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Goals for the talk: 

• Stream Evolution Model and the Stage 0 
concept 
– origin and context 

• Attributes of Stage 0 streams 
–  and why we need them 

• Some examples of Stage 0 restoration 



Published January 10, 2013. 

2013 



The Channel Evolution Model 
 
INCISED CHANNELS 
Morphology, Dynamics, and 
Control 
 
Schumm, S. A., Harvey, M. D. 
& Watson, C. C. (1984).  
 
Water Resources 
Publications,  
Littleton, Colorado. 



Schumm, S. A., Harvey, M. D., & Watson, C. C. (1984). Incised channels: morphology, dynamics, and control. Water Resources Publications. 

Relationship of Phases and Locations: 
• Understand the past 
• Predict the future 



Andrew Simon and Cliff Hupp  

Simon, A. & Hupp, C. R. 1986. Channel evolution in modified Tennessee channels. In, Proc. 4th Interagency Sedimentation Conf., Las Vegas, NV. US 
Govt., Washington DC, 8.22-8.29. 

1986 



Late-stage Evolution in Senatobia 
Creek, Mississippi 

Straight channel begins to meander 

Colin Thorne 1990s 



Stage 7 “Laterally Active”  
 
Thorne proposed, add a Stage to CEM:  
   Stage VI (Schumm, Harvey and Watson)  
                    Stage VII (Simon and Hupp).  

Thorne, C.R. 1999. Bank Processes and Channel Evolution in the Incised Rivers of North-Central Mississippi, Incised River Channels, Darby and 

Simon (eds.), Wiley, ISBN 0-471-98446-9, 97-122. 

Late-Stage Evolution 



Can the CEM be extended further? 

 

aggradation 



LaGrand River, OR 

Era of draining floodplains, and 
building defenses from floods. 

US Swamp Land Act of 
1850 essentially provided a 
mechanism for 
reverting title of federally 
owned swampland to states 
which would agree to drain 
the land and turn it to 
productive, presumably 
agricultural, use.   Later 
considered to have been 
ecologically problematic.  

Eel River, CA 



North Central Nevada 
 
Edge of Arable Land 



Historic Channel Network vs  
1960’s Improved Channel 
Camas Creek 
South Central Idaho 



Example from Europe - Upper River Rhine at Breisach Germany 
 

         Anastomosed   Anabranched       Meandering 
        1828 – Prior to         1872 – after re-alignment                1963 – fully canalised  
          river training           by Johann Gottfried Tulla      single-thread  



• Historic reconstructions: 
– Grossinger et al in California 
– Walter and Merritts in Mid-Atlantic 
– Brown and Sear in UK 
– many others 

• Observations: 
– Willow Creek 
– Family farm 
– many others 



Eastern Seaboard Province:  “…before European settlement, 
the streams were small anabranching channels within 
extensive vegetated wetlands” 
     

Walter, R.C. and Merritts, D.J., 2008. Natural streams and the legacy of water-powered mills. Science, 319(5861), pp.299-304. 

Walter and Merritts: 2008 

2yr ‘natural’ channel 
Anthropocene reservoir 
deposit 



Walter, R.C. and Merritts, D.J., 2008. Natural streams and the legacy of water-powered mills. Science, 319(5861), pp.299-304. 

Walter and Merritts challenge meandering gravel-bed channels and 
2-year Bankfull Return Periods as restoration targets.   
They conclude: the single-thread, bankfull, or equilibrium channel is 
common for anthropogenic reasons, not the ideal, not a good 
reference for design. 
 

2008 



Cluer and Thorne 2013 
• Extended CEM to incorporate successor and precursor stages 

Stage 7 



Geomorphic Template 



Geomorphic Template 



SEM, derived from CEM 



Part 2 
Principles of functional ecology link 
habitat and ecosystem benefits to 

each SEM Stage. 

• The potential for a stream to support rich, 
resilient and diverse ecosystems increases 
with morphological diversity, scale and 
hydroperiod. 

 
 
Primary literature:  Harper et al 1995, Padmore 1997, Newson and Newson 2000, Thorpe et al 
2010 

 



Literature: attributes 
and benefits 
• Hydrogeomorphic attributes (26) 

– Number and dimensions, channel  
– Hydrologic regime, floodplain 
– Hydraulic complexity 
– Channel and floodplain features 
– Substrate – sorting/patchiness 
– Vegetation – sediment interaction 

 
• Habitat and Ecosystem Benefit attributes (11) 

– Refugia in extremes – flood/drought 
– Water quality – clarity/temperature/nutrient cycling 
– Biota – diversity/natives/1o & 2o productivity 
– Resilience to disturbance 

 

Ordinal Score: 
0 = absent 
1 = scarce/partly functional 
2 = present and functional 
3 = abundant/fully functional 
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Ecosystem overlay 



What Distinguishes Stage 0 ? 
& 

What Ecosystem Services Does  
Stage 0 Deliver ? 



PHYSICAL: 
1. DEPOSITION ZONES 

– Transport capacity limited. 
– When mature, supply and capacity 

may balance, with strong particle 
exchange and sorting. 



• Maximal flood attenuation 
• Maximal GW recharge 
• Maximal sediment pulse 

attenuation 
• Resilient to entire range of 

watershed disturbances – 
natural disasters 
 
 

 

2. Large accommodation space 



• No deep drainage channel. 
• Strong stream flow and ground water connection. 
• High interaction between flow, sediment, and 

vegetation. 
• Small channels easily moderated by vegetation. 

 
 

 

3. High water table 



Vegetation Attributes 
• Frequent, small channel adjustments and high, reliable 

water table - proliferation and succession of aquatic, 
emergent, riparian and floodplain plants. 

• Dense vegetation interacting with and moderating physical 
processes. 

• High wood supply and retention. 
• Abundant leaf litter. 



• Morphological diversity in-
channel and on the extensive 
and fully connected 
floodplain. 

• Anabranches create multiple, 
marginal deadwaters, and 
maximum hydraulic diversity.  



• Hydraulic diversity drives numerous, well-
sorted bed material patches, with resilience 
during floods. 
 



4. Habitat and Ecosystem Services 
unlike it’s incised family members 

• Multiple channels, islands and 
broad floodplain - rich palette of 
diverse habitats in close proximity. 

• Flood refugia  
• Drought refugia 
• High water table and continuous 

hyporhesis - quickly rewets 
• Channel margins evolve semi-

continuously  - expose tree roots. 



Biota 

• Highest possible biodiversity 
(species richness and trophic 
diversity) and proportion of 
native species. 

• 1st and 2nd order productivity 
in quiet shallow water. 

• Highest productivity across 
maximal space. 



 

J. Katz 2016 

Higher growth rate 
and 
Higher abundance 



High water quality  
• Capacity to store sediment and other 

suspended solids. 
• Cycle nutrients and dissolved solids. 
• Dense, diverse vegetation - abundant shade. 
• Together with efficient hyporhesis, effective in  

ameliorating high and low temperatures. 



Supply - transport 

Deposition – coarse 
Transfer  

Deposition 
Delta 
Beach 

Applying the SEM to 
Watershed Process Domains 
- Why Place Matters 
- What is Process 

Restoration? 



Stage 0 
Delta 

Stage 0 Stage 1 Stage 3s 

Stage 0 or 1 
Alluvial Valley 

Alluvial Fan  
Deposits 

Stage 3s 
Mtn - Canyon reaches  
w/veneer of alluvium 

Physical Channel Dimensions 

Channel and Floodplain Features 

Substrate 

Hydraulics 

Vegetation 

Hydrological Regime 

Habitat 

Water Quality 

Biota 

Resilience 

Hydrogeomorphic Attributes 

Habitats & Ecosystem Benefits 

Pre-modified Watershed 
• Deposition zones 
• Extensive stream corridors 
• High water tables 



Stage 2 Stage 3 
Physical Channel Dimensions 

Channel and Floodplain Features 

Substrate 

Hydraulics 

Vegetation 

Hydrological Regime 

Habitat 

Water Quality 

Biota 

Resilience 

Hydrogeomorphic Attributes 

Habitats & Ecosystem Benefits 

Stage 3s Stage 4 

Stage 2 to 4 
Confined channels 

Stage 2 to 4 
Fan Channels 

Stage 3s 
Confined reaches Developed Watershed 

• Drainage projects 
• Channelization & Incision 
• Levees  
• Dams 

Delta - Gone 

Dams 



Current Conditions 
Watershed Process Domains 

Supply - transport 

Deposition – coarse 
Transfer  

Deposition 



Fig. 5 The gravel-bed river floodplain as the 
ecological nexus of regional biodiversity. 

Hauer et al. Sci Adv 2016 

Fig. 6 The gravel-bed river floodplain 
as affected by human structures. 



If the biggest problem is incised 
channels and floodplain drainage, 
how do we reverse incision and 
“undrain” the land?  

• Not by designing moderately 
incised channels 

• “bankfull” 
• “equilibrium” 
• “regime” 
• “stable” 

• By restoring deposition in 
deposition zones. 



Stage 0 Restoration Examples: 

 



NCALM lidar, 2008 

Bankfull Channel 

Walter and Merritts 
Pennsylvania - Tribs to Chesapeake Bay 



NCALM lidar, 2008 

Stage 0-1 wet meadow 



 



 

Butano Creek – plug channel and lower levee to re-connect 100 acre floodplain 



Locations of Forest Service floodplain re-initiation projects in 
Oregon 

Deer Creek 
Upper McKenzie River 
Willamette NF Fivemile-Bell 

Coastal Lakes Basin 
Siuslaw NF 

Whychus Creek 
Upper Deschutes Basin 
Deschutes NF 

Staley Creek 
Upper Middle Fork Willamette 
Willamette NF 

USFS projects 



‘Stage Zero Rehabilitation’ Paul Powers, Deschutes NF Regional Restoration Team 
Oregon AFS Meeting  
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‘Stage Zero Rehabilitation’ Paul Powers, Deschutes NF Regional Restoration Team 
Oregon AFS Meeting  



Lost Cr- During Construction  
View of the Upper Meadow 

(HC#6) 
October 2012 

8,000 cubic yards fill 



May 2013 



Re-contour the valley floor 

Whychus Creek, OR 



Re-contour valley 

 

Richard Scott Nelson 

Whychus Creek, OR 



 

Richard Scott Nelson 



brightsea.co.uk 

Base 
Level 

Control 

Born to manage wood in streams, 
and incrementally trap sediment 



Methow Beaver Project photo 



Beaver Dams in 
Incised Channels 

“can reduce Stage 1 to 
Stage 7-8/0 recovery 
times by 1-2 orders of 

magnitude” 
 
 

Recovery in years to 
decades instead of            

decades to centuries 
 

58 Pollock et al., 2014. using beaver dams to restore 
incised stream ecosystems. Bioscience, 64(4).  



Post lines and BDA’s 



Colorado Springs 

Denver 

Fort Collins 

Pueblo South Park 



Restoring Stage 0 beaver streams in the Southern Rockies 

Mark Beardsley 

• Fencing 
• Beaver re-intro 
• Minor contouring 



 Channel management and restoration standard practice 

are rooted in goals for land drainage and channel stability, 

not in habitat and ecosystem benefits. 

 Recent restoration practice is trying new approaches 

 Important to set process-based goals 

 enhancing crappy channels is not enough 

 deposition in deposition zones is key 

 Find and exploit accommodation space to restore Stage 0 

 Every watershed needs some 
 

 

Summary: 



Suggested reading: 
Hauer et al.,  2016.  Gravel bed river floodplains are the ecological nexus for glaciated 
mountain landscapes. Science Advances  24 Jun 2016: Vol. 2, no. 6, e1600026 

Gregory,  Swanson; et al. 1991.  An Ecosystem Perspective of Riparian Zones 
Bioscience; 41, 8;  

Cluer and Thorne 2013.  A Stream Evolution Model Integrating Habitat and Ecosystem 
Benefits.  River Research and Applications 30: 135-154 

Corline, Sommer, Jeffres & Katz . 2016.  Zooplankton ecology and trophic resources for 
rearing native fish on an agricultural floodplain in the Yolo Bypass California, USA ISSN 
0923-4861 Wetlands Ecol Management 

Pollock et al., 2014. using beaver dams to restore incised stream ecosystems. 
Bioscience, 64(4).  
Walter and Merritts 2008.  Natural Streams and the Legacy of Water-Powered Mills. 
SCIENCE VOL 319 18 JANUARY 2008 
Merritts et al 2018.  results from a decade of monitoring Stage 0 restored areas. See 
website https://www.anthropocenestreams.org/ 
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