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Introduction

High stream temperatures are known to be a problem for fish during mid- to late-summer
in some streams in B.C. The highest stream temperatures typically occur on clear summer
days when streamflows are low and mid-day solar angles are still high. Direct solar
radiation is the major source of stream heating at this time so shade has a strong
moderating effect on daytime temperatures.

Stream shade is one of the most important forestry-related variables affecting maximum
summertime stream temperatures because it moderates stream heating and is subject to
large changes over time due to harvesting and revegetation of riparian areas. Therefore,
knowing how to measure, inventory, estimate, and manage it is critical to managing
stream temperature. However, until recently such knowledge has been a significant
knowledge gap. In a report to the Ministry of Forests Temperature Sensitive Streams
Working Group, Teti (2000) recommended three projects related to stream shade. These
were:

1. Develop a measurement method and field sampling procedure for inventorying
stream shade.

2. Inventory riparian shade in priority watersheds

3. Develop methods to estimate riparian shade from surrogate variables

This project builds on the substantial accomplishment of number 1 and has the specific
purpose of addressing number 3. Because this project is incomplete, the purpose of this
report is to describe the incremental work during the 2003/2004 fiscal year. The stated
deliverable was an Extension Note on preliminary results with the intended outcome of
creating awareness by forest practioners that stream shade can be quantified and possibly
predicted.



Methods

Selecting reaches

For purposes of this work, a reach is a length of stream channel measured along the
thalweg, having relatively homogeneous riparian land use and seral stage of riparian
vegetation, and having a length at least 10 times greater than bankfull width. Reaches are
selected in areas where riparian vegetation reflects homogeneous rather than patchy
human modification (if any) such as riparian reserves or partial harvesting.

The following criteria were used in selecting reaches.

Sampled reaches should be within 50 km of Merritt, BC and no reach should be within 12
bankfull widths of any other sampled reach. Reaches with measurable canopy provided
by deciduous or herbaceous foliage should not be sampled if leaf fall or die back have
caused any canopy density parameters to be less than 90% of the summertime maximum
(based on professional judgement).

Streams of particular interest are Skuhun, Shakan, Nuaitch, Spius, Prospect, Juliet, July,
and Spearing Creeks and the Coldwater River upstream of Kingsvale because these have
been named as “Temperature Sensitive Streams” by the provincial government. The
contractor should discuss reach selection with the Ministry representative as necessary
before and during field work.

Reach sampling

The following criteria were used in reach sampling.

After a suitable reach has been identified, field methods will consist of describing the
location of the first cross section and then collecting data at each of a series of at least 12
cross sections. Each reach should be characterized by a general description of the riparian
area, e.g. old forest, pasture, early seral stage, etc. A one page field form on waterproof
paper will be used to record data. At the first and last cross sections on a reach, record the
NAD83 UTM grid position with a hand held GPS (minimum 90% accuracy of +/- 15
metres) and record it on the field form to the nearest metre. On streams with wetted
widths greater than 10 m, record GPS coordinates of each cross sectional location,
indicating whether the reading is at the right bank, left bank, or mid channel.

Cross sections should be located in an unbiased manner using systematic sampling at
fixed intervals (by hip chain). Spacing between sections should be at least one bankful
width and there must be at least 12 cross sections per reach. Wide angle photos will be
taken from the middle of each section looking downstream and upstream on slide film or
by digital camera having a minimum resolution of 3 megapixels. Use the camera date and
time imprint if available. Record each cross section’s location in the reach relative to the
first section (e.g. 0+20m) and whether the travel direction is downstream or upstream.



Record gradient by pocket clinometer and thalweg azimuth relative to true north. At each
section, use a fiberglass tape perpendicular to flowing water to measure wetted width, to
sketch the channel cross section, and to locate sampling points for canopy measurements.
Depth measurements should be accurate enough to allow average channel depth to be
later calculated to within 20 percent. Each channel cross section should be sketched on
the field form showing the locations of the left and right edge of water and the locations
of water depth and canopy measurements.

At cross sections where wetted widths are more than 1.5 metres, ACD and overhead
canopy parameters should be measured at a minimum of 3 points. If the wetted width is
less than one metre, one measurement at mid-channel is sufficient. On streams where
multiple measurements are made, the locations of measurements should be evenly spaced
but not at the water edge as illustrated in Figure 1. Canopy density should be measured
with the densiometer at water level unless there is no difference between measurements
at waist level and water level.

At each canopy measurement point, check the appropriate box on the field form
corresponding with the type and height of vegetation that is the source of measured
canopy density.

Mark the cross section with flagging that has been labelled with distance from the starting
point on the reach.

Bankfull widths were not measured in 2003. These data are desirable but were not
measured in the interest of collecting as much shade data as possible. Furthermore,
because this is an exploratory study, we might identify the need for as yet unforseen



parameters. Locating reaches by GPS will enable the collection of bankfull widths or
other data at a later time.

Results for 2003/2004

Stream reaches were selected and ocular canopy surveys were completed on 25 stream
reaches (460 cross sections) in the Cascades Forest District. Fisheye canopy photos were
taken on 15 of the reaches (279 points). The contractor submitted a report summarizing
stream widths and ocular canopy densities of three different canopy density parameters
(above 60 degrees, above 80 degrees, and ACD). The contractor analyzed fisheye photos
and calculated canopy densities in 113 different sky segments corresponding with
altitude-azimuth coordinates and sun paths. Ten of the sampled reaches were at an early
seral stage, 1 was at a middle stage, and 14 were at a late seral stage. 18 streams had an
average wetted width of less than 1 metre and 3 stream had wetted widths of more than
1.5 metres.

The major factors that are expected to influence stream shade (ACD) in a given
biogeoclimatic zone are channel width and the seral stage of riparian vegetation. Other
potential factors are gradient, channel direction (azimuth), degree of incision, and
ecological site characteristics. Most of these data were collected in 2003 and are shown in
Table 1. Data from 2001 and 2002 show a decrease in average shade with increasing
stream width for streams with forested riparian areas, i.e. late seral stages. This is to be
expected based on the geometry of riparian vegetation and stream shading. Previous
results also show that shade on small streams with early seral riparian vegetation is much
lower but that the difference decreases with increasing stream width. Preliminary analysis
of 2003 data consisted of plotting average reach shade versus wetted width, comparing
this with previous data, and looking at consistency and sources of variation in the data.

Discussion

Shade and channel geometry data from small streams in the Cascades Forest District near
Merritt are consistent with similar data from the Central Cariboo Forest District near
Horsefly. Highest average shade values were around 80 percent (ACD) and were
obverved on streams where shade was provided by vegetation at a late seral stage. There
was one exception of a stream with 95 percent ACD where riparian vegetation was at an
early stage. This has not yet been explained but could be due to topgraphic shade or
shade from young rapidly growing deciduous vegetation. The lowest shade values were
around 20 percent and were observed on streams with riparian vegetation at an early
stage due to recent timber harvesting. All streams sampled in 2003 had wetted widths of
less than 2 metres. Therefore, this sample does not show the relation of decreasing shade
with increasing width found earlier. However, this sample does provide data where it was
needed most – that is for small stream where the variability of shade is the greatest and
and where management practices are most variable.



Conclusion

The incremental objectives of developing a predictive model for stream shade require the
collection and analysis of data from a wide range of geographic areas in order to achieve
applicability. Because this is an exploratory project, it is most efficiently done in yearly
stages of data collection, analysis, and planning subsequent work. This was achieved in
the 2003/2004 fiscal year.

Extension Delivery

The targeted extension product was changed from an MoF Southern Interior Extension
Note to Streamline which is published by Forrex in order to reach a much larger
audience. After original manuscript submission, discussions with a Streamline editor
indicated that it should be split into two parts with the second part dealing with results
from these shade surveys. The first part was published in March 2004 (“Shade and
Stream Temperature”; Teti, 2004). This provides forest practitioners with a background
on the effects of shade on stream heating and methods for quantifying shade. It sets the
stage for a more detailed description of work on the stream shade model at a later time
and will allow 2003 results to be more effectively incorporated.
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Canopy Density
Reach Name Seral

Stage
Gradient
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Avg

Aspect
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Width, m
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ACD
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80-90
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60-90

Trib of N. Spius Ck Young 5.3 80 632011 5529434 0.00 0.0 18 0 2

Juliet Ck tributary Mid 12.0 325 635855 5505531 0.42 0.0 54 4 24

Juliet Ck tributary Young 18.4 293 635954 5508235 1.01 0.1 76 18 27

Juliet Ck Mature 1.5 115 639438 5511225 6.77 0.2 49 22 30

North Spius Ck tributary Young 20.1 7 624538 5531972 0.90 0.1 53 25 44

North Spius Ck tributary Mature 17.1 31 624470 5531798 0.57 0.0 75 48 63

Juliet Ck tributary Young 16.8 317 636077 5506457 0.00 0.0 64 54 45

Juliet Ck tributary Mature 10.6 336 635741 5508346 1.25 0.1 81 47 60

Juliet Ck tributary Mature 25.4 218 639952 5511266 0.04 0.0 64 45 60

South Spius Ck Mature 6.5 89 635101 5530431 1.18 0.1 79 30 54

South Spius Ck Young 9.3 63 631700 5528308 0.38 0.1 61 34 42

Skuhun Ck Mature 4.7 240 637755 5573732 3.81 0.2 53 31 42

Skuhun Ck tributary Mature 8.9 202 639880 5580392 0.99 0.1 76 50 70

Otter Ck tributary Mature 18.7 155 663124 5517491 0.00 0.0 75 58 68

Spearing Ck Mature 1.7 115 660165 5515699 0.00 0.0 66 31 44

Spearing Ck tributary Mature 4.3 190 660269 3035310 0.06 0.0 81 59 67

Spearing Ck tributary Young 1.0 223 660174 5519583 0.05 0.1 22 19 19

Spearing Ck Mature 7.0 183 655045 5520233 0.61 0.1 76 43 65

McPhail Ck Young 12.3 117 651633 5511079 0.33 0.0 95 87 88

Spearing Ck tributary Mature 3.6 90 654578 5516557 0.00 0.0 81 40 63

Spearing Ck tributary Young 2.9 120 654998 5517802 0.17 0.0 35 21 32

Brook Creek Mature 4.4 85 652518 5520156 1.79 0.1 79 45 57

Brook Ck Young 3.6 70 649180 5515193 1.04 0.1 17 7 11

Skuhun Ck tributary Young 4.9 151 645734 5577045 0.70 0.1 71 50 54

Skuhun Ck tributary Mature 8.4 169 645749 5576897 0.88 0.1 89 76 78

Table 1.
Average values for reaches sampled in 2003 field season


