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Conceptual Framework



Apply an approach that is less about studying cause and effect and more about
applying first principles already well established between land use stressors and
potential habitat impacts. Use existing tools (NetMap and others) to identify existing
and potential future areas of impacts, and design management prescriptions to eliminate
or avoid them.





River network mirrored on the WAM flow lines, but utilizing NetMap’s node based
data structure



Key functional elements of the coupled stream terrestrial system (virtual watershed)



Key functional elements of the coupled stream terrestrial system (virtual watershed)



Channel Attributes Landform and Process 

Characterization
Gradient Floodplains

Elevation Terraces

Distance to outlet Alluvial fans

Drainage area Hillslope-gradient and convergence (mass wasting)

Mean annual flow Tributary confluences

Stream order Erosion potential

Channel width and depth Hillslope–slope profile

Bed substrate (surface erosion)

Channel sinuosity Valley width and transitions

Channel classification Debris flows

Fish habitats Earthflows

Radiation loading Floodplains

Mean annual precipitation Terraces

Gradient Alluvial fans





Table 4, continued.



Multiple scales of analysis



Demonstration Analysis: Whitemud River watershed, Alberta (1,230 km2)

WAM-NetMap datasets





Species ArcMap Field 

Name

Common Name ArcMap Field 

Name
Arctic grayling ARGR Lakechub LKCH

Brook stickleback BRST Longnose dace LNDC

Burbot BURB Longnose sucker LNSC

Emerald shiner EMSH Northern pike NRPK

Flathead chub FLCH Redside shiner RDSH

Finescale dace FNDC Trout perch TRPR

Fathead minnow FTMN Walleye WALL

Lakechub LKCH White sucker WHSC

Species and common names of fish in the Whitemud River watershed.



Opportunities to create channel classification systems

McCleary et al. 2011
-uplands
-swales
-seepage fed channels
-fluvial channels



Bankfull Channel Width

Bankfull channel width, depth and mean annual flow are predicted by statistical regression and modeled as a power 

function of mean annual flow, drainage area and or precipitation (e.g., Leopold and Maddock 1953 and Clarke et al. 

2008). Statistical regressions for the Alberta Rocky Mountain Foothills (Hinton area) are used in this analysis but NetMap

contains a tool to recalculate bankfull channel width.

Bankfull width (m) = a* (drainage area^b)* (Precip^c) =0.966, b=0.5353, c=0

Bankfull Channel Depth

Bankfull channel depth is predicted by statistical regression and modeled as a power function of mean annual flow, 

drainage area and or precipitation. Statistical regressions for the Alberta Rocky Mountain Foothills (Hinton area) are used 

in this analysis but NetMap contains a tool to recalculate bankfull channel depth.

Bankfull depth (m) = a* (drainage area^b)* (Precip^c) a=0.4427, b=0.2866, c=0

Mean Annual Flow

Mean annual flow is predicted based on the flow regression in Table 2. Analysts can use other statistical relationships to 

inform this parameter in the Integrated WAM-NetMap using this tool.

Mean Annual flow (m3s-1) = a* (drainage area^b)* (Precip^c) a=0.0216, b=0.933, c=0

http://www.netmaptools.org/Pages/NetMapHelp/channel_width.htm
http://www.netmaptools.org/Pages/NetMapHelp/channel_depth.htm
http://www.netmaptools.org/Pages/NetMapHelp/mean_annual_flow.htm








WAM and Tree Heights



Floodplain and Riparian Delineation



Variable Width Riparian Zone Delineation



A variety of factors are observed to influence runoff and sediment yield from forest roads:

 Discharge rates of water and sediment are related to the surface area contributing runoff,

 sediment yield is related to the steepness of the road segment (Luce and Black, 1999),

 sediment yield varies with road surfacing material, road age, and road maintenance (Barrett et 

al., 2012; Luce and Black, 2001),

 sediment yield increases with increasing rainfall intensity (van Meerveld et al., 2014),

 log-truck traffic increases sediment production (Miller, 2014; van Meerveld et al., 2014),

 sediment concentrations in road runoff tend to be high at the beginning of a storm and to taper 

off over time (van Meerveld et al., 2014),

 the proportion of sediment delivered to streams decreases as the distance of the road from the 

stream increases (Croke et al., 2005; Ketcheson and Megahan, 1996). 

Road Erosion and Delivery Index



Road layer is draped onto the DEM





Road Segment 
Length L R

Sediment
Plume

Length LP

Stream

Soil
Infiltration

iS

Precipitation Intensity I

QDRAIN

InslopeOutslope

Forest Road
Ditch

Soil

Infiltration iD

WD

Road cross section

PO proportion outsloped
WP

Numerical Framwork







READI model parameters included: 1) minimum road segment length of 300 m, 2) minimum segment 

relief of 1 m, 3) maximum drain spacing of 300 m, 4) design storm duration 1 hour, 5) design storm 

intensity 0.02 m/hr (10 year event, Figure 27), 6) soil infiltration rate of 0.105 m/hr, 7) ditch infiltration 

rate of 0.073 m/hr, 8) outslope proportion 0.25, and 9) plume width of 1.5 m (rectangular plume).

Parameter Current Condition After Adding Optimized 

Drains

Percent Change

Sediment 

Production

(dimensionless)

497,000 497,000 0%

Sediment Delivery

(dimensionless)

148,000 21,000 -86%

Fraction of 

Production 

Delivered to 

Streams

29.8% 4.3% -84%

Percent Road 

Length

Hydrologically 

Connected

30.5% 4.3% -86%

Average Sediment 

Transport Length 

(plume length)

31 m 15 m -52%



















Predicted surface erosion potential using the WEPP model







Forestry cut blocks and surface erosion potential (WEPP model)





Bark Beetle Killed Trees and Shade – Thermal Impacts 





Post Wildfire and Pre Wildfire Analysis Capabilities (example provided from eastern Oregon)
but tools and approach could be applied to Alberta



Evaluating Cumulative 
Effects in Alberta 



Evaluating Cumulative 
Effects in Alberta 
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