXVMcXMSRW dYVMRg PS[ ¢S[ TeVMSdW
4. DeZePSTQeRX Sf Sff-WXVeaQ WXSVage
5. IRcPYWMSR Sf a daMP] Qa\MQYQ SV MRWX. [MXhdVa[aP e.g., gVeaXeV cSRWMdeVaXMSR Sf MRWXaRXaReSYW deQaRd SZeV aZeVageW
6. LMQMX TYQT MRXaOe WM^e
7. MSRMXSV aRd VeTSVX [aXeV YWe dYVMRg hMgheV VMWO ¢S[ TeVMSdW (e.g., MRWXaPP ¢S[ gaYge)
8. MSRMXSV PS[ ¢S[W aRd PMQMX [MXhdVa[aPW [heR ¢S[W dVST bePS[ a ceVXaMR PeZeP
9. MMRMWXV] WXaff XS cSRdYcX aYdMX Sf baWMR YWe/beRe¡cMaP YWe VeZMe[

10. RefYWe aTTPMcaXMSR XS [MXhdVa[ [aXeV

RMWO MaRageQeRX LeZeP 3
MeaWYVeW XS aWWeWW SV QMXMKaXe TSXeRXMaP effecXW SR LeMKLX WeRWMXMZMX] ¢S[ TeVMSdW:
IR addMXMSR XS LeZeP 2 QeaWYVeW:
1. IWWYe PMQMXed PMceRce XeVQ, aPPS[MRg fSV VeZMe[ aRd TSXeRXMaP adNYWXQeRX (e.g., 5 ]eaVW)
2. PVeTaVe deXaMPed habMXaX aWWeWWQeRX (e.g., Le[MW eX aP. 2004; HaX¡ePd eX aP. 2007)

RefeVeRceW
HaX¡ePd, T., A. Le[MW, aRd S. BabaOaMff. 2007. GYMdePMReW fSV Xhe cSPPecXMSR aRd aRaP]WMW Sf ¡Wh aRd ¡Wh habMXaX daXa fSV Xhe TYVTSWe Sf aWWeWWMRg MQTacXW fVSQ WQaPP h]dVSTS[eV TVSNecXW MR BVMXMWh CSPYQbMa.
Le[MW, A., T. HaX¡ePd, B. ChMPMbecO, aRd C. RSbeVXW. 2004. AWWeWWQeRX QeXhSdW fSV aUYaXMc habMXaX aRd MRWXVeaQ ¢S[ chaVacXeVMWXMcW MR WYTTSVX Sf aTTPMcaXMSRW XS daQ, dMZeVX, SV e\XVacX [aXeV fVSQ WXVeaQW MR BVMXMWh
CSPYQbMa. PVeTaVed fSV MMRMWXV] Sf WaXeV, LaRd & AMV PVSXecXMSR aRd MMRMWXV] Sf SYWXaMRabPe ReWSYVce MaRageQeRX.
A. Le[MW. 2002. RaXMSRaPe fSV MYPXMTPe BVMXMWh CSPYQbMa IRWXVeaQ FPS[ SXaRdaVdW XS MaMRXaMR EcSW]WXeQ FYRcXMSR aRd BMSdMZeVWMX]. DVafX fSV AgeRc] ReZMe[. PVeTaVed fSV MMRMWXV] Sf WaXeV, LaRd aRd AMV PVSXecXMSR aRd
MMRMWXV] Sf SYWXaMRabPe ReWSYVce MaRageQeRX.
ReWSYVceW IRfSVQaXMSR SXaRdaVdW CSQQMXXee: hXXTW://[[[2.gSZ.bc.ca/gSZ/cSRXeRX/eRZMVSRQeRX/RaXYVaP-VeWSYVce-WXe[aVdWhMT/RaXYVaP-VeWSYVce-WXaRdaVdW-aRd-gYMdaRce/MRZeRXSV]-WXaRdaVdW
WaXeV PSPMcMeW, MRcPYdMRg ERZMVSRQeRXaP FPS[ NeedW: hXXTW://[[[2.gSZ.bc.ca/gSZ/cSRXeRX/eRZMVSRQeRX/aMV-PaRd-[aXeV/[aXeV/[aXeV-PMceRWMRg-VMghXW/[aXeV-TSPMcMeW
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APPScaXMSRW
E\MWXMRg aPPScaXMSRW MR Xhe [aXeVWhed WYQQaVM^ed b] TYVTSWe aRd WSYVce.

WaXeV VMghXW MR BVMXMWh CSPYQbMa aVe adQMRMWXeVed YRdeV Xhe WaXeV SYWXaMRabMPMX] AcX. The e\MWXMRg [aXeV aPPScaXMSRW MR Xhe [aXeVWhed aVe WYQQaVM^ed
b] [aXeV WSYVce, X]Te, aRd [heXheV Xhe TYVTSWe MW cSRWYQTXMZe SV RSX. OR Xhe fSPPS[MRg TageW, each MRdMZMdYaP [aXeV VMghX MW PMWXed [MXh MRfSVQaXMSR SR
Xhe WTecM¡c [aXeV WSYVce aRd UYaRXMX], SVdeVed b] WeRMSVMX].

ARRYaP VSPYQe

CSRWYQTXMZe 
SYVface 
WaXeV (Qt)

NSR- 
cSRWYQTXMZe 
SYVface 
WaXeV (Qt)

CSRWYQTXMZe 
GVSYRd[aXeV 
(Qt)

NSR- 
cSRWYQTXMZe 
GVSYRd[aXeV 
(Qt)

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

AgVMcYPXYVe CSQQeVcMaP IRdYWXVMaP MYRMcMTaP

OMP & GaW PS[eV OXheV
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DS[RWXVeaQ WaXeV RMghXW IRXeVeWXW
CYVVeRX PMceRceW, acXMZe aTTPMcaXMSRW, aRd WhSVX XeVQ YWe aTTVSZaPW SR SV ReaV Xhe QaMR WXeQ Sf Xhe [aXeVbSd], dS[RWXVeaQ [MXhMR Xhe
[aXeV QaRageQeRX baWMR.

BC WaXeV SYWXaMRabMPMX] AcX - WaXeV IRXeVeWXW - 3 LMceRceW, 407,025 Qt TSXaP ARRYaP VSPYQe

LMceRWee NYQbeV POD PVMSVMX] DaXe ʷ E\TMV] DaXe QYaRXMX] FPag

PRIVATE INDIVIDUAL NAME
DSQeWXMc fVSQ LeZaV CVeeO

F005836
FMPe # 0242225 PD27972 2/4/1898 4.55 Qt/da] M

PRIVATE INDIVIDUAL NAME
DSQeWXMc fVSQ LeZaV CVeeO

F005836
FMPe # 0242225 PD27974 2/4/1898 4.55 Qt/da] M, N

KPSRdMOe SMPZeV CSVT (76987)
DSQeWXMc fVSQ SMPZeVXSR CVeeO

F005056
FMPe # 0242224 PD27963 7/19/1899 9.09 Qt/da] T

PRIVATE INDIVIDUAL NAME
PS[eV: ReWMdeRXMaP fVSQ LeZaV CVeeO

C108365
FMPe # 4003034 PD27972 7/11/1994 Qa\ VaXe: 0.013 Qt/WecSRd T

WaXeV LMceRce FPag DeWcVMTXMSR
D: MYPXMTPe PODW fSV PUC/UX] aX each aVe ORS[R/PODW SR dMffeVeRX WSYVceW
M: Ma\ PMceRced deQaRd fSV TYVTSWe/QYPXMTPe PODW/UX] aX each POD YRORS[R
P: MYPXMTPe PODW fSV PUC/UX] aX each aVe ORS[R/PODW SR WaQe WSYVce
T: TSXaP deQaRd SRe POD

OXheV
N: LMceRce ZSPYQeW RSX YWed MR caPcYPaXMSRW
R: RedMZeVWMSR

FSV QSVe MRfSVQaXMSR SR [aXeV PMceRceW:
WaXeV LMceRce QYeV] TSSP: hXXT://a100.gSZ.bc.ca/TYb/[XV[hWe/[aXeV_PMceRceW.MRTYX 
WaXeV RMghXW DaXabaWeW: hXXTW://[[[2.gSZ.bc.ca/gSZ/cSRXeRX/eRZMVSRQeRX/aMV-PaRd-[aXeV/[aXeV/[aXeV-PMceRWMRg-VMghXW/[aXeV-PMceRceW-aTTVSZaPW/[aXeV-VMghXW-daXabaWeW 
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CYVVeRX aRd FYXYVe H]dVSPSgMc VaVMabMPMX]
MSdePed h]dVSPSgMc ZaVMabMPMX] aRd fYXYVe chaVacXeVMWXMcW deVMZed fVSQ TVSceWW baWed h]dVSPSg] QSdePW fVSQ PacM¡c CPMQaXe IQTacXW CSRWSVXMYQ
(PCIC)z aRd Xhe URMZeVWMX] Sf CSPSVadS (UC)s

The chaVX aRd XabPe bePS[ WYQQaVM^e Xhe daMP] SYXTYX Sf VaVMabPe IR¡PXVaXMSR CaTacMX] (VIC) h]dVSPSg] QSdePW XS deWcVMbe TSXeRXMaP TaWX aRd fYXYVe h]dVSPSgMc ZaVMabMPMX] MR Xhe
[aXeVWhed. VaPYeW WhSYPd be YWed aW eWXMQaXMSRW SRP]. If Xhe chaVX aRd XabPe bePS[ haZe SRP] 1976-2006 ZaPYeW, Xhe daXa MW fVSQ UC. If XheVe aVe fYXYVe TVedMcXMSRW, Xhe daXa MW fVSQ
PCIC.

 1976-2006  2011-2040  2041-2070  2071-2100

SXVeaQ¢S[ Qt/W

0

2

4

6

8

10

JanXar\ FebrXar\ March April Ma\ JXne JXl\ AXgXsW SepWember OcWober NoYember December

1976-2006 90Xh 0.13 0.07 0.04 0.58 4.6 8.6 8.9 3.2 1.2 1.2 0.59 0.28
75Xh 0.11 0.06 0.03 0.22 3.2 6.7 6.7 1.4 0.71 0.71 0.45 0.22
50Xh 0.08 0.05 0.03 0.07 1.7 5.1 3.6 0.46 0.32 0.4 0.32 0.16
25Xh 0.06 0.04 0.02 0.02 0.74 3.8 1.6 0.22 0.13 0.21 0.22 0.12
10Xh 0.05 0.03 0.02 0.02 0.33 2.7 0.54 0.14 0.08 0.1 0.12 0.08

2011-2040 90Xh 0.17 0.09 0.09 0.67 4.4 8.8 8.3 1.3 0.58 1.1 0.7 0.34
75Xh 0.13 0.07 0.06 0.29 2.9 6.9 6 0.45 0.28 0.64 0.49 0.25
50Xh 0.11 0.06 0.04 0.14 1.8 5.7 3.4 0.34 0.19 0.4 0.38 0.2
25Xh 0.07 0.05 0.03 0.03 0.62 3.8 0.75 0.17 0.08 0.13 0.21 0.13
10Xh 0.05 0.03 0.02 0.02 0.17 2.6 0.42 0.13 0.05 0.05 0.1 0.08

2041-2070 90Xh 0.2 0.16 0.13 1 4.3 9.7 7.2 0.54 0.54 1 0.73 0.37
75Xh 0.15 0.09 0.06 0.42 2.9 7.6 4.2 0.32 0.25 0.6 0.51 0.28
50Xh 0.12 0.08 0.07 0.29 2.5 6.1 2.7 0.26 0.14 0.39 0.41 0.23
25Xh 0.07 0.04 0.03 0.06 1 4.4 0.54 0.16 0.07 0.1 0.18 0.12
10Xh 0.04 0.03 0.02 0.03 0.61 3 0.35 0.12 0.05 0.04 0.05 0.06

2071-2100 90Xh 0.27 0.29 0.33 2.1 4.7 11 5.1 0.29 0.23 1.3 0.95 0.52
75Xh 0.2 0.13 0.15 1.1 3.4 8.7 2.3 0.2 0.12 0.71 0.62 0.37
50Xh 0.18 0.14 0.18 0.68 3.2 7.1 1.3 0.19 0.11 0.44 0.55 0.33
25Xh 0.09 0.06 0.04 0.18 1.5 4.1 0.3 0.1 0.05 0.08 0.25 0.15
10Xh 0.06 0.05 0.03 0.05 0.99 2.6 0.22 0.08 0.03 0.03 0.12 0.1

FSV Xhe hMWXSVMcaP TeVMSd, Xhe h]dVSPSgMc QSdePW aVe dVMZeR b] gVMdded daXaWeXW geReVaXed fVSQ hMWXSVMcaP [eaXheV WXaXMSR daXa. The ]eaVW 1976-2006 [eVe WePecXed aW Xhe QSWX
VeceRX 30 ]eaV TeVMSd [MXh hMWXSVMcaP daXa aZaMPabPe. CaPcYPaXed TeVceRXMPeW fSV XhMW hMWXSVMcaP XMQe TeVMSd aVe baWed SR Xhe WaQTPe Sf daMP] TVedMcXMSRW fSV each QSRXh SZeV XhMW XMQe
TeVMSd. TheWe TeVceRXMPeW haZe beeR WcaPed YWMRg Xhe h]dVSPSg] eWXMQaXeW SR Tage 3, bYX haZe RSX beeR adNYWXed fSV VegYPaXMSR aRd XhYW VeTVeWeRX YRMQTeded ¢S[ cSRdMXMSRW.
FSV fYXYVe XMQe TeVMSdW, Xhe h]dVSPSgMc QSdePW aVe dVMZeR b] gVMdded GPSbaP CMVcYPaXMSR MSdePW (GCMW) - CGCM3 A2 RYR 1, GFDL 2.1 A2 RYR 1, HadCM A2 RYR 1. CaPcYPaXed
TeVceRXMPeW fSV Xhe fYXYVe XMQe TeVMSdW WhS[ Xhe hMgheWX 90Xh aRd 75Xh TeVceRXMPeW fVSQ Xhe XhVee GCMW. The 50Xh TeVceRXMPe MW Xhe aZeVage Sf Xhe 50Xh TeVceRXMPe fVSQ Xhe XhVee
GCMW. The 25Xh aRd 10Xh TeVceRXMPeW aVe Xhe PS[eWX 25Xh aRd 10Xh TeVceRXMPeW fVSQ Xhe XhVee GCMW. ChaRge beX[eeR hMWXSVMcaP aRd fYXYVe XMQe TeVMSdW [eVe caPcYPaXed YWMRg Xhe
GCM SYXTYXW aRd WcaPed YWMRg Xhe h]dVSPSg] eWXMQaXeW SR Tage 3, bYX haZe RSX beeR adNYWXed fSV VegYPaXMSR.
PPeaWe RSXe XhaX fYXYVe eWXMQaXeW Sf h]dVSPSgMc ZaVMabMPMX] aVe SRP] aZaMPabPe MR Xhe aVea cSZeVed b] PCIC�W h]dVSPSg] QSdePMRg, Xhe URMZeVWMX] Sf CSPSVadS TVSNecX dMd RSX fSVecaWX
fYXYVe h]dVSPSgMc cSRdMXMSRW.
RefeVeRceW
1: PacM¡c CPMQaXe IQTacXW CSRWSVXMYQ, URMZeVWMX] Sf VMcXSVMa, (JaR. 2014). GVMdded H]dVSPSgMc MSdeP OYXTYX. DS[RPSaded fVSQ hXXTW://daXa.TacM¡ccPMQaXe.SVg/TSVXaP/h]dVS_QSdeP_SYX/QaT/ SR 2018-01-15.
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2: LMZReh, BeR; BShR, TheSdSVe J.; PMeVce, DaZMd W.; MYâS^-AVVMSPa, FVaRcMWcS; NMNWWeR, BaVX; VSWe, RYWWePP; Ca]aR, DaRMeP R.; BVeOOe, LeZM (2015). A WTaXMaPP] cSQTVeheRWMZe, h]dVSPSgMc QSdeP-baWed daXa WeX fSV Me\McS,
Xhe U.S., aRd WSYXheVR CaRada, 1950-2013. NOAA NaXMSRaP CeRXeVW fSV ERZMVSRQeRXaP IRfSVQaXMSR. DaXaWeX. dSM:10.7289/V5QZ27ZG [2018-02-02]

LaRd CSZeV aRd TSTSgVaTh]
ChaVacXeVMWXMcW Sf Xhe UYeV] [aXeVWhed. FSV QSVe MRfSVQaXMSR SR [aXeVWhed chaVacXeVM^aXMSR MR BVMXMWh CSPYQbMa TPeaWe VefeV XS PMOe aRd WMPfSVd
(2013).

LaRd CSZeV
The PaRd cSZeV chaVacXeVMWXMcW chaVX MPPYWXVaXeW Xhe cSQTSWMXMSR Sf ZegeXaXMSR aRd PaRd cSZeV X]TeW MR Xhe UYeV] [aXeVWhed. TheWe PaRd cSZeV cSQTSReRXW
aVe MRcSVTSVaXed MR Xhe h]dVSPSgMc QSdeP, XS VeTVeWeRX Xhe ZaVMaXMSRW MR eZaTSXVaRWTMVaXMSR VaXeW aQSRgWX Xhe cPaWWeW.

4.2%
BaVVeR
1.42 OQs

81.8%
CSRMfeVSYW
27.7 OQs

0.0%
DecMdYSYW
0 OQs

0.0%
DeZePSTed
0 OQs

0.0%
GVaWWPaRd
0 OQs

0.0%
HeVb
0 OQs

0.0%
MM\ed
0 OQs

14.0%
SLVYb
4.72 OQs

0.0%
SRS[
0 OQs

0.0%
WaXeV
0 OQs

0.0%
WeXPaRd
0 OQs

TSTSgVaTL]
EPeZaXMSR Sf Xhe UYeV] [aXeVWhed MR¢YeRceW h]dVSPSg] MR a RYQbeV Sf [a]W. The aQSYRX, aRd WXaXe Sf TVecMTMXaXMSR (aW VaMR SV WRS[) MW MR¢YeRced b]
ePeZaXMSR WYbWXaRXMaPP]. LMOe[MWe, XeQTeVaXYVeW [MPP ZaV] b] ePeZaXMSR MR ZaPYe aRd aPWS dMVecXMSR Sf XeQTeVaXYVe gVadMeRX XhVSYghSYX Xhe cSYVWe Sf Xhe ]eaV.

RefeVeRce:
PMOe, R.G. aRd D.J. WMPfSVd. 2013. DeWOXST [aXeVWhed chaVacXeVM^aXMSR QeXhSdW fSV BVMXMWh CSPYQbMa. PVSZ. B.C., VMcXSVMa, B.C. Tech. ReT. 079. [[[.fSV.gSZ.bc.ca/hfd/TYbW/DScW/TV/TV079.hXQ.
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CPMQaXe
HMWXSVMc RSVQaP cSRdMXMSRW aRd TVedMcXed fYXYVe chaRge.

The cPMQaXe Sf Xhe UYeV] [aXeVWhed haW beeR chaVacXeVM^ed YWMRg CPMQaXeWNA (WaRg 2012). ChaVXW aVe TVeWeRXed bePS[ dMWTPa]MRg Xhe VefeVeRce XMQe
TeVMSd 1981-2010 aW [ePP aW XhVee MPPYWXVaXMZe fYXYVe cPMQaXe chaRge WceRaVMSW fSV Xhe TeVMSd 2041-2070 XhaX haZe beeR WePecXed XS eWXMQaXe a [Mde VaRge
Sf TSXeRXMaP fYXYVe chaRge MR Xhe UYeV] [aXeVWhed (CaRRSR, 2015).
SceRaVMS A MPPYWXVaXeW Xhe ACCESS1-0-V1 gPSbaP cPMQaXe QSdeP (GCM), SceRaVMS B WhS[W Xhe CaRESM2-V1 GCM aRd SceRaVMS C WhS[W Xhe CNRM-CM5-V1
GCM. APP cPMQaXe chaRge WceRaVMSW TVeWeRXed aVe fVSQ VeTVeWeRXaXMZe cSRceRXVaXMSR TaXh[a] (RCP) 8.5. TheWe XhVee cPMQaXe QSdePW aRd cSRceRXVaXMSR
TaXh[a] [eVe chSWeR XS MPPYWXVaXe Xhe [MdeWX WTVead MR TVSNecXed fYXYVe cPMQaXe fSV WQaPPeV WYbWeXW Sf Xhe fYPP CMIP5 eRWeQbPe, SZeV QSWX Sf WeWXeVR
NSVXh AQeVMca.
HMWXSVMc aRd fYXYVe cPMQaXe chaRge MRfSVQaXMSR haW beeR TVSZMded XS aWWMWX MR YRdeVWXaRdMRg TSXeRXMaP chaRgeW MR Xhe baWMR aW XeQTeVaXYVe aRd
TVecMTMXaXMSR aVe MRXVMcaXeP] VePaXed XS WXVeaQ ¢S[. FSV e\aQTPe, WRS[TacO PeZePW affecX QaR] aWTecXW Sf [aXeV VeWSYVceW, fVSQ MRWXVeaQ ¢S[W fSV ¡Wh XS
cSQQYRMX] [aXeV WYTTPMeW XS WSMP QSMWXYVe, gVSYRd[aXeV, aRd aUYMfeV VechaVge. CPMQaXe WXYdMeW geReVaPP] MRdMcaXe a XVeRd Sf VMWMRg aMV XeQTeVaXYVeW fSV aPP
WeaWSRW acVSWW BC [hMPe TVecMTMXaXMSR XVeRdW ZaV] b] WeaWSR aRd VegMSR (PMOe eX aP. 2008, RSdeRhYMW eX aP. 2007). LScaP VeWTSRWeW XS chaRgMRg TVecMTMXaXMSR
aRd XeQTeVaXYVe [MPP dMffeV dYe XS BC'W MRheVeRX h]dVSPSgMcaP dMZeVWMX] aW [ePP aW ZaV]MRg cPMQaXe XVeRdW. TheWe chaVXW aVe MRXeRded aW a UYMcO gPaRce
WXaVXMRg TSMRX XS baWMR cPMQaXe chaRge aWWeWWQeRX.

TeQTeVaXYVe MSRXhP] XeQTeVaXYVeW aVe TVeWeRXed aW aZeVageW Sf Xhe QSRXhP] QeaR XeQTeVaXYVe fSV Xhe UYeV] baWMR aW a [hSPe. PVSNecXed
chaRgeW MR XeQTeVaXYVe Qa] affecX Xhe h]dVSPSg] MR Xhe [aXeVWhed b] MR¢YeRcMRg Xhe XMQe Sf fVee^e aRd Xha[, eZaTSXVaRWTMVaXMSR VaXeW, fSVQ Sf
TVecMTMXaXMSR, aRd ZegeXaXMSR cSQTSWMXMSR, aQSRg SXheV facXSVW.

1981-2010:

2040-2071
SceRaVMS A:
SceRaVMS B:
SceRaVMS C:

PVecMTMXaXMSR The TVecMTMXaXMSR MR Xhe UYeV] [aXeVWhed MW WhS[R aW aR aZeVage YRMX TVecMTMXaXMSR fSV Xhe [aXeVWhed. ChaRgeW MR TVecMTMXaXMSR XMQMRg aRd aQSYRX Qa] affecX Xhe
h]dVSPSg] MR Xhe [aXeVWhed b] MR¢YeRcMRg Xhe XMQMRg aRd QagRMXYde Sf TeaO aRd PS[ ¢S[ cSRdMXMSRW. TheWe chaRgeW Qa] affecX aZaMPabMPMX] Sf [aXeV fSV eRZMVSRQeRXaP ¢S[
ReedW aRd hYQaR YWe, aRd QSdMf] Xhe Th]WMcaP chaVacXeVMWXMcW Sf VMZeV chaRRePW aRd aWWScMaXed ReedW fSV eRgMReeVed WXVYcXYVeW.

PVecMTMXaXMSR aW WRS[ PVecMTMXaXMSR aW WRS[ MR Xhe UYeV] [aXeVWhed MW TVeWeRXed aW aR aZeVage YRMX TVecMTMXaXMSR fSV Xhe UYeV] baWMR aW a [hSPe. ChaRgeW MR Xhe aQSYRX Sf
TVecMTMXaXMSR aW WRS[ Qa] affecX [MRXeV WRS[TacO ZSPYQeW aRd aWWScMaXed QePX VePaXed h]dVSPSg] MR Xhe WTVMRg. AR MRcVeaWe MR VaMR-SR-WRS[ eZeRXW Qa] be aWWScMaXed [MXh
ePeZaXed RaXYVaP ha^aVd VMWO fVSQ aZaPaRche SV SXheV WPSTe WXabMPMX] faMPYVeW.

RefeVeRceW
CaRRSR, A.J., 2015. SePecXMRg GCM SceRaVMSW XhaX STaR Xhe RaRge Sf ChaRgeW MR a MYPXMQSdeP ERWeQbPe: ATTPMcaXMSR XS CMIP5 CPMQaXe E\XVeQeW IRdMceW. JSYVRaP Sf CPMQaXe, 28(3): 1260-1267. dSM:10.1175/NcPM-d-14-
00636.1
PMOe, R.G., D.L. STMXXPehSYWe, K.E. BeRReXX, V.N. EggMRXSR, P.J. TWchaTPMRWOM, T.Q. MYVdScO, aRd A.T. WeVReV. 2008. CPMQaXe ChaRge aRd WaXeVWhed H]dVSPSg]: PaVX I - ReceRX aRd PVSNecXed ChaRgeW MR BVMXMWh CSPYQbMa.
SXVeaQPMRe, WaXeVWhed MaRageQeRX BYPPeXMR 1(2) 8-13. hXXTW://[[[.TacM¡ccPMQaXe.SVg/WMXeW/defaYPX/¡PeW/TYbPMcaXMSRW/PMOe.SXVeaQPMReH]dVSPSg]PaVXI.ATV2008.Tdf
RSdeRhYMW, D., K.E. BeRReXX, A.T.[eVReV, T.Q. MYVdScO, aRd D. BVSRaYgh. 2007. H]dVS-CPMQaXSPSg] aRd fYXYVe cPMQaXe MQTacXW MR BVMXMWh CSPYQbMa. PacM¡c CPMQaXe IQTacXW CSRWSVXMYQ.
hXXTW://[[[.TacM¡ccPMQaXe.SVg/WMXeW/defaYPX/¡PeW/TYbPMcaXMSRW/RSdeRhYMW.CPMQaXeOZeVZMe[.MaV2009.Tdf
WaRg, T., HaQaRR, A., STMXXPehSYWe, D., aRd MYVdScO, T.Q. 2012. CPMQaXeWNA � HMgh-VeWSPYXMSR WTaXMaP cPMQaXe daXa fSV [eWXeVR NSVXh AQeVMca. JSYVRaP Sf ATTPMed MeXeSVSPSg] aRd CPMQaXSPSg] 61: 16-29.


