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Executive Summary 

 
This report is a summary of the results of the “An Assessment of Best Management 

Practices for Water Temperature Control in the Former Morice Forest District”.  The 

project involved water temperature monitoring at small streams within the former Morice 

Forest District.  An assessment of the effectiveness of Best Management riparian buffer 

trials indicates that riparian buffers that maintain canopy densities above 70% were 

generally successful at minimizing stream thermal regime impacts.  Sites that had 

demonstrated thermal regime impacts were associated with treatments that resulted in 

canopy densities below 70%.  As well, the most significant thermal regime impacts were 

found at sites with strong hydro-riparian coupling of lateral wet ecosystem types.  Future 

work in the area of variable source area analysis and riparian ecosystem classification is 

proposed to identify sites with similarly high levels of potential thermal regime impact.  

Sites with significantly modified channel morphology (ditchlines and disturbed channels) 

were also associated with a high degree of thermal regime impact. 

 

Adaptive Management trials of PVC housings to shield temperature sensors from solar 

warming and groundwater efflux were conducted.  They indicated that some of the 

temperature sensors within the housings collect data that are significantly different than 

sensors deployed without housings. 
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1.0  INTRODUCTION 

The former Morice Forest District encompasses approximately 1.5 million hectares 
within the central interior of B.C.  The district includes portions of the Fraser and Skeena 
watersheds.  Fisheries resources in the district are highly valued for their economic, 
cultural, food and recreational values.  Major runs of anadromous fishes occur across the 
project area.  Forestry is the major land use in the district.  Concerns have been raised 
about adverse forestry induced temperature effects and impacts to fisheries.  These 
concerns have highlighted the need to gain a better understanding of potential thermal 
impacts and what kind of Best Management Practices (BMPs) can be used to minimize 
the impacts to fisheries. 
 
BMPs for forestry are practical operational procedures that minimize the environmental 
impact of forest development through the application of science-based management.  
BMPs for water temperature control are a set of operational procedures that minimize 
forestry induced impacts to stream thermal regimes.  Adverse thermal impacts include 
increases in average temperatures, hydrologic impacts that alter thermal regimes and 
increases in daily temperature fluctuations (Macdonald and others, 2003, Feller, 1991, 
Lynch and others, 1984).  Considerable emphasis has been put on the provision of 
streamside buffers for the maintenance of stream shade and thermal regimes.  Since 
riparian buffers reduce timber yields, considerable research effort has been applied to 
ensuring their cost effectiveness.  This has resulted in the examination and application of 
various streamside buffer types designed to minimize thermal effects of forest harvesting 
in a least cost effective manner.  Streamside treatments range from 30-meter reserves to 
variable width reserves and machine free zones.   
 
The effectiveness of these treatments to limit adverse temperature effects is variable and 
appears to depend to some degree on the nature of the hydrologic setting where they are 
applied (Story and others, 2003).  Wider reserves generally afford better protection from 
thermal effects but the effects of blowdown and site hydrology confound these results.  
Blowdown is an issue when post-harvest wind events generate blowdown that reduce 
canopy density and stream shade (Macdonald and others, 2003). 
 
Streams with bankfull widths over 1.5 meters wide are mandated fixed width riparian 
reserves and management zones by the Forest Practices Code of British Columbia (B.C. 
Ministry of Forests, 1995).  Streams with bankfull widths less than 1.5 meters can be 
managed with a range of riparian prescriptions from understory retention (machine free 
zones) to fixed width reserves.  There is debate around the adequacy of these measures to 
protect streams from adverse forestry induced thermal effects.  This report addresses the 
issue of riparian management around headwater streams and the effectiveness of current 
BMPs for temperature control.  
 
This report summarizes four years of stream temperature monitoring and assessment 
within the former Morice Forest District.  The objective of the study is to assess the 
riparian reserve BMPs currently in use.  The focus of the study is to identify and assess 
cost-effective riparian buffer strategies to minimize thermal regime impacts to freshwater 
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ecosystems.  Two scales of assessment have been used to assess the riparian BMP 
options, they are: 
 

1) A synoptic overview of temperature trends across the study area and; 
2) A Before-After-Control-Impact (BACI) study of riparian reserve options applied 

at six cut-blocks. 
 
Also included is an Adaptive Management trial of the use of data logger housings for 
water temperature data collection.  This trial is designed to assess the benefit of using 
PVC housings to isolate temperature sensors from the influences of solar warming and 
spatial temperature variations.  Results of this study are found in Appendix IV. 
 
 
2.0 BACKGROUND 

This section is a discussion of the fundamental mechanisms of stream temperature 
regimes, temperature monitoring and the types of operational impacts that BMPs are 
designed to avoid. 
 
Stream temperature has been the topic of many laboratory and field studies in recent 
years due to the growing awareness of how forest harvesting can produce adverse water 
temperature effects (Macdonald and others, 2003, Blann and others, 2002).  Effects range 
from subtle changes in thermal parameters with little or no net ecological effect to 
dramatic changes in stream thermal regimes with major ecological consequences.  These 
studies have described the mechanisms of heat transfer in stream systems and have 
focused on the retention of riparian vegetation to maintain stream shade.  This study aims 
to build on that knowledge and extend what has been learned to the stream types found in 
the former Morice Forest District.  The goal is to provide operational options for forest 
managers that go beyond the retention of fixed width riparian buffers. 
 
It is generally acknowledged that most S3 and larger streams receive adequate protection 
from thermal impacts under the current management system of riparian reserves (Feller, 
1981, Chatwin, and others, 2001).  Lower order streams (S4 and S6) have no mandated 
riparian reserves and generally receive one of a wide range of prescriptions depending on 
geographic considerations and the value of riparian wood.  The management issue of 
concern here is the protection afforded these headwater streams and the BMP options for 
water temperature control. 
 
Water temperature has a complex set of ecological effects and interactions (Poole and 
Berman, 2000).  The fundamental ecological influence of water temperature is as a 
regulator of biological metabolism and activity.  In general, as water temperatures 
increase biological growth and metabolism increases.  While this may seem like a net 
benefit the results are often adverse.  Adverse effects occur when temperature increases 
accelerate the metabolism of microbes that infect species of interest, like salmon.  This 
accelerates the course of diseases that prey on fish and will increase migration mortality 
rates.  The timing of adult migration, juvenile emergence and out-migration are also 
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strongly influenced by the thermal characteristics of their habitats.  Where fish are 
migrating long distances to spawning grounds this added level of stress and mortality can 
have serious consequences for the survival and economic value of those stocks.  Shifts in 
stream thermal regimes have the potential to alter fish species assemblages by creating 
habitat conditions that favour a more thermally tolerant species.  There are a wide variety 
of lethal and sub-lethal effects related to salmonids and temperature.  For a 
comprehensive review of the effects of temperature on fish see McCullough (1999). 
 
 

2.1 Stream Temperature Processes 

A review of stream temperature physical processes is included in this section to frame 
subsequent discussion. 
 
Surface water warms and cools in response to the available heat energy of its 
environment.  A predictable temperature trend appears as solar energy causes stream 
temperatures to rise and fall in a daily pattern.  Figure 1 (below) is a typical daily average 
thermograph for site 7A. 
 

Daily Average Temperature: August 2003, Site 7A
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Figure 1: A Typical Daily Average Thermograph. 
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A number of factors combine to produce this average daily thermal pattern.  Chief among 
them is the interception of solar energy by the streambed and the conversion to heat that 
is then transferred to the water column.  Since water is transparent, most solar energy 
absorption actually occurs at the bed and is then conductively (passed particle to particle) 
and convectively (warm water rising from the bed) transferred to the water column (Ice, 
2001).  The solar heating effect is obvious because the daily curve of water temperature 
coincides well with the daily pattern of available solar energy.  Other, less obvious, 
factors produce variations in daily thermographs such as higher average temperatures, 
higher daily fluctuations and other thermal variations that are not explained by changes in 
daily solar energy.  These site level influences produce a range of thermal regimes across 
the landscape.  Typical site factors affecting stream temperatures are: 
 
• Stream shade:  Shade is a major regulator of how much direct and scattered solar 

energy reaches stream surfaces.  Reductions in shade are known to alter thermal 
regimes by increasing daily stream temperature fluctuations, average temperatures 
and other effects.  Natural variations in canopy density regulate the amount of solar 
energy that reaches stream surfaces. 

 
• Groundwater inflow:  Groundwater inflow can have a major influence on stream 

thermal regimes.  Its influence is related to the ability to dilute heat inputs and reduce 
temperature fluctuations.  Upwelling groundwater tends to have a very stable 
temperature range near the average annual air temperature.  Groundwater is shielded 
from direct solar radiation by layers of insulating vegetation, soil, and surficial 
material and thus has very little daily temperature variation. 

 
• Air to water heat exchange:  Streams also exchange heat with the air overlying the 

stream surface.  This is generally a weaker mode of heat exchange than solar 
insolation but it becomes significant when temperature differences (thermal 
gradients) between air and water are large.  Forested sites tend to have cooler air 
temperatures resulting in reduced thermal gradients and less heat exchange.  
Evaporation from and condensation to water surfaces is another air / water exchange 
process that influences stream temperatures. 

 
• Hyporheic exchange:  The hyporheic zone of a stream is the porous area of 

streambed where stream water and ground water mix (Grimm, 1996).  Downwelling 
stream water flows into the bed and upwelling water flows out of the bed in a 
complex pattern of exchange.  Hyporheic exchange tends to moderate temperature 
fluctuations with the effect being greater when the volume of hyporheic water is 
large. 

 
• Interflow:  Interflow is the lateral and vertical movement of water through the soil. 

Cool interflow moves laterally into streams and provides another source of heat 
dilution.  The effect of interflow varies depending on its discharge and temperature 
relative to the discharge and temperature of the receiving stream. 
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The end result of these heat exchange processes is the thermal regime of the stream 
system.  Alterations to these factors will produce alterations in thermal regime.  Figure 2 
(below) is a diagram of the fundamental processes of heat exchange. 
 

 
 
Figure 2: Diagram of the Fundamental Processes of Heat Exchange. 

 
 

2.2 Thermal Regimes 

A thermal regime is a description of the net effect of the pathways of energy exchange for 
a specific stream.  This means it describes the spatial and temporal aspects of stream 
temperature.  The thermal regime of a stream reach is the net effect of stream shade, 
channel shape, groundwater influence, interflow, air to water heat exchange and other 
factors.  The net effect is seen in the thermal character of aquatic habitats within that 
stream and the thermal water quality supplied to downstream reaches.   So a thermal 
regime describes the thermal habitats of an area, the daily and annual fluctuations of 
habitat and the daily and annual fluctuations of water supplied to downstream.   
 
While not a simple concept it is useful because it defines the goal of Best Management 
Practices for stream temperature control that is to avoid adverse changes to thermal 
regimes of streams.  To achieve this goal it is necessary to define the parameters we want 
to use to estimate thermal regimes and changes to thermal regimes.  This requires 
knowledge of the processes of heat exchange (described above in section 2.1) and of the 
ways that forestry and other land uses can affect heat exchange and any thermal regime 
shifts that result. 
 
 

 5



Freshwater Resources 
_______________________________________________________________________  

2.3 Measures of Thermal Regime 

The quality of the measures used to define a thermal regime and regime change will 
largely determine the success of Best Management Practices.  Measures that accurately 
describe stream conditions and that can be related back to the fundamental mechanisms 
of heat exchange are preferred.  No single measure could possibly describe all aspects of 
the thermal regime of a stream but individual measures can be used to describe 
biologically important characteristics.  The measures that are used in this study are 
described below. 
 
 

2.3.1 Average Temperatures 

Average temperatures are commonly used measures of thermal regime.  Many different 
averages can be used to describe site conditions.  Average annual temperature is not often 
used to describe thermal regimes because it averages out important seasonal and daily 
temperature fluctuations.  More often, average temperatures are specified for a period of 
interest or event.  Daily average temperature for one of the study sites is included below 
(Figure 3).  This average temperature plot includes data from August of 2003.  The 
resulting thermograph is a useful measure of mean temperature for the critical late 
summer period.  Thirty days of data are used making it a more stable measure of daily 
thermal fluctuation than a shorter duration dataset. 
 

Daily Average Temperature: Site 7A, August 2003
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Figure 3: Average Daily Thermograph for Site 7A During August of 2003. 
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2.3.2 Maximum Weekly Maximum Temperature (MWMT) 

Maximum Weekly Maximum Temperature is the average of the highest temperatures for 
the warmest 7 consecutive days of the year.  This is an extreme event analysis tool that 
describes conditions during the thermal peak of the year.  MWMT is a measure that is 
used to assess thermal impacts to fish because it looks at seven consecutive days of high 
temperatures.  The biological consequences of consecutive days of elevated temperature 
are greater than single events as consecutive days of temperature stress tend to be 
additive in their effect (McCullough, 1999). 
 
 

2.3.3 Diel Flux 

Diel flux is a measure of daily temperature fluctuation and is calculated as the difference 
between the daily maximum and minimum temperatures (Figure 3).  Estimates of diel 
flux are reliable measures of how a particular reach resists changes in temperature.  
Streams that have small exposed water surfaces, such as narrow, deep channels, or 
streams that have strong groundwater inflows, will have lower diel fluxes.  Conversely, 
streams with weak groundwater influence and wide, shallow morphologies will have 
higher diel fluxes.  While the diel flux of a specific stream may increase during a 
particularly hot summer its flux relative to other hydrologically similar sites will remain 
the same as long as the environmental heat loads are equal.  This makes diel flux a good 
criteria to compare and distinguish sites of different thermal character. 
 
 

2.3.4 Reach Differentials 

Water temperature monitoring often involves deploying upstream and downstream 
temperature sensors in order to provide spatial data and to isolate thermal effects over a 
fixed distance of stream.  Data analysis of upstream / downstream temperatures can 
generate a thermal regime statistic called the reach differential.  Reach differentials are 
calculated by subtracting hourly upstream temperatures from downstream.  This is a 
diagnostic tool that describes spatial trends in thermal regime.  Negative reach 
differentials indicate the stream is in a downstream cooling mode (upstream temperatures 
exceed downstream).  Positive differentials indicate that the stream is in a downstream 
warming mode.  Average reach differentials indicate whether warming or cooling is the 
predominant thermal regime of the reach.   
 
Figure 4 (below) is a thermograph and differential plot for site 7A.  The plot shows that 
the main effect of the reach is a downstream cooling mode.  It also shows that under 
higher heat loads (the right side of the plot with higher daily peaks) the reach enters into a 
nighttime warming mode as it is forced to dilute heat inputs from upstream reaches with 
little canopy density. 
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August 2002 Thermograph: Site 505-7a
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Figure 4: Thermograph of Site 7A for August of 2002. 

The black line at the bottom of the graph is the differential line of the upstream and downstream data.  
The red line is the zero differential point where upstream and downstream temperatures are at 
equilibrium. 
 
Site differentials are useful for assessing thermal regimes because they are a spatial 
measure of how the reach responds to environmental heat inputs.  Monitoring trends in 
cooling and warming provides insight into how the balance of warming and cooling 
influences are interacting. 
 
 

2.3.5 Operational Objectives 

The operational objectives of stream temperature control BMPs are to avoid post-harvest 
alterations to thermal regimes.  The thermal regime of a stream reflects a balance between 
energy inputs (heat load) and the ability to dilute those heat inputs.  Activities that either 
increase heat load or decrease dilution can have thermal regime impacts.  This means that 
thermal regime impacts can result from loss of shade (increased heat input) or reductions 
of flow (reductions in heat dilution).  The temperature of a reach is determined by the 
heat load applied divided by the volume of flow: 
 

Water Temperature = Heat Load / Water Volume 
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The balance between heat load and water volume determines stream thermal regime.  
Any change to stream shade increases the heat load and raises water temperature.  
Conversely, any change in flow can also alter thermal regime.   
 
 
3.0 STUDIES 

There are three components to this study.  They are: 
 
• A synoptic overview of water temperatures at twelve sites across the district and an 

assessment of temperature trends; 
 
• An Adaptive Management study of riparian buffer options for stream temperature 

control; 
 
• An Adaptive Management study of temperature data collection with and without 

PVC housings for temperature sensors. 
 
 
4.0 METHODS 

4.1 Data Collection 

The sites were instrumented with Vemco temperature data loggers programmed to store 
hourly temperatures.  The data loggers have an accuracy of 0.1 ˚C.  Each site was 
instrumented with an upstream and downstream temperature logger spaced 200 meters 
apart.  Temperature data was collected for most of August and September.  Stream 
surveys of channel depth, width, gradient, angular canopy density and riparian vegetation 
were conducted to characterize the reaches.  Temperature data for the Adaptive 
Management study of riparian buffer options was collected in the same manner but began 
in the summer of 2000 with an initial year of pre-harvest data.  The sites were harvested 
and then two or three years of data was collected.  Temperature data for the PVC trial 
was collected by installing a second sensor at seven sites and attaching it to a rebar post 
with bailing wire. 
 
Twelve sites were instrumented for the 2003 field season and temperature data was 
collected.  These sites provide a synoptic perspective of the temperature trends of 
headwater streams across the district.   
 
Angular canopy density measurements were taken at 10-meter intervals along the channel 
using an angular canopy densiometer.  Reach estimates are averages of the measurements 
from all stations.  Canopy density (ACD) estimates range from a low of 5% at the 
ditchline site to a high of 85% at the 087, 614, and N2A sites.  Grade estimates were 
taken with a clinometer at 10-meter intervals along the channel and averaged.  Channel 
bankfull widths were measured every 10 meters along the reach and a reach average was 
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calculated.  Channel depths were measured ten meters at the approximate mean depth of 
the channel. 
 
5.0 RESULTS 

5.1 Synoptic Overview 

The study creeks are associated with three Biogeoclimatic subzones:  Sub-Boreal Spruce-
Dry, Cool Subzone (SBSdk), Sub-Boreal Spruce-Moist, Cold Subzone-Babine Variant 
(SBSmc2) and the Engelmann Spruce Subalpine Fir-Moist, Cool SubZone (ESSFmc).  
To a very minor extent, a fourth Biogeoclimatic subzone/variant occurs within the study 
area, the Engelmann Spruce Subalpine Fir-moist, very cold-Omineca Variant (ESSFmv3) 
and occurs only near the Morrison Lake area (Banner et al, 1993).   
 
A summary of physical site characteristics is included below: 
 
 

Site 
ACD* 
(%) 

Grade 
(%) 

Width 
(m) 

Depth 
(m.) W/D 

614 85 7 2.0 0.25 7.86 
Chisolm 5 2 2.0 0.28 7.05 

Peter Aleck 69 5 1.7 0.28 6.04 
238 61 4 1.7 0.29 5.63 
EGC 72 8 1.7 0.18 9.20 
EG1 12 5 1.7 0.25 6.69 
87 85 5 2.3 0.28 8.24 

N2A 85 4 1.8 0.46 3.95 
440-Control 69 1 2.0 0.48 4.19 

440-
Treatment 80 2 1.5 0.38 4.02 

7A 69 3 1.3 0.34 3.75 

 

Table 1: A summary of selected physical characteristics for the twelve study sites. 
 *Angular Canopy Density 
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5.2 Study Sites 
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Figure 5: Location of Study Sites Within the Morice Timber Supply Area. 
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N2A is located in the Morrison Lake watershed at the northwest end of the study area.  
The stream is within a large cutting permit that has been operational for at least ten years.  
The channel is weakly incised into an extensive, level, riparian area.  Bed textures are 
predominantly cobbles and gravels.  Weakly sorted glacio-fluvial sediments overlying a 
compact till dominate the geomorphic setting.  Large Woody Debris (LWD) is abundant 
and highly functional forming steps along the channel.  A wide, variable width reserve 
zone captures most of the adjacent riparian area.  The stream has a predominantly east 
facing aspect. 
 
The hydro-riparian area is represented by the SBSmc2-10 (Sxw-Horsetail) site series.  
Mountain alder and thimbleberry dominate the riparian vegetation with devil’s club 
occurring as small, scattered patches.  Rich and wet site indicators such as lady fern, 
goat’s beard, oak fern, beech fern, fringed grass of Parnassus and twisted stalk are present 
and abundant.  The hydro-riparian area has abundant ponded and marshy ground.  
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505(545)_2A_Morrison 
 
EcoProvince EcoRegion EcoSection 
Sub-boreal Interior Fraser Basin Babine Upland 
 
Elevation:  849-877 m 
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This site is approximately 1 kilometer north east of site 7A and sits parallel to site N2A.  
The channel is seated in a “U” shaped depression set approximately 4 meters below the 
surrounding terrain.  The channel form is meandering with abundant LWD forming steps 
along the channel profile.  Soil pits reveal a layered subsurface stratigraphy of organics 
over sorted glacio-fluvial material composed of fines and cobbles.  Bed texture is 
predominantly cobble that is well embedded with fines making a very stable bed 
structure.  The reach was harvested leaving a solar angle reserve that is approximately 30 
meters wide on the south side and five meters on the north side.  The stream has an east 
facing aspect 

 

The hydro-riparian area is a narrow strip along the channel that grades into gentle side 
slopes.  The hydro-riparian zone is predominantly classified within the SBSmc2-10 site 
series and grades into the SBSmc2-06 up the side slopes.  The riparian area supports large 
spruce trees, dense shrub cover of mountain alder, twinberry, and red-osier dogwood and 
a well-developed moss and herb layer.  Devil’s club occurs sporadically and is scattered 
suggesting coarse and well-aerated subsurface conditions.  Rich and wet site indicators 
are very common such as lady fern and leafy mosses. 
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505(545)_7A_Morrison 
 
EcoProvince EcoRegion EcoSection 
Sub-boreal Interior Fraser Basin Babine Upland 
 
Elevation: 945-953 m 
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This site is in the Morrison Lake watershed north east of Babine Lake.  The stream drains 
eastward into Morrison Lake.  Glacio-fluvial forms and sediments over till dominate the 
geomorphic setting.  The site is relatively flat providing minimal topographic shading.  
Channel morphology is meandering with abundant LWD generating a step-pool structure.  
The channel is weakly incised into the glacio-fluvial materials that blanket the site.  The 
reach was harvested with minimal retention in a riparian machine free zone.   
 
The hydro-riparian area is well developed and supports a rich and diverse array of 
vegetation.  The canopy cover is open and dominated by hybrid white spruce and sub-
alpine fir.  The terrain is gentle and areas supporting the extensive SBSmc2-10 unit are 
generally less than 5% slope.  Portions of this SBSmc2-10 zone were site prepared by 
mounding. The SBSmc2-10 grades into the SBSmc2-06 unit. The silviculture 
prescription suggests that this area is transitional to the ESSFmv3 however no site 
indicators are present in the creek drainage.  Species such as salmon berry and goat’s 
beard suggest this site is still within the SBSmc2 sub-zone.  A very dense shrub layer of 
species such as mountain alder, black twinberry, salmon berry and occasionally devil’s 
club characterizes the creek.  Herb species are diverse and abundant suggesting wet and 
rich soil conditions, species such as lady fern, three-leaved foamflower, clasping twisted 
stalk, oak fern, coltsfoot, and common miterwort. Leafy mosses are common and 
abundant throughout the riparian area. 
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440_Treatment_Fulton 
 
EcoProvince EcoRegion EcoSection 
Sub-boreal Interior Fraser Basin Babine Upland 
 
Elevation: 958 – 952 m 
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This site is in the Fulton Lake watershed and drains into the lake from the north.  The 
channel is moderately constrained in a minor channel depression.  Bed textures are 
predominantly embedded cobble with fines and organics in lower velocity areas.  
Channel morphology is wandering, riffle pool with LWD forming numerous steps along 
the profile.  The geomorphic setting is glacio-fluvial sediment over till.  The stream 
aspect is predominantly south.  The surrounding area was harvested with a 20-meter 
reserve zone that has little blowdown. 
 
The hydro-riparian area is a relatively narrow, uniform band along both sides of the 
channel.  The SBSmc2-10 is well developed and gradually grades into the SBSmc2-06 
that is also well developed along lower slope positions before gradually grading into the 
drier zonal sites that tend to occur on slopes greater than 10%.  The dense shrub layer and 
well-developed herb and moss layer are common throughout and indicative of an open 
canopy dominated by hybrid white spruce.    
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440_Control_Fulton 
 
EcoProvince EcoRegion EcoSection 
Sub-boreal Interior Fraser Basin Babine Upland 
 
Elevation: 972 – 965 m. 
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This site originates in an extensive open water wetland and is tributary to Fulton Lake.  
The channel is set in a “U” shaped depression approximately 4 meters below the 
surrounding terrain.  LWD is abundant and forms steps and pools along the channel.  The 
adjacent forest has not been harvested.  The bed of the channel is predominantly 
embedded cobbles with lower velocity areas storing organics and fine sediment.  The 
channel aspect is predominantly south. 
 
The hydro-riparian area is a complex of SBSmc2-10 and SBSmc2-06.  The SBSmc2-10 
is confined to a narrow corridor directly adjacent to the creek not extending for more than 
approximately 1 m on either side of the creek.  The limited area of level fluvial terrain 
quickly increases to 5% slope where the 10 site series grades into the 06 unit.  The 06 unit 
is distinguished from the 10 site by the abundance of feather mosses as apposed to leafy 
mosses, less herb diversity and more oak fern.  The adjacent riparian area is moist but not 
wet.  Species such as Spirea are present suggesting cold and wet soils and an open or 
patchy canopy cover.  In some areas the hydro-riparian disappears and steep side slopes 
produce zonal ecosystems directly to the creek.   
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614_Jody Creek 
 
EcoProvince EcoRegion EcoSection 
Central Interior Fraser Plateau Nechako Upland 
 
Elevation: 927 – 909 m. 
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This site is on Jody Creek located approximately 600 m upstream from the Thautil River 
with a west aspect.  The stream section is characterized by steep sidewalls with a narrow 
riparian zone adjacent to the creek.  Side slopes are steep ranging from 30 to 60% on 
south facing slopes and 40 to 70% on north facing slopes.  Site 614 is an entrenched,  
meandering, gravel bed stream draining the mountainous terrain on the east side of the 
Thautil watershed.  The channel is topographically shaded as it is set in a deep gully.  The 
geomorphic setting is mostly till over bedrock.  Bed sediments are gravels and cobbles.  
LWD is abundant with regularly spaced, well-embedded pieces forming a step pool 
morphology. 
 
The hydro-riparian zone is a narrow (approx. 4 m) zone of moist forest represented by the 
SBSmc2-06 Sxw-Oakfern site series.  The 06 unit occurs on the lower slope positions of 
where seepage is present and ground water is available within the rooting zone.  This unit 
abruptly changes to the drier 01 unit when the slope becomes greater than 10% and 
seepage has less influence.  At some locations below the 06, a very narrow, less than 1 m, 
10 site series occurs however this unit is sporadic and poorly developed at best and only 
occurs on level ground adjacent to the creek.  The creek canopy is open and patchy.  
Shrubs such as mountain alder and black twinberry are common under canopy gaps while 
herbs and mosses are better developed when the shrub cover declines and the canopy 
cover increases.  
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The riparian area is dominated by large white spruce and sub-alpine fir with lodgepole 
pine on drier ground further up hill.  The creek has a very narrow level fluvial deposit 
that is characterized by a poorly developed 10 site unit and does not extend further than 
about 1 m on either side of the creek proper.  This unit grades into the 06 which extends 
for approximately 4 m on either side and then grades abruptly to the 01 when the slope 
increases to greater than about 15%.   
 
 
Chisholm Ditch 
 
EcoProvince EcoRegion EcoSection 
Central Interior Fraser Plateau Bulkley Basin 
 
Elevation: 764 – 738 m. 
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This site is a ditchline tributary to the Morice River.  Flow is perennial due to a road 
crossing diversion and beaver dam at the upstream end of the reach.  Bed textures are 
predominantly gravel with a minor amount of cobble.  The site is mostly un-shaded along 
the course of the ditch. 
 
The hydro-riparian area along the ditch line has been heavily disturbed by the Old 
Chisolm road.  Canopy cover is entirely removed and the creek has been diverted from 
one blocked culvert to another culvert further up the road.  The early seral stage of the 
plant communities makes Biogeoclimatic zone classification difficult but judging from 
the topography and adjacent forest this site is zonal.  Adjacent to the original location of 
the creek the level topography would suggest an Sxw-horsetail (SBSmc2-10) hydro-
riparian site series.  The aspect of the creek is west. 
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238_Whitesail 
 
EcoProvince EcoRegion EcoSection 
Central Interior Fraser Plateau Nechako Upland 
 
Elevation: 901 – 890 m. 
 
Site 238 drains moderately sloping terrain at the base of the Whitesail Range in the 
extreme south of the former Morice forest District.  The creek discharges to the northeast 
end of Whitesail Lake.   The geomorphic setting consists of layers of glacio-fluvial 
sediment overlying fractured bedrock.  The channel goes subsurface at several locations 
where subsurface porosity draws down the surface water.  The highly porous geomorphic 
setting is assumed to indicate the presence of a shallow subsurface aquifer confined 
above the basement bedrock.  The channel is laterally confined on steeper sections and 
unconfined on more moderately sloped or nearly level sections.  Bed sediments are 
coarse textured cobble and gravel in steeper reaches and sand, silt and organics on the 
more level terrain.  LWD is abundant along the reach with numerous highly stable and 
embedded pieces contributing to the step/pool morphology. 
 

The hydro-riparian zone is characterized by a dense shrub cover under an open canopy 
and represented primarily by the SBSmc2-06 (Sxw-Oakfern) site unit and minor amounts 
of 10 site series.  Sporadic and poorly developed sections of SBSmc2-09 (Sxw-Devil’s 
Club) are present.  Blowdown is abundant resulting in large organic debris in and 
spanning the channel.   Indicator plants such as arrow leaved groundsel which represents 
moist and rich soil conditions and Sitka burnet, which is very common at this site, 
suggest cold climatic conditions, cold air ponding and/or cold air associated with higher 
elevations.  At one point where mountain alder becomes very dense and other species 
such as thimbleberry and black twinberry are common, the surface expression of water 
disappears and flows underground for approximately 20 m.   
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176_Peter Aleck Creek 
 
EcoProvince EcoRegion EcoSection 
Central Interior Fraser Plateau Nechako Upland 
 
Elevation: 988 – 969 m. 
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Peter Aleck creek is tributary to Nadina River.  The creek drains the upland of Poplar 
Mountain.  The site was clear-cut without reserve in 1981.  Glacio-fluvial materials 
dominate the geomorphic setting.  The reach is above a major slope break and flows 
across an alluvial / debris flow fan.  Bed textures are gravel and cobbles with fines in 
lower velocity areas.  Channel form is step-pool / meandering.  The channel has signs of 
disturbance indicated by a LWD deficit and degrading channel steps. 
 
The hydro-riparian zone is dominated by planted lodgepole pine and hybrid white spruce 
less than 10 m tall.  The creek is shallow and the hydro-riparian zone is well developed 
and extensive extending for 20 m on either side of the bank.  The site series most 
predominant is the SBSmc2-10 due to the level terrain and wet soil condition.  Species 
such as glow moss and liverworts, which are characteristic of wet soil and high water 
table, are common.  Wet site indicators include Black twinberry and horsetails.   
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087(075)_Nadina 
 
EcoProvince EcoRegion EcoSection 
Central Interior Fraser Plateau Nechako Upland 
 
Elevation: 942 – 925 m. 
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This site is in the Nadina watershed and drains into the Nadina River approximately 10 
kilometers above Francois Lake.  Glacio-fluvial sediments dominate the geomorphic 
setting.  Soil pits at the site revealed a sandy riparian subsurface with an aquifer water 
surface at approximately 1.5 meters below the surface.  Bed sediments are a combination 
of cobbles and gravels.  The channel is shallow and weakly incised into the riparian area.  
The site was harvested in 2001 with a 30 meter fixed width reserve.  Channel aspect is 
east but there is considerable topographic shade to the south. 
 
The hydro-riparian zone at this site is an extensive dense shrub and herb thicket that is 
characterized by the SBSmc2-09 (Sxw-Devil’s Club) site series.  This unit is very well 
developed and extends from the creek throughout the reserve zone.  Devil’s club is 
typically associated with well aerated, seepage water and moist/rich soil conditions.   
Sporadic patches of SBSmc2-06 are present as indicated by significant patches of oak 
fern but these sites are not common. The tree canopy is patchy and open.  Tall mountain 
alder shrubs tower over the dense thicket of devil’s club and red elderberry.  Herbs such 
as horsetails and goat’s beard are common as are leafy mosses and liverworts.   Goat’s 
beard is indicative of high levels of soil nitrogen availability and prefers fresh to moist 
sites. 
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East Gates 1-Treatment 
 
EcoProvince EcoRegion EcoSection 
Central Interior Fraser Plateau Nechako Upland 
 
Elevation:  1114 - 1087 m. 
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This site is in the Gates Creek watershed two kilometers north of the East Gates Control 
site.  The channel is weakly incised into the surrounding terrain.  Bed sediment is mostly 
gravel and cobble with fines and organics in the backwater areas.  A surface layer of 
poorly sorted glacio-fluvial material over till characterizes the geomorphic setting.  LWD 
is present in the channel but is largely non-functional due to channel disturbance from 
harvesting.  The site was harvested without reserve.  Channel aspect is east. 
 
This site occurs within a transitional Biogeoclimatic area and has been classified in the 
field as ESSFmc due to indicators such as false azalea and five-leaved bramble that were 
found on zonal sites.  However according to the PEM these sites are classified as 
SBSmc2.  Wet ecosystems occur as a narrow unit along both sides of the creek and 
gradually grade into the zonal 01 site.  It is suspected that coarse soils play a significant 
role as suggested by the flat and sandy creek bottom.  Very little shrub cover is present 
other than the occasional willow and mountain alder.  The dominant vegetation is 
bluejoint reedgrass that is tolerant of low soil temperatures, flooding and saturated soils, 
fireweed, Sitka burnet, oak fern, and horsetails.  Sphagnum and glow mosses are evident 
as well but not abundant.   
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East Gates Control 
 
EcoProvince EcoRegion EcoSection 
Central Interior Fraser Plateau Nechako Upland 
 
Elevation:  1117 - 1103 m 
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This site is located in the Gates Creek watershed tributary to the Nadina River.  The 
upstream portion of the channel is weakly incised into the moderately sloping terrain.  
Nearer to the bottom end of the site the channel becomes more incised and takes on a 
meandering habit.  Bed sediment is mostly gravel and cobbles.  The geomorphic setting is 
predominantly coarse textured glacio-fluvial.  LWD is abundant forming steps along the 
channel. Channel aspect is north. 
 
This site is an extensive wet forested high elevation ecosystem classified as the ESSFmc-
10 (Bl-Horsetail-Leafy Moss).  A variety of very moist and wet site indicators are present 
such as oak fern, horsetails, foamflower, five leaved bramble, lady fern, leafy mosses and 
sphagnum moss.  The terrain is hummocky with ESSFmc-01 occurring on hummocks, 
ESSFmc-06 on lower slopes and ESSFmc-10 on level sites and adjacent to creek.  Bank 
depth is very shallow and in some cases the creek disappears underground.  Extensive 
mats of sphagnum moss indicate the hydro-riparian zone is inundated by a high water 
table near or at the surface.  
 
 

 23



Freshwater Resources 
_______________________________________________________________________  

5.3 Thermal regimes 
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Figure 6: Mean and Maximum Temperature. 

 
Mean temperatures fall within the range of 6 to 11 degrees.  Mean temperatures are 
arranged in ascending order from left to right.  Sites with the highest average 
temperatures tend to have the highest maximum temperatures.  Variations in site physical 
characteristics and diel fluxes results in some scatter around this trend.  At the far right of 
the chart, sites 7A, Chisolm and East Gates 1 have the highest mean temperatures and 
temperature maxima.  These sites have low canopy densities and high site disturbance 
from harvesting or roadage.  At the left side of the chart are the control and high canopy 
density sites with low mean and maximum temperatures. 
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Figure 7: Maximum Weekly Maximum Temperatures for the 12 sites. 
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The MWMT estimates range from 7.6 to 19.29 degrees.  At the top of the range are sites 
Chisolm, East Gates 1 and 7A.  MWMT estimates for 7A and East Gates 1 are likely 
underestimates as there were malfunctions with the data loggers causing them not to 
record temperatures above 20 degrees.   Data collection was delayed until mid August so 
these estimates may not represent the absolute thermal maxima for the year.  Maximum 
Weekly Maximum Temperature guidelines have been proposed by the former Ministry of 
Environment, Lands and Parks (MOE, 2001).  They propose temperature guidelines that 
specify MWMTs as follows: 
 
Species Incubation Rearing Migration Spawning 
Chinook 5 - 14 10 – 15.5 3.3 - 19 5.6 – 13.9 
Coho 4 - 13 9 - 16 7.2 - 15.6 4.4 – 12.8 
Sockeye 4 - 13 10 - 15 7.2 – 15.6 10.6 – 12.8 
Rainbow trout 10 - 12 16 - 18  10 – 15.5 
Bull trout 2 - 6 6 - 14  5 – 9 
Lake trout 5 6 - 17  10 
 
Table 2: A summary of proposed temperature guidelines for water temperature. 

 
A comparison of the proposed guidelines with MWMT estimates indicates several sites 
that exceed the proposed guidelines.  The Chisolm, East Gates 1 and 7A sites had the 
highest exceedances with the 7A site exceeding all of the guidelines for all of the species.  
These results need to be taken with caution as streams tend to warm in the downstream 
direction and all of these sites are headwater streams.  Cumulative downstream warming 
may result in a higher degree of temperature exceedance at habitats located further 
downstream. 

Mean and Maximum Diel Flux

0.00
2.00
4.00
6.00
8.00

10.00
12.00
14.00
16.00

EGC 87 61
4

N2A

44
0 C

ontro
l 2A

44
0 T

re
atm

ent
23

8

Peter A
leck 7A

Chiso
lm

East 
Gates 1

D
eg

re
es

 C
el

si
us

Mean Diel flux Max Diel Flux
 

 
Figure 8: Mean and Maximum Diel Flux. 
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Diel flux estimates (Figure 8 above) indicate elevated diel flux values for the 7A, 
Chisolm and East Gates 1 sites.  Diel flux estimates at site 7A are likely an under 
estimate as there was a data logger malfunction.  At the low end of the scale are the sites 
with the highest canopy densities.  Mean diel fluxes range from a low of 0.5 to a high of 
15 degrees per day.  Proposed guidelines for temperature fluctuation (MOE, 2001) 
suggest that the rate of temperature change should not exceed 1 degree per hour.  This 
puts the cutoff for diel flux exceedance at 12 degrees in order to account for temperature 
change on the ascending and descending limbs of the thermograph.  Sites 7A exceeds this 
level and East Gates 1 likely exceeds this threshold were it not for the data logger 
malfunctions. 
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Figure 9: Mean Differentials. 

Mean differential is a measure of the difference between upstream and downstream 
temperature values.  Sites with negative mean values predominantly warm in the 
downstream direction.  Positive differentials indicate that the predominant reach level 
trend is downstream cooling.  Most of the sites will spend periods of time in cooling or 
warming mode. Mean differentials represent a summation of those periods into a single 
measure.  Higher differential values indicate strong downstream cooling and very low 
values indicate strong downstream warming trends.  Site 7A has a very high mean 
differential value relative to the other sites.  This likely reflects the high heat load applied 
to the largely un-shaded reach and the strong groundwater / soil water influence.  Peter 
Aleck creek also cools in the downstream direction but the trend is weaker.  The Peter 
Aleck site is located on a fan and the downstream cooling trend indicates strong 
groundwater influence that exceeds environmental heat inputs.  East Gates Control has a 
strong downstream warming trend likely resulting from the low average temperature of 
water entering the reach.  The low average temperature flow at the site means that there is 
a strong temperature gradient between the flow in the channel and the surrounding air.  
Heat transfer between water and air is greatest when the temperature gradient between the 
two is large. 
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5.4 An Adaptive Management Study of Riparian Buffer Options for 
Stream Temperature Control 

 
Six of the study sites have pre-harvest and post-harvest temperature records.  The 
following is a summary of the comparisons of these sites by key thermal criteria.  The 
treatments applied to the sites are listed below: 
 

Site Treatment Years of record pre/post Location 
238 Variable width 1/3 Whitesail 
614 30 meters 1/3 Chisolm 
087 30 meters 1/3 Nadina 
7A 0 meters 1/3 Morrison 
2A 12:00 sun angles 1/3 Morrison 
N2A Variable width – high 

retention 
1/3 Morrison 

 
Table 3: A summary of treatments and datasets for the Adaptive Management Trials. 

 
These case studies are designed to examine the relative temperature control benefits of a 
range of treatments.  The treatments are operational options including 30-meter riparian 
reserves, variable width reserves and no reserve.  Temperature monitoring began in 2000 
and continued through the summer of 2003.  The temperature records were compared 
based on a number of thermal measures.  Those measures are: 
 

1) Mean August temperature, 
2) Diel flux, 
3) Maximum weekly mean temperature, 
4) Canopy density. 

 
The sites are compared using temperature data for the critical late summer period from 
August 1 to September 15.  This period is used because it is generally the temperature 
peak of the year and it corresponds to the critical migration and spawning period for 
many salmonid species.  The high heat load and low discharge of streams at this time of 
year tends to highlight the thermal differences between the sites. 
 
The case study reaches were selected from across the former Morice Forest District and 
represent a range of landscape settings and reach types.  The selected study sites are all 
classified as S4 or S6 streams.  The following table is a summary of selected data for 
each of the sites: 
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Site Pre-
harvest 
Canopy 
density 
(%) 

Post-
harvest 
canopy 
density 
(%) 

Change 
in 
Canopy 
Density 
(%) 

Bankfull 
width (m)

Width 
to 
depth 
ratio 
(m/m) 

Reach 
gradient 
(%) 

Elevation 
(m) 

238 74 61 13 1.7 5.6 4 901 
614 89 85 4 2.0 7.9 7 909 
087 93 85 8 2.3 8.2 5 942 
7A 88 69 19 1.3 3.8 3 953 
2A 87 82 5 2.2 6.7 4 877 
N2A 89 85 4 1.8 4.0 4 869 
 
Table 4: Key physical site characteristics of the study reaches. 

 
 
6.0 ANALYSIS 

Hourly temperature records for August of all available years were assembled and reduced 
to a series of diel flux and daily average temperature readings.  These datasets were then 
analyzed in a one way Analysis of Variance (ANOVA) to determine if significant 
differences exist between years for each response variables (diel flux and daily average 
temperature). 
 
 

6.1 Daily Average Temperature 

Table 5 (below) is a summary of the Anova results for daily average temperature.  
Significant differences in mean daily temperatures were found at three of the six 
treatments.  Of the treatments with significant differences in average daily temperature, 
sites 238 and 7A have the strongest statistical significance (p-values less than 1%).  Site 
087 showed a statistical difference in daily average temperature but the significance was 
lower (p-value of 3%).   
 

Site df* F Fcrit p Significance 
238 2 / 111 30.17 3.08 0.00 Yes 
087 2 / 72 3.73 3.12 0.03 Yes 
7A 3 / 144 21.37 2.67 0.00 Yes 
N2A 3 / 136 1.18 2.67 0.32 No 
2A 2 / 135 1.26 3.06 0.29 No 
614 3 / 148 2.51 2.67 0.06 No 

 
Table 5: Summary of the Anova analysis of pre-harvest and post-harvest daily 

average temperatures for August. 
* Degrees of Freedom. 
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Table 6 is a summary of the average daily August temperatures for the study reaches. 
 

Average Daily 
Temperatures 
(August) 

Pre-harvest Post-harvest   

Site 2000 2001 2002 2003 
238-6 7.32 7.39 8.28 N/A* 
087 6.98 6.47 7.52 N/A* 
7A 7.04 8.94 8.69 10.72 
N2A 7.59 8.12 7.76 8.07 
2A 8.1 8.23 7.77 N/A* 
614 7.33 7.19 7.48 7.99 

 
Table 6: Summary of the average daily temperatures for August of 2000 through 

2003. 
*Data not available. 

 
Sites 238, 087 and 7A had average daily temperature increases of 0.96 ˚C (13%), 0.54 ˚C 
(8%) and 3.68 ˚C (52%) respectively.  A problem with the data logger at site 7A caused it 
to not record temperatures over 20.6 degrees and therefore the actual change in average 
daily temperature is likely greater than stated.  Increased nighttime cooling at these sites 
tends to mask the effect of daytime maximum temperatures.  Sites N2A, 2A and 614 had 
stable inter-annual average temperatures for the period of observation. 
 
 

6.2 Maximum Weekly Average Temperature 

Maximum Weekly Average Temperatures (MWAT) for the six case studies is 
summarized in Figure 10 (below).  MWAT is a measure of temperature maxima.  Few 
trends are apparent except the marked increase in MWMT at the 7A site and a weak trend 
at the 238 site. 
 

Maximum Weekly Maximum Temperature

0

5

10

15

20

25

238 87 7A N2A 2A 614

Site

De
gr

ee
s 

Ce
ls

iu
s

2000
2001
2002
2003

 
 
Figure 10: Maximum Weekly Maximum Temperature. 
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6.3 Diel Flux 

Table 7 (below) is a summary of the Anova results for diel flux comparisons.  Sites 238 
(variable width treatment), N2A (10:00 a.m. and 2:00 p.m. solar angle treatment) and 7A 
(F.P.C. treatment) each have significant differences in post-harvest diel flux. 
 

Site df* F Fcrit p Significance 
238-6 2 / 111 92.24 3.08 0.00 Yes 
087 2 / 72 1.49 3.12 0.23 No 
7A 3 / 144 25.43 2.67 0.00 Yes 
N2A 3 / 136 5.69 2.67 0.00 Yes 
2A 2 / 135 1.94 3.06 0.15 No 
614 3 / 148 1.42 2.67 0.24 No 

 
Table 7: Anova results from the diel flux comparisons. 

 
These results indicate that there are significant differences in the average daily 
temperatures and diel fluxes between pre- and post-harvest periods.  In order to assess the 
impacts to site thermal regimes we need to use the thermal regime diagnostics. 
 
Changes to average August diel flux are summarized in Table 8 (below): 
 

Average Diel flux 
(August) 

Pre-harvest Post-harvest   

Site 2000 2001 2002 2003 
238* 0.36 2.22 2.14 N/a 
087 1.03 1.05 1.21 N/a 
7A* 1.91 3.46 3.74 6.77 
N2A* 1.48 1.50 2.20 1.40 
2A 1.14 1.18 1.31 N/a 
614 1.31 1.22 1.35 1.42 

 
Table 8: Summary of Average August Diel Flux for the six case studies. 

* Indicates sites with significant differences in pre-harvest and post-harvest 
diel flux. 

 
Diel flux estimates for site 238 show a large post-harvest effect as the average diel flux 
went from 0.36 to 2.22 and 2.14 in subsequent years.  This six-fold increase in average 
diel flux is the largest diel flux increase of the six sites.  Site 7A had the next highest 
increases in average diel flux.  That site went from a pre-harvest flux of 1.91 to a 2003 
flux of 6.77 (350% increase).  Diel flux at site N2A was relatively stable through the 
period of observation except for the 2002 estimate.  Channel relocation and widening due 
to bedload influx from an upstream disturbance likely resulted in this transient increase in 
diel flux.  Diel flux at the site in 2003 returned to normal as the channel re-worked the 
sediment and partially returned to its original course. 
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The remainder of the sites (087, 2A and 614) had relatively stable diel flux trends for the 
period of observation.  Site 087 had a three-year average diel flux of 1.1 degrees Celsius 
and an average inter-annual difference of 0.2 degrees.  Site 2A had an average diel flux of 
1.21 degrees for the period of record and an average inter-annual difference of 0.08 
degrees.  Site 614 had an average four-year diel flux of 1.33 and an inter-annual 
difference of 0.31 degrees. 
 
 
7.0 SITE SUMMARIES 

7.1 Site 238 

Treatment:  Variable Width Reserve 
 
Analysis of site 238 temperature records indicates significant differences in post-harvest 
diel flux and average daily temperature.  Diel flux increased 600% post-harvest and 
average daily temperature increased 13%.  Summer and fall flow observations at a road 
cut directly above the monitoring station suggest that this site has strong flow character 
through the summer low flow period and into the fall.  Despite this strong flow character, 
sections of the stream are prone to dewatering.  This indicates the presence of a shallow 
subsurface aquifer that does not sufficiently recharge during the mid summer to generate 
surface expression of water along the entire course of the channel.  The water level within 
the aquifer tends to fluctuate up and down with increases and decreases in flow.  When 
streamflow recharge is high the aquifer reaches the surface and the channel has 
continuous water surface expression.  During periods of low streamflow recharge the 
aquifer level sits just below the surface giving the channel intermittent surface water 
expression.  The very low pre-harvest diel flux (0.36 ˚C) confirms this assertion because 
large volumes of subsurface water will tend to produce strong groundwater influence that 
will moderate daily temperature fluctuations.  Post-harvest increases in diel flux suggest 
that shade reductions over the aquifer have increased the solar warming effect there.  
Heat transfer into the aquifer causes the aquifer water to fluctuate in a more pronounced 
diurnal pattern.  The result is a large change in the character of the site thermal regime. 
 
Figure 11 (below) is a thermograph of the thermal regime change that has occurred at this 
site.  The dark blue pre-harvest line (2000) shows a very low degree of daily fluctuation 
prior to forest harvesting.  The nearly horizontal pattern of pre-harvest daily warming 
indicates the site is strongly buffered against thermal fluctuations.  Subsurface water is 
also well buffered from temperature change by the dense pre-harvest forest.  Post- harvest 
(2001, 2002) trends indicate a pattern of daily temperatures with more pronounce diurnal 
variation.  Despite moderate reductions in canopy density over the channel (13%) the 
variable width treatment failed to prevent a six-fold increase in diel flux.  The failure 
appears to result from increases in heat transfer to the shallow aquifer resulting from loss 
of shade outside of the buffered area and beyond the active channel. 
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Average Hourly Temperature: Site 238, 2000, 
2001, 2002
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Figure 11: Average Hourly Temperature at Site 238 from 2000-2002. 

 
7.2 Site 087 

Treatment:  30-meter reserve. 
 
Analysis of temperature records at site 087 indicates significant differences between pre-
and post-harvest average daily temperatures.  Diel flux remained unchanged.  The 
geomorphic setting at this site is dominated by an extensive alluvial aquifer.  The aquifer 
influences site thermal regime by providing strong groundwater influence.  Soil pits in 
the riparian area confirmed the presence of the aquifer.  Subsurface sediment texture was 
dominated by sand.  Glacio-fluvial sediments (paleo-fans) deposited at the end of the 
Fraser glaciation (approximately 9000 years before present) are abundant adjacent to this 
site (there is a gravel pit nearby).  Reworking of these sediments and winnowing of the 
sand fractions has resulted in deep deposits of sand that dominate the local subsurface 
hydrology.  The porosity of these sand beds stores large volumes of water that acts as a 
reservoir for the channel augmenting low flows and moderating temperature fluctuations.  
The effect is a site with relatively stable temperatures (average diel flux of 1.1 ˚C) and 
strong annual flow character. 
 
Figure 12 (below) is a summary of the average daily temperature trends for the period of 
observation.  The most striking feature of the plot is the similarity in the annual average 
temperatures trends.  The parallel orientation of the thermographs indicates that thermal 
regime impacts to diel flux have not occurred under this treatment.  Average annual 
temperature differences were significant but were above and below the pre-harvest mean.  
Natural inter-annual temperature fluctuation likely explains part of the variation in 
average temperature trends but the possibility of operational effects cannot be discounted.  
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 Average Hourly Temperature: Site 087, 2000, 
2001 and 2002
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Figure 12: Average Hourly Temperature at Site 087 from 2000-2002. 

 
 

7.3 Site 7A 

Treatment:  FPC 
 
Site 7A has significant differences in pre- and post harvest diel flux and average daily 
temperatures.  Diel flux increased nearly two fold (188% increase from pre-harvest) 
following harvesting and reached a 250% increase following site preparation.  Average 
daily temperature went from 7.04 ˚C pre-harvest to 8.82 ˚C following harvesting.  Site 
preparation was followed by average temperature increase to 10.72 ˚C, a 52% increase 
over pre-harvest temperatures.  Glacio-fluvial forms and sediments dominate the 
geomorphic setting at this site.  Poorly sorted fluvial sediment blankets most of the site 
with a hardpan of till under that.  The site has strong soil water influence due to water 
stored in the upper stratigraphic layer of the soil.  The hardpan layer restricts downward 
percolation of soil water resulting in high water contents within the upper layer.  
Abundant soil water on both sides of the channel appears to be hydrologically coupled 
with flow in the channel.  The flow regime is strong through the summer owing to large 
amounts of soil water and a source area of forested snowpack that persists late into the 
summer.  The study reach is minimally incised into the gently sloping terrain and has a 
minimum of topographic shading.  Wet site indicators are abundant for a considerable 
distance on both sides of the channel.  The site was clearcut harvested and site prepared 
by mounding.  Site preparation was conducted the second winter post-harvest. 
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 Average Hourly Temperature: Site 7A, 2000, 2001, 
2002, 2003
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Figure 13: Average Hourly Temperature at Site 7A from 2000-2003. 

 
Average annual temperature trends reflect site hydrology and management history.  The 
dark blue 2000 pre-harvest trend line has a weakly diurnal pattern.  As harvesting 
proceeded in 2001 and 2002 the trend lines show a pattern of increases in both diel flux 
and average daily temperature.  The 2003 trendline shows the influence of site 
preparation with a marked rise in diel flux and average temperature.  Thermal regime 
impacts were the most severe at this site due to the high degree of hydrologic coupling 
between the extensive wet forested ecosystems on both sides of the channel.  Soil water, 
while well buffered in the pre-harvest condition, becomes highly exposed post-harvest.  
Increased exposure results in a large increase in heat transfer to shallow soil water that 
then transfers to the stream resulting in thermal regime impacts.  Site preparation appears 
to have a major effect on thermal regime as the strongest impacts occurred following site 
mounding.  Mounding has the effect of increasing heat transfer by increasing the degree 
of exposure and possibly by increasing soil flow rates. 
 
 

7.4 Site N2A 

Treatment:  Variable width 
 
This site has significant differences between pre- and post harvest diel flux.  Diel flux 
impacts were limited to a single year (2002) and appear to be related to channel 
disturbance at the top end of the site.  Channel aggradation at the top end of the site 
caused the channel to leave its course and assume a more exposed morphology.  The 
increased exposure is seen as an increase in diel flux for 2002.  Subsequent re-working of 
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this sediment caused the channel to return to its previous course.  This seems to have 
reduced diel flux estimates to pre-disturbance levels. 
 
The geomorphic setting at this site is very similar to site 7A with glacio-fluvial sediments 
overlying a till hardpan.  This arrangement of materials results in high levels of soil water 
and associated wet ecosystems.  The channel is weakly incised and is hydrologically 
coupled with adjacent wet ecosystems in much the same pattern as site 7A.  The 
treatment applied here was a variable width reserve that appears to capture most of the 
adjacent hydrologically coupled ecosystems.  The results of this treatment reveal no 
detectable thermal regime impacts to average temperature and minimal impacts to diel 
flux. 
 

Average Hourly Temperature: Site N2A, 2000, 
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Figure 14: Average Hourly Temperature at Site N2A from 2000-2003. 

 
The average hourly thermograph indicates strong similarities in diel flux across the 
period of observation.  The 2002 trend line shows a moderate (statistically significant) 
increase in diel flux that abates by 2003.  Average hourly temperature appears relatively 
stable between years with the vertical difference of the trendlines representing inter-
annual variation in heat load.  The treatment at this site effectively avoided persistent 
thermal regime impacts by managing to maintain shade over the hydrologically coupled 
adjacent wet ecosystems. 
 
 

7.5 Site 2A 

Treatment: 12:00 solar angle layout 
 
Site 2A had no significant differences in diel flux or average temperature.  The solar 
angle layout at this site resulted in minimal post-harvest canopy density reduction (5%).  
The majority of the reserve zone falls on the south side (approximately 30 meters) of the 
channel with approximately a five meter fixed width reserve on the north side.  The 
geomorphic setting here differs from the other sites in this block (N2A and 7A) in the 
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degree of channel incision.  The channel is incised approximately 4 meters below the 
surrounding terrain.  The incision appears to be a glacio-fluvial paleo-channel based on 
the size of the incised area relative to the size of the current channel.  Modern channels 
that occupy larger paleo-channels are referred to as underfit channels, as they are not 
large enough to have eroded the larger scale feature they are entrenched into.  Soil pits 
along the reach indicate that the stream has downcut to a hardpan stony layer that has 
strong groundwater output.  The result is a site with moderate topographic shading, is not 
coupled with adjacent wet ecosystems, and has strong groundwater influence.  The 
thermal regime reflects these factors with stable average temperatures and diel flux. 
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Figure 15: Average Hourly Temperature at Site 2A from 2000-2002. 

The thermograph shows strong diel flux similarities between the years of observation, as 
the trend lines are parallel.  A post-harvest reduction in average temperature in 2002 
suggests that natural inter-annual variation in average temperature is in the order of 1 ˚C. 
 
 

7.6 Site 614 

Site 614 is an entrenched stream located approximately 600 m upstream from the Thautil 
River.   The predominant aspect is west.  The study reach is characterized by steep 
sidewalls resulting in a narrow riparian zone adjacent to the creek.   The channel is a 
gravel bed step-pool with regular highly functional Large Woody Debris (LWD) pieces 
forming steps along the profile. 
 
Figure 16 (below) is a four-year thermograph for the site.  The site was harvested in 2001 
with no detectable impacts to thermal regime.  The tight grouping of successive years is 
characteristic of upland streams with snowpack source areas.  This site was harvested 
with a 30-meter reserve zone.  The site is highly incised providing strong topographic 
shading, low wind velocities and weak hydrologic coupling to surrounding terrain. 
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Average Hourly Temperature: Site 614, 2000, 
2001, 2002, 2003
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Figure 16: Average Hourly Temperatures at Site 614 from 2000 to 2003. 

 
The hydro-riparian zone is a narrow (approx. 4 m) zone of moist forest represented by the 
SBSmc2-06 Sxw-Oakfern site series.  The 06 unit occurs on the lower slope positions of 
the creek drainage where seepage is present and ground water is available within the 
rooting zone.  This unit changes abruptly to the drier 01 unit when the slope becomes 
greater than 10% and seepage has less influence.  At some locations, below the 06, a very 
narrow, less than 1 m wide 10 site series occurs. This unit is sporadic and poorly 
developed at best and only occurs on level ground adjacent to the creek.  The creek 
canopy is open and patchy.  Shrubs such as mountain alder and black twinberry are 
common under canopy gaps while herbs and mosses are better developed when the shrub 
cover declines and the canopy cover increases.  
 
The riparian area is dominated by large white spruce and subalpine fir with lodgepole 
pine further upslope.  The creek has a very narrow level fluvial deposit that is 
characterized by a poorly developed 10 site unit and does not extend further than about 1 
m on either side of the creek proper.  This unit grades into the 06 which extends for 
approximately 4 m on either side and then grades abruptly to the 01 when the slope 
increases to greater than about 15%.   
 
For the majority of the study creek site, the zonal unit is best developed on the north 
facing or cool aspect slope of the creek gully with hypersteep ecosystems developing on 
slopes in the range of 60 to 70%.  These hypersteep ecosystems are recognized by a 
poorly developed shrub and herb layer but a continuous moss carpet.  On south facing or 
warm aspect slopes the 05 site unit is found.  Essentially site unit 10 occurs on flats, 06 
on lower slope positions, 05 mid slope – warm aspect and 01 on north facing mid to 
upper slopes and south facing upper slopes.  Upper to crest positions on some warm 
aspects develop into a very dry 02 site unit. 
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8.0 DISCUSSION 

8.1 Synoptic Survey 

The synoptic survey indicates that for most of the S4 and S6 streams, monitored thermal 
regime impacts are limited to minor increases in average temperatures and diel fluxes.  
Sites with post-harvest canopy densities exceeding 70% did not display significant 
thermal regime impacts.  Riparian retention at these sites ranged from full 30-meter 
reserves to strips of understory with five-meter no-harvest areas.   
 
The sites that did display significant forestry induced thermal regime impacts (7A, 
Chisolm, East Gates 1, and 238) had canopy densities below 70%.  These reaches also 
had contributing factors that appear to explain the high degree of thermal impact.  These 
factors are: 
 
• Hydro-riparian coupling and subsurface soil-water aquifers. 

 
• Ditchlines and disturbed channels. 

 
Sites with one or more of these contributing factors displayed strong post-harvest thermal 
regime impacts.  The following sections are a discussion of these contributing factors. 
 
 

8.2 Hydro-riparian Coupling and Subsurface Soil-water Aquifers 

Hydro-riparian coupling is a process where saturated riparian soils are hydrologically 
connected to the channel.  Heat absorbed by these areas is transferred to the channel as 
water percolates down slope into the stream.  Coupling can result from overbank 
flooding, high water tables or persistent slope seepage.   Coupled sites produce wet 
ecosystems that are characterized by hydric soils and predominantly hydrophytic 
vegetation (Tiner, 1996).  In order for a riparian area and stream to be hydrologically 
coupled there must be relatively rapid soil through-flow to generate discharge volumes 
capable of affecting stream water temperature.  If soil through-flow is abundant the 
aquatic and terrestrial coupled area acts as a single heat absorbing mass.  The thermal 
regime of an undisturbed stream coupled to a hydro-riparian ecosystem is stabilized by 
the reservoir of water found in the riparian area.  This reservoir serves to dilute heat 
inputs and moderate temperature flux.   
 
Disturbance at these coupled wet sites tends to produce severe thermal regime impacts 
because disturbed soils have lower saturated water contents (from loss of porosity and 
macro-pore connectivity) and low canopy densities.  Site disturbance and canopy removal 
at coupled hydro-riparian areas can generate abundant ponded water, exposed dark soils 
and perfect conditions for heat exchange. 
 
Site 7A is a good example of a coupled hydro-riparian system.  Monitoring at this site 
reveals some interesting patterns.  Prior to harvesting the site had low diel fluxes and 
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average temperatures.  Clear-cutting produced a pronounced rise in the average 
temperature and diel flux.  Site preparation by mounding was followed by a large 
additional rise in diel flux and average temperature.  Despite the fact that canopy density 
losses from harvesting were moderate this site produced some of the most severe thermal 
regime impacts found across the study area.   
 
Riparian ecosystem classification reveals that much of the area adjacent to the stream is 
classified as SBSmc2-10.  This classification is associated with sites having rooting zone 
restrictions owing to high water tables.  The gentle topography and minimal channel 
incision present no impediments to flow and create ideal conditions for hydro-riparian 
coupling.    Glacio-fluvial sediments draped over the area have high porosity, a factor that 
increases the potential for hydro-riparian coupling because of water retention.  Coupled 
riparian areas were found to be associated with the SBSmc2-10 and –06 site series 
complex.  These wet ecosystems are often found together with the –06 site series being 
transitional to drier site conditions. 
 
Site N2A is a similar site that is hydrologically coupled to an extensive wet ecosystem.  
The riparian reserve applied at the site captures most of the coupled hydro-riparian area 
and has resulted in little post-harvest thermal regime impact.  
 
 

8.3 Ditchlines and disturbed channels 

Thermal regime impacts at ditchlines and disturbed stream channels were detected at the 
Chisolm ditch, 238 site, and East Gates 1 sites.  The ditchline site has strong perennial 
flow that is poorly shaded.  Thermal regime impacts are essentially permanent as 
vegetation management precludes the establishment of a riparian zone.  Similarly thermal 
regime impacts at sites with channel disturbance and Large Woody Debris (LWD) 
deficits are long lasting because channel widening and loss of shade are not likely to 
abate until riparian areas recover and debris is recruited to the channel.  Thermal recovery 
at these sites is likely to take decades as opposed to years for sites with intact channels 
and recruitable LWD. 
 
 
9.0 RECOMMENDATIONS 

Best Management Practices (BMP) for water temperature control need to be addressed 
within an integrated resource management perspective.  Thermal regime impacts do not 
occur in isolation but in concert with impacts to hydrologic integrity and soils.  The high 
cost of applying riparian reserves means that strategies need to be devised that maximize 
environmental protection and minimize impacts to timber supply.   This assumes that any 
riparian reserves prescribed for temperature control should be applied where they would 
have the greatest benefit.  Thermal regime impacts are most severe at sites with hydro-
riparian coupling or disturbed / constructed channels. 
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From a watershed perspective, impacts at headwater streams with strong perennial flow 
will contribute more overall heat to the hydrologic system than streams with more 
ephemeral flow.  Streams that have consistent flow during the annual summer low flow 
period largely determine thermal water quality.  This is when the highest thermal water 
quality is required because of critical salmonid migration, spawning and incubation 
windows.  This puts a high priority on identifying perennial streams as a risk assessment 
criterion for thermal BMPs. 
 
There are two conditions that will generate strong late summer flow at headwater sites.  
The first instance is where streams have glacial, alpine snowpack or low elevation 
snowpack source areas.  These types of streamflow source areas can produce strong 
summer flow character if they persist through the summer.  Lower elevation source areas 
can also supply headwater streams with summer flow volume.   Terrain with the right 
combination of glacial surficial materials and lowland topography can contain enough 
stored, slow release water to augment summer flows.   
 
Identifying headwater streams with strong summer flow regimes requires knowledge of 
the processes that generate stream flow from rainfall.  Stream flow in humid, forested 
sites is generated from rainfall that infiltrates the soil and percolates laterally and 
vertically until it enters a stream.  A small percentage of rainfall is directly intercepted by 
the channel but the vast majority infiltrates into the soil and moves through a network of 
saturated areas before moving laterally into the channel.  This type of streamflow 
generation is called the Variable Source Area (VSA) model (Hibbert and Troendle, 
1988).   
 
Variable Source Area hydrology is a process-based model of streamflow designed for 
forested areas with soils that have a high infiltration capacity.  Unsaturated soils transmit 
precipitation to low lying saturated areas that rapidly generate streamflow to headwater 
streams.  Perennially saturated soils augment base flows by the slow release of water.  
The first area to contribute streamflow following rainfall is the permanently saturated 
area at the core of the Variable Source Area.  During longer duration or more intense rain 
the Variable Source Area expands as the infiltration capacity of the soil is exceeded and 
streamflow is generated by an expanding source area. 
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The Variable Source Area model 
applies to stream temperature because 
streams within core VSAs are the 
main contributors to late summer 
streamflow.  These areas are 
responsible for cool flows that dilute 
solar heat inputs and maintain base 
flows.  Coupled hydro-riparian areas 
are core VSAs.  Forest harvesting in 
core VSAs has the most potential for 
thermal regime impacts because: 
 
• Streams with coupled wet 

ecosystems are major sources of 
summer base flow. 

 
• Core VSA headwater streams 

have high post harvest thermal 
impacts to diel flux and average 
temperatures. 

 
• Site preparation and road 

construction on perennially 
saturated ground has high 
potential for thermal regime 
impacts 

 
• Streams with coupled wet 

ecosystems are major sources of 
summer base flow. 

 
• Core VSA headwater streams 

have high post harvest thermal 
impacts to diel flux and average 
temperatures. 

 
• Fragmentation of the variable 

source area by road and ditchline 
interception can lead to thermal 
regime impacts at the watershed 
scale. 

 
 

 
Figure 17 Variable Source Area Model. 
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The results obtained here suggest the following guidelines for the development of BMPs 
for water temperature control: 
 
• Best Management Practices that maintain angular canopy densities above 70% were 

shown to have minimal thermal regime impacts. 
 
• Landscape and site level ecosystem classification can be used to identify core 

Variable Source Area streams that have been demonstrated to have the most severe 
post-harvest thermal regime impacts. 

 
• Streams that are not coupled to large lateral hydro-riparian areas can be effectively 

buffered with a range of treatments from solar angle buffers to machine free zones 
given that canopy density is sufficient (70%) and long term Large Woody Debris 
(LWD) recruitment is assured to prevent channel widening. 

 
• Site preparation and road construction on perennially saturated ground has high 

potential for thermal regime impacts. 
 
• Stream temperature monitoring is an effective monitoring tool to detect impacts to 

hydrologic integrity, disturbed channels and ditchline interception / transfers. 
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APPENDIX I: COMMON RIPARIAN PLANT SPECIES 

List of common riparian plant species found at study creek locations. 
 
 
Common Name Scientific Name 

Trees 
hybrid white spruce Picea glauca x engelmanni 
lodgepole pine Pinus contorta 
subalpine fir Abies lasiocarpa 
black cottonwood Populus balsamifera ssp trichocarpa 

Shrubs 
mountain alder Alnus tenuifolia 
sitka alder Alnus sinuata 
black twinberry Lonicera involucrata 
northern black gooseberry Ribes lacustre 
stink currant Ribes bracteosum 
northern black currant Ribes hudsonicus 
highbush cranberry Viburnum edule 
oval leaved blueberry Vaccinium ovalifolium 
black huckleberry Vaccinium membranaceum 
falsebox Paxistima myrsinites 
common juniper Juniperus communis 
soopolallie Shepherdia canadensis 
drummond’s willow Salix drummondiana 
willow Salix spp. 
false azalea Menziesia ferruginea 
red-osier dogwood Cornus sericea 
thimbleberry Rubus parviflorus 
salmonberry Rubus spectabalis 
red elderberry Sambucus racemosa 
devil’s club Oplopanax horridus 
mountain ash Sorbus sitchensis 
hardhack Spiraea douglassii  

Herbs 
oak fern Gymnocarpium dryopteris 
lady fern Athyrium filix-femina 
beech fern Thelypteris phegopteris 
common horsetail Equisetum arvense 
meadow horsetail Equisetum sylvaticum 
clasping twistedstalk Streptopus amplexifolius 
rosy twistedstalk Streptopus roseus 
three leaved foamflower Tiarella trifoliata 
sitka valerian Valeriana sitchensis 
kneeling angelica Angelica genuflexa 
fringed-grass-of-parnassus Parnassus fimbriata 
baneberry Actaea rubra 
queen’s cup Clintonia uniflora 
red columbine Aquilegia formosa 
sitka burnet Sanguisorbia canadensis 
white bog-orchid Plantanthera dilatata 
false solomon’s-seal Smilacina racemosa 
red clover Trifolium pratense 
pearly everlasting Anaphalis margaritacea 
bunchberry Cornus canadensis 
violets Viola spp. 
sedges Carex spp. 
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Common Name Scientific Name 
three leaved groundsel Senecio triangularis 
common miterwort Mitella nuda 
asters Aster spp. 
great northern aster Aster modestus 
indian hellebore Veratrum viride 
meadow rue Thalictrum occidentalis 
northern bedstraw Galium boreal 
fireweed Epilobium angustifolium 
purple-leaved willowherb Epilobium ciliatum 
palmate coltsfoot Petasites palmatus 
water sedge Carex aquatalis 
small-flowered woodrush Luzula parviflora 
mountain sweet cicely Osmorhiza chilensis 
cow parsnip Heracleum lanatum 
enchanter’s nightshade Circaea alpinum 
bluejoint Calamagrostis canadensis 
goat’s beard Aruncus dioicus  
stinging nettle Urtica dioica 
five-leaved bramble Rubus pedatus 
trailing raspberry Rubus pubescens 
single delight Moneses uniflora 

Mosses 
leafy mosses Mnium spp. 
leafy moss Rhyzomnium spp. 
sickle moss Drepanocladus uncinatus 
leafy liverworts Barbilophozia spp. 
sphagnum Sphagnum spp. 
green tongue liverwort Marchantia polymorpha 
glow moss Aulacomnium palustre 
giant water moss Calliergon giganteum 
ragged moss Brachythecium 
pipecleaner moss Rhytidiopsis robusta 
electrified cat’s tail moss Rhytidiadelphus triquestrus 
Heron’s bill moss Dicranum fuscescens 
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APPENDIX II: SOIL MOISTURE REGIME 

 
Code Class Description Primary water source

0 Very xeric Water removed extremely rapidly in relation to supply; 
soil is moist for a negligible time after precipitation  

precipitation 

1 Xeric Water removed very rapidly in relation to supply; soil is 
moist for brief periods following precipitation  

precipitation 

2 Subxeric Water removed rapidly in relation to supply; soil is moist 
for short periods following precipitation  

precipitation 

3 Submesic Water removed readily in relation to supply; water 
available for moderately short periods following 
precipitation  

precipitation 

4 Mesic Water removed somewhat slowly in relation to supply; 
soil may remain moist for a significant, but sometimes 
short period of the year. Available soil moisture reflects 
climatic inputs  

precipitation in moderate- 
to fine-textured soils and 
limited seepage in 
coarse- textured soils 

5 Subhygric Water removed slowly enough to keep soil wet for a 
significant part of growing season; some temporary 
seepage and possibly mottling below 20 cm  

precipitation and seepage

6 Hygric Water removed slowly enough to keep soil wet for most 
of growing season; permanent seepage and mottling; 
gleyed colours common  

seepage 

7 Subhydric  Water removed slowly enough to keep water table at or 
near surface for most of year; gleyed mineral or organic 
soils; permanent seepage < 30 cm below surface  

seepage or permanent 
water table 

8 Hydric Water removed so slowly that water table is at or above 
soil surface all year; gleyed mineral or organic soils 

permanent water table 

a More detailed descriptions and keys are given in the DEIF manual (Luttmerding et al. 1990) and in MOF 
field guides to site identification and interpretation. 
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APPENDIX III: HYDRO-RIPARIAN COUPLING 

Terrestrial site series that may influence or may be coupled with streams include the 
wetter forested units.  The wetter site series include those units that exhibit no water 
deficits during the growing season to those with high or fluctuating water table yet still 
allowing for tree growth.  These are classified as fresh to wet.  A table of actual soil 
moisture regime in given below to show the relationship of actual soil moisture to relative 
soil moisture between sub-zones and variants.  
 
Relationship of actual soil moisture between subzones and variants; blue indicates those units that 
have the potential to be hydrologically coupled to streams.  
 Very 

Xeric 
Xeric Sub-xeric Sub-mesic Mesic Sub-hygric Hygric Sub-

hydric 
Site 
Series 

0 1 2 3 4 5 6 7 

ESSFmc VD MD SD SD F M VM W 
SBSmc2 VD MD MD SD F M VM W 
SBSdk VD MD MD SD SD F M-VM W 
Taken from Table 6A.2.  Page A-27 (Banner et al., 1993).  
 
This next table defines the actual soil moisture categories and describes the level of water 
available to plants within the rooting zone.  
 
Definition of actual soil moisture categories 
VD Very Dry Water deficit > 3 months but less than 5 months 
MD Moderately Dry Water deficit > 1.5 months but less than 3 months 
SD Slightly Dry Water deficit > 0 months but less than 1.5 months 
F Fresh No deficit; current need for water exceeds supply & stored soil water is used 
M Moist No deficit; current need for water does not exceed supply:  temporary 

groundwater table may be present 
VM Very Moist Groundwater > 30 cm deep 
W Wet Groundwater > 0 but less than 30 cm deep 
Taken from Table 6A.1.  Page A-26 (Banner et al., 1993).  
 
The table below lists all of the forested site series within the three subzones that fall 
within the Fresh to Wet categories and may be coupled to streams.   
 
Fresh to Wet Forested Units that may be coupled to streams 

SBSdk SBSmc2 ESSFmc 
06 Sxw-Twinberry-Coltsfoot 05 Sxw-Twinberry-Coltsfoot 05 Bl-Huckleberry-

Thimbleberry 
07 Sxw-Horsetail 06 Sxw-Oakfern 06 Bl-Oakfern-Heron’s Bill 
08 Act-Dogwood-Pricklyrose 07 Sxw-Scrub birch-

Feathermoss 
07 Bl-Devil’s Club-Lady Fern 

09 Sb-Creeping Snowberry-
Sphagnum  (Forested Bog) 

09 Sxw-Devil’s Club 08 Bl-Valerian-Sickle Moss 

10 Sb-Soft Leaved Sedge-
Sphagnum  (Forested 
Swamp) 

10 Sxw-Horsetail 09 Bl-Horsetail-Glow Moss 

  12 SbSxw-Scrub birch-Sedge 
(Forested Swamp) 

10 Bl-Horsetail-Leafy Moss 
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APPENDIX IV: AN ADAPTIVE MANAGEMENT STUDY OF 
THE USE OF PVC HOUSINGS FOR 
TEMPERATURE 

 
 
Considerable effort and expense goes into collecting water temperature data each year yet 
little information is available regarding the accuracy of different methods.  While most 
researchers use one of a small variety of temperature sensing data loggers (tidbits or 
Vemco) there is some question as to whether significant differences exist between data 
collected by data loggers alone or data loggers mounted in a PVC housing.   Advocates of 
the use of housings suggest that they prevent errors related to solar warming of the 
sensors, assure that sensors are positioned in the most uniform part of the flow and that 
they keep the sensors off the bottom and away from the influence of upwelling 
groundwater and hyporheic water.  Others would suggest that small streams are 
hydraulically rough environments that are uniformly mixed and therefore, housings are 
not required.  This section details an experiment designed to estimate the differences 
between the two methods.  
 
The experiment involved installing side-by-side data loggers, one mounted inside a PVC 
housing and one without.  The loggers were then programmed to collect synchronous sets 
of one-hour interval temperature records for the month of August.  The paired datasets 
were then compared using z tests to assess for significant differences.  An α-level of 0.1 
was selected because the consequence of making a type 1 error is less serious than 
making a type 2 error. 
 
 
ANALYSIS: 
 
The table below is a summary of the analysis.  The hypothesis being tested is whether 
there are significant differences in the two datasets.  The test assesses whether the paired 
differences (housed vs. un-housed) of hourly temperature measurements are significantly 
different.  The null hypothesis is: 
 
Null: the mean of the differences between hourly housed and un-housed temperatures is 
zero. 
 
Alternate: the mean is significantly different than zero. 
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Site Pair α-level n p (one tail) P (two tail) z 

440 .1 821 .21 .42 -.81 
505-N2A .1 821 .10 .20 -1.27 

East Gates 1 .1 972 .01 .01 -2.53 
East Gates Control .1 947 .12 .25 1.15 

505-7A .1 889 .47 .93 .08 
614 .1 922 .07 .13 1.51 
087 .1 609 .43 .87 -.16 

 
Table 1:  A summary of the z test analysis of housed vs. un-housed data sets. 

 
The results indicate a mixture of treatment effects.  Of the seven treatments two of the 
sites (East Gates 1 and 614) had significant differences between the housed and un-
housed datasets.  Significant differences were found between data collected with and 
without PVC housings.  This suggests that PVC housings should be used while collecting 
stream temperature data. 
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