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Abstract 
 
Determining the correct location of stream watercourses and their associated top of banks (ToB) 
is a necessary prerequisite for delineating Fisheries Sensitive Zones (FSZ).  FSZs are an essential 
planning component in defining the minimum setbacks required for development adjacent to a 
stream. Scott Resource Services Inc. (SRS), in conjunction with Fisheries and Oceans Canada 
(DFO), undertook a comparison of two methods used for delineating Fisheries Sensitive Zones 
(FSZs) in the Cedar Valley Comprehensive Development Plan (CVCDP) area of Mission, BC. 
Results of this project suggest that if there is a well-defined stream channel with no active 
floodplain or the stream is entrenched within a ravine, field determination of stream location and 
ToB is often obvious and straightforward.  However, determining boundaries of seasonally 
wetted areas, groundwater recharge areas or seepage areas is much more difficult and subjective. 
To accurately determine the full extent of these areas, it is imperative that field surveys be 
undertaken by experienced personnel and at those times of the year when high precipitation will 
maximize groundwater levels.  Completing these surveys during the summer, for example, will 
often underestimate the extent of the FSZs because many seepage areas and floodplains are dry 
and obscured by vegetation.  Aerial-photo interpretation offe rs an alternative method for 
designating FSZs.  Unfortunately, photogrammetric techniques may fail to capture the correct 
location of streams, spuriously identify streams that are not actually present and miss other 
streams altogether.  Photogrammetry may fail to sufficiently extend ToB to the edges of low 
gradient floodplains, wetlands and groundwater seepage/recharge areas along creek corridors.  
This is likely a common problem, especially for areas with extensive tree canopies. Visual clues 
commonly used in the field to help identify the boundaries of FSZs (e.g., observed changes in 
vegetation, seasonally wetted areas or seepages) are difficult or impossible to discern with photo 
interpretation.  We strongly recommend that any use of aerial photographs to delineate streams 
and ToB boundaries must be accompanied by a component of field ground-truthing. 
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1.0  Introduction 
 
Determining the correct location of watercourses and their associated top of banks (ToB) is a 
necessary prerequisite for delineating the boundaries of Fisheries Sensitive Zones (FSZs).  FSZs 
are comprised of both instream aquatic habitat and the adjacent riparian areas above the normal 
high water line of the stream or wetland. Defining FSZs is an essential planning component for 
establishing the minimum setbacks required for development adjacent to a stream. Setbacks are 
areas of land and vegetation adjacent to watercourses that are to remain in an undisturbed state, 
throughout and after the development process (Chilibeck et al. 1992).  The location and extent of 
these setbacks will be determined by the presence and proximity of a watercourse on or adjacent 
to a development site, by the presence or absence of fish in the watercourse and by the nature of 
the watercourse and surrounding vegetation. Provision of these setbacks will be a mandatory 
component of streamside protection regulations being developed under Section 12 of British 
Columbia’s Fish Protection Act (FPA).  
 
Watercourse and ToB locations can be determined directly in the field using high precision GPS 
survey units or else interpreted remotely through photogrammetric analysis of high-resolution 
aerial photographs. The use of photogrammetry represents a potentially lower cost and time 
saving approach for delineating stream and riparian corridors over larger geographic areas. 
However, the accuracy of the existing photogrammetric methodology is presently untested and it 
is uncertain whether the technique has broad reliability. Fisheries and Oceans Canada (DFO) and 
the BC Ministry of the Environment (MoELP) are currently developing standardized habitat 
inventory methodologies for use in settlement areas; a joint program known as SHIM (Sensitive 
Habitat Inventory Methods). A component of SHIM is designed to evaluate alternative inventory 
techniques for possible RIC (Resource Inventory Committee) certification. Within this capacity, 
Scott Resource Services Inc. (SRS) was contracted to assess the accuracy of photogrammetry at 
delineating watercourses and top of bank (ToB) in a selected test area: the Cedar Valley 
Comprehensive Development Plan (CVCDP) area of Mission, BC.  
 
1.1 Objectives 
 
The primary objectives of the project were to: 
 
1. select a representative sub-drainage (project area) from within the CVCDP where the top 

of bank boundary was delineated using photogrammetric techniques (Method One); 
2. ground truth the project area to locate the top of banks and watercourses using Global 

Positioning System (GPS) technology (Method Two);  
3. compare the top of bank boundaries and watercourse locations as determined by the two 

methods;  
4. provide recommendations for delineating the boundaries of Fishe ries Sensitive Zones 

(FSZs) in British Columbia using the results of this assessment.  
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1.2 Project area 
 
The CVCDP area (Figure 1) encompasses approximately 450 hectares of land which is generally 
bounded by Silverdale Creek to the west, Dewdney Trunk Road to the north, just west of 
Ferndale Institution and Harms Street to the east and Cherry Street to the south (Figure 2). The 
sub-drainage “project area” selected for the field assessment was the headwaters of an unnamed 
tributary to Ammon Brook between Tunbridge Avenue and Dewdney Trunk Road [previously 
referred to as Unnamed Tributary B2 (UT-B2) in the 1995 Urban Systems report].  UT-B2 was 
considered to be representative of the watercourses within the CVCDP and included a variety of 
geographical features (e.g., ravines, floodplains, low gradient seasonally wetted areas, vegetated 
and non-vegetated riparian areas, and groundwater recharge areas).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The assessed section of UT-B2 flows in a northerly direction for approximately 1,040m from its  

Figure 1. General location (boxed area) of the CVCDP area in Mission, BC (taken from NTS 
map 92G/1; not to scale). 

Figure 2. Detail of the CVCDP study area and 
general location of the sub-drainage “project area” 
discussed in this report. 
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forested headwaters west of Dewdney Trunk Road and north of Tunbridge Avenue.  Additional 
flows are provided via ditches to the east and west of Dewdney Trunk Road, drainage ditches 
from private residences and off-channel seasonally wetted areas (Inter Urban 1995).  The 
channel morphology through most of this area consists of shallow riffle-pool and glide habitats.  
The mainstem channel is mostly unconfined, sinuous and decoupled except for the extreme 
downstream end of the project area, where the creek flows through a small, confined ravine.  The 
unconfined portion of the creek meanders across a wide valley floor and much of the stream 
channel through this area is surrounded by a low gradient floodplain.  
 
At the time of this assessment groundwater levels were moderately high and much of the 
floodplain areas were flooded.  Cutthroat trout (Oncorhynchus clarki clarki) had been previously 
documented throughout this area (including the ditches along Dewdney Trunk Road) and the 
area was considered to have high spawning and rearing values (Inter Urban 1995).  Riparian 
vegetation was dominated by second growth western redcedar (Thuja plicata) and western 
hemlock (Tsuga heterophylla) stands and much of the under-storey in the floodplain was 
dominated by water tolerant species such as salmonberry (Rubus spectabilis), skunk cabbage 
(Lysichiton americanum) , blackberry (Rubus discolor) and hardhack (Spiraea sp.). 
 
1.3 Background 
 
In 1995, Urban Systems Ltd. completed a background report for the District of Mission (DoM) 
as the first step in the preparation of a detailed development plan for the Cedar Valley area.  The 
report summarized background information relating to the key issues, constraints and 
opportunities directing planning activities for this area (Urban Systems 1995).  A biophysical 
reconnaissance of the study area was undertaken as part of this report that identified FSZs with 
the potential to impact planning options in the CVCDP.  In 1996, a draft Memorandum of 
Understanding (MOU) was initiated between the DoM, the Ministry of Environment, Lands and 
Parks (MoELP) and DFO.  The MOU included an Environmental Management Plan (EMP) for 
the CVCDP and approximately 180 acres was set aside as Natural Open Space (NOS).  The NOS 
designation was intended to protect fish habitat and included creek ravines, riparian areas and 
headwater swamps and infiltration areas important for groundwater recharge.  The actual 
boundaries of the NOS designated lands at that time were considered to be preliminary and 
amendments have since been made to better reflect the actual locations of watercourses, riparian 
areas, tops of banks, headwater areas and their associated development setback areas (i.e., 15 m 
or 30 m).  However, some residents of the area have expressed concerns about the NOS 
boundaries and these issues need to be resolved before the MOU can be finalized. 
 
In response to concerns raised by residents in the area, SRS was retained by the DoM in 2000 to 
review the boundaries of the NOS as defined in the 1996 EMP.  The purpose of the project was 
to use field observations to verify that the NOS boundaries accurately reflected the FSZs within 
the study area, and to identify areas where the NOS should be adjusted.  As part of the 2000 
assessment, DoM also used photogrammetry to define top of banks within the CVCDP.  An 
additional component of this project was then to test this state-of-the-art technology for 
determining FSZs within the CVCDP, and to assist in finalizing the NOS boundaries necessary 
for completion of the district MOU. 
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1.4 Definitions of features used to delineate FSZs   
 
“Fisheries Sensitive Zones (FSZs)” are defined as instream aquatic habitats, as well as the out-
of-stream habitat features such as side channels, wetlands and riparian areas.  The FSZ 
boundaries for developments typically include setbacks measured from the top of bank of creeks, 
top of ravine banks or edges of wetland areas (as defined below).  These recommended setbacks 
range from 5 to 30 m; based on fish presence in the stream, streamflow, and the existing 
streamside vegetation conditions1. 
 

 
A) “top of bank” refers to: 
 
i)  the point closest to the boundary of the active floodplain of a stream where a break in the 

slope of the land occurs such that the grade beyond the break is flatter than 3:1 at any 
point for a minimum distance of 15 metres measured perpendicularly from the break; 
and, 

ii) for a floodplain area not contained within a ravine, the edge of the active floodplain of a 
stream where the slope of the land beyond the edge is flatter than 3:1 at any point for a 
minimum distance of 15 metres measured perpendicularly from the edge 1. 

 
B) “top of ravine bank” means the first significant break in a ravine slope where the break 
occurs such that the grade beyond the break is flatter than 3:1 for a minimum distance of 15 
metres measured perpendicularly from the break, and the break does not include a bench within 
the ravine that could be developed1. 
 
C) “wetland” means land that is inundated or saturated by surface or groundwater at a frequency 
or duration sufficient to support and under normal conditions that supports vegetation typically 
                                                 

 1  Taken from the Streamside Protection Regulations pursuant to Section 12 of the BC 
Fish Protection Act (2001). 



 5

adapted for life in saturated soil conditions, including swamps, marshes, bogs, fens, estuaries and 
similar areas that are not part of the active floodplain of a stream1.  
 
 

 

 
 
2.0 Methods 
 
2.1 Photogrammetry (Method One)  
 
Black and white aerial photos of the project area were captured in two flight lines during leaf-
free conditions in November, 2000 using a 305-mm focal length camera. A digital 1:10,000 base 
map depicting hydrographic and top of bank information within the entire CVCDP area was 
subsequently produced by Shortreid Terrain Data Ltd. using Bentley MicroStation format. This 
base map was used both to interpret watercourses within the study area and to define top of 
banks based on areas outside of the stream channel where gradient became less than 3:1. 
 
All data capture was completed utilizing state-of-the-art digital 3D photogrammetric Diapositive 
(DiAP) SoftCopy WorkStations. This produced an accurate stereo digital image of the terrain 
from the aerial photography so that precision measurements of ground features could be 
graphically captured (+ 0.5 m).  The results were presented on an orthophoto 1:2500 hard copy 
base, supported by the digital image and data files used to create it.  Included with the digital 
map information was a cadastral layer, which was created by a “best fit possible” to the newly 
developed map base.  
 

(A) (B) 

(C) 

Figures are taken from 
Chilibeck et al. 1992. 
Examples of setback widths 
are presented for illustration. 



 6

The DoM provided additional ground control and targeting necessary to assist ortho-rectification 
of the new photography.  Ground control was accurate to approximately 10.0 cm (x,y,z). 
 
2.2 Ground-truthing (Method Two)  
 
Initial ground-truthing was conducted in mid through late March 2001.  Numbered flags were 
hung along the top of bank boundary approximately 15 m to 20 m apart.  Where necessary, flags 
were placed closer together in order to sufficiently capture the shape of the top of bank along the 
creek corridor.  The flag locations were then confirmed by DFO personnel (B. Mason) using 
Global Positioning System (GPS) technology (i.e., Trimble Pathfinder Pro-XR with a precision 
of + 3m with 95% accuracy). Additional ground-truthing was also conducted in late April 2001 
to capture the centerline of stream UT-B2 through the project area.  
 
2.3  Comparative Analysis 
 
Eight study plots (Sites 1 – 8) were selected for detailed comparisons of the two methods used 
for delineating watercourses and ToB within the project area.  Within each site, major habitat 
and terrain features were described and any observed discrepancies between the two methods in 
determining streams and ToB were identified.  Apparent reasons for these discrepancies were 
deduced from an integration of information obtained from the field (i.e., relative habitat and 
terrain conditions) and detailed examination of the aerial photo overlays. To allow further 
quantification of any differences in the two methods, streams and ToB boundaries outlined for 
the project area by either photo-interpretation or GPS ground-truthing were converted into 
ArcView shapefiles. ArcView measure tools were then used to compare the total linear stream 
length delineated by each of the two methods within the study sites. Differences between the two 
methods in depicting stream location and right and left ToB were determined for each site by 
measuring the horizontal distance between respective linework at 20 approximately equidistant 
intervals. Areas of each of study site contained within left and right ToB boundaries were also 
digitized to allow comparison of the two methods in fully capturing the stream corridors. 
 
3.0 Results 
 
Top of bank and watercourse locations determined by photogrammetry (Method 1) differed 
considerably from ground-truthing with GPS (Method 2) (see Figure 3).  Within study sites for 
which direct comparisons could be made, photogrammetry misplaced stream locations by 7.6 to 
11.6m (on average) and maximum stream displacement relative to GPS location was as much as 
25.5m (Table 1).  Location of site ToB boundaries depicted by the two methods varied on 
average from 8.3 to 35.2m, and maximum displacements were in the range of 18.4 to 70.2m 
(Table 1).  These discrepancies are generally well outside the + 3m locational error expected 
with use of Trimble GPS units. Direct comparisons of stream and ToB locations were made for 
only a few sites, because streams mapped by photogrammetry in other sites could not be detected 
in the field.  For all sites compared, photogrammetry indicated a larger network of streams than 
could be field verified. Total linear length of stream misidentified by photogrammetry within the 
varying sized study sites ranged from 14.6 to 238.2m (Table 1).  Despite the greater number and 
length of streams mapped from air photos, the area encapsulated within the top of bank 
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boundaries as determined by photogrammetry was generally much less than that actually 
observed in the field (Table 2). For six sites with photogrammetrically interpreted ToB 
boundaries, correct capture of the real ToB area (as determined by GPS) ranged from 4.1% to 
61.8% (Table 2), and averaged only 33.4%.  
 
Stream location and boundary inconsistencies were not confined to particular situations (i.e., 
habitat type, canopy cover, etc.) but instead were common throughout the project area, and there 
were few locations where the two techniques overlapped one another.  Examples of specific 
discrepancies observed within the project area are presented for each of the eight study sites. 
 

Table 1. Comparison of stream and top of bank (ToB) delineations obtained using photogrammetry versus GPS 
ground-truthed measurements for eight study sites within the Cedar Valley project area. Stream lengths and 

Figu re  3 .  Compar i son  o f  pho tog rammet r i ca l l y  i n t e rp re t ed  wa te rcou r se s  ( l i gh t  b lue )  and  top  o f  banks  (go ld )  ve r sus
G P S  f i e l d - s u r v e y e d  w a t e r c o u r s e s  ( d a r k  b l u e )  a n d  t o p  o f  b a n k s  ( r e d )  a l o n g  U T - B 2 ,  a n  u n n a m e d  t r i b u t a r y  t o  A m m o n
B r o o k  i n  t h e  C e d a r  V a l l e y  a r e a  o f  M i s s i o n ,  B C .   B o x e d  a r e a s  ( 1  –  8 )  r e p r e s e n t  i n d i v i d u a l  s i t e  a s s e s s m e n t s .

1
 2

3
4

5

6

7

8
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discrepancies in stream and ToB locations were based on digitized linework within each study site. Direct 
comparisons were not made for all sites because: a) GPS ground-truthing did not detect a stream incorrectly mapped 
by photogrammetry i.e., sites 2, 4, 5, 8, b) sites 7 and 8 did not have photogrammetric interpretations of ToB, and c) 
GPS ground-truthing identified a stream not detected by photogrammetry i.e., site 3.  
 

Site 
# 

GPS ground-
truthed streams: 
linear total (m) 

Photo interpreted 
streams: linear 

total (m) 

Additional stream length 
incorrectly mapped by photo 

interpretation (m) 

Stream location error: 
photo vs. GPS (m) 

ToB location error: photo vs. 
GPS (m) 

     Left  Right 
 

1 
 

72.2 
 

86.8 
 

 14.6 
 
 
 

 
Min. = 0.0 

Max. = 15.0 
Avg. = 7.6 

 
Min. = 10.3 
Max. = 24.0 
Avg. = 15.2 

 
Min. = 18.4 
Max. = 29.1 
Avg. = 21.5 

 
2 

 
0 

 
100.0 

 
100.0 

 
- 

 
Min. = 4.1 

Max. = 18.4 
Avg. = 8.9 

 
- 

 
3 

 
0 

 
0 

 
- 

 
- 

 
- 

 
- 

 
4 

 
0 

 
77.5 

 
77.5 

 
- 

 
- 

 
- 

 
5 

 
0 

 
78.5 

 
78.5 

 
- 

 
Min. = 0.9 

Max. = 22.1 
Avg. = 8.3 

- 

 
6 

 
139.2 

 
318.4 

 
179.3 

 
Min. = 0.0 

Max. = 25.5 
Avg. = 11.6 

 
Min. = 23.9 
Max. = 50.3 
Avg. = 35.2 

 
Min. = 8.2 

Max. = 70.2 
Avg. = 28.2 

 
7 

 
63.5 

 
291.0 

 
227.5 

 
- 
 

 
- 

 
- 

 
8 

 
0 

 
238.2 

 
238.2 

 
- 

 
- 

 
- 
 

 
 
 
 

Table 2. Area of each study plot contained between top of bank (ToB) boundaries as determined from 
photogrammetry versus GPS ground-truthing.  Measurements were based on digitizing of indicated ToB boundaries 
within each study site. Direct comparison of methods was not possible for sites 7 and 8 because photogrammetry 
was not used to delineate ToB at these sites. 
 

Site # Total site area 
(m2) 

ToB area (GPS 
ground-truthed) (m2) 

ToB area (photo 
interpreted) (m2) 

% of ToB area (GPS) correctly 
captured by photo interpretation 

 
1 

 
4293 

 
3773 

 
824 

 
21.8 

2 3432 1718 873 50.8 
3 2336 391 16 4.1 
4 2700 348 611 61.8 
5 4212 2061 1076 38.6 
6 12,875 10,335 2400 23.2 
7 12,104 8102 - - 
8 15,318 0 - - 
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L e f t  T o B
R i g h t  T o B

Site 1: 
 
Location: 
 
Downstream end of UT-B2 mainstem just 
upstream of the culvert crossing under 
Dewdney Trunk Road. 

 
Habitat type and description: 

 
The creek flows through this area within a 
confined shallow ravine.  The riparian 
vegetation along the right top of the bank 
(ToB) has been recently disturbed and 
consists primarily of young red alder (pole 
sapling stage) and shrub species.  The left 
ToB is more treed and consists of conifer 
dominated young forest.  Fence lines 
representing a restrictive covenant were 
formally established along both sides of the 
creek corridor and are located approximately 
9 m from the center of the creek channel.  
These restrictive covenant boundaries do not 
conform to the current FSZ criteria. 

 
Type of discrepancy: 

 
The ToB boundary (excluding the zoning 
setback) should be located at the top of the 
ravine bank on both sides of the creek where 
the slope  
decreases to less than 3:1 for a minimum of 15 m  
horizontally away from the ravine edges (red lines).   
The photogrammetrist delineated the ToB at the  
bottom of the ravine along the edges of the active 
channel (yellow lines) instead of at the top of the 
ravine slope.  

 
Reason for the discrepancy: 

 
The photogrammetrist was not aware that the ToB 
boundary for this scenario was to be located at the top  
of the ravine slope and not along the active channel of the creek.  A review of the above area in 
3-D clearly showed the top of the ravine slope, as delineated with the GPS in red. 

 
Site 1 at the downstream end of the project area where the 
creek flows through a shallow ravine. The yellow line 
indicates the photo-interpreted ToB and the blue line 
indicates the photo-interpreted stream. The red line 
indicates the ToB by field assessment. The black line shows 
approximate location of the cross-section through the 
ravine. 

 
View across the shallow ravine from the right ToB showing 
the existing riparian vegetation and Dewdney Trunk Road in 
the background.   

Cross-section (downstream view) through the 
shallow ravine showing the incised stream 
channel against the bottom of the right bank. 

 

Restrictive   
Covenant  
Fence 

North 
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Site 2: 
 
Location: 
 
Along the left side of the creek corridor 
just upstream of the shallow ravine (Site 
1) and Dewdney Trunk Road.   
 
Habitat type and description: 
 
This site consisted of a seasonally wetted 
area where numerous seepages are  
flowing eastward across the bottom of a 
shallow-sloped bowl.  The soils and 
vegetation in this area have been heavily 
impacted by horses (see photograph).  
Dominant vegetation in the bowl are 
grasses and skunk cabbage.        
 
Type of discrepancy: 
 
For this situation, the ToB boundary 
(excluding the zoning setback) would be 
located at the perimeter of the bowl (red 
lines). The photogrammetrist delineated 
the ToB along the bottom of the bowl 
(yellow lines) and extended the ToB and 
stream channel (blue) beyond the 
perimeter of the bowl to the west.    
      
Reason for the discrepancy: 
 
The photogrammetrist likely followed the 
wetted edge at the bottom of the bowl 
rather than encircling the top of the bank 
around the bowl itself.  Field observations 
confirmed that there is no channel or 
flowing water beyond the perimeter of the 
bowl, as drawn by the photogrammetrist.  
 
 

 

North  

Site 2 showing a bowl-shaped seepage area flowing eastward 
into the floodplain of the creek.  The line represents the 
transect used to produce the cross section shown below. 

 
Photograph of the bottom of the bowl area showing the 
seasonally wetted area and the significant impact to the soils by 
the horses at this property.  The seepage flows right to left and 
the main creek channel is located to the left of the photograph. 

34.42 m

2.71 m

Left ToB Right ToB

 
 

Cross section (downstream view) through the shallow bowl 
showing the low gradient slopes through this area.  The 
computer interpretation showed the FSZ around the bottom of 
the bowl (between arrows) rather than around the top.  
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Site 3: 
 
Location: 
 
West side of UT-B2 just upstream of the shallow 
sloped bowl discussed for Site 2. 
 
Habitat type and description: 
 
This example shows a hand excavated ditch 
system, which is being used to drain a portion of 
the neighboring property.  The upstream end of 
the ditch consisted of two straight sections which 
has grass along the left bank and hardhack along 
the right.  The ditch is enclosed within a culvert 
to provide access to the back (south) end of the 
property.  Once in the trees, the ditch is an open 
channel that flows down across a low gradient, 
swampy area before joining with UT-B2.  The 
downstream end of the ditch flows beneath a large 
patch of blackberries and was hard to see, even in the field.  
UT-B2 mainstem is located close to the right (east) side of the 
valley bottom. 
  
Type of discrepancy: 
 
For this situation, the ToB boundary (excluding the zoning 
setback) should be located around the perimeter of the ditch 
system to capture it as part of the drainage basin (red lines).  
The photogrammetrist did not capture any of the ditch system 
within the ToB (yellow lines) and has incorrectly shown the 
main creek channel (blue) as being along the left side of the 
valley bottom when in fact it is closer to the right.  
 
Reason for the discrepancy: 
 
The photogrammetrist would not be able to tell that  
a portion of the ditch was enclosed in a culvert and the  
open channeled section through the trees was likely  
obscured by heavy canopy cover and blackberries.   
A contiguous series of openings in the overstorey vegetation  
along the right side of the valley bottom was likely the reason  
the mainstem channel of UT-B2 was incorrectly located along 
that side.   

 
Site 3 showing a ditch flowing into UT-B2 from the west 
which was not identified by photo interpretation.  The ditch 
was hand excavated and is contributing groundwater 
seepage from the neighboring property.  The black line 
shows the location of the cross section within the treed 
section of the ditch. 

 
Photograph of the hand excavated ditch 
flowing into UT-B2 from the west.  The 
cross section was taken at this location. 

Cross section through the hand 
excavated ditch showing the width (from 
ToB to ToB) and depth.  

3.68 m

1.15 m

North 

Culvert 
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Site 4: 
 
Location: 
 
West side of UT-B2 just upstream of the ditch 
discussed for Site 3. 
 
Habitat type and description: 
 
This example shows a defined creek channel 
(blue) and ToB boundary (yellow) flowing into 
UT-B2 from the west through a thicket of a 
salmonberry and deciduous trees.  
  
Type of discrepancy: 
 
The field assessment of this location identified a 
walking trail through the vegetation that was 
mistaken for a creek channel (see photograph 1 
on right).  The actual ToB boundary cuts across 
this area and was delineated along the edge of a 
swampy floodplain (photograph 2), typical of 
the valley bottom throughout the project area.  
The mainstem channel of UTB2 was also 
incorrectly identified as being along the left side 
of the ToB boundary but was actually 61 m to 
the east closer to the right ToB boundary. 
 
Reason for the discrepancy: 
      
The photogrammetrist likely misinterpreted the 
walking trail to be a creek corridor because the 
opening in the salmonberry was oriented 
towards the left ToB boundary along UT-B2.  A 
contiguous opening in the overstorey vegetation 
within the actual ToB along UT-B2 was likely 
the reason that the mainstem channel was 
situated along the left side of the ToB rather 
than at its actual position closer to the right side 
of the ToB.    
 
  
 

 
Site 4 showing an incorrectly identified creek (blue) and ToB 
boundary (yellow) delineated by photo interpretation.  The 
field survey revealed no creek at this location and the left ToB 
boundary (shown in red) cuts across this area.  The mainstem 
channel of UT-B2 was actually 61 m east of this ToB 
boundary and therefore not where it is shown in this photo.   

 
Photograph 1 showing a walking trail through a salmonberry 
dominated thicket along the west side of UT-B2.  The trail was 
incorrectly identified as a creek channel by photo interpretation. 

 
Photograph 2 showing the typical swampy conditions and skunk 
cabbage growing throughout the flooded valley bottom within 
the ToB of UT-B2.  The cedar tree on the left has recently fallen 
over due to the wet soil conditions in the ToB.  Similar tree 
instabilities were observed throughout the ToB. 

North 



 13

 

Site 5: 
 
Location: 
 
West side of UT-B2 just to the north of the end 
of the Rosetta Drive cul-de-sac. 
 
Habitat type and description: 
 
This example shows the computer interpretation 
of the aerial photograph incorrectly locating the 
mainstem channel of UT-B2 (blue) and its 
associated ToB boundary (yellow) along the left 
side of the valley bottom.  This area consists of 
low, undulating terrain.  The overstorey 
vegetation on the higher hummocks is  
dominated by conifer trees while salmonberry 
and skunk cabbage dominate the lower, wet 
areas.  There are openings in the canopy  
cover along the lower wet areas through this area.  
  
Type of discrepancy: 
 
The field assessment of this area identified the west 
(left) ToB boundary around the perimeter of the low, 
wet areas and excluded the higher knoll (arrow) as 
discussed above.  The photo interpretation 
incorrectly showed the mainstem channel of UT-B2 
flowing through this knoll, when in fact it is much 
closer to the right ToB boundary (not shown above).  
 
Reason for the discrepancy: 
      
The large trees (and associated shadows) throughout 
much of this area likely made it difficult for the 
photogrammetrist to discriminate the va lley floor.  
The mainstem channel appeared to be mapped along 
a contiguous opening in the overstorey vegetation 
where the terrain was wet and dominated by 
salmonberry and skunk cabbage.  The edge of the 
ToB through this area is very gradual and follows a 
change in vegetation type and wet soils as opposed 
to being a well defined bank.   

 

 

Site 5 showing the mainstem channel (blue) and associated ToB 
(yellow) of UT-B2 being incorrectly located as flowing through 
an elevated knoll (arrow).  The field assessment identified the 
left ToB boundary (red) around this knoll and the creek itself is 
closer to the right ToB boundary (not shown). 

 
Photograph showing the opening in the overstorey 
vegetation where the photo interpretation incorrectly 
mapped the mainstem channel of UT-B2.    

North 
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Site 6: 
 
Location: 
 
Middle section of the project area 
between Dewdney Trunk (north), 
Tunbridge Avenue (south) and the end 
of the Rosetta Drive cul-de-sac (west). 
 
Habitat type and description: 
 
This area represents a wide, low 
gradient seasonally wetted area where 
the UT-B2 flows as a sinuous, 
unconfined and decoupled channel.  
The terrain is slightly undulating 
through this area and the higher 
patches of ground were populated by 
shallow rooting conifer species (i.e., 
western redcedar, western hemlock 
and some Douglas fir) while the 
lower, wet areas are dominated by 
more water tolerant shrub and herb 
species such as salmonberry and 
skunk cabbage.  The majority of the 
valley bottom had standing or 
flowing water at time of the survey 
because of high ground water recharge 
levels.  It is likely that many areas of the 
forest floor are dry during late summer 
and early fall.  The ToB boundary (red line) encompassed this entire area and the ToB around the 
perimeter was relatively undefined and shallow sloping down to the wetter, low lying sections. 
  
Type of discrepancy: 
 
The photo interpretation correctly identified the mainstem channel on the east (left) side of the 
valley floor but did not identify a side channel through this area.  The photo interpretation also 
underestimated the size of the low lying, seasonally wetted area and instead followed along the 
mainstem channel.   
 
Reason for the discrepancy: 
      
The large trees (and associated shadows) throughout much of this area likely made it difficult for 
the photogrammetrist to discriminate the valley floor through most of this area.  In addition, the 

 
Site 6 showing the wide, low gradient valley floor where UT-B2 
flows in an unconfined, decoupled channel.  The ToB was situated 
around the perimeter of this whole area (red line) and not along the 
actual creek channel (blue), as shown by the yellow lines.  The black 
line represents the approximate orientation of the cross section 
through this area.   

90.72 m

Left ToB Right  ToB

1.95 1.57

 
Cross section (downstream view) through the low gradient valley 
bottom associated with Site 6 showing shallow, undefined edges 
along the ToB boundaries.  The creek channel is split through this 
area creating a small island between the main channel on the left 
and the side channel on the right.  The width of the ToB at this 
location was just over 90 m while the depths between ToB and 
bottom of the two channels was less than 2 m. 

 

North 



 15

edge of the seasonally wet area (as defined in red) had a relatively gradual slope (as noted in the 
cross section where the elevation change was only about 2 m over a width of 90 m) which would 
also contribute to errors in depicting the edge of the ToB and FSZ.  The FSZ boundary could 
only be accurately delineated through field observations. 
 

Site 7:   

 
Location: 
 
Upper headwater areas of UT-B2 to the west of Dewdney Trunk Road excluding the ditches 
leading into this area from along Dewdney Trunk Road.   
 
Habitat type and description:  
This area consists of a low lying, 
ground water recharge area which has 
numerous, undefined seepages flowing 
out into the excavated east-west ditch 
(blue colored horizontal dashed line) 
which becomes the mainstem channel 
of UT-B2.  The dominant vegetation is 
hardhack and canary reed grass (lighter 
colored in photograph to right).  
Additional flows into UT-B2 are 
provided via ditches along Dewdney 
Trunk Road (vertical blue colored 
dashed lines). 
  
Type of discrepancy: 
  
The photo interpretation failed to 
delineate any ToB boundary around  
this area.  In addition, the photo interpretation 
missed the excavated east-west ditch leading 
from Dewdney Trunk Road to the natural UT-
B2 mainstem channel and the two channels 
which were identified (light blue lines identified 
with arrows) do not exist.    
 
Reason for the discrepancy:   
       
This area is low gradient and the perimeter of 
the ToB was delineated in the field based on 
vegetation type and saturated soils rather than a 
distinct change in elevation.  For this reason, 

 

 

North  

Site 7 showing the absence of any ToB boundaries by photo 
interpretation compared to the boundaries determined by GPS (red 
line).  In addition, photo interpretation failed to pick up the ditches 
leading into UT-B2 (blue dashed lines) and incorrectly identified the 
drainage patterns (light blue lines) leading out of this area.  

 
Photograph of a port ion of the area discussed for site 7 
showing the hardhack and grass dominated vegetation used 
to delineate the boundaries of the ToB. 
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delineating the boundaries of the ToB based on photo 
interpretation would be very difficult.  It is unknown 
why the excavated ditch through this area was not 
picked up.  This is another example where field 
observations are needed to delineate the ToB boundary. 
 
 
 
 
 
 
 
 
 

Site 8: 

   
Location: 
 
Forested area adjacent to the headwaters 
of UT-B2 to the west of Dewdney Trunk 
Road and south of Tunbridge Avenue.
      
Habitat type and description: 
 
This area consists of undulating terrain 
covered by conifer dominated young 
forest.  The majority of the trees consisted 
of western redcedar, western hemlock 
with some Douglas fir.  Much of this area 
is situated at a higher elevation than the 
UT-B2 drainage to the north.   A large 
pond located in a low-lying bowl was 
observed along the eastern edge of the 
driveway while in the field (see above 
photograph).  This pond receives surface 
drainage from the west but there was no 
outlet stream observed.  
  
Type of discrepancy: 
  
The photo interpretation identified two separate channels that were to form part of the 
headwaters of UT-B2.  A field assessment of these areas determined that neither channel existed.  
Photo interpretation also failed to pick up the large pond along the eastern edge of the driveway.  
 

 

North  

 

 

Site 8 showing two stream channels (light blue lines identified 
with arrows) through a forested area north of Tunbridge Avenue.  
Neither of these channels actually exist, but were delineated by 
photo interpretation.  A large pond with no outlet was located 
along the edge of the road (roughly delineated by the dark 
dashed blue line).  This pond was observed in the field but not 
identified by photo interpretation.  

Photograph showing ditch flowing 
west from Dewdney Trunk Road 
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Reason for the discrepancy:  
      
An examination of this area in the field revealed a series of old skidder trails through the forested 
area which have become overgrown with salmonberry.  It is likely that the photo interpretation 
picked up on these openings in the canopy cover and interpreted the change in vegetation as 
stream channels.  It is unknown why the 
large pond was not delineated. 
 
 
 
 
 

 
 

Supplementary site: 
 
Additional photogrammetry and GPS determinations of ToB was undertaken within the same 
year for areas of Mission independent of our Cedar Valley study area (Figure 4). Watercourse  
 

 

 

Photograph showing the salmonberry growing 
along an old skidder trail which has created an 
opening in the canopy.  It is likely that these 
openings were incorrectly identified as stream 
channels through photo interpretation. 

Figure 4. Location of selected supplementary site for ToB determination relative to 
Cedar Valley study area. 
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locations were not determined for these areas using GPS, so full comparisons could not be made.  
However, a cursory examination of the linework within an arbitrarily selected site indicated a 
relatively close matching of ToB derived using photogrammetry versus the field-based GPS 
determinations (Figure 5).  It appears that photogrammetry was able to effectively capture the 
true top of bank in an area where there was a clear demarcation between a forested ravine and a 
heavily urbanized landscape. 

 
 
 
4.0 Discussion  
 
Many of the observed discrepancies between the two methods were a result of photogrammetry 
failing to sufficiently extend ToB to the edges of the low gradient floodplains, wetlands and 
groundwater seepage/recharge areas along the creek corridor.  This was especially true for areas 
with extensive tree canopies. Visual clues commonly used in the field to help identify the 
boundaries of FSZs (e.g., observed changes in vegetation, seasonally wetted areas or seepages) 
are difficult or impossible to discern with photo interpretation.  These problems were likely 
exacerbated by photogrammetric interpretations based on aerial photographs taken during 
abnormally dry conditions in the fall of 2000. In other cases photogrammetry commonly located 
ToB along the active channel of the creek, instead of correctly placing ToB at the top of the 
ravine slope. It is uncertain, however, whether errors of this type represent a serious failing in 
photogrammetric analysis; they may instead be reflective of confusion as to current FSZ 
boundary designations. Future comparisons of these techniques must ensure that designated 
photogrammetrists use current FSZ criteria for determining ravine ToB, as interpretations could 
be seriously confounded by differences in methodologies. However, it appeared that 
photogrammetry failed in general even to capture stream channel bank accurately, criteria for 
which there should be no confusion.  Other observed problems with photogrammetry included 
incorrectly mapping the actual locations of watercourses, mapping watercourses that were not 

Figure 5. ToB determined within the supplementary site using photogrammetry and ground-
based GPS surveying. 
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present and missing several watercourses altogether. Photogrammetry displayed considerable 
difficulties with correctly mapping streams and ToB boundaries within our study area across a 
range of different terrain conditions.  However, the technique is probably sufficient under certain 
limited conditions. These might include areas where a clear demarcation between a narrow 
forested ravine and urban landscape allows an easy assessment of stream location and associated 
ToB.  Alternatively, open non-forested areas should also allow relatively easy interpretation of 
watercourse locations and ToB.  Further work may suggest situations where photogrammetry 
could play an effective role in defining Fisheries Sensitive Zones. At present, however, there is 
no indication that photogrammetric interpretation displays the general requisite level of accuracy 
necessary for RIC certification as a provincial inventory tool. Streamside protection setbacks 
based solely on photogrammetry would likely be seriously erroneous, and require considerable 
readjustment by ground based measurement.  
 
Ground-based GPS surveying for stream locations and ToB represents a much more reliable 
method than photogrammetry; however, it still requires a high level of skill and experience.  
Field verification of FSZs in areas of low topographical relief, for example, is difficult even 
during periods of high ground water (Brad Mason, pers. obs.), which was the case during the 
field surveys in March 2001. Verification is even more difficult if the surveys are completed 
during drier periods of the year. However, besides establishing stream locations and the 
boundaries of top of banks, field assessments can also provide additional information about 
important biological, chemical or physical features of a watershed. This could include 
biophysical habitat descriptions, water quality and quantity data, information on fish species 
composition and distribution, identifying barriers to fish migration, identifying limiting factors to 
fish production, determining restoration and enhancement opportunities and observations of 
wildlife and their associated habitats.  Little of this information could be derived solely from 
photogrammetric interpretations used to determine ToB along watercourses. 
 
4.1 Recommendations  
 
1. Results from our project area suggest that photogrammetry may considerably 

underestimate the size and extent of stream ToB compared to GPS ground-truthed 
measurements from field observations.  Consequently, we recommend that 
photogrammetric techniques not be used as the sole method to delineate ToB. 

 
2. All ToB surveys should include some level of field assessment to obtain accurate 

determinations of environmentally sensitive areas.  In addition, the final ToB boundaries 
should be confirmed by a trained professional with experience in field assessments and 
interpretation.  This should also provide an opportunity to collect biological, physical and 
chemical information about the study area which might otherwise not be determined. 

 
3. Field surveys to determine FSZ boundaries should be scheduled to coincide with periods 

of high precipitation and maximum groundwater levels.  If the initial survey cannot be 
undertaken at this time, plans should be made to confirm the FSZ boundaries during high 
periods of high rainfall. 

 



 20

 4.  Any use of photogrammetry for interpreting streams and ToB may be contingent on 
topography and the extent of canopy cover.  For example, photogrammetry appeared 
better at determining the tops of steeper slopes than in delineating low gradient 
floodplains with subtle topographic relief.  Photogrammetry was also more accurate in 
areas with little canopy cover versus those areas with dense canopy.   

 
5.  Aerial overflights used for photogrammetry should be scheduled to provide the best 

quality photographs for interpretation.  This includes periods when there is high ground 
water recharge, maximum leaf drop and high overcast conditions to minimize shadows.  
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