
WFWARP 
Riparian Program

 Environmental Flow Determination
 Monitoring Protocol Development
 River Restoration
 Litigation Science Support on Water-Related Issues
 Direct Technical Support to National Forests and 

Grasslands



Guilds

Process domain

Hierarchical organization

Ecological integrity

Desired condition

Functional traits

Ecological site description

Lag time

Global change

Resistance

Resilience

Response

Species diversity

Ecosystem functioning
Functional redundancy

Ecological integrity

Health

Properly functioning

Threats

Vulnerability

Ecosystem services





B
re

n
d

o
n

 G
ri

ce







Riparian Area

Channel Type

Valley Form

Ecoregion

Scale

Region

Segment

Reach



• A hierarchy of spatial scales

• Open framework strongly urges the user to input regional values for some key 
thresholds

HGVC organization and scale



Headwater > 4% Confined Steep

High-energy 
Coupled

> 4% Confined Steep

High-energy Open > 4% Unconfined Steep

Moderate-energy 
Confined

0.1 - 4% Confined Low-Steep

Moderate-energy 
Unconfined

0.1 - 4% Unconfined Low-Steep

Canyon Variable Confined Steep

Gorge Variable Confined Steep

Glacial Trough < 4% Unconfined Moderate-Steep

Low-energy 
Floodplain

< 0.1% Unconfined Low-Moderate

Geomorphic Valley Classification
E. Carlson and B. Bledsoe

1) System energy 
2) Valley confinement 
3) Hillslope coupling 



Bringing it all together

• Input Layers and Regional Metrics:

• DEM, Q100, Hillslope angles, Bankfull width parameters, Debris flow runout

• Behind the scenes:

• Segment by segment analysis of channel, valley and hillside components

• End products:
• Shapefiles of valleys (Hydro, Geo, and Hydro-Geo), hillslopes 
• Rasters for streams, channel width, Q100 flow volume

•



High energy coupled valley

Canyon

Low energy floodplain

Moderate energy unconfined valley





Narrow-straight Meandering Braided-Anastomosing





Hydrogeomorphic valley classification
Erick Carlson and Brian Bledsoe 
Colorado State University

Hydrogeomorphic valley type
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Desired conditions?
How to quantify, 
monitor, and set 

measurable goals?

Need to identify 
reference or ‘desired 
condition’ sites and 
measure over time

Quantify reference 
conditions in a range 
of valley and channel 

types



Riparian vegetation monitoring:
Line-point intercept and point centered quarter sampling

• Plant species composition and vertical structure
• Tree stem density, basal area, and condition

Scott et al. 1999



Combined:
• Opportunity for trend 

monitoring
• Ability to hydraulically model 

to develop rating curves
• Measurable attributes of 

desired or reference conditions

• Channel cross sections and fluvial 
Classification
Width to depth
Form

• Reach longitudinal profile
Gradient 
Longitudinal profile

• Substrate characterization
Bare soil, gravel, cobble, boulder, 
bedrock, water



National 
Riparian 
Protocol

Project-level 
monitoring

Field data 
collection 
and analysis tools

http://www.fs.fed.us/biology/
watershed/riparian.html

U.S.D.A. Forest Service 
National Riparian Vegetation Monitoring 

Protocol
Conterminous United States



Vegetation and habitat structure and provisions

Bird Habitat
Basal area woody vegetation
Standard deviation woody tree diameter
Foliage height diversity
Mean vegetation cover (various height classes)
Foliage hits

Mammal-Reptile Habitat
Basal area woody vegetation
Standard deviation woody tree diameter
Riparian tree overstory
Abundance of seedlings
Mean and SD vegetation cover 
Cover sandy substrate

McElhinny et al. 2006. An objective and quantitative methodology for constructing an 
index of stand structural complexity. Forest Ecology and Management 235:54-71.

Merritt, D.M. and H.L. Bateman. Linking streamflow and 
groundwater to avian habitat in a desert riparian system. 
Ecological Applications 22:1973-1988.
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Desired conditions?

Answer is probabilistic

Linking pattern to 
process?

Link current patterns 
to measured processes 

(e.g., hydrology)
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Acer negundo
Tamarix ramosissima

Phragmites australis

Juncus bufonius
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…

Schoenoplectus pungens

Spiranthes diluvialis

Tamarix ramosissima
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functional guild
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STREAM Notes October 2010



Guild 7
Riparian forest: 
• High canopy
• Disturbance-

adapted 
• Phreatophytic
• Anaerobic 

Populus fremontii
Salix gooddingii
Celtis laevigata
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-2.0 m groundwater 

level



Merritt and Bateman. 
Ecological Applications. 2012.



Riparian forest cover (%)
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r2 = 0.53

P = 0.0001

r2 = 0.60

P = 0.0001

B. Grice

Guild 7 cover (%)    



Species, cover 
and guild modeling

Instream flows 
and groundwater 
levels necessary to 
sustain desirable 

vegetation

www.treesearch.fs.fed.us/pubs/41207



S1 - Cct

S2 - Reservoir Exp.

S3 - S1 + Hotter, drier

S4 - S2 + Hotter, drier

S5 - S1 + Wetter, cooler

S6 - S1 + Wet, cool

S7 – S1 + Wet, cool, early

S8 - S2 + Wetter, 

cooler, early

Decision support tool: consequences of alternative futures



Desired conditions?

Not a steady end state 
for most rivers

Answer is probabilistic

Alternative ‘stable’ 
states

What about warmer, 
drier future?

NRV changes…

Species composition 
or functional 
composition?



Opportunities for the Forest Service to influence the flow 

regimes of streams

• Forest Plan Standards and Guides – National Forest 

Management Act 

• Conditioning land use authorizations (easements for 

ditches and points of diversion)

• Input into Federal Energy Regulatory Commission 

hydropower dam relicensing (4e authority)

• Negotiating with local, state, and private entities 

(transfers)

• Implied and expressed Federal Reserved Water Rights

• Wild and Scenic River designation

• State Water Rights systems (instream or minimum flow 

programs) when appropriate.
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