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Part 1: Research overview: 
 
In the 2005/06 fiscal year we made substantial progress towards the goal of model 
development that has been the main focus of research for the past two years. In the wake 
of a tenure change (Weyerhaeuser TFL to BCTS) there was little forest management 
activity in the watershed but the research agenda was advanced according to schedule.  
 
In earlier years we had proposed to develop the sediment budget model that has been 
under development since 2000 to provide operational decision making support for road 
deactivation. Accordingly, we had set up a “mini-sediment budget” experiment to study 
sediment production on representative stream crossings along TS111, a road slated for 
deactivation. After 2 seasons of data collection we were awaiting the deactivation to be 
completed, after which we would resume monitoring in the post-deactivation state to 
determine the effectiveness of the deactivation. Unfortunately because of the change in 
tenure the road deactivation was never completed by the licensee. The information 
collected in the pre-treatment phase will be used to help refine the model; however the 
tenure change created alternative options for research.  
 
Because of the increased activity in the watershed in the fall of 2005, a relatively large 
amount of new road was constructed and used for hauling timber from harvesting sites 
in Russell Creek. This new road produced a large quantity of fine sediment, and resulted 
in up to 100-fold increase in sediment yield during storms over “normal” levels. 
Sediment yield was comparable to the observed sediment load at Catherine Creek in 
1997, also due to new roads (Hudson, 2000c).  These findings, which are now mutually 
supportive, have been published as a Ministry of Forests Research Extension Note 
(Hudson, 2006).  
 
Issues that were identified concerning the accuracy of high flow streamflow records 
have been partially resolved using the available data, at least to the extent that we are 
now able to finalize the flow data with confidence in order to provide data for modeling 
purposes. The results of the investigations are currently under review for publication as 
a Ministry of Forests Research Technical Report, and methods that will result in a more 
definitive answer to the issue of high flow accuracy are under development. We also 
developed a systematic approach to gauge site reconstruction that involves armouring 
of in-stream sensors to prevent loss of data and/or equipment damage due to washouts 
that frequently occur during high flow events.  This has been applied at two mainstem 
stream gauge sites already with excellent results.  
 
We maintained an almost continuous presence in the watershed over the past year and 
collected a lot of data, all of which requires processing and analysis. This is an extremely 
time-consuming process that can be best accomplished by publishing papers to release 
our early findings in a timely manner. This also helps to establish the state of the project 
and more clearly define future directions. 



Part 2: water quantity modeling component 
Introduction 
 
The Russell Creek Research Project is a joint multi-year project between the University 

of British Columbia and the B.C. Ministry of Forests, with an objective of increasing our 

understanding of hydrological processes by focusing on subsurface flow, spatial variation 

of climate data and forest canopy interactions.  

This process based experimental setup will provide data to justify physically based 

modeling of the hydrological response and the subsequent effects on stream flow at 

different scales, ranging from the hillslope to watershed. This will reduce conceptual 

errors caused by equifinality in black box models.  

 

The project consists of the three major parts: subsurface/preferential flow, spatial 

variation of climate data and forest canopy interactions. The spatial variation and forest 

canopy interaction sub-projects have been started in mid 2005. In order to achieve the set 

objectives the year 2005 and the first part of 2006 have been used for climate station and 

instrumentation design and set-up as well as for testing the instruments and retrieving 

first data. 

 

Subsurface/preferential flow sub-project 

The transfer and scaling of process information is a difficult task in hydrology. Data 

collected through field experimentation generally leads to process understanding for 

small areas and only for a few watershed units such as hillslopes, hollows or near stream 

riparian areas. This site-specific information has to be transferred to other similar areas 

and the interactions between watershed units have to be understood before watershed 

management decisions can be made. Over the decades experimentalists have used field 

observations at the hillslope and watershed scale to develop conceptual models that 

attempt to explain the transport of water and solutes within watersheds. Generally these 

models apply site specific concepts such as, infiltration excess overland flow (Horton, 

1933), translatory flow (Hewlett and Hibbert, 1967), saturated excess overland flow, 

return flow (Dunne and Black, 1970a) and macropore preferential flow (McDonnell, 



1990; Mosley, 1979; Tsuboyama et al., 1994; Tsukamoto and Ohta, 1988) to explain the 

observed hydrological and chemical response to rainfall.  

 
The climate, soil characteristics and topography will determine the dominant processes 

and dictate which type of conceptual model might be appropriate. The variable source 

area model has been used to explain runoff generation in many watersheds with gentle 

topography (Dunne and Black, 1970b; Hewlett and Hibbert, 1967). This concept assumes 

that the riparian area changes with antecedent condition, rainfall and fluctuating water 

tables. The ground water ridging concept is also applied to watersheds with gentle 

topography (Sklash and Farvolden, 1979). For steeper watersheds and watersheds with 

small riparian areas the response of the hillslope is more important to the overall 

watershed response (McGlynn and McDonnell, 2003). Infiltration excess overland flow is 

generally not a dominant process because of the high infiltration capacity of the soils. 

This means that conceptual models that explain the subsurface hillslope responses are 

important. The capillary fringe response concept (Gillham, 1984), preferential flow 

through macropores (McDonnell, 1990; Mosley, 1979; Tsuboyama et al., 1994; 

Tsukamoto and Ohta, 1988), flow controlled by the subsurface topographical 

convergences and connections (Freer et al., 2002; Tani, 1997), and the hydrogeomorphic 

paradigm (Sidle et al., 2000) are models that attempt to explain the dominant processes 

and how they interact to produce runoff. 

 
Conceptual models and experiments designed to test the conceptual ideas help us 

understand how watershed and hillslopes behave, however in many cases computer 

models are required to make predictions and management decisions. Operationally, 

computer models are often used to extend process understanding about watershed 

behaviour and to make predictions where data and process understanding is limited. In a 

scientific setting hydrology models can be used to test hypotheses and help validate 

conceptual models (Hooper, 2001). Hydrology models can be statistical or simulation 

models. Computer simulation models represent either the physical processes or our 

conceptual ideas with mathematical formulas and logical processes. Physically based 

models attempt to reproduce the physical behaviour of watershed processes through 

energy and mass balance equations. These models are often spatially distributed and have 
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many parameters with physical meanings that can, in theory, be measured. However, 

usually the model parameters are “tuned” to more accurately reproduce a measured 

output and the parameters no longer represent the measured values. Also, in most 

watersheds these physical parameters are highly variable and measurements of the total 

variation are impossible. In this situation, the averages or distributions of values have to 

be used. These problems with the input parameters and model structure can lead to 

equafinality and low confidence in the model (Beven, 1993; Beven, 2001). Conceptual 

models represent our ideas about watershed behaviour. These models may still have 

parameters with physical meaning that can be measured directly or derived from 

measurements, but the formulas might not represent the physical theories behind water 

and solute movement. These models have become popular because they often have fewer 

parameters and require much less computational time. However, it can be difficult to 

incorporate internal watershed data for calibration and validation (Seibert and 

McDonnell, 2002). 

 
To be effective a modeller requires knowledge about the dominant processes, or first 

order controls that affect a watershed. Lateral preferential flow is an important factor in 

runoff generation in many parts of the world, including coastal British Columbia ((Beven 

and Germann, 1982; Buttle and McDonald, 2002; Fannin et al., 2000; Jones, 1971; 

McGlynn et al., 2002; Mosley, 1979; Sidle et al., 2001; Sidle et al., 2000; Uchida et al., 

2001). Lateral preferential flow can be hydraulically significant and will increase the 

peak discharge and decrease the peak lag time of a storm hydrograph. Also the 

contribution of lateral preferential flow to the storm hydrograph is believed to increase 

with the amount of rainfall because increase rainfall will increase the amount of saturated 

soil in contact with the soil pipes (Sidle et al., 2000; Uchida et al., 2001). Publications on 

lateral preferential have shown variable outlet diameters (0.1-50 cm) at densities of 0.28 

to 15.5 pipes/m2, with maximum flow rates ranging from 0.0002 to 59.3 l/s that are 

proportional to the pipe’s diameter (Uchida et al., 2001). Although the literature reports a 

wide variation of soil pipe sizes and flow rates, the types of soil pipes observed in coastal 

British Columbia appear to be morphologically similar and behave in a manner similar to 

other humid, steep, forested, headwater sites. Observations in coastal British Columbia 
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have suggested that soils in coastal British Columbia can contain large pipes with 

relatively high discharge rates and fast travel velocities (Beckers and Alila, 2004; Fannin 

et al., 2000; Hetherington, 1995). 

 
Although lateral preferential flow has been identified as a dominant process in many 

parts of the world, few publications have incorporated it into models (Beckers and Alila, 

2004; Tsutsumi et al., 2005). Becker and Alila (2004) incorporated lateral and vertical 

preferential flow into a distributed model in order to replicate measurements and 

observations of a watershed on the coast of British Columbia. Including the preferential 

processes in the model showed that the effect of forest roads on the stream flow was less 

than expected. In soils where preferential flow is not a dominant process, slow moving 

water is extracted by roads and quickly routed through ditches into streams causing the 

peak discharge of streams to be sooner and larger. However, when lateral preferential 

flow is an important process, subsurface water is already moving relatively quickly, 

which reduces the effect of roads. 

Objectives: the sub-project focuses on extending our knowledge of preferential flow at 

the hillslope and small watershed scale (4 km2) and evaluating how preferential flow is 

incorporated into subsurface models.  
• Fundamental to the larger scale objectives are the plot scale experiments that are 

designed to quantitatively and qualitatively examine the flow of water through a 

30 m section of soil.  At this scale there are many unanswered questions. What is 

the water moving through?  How fast is the water moving? How much water do 

preferential features carry relative to the soil matrix? Do these features dominate 

the runoff response? How are these features connected? 

• The hillslope scale objectives are; 1) to explore the effect of spatial detail on 

model outputs, and 2) to determine if groundwater response can be predicted by 

topography, soil type, and vegetation. 

The watershed scale objective is to create a spatial model based on process understanding 

that can be used to investigate land use decisions. 
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Spatial variability of climate data and canopy interception sub-projects 

One of the major problems of hydrological modeling, the insufficient input data quantity 

and quality, caused by spatial variations of climate parameters, will be tackled by the set 

up of a high density monitoring network. Therefore, climate as well as stream flow data 

will be monitored and recorded at more locations than usual for watershed modeling. 

This will allow us to conduct sensitivity analysis for each model input parameter. The 

results of the sensitivity analysis will then give information on the necessary input 

accuracy of a parameter as well as an estimation of the expected output uncertainty of the 

model due to the variation of each parameter.  

 

This information is crucial for future development and improvement of existing models. 

By examining the sensitivity of the model output to input variations the structure and 

dependencies in models will be clearer to identify, reducing the risk of over-calibration. 

Moreover, the risk of pseudo-accurate output results can be minimized, too, because the 

sensitivity analysis will always indicate a certain range of expected error associated with 

certain input variables, which is very often neglected until now. The knowledge of 

uncertainty ranges and their effect on modeling output will then facilitate upscaling 

processes which are strongly dependent on spatial variations of input parameters. 

 

Hydrologic effects of forest management within BC have traditionally been mitigated 

through the use of the Equivalent Clearcut Area (ECA) concept. The ECA concept is 

used to constrain forest harvesting within watersheds, yet it is unclear as to whether or 

not it is an effective indicator for forest managers. In some cases using ECA may be 

unduly constraining forest development, while in others harvesting may exceed levels 

required to maintain suitable hydrologic conditions.  While traditional paired watershed 

studies have provided us with a greater understanding of the hydrological effects of forest 

management at plot scales, they have not provided clear direction as to how these effects 

translate to larger scales and under a variety of management scenarios. In recent years, 

numerical models supplemented with experimental results have proved useful when 

attempting to understand the cumulative hydrological effects of forest management (Alila 
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and Beckers 2001; Whitaker et al 2002; Alila and Beckers 2004). Within British 

Columbia this approach has been applied successfully to interior watersheds where spring 

snowmelt is the primary generator of peak flows, however its application in coastal 

watersheds dominated by rain on snow processes is in its infancy.   

 

Of particular concern in coastal watersheds of British Columbia is the potential impact of 

forest harvesting on peak flows generated by rain on snow events.  The largest of these 

events are generated when a shallow snowpack is inundated with a warm, moisture laden 

front producing rapid melt of the snow pack and extreme peak flows (Marks et al, 1998).  

Our understanding of this process is limited due to the relative infrequency of these 

events, difficulty of observation and the short time period over which they occur. In 

coastal British Columbia, these events tend to occur in the late fall and early winter, when 

trees are dormant, thus evapotranspiration does not play a major role in the hydrologic 

cycle at this time.  Therefore, the greatest potential impact that forest removal will likely 

have is on the interception rates of precipitation and subsequent accumulation and melt 

rates.  Traditional methods, mainly snow courses and rain gauges, used to monitor 

interception of snow and rain do not necessarily work in this environment.  The ECA 

concept is based largely on the recovery of a forests ability to intercept precipitation as it 

regenerates, especially in snow dominated watersheds, thus a thorough understanding of 

this process is required when applying this indicator.   

 

Two notable interception studies have been completed in the maritime regions of the 

Pacific Northwest.  The first used snow course information and stand attributes within 

different aged stands to develop a model of interception recovery in managed forests 

(Hudson 2000).  The second study was completed using tree weighing snow melt 

lysimeters to model interception and water input to the forest soils during events (Storck 

et all, 2002).  While both projects have improved our understanding of forest interception 

within the hydrologic cycle, they have limitations in application.  The model created by 

Hudson (2000) is simple to apply and has been used extensively in Coastal British 

Columbia, however it lacks event based information and is thus of limited operational use 

in areas with a transient snowpack until it can be validated with event-specific data.  The 
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research by Storck et al (2002) was intensive and provided physically based results, 

however the nature of the field experiments allowed for limited application of the 

methods to only a few forest stands.  We propose using an innovative experimental 

approach using multiple snowmelt lysimeters and a remote camera network to improve 

our understanding of forest canopy interception in regenerating forest stands.  Results 

from this project will be incorporated into a physically based hydrologic model.  The 

model will then be used to improve our understanding of the cumulative effects of forest 

harvesting on hydrology in coastal watersheds through scenario analysis. The main goal 

of this project is to quantify the effects of forest management on hydrology, particularly 

interception recovery, in a forested watershed that is dominated by rain on snow 

processes, and to extend the ECA concept to include effects on streamflow as opposed to 

just the changes in stand–level hydrology. 

 

Objectives: In order to achieve the main goal of this project, the following objectives 

will be met: 

• Test interception recovery model developed by Hudson (5) using event based 

data; 

• Determine physical processes that drive snow accumulation and melt in 

regenerating forests during rain on snow events; 

• Incorporate above objectives into a physically based forest hydrology model to 

assess changes to stream flow due to forest management. 

• Determine the influence of spatial variability of climate parameters on modeling 

by conducting sensitivity analysis for different parameters. 

• Identifying the most feasible climate station network density. 

 

 

Study Site 
Russell Creek is a fourth-order tributary of the Tsitika River on northeastern Vancouver 

Island. The watershed is divided into three major sub-basins, Russell below Stephanie 

(6.3 km2), Russell above Stephanie (16.1 km2) and Stephanie Creek (8.4 km2), covering 

a total area of 30.8 km2 (Hudson, 2001a). With elevation ranging from 275 to 1715 m,  
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48% of the catchment area lies in the snow-on-rain zone (300-800 m) with the remaining 

52 % in the snowpack zone (above 800 m). Logging activity left approximately 650 ha 

harvested in the rain-on-snow zone and 250 ha in the snowpack zone, equaling about 

30% of the total area harvested (Hudson, 2002). Topographically the watershed can be  
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subdivided in two distinct areas. The lower portion, underlain by granitic Island 

Intrusives, is gently sloped with a broad valley, whereas the upper portion, underlain by 

the basaltic Karmutsen Formation, exhibits steep slopes, exposed bedrock and incised 

stream channels (B.C. Geological Survey, 2005; Hudson, 2001b).  

All of the three above described subprojects focus on the Stephanie Creek and Russell 

below Stephanie sub-basins. These sub-basins were chosen for better all-year round 

accessibility, which is necessary to assure good data quality and regular instrument 

maintenance. 
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Figure 2: Hypsometric curve of the Stephanie 

Creek sub-basin 
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Figure 3: enhanced climate network. 
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Methods
Station Network 
The objective was setting up a dense monitoring network, which is capable of reliably 

monitoring climate and stream data throughout the year. Three factors were important in 

the design process. The network should: 

 

1) be representative of spatial parameter variability, 

2) cover a range of stand conditions, and 

3)  be accessible throughout the year in order to ensure regular maintenance 

 

For capturing spatial variations of the input climate data, the meteorological stations were 

set up in a distance of approximately 1 km from each other, in or close to the Stephanie 

Creek sub-basin. Due to the fact, that climate parameters are not only subject to spatial 

variations but also to elevation gradients, a stratified network design was chosen. Thus, in 

order to account for vertical variations, the climate stations were also installed at different 

elevations. The lowest climate station was placed at 490 m a.s.l, while the highest station 

was placed at around 1050 m a.s.l. 

The climate stations were equipped with different instruments, totaling in 3 fully 

equipped stations and 8 partially equipped stations. The fully equipped stations were 

located in clear clearings at 490 (“Upper Russell”), 830 (“Upper Stephanie”), and 1000 m 
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a.s.l. (“High Elevation”). The partially equipped stations were placed in clearings at 540 

(“Axel”), 660 (“Lower Overview”), and 760 m a.s.l (Upper Overview”) as well as in 

forest stands at 490 - one in an old growth forest and one in a younger forest (2-6m) – 

540, 660, and 1050 m a.s.l. (in old growth forests). 

Although the highest point of the Stephanie Creek sub-basin is at 1680 m, the highest 

climate station was not placed higher than 1050 m for logistical reasons. Logging roads 

above 1100 m are mainly deactivated aggravating accessibility in summer and totally 

preventing it in winter.  

 

The three fully equipped stations in the forest clearings each consist of  

1) a total precipitation gauge 

2) a thermistor (one including a humidity sensor) 

3) a wind sensor (recording wind speed and wind direction) 

4) a pyranometer (at two stations two pyranometers, with one of them inverted to 

record albedo) 

5) a soil temperature sensor 

6) six snow profile temperature sensors 

 

The partially equipped clear cut stations each operate: 

1) a total precipitation gauge 

2) a temperature sensor 

3) a pyranometer (at two sites) 

 

The partially equipped forest sites consist of: 

1) a rain gauge 

2) a temperature sensor  

 

In addition to the eleven climate stations, four stream gauges were installed. Two of them 

are situated in the Stephanie Creek sub-basin at elevations of 480 (near the outlet of 

Stephanie Creek sub-basin – “Stephanie Bridge”) and 830 m a.s.l. (“Upper Stephanie”). 
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The other two are located in Russell above Stephanie sub-basin at 490 (“Upper Russell”) 

and at the outlet of the Russell Main basin at 290 m a.s.l. (“Russell Main”). 

 

Additionally, beginning in the fall of 2005, an experimental network of snow melt 

lysimeters and remote cameras were installed to monitor water input into the soil and the 

role of canopy interception during rain on snow events.  This network was designed to 

compliment the existing hydrometric and climatic network within the watershed to 

provide event based information during all meteorological conditions. 

 

 

Instruments 

Total precipitation gauges

The majority of commercially available precipitation gauges exhibit problems during 

winter. These problems include on the one hand frequent freezing, which prevents good 

data quality or even data loss. Moreover, freezing exerts mechanical strain on the 

instruments, frequently resulting in destruction of sensitive and expensive pressure 

transducers. Freezing of precipitation collecting gauges can be avoided by adding 

commercial anti-freeze into the gauge. Dilution, however, requires frequent addition of 

anti-freeze to ensure continuous operability, resulting in a system that is not cost 

effective. On the other hand, simple tipping buckets, which do not use pressure 

transducers for recording rain, are often obstructed by snow or suffer from a frozen tip. 

In this project an alternative, commercially not available system is used. The mass 

replacement concept is a hybrid of the collection gauge and the tipping bucket idea. 

Precipitation is collected in a container filled with a liquid up to a certain level. The 

bottom of the container features an outlet drain, to which a siphon is attached. The height 

of the siphon determines the water level in the container. On the tail-end of the siphon a 

tipping bucket is fixed. Precipitation falling into the collection container replaces the 

same water equivalent through the siphon, being recorded in the tipping bucket. 

This system has various advantages to ordinary precipitation gauges: 
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1) Freezing can easily be avoided by using high concentrated salt solution as 

liquid in the collection container 

2) Frequent salt solution refill is not necessary, if the container is designed large 

enough to prevent rapid dilution (dependent on the expected time with 

temperatures below 0 C and the expected amount of rain) 

3) Tipping buckets used to record precipitation are cheaper and more reliable 

than pressure tranducers 

4) Freezing of tipping buckets can be avoided by placing them in insulated boxes 

and connecting the siphons to them 

5) Obstruction of the gauge by snow or debris can be avoided by using large 

diameter gauges 

6) Snow build-up above the gauge’s edge and resulting wind induced loss of 

snow is avoided by allowing for some free-board above the water level in the 

container. 

7) High temporal resolution of precipitation possible, as water is replaced from 

the large diameter collecting gauge into a small diameter tipping bucket. 

 

 

The six total precipitation gauges installed in the 

Russell Creek watershed 15” PVC-pipes with a 

length/height of 3 m. The water level and hence the 

siphon height is 1.5 m, leaving 1.5 m freeboard for 

snow build-up. The PVC-pipe is acting as container 

for the 25 % salt solution, which provides freezing 

resistance down to approximately -20 C. 

 The tipping buckets used are 8” Rainwise Tipping 

Buckets with included event counters. To avoid 

freezing of the tipping buckets, they are placed in 

commercial cool boxes at the outlet of the siphon. 

The salt solution drained from the siphon and through the tipping bucket is then 

recovered in containers in order to prevent environmental damage. 
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Forest Rain Gauges

Rain in forest stands shows a much higher spatial variability than in clearings. Governed 

by the canopy closure and shape, only a small part of rain reaches the ground as 

throughfall. To account for spatial variabilities like that, it is good practice to enlarge the 

contribution area of the rainfall recorder (usually a tipping bucket). In this project, this is 

done by horizontally attaching two pipes to the left and to the right of the tipping bucket. 

These two pipes with two 100 x 1 cm slots on the top of each, resulting in a contribution 

area of 400 cm2, have an inclination 

of around 22º discharging the 

collected water into the tipping 

bucket. Like for the total 

precipitation gauges, 8” Rainwise 

Tipping Buckets with included event 

counters are used. Note, that the 

forest rain gauges are not capable of 

recording solid precipitation and that 

they are thus only operational during 

non-freezing periods. 

 

 

Temperature Sensors

Two types of temperature sensors are in use at Russell Creek. High-precision NTC 

temperature transducers (Humirel HTM 2500) are used at the three fully equipped sites. 

These thermistors have an operation range between -40 and 85 

C with a precision of ± 0.5 C. To protect them against 

radiation-heating they are protected using McGill shields, 

which provide a sufficient degree of ventilation and which are 

state of the art in the field of non-ventilated radiation screens. 

The thermistors themselves have an output between 2 and 180 kΏ and are connected to 

full-size dataloggers. 

 16



In order to account for vertical temperature gradients and to remain cost effective in the 

same time, air temperature at the other stations is 

measured with MiniTemp temperature sensors. These 

instruments are also used for soil temperature monitoring 

and the temperature of the snow profile. These pill-shaped 

sensors are only 1 cm in diameter and have internal 

loggers, which allow recording temperature in 30 minute 

intervals for 40 days. Although, they have a lower precision (± 1 C) than the high-

precision thermistors, they are nevertheless an important part in the monitoring network. 

They are shielded against radiation by placing them in thin-walled, white PVC-piped. In 

order to ensure ventilation, the pipes are very short and have holes on the top. These 

pipes are then themselves covered by halves of larger, white PVC-pipes. Although, the 

radiation adsorption cannot be entirely avoided, these sorts of shields have proven rather 

efficient.  

 

Snow profile temperature measurements are carried 

out at the fully equipped sites using an array of seven 

MiniTemp loggers. The sensors are suspended from a 

tripod and measure temperature at the ground level 

and at 25, 50, 100, 150, and 200cm above ground 

level. They are shielded with the same method as the 

air temperature sensors. The monitoring of the 

temperature profile in the snowpack will allow a 

better description of the thermodynamic processes in 

a melting snowpack. This can then be used for the 

development of a more accurate snow melt model. 

 

The soil temperature is also recorded at the three fully equipped sites using the MiniTemp 

loggers. Sensors at 10 cm below ground level will provide information about the 

temperature variation below soil surface. Together with the temperature at the ground 

 17



surface, a soil temperature gradient, another factor in snow melt modeling, can be 

established. 

 

Wind Sensor

Three wind monitor instruments, manufactured by RM Young (Model 05103), are in 

operation at the three fully equipped stations at 490, 830 and 1000 m a.s.l. The sensors 

are mounted to a steel rod 2.5 m above ground level approximately. They are recording 

wind speed of up to 60 m/s with a threshold sensitivity of 1 m/s and wind direction. The 

instrument produces an AC analog output of up to 8 V for wind speed and a DC output 

for wind direction, when connected to a full size datalogger. This instrument was chosen 

as it has an operation range of -50 to 50 C, avoiding freezing during winter, which causes 

problems for many other wind sensors.  

The sites where the wind sensor was placed were chosen to cover as much elevation as 

possible, as it was supposed that the wind speed would show a high dependence on 

elevation. Moreover, the instruments were meant to 

be evenly distributed over the sub-basin in order to 

get information about the topographical influence 

on wind speed and wind direction, too. It was 

suspected that wind direction near the lowest station 

will roughly be E-W, while in upper parts of the 

Stephanie Bowl a predominant direction N-S was 

expected. 

An exact distribution of wind speed is necessary 

especially for correcting the wind-induced 

undercatch at the precipitation gauges as well as for 

evaporation and snow drift estimation. 

 

 

 

 

Pyranometer and Albedometer 
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Incoming short-wave radiation is monitored by five pyranometers, located at 490, 540, 

760, 830m and 1000 m a.s.l. The model Pyr-P sensors are manufactured by Apogee 

Instruments and are capable of measuring radiation 

between 300 and 1100 nm. The pyranometers produce 

an output of up to 220 mV in full sunlight (equaling 

1100 Wm-2) with an accuracy of ± 5 %. Although the 

sensor does not cover the entire short-wave spectrum, it 

nevertheless records 90 % of the sunlight energy. 

Mounted at 2.5 m above ground surface, they are 

brought to level and connected to a full size datalogger.   

Albedo, the reflected short-wave radiation, is measured 

by the same type of sensor. At two locations, 490 and 

1000 m a.s.l., two additional pyranometers were 

installed upside down. This allows monitoring ground-reflected radiation, which is 

important for snow melt modeling, as snow has an albedo of up to 100 %, whereas bare 

ground usually has very low albedo between 0 an 15 %, depending on soil surface 

conditions. 

 

Snow melt lysimeters 

Snowmelt lysimeters were installed within two major elevation bands (450 to 600 m and 

750-900m), corresponding to the elevations where rain on snow events are prevalent.  

Each elevation band has four treatments with three snowmelt lysimeters located in each, 

for a total of 24 lysimeters.  Temperature is recorded at all sites every fifteen minutes.  

The treatments include:  oldgrowth; clearcut; regenerating stands 3 to 6 meters in height, 

and; regenerating stands 10 to 12 m in height.  Treatments were selected to include the 

entire spectrum of forest cover within the watershed.  An innovative design was used for 

the lysimeters, utilizing long narrow (10 cm wide and 450 cm long) structures in order to 

capture the variability of through-fall within forested environments (Figure 5).  This 

length was selected based on research indicating through-fall in forests is best captured 

using instruments 3 to 10 m in length (Keim, Skaugset and Weiler, 2005).  Lysimeters 

were designed to be relatively easy to install and transport, allowing placement in remote 
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areas of the watershed.  Stem flow was observed during the winter of 2005-2006, thus 

stem flow monitoring stations will be installed in each treatment during the summer of 

2006 to determine the relative contribution to total through-fall. 

 

 

 

Figure 5:  

 

 

 

 

 

 

 

 

 

Remote camera network 

In order to monitor interception by the canopy and accumulation/ablation on the ground, 

as well as state of precipitation, a remote camera network was established during 2005 

(Figure 6).  Utilizing current technology, camera’s were designed to minimize cost and 

maximize application, allowing for an extensive network.  A total of nine camera stations 

were installed, one within each treatment at each elevation band and another to monitor 

the snow line for the entire watershed.  Photos are taken on an hourly basis.  Sites are 

visited once every two weeks to maintain equipment and download data. When snow is 

present, a snow course is completed at each site.  Analysis of the photos will be 

completed using image analysis software.  This software will automatically process the 

photos and provide information pertaining to accumulation on the ground and in the 

canopy, loading and unloading rates of snow from the canopy, capacity of the canopy to 

capture snow and state of precipitation in the canopy and falling from the atmosphere. 

The above camera/lysimeter network, combined with the meteorological network in the 
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watershed will allow us to gain valuable insight into the processes that drive snow 

accumulation and melt in forested stands during rain on snow events. 

 

 

 

 

 

 

 

 

 

 

Figure 6: remote camera setup 

Stream gauges

To supplement data obtained from  the primary streamflow network for Russell Creek, 

stream gauges were installed at two sites in the Stephanie Creek sub-basin and at two 

sites in the Russell Creek basin (see above). The instruments used are Odyssey 

Capacitance Water Level Probes. They are working on the principle of electric 

capacitance, which builds up between two conductors which are separated by an isolator. 

With a voltage applied to one of the conductors (wire) a capacitance, linearly related to 

surface area shared between the second conductor (water) and the isolator, is built up and 

transferred into mm – water level. The sensors have a resolution of around 0.8 mm and an 

internal datalogger. For monitoring stream levels, the instruments are programmed to log 
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at a 15 minutes interval. The loggers are hung into protector pipes, which were then fixed 

to stable structures outside the channel bed in order to prevent loss under high water 

conditions.  

As these sensors can only monitor the stream stage, a stage-discharge relationship (rating 

curve) is needed to convert stage into streamflow. Rating curves are under development, 

using the salt dilution method (see below). 

 

Subsurface flow observation 

Concentrated subsurface flow was observed exiting from topological depressions at the 

road cutbank during rainstorms. In the fall of 2004 one typical depression was chosen for 

instrumentation. Six tipping bucket were installed to capture flow from three 3m-sections 

of cutbank and three large preferential flow features. 

In the Spring of 2005 sodium chloride (NaCl) was applied to the ground surface at 12 and 

30 m above the road cutbank and the conductivity was measured at the outflow point. 

 

 
 

In the summer of 2005 trenches were excavated at 12 and 30 m above the road. Water was 

pumped into the trenches to achieve two different steady state flow rates, and a NaCl 

solution was again used as a tracer.  

Finally, Brilliant Blue food dye was pumped into the 30 m trench and the hillslope was 

excavated exposing 1 meter vertical sections for the first 15 m. Three additional pits were 

excavated to determine how the water had flowed through the hillslope. 
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Stream gauging 

Streams on the Russell Creek watershed tend to be steep and turbulent and therefore do 

not meet the assumptions of current meter methods of streamflow measurement. 

However, this type of stream is ideal for the application of salt dilution gauging. 

For the Russell Creek project, it was decided to use the Dry Injection Salt Dilution 

method (Hudson, 2005) to determine streamflow at characteristic stages. A known mass 

of tracer, preferably table salt which is cost-

effective and in low concentrations harmless 

for the biosphere, is injected at once into a 

stream. Once dissolved the tracer cloud 

(breakthrough curve) is recorded with a 

conductivity probe (in case of the Russell 

Creek project it is a WTW 350i probe) a 

certain distance downstream. This distance, 

the mixing length should be 10 to 15 times the width of the channel in order to ensure 

proper mixing. Once a calibration curve between conductivity and actual salt 

concentration is established, the discharge can be obtained from a simple mass balance 

equation: 
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Where: 

Q = discharge [l⋅s-1] 

C(t) = salt concentration in the stream water [g·l-1] 

M = mass of tracer [g] 

Δt = logging time interval [s] 

 

 

Snow Surveys 

In order to establish a relation between rain, rain-on-snow, snow and actual basin 

discharge, the development of the snow pack in the course of winter was monitored. Nine 

locations in clearings as well as in forest stands, close to the climate stations, were chosen 

for repeated manual measurement of the snow pack. 13 snow surveys were conducted 

between beginning of January until beginning of April 2006 at the nine chosen sites. 

Each snow survey at each site consisted of the sampling of 11 points arranged in a cross-

shaped array. This was necessary in order to account for spatial variations of the 

snowpack due to wind drift, soil properties and sun exposition. The snow surveys were 

carried out using a Federal Snow Sampling Tube with an inside diameter of 4.2 cm. The 

recorded parameters included snow depth and snow water equivalent (SWE). Depending 
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on the amount of snow present at each site, the point samples were bulked and weighed 

together or weighed one by one. From snow depth and SWE the snow density at each site 

could be determined. 

 

 

Data storage and management 

Four different kinds of dataloggers are in use for recording 

and storing data from the climate stations and stream gauging 

network. The tipping buckets used in the total precipitation 

gauges and in the forest rain gauges are operated with 

RainWise dataloggers which are simple event counters and 

provide a data storage of 256 kb, which covers 3 months on average. The loggers are read 

out using a computer and RainLog software. 

The MiniTemp sensors have integrated loggers, which allow data storage for 40 days 

with a log interval of 30 minutes. The loggers are read out using a Palm device with the 

Cool software package. 

The Odyssey stream gauges also have integrated loggers, which allow the storage of 

16,000 readings, equaling around 6 months with a 15 minutes log interval. The loggers 

are read out using a computer and the Odyssey software package. 

The remaining sensors are connected to Unidata Star- or Prologgers which 

allow the operation of several sensors at a time. The loggers have a memory 

of 512 kb and can store data, depending on the number of parameters to be 

logged, for up to two years. The loggers are read out using a computer and 

the StarLog V3 software package. 

 

Subsequent data storage in a sound data base is a prerequisite for data intense projects 

such as watershed studies. Most of the data in hydrological studies is somehow related to 

a particular location on earth. Geographical information systems (GIS) provide 

convenient solutions not only for analysing spatial data but also for storage of spatial data 

of various kinds to support hydrologic modelling. Terrain analysis is one of the key 

applications of GIS in watershed hydrology. Based on a digital elevation model (DEM), 
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GIS in hydrology is mainly used for basic morphometric analysis and to delineate stream 

networks and watershed boundaries.  

All spatial data relevant for the project are stored in a geodatabase using ArcInfo. Climate 

and stream flow data is needed in many different formats, according to the program or 

model in use (statistical packages, hydrological models). Therefore, we decided to store 

the data outside of the GIS system in spreadsheets separated for each climate and gauging 

station. Another reason for working with spreadsheets is the easier use by different team 

members. 

 

 

Results
Climate stations and stream gauges were in operation starting between mid-October and 

December. For some instruments an extended test-phase of some weeks was necessary in 

order to ensure reliable functionality.  

 

Stream gauges 

The stream gauges that were installed under the research components described herein 

are providing data that appears reasonable in comparison to the data recorded at the main 

gauging sites.  

The highest water tables were measured during three rain storms (Dec 21/22, Dec 24, Jan 

5/6) and two rain-on-snow events (Feb 4 and Mar 24). The first rain-on-snow event was, 

however, not recorded by the gauge at the highest location (830 m), as the temperature at 

this elevation was still too low to produce significant amounts of melt and therefore run-

off. The precipitation was rather stored in the snowpack. Generally, pronounced and 

extended low flow conditions were observed during lengthy dry periods between mid-

November to mid-December, as well as during the snowpack period mid-February until 

mid-March. 
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For determining discharge the salt dilution stream gauging method was used. Due to 

limited accessibility the discharge was only determined at the lower 3 sites until now. 

The most important part in retrieving good quality run-off data and thereby accurate 

rating curves is the calibration procedure for converting electric conductivity into actual 

tracer concentration. The relationship is typically linear with R2 > 0.99. Yet, the 

conversion factor k, which is the slope of the conductivity/concentration ratio is heavily 

temperature dependent. Most electric conductivity probes feature an automatic 

temperature compensation, which, in many cases, is not very reliable, though. Thus, 

calibration had to be completed at different stream temperatures in order to manually 

derive a conversion factor - temperature dependence relation, which allows future 

discharge measurements without the need for additional calibration (note, that calibration 

should still be verified after each 10 or so measurements to avoid drift). The temperature 

dependence was determined using the actual stream water at the time of sampling, as well 

as a stream water sample for analysis in the laboratory. Very similar temperature 

dependences were found at all three sites: 

 

Russell Main (290 m): 

R2 = 0.98 tek ⋅−⋅= 0245.0908.0
Upper Russell (490 m): 

R2 = 0.75 tek ⋅−⋅= 0345.0919.0
Stephanie Outlet (480 m): 

R2 = 0.98 tek ⋅−⋅= 0233.0912.0
Where: 

k = conductivity-concentration conversion coefficient [-] 

t = water temperature [C] 
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Temperature correction curve

y = 0.8959e-0.0236x

R2 = 0.9451

 

The rating curves developed for the Russell Main and Upper Russell sites cover between 

75 and 80 % of the occurrence time, although the actual peak discharges cannot be rated 

yet, as the very flashy behaviour of the Russell Creek watershed causes peak discharges 

to appear and recede very quickly, usually within 1.5 to 2 days. Failure to be in the field 

at the time of peak discharge therefore results in missing the respective peak. The peak 

discharges covered until now amount to 2.13 m3·l-1 at Russell Main and 0.54 m3·l-1 at 

Upper Russell. The rating curves computed are: 

 

Russell Main (290 m): 

R2 = 0.86 

Upper Russell (480 m): 

R2 = 0.99  

 

Where: 

Q = discharge [m3·s-1] 

h = water level in the stream [mm] 
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Rating Curve Russell Main
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Rating Curve Upper Russell

y = 0.0498e0.0068x

R2 = 0.9909

0.1

1

10

100

100 150 200 250 300 350 400 450 500

Gauge Level [mm]

D
is

ch
ar

ge
 [m

3

 

Total precipitation gauges 

The six custom-made total precipitation gauges were first put into operation mid-October. 

Yet, various technical problems prevented recording of continuous data series before 

mid-December. The problems included data logger sensitivity to ambient air humidity, 

which caused three loggers to work discontinuously and finally stop recording. As soon 

as the problem was identified it was solved by the insertion of vast amounts of silica gel 

desiccants into the not waterproof logger compartment of the tipping buckets. Another 

technical problem was not realised for several weeks due to uncommon long dry periods 

in November. The salt solution in the gauges was not concentrated enough. Low 

temperatures around November 11 caused freezing of the surface of the salt solution in 
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the gauges. Subsequent precipitation then caused the creation of a pressure head on top of 

the ice layer as the solution could not be replaced (ice layer was frozen to the gauge 

walls). When the temperatures rose again a couple of days later, the pressure heads 

pushed the liquid into the siphons, pushing out the air in the top of the siphon and entirely 

filled them. This resulted in the activation of the actual siphon suction mechanism, 

draining the gauges to the bottom. As virtually no precipitation was observed in the 

mentioned period, it was not realized, that the gauges had a technical problem, which was 

only revealed after a rain storm in mid-December. The problem was then solved by 

adding ventilation outlets to the top of the siphon, ensuring constant air influx and 

avoiding under-pressure conditions. 

In order to account for wind induced precipitation undercatch, the measured amounts of 

precipitation were preliminarily corrected using equations suggested by Yang et al. 

(1998) for unshielded NWS 8” gauges: 

Snow: 

 
28.1157.0606.4 Ws

m
c e

PP
⋅−

=
 

Mixed precipitation: 

 
Ws

PP m
c ⋅−
=

34.877.100 

Rain: 

 
58.0062.0605.4 Ws

m
c e

PP
⋅−

=
 

Where: 

Pm = measured precipitation [mm] 

Pc = corrected precipitation [mm] 

Ws = wind speed [m·s-1] 

 

From the frequency distribution of the correction factors it can be clearly seen that the 

higher the elevation, the higher the influence of the wind is (see the chapter wind in 

results section). While at Upper Russell (490 m) the correction factors are below 1.15 

during 85 % of the time, it is shown, that the factor rises to 1.2 for the 85 % quantile at 
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the Upper Stephanie station (830 m) and to 1.75 at the High Elevation site (1000 m). At 

the High Elevation site it is interesting to see that the correction procedure is obviously 

not valid for the strong winds prevailing at this site, as the total accumulative 

precipitation lags well behind the other stations, although higher or at least the same 

amount of precipitation should be expected for higher elevations. The difference of 

measured precipitation can only attributed to insufficient wind correction, as the gauge is 

working fine otherwise, i.e. it has the same reaction pattern as the other gauges.  

Note, that the correction equations are only calibrated for 8” gauges. The resulting 

corrected precipitation is therefore very likely not to be determined sufficiently exact for 

the 15” gauges in operation. Suitable correction curves for the 15” will be established in 

2006. 

Frequency Distribution Wind Correction Factors
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Precipitation in this report is always referred to as wind corrected precipitation. All 

gauges therefore were continuously recording precipitation starting December 20. Since 

this day five storm events with maximum 24-hour intensities > 40 mm were recorded 

almost simultaneously at all gauges. The biggest storm having 24-hour intensities 

between 83 and 105 mm, depending on the station, occurred on December 24/25. This 

storm was rated as a pure rain storm, just as the storms of December 21/22 (yielding a 

maximum 24-hour intensity between 39 and 64 mm) and January 5 (maximum 24-hour 

intensities between 48 and 60 mm). The storms of February 4 with intensities between 50 
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and 56 mm and March 23/24 with maximum intensities between 62 and 80 mm were 

rated as a snow storm at elevations above approximately 1000 m and as a rain-on-snow 

event below that elevation. 
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From the beginning of the continuous data recording on December 20 until the latest 

logger download an accumulative precipitation of 958 mm at Upper Russell (490 m), 

1023 mm at Upper Stephanie (830 m) and 823 mm at the High Elevation site (1000 m) 

was observed. While at Upper Russell only 7 % or 65 mm of the precipitation can be 

classified as snow, this ratio increases to 24 % (244 mm) at Upper Stephanie and 32 % 

(260 mm) at the High Elevation site. 
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Forest rain gauges 

The five forest rain gauges were installed and put into operation at the beginning of 

October. Yet, various technical problems prevented recording continuous and valid data 

sets. As for the precipitation gauges in the clearings, the data loggers showed 

considerable problems in dealing with the high air humidity, resulting in data loss and 

corrosion. The use of desiccants did not provide a solution to this problem. The 

compartments in the tipping buckets, containing the loggers had to be additionally sealed. 

A lengthy dry spell and subsequent accumulation of snow impeded verification of 

functionality until mid-March. Hence, no sensible forest rain data set could be collected 

in the 2005/06 rain season.  

 

Temperature sensors 

The temperature sensors were working without problems since October 25, except for the 

one at the clearing at 540 m, which had to be replaced. Consistent and continuous data for 

this site are therefore only available starting January 16.  

Under bare ground conditions, the radiation shields seem to work sufficiently well, 

whereas they show spikes around midday on sunny days, with snow covered ground. 

Incoming and reflected radiation are adding up and cause the shield to adsorb the heat. 

This problem was encountered by applying a median-filter over 2 hours to daytime 

measurements. Peaks were considerably damped using this filter.  

Since the start of the loggers six major cold spells with temperatures well below freezing 

at all elevations were observed.  The first of which extended over a week, starting 

November 26 and reaching temperature minima of -10 C at 490 m. The daily mean 
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values ranged between 0 and -5 C depending on the elevation. The longest period with 

temperatures below 0 C occurred between February 12 and 22 with a minimum of – 11 C 

at 490 m. the daily mean temperatures ranged from 0 to -7 C. 

Distinct inversion periods were observed between November 15 and 25. The temperature 

at the lowest elevation site at 490 m was up to 12 C below the temperature at the High 

Elevation site (1000m). Similar, though less extreme conditions were observed between 

December 8 and 12 as well as between December 14 and 17. 

During normal weather conditions an daily average temperature gradient of -0.35C/100m 

(R2 = 0.64) with a coefficient of variation CV = 0.53 was determined. The daily average 

temperature gradient during inversion conditions was found to be 0.47C/100m (R2 = 

0.57) with a coefficient of variation CV = 0.8. 

The air temperatures in clearings showed, as expected, much more pronounced 

amplitudes than in forest stands throughout.  

 
1000 m 760 m 540 m 490 m 

 
Clear cut Forest Clear cut Forest Clear Cut Forest Clear Cut Forest 

Day 1.97 0.19 1.14 0.49 1.60 1.35 1.79 1.14 

Night 0.5 -0.17 -0.60 -0.17 -1.50 0.47 0.04 -0.07 

 

 

Wind 

Continuous wind data are available from December 12 at all three stations. As expected, 

the highest wind speeds were recorded at the High Elevation site (1000 m). The average 

wind speed at this site is 3.41 m·s-1 as the location as a mountain ridge, the mean wind 

direction is either NW or SE, depending on the pressure conditions. 
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The average recorded wind speed at Upper Stephanie (830 m) was 1.37 m·s-1 with a mean 

wind direction of NNW. The drop of wind speed between 1000 m and 830 m of more 

than 2 m·s-1 seems very high and it can be explained by the fact, that the climate station at 

1000 m is located on a rather exposed spot whereas the station at 830 m is situated in the 

well protected area of the Stephanie bowl. Comparing the average recorded wind speed at 

Upper Russell (490 m) supports this hypothesis, as it is with 1.24 m·s-1 only marginally 

lower than the one at Upper Stephanie.  
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The wind speeds show medium correlations with correlation coefficients between 0.5 and 

0.7. Plotting the wind speeds against each other regression relations were derived, 

showing that there is a general correlation between the stations, the values of R2 however 

suggest, that only 20 to 30 % of the variations can be explained by these relationships. 

This suggests a strong topographical influence on wind speed distributions which had to 

be expected due to the very rugged and steep terrain. 

Frequency analysis reveals that the difference in wind speed between the High Elevation 

site on the one hand and Upper Stephanie and Upper Russell on the other hand are higher 

than 4.5 m·s-1 at roughly 30 % of the time, while it is below 4.5 m·s-1 at approximately 99 

% of the time between Upper Stephanie and Upper Russell. 

 

 

Radiation 
The Pyranometers and Albedometers are in operation since November 10 and they are 

since working without problems, delivering continuous data series. The only problem 

occurring is that the sensor are covered by snow during precipitation events with little 

wind and with temperatures close to the freezing point (“wet snow”). As daily 

maintenance is not possible, it happened, that some sensors remained snow covered for 

up to several days, until the snow melted or was blown away by the wind. This, however, 

does not pose a real problem, as the albedo reaches almost 1 under fresh snow conditions. 

Hence, the incoming radiation can be derived from the albedo. 

The lowest vales, around 50 W·m-2 were recorded from end of December until mid-

January. Since then the incoming radiation is, as expected due to the inclination of the 

sun, increasing, reaching values of more than 800 W·m-2. 
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Snow Surveys 

Thirteen snow surveys have been carried out at each of the 9 snow survey locations (as 

described above) starting January 15 until April 5. The snow accumulation was 

continuous at elevations above 600 m, resulting in a peak SWE of 260 mm at 1000 m and 

372 mm at 830 m. The fact that less snow is accumulated at the higher site can again be 

explained by the topographical influence. Firstly, the High Elevation site is much more 

exposed to wind, causing snow drift. Secondly, Upper Stephanie is well shaded by 

surrounding mountains, while the High Elevation site is exposed to the sun from sun rise 

until sun set, resulting in more incoming radiation. The maximum snow depth at these 

two sites was reached early March with 76 cm at 1000 m and 157 cm at 830 m. Below 

600 m the snow pack showed transient characteristics with frequent snow accumulation 

followed by snow melt. Generally, it could be observed the snow accumulation in forests 

is considerably lower than at clear cuts at the same elevations.  
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Subsurface/preferential flow 

During rain storms the largest soil pipes transported up to 75% of the water. Figure 3c 

shows that the largest soil pipe, MP2A, can only transport a maximum of 30 l/min. When 

NaCl was applied to the ground surface 12 m above the road cutbank it was transported 

quickly through the middle marcopores, MP2A and MP2B. When NaCl was applied 30 

m above the road a diffused response was observed. 

 

 
 

Steady State 

NaCl injected into the 12 m trench at steady state produced a quick response from MP2A 

(Figure 4c). This suggests that the injection trench and road cutbank are highly connected. 

Tracer injected into the 12 m trench only produced a response from the centre of the 

cutbank (Martix2, MP2A, and MP2B). A slower more diffuse response was observed 

during the 30 m steady state tracer tests. Reducing the pumping rates caused a slower more 

diffuse response. 
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Increasing the pumping rate (comparing the 30 m injection, fast and slow rates) resulted in 

a lower percentage of tracer recovered from section 2 (95.4% to 84.6%, MP2A and MP2B) 

and more tracer recovered from section 1 (4.5% to 14.8%, Matrix 1 and the preferential 

flow, Table 1). The flow rates show a similar trend however the difference is less (Table 2). 

This is consistent with the natural condition flow findings where the section 1 makes up for 

the limited capacity of the pipes in section 2. 

 

Table 1. Measured percentage of NaCl tracer input and recovered at each gauged section during the steady 
state experiments.  

  Percent of Recovered NaCl 

experiment 
measured 

output Matrix 1 Matrix 2 MP 1 MP 2A MP 2B  
12 m fast rate 98.5%  0.2%  97.8% 2.0% 

12 m slow rate 80.4%  0.1%  98.4% 1.5% 

30 m fast rate 49.1% 6.2% 0.6% 8.6% 74.9% 9.7% 

30 m slow rate 86.4% 1.8% 0.2% 2.7% 83.0% 12.4% 
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Table 2. Flow rates expressed as percentages of the total outflow. The rates could be considered total 
outflow because the flow rates are at steady state. 

Experiment 
Matrix 1 

(%) 
Matrix 2 

(%) 
MP 1 
(%) 

MP 2A 
(%) 

MP 2B 
(%)  

12 m fast rate  0.5%  96.6% 2.9% 

12 m slow rate  0.9%  96.2% 2.9% 

30 m fast rate 5.4% 1.1% 7.3% 77.4% 8.7% 

30 m slow rate 2.9% 1.5% 4.3% 79.6% 11.7% 
 

 

Hillslope excavations 

The hillslope excavations showed that the centre section (2) of the road cutbank was 

connected to the 12 m trench by large soil pipes (30 cm x 3 m) at the interface of the 

organic and mineral soils. These soil pipes were connected by flow through the organic 

layer. Other cross sections revealed concentrated flow through coarse mineral soil, 

diffused flow through mineral and organic soil, flow along roots, flow diverted by large 

boulders, and flow through soil pipes located in the organic and mineral soil horizons. 
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Conclusions 

Our knowledge about these types of systems is limited and combining these types of 

experiments over this length of hillslope will help understand how these processes 

behave. The transport of water and solutes is not only governed by the presence of 

distinct preferential features like pipes or macropores but also by the material that 

connects them. In addition, water exploits the pathways with the lowest resistance to flow 

independent of the gradient of the surface or bedrock topography. The information gained 

about length, area, frequency and connectivity of individual preferential flow pathways 

will be used to develop a hillslope model incorporating a statistical representation of 

theses features.  

Preferential flow pathways are present and they play an important role in the runoff 

generations and solute transport at Russell Creek. These simple conclusions will have 

many implications on our process understanding and should affect how we manage the 

hydrology, solute transport and slope stability of these types of watersheds. Two 

examples of areas of forest management that could be directly affected are the 

hydrological effect of roads and the deactivation process used to mitigate these effects. 

Our present understanding about roads is that they extract slow moving water from the 

hillslope and convert it to fast moving ditch water. This is expected to make the peak of 

the hydrograph sooner and larger. However, if the soil water is not moving slowly, but 

rather at a speed closer to ditch water, we can expect that the effect of the road will be 

much less (Beckers and Alila, 2004).  Pullback of side caste material and recontouring of 

roads are practices that are sometimes used when roads are permanently deactivated. We 

know that the water is moving through well-organized soil with many preferential flow 

pathways that have been developed over tens of thousands of years. So, we should not 

expect that returning the soil to the original position would recreate the soil structure and 

contribute to the hydrological recovery of the watershed. 
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Hillslope scale (Modelling data collection) 
Providing process understanding at the small hillslope or plot scale may help us 

understand the possible effects of the preferential flows at the larger hillslope and 

watershed level, however it is still speculation without larger scale experimentation and 

modelling. The focus for the final three objectives has been to data collection to facilitate 

modelling at the hillslope and watershed scale. 

One hillslope has been selected to examine the effect of input detail on model output. A 

distributed computer model will be calibrated with measurements of water residence 

time, stream flow and groundwater behavior. This model is under development and has 

been tested using data collected at Stephanie Creek, an 8 km2 tributary of Russell creek. 

The model has a grid cell structure representing the topography and soil. Water is routed 

between the grid cells using equations that reflect the plot scale investigations conducted 

during the summer of 2004 and 2005.  

Most modellers are faced with the question of how much detail to include. The soil 

parameters cannot be measured for an entire hillslope, so the relevant parameters will be 

sampled so that statistical and geo-statistical functions can be used to represent 

parameters in the model. Then storm flow will be simulated starting with a simple 

representation of soil and then detail will be successively added to the soil parameters. 

Groundwater well responses, solute transport measurements and surface water 

measurements will be compared to the simulated model outputs. Inputs and outputs of 

water to and from the hillslope were measured in detail using instrumentation described 

below. 
 
Streamflow and groundwater data 

A total of 9 stream gauging stations were installed. The smaller streams were gauged with 

plywood weirs and control sections were used to gauge larger streams. Water levels in 

weirs and groundwater wells were measured by standalone Odyssey capacitive water level 

probes at single purpose sites, and by Unidata data loggers and associated instrumentation 

(including capacitive probes and pressure transducers for water level) at sites where 

multiple parameters were monitored. The focus this last year was to continue the collection 

of data for later modeling efforts. 
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Wells

Map of study site. Stream “A” (light blue) is approximately 4 km2 and Stream “B” (dark blue) is approximately 1 km2. Contours in 
light grey are 5 m in height.  The roads are black solid lines.  

 

Hillslope scale (Groundwater response) 
To effectively develop and test watershed scale models the processes at the hillslope 

scale have to be understood. Some models rely on the assumption that topography and 

proximity to the stream can be used to predict the groundwater behavior. Observations at 

Russell Creek have identified concave and convex portions of the hillslope as units that 

respond to rainfall differently. To test if groundwater behavior can be predicted by 

topography, soil type, and vegetation one hillslope was mapped and separated into similar 

units, from which some units were selected for instrumentation. Attributes describing 

groundwater response will be calculated and statistically analyzed. During the fall of 

2004, twenty-five wells were installed and instrumented with Odyssey capacitive probes 

and pressure transducers. The wells targeted different hillslope elements. These wells are 
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still being monitored and will be analyzed after the articles from the plot scale data are 

submitted for publication. 

Watershed scale 
Unlike the hillslope model that has a grid cell structure, the goal of the watershed scale 

model is to use the largest representative element possible. This requires that the 

watershed be delineated into units with the same groundwater behavior. This idea is the 

basis for some non-spatial models that lump the watershed into similar units (Seibert and 

McDonnell, 2003). However, one goal of the model is to test and forecast the effects of 

land use, which can be very difficult with a non-spatial model. The hillslope and plot 

scale experiments provide process understanding and data for model development and 

testing. Then if done correctly, the model will help validate the conceptual ideas of how 

water moves through the soil and becomes runoff. At this stage, the model platform has 

been developed and the data collection has been completed. The development and testing 

of the model will start when the other publications are submitted. 

Watershed scale tracer experiments  
Unique tracer tests were attempted in the late spring of 2005, these experiments were 

similar to the road cut plot scale experiments but the stream diluted the sodium chloride 

tracer too much so a fluorometer and Uranine and Rhodamine WT dye tracers were used. 

The fluorometer was calibrated and the tracers were applied, however the tracer was 

never recovered in the streams. The travel times could be too large, the tracer might have 

been absorbed in the soil before reaching the streams or the tracer might have been too 

dilute to be detected by the instruments.  

As an alterative to the applied tracer experiments, we set up an End Member Mixing 

Analyses experiment in the late fall of 2005. During fall storms water samples were taken 

from 5 streams, zero tension lysimters, wells at various locations, and bulk precipitation 

collectors. Despite numinous technical problems, we managed to get stream samples 

from 5 streams of various sizes during a storm on November 5th and 6th 2005. In total 

over 200 samples were taken, but to save time in February and March only 155 samples 

were analysed for cation and anion concentrations using a new ion chromatograph 

purchased by Markus Weiler. To date the anion concentration data have been 
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preliminarily analysed. The concentrations of ions are low (< 1 ppm) however, there is 

flushing of some anions evident during the winter storm. The flushing is visible in the 

chloride and sulphate connections displayed in Figure 6. The stream water concentrations 

are bounded by the lysimeter, well and precipitation and it appears to change during the 

storm. More analysis is required to determine if the contribution of the end members 

changes during storms and is if the end member contribution is effected by watershed 

size. These data will help in the development and validation of the watershed scale 

model. 
a) Stream 1 ~4 km2  b) Stream 1a ~1 km2  
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Operational significance 
For some practical applications using a model that contradicts observations or conceptual 

ideas may not be a major concern. However, when a model is used as a scientific tool 

equafinality or contradicting observations can discredit the conclusions. Investigating the 

dominant processes and colleting unique data helps modellers choose an appropriate 

model structure, and helps professionals ma med management decisions. Lateral 

preferential flow is likely a dominant control in watersheds similar to Russell Creek, and 

will affect how we understand and manage the stability of slopes, runoff response and 

solute transport. 

 forest harvesting on peak stream flow will vary with the 

undwater recharge, low flow or soil storage, but may not affect peak 

era network, however they were identified and 

solved this past fall and winter.  This will ensure improved quality of data for the 

lanned remainder of this project.  Data is still to be collected and measured for the 

t the high elevations until snow is completely 

ke infor

We also expect the effects of

distribution of the runoff response and where we log. Experiments such as the EMMA 

and our groundwater well design will help determine the contribution of areas to peak 

flow. If runoff response were uniform there would be a direct relationship between 

proportion of area logged and change in peak flow. In a watershed where runoff response 

is mixed, such as Russell Creek, the effect of harvesting depends entirely on where you 

log. We would expect a greater change in peak flow and timing of the peak if we harvest 

areas with high runoff response. Conversely, harvesting areas of slow runoff response 

may increase gro

flow as much.  

 

 

The role of canopy interception 

As we used emerging technology for this innovative design, field work from this past 

winter not only provided useful data, it allowed us to test equipment and troubleshoot 

throughout the season.  Data collected this past season was of high quality, providing an 

excellent opportunity to produce useful within the next year.  There were some issues 

with the field equipment, primarily related to structure design of the lysimeters and a 

ower source for the camsufficient p

re

p

season, with snow surveys occurring a
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melted.  Beginning in late spring, additional tipping buckets will be installed within each 

treatment to monitor stem flow.  Combining this data with the snowmelt lysimeters will 

provide us with a complete account of water entering the soil after it is intercepted by the 

canopy. 

Data is currently being analyzed for presentation at an upcoming Canadian Geophysical 

Union conference on May 14, 2006.  Initial data will be presented for objective 1 of this 

project.  A parsimonious model to be used operationally will be created using four 

specific events from this past year, two in the early winter, one from the middle of winter 

and another from the spring melt.  As this report is being written, data pertaining to stand 

attributes, such as canopy closure, tree height, stem density, crown depth, diameter at 

breast height and tree species are being collected within each treatment.  This data will be 

used to create a model to predict interception recovery in regenerating stands. 

Analysis of the data generated by the remote camera network will begin during the 

increase in 

y 

summer of 2006.  While we cannot at this time provide quantitative results from the 

photos, we would like to provide a series of photos during one specific snowfall event on 

Feb 26, 2006 (Figure 3).  This time series provides an excellent example of the type of  

information that can be gained using images that would otherwise be missed using 

conventional methods.  The series of photos were taken in a regenerating stand, 3 to 6 

meters in height.  The snow present in the canopy accumulated throughout the night, and 

as can be seen, within a 10 hour period, all of the snow was unloaded from the canopy.  

Examining the temperature and precipitation data for that period reveals an 

temperature of more than 7oC between 6:00 and 13:00, along with a total precipitation 

event of 1.71 mm, most of it in the form of rain.  It appears as though temperature plays 

more of a role in the shedding of the snow than did the precipitation as it did not start to 

rain until after most of the snow was gone.  An analysis of wind speed from a nearb

weather station (within 200 meters of the site) indicates that wind speeds were stable 
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Photo sequence from regenerating stand 3 to 6 meters in height from Feburary 26, 2006.  Photo’s A through E are from two hour 
increments starting at 07:00 and finishing at 16:00.  Figure F provides the temperature and precipitation during that period of time. 
 

throughout the day, providing further support that temperature played a substantial  role 

in shedding of the snow. The photo series is integral to the interpretation of this data, 

showing exactly when the snow is released from the canopy and suggesting that 

sublimation plays very little role in loss of snow water equivalent (SWE) during this 

vent.  This is but one example of the possible uses for the data derived from the camera 

g on a 

e

network.  Image analysis completed this summer will provide more insight into the 

processes governing canopy interception, allowing us to assess both the ECA concept and 

improve our current ability to model rain on snow events in coastal environments. 

As already mentioned we will be presenting our results at the upcoming Canadian 

Geophysical Union conference titled “Recovery of stand-level hydrologic processes 

following forest harvesting in coastal watersheds: Developing and testing an empirical 

model”.  We plan to submit a paper from based on the presentation to the Hydrological 

Processes edition dedicated to the CGU conference. We are also currently workin

technical note regarding the application of the remote camera network designed for this 

study and potential uses in hydrology for publication in a journal.  This research will be 

presented to forest practitioners through an extension program operated by the Ministry 

of Forests and Range in British Columbia, through both publications and workshops.  We 
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are planning an operational field trip in the Spring of 2006 for BC Timber Sales and other 

major licensees who operate on Vancouver Island. 
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