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• Are there missing streams on maps?

• Is there missing salmon habitat?
 
• Where are flood-prone areas? 

• Where is high landslide risk? 

• Where is restoration most effective?

and many others…. 

End Users Questions--Applications



Grass Roots

Keex' Kwáan Community 
Forest Partnership 

10 years



Grass Roots
Multi-disciplinary Information and Analysis Platform 

Virtual Watersheds & Tools

A channel network-watershed data structure that connects lotic, lentic, and 
terrestrial ecosystems that is designed for applications



Structure of a virtual watershed (NetMap)
(Benda et al. 2007; Benda and Miller 2009;
Benda et al. 2011; Miller et al. 2014;
Barquin et al. 2015; Benda et al. 2015;
Benda et al. submitted)



Virtual Watershed: terrestrial - channel connections





Each node or 100-m stream segment contains numerous channel 
and upstream watershed information



Existing IfSAR and LiDAR 
based virtual watersheds

1) US Forest Service-Tongass/NRCS/Sealaska
2) The Nature Conservancy (+ partners)
3) Ecotrust/USFS
4) Chugach National Forest
5) Univ. of Alaska/US Fish & Wildlife
6) Arctic-Yukon Sustainable Salmon Initiative
7) USGS Fisheries
8) The Wilderness Society
9) Kenai Watershed Council
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Example Applications
• More comprehensive & accurate networks – Matanuska-Susitna
• Salmon habitat mapping (finding missing habitats)—Chichigof Island, SE AK
• Floodplain and riparian mapping - Prince of Wales Island
• Landslides and debris flows - Sitka, Wrangell, Petersburg
• Forest roads and salmon (fish blockages) - Kupreanof Island

Older “Cartographic” DEM derived “synthetic”



Flow accum: Area * Slope2

Fluvial Erosion: Plan Curvature

Candidate Initiation Sites

Synthetic channel extraction from
IfSAR or LiDAR DEM

• More comprehensive & accurate networks – Matanuska-Susitna
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Old Cartographic (NHD) Stream Network

New LiDAR Synthetic Network

An additional
25,000 miles of new
stream channels
were identified on
new maps in the
Mat-Su basin.

• More comprehensive & accurate networks – Matanuska-Susitna



Chichigof Island, Southeast Alaska

Older Cartographic NHD

IfSAR synthetic

LiDAR synthetic



• Salmon habitat mapping (finding missing habitats)—Chichigof Island, SE AK



• Salmon habitat mapping (finding missing habitats)—Chichigof Island, SE AK

Floodplains/channel confinement
Drainage Area Channel Gradient

Channel Width Channel Depth

Requires watershed & channel attributes



5 km

Chum (Oncorhynchus keta) Pink (O. gorbuscha)



• Coho salmon habitat mapping—Chichigof Island, SE AK

Older NHD-based
Anadromous Waters Catalogue (AWC)

IfSAR synthetic-HIP Model

LiDAR Synthetic



• Floodplain and riparian mapping, Prince of Wales Island

Network of rivers, network of floodplains, 
network of roads – where are overlaps?

Floodplain



Riparian Zone Protection/Management

Wetlands Floodplains

Shade Combined



Wrangell slide 2024

Haines slide, 2020

• Landslides & Debris Flow Risk—Southeast Alaska



Delineating headwaters and ephemeral streams for predicting
runout of debris flows and flash flood potential, and 
propagating downstream hazards

Empirical modeling, landslide inventory

Mapped Landslides
(Tongass N.F. inventory = 12,000+ slides)

• Landslides & Debris Flow Risk—Southeast Alaska



Highest

Lowest

Predicted Landslide initiation, 
runout, and inundation (combined)

2015 Sitka Landslide

Inventoried landslides



• Landslides and debris flows, Sitka, Wrangell, Petersburg, Prince of Wales Island (fish) 

Separating landslide
(raster-cell based)

Debris runout-vector 
based



• Forest roads and salmon (potential fish blockages), Kupreanof Island

Roads

Fish habitat

Habitat length above
road crossings



• Forest roads and salmon (fish blockages), Kupreanof Island

 Keex' Kwáan Community Forest Partnership Landscape Assessment; Robert Christensen et al. 2024 

Length of salmon
habitat above 
road xings



Classify by subbasin
 for strategic planning

Basins of concern
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