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Objective

To explore the value of a proposed measurement 
network to capture the distribution of hydrological 
processes and variability in a watershed. 

To design a technically feasible and cost efficient 
experimental watershed

A new methodology 
to explore the natural and managed hydrological variability 
in a watershed and 
to discover hydrological sensitive areas. 
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Experimental watershed

Cotton Creek watershed, 
17.4 km2 drainage located in the Kootenay Mountains, 
Southeastern British Columbia, Canada. 
Mountainous watershed 
Forested mainly with lodgepole pine to the headwaters 
Moderately steep hillslopes
A mosaic of forest stands of various age classes

Variability due to
Forest management
Topography
Runoff generation processes 
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GIS based model
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“natural” conditions (no 
land-use change or 

management assumed)

SNOW RAIN

Vegetation will affect snow and 
rainfall differently and thus the 
input into the hydrological system 
will be spatially and temporally 
different.

= reference simulations

altered land-use 
conditions (current 

land-use).

SNOW RAIN

altered land-use and 
forest roads influence 

runoff generation

SNOW RAIN

Forest roads 
may affect runoff 
generation by 
draining 
subsurface 
stormflow
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Assumptions for modelling
hydrological input and response

Input – Rain
16% increase of rainfall per 100m elevation (based on 
summer (JJA) climate normals for this region)
28 % interception losses for lodgepole pine (Spittlehouse, 
2002)
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Assumptions for modelling
hydrological input and response

Input – Snow melt
April 1, 2005 snow survey in Cotton Creek watershed

34 mm/100m increase in SWE for open areas
20 mm/100m increase in SWE for forested areas
Snowline at 1000 masL

50% lower snowmelt rate in the mature forest than in the 
clearcut and juvenile forest (Winkler et al., 2005). 
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Distance (m)

Catchment response – natural 
conditions

10 m DEM - Flow accumulation-
stream network 
Flow path length to the stream was 
calculated (SAGA GIS). 
Distribution of the flow path length 
provides a surrogate how fast a 
watershed transform precipitation 
inputs into runoff
does not take into account 

different runoff generation processes 
different antecedent conditions 

Assumptions for modelling
hydrological input and response
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Distance (m)

Catchment response – altered 
conditions

all lateral flow is captured by the 
forest roads, which may be 
considered as the most extreme case 
in terms of forest roads effects in 
watersheds

Assumptions for modelling
hydrological input and response

Distance (m)
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Model results and comparison

Model calculates the input weighted flow path length 
distribution (watershed response function - WRF) for 
each sub-watershed under the natural conditions and 
under specific management condition for snow or rain 
as input. 
4 different conditions (rain - snow and noroad - roads) 
are compared with the natural condition using the 
watershed response functions: 
1) The differences of the centroid

time of the WRFs
2) The total absolute differences                                  

of the magnitude of the WRFs
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Potential variability vs. 
measured variability 

Centroid changes in WRF for snow melt without the influence of roads
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Results – Potential variability vs. 
measured variability
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 Measurements

The designed measurement network is able to capture most of 
the variability for all different conditions (rain-noroad, rain-road, 
snow-noroad, snow-road)

Centroid response time (%) Absolute magnitude (%) 
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Relationship between WRFs and 
clear-cut area
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For the majority of the simulation conditions, there is no simple 
relationship between the percentage of clear-cut area and 
changes of hydrological response apparent.

Centroid response time (%) Absolute magnitude (%) 
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Conclusions

The network of 10 stream gauges delineating the 
Cotton Creek watershed was successfully designed to 
capture most of the variability induced by the forest 
management activities. 

We believe that hydrological responses should be 
measured and tested within the model validation 
covering the whole distribution of processes in the 
watershed – most effective information of a 
hydrological model
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Outlook

The introduced model can also be helpful to inform 
watershed managers about the impact of potential and 
planned land-use change (detect sensitive areas)
The module simulating the hydrological response 
based on the flow path length will be updated with a 
methodology related to the actual spatial distribution of 
runoff generation processes in the watershed (e.g. 
Naef et al., 2002)

Additional measurements in Cotton Creek: 2 climate stations, 5 
additional P and 50 T stations, 50 snow sensors and more than 15
specifically designed snow courses
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