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In: EOS (AGU) 2009 ‘Future of Applied Watershed Science at Regional Scales’
(download at www.netmaptools.org) 



Why a community based system? 

Increasing spatial scale of land use planning and overlapping 
agency jurisdictions (USFS-Regions, NWFP, GNLCC, NGOs, Councils)

Similar questions, data, and analysis tool needs

Flat or declining budgets and reduced staff

(community = powerful form of leveraging ideas, funding,
talent)

In the last decade:
 High resolution digital data
 Fast computers w/vast storage
 Advanced GIS
 Watershed process models
 Web
Cloud computing

NWFP



What is a community based system?

-A geographically
extensive & uniform landscape
databases of common data structure

-User friendly analysis
tools that use the database for
decision support

-Community (stakeholder) supported 
design & development of shared 
databases & tools



-Michigan State Univ. Digital Watershed Tool

-Universities allied for water research-
Hydrologic information system

-Community hydrologic modeling platform
(NSF funded)

Research science is moving towards community-based 
watershed data & modeling systems:



Red=higher risk
Blue = lower risk

It is time for a community based system in the
applied watershed sciences







NetMap’s Shared Analysis Tools 
(ArcMap 9.3, 10)

Aquatic habitat indices
-intrinsic potential (specie)
-core areas
-connectivity
-diversity
-bio-hotspots
-classification

Watershed Processes
-erosion/sediment supply
-LWD supply
-thermal loading/temp

Vegetation
-forest age
-fire risk
-burn severity

Roads
-density (multi-scale)
-X w/fish
-upstream hab. length/quality
-stability
-drainage diversion
-surface erosion

Query/Overlap tools & others
-menu driven: search & prioritize
e.g., high erosion w/best habitat,

high road density + high 
erosion + sensitive habitat

Google Earth Interface/hyperlinked tech help





A platform for other programs, tools, and databases

Vegetation
state and transition 

modeling
(VDDT)

Fire simulation
(Flammap etc.)

Surface erosion
(WEPP etc.)

Road surface erosion
(GRAIP)

Burn severity
(BAER)

Vegetation data
(Type/age etc.) Fish data/barriers

(Bayesian Cuttrhoat/
Bull Trout models)NetMap

NHD/NHD+/ other stream 
layers

(Data/drainage mask)

NetMap is a platform for other tools



Pre-fire planning

Post-fire (BAER) planning

Conservation

RestorationRoads

Forestry: Timber harvest
riparian mgmt

Aquatic
Habitats

Applications

Climate
change



Information transfer between NetMap and other stream databases
(including NHD)

NetMap River Network
Data Structure

Other Network GIS 
Data Structures



Current and pending (community) coverage



Funders/Users since 2008
-USFS, National Forests (WA, OR, NCA, AK, ID)
-USFS: PSW, PNW
-EPA (Puget Sound)
-NOAA (E. OR; W. WA/Section 7 ESA)
-BLM (OR)
-Oregon Dept. Forestry
-ODFW/WDFW
-Wild Salmon Center/Ecotrust/TNC/TU
-Washington Coastal Sustainable Salmon P.
-Kalispel Tribe/Salmon Board
-Watershed Councils
-Universities
-Private timber (Canada)



Analysis ToolsWatershed
Databases

Support/
Training Forums

Advisory
Groups

Tools and databases accessed via www.netmaptools.org



Uniform data structure

Stream

Hillslope

-full flow dispersion
-flow direction grid
-local channel drainage area
-attributed segments

Roads

NetMap’s topographic-channel data structure



Add drainage wing figure



Burn severity

and aggregated downstream

Multi-scale analysis & routing of spatial data



In the Clearwater, of the hundreds to thousands of 
road segments and road-stream crossings, how does 
one prioritize actions?



Bull trout
and
cutthroat
habitat score
combined



NetMap road analysis tools



Road density
is often used
as a surrogate
for impacts



Calculate road density at the scale of stream reaches (100 m)



Calculate spatial variations in road density at multi scales



Search for overlaps: concentrations of roads, erosion potential & habitats
Link road
density 
with 
hillslope
erosion
potential
and habitat
sensitivity



Search for overlaps between roads and habitat potential/sensitivity

Habitat score



Characterize habitat above every road



Characterize habitat above every road



Predict road failure potential



Calculate road 
drainage diversion 
potential



Predict road surface erosion

Areas of higher potential road surface erosion (overlaps with fish habitat?)



Stratify road
by erosion 
potential
for maintenance 
&
monitoring



Predict road surface erosion into streams and habitat



Predict road surface erosion into streams and habitat



Contrast road erosion delivery to streams with habitat scores



User automated tools to search for overlaps between erosion & habitat



Map floodplain extent and roads in floodplains



Identify roads in 
floodplains



Example of community tool development; Siuslaw NF
supports a road segment aggregation tool



How the tools can be used in a roads analysis

-screening hotspots
-stratification
-prioritization
-monitoring
-pre fire planning
-post fire rehab



Ex. of climate change application, downscaled Global Climate
consider road impacts

Increased winter
flooding likely



Examine roads within 
GCM predictions

Roads

Areas of
potential concern

Percent reduction in
snow melt runoff
(historical - 2080)

13 - 21
21 - 26
26 - 31
31 - 36
36 - 43



CA State/Sacramento River Exchange
Watershed Assessment/USFS-pre
fire planning 

PNW – JFS program, coupling aquatics
w/ pre and post fire planning

Vegetation Management
(Fire Planning)



Vegetation/Fuels Management



Vegetation/Fuels Management: in the context of
aquatics/water quality



Pre Fire Planning

-Strategically target fuel reductions to maximize benefits to 
-aquatic ecosystems & water quality
(e.g., erosion, LWD recruitment, shade, food)



Step 1 – Select a watershed from the NetMap database

The upper Sacramento watershed in northern
California is used in this example



Step 2 – Determine vegetation types and fuel loads (for fire hazard prediction)



Step 3 –Predict fire intensity (flame length) using a fire hazard model 
(such as Flammap)

Red = higher
predicted
fire intensity



Step 4 –Using a fire hazard index (flame length), predict surface erosion (using
WEPP technology) in NetMap (or use other erosion models)

Red = higher
predicted
surface erosion



Step 5: Identify coupled high fuel loading – intense erosion zones; 
then prioritize areas for fuel treatments.



Search for overlaps of potential concern among 1) forest age (timber harvest)
or fire risk & burn severity, 2) erosion potential, and 3) sensitive habitats



Do the same at the scale of subbasins



Post Fire Planning

-Inform salvage logging issues
-Erosion control
-Habitat restoration
-Road issues (restoration, abandonment etc.)





Such information can be used to prioritize restoration (BAER) in context of water 
quality & fisheries

Identify those areas in need of
restoration (vegetative cover, road
maintenance and abandonment etc.)

Methow Example





Thinning in riparian reserves-NW Forest Plan



Thinning in riparian reserves-NW Forest Plan



Reach scale conditions

• Examine the effects of 10m, 20m, and 30m uncut
buffers (2nd growth) on one side of the stream (no 
harvest on opposite side);

• Clear cut harvest;
• Mortality predicted by FVS;
• Bank erosion of 5 mm was applied to both sides;
• One year analysis



Wood recruitment model interface
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100 years

FVS mortality trees per acre for thin and no thin scenarios for 
Size classes > 12 in, > 18 in, and > 24 in.

For multi year, requires forest growth prediction
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NetMap’s watershed scale wood recruitment tool





NetMap’s thermal load tool



Thermal
loading
watts/m2)

Sensitivity analysis:
which channels 
are most
sensitive to changes 
in
thermal loading?

Fully forested versus no vegetation (bare)



Where are the most erosion prone areas located?
Which areas are most sensitive to land uses?
What are the best buffer designs to mitigate erosion?



NetMap erosion indices 

Generic erosion potential
Shallow landslide potential

WEPP_surface erosion (& post fire), basin scale
WEPP_roads (road erosion and screening tool)

Debris flows (&LWD del)
Gully erosion

(B)



NetMap’s Erosion Tools



Export predictions (maps) to Google Earth

Less concern More concern

Red=higher risk
Blue = lower risk



Search river elevation profiles for large landslides



Post fire gully/debris flow erosion – Methow R.



Mapped slides (post fire)

Post fire gully/debris flow erosion – Methow R.



Landslide-
Gully potential

High

Low



Post fire gully/debris flow erosion – Methow R.



Debris flow
potential

High

Low



More stable monitoring sites

Less stable monitoring sites







Enhance wise resource use,
restoration & conservation







-Columbia River Basin 
(NWPPC, BPA, NFWS etc.)-Northwest Forest Plan

(USFS, BLM, NFWS)

-Wild Salmon, Ecotrust
…Save the Salmon NGOs,

Increasing Scale in Natural Resource/Environmental Policy

-Watershed Councils
-Tribal Nations



1) Very large administrative areas,

2) Common resource management objectives

3)    Overlapping agencies & organizations

4)    Similar questions, data & tool needs 

-USFS
-ODF
-EPA
-NOAA
-WDF&W/ODF&W/CDF&G
-NGOs 
-Watershed Councils

Land Management & Environmental Policy Features


