
Project Y093074 - Hydrologic Indicators For Watershed Sensitivity to Peak Flow Changes in Small 

Watersheds 

Executive Summary 

Project purpose and management implications: 

This project evaluates the use of bankfull and effective discharge as indicators of watershed 

sensitivity to disturbance. The bankfull and effective discharge are parameters which relate 

frequency of flooding to frequency and magnitude of sediment transport. By determining the 

range of bankfull and effective discharges experienced by small streams throughout BC, and the 

parameters which affect this range, we will learn which watersheds are most sensitive to changes 

in the flooding and sediment transport regime resulting from changes to forest cover. 

Project start date, length of project, and any former project numbers or funding sources that 

apply: 

This project began as Project Y071074 in the 2006-2007 fiscal year and continued as Project 

Y082074 in the 2007-2008 fiscal year. The project completed this fiscal year (March 31, 2009). 

Methodology overview: 

The magnitude of bankfull discharge was determined from detailed channel surveys of bankfull 

indicators in stream reaches in close proximity to Water Survey of Canada stream gauges with 

long term records of streamflow. Channel cross sections were analysed with the WinXSPro 

program, using the Jarrett method of estimating Manning’s n value. Streamflow data was 

analysed using the Consolidated Frequency Analysis program of Environment Canada to 

determine the magnitude of daily and instantaneous peak flows for various return periods. Trends 

in bankfull discharge across the range of watersheds studied were analysed by scaling estimated 

bankfull discharge using the 2-year instantaneous peak flow as a reference value. 

Surface sediment was characterised using the Digital Gravelometer program and 

photogrammetric analysis, supplemented by subsurface volumetric sampling. Effective discharge 

was determined by evaluating the sediment transported over the range of discharges using the 

Wilcock and Kenworthy(2002) surface-based two-fraction sediment transport model, with grain 

shear stress evaluated using the Einstein-Keulegan equation. Sediment transport was evaluated 

for every flow class from 0 flow to beyond the largest flow on record, and multiplied by the 

frequency of that discharge class, determined from the daily flow duration curve extended by the 

peak flow analysis. The discharge class that transported the most sediment over time was 

identified as containing the effective discharge. Trends in effective discharge across the range of 

watersheds surveyed were evaluated by scaling the effective discharge by the magnitude of the 

discharge exceeded on average 4 days per year. 



Scaled effective and bankfull discharges were related to each other and to physiographic 

parameters of the surveyed watersheds in order to explicate the geomorphic and geographic 

factors that could potentially be used to predict bankfull and effective discharge frequency and 

magnitude. 

Project scope and regional applicability: 

The project surveyed all suitable watersheds (long-term WSC gauge and watershed area <100 

square km) in the southern half of the province. The results should be applicable to all 

watersheds of that size in which fluvial processes dominate across southern British Columbia, 

and broadly applicable to the northern half of the province, although this requires verification. 

By design, the project excluded watersheds where debris flows predominate over fluvial 

processes as the dominant form of sediment transport; results from the project should not be 

extended to watersheds where debris flow is the dominant process. 

Interim conclusions, inference or information that might be immediately useful to forest 

practitioners and other researchers:  

Our results suggest that most studied watersheds have a return period for bankfull discharge of 

greater than 2 years (median value, corrected for hydroclimatic variability, of about 5 years) and 

a magnitude for bankfull discharge of about 1.3 times the 2-year peak flood. However, effective 

discharge is much lower and more frequent; using median values, effective discharge is equalled 

or exceeded 26 days a year in the studied watersheds, and has a median magnitude of 

approximately 0.6 times the 2-year daily maximum flood. Taken together, this suggests that 

many small mountain watersheds in BC are somewhat degraded, with incised channels and 

frequent sediment-transporting events. Most of the studied watersheds would be sensitive to 

disturbance: increases in the frequency or magnitude of flood flows, or increases in sediment 

inputs to the channel, particularly fine sediment, would result in significant increases in sediment 

transport from and through the studied reaches, resulting in channel destabilization and 

downstream sedimentation. 

We identified a few stable watersheds, with low bankfull- to- Q2 ratios and infrequent effective 

discharges. These watersheds would be less sensitive than the majority of those studied to 

changes in peak flow or sediment inputs, but would still be affected by such changes, albeit to 

not as great a degree. However, we were not able to find a method to predict which watersheds 

would be the stable ones from geographic information – detailed surveys are required to evaluate 

watershed stability. 
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