
1

Rosgen Classification of Natural Rivers

• Based on physical 
characteristics (empirical)

• Requires field 
measurements

• Requires bankfull 
dimensions

www.wildlandhydrology.com

www.wildlandhydrology.com
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Bed Material (Substrate)
1. Bedrock
2. Boulder: 256 – 2048 mm
3. Cobble: 64 – 256 mm
4. Gravel: 2 – 64 mm
5. Sand: 0.062 – 2 mm
6. Silt/Clay: < 0.062 mm

Substrate 
Characterization

Wolman Pebble Count

D50=6 mm; 
Fine Gravel
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www.wildlandhydrology.com

Stream types in various landscape positions 
largely influenced by valley type

A Streams

Incised, Narrow & Deep, Steep Slope
Colluvial Valley

• Steep
• Straight
• Deeply 

Entrenched
• Cascading
• Step/Pool 

Sequence
• High 

Energy/Debris 
Transport

• Stability 
Dependent on Bed 
and Bank Material
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dbkf

Single Thread Channel

ER = Wfpa/Wbkf < 1.4

W/d = Wbkf/dbkf < 12

S > 0.04 ft/ft

A Stream Channel

Bankfull

dmax

Wfpa

Wbkf

ER=1.4; W/d=10; S=0.050; D50=70 mm
A3 Western NC
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Aa+ Streams

Very Steep
(>0.1 ft/ft)

A1a+ Western NC

• Very Steep
• Very Straight
• Deeply Entrenched
• Excessively High 

Energy & Debris 
Transport

• Cascading
• Torrent Streams
• Waterfalls and Chutes 

Prevalent

B Streams

Moderately Incised, Wide & Shallow, 
Moderate Slope, Colluvial Valley

• Moderate 
Gradient

• Moderate 
Entrenchment

• Riffles
• Infrequent Pools
• Generally Stable 

Bed and Banks
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dbkf

Single Thread Channel

ER = Wfpa/Wbkf = 1.4 – 2.2

W/d = Wbkf/dbkf > 12

S = 0.02 – 0.04 ft/ft

B Stream Channel

Bankfull
dmax

Wfpa

Wbkf

ER=2.2; W/d=14; S=0.035; D50=110 mm
B3 Western NC
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ER=1.9; W/d=15; S=0.065; D50=120 mm
B3a Western NC

B4c Western NC
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B4c Alabama

C Streams

Not Incised, Wide & Shallow, Low Slope
Alluvial Valley

• Low Gradient
• Meanders
• Point Bars
• Riffle/Pool 

Sequence
• Alluvial 

Channels
• Broad 

Floodplain
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dbkf

Single Thread Channel

ER = Wfpa/Wbkf > 2.2

W/d = Wbkf/dbkf > 12

S < 0.02 ft/ft

C Stream Channel

Bankfull
dmax

Wfpa

Wbkf

C4 Western NC
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C4 Washington

C4 New Zealand
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ER=4.5; W/d=14; S=0.033; D50=75 mm
C3b Western NC

E Streams

Not Incised, Narrow & Deep, Low Slope
Alluvial Valley

• Low Gradient
• Low Width/Depth 

Ratio
• High 

Meander/Width 
Ratio

• Riffle/Pool 
Sequences

• Little Deposition
• Very Stable and 

Efficient
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dbkf

Single Thread Channel

ER = Wfpa/Wbkf > 2.2

W/d = Wbkf/dbkf < 12

S < 0.02 ft/ft

E Stream Channel

Bankfull

dmax

Wfpa

Wbkf

E4 Western NC
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E4 Western NC

ER=5.5; W/d=8.2; S=0.031; D50=12 mm
E4b Western NC
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E5 -> G5c AL

G Streams

Incised
Narrow & Deep
Moderate Slope
• Moderate 

Gradient
• Deeply 

Entrenched
• GULLIES
• Step/Pool
• Low Width/Depth 

Ratio

G=GULLY
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dbkf

Single Thread Channel

ER = Wfpa/Wbkf < 1.4

W/d = Wbkf/dbkf < 12

S = 0.02 – 0.04 ft/ft

G Stream Channel

Bankfull

dmax

Wfpa

Wbkf

G4
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G4c

ER=1.2; W/d=9.5; S=0.005; D50=0.5 mm
G5c 
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2003

2000

2003

2001

F Streams

Incised, Wide & Shallow, Low Slope

• Low Gradient
• High Width/Depth 

Ratio
• Entrenched 

Meanders
• Riffle Pool Sequence

G Stream usually 
widen through 
erosion and 
transform into F 
Streams
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dbkf

Single Thread Channel

ER = Wfpa/Wbkf < 1.4

W/d = Wbkf/dbkf > 12

S < 0.02 ft/ft

F Stream Channel

Bankfull

dmax

Wfpa

Wbkf

F1 Asheville
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F4

F4
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D Streams
Multiple Channels, Wide & Shallow, Low Slope

D4 Virginia

• Low Gradient
• Braided 

Channels
• Longitudinal & 

Traverse Bars
• Wide Channel
• Eroding Banks

Channels are unstable and tend to move around on the valley. These streams 
generally transport large loads of coarse sediment and bedload

DA Streams
Multiple Channels, Wide & Shallow, Low Slope

DA Columbia River, B.C.

• Low Gradient
• Braided 

Channels
• Wide Channel

Channels are stable and generally vegetated. Slopes are generally flatter 
than for the DA Channels

photo: H.J.A. Berendsen http://www.geo.uu.nl/fg/palaeogeography/results/fluvialstyle
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dbkf

Multiple Thread Channel

ER = Wfpa/Wbkf > 2.2

W/d = Wbkf/dbkf > 40

D Stream Channel

Bankfull

dmax

Wfpa

Wbkf

D4 New Zealand
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D4 Pennsylvania

ER=5.5; W/d=32; S=0.009; D50=15 mm
C4 -> D4 Western NC



23

What Makes a Stream Healthy?
• Bed stability & diversity

• Sediment transport balance

• In-stream habitat & flow diversity

• Bank stability (native plant roots)

• Riparian buffer (streamside forest)

• Active floodplain

Causes of Instability

• Increase runoff 
• Increase slope 
• Changes in sediment load
• Loss of riparian buffer
• Floodplain filling
• Instream modification
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Hydrologic Responses 
to Urbanization

1. Increased discharge
2. Increased peak discharge
3. Increased velocities
4. Shorter time to peak flow
5. More frequent bankfull events
6. Increased flooding
7. Lower baseflow
8. Less ground water recharge

Channel incision and bank erosion increase due to channelization 
and increased stormwater runoff
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Simon 
Channel 
Evolution 
Model

Source:

Simon, 1989, 
USACE 1990
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Head Cut
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Stream Channel Succession (WARSSS)

Stream Channel 
Succession 
(WARSSS)

http://www.epa.gov/WARSSS/
sedsource/successn.htm

http://www.epa.gov/WARSSS/sedsource/successn.htm
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Bank Erosion
Monitoring 

Harris Reach, South Fork Mitchell River 
X-Sec 7+65
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Bank Erosion Hazard Index (BEHI)
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Bank Erosion Hazard Index (BEHI)

Bankfull Stage:  Water fills the active channel 
and begins to spread onto the floodplain

Stream Corridor Restoration: Principles, Processes, and Practices. 1998. Federal 
Interagency Stream Restoration Working Group.
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Bank Height Ratio

Low BEHI
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Bank Height Ratio

High BEHI
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Root Depth Ratio

Low BEHI

Root Depth Ratio

High BEHI
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Root Density

Low BEHI
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Root Density

High BEHI

Bank Angle

Low BEHI



38

Bank Angle

High BEHI
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Surface Protection

Low BEHI

Surface Protection

High BEHI
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Extreme RiskHigh Risk

Very Low Risk

Bank Materials

Add up to 10 
points for erodible 

soils
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Near Bank Stress

Low NBS

Near Bank Stress

High NBS
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