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Fluvial (Stream Erosion) 
Processes and Landforms
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GY301: Fluvial (Stream) Processes and Landforms.



Sediment Transport

• Suspended Load (sand size particles)
• Bed Load (Gravel)

– Saltation: bouncing action along bedding surface
• Dissolved Load (various ions: Na+, K+, Ca2+)

Stream Bed

Stream surface

Stream flowSuspended particles

Bed load particles saltation
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Sediment TransportSuspended Load (sand size particles)Bed Load (Gravel)	Saltation: bouncing action along bedding surfaceDissolved Load (various ions: Na+, K+, Ca2+)Note that suspended load and bed load are dependent on stream velocity.The dissolved load depends on the type of bedrock that the stream has been in contact with. 



Sediment Transport Terms

• Competence: largest particles that remain 
suspended at a given stream velocity

• Capacity: sum total of suspended and bed 
load moved by the stream flow

• Saltation: the portion of bed load that 
momentarily may be suspended by 
skipping action
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Sediment TransportCompetence: largest particles that remain suspended at a given stream velocity.Capacity: sum total of suspended and bed load moved by the stream flow.Saltation: the portion of bed load that momentarily may be suspended by skipping action.



Sorting
• Good sorting: all grains are approximately the same size
• Poor sorting: large variation in grain size
• Sorting tends to improve with:

– Transport time
– Energy at the depositional site (depositional environment)
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Sorting:Good sorting: all grains are approximately the same size.Poor sorting: large variation in grain size.Sorting tends to improve with:Transport time.Energy at the depositional site (depositional environment).



Rounding of Sediment Grains

• Time in transport will round transported 
grains and decrease size
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Rounding of Sediment Grains1. Time in transport will round transported grains and decrease size.2. Crystal cleavage and form may influence shape.



Fluvial (alluvial) Depositional 
Environment

• Stream 
meanders

• Cutoffs
• Point bar
• Flood Plain
• Oxbow 

lake
• Levee
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Fluvial (alluvial) Depositional Environment:1. Stream meanders: produced by Coriolis effect once a stream has eroded to base level.2. Cutoffs: produced by erosion on outside of meander, deposition on inside.3. Point bar: velocity drop on inside of meander will deposit sand.4. Flood Plain: low flat area eroded by a mature or late stage stream.5. Oxbow lake: forms after a cutoff shifts main channel in another direction.6. Levee: hill formed along the banks of a river at flood stage. 



Fluvial Stages
• Early Stage

– “V”-shaped stream valley profile
– Steep gradients
– No meanders

• Middle Stage
– Meander development
– Flood plain development
– Low gradient
– Levee development

• Late Stage
– Flood plain >> than meander belt
– Oxbow Lakes
– Yazoo tributaries

Presenter
Presentation Notes
Fluvial Stages:1. Early Stage“V”-shaped stream valley profileSteep gradientsNo meanders2. Middle StageMeander developmentFlood plain developmentLow gradientLevee development3. Late StageFlood plain >> than meander beltOxbow LakesYazoo tributaries



Early (Youthful) Fluvial Stage 
Example

• Steep gradient
• Straight course

Presenter
Presentation Notes
Early (Youthful) Fluvial Stage Example:1. Steep gradient.2. Straight course.3. Generated by tectonic uplift.



Middle (Mature) Fluvial Stage 
Example

• Meanders develop
• Floodplain width = meander belt width
• Low gradient
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Middle (Mature) Fluvial Stage Example:1. Meanders develop2. Floodplain width = meander belt width3. Low gradient



Late (Old Age) Fluvial Stage 
Example

• Flooplain width >> meander belt
• Well developed levee system
• Oxbows common
• Yazoo tributaries.
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Late (Old Age) Fluvial Stage Example:1. Flooplain width >> meander belt.2. Well developed levee system.3. Oxbows common.4. Yazoo tributaries.



Rejuvenated Stage

• Old or mature stage 
landforms may be 
uplifted due to 
tectonic activity

• Entrenched meanders 
are the result

• Cross-sectional 
profile is V-shaped

• Gradient is high as in 
early stage.
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Rejuvenated Stage:1. Old or mature stage landforms may be uplifted due to tectonic activity – Colrado Plateau is a good example.2. Entrenched meanders are the result.3. Cross-sectional profile is V-shaped; no floodplain.4. Gradient is high as in early stage.



Drainage Basin Divides

• Drainage basin: all runoff produced in the 
basin is funneled into a main drainage 
stream.

Divide
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Drainage Basin Divides:Drainage basin: all runoff produced in the basin is funneled into a main drainage stream.The dividing line between catchment basins is a “divide”.Divides may be cognized by a systematic change in flow directions by streams.



Stream Gradient Calculations
• Stream Gradient = ∆Elev / ∆map distance
• Usually expressed in ft/mile or meter/km
• Use convenient contour lines

G=(9800-8200)/(2.3 miles)
G= 696 ft/mile
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Stream Gradient Calculations:Stream gradient controls the potential velocity of water flowing through the stream channel.2. Stream Gradient = Elev / map distance.3. Usually expressed in ft/mile or meter/km.4. When calculating from a topo map use convenient contour lines.



Stream Discharge
• Measured in volume of water per time
• Typically in cubic feet per second or cubic 

meters per second
• Remember that if the stream water is carrying 

significant suspended material that you cannot 
convert volume to mass (tons, pounds, etc.) 
assuming a specific gravity of 1.0

• Discharge is a function stream size and velocity
• During flood stage a streams discharge may be 

many times its mean discharge
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Stream Discharge:1. Measured in volume of water per time.2. Typically in cubic feet per second or cubic meters per second.3. Remember that if the stream water is carrying significant suspended material that you cannot convert volume to mass (tons, pounds, etc.) assuming a specific gravity of 1.0.4. Discharge is a function stream size and velocity.5. During flood stage a streams discharge may be many times its mean discharge.



Discharge Measurement

• To calculate discharge one must measure:
– Cross sectional area of stream
– Velocity of stream

Surface area = 530 ft2
Velocity = 3.5 ft/sec
D = 530 ft2 x 3.5 ft/sec
D = 1855 ft3/sec
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Discharge Measurement:To calculate discharge one must measure: 1) Cross sectional area of stream, and 2) Velocity of stream.Surface area = 530 ft2Velocity = 3.5 ft/secD = 530 ft2 x 3.5 ft/secD = 1855 ft3/sec



Tributaries and Distributaries
• Tributaries: feed a larger 

stream.
• Distributaries: break up a 

larger stream into smaller 
channels.

• The Mississippi has 
several prominent 
distributaries, most 
notable the Atchafalaya 
River along which it will 
transfer main flow in the 
future. 
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Tributaries and Distributaries:1. Tributaries: feed a larger stream.2. Distributaries: break up a larger stream into smaller channels.3. The Mississippi has several prominent distributaries, most notable the Atchafalaya River along which it want to switch main flow. 



Braided Streams

• Evidence that 
sediment load 
is larger than 
the capacity of 
the stream to 
transport 
material
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Braided Streams:1. Evidence that sediment load is larger than the capacity of the stream to transport material.



Deltas
1. Deltas: form where large streams carrying sediment meet their base 
level.
2. The Mississippi Delta is a “birdfoot” delta because it has several 
prominent “lobes” that extend out into the Gulf.
3. Other Deltas such as the Nile Delta do not have “lobes” but are instead 
have a straight coastline because wave erosion is more intense. 
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Deltas:Deltas: form where large streams carrying sediment meet their base level.The Mississippi Delta is a “birdfoot” delta because it has several prominent “lobes” that extend out into the Gulf.Other Deltas such as the Nile Delta do not have “lobes” but are instead have a straight coastline because wave erosion is more intense. 



Drainage Network Patterns
• Dendritic: bedrock 

geology uniform
• Rectangular: orthogonal 

joint fractures control 
drainage

• Trellis: bedrock is 
composed of folded 
sedimentary rocks

• Radial: drainage 
controlled by volcanic 
activity

Presenter
Presentation Notes
Drainage Network Patterns:1. Dendritic: bedrock geology uniform.2. Rectangular: orthogonal joint fractures control drainage.3. Trellis: bedrock is composed of folded sedimentary rocks.4. Radial: drainage controlled by volcanic activity.



Rosgen Stream Classification

• Level 1 classification 
is based on landform 
information that can 
be extracted from 
topographic and/or 
aerial base maps.

• Level 2 classification 
requires a detailed 
survey of channel 
geometry, bed 
composition, etc.
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Rosgen Stream Classification:1. Level 1 classification is based on landform information that can be extracted from topographic and/or aerial base maps.2. Level 2 classification requires a detailed survey of channel geometry, bed composition, etc.



Rosgen Stream Classification

• Uses longitudinal, 
cross-sectional, and 
plan views of stream 
channel.
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Rosgen Stream Classification:1. Uses longitudinal, cross-sectional, and plan views of stream channel.



Rosgen Type Aa+
• Stream type “Aa+” is very steep (>10%), well entrenched, has a low width/depth ratio, 

and is totally confined (laterally contained). The bedforms are typically a step/pool 
morphology with chutes, debris flows, and waterfalls. The “Aa+” stream types often 
occur in debris avalanche terrain, zones of deep deposition such as glacial tills and 
outwash terraces, or landforms that are structurally controlled or influenced by faults, 
joints, or other structural contact zones. Streamflow at the bank-full stage in the "Aa+" 
stream type is generally observed as a torrent or waterfall. The "Aa+" stream types 
can be associated with bedrock, and zones of deep deposition and/or be deeply 
incised in residual soils. The "Aa+" can often be described as high energy/high 
sediment supply systems due to their inherently steep channel slopes and 
narrow/deep channel cross-sections. “Aa+” stream types may also be found in alluvial 
landforms, where a change in the base level of the mainstem channel initiates a 
headward expansion of the tributary network through a channel rejuvenation process. 
Examples of rejuvenation may be observed where lower-slope position streams are 
deeply incised in over-steepened adjacent side-wall slopes, or older Holocene terrace 
features that have cut their way through to the elevation of the existing mainstem 
river. The “Aa+” stream types are often found in valley types I, III, and VII, discussed 
in the next part of this module.
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Rosgen Type Aa+:Stream type “Aa+” is very steep (>10%), well entrenched, has a low width/depth ratio, and is totally confined (laterally contained). The bedforms are typically a step/pool morphology with chutes, debris flows, and waterfalls. The “Aa+” stream types often occur in debris avalanche terrain, zones of deep deposition such as glacial tills and outwash terraces, or landforms that are structurally controlled or influenced by faults, joints, or other structural contact zones. Streamflow at the bank-full stage in the "Aa+" stream type is generally observed as a torrent or waterfall. The "Aa+" stream types can be associated with bedrock, and zones of deep deposition and/or be deeply incised in residual soils. The "Aa+" can often be described as high energy/high sediment supply systems due to their inherently steep channel slopes and narrow/deep channel cross-sections. “Aa+” stream types may also be found in alluvial landforms, where a change in the base level of the mainstem channel initiates a headward expansion of the tributary network through a channel rejuvenation process. Examples of rejuvenation may be observed where lower-slope position streams are deeply incised in over-steepened adjacent side-wall slopes, or older Holocene terrace features that have cut their way through to the elevation of the existing mainstem river. The “Aa+” stream types are often found in valley types I, III, and VII, discussed in the next part of this module.



Rosgen type A
• Stream type "A" is similar to the described “Aa+”, in terms of associated 

landforms and channel characteristics. The exception being that channel 
slopes range from 4 to 10 percent, and streamflows at the bankfull stage 
are typically described as step/pools, with attendant plunge or scour pools. 
Normally, "A" stream types are found within valley types that due to their 
inherent channel steepness, exhibit a high sediment transport potential and 
a relatively low in-channel sediment storage capacity. Although a large 
number of "A" stream types occur as low-order streams, located at upper-
slope positions, stream order for these stream types can range from 1st 
order up to 5th order or larger. Stream order referred to is that of Strahler, 
where the incipient crenulation of a drainage way on the landscape is order 
1 and the confluence of the first two drainage ways become order 2 and so 
on. The influx of large organic debris can play a major role in determining 
the bedform and overall channel stability of "A" stream types. Landforms 
associated with deeply incised fanhead troughs are associated with both 
“Aa+” and "A" stream types. Valley types associated with the "A" stream 
types are I, III, and VII.
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Rosgen type A:Stream type "A" is similar to the described “Aa+”, in terms of associated landforms and channel characteristics. The exception being that channel slopes range from 4 to 10 percent, and streamflows at the bankfull stage are typically described as step/pools, with attendant plunge or scour pools. Normally, "A" stream types are found within valley types that due to their inherent channel steepness, exhibit a high sediment transport potential and a relatively low in-channel sediment storage capacity. Although a large number of "A" stream types occur as low-order streams, located at upper-slope positions, stream order for these stream types can range from 1st order up to 5th order or larger. Stream order referred to is that of Strahler, where the incipient crenulation of a drainage way on the landscape is order 1 and the confluence of the first two drainage ways become order 2 and so on. The influx of large organic debris can play a major role in determining the bedform and overall channel stability of "A" stream types. Landforms associated with deeply incised fanhead troughs are associated with both “Aa+” and "A" stream types. Valley types associated with the "A" stream types are I, III, and VII.



Rosgen type B 
• The "B" stream types exist primarily on moderately steep to gently sloped 

terrain, with the predominant landform seen as a narrow and moderately 
sloping basin. Many of the "B" stream types are the result of the 
integrated influence of structural contact zones, faults, joints, colluvial-
alluvial deposits, and structurally controlled valley side-slopes which tend 
to result in narrow valleys that limit the development of a wide floodplain. 
"B" stream types are moderately entrenched, have a cross-section 
width/depth ratio (greater than 12), display a low channel sinuosity, and 
exhibit a "rapids" dominated bed morphology. Bedform morphology, which 
may be influenced by debris constrictions and local confinement, typically 
produces scour pools (pocket water) and characteristic "rapids." 
Streambank erosion rates are normally low as are the channel 
aggradation/degradation process rates. Pool-to-pool spacing is generally 
four to five bank-full widths, decreasing with an increase in slope gradient. 
Meander width ratios (belt width/bank-full width) are generally low which 
reflect the low rates of lateral extension. "B" stream types are usually 
found within valley types II, III, and VI.
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Rosgen type B :The "B" stream types exist primarily on moderately steep to gently sloped terrain, with the predominant landform seen as a narrow and moderately sloping basin. Many of the "B" stream types are the result of the integrated influence of structural contact zones, faults, joints, colluvial-alluvial deposits, and structurally controlled valley side-slopes which tend to result in narrow valleys that limit the development of a wide floodplain. "B" stream types are moderately entrenched, have a cross-section width/depth ratio (greater than 12), display a low channel sinuosity, and exhibit a "rapids" dominated bed morphology. Bedform morphology, which may be influenced by debris constrictions and local confinement, typically produces scour pools (pocket water) and characteristic "rapids." Streambank erosion rates are normally low as are the channel aggradation/degradation process rates. Pool-to-pool spacing is generally four to five bank-full widths, decreasing with an increase in slope gradient. Meander width ratios (belt width/bank-full width) are generally low which reflect the low rates of lateral extension. "B" stream types are usually found within valley types II, III, and VI.



Rosgen type C
• The "C" stream types are located in narrow to wide valleys, constructed from alluvial 

deposition. The "C" type channels have a well developed floodplain (slightly 
entrenched), are relatively sinuous with a channel slope of 2% or less and a bedform 
morphology indicative of a riffle/pool configuration. The shape and form of the "C" 
stream types are indicated by cross-sectional width/depth ratios generally greater 
than 12, and sinuosities exceeding 1.2. The "C" stream type exhibits a sequencing of 
steeps (riffles) and flats (pools), that are linked to the meander geometry of the river 
where the riffle/pool sequence or spacing is on the average one-half a meander 
wavelength or approximately 5-7 bank-full channel widths. The primary morphological 
features of the "C" stream type are the sinuous, low relief channel, the well developed 
floodplains built by the river, and characteristic "point bars" within the active channel. 
The channel aggradation/degradation and lateral extension processes, notably active 
in "C" stream types, are inherently dependent on the natural stability of streambanks, 
the existing upstream watershed conditions and flow and sediment regime. Channels 
of the "C" stream type can be significantly altered and rapidly de-stabilized when the 
effects of imposed changes in bank stability, watershed condition, or flow regime are 
combined to cause an exceedance of a channel stability threshold. "C" stream types 
may be observed in valley types IV, V, VI, VIII, IX and X. They can also be found on 
the lower slope positions of the very low gradient valley type III.
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Rosgen type C:The "C" stream types are located in narrow to wide valleys, constructed from alluvial deposition. The "C" type channels have a well developed floodplain (slightly entrenched), are relatively sinuous with a channel slope of 2% or less and a bedform morphology indicative of a riffle/pool configuration. The shape and form of the "C" stream types are indicated by cross-sectional width/depth ratios generally greater than 12, and sinuosities exceeding 1.2. The "C" stream type exhibits a sequencing of steeps (riffles) and flats (pools), that are linked to the meander geometry of the river where the riffle/pool sequence or spacing is on the average one-half a meander wavelength or approximately 5-7 bank-full channel widths. The primary morphological features of the "C" stream type are the sinuous, low relief channel, the well developed floodplains built by the river, and characteristic "point bars" within the active channel. The channel aggradation/degradation and lateral extension processes, notably active in "C" stream types, are inherently dependent on the natural stability of streambanks, the existing upstream watershed conditions and flow and sediment regime. Channels of the "C" stream type can be significantly altered and rapidly de-stabilized when the effects of imposed changes in bank stability, watershed condition, or flow regime are combined to cause an exceedance of a channel stability threshold. "C" stream types may be observed in valley types IV, V, VI, VIII, IX and X. They can also be found on the lower slope positions of the very low gradient valley type III.



Rosgen type D
• The "D" stream type is uniquely configured as a multiple channel system exhibiting a 

braided, or bar-braided pattern with a very high channel width/depth ratio, and a channel 
slope generally the same as the attendant valley slope. "D" type stream channels are 
found in landforms and related valley types consisting of steep depositional fans, steep 
glacial trough valleys, glacial outwash valleys, broad alluvial mountain valleys, and 
deltas. While the very wide and shallow "D" stream types are not deeply incised, they can 
be laterally contained in narrower or confined valleys. Bank erosion rates are 
characteristically high and meander width ratios are very low. Sediment supply is 
generally unlimited and bed features are the result of a convergence/divergence process 
of local bed scour and sediment deposition. The multiple channel features are displayed 
as a series of various bar types and unvegetated islands that shift position frequently 
during runoff events. Adjustments in channel patterns can be initiated with either natural 
or imposed changes in the conditions of the encompassing landform, contributing 
watershed area, or the existing channel system. Aggradation and lateral extension are 
dominant channel adjustment processes occurring within a range of landscapes from 
desert to glacial outwash plains. Typically, the runoff regime is "flashy," especially in arid 
landscapes with highly variable extremes of stage occurring on an annual basis which 
generates a very high sediment supply. Braided channel patterns can be found 
developing in very coarse materials located in valleys with moderately steep slopes, to 
very wide, flat, low gradient valleys containing finer materials. The "D" stream type may 
develop within valley types III, V, VIII, IX, X, and XI.
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Rosgen type D:The "D" stream type is uniquely configured as a multiple channel system exhibiting a braided, or bar-braided pattern with a very high channel width/depth ratio, and a channel slope generally the same as the attendant valley slope. "D" type stream channels are found in landforms and related valley types consisting of steep depositional fans, steep glacial trough valleys, glacial outwash valleys, broad alluvial mountain valleys, and deltas. While the very wide and shallow "D" stream types are not deeply incised, they can be laterally contained in narrower or confined valleys. Bank erosion rates are characteristically high and meander width ratios are very low. Sediment supply is generally unlimited and bed features are the result of a convergence/divergence process of local bed scour and sediment deposition. The multiple channel features are displayed as a series of various bar types and unvegetated islands that shift position frequently during runoff events. Adjustments in channel patterns can be initiated with either natural or imposed changes in the conditions of the encompassing landform, contributing watershed area, or the existing channel system. Aggradation and lateral extension are dominant channel adjustment processes occurring within a range of landscapes from desert to glacial outwash plains. Typically, the runoff regime is "flashy," especially in arid landscapes with highly variable extremes of stage occurring on an annual basis which generates a very high sediment supply. Braided channel patterns can be found developing in very coarse materials located in valleys with moderately steep slopes, to very wide, flat, low gradient valleys containing finer materials. The "D" stream type may develop within valley types III, V, VIII, IX, X, and XI.



Rosgen type DA
• The "DA" or anastomosed stream type is a multiple-thread channel system with a very low 

stream gradient and the bank-full width of each individual channel noted as highly variable. 
Stream banks are often constructed with fine grained cohesive bank materials, supporting 
dense-rooted vegetation species, and are extremely stable. Channel slopes are very gentle, 
commonly found to be at or less than .0001. Lateral migration rates of the individual channels 
are very low except for infrequent avulsion. Relative to the "D" stream type, the "DA" stream 
type is considered as a stable system composed of multiple channels. Channel width/depth 
ratios and sinuosities may vary from very low to very high. The related valley morphology is 
seen as a series of broad, gently sloping wetland features developed on or within lacustrine 
deposits, river deltas or splays, and fine-grained alluvial deposits. The "DA" stream types 
make up a very small number of observed stream types, but are unique both in the process 
of their creation and maintenance. In certain locations operating at a "control" point within a 
valley, maintains the valley base level where a vertical balance exists between the rate of 
deposition and the rate of uplift. The geologic processes responsible for development of the 
anastomosed river include subsidence of sedimentary basins in tectonically active forelands, 
valley base level rise at the basin outlet, regional basin tilting derived from glacial-induced 
differential isostatic rebound, and the uplifting of sea or lake bed levels. The bedform 
features of the "DA" stream types are riffle/pool, similar to stream types "C" and "E." The 
streambanks and island surfaces between channels are well vegetated and constructed with 
either fine grained alluvium, or fine, cohesive depositional materials. The ratio of bedload to 
total sediment load is very low for these very stable stream types. The "DA" stream type 
normally occurs in valley types X and XI.
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Rosgen type DA:The "DA" or anastomosed stream type is a multiple-thread channel system with a very low stream gradient and the bank-full width of each individual channel noted as highly variable. Stream banks are often constructed with fine grained cohesive bank materials, supporting dense-rooted vegetation species, and are extremely stable. Channel slopes are very gentle, commonly found to be at or less than .0001. Lateral migration rates of the individual channels are very low except for infrequent avulsion. Relative to the "D" stream type, the "DA" stream type is considered as a stable system composed of multiple channels. Channel width/depth ratios and sinuosities may vary from very low to very high. The related valley morphology is seen as a series of broad, gently sloping wetland features developed on or within lacustrine deposits, river deltas or splays, and fine-grained alluvial deposits. The "DA" stream types make up a very small number of observed stream types, but are unique both in the process of their creation and maintenance. In certain locations operating at a "control" point within a valley, maintains the valley base level where a vertical balance exists between the rate of deposition and the rate of uplift. The geologic processes responsible for development of the anastomosed river include subsidence of sedimentary basins in tectonically active forelands, valley base level rise at the basin outlet, regional basin tilting derived from glacial-induced differential isostatic rebound, and the uplifting of sea or lake bed levels. The bedform features of the "DA" stream types are riffle/pool, similar to stream types "C" and "E." The streambanks and island surfaces between channels are well vegetated and constructed with either fine grained alluvium, or fine, cohesive depositional materials. The ratio of bedload to total sediment load is very low for these very stable stream types. The "DA" stream type normally occurs in valley types X and XI.



Rosgen type E
• The "E" type stream channels are conceptually designated as evolutionary in terms of 

fluvial process and morphology. The "E" stream type represents the developmental 
"end-point" of channel stability and fluvial process efficiency for certain alluvial 
streams undergoing a natural dynamic sequence of system evolution. The "E" type 
system often develops inside of the wide, entrenched and meandering channels of 
the "F" stream types, following floodplain development on and vegetation recovery of 
the former "F" channel beds. The "E" stream types are slightly entrenched, exhibit 
very low channel width/depth ratios, and display very high channel sinuosities which 
result in the highest meander width ratio values of all the other stream types. The 
bedform features of the "E" stream type are predominantly a consistent series of 
riffle/pool reaches, generating the highest number of pools per unit distance of 
channel, when compared to other riffle/pool stream types (C, DA, and F). "E" type 
stream systems generally occur in alluvial valleys that exhibit low elevational relief 
characteristics and physiographically range from the high elevations of alpine 
meadows to the low elevations of coastal plains. While the "E" stream types are 
considered as highly stable systems, provided the floodplain and the low channel 
width/depth characteristics are maintained, they are very sensitive to disturbance and 
can be rapidly adjusted and converted to other stream types in relatively short time 
periods. The "E" stream type typically develops within valley types VIII, X, and XI.
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Rosgen type E:The "E" type stream channels are conceptually designated as evolutionary in terms of fluvial process and morphology. The "E" stream type represents the developmental "end-point" of channel stability and fluvial process efficiency for certain alluvial streams undergoing a natural dynamic sequence of system evolution. The "E" type system often develops inside of the wide, entrenched and meandering channels of the "F" stream types, following floodplain development on and vegetation recovery of the former "F" channel beds. The "E" stream types are slightly entrenched, exhibit very low channel width/depth ratios, and display very high channel sinuosities which result in the highest meander width ratio values of all the other stream types. The bedform features of the "E" stream type are predominantly a consistent series of riffle/pool reaches, generating the highest number of pools per unit distance of channel, when compared to other riffle/pool stream types (C, DA, and F). "E" type stream systems generally occur in alluvial valleys that exhibit low elevational relief characteristics and physiographically range from the high elevations of alpine meadows to the low elevations of coastal plains. While the "E" stream types are considered as highly stable systems, provided the floodplain and the low channel width/depth characteristics are maintained, they are very sensitive to disturbance and can be rapidly adjusted and converted to other stream types in relatively short time periods. The "E" stream type typically develops within valley types VIII, X, and XI.



Rosgen type F
• The "F" stream types are the classic "entrenched, meandering" channels 

described by early day geomorphologists, and are often observed to be 
working towards re-establishment of a functional floodplain inside the 
confines of a channel that is consistently increasing its width within the 
valley. "F" stream types are deeply incised in valleys of relatively low 
elevational relief, containing highly weathered rock and/or erodible 
materials. The "F" stream systems are characterized by very high channel 
width/depth ratios at the bankfull stage, and bedform features occurring as a 
moderated riffle/pool sequence. "F" stream channels can develop very high 
bank erosion rates, lateral extension rates, significant bar deposition and 
accelerated channel aggradation and/or degradation while providing for very 
high sediment supply and storage capacities. The "F" stream types occur in 
low relief valley type III, and in valley types IV, V, VI, VIII, IX, and X.
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Rosgen type F:The "F" stream types are the classic "entrenched, meandering" channels described by early day geomorphologists, and are often observed to be working towards re-establishment of a functional floodplain inside the confines of a channel that is consistently increasing its width within the valley. "F" stream types are deeply incised in valleys of relatively low elevational relief, containing highly weathered rock and/or erodible materials. The "F" stream systems are characterized by very high channel width/depth ratios at the bankfull stage, and bedform features occurring as a moderated riffle/pool sequence. "F" stream channels can develop very high bank erosion rates, lateral extension rates, significant bar deposition and accelerated channel aggradation and/or degradation while providing for very high sediment supply and storage capacities. The "F" stream types occur in low relief valley type III, and in valley types IV, V, VI, VIII, IX, and X.



Rosgen type G
• The "G" or "gully" stream type is an entrenched, narrow, and deep, 

step/pool channel with a low to moderate sinuosity. Channel slopes are 
generally steeper than .02, although "G" channels may be associated with 
gentler slopes where they occur as "down-cut" gullies in meadows. The "G" 
stream type channels are found in a variety of land types to include alluvial 
fans, debris cones, meadows, or channels within older relic channels. The 
"fanhead trench" which is a channel feature deeply incised in alluvial fans is 
typical of "G" type stream channels. With the exception of those channels 
containing bedrock and boulder materials, the "G" stream types have very 
high bank erosion rates and a high sediment supply. Exhibiting moderate to 
steep channel slopes, low channel width/depth ratios and high sediment 
supply, the "G" stream type generates high bedload and suspended 
sediment transport rates. Channel degradation and side-slope rejuvenation 
processes are typical. The valley types supporting the "G" stream types are 
I, III, V, VI, VII, VIII, and X. The "G" stream type can also be observed in 
valley types II, VI, VIII and X, under conditions of instability or disequilibrium 
that are often imposed by watershed changes and/or direct channel 
impacts.
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Rosgen type G:The "G" or "gully" stream type is an entrenched, narrow, and deep, step/pool channel with a low to moderate sinuosity. Channel slopes are generally steeper than .02, although "G" channels may be associated with gentler slopes where they occur as "down-cut" gullies in meadows. The "G" stream type channels are found in a variety of land types to include alluvial fans, debris cones, meadows, or channels within older relic channels. The "fanhead trench" which is a channel feature deeply incised in alluvial fans is typical of "G" type stream channels. With the exception of those channels containing bedrock and boulder materials, the "G" stream types have very high bank erosion rates and a high sediment supply. Exhibiting moderate to steep channel slopes, low channel width/depth ratios and high sediment supply, the "G" stream type generates high bedload and suspended sediment transport rates. Channel degradation and side-slope rejuvenation processes are typical. The valley types supporting the "G" stream types are I, III, V, VI, VII, VIII, and X. The "G" stream type can also be observed in valley types II, VI, VIII and X, under conditions of instability or disequilibrium that are often imposed by watershed changes and/or direct channel impacts.



Rosgen type landforms

• The adjacent 
schematic 
indicates the 
general landform 
characteristics of 
each classification 
type.
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Presentation Notes
Rosgen type landforms:The adjacent schematic indicates the general landform characteristics of each classification type.



Rosgen Classification: Valley 
Type 1

• Notched canyons, rejuvenated sideslopes
• A Type I valley is V-shaped, confined, and 

is often structurally controlled and/or 
associated with faults. Elevational relief is 
high, valley floor slopes are greater than 
2%, and landforms may be steep, glacial 
scoured lands, and/or highly dissected 
fluvial slopes. Valley materials vary from 
bedrock to residual soils occurring as 
colluvium, landslide debris, glacial tills, 
and other similar depositional materials. 
Stream types commonly observed in 
valley Type I include types "A" and "G" 
which are typically step/pool channels 
with steeper channel slopes exhibiting 
cascade bed features. Stream channel 
erosional processes vary from very low 
and stable to highly erodible, producing 
debris torrents or avalanches. Often the 
"A" stream types in certain hydro-
physiographic provinces are the starting 
or conveyance zones for snow 
avalanches.
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Presentation Notes
Rosgen Classification: Valley Type 1:1. Notched canyons, rejuvenated sideslopes2. A Type I valley is V-shaped, confined, and is often structurally controlled and/or associated with faults. Elevational relief is high, valley floor slopes are greater than 2%, and landforms may be steep, glacial scoured lands, and/or highly dissected fluvial slopes. Valley materials vary from bedrock to residual soils occurring as colluvium, landslide debris, glacial tills, and other similar depositional materials. Stream types commonly observed in valley Type I include types "A" and "G" which are typically step/pool channels with steeper channel slopes exhibiting cascade bed features. Stream channel erosional processes vary from very low and stable to highly erodible, producing debris torrents or avalanches. Often the "A" stream types in certain hydro-physiographic provinces are the starting or conveyance zones for snow avalanches.



Rosgen Classification: Valley 
Type 2

• Moderately steep, gentle sloping side 
slopes often in colluvial valleys.

• Valley Type II exhibits moderate relief, 
relatively stable, moderate side slope 
gradients, and valley floor slopes that are 
often less than 4% with soils developed 
from parent material (residual soils), 
alluvium, and colluvium. Cryoplanated 
uplands dominated by colluvial slopes are 
typical of the land types that generally 
comprise Valley Type II in the northern 
Rocky Mountains. The stream type most 
commonly found in Valley Type II are the 
"B" types which are generally stable stream 
types, with a low sediment supply and bed 
features normally described as "rapids." 
Less common are "G" stream types that are 
observed generally under disequilibrium 
conditions.
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Rosgen Classification: Valley Type 2:1. Moderately steep, gentle sloping side slopes often in colluvial valleys.2. Valley Type II exhibits moderate relief, relatively stable, moderate side slope gradients, and valley floor slopes that are often less than 4% with soils developed from parent material (residual soils), alluvium, and colluvium. Cryoplanated uplands dominated by colluvial slopes are typical of the land types that generally comprise Valley Type II in the northern Rocky Mountains. The stream type most commonly found in Valley Type II are the "B" types which are generally stable stream types, with a low sediment supply and bed features normally described as "rapids." Less common are "G" stream types that are observed generally under disequilibrium conditions.



Rosgen Classification: Valley 
type 3

• Alluvial fans and debris cones.
• Valley Type III is primarily depositional in 

nature with characteristic debris-colluvial 
or alluvial fan landforms, and valley-floor 
slopes that are moderately steep or 
greater than 2%. Stream types normally 
occurring in Valley Type III are the "A," 
"B," "G," and "D" types. The "B" stream 
type which is less common on alluvial or 
colluvial fans occurs primarily on "non-
building" stable fans and where riparian 
vegetation is well established along the 
drainage-way. The "G" stream type 
prevails where there is little established 
riparian vegetation in the presence of high 
bedload transport on actively "building" 
fans, similar to the multiple distributary 
channels of the "D" stream type.
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Presentation Notes
Rosgen Classification: Valley type 3:1. Alluvial fans and debris cones.2. Valley Type III is primarily depositional in nature with characteristic debris-colluvial or alluvial fan landforms, and valley-floor slopes that are moderately steep or greater than 2%. Stream types normally occurring in Valley Type III are the "A," "B," "G," and "D" types. The "B" stream type which is less common on alluvial or colluvial fans occurs primarily on "non-building" stable fans and where riparian vegetation is well established along the drainage-way. The "G" stream type prevails where there is little established riparian vegetation in the presence of high bedload transport on actively "building" fans, similar to the multiple distributary channels of the "D" stream type.



Rosgen Classification: Valley 
type 4

• Gentle gradient canyons, gorges and 
confined alluvial valleys.

• Valley Type IV consists of the classic 
meandering, entrenched or deeply incised, 
and confined landforms directly observed as 
canyons and gorges with gentle elevation 
relief and valley-floor gradients often less 
than 2%. Valley Type IV is generally 
structurally controlled and incised in highly 
weathered materials. These stream types are 
also often associated with tectonically 
"uplifted" valleys. The "F" stream type is most 
often found in Valley Type IV, however, 
where the width of the valley floor 
accommodates both the channel and a 
floodplain, C channels are often observed. 
Depending on streamside materials, the 
sediment supply is generally moderate to 
high.
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Rosgen Classification: Valley type 4:1. Gentle gradient canyons, gorges and confined alluvial valleys.2. Valley Type IV consists of the classic meandering, entrenched or deeply incised, and confined landforms directly observed as canyons and gorges with gentle elevation relief and valley-floor gradients often less than 2%. Valley Type IV is generally structurally controlled and incised in highly weathered materials. These stream types are also often associated with tectonically "uplifted" valleys. The "F" stream type is most often found in Valley Type IV, however, where the width of the valley floor accommodates both the channel and a floodplain, C channels are often observed. Depending on streamside materials, the sediment supply is generally moderate to high.



Rosgen Classification: Valley 
Type 5

• Moderately steep valley slopes, U-shaped 
glacial trough valleys.

• Valley Type V is the product of a glacial 
scouring process where the resultant trough is 
now a wide, "u"-shaped valley, with valley-floor 
slopes generally less than 4 percent. Soils are 
derived from materials deposited as moraines 
or more recent alluvium from the Holocene 
period to the present. Landforms locally 
include lateral and terminal moraines, alluvial 
terraces, and floodplains. Deep, coarse 
deposition of glacial till is common, as are 
glacio-fluvial deposits, with the finer size 
mixture of glacio-lacustrine deposition above 
structurally controlled reaches. The stream 
types most often seen in Valley Type V are 
"C," "D," and "G."
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Rosgen Classification: Valley Type 5:1. Moderately steep valley slopes, U-shaped glacial trough valleys.2. Valley Type V is the product of a glacial scouring process where the resultant trough is now a wide, "u"-shaped valley, with valley-floor slopes generally less than 4 percent. Soils are derived from materials deposited as moraines or more recent alluvium from the Holocene period to the present. Landforms locally include lateral and terminal moraines, alluvial terraces, and floodplains. Deep, coarse deposition of glacial till is common, as are glacio-fluvial deposits, with the finer size mixture of glacio-lacustrine deposition above structurally controlled reaches. The stream types most often seen in Valley Type V are "C," "D," and "G."



Rosgen Classification: Valley 
type 6

• Moderately steep, fault-controlled 
valleys.

• Valley Type VI, termed a fault-line 
valley, is structurally controlled and 
dominated by colluvial slope building 
processes. The valley-floor gradients 
are moderate, often less than 4 percent. 
Some alluvium occurs amidst the 
extensive colluvial deposits and stream 
patterns are controlled by the confined, 
laterally controlled valley. Sediment 
supply is low. Stream types are 
predominantly "B" types with fewer 
occasions of "C" and "F" types in the 
wider and flatter valley reaches. Under 
disequilibrium conditions, "G" stream 
types are observed.
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Rosgen Classification: Valley type 6:1. Moderately steep, fault-controlled valleys.2. Valley Type VI, termed a fault-line valley, is structurally controlled and dominated by colluvial slope building processes. The valley-floor gradients are moderate, often less than 4 percent. Some alluvium occurs amidst the extensive colluvial deposits and stream patterns are controlled by the confined, laterally controlled valley. Sediment supply is low. Stream types are predominantly "B" types with fewer occasions of "C" and "F" types in the wider and flatter valley reaches. Under disequilibrium conditions, "G" stream types are observed.



Rosgen Classification: Valley 
type 7

• Steep, highly dissected fluvial slopes.
• Valley Type VII consists of a steep to moderately 

steep landform, with highly dissected fluvial slopes, 
high drainage density, and a very high sediment 
supply. Streams are characteristically deeply 
incised in either colluvium and alluvium or in 
residual soils. The residual soils are often derived 
from sedimentary rocks such as marine shales. 
Depositional soils associated with these highly 
dissected slopes can often be eolian deposits of 
sand and/or marine sediments. This valley type can 
be observed over a variety of locations, from the 
provinces of the Palouse Prairie of Idaho, the Great 
Basin or high deserts of Nevada and Wyoming, the 
Sand Hills of Nebraska, to the Badlands of the 
Dakotas. The majority of stream types found in 
Valley Type VII are the "A" and "G" types which are 
channels that have moderate to steep gradients, 
are entrenched (deeply incised), confined, and 
unstable due to the active lateral and vertical 
accretion processes.

Presenter
Presentation Notes
Rosgen Classification: Valley type 7:1. Steep, highly dissected fluvial slopes.2. Valley Type VII consists of a steep to moderately steep landform, with highly dissected fluvial slopes, high drainage density, and a very high sediment supply. Streams are characteristically deeply incised in either colluvium and alluvium or in residual soils. The residual soils are often derived from sedimentary rocks such as marine shales. Depositional soils associated with these highly dissected slopes can often be eolian deposits of sand and/or marine sediments. This valley type can be observed over a variety of locations, from the provinces of the Palouse Prairie of Idaho, the Great Basin or high deserts of Nevada and Wyoming, the Sand Hills of Nebraska, to the Badlands of the Dakotas. The majority of stream types found in Valley Type VII are the "A" and "G" types which are channels that have moderate to steep gradients, are entrenched (deeply incised), confined, and unstable due to the active lateral and vertical accretion processes.



Rosgen Classification: Valley 
type 8

• Wide, gentle valley slope with well-developed 
floodplain adjacent to river terraces.

• Valley Type VIII is most readily identified by 
the presence of multiple river terraces 
positioned laterally along broad valleys with 
gentle, down-valley elevation relief. Alluvial 
terraces and floodplains are the predominant 
depositional landforms which produce a high 
sediment supply. Glacial terraces can also 
occur in these valleys, but stand much higher 
above the present river than the alluvial 
(Holocene) terraces. Soils are developed 
predominantly over alluvium originating from 
combined riverine and lacustrine depositional 
processes. Stream types "C" or "E," which 
have slightly entrenched, meandering 
channels that develop a riffle/pool bed-form, 
are normally seen in the Type VIII valley. 
However, "D," "F," and "G" stream types can 
also be found, depending on local stream and 
riparian conditions.

Presenter
Presentation Notes
Rosgen Classification: Valley type 8:1. Wide, gentle valley slope with well-developed floodplain adjacent to river terraces.2. Valley Type VIII is most readily identified by the presence of multiple river terraces positioned laterally along broad valleys with gentle, down-valley elevation relief. Alluvial terraces and floodplains are the predominant depositional landforms which produce a high sediment supply. Glacial terraces can also occur in these valleys, but stand much higher above the present river than the alluvial (Holocene) terraces. Soils are developed predominantly over alluvium originating from combined riverine and lacustrine depositional processes. Stream types "C" or "E," which have slightly entrenched, meandering channels that develop a riffle/pool bed-form, are normally seen in the Type VIII valley. However, "D," "F," and "G" stream types can also be found, depending on local stream and riparian conditions.



Rosgen Classification: Valley 
type 9

• Broad, moderate to gentle slopes, 
associated with glacial outwash 
and/or eolian sand dunes.

• Valley Type IX is observed as glacial 
outwash plains and/or dunes, where 
soils are derived from glacial, alluvial, 
and/or eolian deposits. Due to the 
depositional nature of the developed 
landforms, sediment supply is high, 
and the commonly occurring "C" and 
"D" stream types are associated with 
high rates of lateral migration.
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Rosgen Classification: Valley type 9:1. Broad, moderate to gentle slopes, associated with glacial outwash and/or eolian sand dunes.2. Valley Type IX is observed as glacial outwash plains and/or dunes, where soils are derived from glacial, alluvial, and/or eolian deposits. Due to the depositional nature of the developed landforms, sediment supply is high, and the commonly occurring "C" and "D" stream types are associated with high rates of lateral migration.



Rosgen Classification: Valley 
type 10

• Very broad and gentle slopes, associated 
with extensive floodplains.

• Valley Type X is very wide, with very gentle 
elevation relief and is mostly constructed 
with alluvial materials originating from both 
riverine and lacustrine deposition processes. 
Soils are primarily alluvium, and while less 
common, may also be derived from eolian 
deposition. Landforms commonly observed 
as Valley Type X are coastal plains, broad 
lacustrine and/or alluvial flats, which may 
exhibit peat bogs and expansive wetlands. 
Stream types "C," "E," and "DA" are the 
most commonly observed, although in many 
instances, where streams have been 
"channelized," or the local base level has 
been changed, "G" and "F" stream types are 
found.
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Rosgen Classification: Valley type 10:1. Very broad and gentle slopes, associated with extensive floodplains.2. Valley Type X is very wide, with very gentle elevation relief and is mostly constructed with alluvial materials originating from both riverine and lacustrine deposition processes. Soils are primarily alluvium, and while less common, may also be derived from eolian deposition. Landforms commonly observed as Valley Type X are coastal plains, broad lacustrine and/or alluvial flats, which may exhibit peat bogs and expansive wetlands. Stream types "C," "E," and "DA" are the most commonly observed, although in many instances, where streams have been "channelized," or the local base level has been changed, "G" and "F" stream types are found.



Rosgen Classification: Valley 
type 11

• Deltas.
• Valley type XI is a unique series of landforms consisting of 

large river deltas and tidal flats constructed of fine alluvial 
materials originating from riverine and estuarine 
depositional processes. The Type XI valleys or delta areas 
are often seen as freshwater and saltwater marshes, 
natural levees, and crevasse splays. There are four 
morphologically distinct delta areas, which produce different 
stream types or patterns and include:

• the elongate, highly constructive delta (example shown 
here).

• the lobate, highly constructive delta.
• the highly destructive, wave-dominated delta.
• the highly destructive, tide-dominated delta.
• An additional delta landform is representative of extensive 

wetlands, peat, and cohesive sediments with multiple, 
stable channels typical of the "DA" (anastomosed) stream 
type.

• The corresponding stream types found in delta areas are 
primarily the distributary channels of stream type "DA," or 
the multiple channel systems of the "D" stream type, along 
with occasional "C" and "E" stream types. The "DA" stream 
type is more common to the tide-dominated, stable deltas 
with numerous wetland islands, and the base level of the 
channel system controlled by either lake or sea levels.
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Presentation Notes
Rosgen Classification: Valley type 11:1. Deltas.2. Valley type XI is a unique series of landforms consisting of large river deltas and tidal flats constructed of fine alluvial materials originating from riverine and estuarine depositional processes. The Type XI valleys or delta areas are often seen as freshwater and saltwater marshes, natural levees, and crevasse splays. There are four morphologically distinct delta areas, which produce different stream types or patterns and include:	-the elongate, highly constructive delta (example shown here).	-the lobate, highly constructive delta.	-the highly destructive, wave-dominated delta.	-the highly destructive, tide-dominated delta.3. An additional delta landform is representative of extensive wetlands, peat, and cohesive sediments with multiple, stable channels typical of the "DA" (anastomosed) stream type.4. The corresponding stream types found in delta areas are primarily the distributary channels of stream type "DA," or the multiple channel systems of the "D" stream type, along with occasional "C" and "E" stream types. The "DA" stream type is more common to the tide-dominated, stable deltas with numerous wetland islands, and the base level of the channel system controlled by either lake or sea levels.



Rosgen Level 2 Measurement 
Flowchart

• Entrenchment Ratio.
• Width/Depth ratio of 

bankfull channel.
• Dominant channel 

materials.
• Slope.
• Bed features.
• Sinuosity.
• Meander width ratio.
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Presentation Notes
Rosgen Level 2 Measurement Flowchart:Entrenchment Ratio.Width/Depth ratio of bankfull channel.Dominant channel materials.Slope.Bed features.Sinuosity.Meander width ratio.



Rosgen Level 2 Chart
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Presentation Notes
Rosgen Level 2 Chart:See schematic classification chart.Based on stream bed composition, Entrenchment, WD ratio, Sinuoisity, HO slope.



Measurements: Entrenchment 
Ratio

• Computed index value = (width of flood 
plain at an elevation 2x max bankfull 
depth)/(bankfull width).

• Generally ranges 1.0 to > 4.5.
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Presentation Notes
Measurements: Entrenchment Ratio:1. Computed index value = (width of flood plain at an elevation 2x max bankfull depth)/(bankfull width).2. Generally ranges 1.0 to > 4.5.



Measurements: Width/Depth 
Ratio

• Index value = (bankfull width)/(mean 
bankfull depth).

• Ranges <12 to > 40.
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Measurements: Width/Depth Ratio:1. Index value = (bankfull width)/(mean bankfull depth).2. Ranges 1 to > 40.



Measurements: Sinuosity

• Sinuosity = (stream length)/(valley length) 
or (valley slope)/(channel slope).

• Ranges 1 to > 2.
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Presentation Notes
Measurements: Sinuosity:1. Sinuosity = (stream length)/(valley length) or (valley slope)/(channel slope).2. Ranges 1 to > 2.



Measurements: H2O Slope

• H2O slope = slope of water surface 
averaged for 20-30 channel widths.

• Ranges <0.02 to > 0.09.
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Presentation Notes
Measurements: H2O Slope:1. H2O slope = slope of water surface averaged for 20-30 channel widths.2. Ranges <0.02 to > 0.09.



Antecedent  Streams
• Antecedent streams 

erode into fold 
structures as they 
develop so the stream 
must pre-date the 
deformation.
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Presentation Notes
Antecedent  Streams:Antecedent streams erode into fold structures as they develop so the stream must pre-date the deformation.Antecedent streams are rare and would only be found in very tectonically active areas.



Superposed Streams

• Superposed streams erode into a pre-existing 
structure therefore they post-date the 
deformation.
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Presentation Notes
Superposed Streams:1. Superposed streams erode into a pre-existing structure therefore they post-date the deformation.2. Superposed streams are common.



Exam Summary
• Know the terms suspended load, bed load and suspended 

load.
• Know definitions of stream discharge and how to 

numerically process the calculation.
• Know how sorting indicates depositional environment, 

transport history, and how it affects porosity and 
permeability in sediments.

• Know the characteristics of early, middle, late, and 
rejuvenated  stages of fluvial landform development.

• Know the various types of drainage patterns and how they 
relate to bedrock geology.

• Be able to define and recognize subsequent versus 
antecedent streams.

• Be able to calculate a stream gradient from a topographic 
map.

• Be able to describe how the Mississippi River develops 
distributaries over time and how that leads to the “Birdfoot” 
delta geometry.
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Exam Summary:Know the terms suspended load, bed load and suspended load.Know definitions of stream discharge and how to numerically process the calculation.Know how sorting indicates depositional environment, transport history, and how it affects porosity and permeability in sediments.Know the characteristics of early, middle, late, and rejuvenated  stages of fluvial landform development.Know the various types of drainage patterns and how they relate to bedrock geology.Be able to define and recognize subsequent versus antecedent streams.Be able to calculate a stream gradient from a topographic map.Be able to describe how the Mississippi River develops distributaries over time and how that leads to the “Birdfoot” delta geometry.
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