
Backwater and River plume Controls on Scour Upstream of River Mouths: Morphodynamic Implications* 
 

Michael P. Lamb
1
, Phairot Chatanantavet

2
, Jeffrey Nittrouer

3
, David Mohrig

4
, and John Shaw

4
 

 
Search and Discovery Article #50711 (2012)** 

Posted August 31, 2012 
 
*Adapted from oral presentation at AAPG Annual Convention and Exhibition, Long Beach, California, April 22-25, 2012 
Editor’s note: Please refer to companion article by Chatanantavet and Lamb, entitled “Experimental Study of a Coupled River and River-plume System: Backwater 
Controls on Source-to-sink Sediment 75 Transfer,” Search and Discovery Article #50712 (2012). 
 
**AAPG©2012 Serial rights given by author. For all other rights contact author directly. 
 
1Geological and Planetary Sci., CA Inst of Tech, Pasadena, CA (mpl@gps.caltech.edu) 
2Geological and Planetary Sci., CA Inst of Tech, Pasadena, CA 
3University of Illinois, Urbana, IL 
4University of Texas, Austin, TX 
 

Abstract 

 
Sediment flux from rivers to oceans is the fundamental driver of fluvio-delatic morphodynamics and continental-margin sedimentation, yet 
sediment transport across the river-to-marine boundary is poorly understood. Coastal rivers typically are affected by backwater, a zone of 
spatially decelerating flow that is transitional between normal flow upstream and the offshore river plume. Flow deceleration in the 
backwater zone, as well as spreading of the offshore plume, should render rivers highly depositional near their mouths, leading to 
sedimentation and eventual elimination of the backwater zone at steady state. This reasoning is counter to observations of riverbed scour, 
erosional bedforms, and long-lived backwater zones near the mouths of some coastal rivers (e.g., Mississippi River). To explain these 
observations, we present a quasi-2D model of a coupled fluvial backwater and offshore river-plume system for the case of the Mississippi 
River. Results show that during high-discharge events the normal-flow depth can become larger than the water depth at the river mouth 
resulting in drawdown of the water surface, spatial acceleration of flow, and surprisingly erosion of the riverbed. Furthermore, it is the 
transient adjustment of the river to low flow and high flow events that allows a persistent backwater/drawdown zone. This zone in turn act as 
a filter on sediment transfer to marine environments whereby sediment flux from low-discharge events is muted and sediment flux from 
high-discharge events is enhanced from what would be expected from normal flow alone. Backwater dynamics and the potential for scour 
are rarely accounted for in fluvio-deltaic models, but they could have a significant impact morphodynamics and stratigraphy. For example, 
we show that backwater combined with variable discharges leads to a preferential deposition zone, which may explain why rivers tend to 
avulse about a persistent node setting the fundamental lengthscale of deltas. Furthermore, scour events in coastal rivers and distributary 
channels likely leave unconformities in fluvio-deltaic stratigraphy, which may appear similar to those previously interpreted to be a result of 
relative sea level changes or other allogenic forcings. Results are compared to flume experiments presented in a companion study by 
Chatanantavet et al. (2011).  
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Rivers and oceans are connected by a zone of 

backwater

 Non-uniform flow that occurs in low Froude number flows near 
river mouths.  

 The zone of backwater can be expansive on large low 
gradient rivers (e.g. 500 km on the Mississippi R.).

 It’s spatial extent and deposition patterns are sensitive to river 
discharge and river mouth boundary conditions.



Most morphodynamic models neglect 

backwater

SEDFLUX Model, Syvitski and others

Paola, 2000

• Most numerical models route 
sediment by assuming Qs = f(Sb)
– Topographic diffusion

– Steady-uniform flow

• Or models assume a single 
characteristic discharge, which does 
not allow a dynamic backwater 
zone
– e.g., Parker et al., 2008

• Most flume experiments use high 
Froude numbers that minimize 
backwater effects.

This results in rivers that always experience 

aggradation near their mouths. 



Lane’s [1957] hypothesis that rivers experience both 

erosion and deposition in the backwater zone

Low flow results in backwater and deposition.

High flow results in drawdown and scour.



Outline

 Numerical model of backwater dynamics and 

comparison to the Mississippi River

 Five morphodynamics / stratigraphic implications



Numerical Formulation

1. 1D Layer averaged equations of motion (St. Venant)

2. Conservation of fluid mass and momentum

3. Upstream of shoreline: backwater equation

4. Offshore – plume spreads at fixed angle
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b fS C Fdh
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Application to Mississippi River

 Focus on lower 500 km

 Available data: 

bathymetry, stage height 

and flow velocity



Model Results

 Events: Low flow, 1.9-yr 
flood, 27-yr flood. 

 Spatial deceleration and 
deposition at low flow

 Acceleration and erosion at 
high flow

 Water surface at the river 
mouth is ~fixed at sea level 
due to plume spreading

(Lamb et al., 2012)



Lower Mississippi River shows evidence for 

erosion

Scoured Flutes

40% of bed is scoured into 

“rock”

(Nittrouer et al., 2011)



Model sensitivity at high flow

 Results are not sensitive 

to channel width 

variations (c.f., Parker 

et al., 2009).

 A finite plume 

spreading angle (> ~ 1 

degree) is needed to 

reproduced 

measurements.

(Lamb et al., 2012)



How often does erosion occur on the lower 

Mississippi?

Transition from deposition to erosion occurs 

at 3 x 104 m3/s; two-yr flood.

(Lamb et al., 2012)



Scaling the backwater length to other rivers

 is a key 

parameter for the 

maximum drawdown 

length.

 Backwater length can be 

infinitely large 

depending on the river 

mouth depth.

 Scour effects will be 

more pronounced in low 

gradient (Sb < 0.005) 

rivers.  

/n bL h S



Implication 1:  Backwater as a filter on source 

to sink (bed-material) sediment flux

 Reduced bed-material load (sand) during low flows 
due to deposition in the backwater zone.

 Enhanced bed-material load during high flows due 
to scour in the backwater zone.

High Flow: Drawdown

Low Flow: Backwater



Implication 2: Backwater as an autogenic 

sequence boundary generator 

 Backwater dynamics can create large-scale channel-bed 
scour near river mouths and in the absence of allogenic
forcing (e.g., base level fall)

 Potential erosional zones are large (100s km) exceeding the 
width of the shelf in most cases.

Incised Valley



Implication 3: Reduced channel sinuosity in 

the backwater zone

 Lateral migration and channel sinuosity are 

substantially reduced in backwater zone

(Hudson and Kesel, 2000)



 Morphodynamic simulation 

with multiple discharge 

events

 Low flow events cause 

deposition, high flow events 

cause scour.

 Cumulative effect is 

different than a model with 

a single discharge 

(Chatanantavet et al., 2012)

Implication 4: Backwater dynamics set the 

avulsion node location



Implication 4: Backwater dynamics set the 

avulsion node location

 Stage heights during floods are 
reduced within the backwater zone.

 Deposition rates are greater in 
upstream part of backwater zone.

 Channel fill timescale (Mohrig et al., 
2000) has a minimum within the 
backwater zone.

 Avulsion is more likely in the 
upstream part of the backwater 
zone.

(Chatanantavet et al., 2012)



Implication 5: Backwater dynamics determine 

the size of deltas

(Jerolmack, 2009)

(Chatanantavet et al., 2012)

Avulsion length correlates with the backwater length



 Backwater zone extends onto the 

proto-channel.

 Alternating between high and low 

flows is necessary for building 

depth-scale levees.
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Implication 6: Backwater dynamics controls self-

channelization

(Chatanantavet and Lamb, in prep.)



Conclusions

 Backwater zones act as a filter by muting 
sediment flux at low flows and enhancing 
sediment flux at high flows

 Large flood events can produce 
substantial channel-bed  erosion near 
river mouths due to water-surface 
drawdown, in the absence of allogenic
controls (sea level, climate, ...)

 Backwater dynamics may determine the 
size of deltas by setting the location of 
the avulsion node.

 Backwater dynamics and variable river 
discharge are key in producing incipient 
channelization and depth-scale levees.




