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CEM’s: 
 d d   f 3 decades of use



Precursor stages



Recent detailed field research
US  d E   l i  ‘ t bl ’ US and Europe, classic  stable  
channel geometry challenged.
• Walter and MerritsWalter and Merrits
• Sear, Brown
• Montgomery and Collinsg



 Unconstrained, physical 
processes that drive 
channel change should g
lead to successor stages.
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Description

Pre-disturbance, dynamically meta-stable network of 
anabranching channels and floodplain with vegetated 
islands supporting wet woodland or grassland. 

Qsin ≥ Qsout,  h << hc

Dynamically stable and laterally active channel within 

SEM

  0. Anastomosing Network of channels
y y y

a floodplain complex.  Flood return period 1-5 yr 
range. 
Qsin ≥ Qsout,  h << hc

Re-sectioned land drainage, flood control, or 
navigation channels. 
Qsin ≤ Qsout,   h > hc

Incising and abandoning its floodplain.  Featuring head 
cuts, knick points or knick zones that incise into the 

1.Sinuous

II. Constructed 2. Channelized

I. Undisturbed I. Pre-modified

bed, scours away bars and riffles and removes 
sediments stored at bank toes. Banks stable 
geotechnically.        
 Qsin < Qsout, h > hc

Stabilized, confined or canyon-type channels.    
Incised channel in which bed lowering and channel 
evolution have been halted because non-erodible 
materials (bed rock, t ight clays) have been 
encountered.  

3. DegradingII. Degradation III. Degradation
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Qsin ~ Qsout,  h > hc

Incising with unstable, retreating banks that collapse 
by slumping and/or rotational slips. Failed material is 
scoured away and the enlarged channel becomes 
disconnected from its former floodplain, which 
becomes a terrace.  
Qsin < Qsout,  h > hc

 Further head cutting within Stage 4 channel. 

4. Degradation 
and widening

4-3. Renewed

IV. Degradation 
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III. Rapid 
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Qsin < Qsout,  h >> hc

Bed rising, aggrading, widening channel with unstable 
banks in which excess load from upstream together 
with slumped bank material build berms and silts bed. 
banks stablizing & berming.
Qsin > Qsout, h ~ hc

Inset floodplain re-established. quasi-equilibrium 
channel with two-stage cross-section featuring regime 
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IV. Aggradation V. Aggradation 
and widening

5. Aggrading 
and widening
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channel inset within larger, degraded channel. Berms 
stabilize as pioneer vegetation traps fine sediment, 
seeds and plant propagules.
Qsin ~ Qsout,  h < hc

Channel with frequent floodplain connection develops 
sinuous course, is laterally active and has 
asymmetrical cross-section promoting bar accretion 
at inner margins and toe scour and renewed bank 
retreat along outer margins of expanding/migrating

VII. [1]Late-stage 
evolution

7. Laterally 
active

V. Stabilization 
VI. Quasi-
equilibrium

6. Quasi-
equilibrium

retreat along outer margins of expanding/migrating 
bends.  
Qsin ≥ Qsout,  h << hc

Meta-stable channel network. Post-disturbance 
channel featuring anastomosed planform connected 
to a frequently inundated floodplain that supports wet 
woodland or grassland that is bounded by set-back 
terraces on one or both margins.
Qsin ≥ Qsout,  h << hc

  8. Anastomosing Network of channels



Broader definition:  Stream system process attributes  vs. 
h l f   d    ibchannel form and process attributes.





Stream Stages have varying rangesStream Stages have varying ranges 
and qualities of habitat and 
ecosystem benefits.
 Assessment per stage:

 Interpretation of processes and resulting physical 
attributes,

 Informed by published relationships between stream 
attributes  functional habitats  and freshwater ecologyattributes, functional habitats, and freshwater ecology.

[Harper et al., 1995; Padmore, 1997; Newson and Newson, 
2000; Thorp et al., 2010; Thorp et al. 2006 ‐ RESM]



Fluvial habitat scoring scheme:Fluvial habitat scoring scheme:
 Hydrogeomorphic attributes (26) SCORE:

 Hydraulic complexity
 Physical channel dimensions, #
 Hydrologic regime, floodplain

Ch l  d fl d l i  f t

SCORE:
0 = absent
1 = scarce/partly functional
    t  d f ti l Channel and floodplain features

 Substrate – sorting/patchiness
 Vegetation

2 = present and functional
3 = abundant/fully functional

 Habitat and Ecosystem Benefit attributes (11)
 Refugia from extremes – flood/drought
 Water quality – clarity/temperature/nutrient cycling Water quality  clarity/temperature/nutrient cycling
 Biota – diversity/natives/1o & 2o productivity
 Resilience  to disturbance





Habitat and Ecosystem Benefits TableHabitat and Ecosystem Benefits Table

Stage 0 1 2 3 3s 4 4-3 5 6 7 8

Flood Refugia 3 2 0 0 0 0 1 1 1 2 2
Habitat 

Drought Refugia 2 3 0 0 0 0 0 0 1 3 2
Exposed tree roots 3 1 0 1 1 1 0 0 1 1 3

Clarity 3 2 1 0 0 0 0 1 2 2 3
Water Quality

Temperature amelioration 
(shade and hyporheic flow)

3 3 1 1 2 0 0 1 2 3 3

nutrient cycling 3 2 1 0 0 0 0 1 1 2 3

Biodiversity (species 
Biota

richness and trophic 
diversity)

3 2 0 1 1 1 1 1 1 2 3

Proportion of Native Biota 3 2 1 1 1 1 1 1 1 2 3
1st and 2nd Order 
Productivity 3 2 1 1 2 1 0 1 2 2 3

R ili
Disturbance 3 3 1 0 1 0 0 1 1 2 2
Flood and Drought 3 2 0 0 1 0 0 1 2 1 2

possible 33 33 33 33 33 33 33 33 33 33 33

Resilience

Results

sum 32 24 6 5 9 4 3 9 15 22 29
ratio 97% 73% 18% 15% 27% 12% 9% 27% 45% 67% 88%
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Implications for river management 
and restoration: example

 Stabilization prevents evolution
 High value streams evolution

 Resilient to disturbance, to climate
 Process discontinuities create HV 

habitat


