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Figure 6.   Incised Channel Evolution Model (from FISWRG, 1988; after Schumm et al., 1984). 
 
The channel size and planform that will develop over the long-term as a result of the full range of 
flows including frequent smaller storms is less certain.  In spite of the lack of a strong relationship 
between any particular discharge and the channel geometry related to the bankfull condition, 
natural arroyos typically have well-defined channels in which at least the width tends to scale to the 
size of the watershed.  Based on observations from a large number of arroyos in the Albuquerque, 
New Mexico area, Mussetter et al. (1994) suggested that the active channel will adjust its width so 
that it has a width-to-depth ratio of about 40 at the peak discharge associated with the equivalent 
storm event that would transport the long-term, average annual sediment load.  By interpolation of 
the sediment yield frequency curve that is discussed in Footnote1, this storm typically has a 
recurrence interval in the range of 5 to 10 years for watersheds that are mostly undeveloped.  The 
recurrence interval of the storm that produces the average annual sediment yield decreases to the 
2- to 5-year range in urbanized watersheds, due primarily to the increase in runoff for the more 
frequent storms compared to undeveloped conditions. 
 

Conclusions 
 
Design discharges for restoration of perennial streams that are in quasi-equilibrium with the 
upstream water and sediment supply are typically selected based on the dual objectives of 
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protecting public safety and, to the extent possible, insuring natural stream function which might 
include periodic mobilization of the bed material, energy to transport the upstream sediment supply, 
and connectivity between the channel and floodplain on a relatively frequent basis.  The basis for 
designing the channel often centers on a bankfull discharge that is typically in the range of the 
mean annual (1.5- to 2.33-year flood peak) based on the idea that the channel-forming discharge 
(a.k.a., the dominant or effective discharge) is about the same as the bankfull discharge, and this 
represent the long-term condition to which the channel will adjust. 
 
Because the precipitation and runoff response of arroyos is highly discontinuous and frequently 
occurring storms tend to produce little or no runoff under undeveloped conditions, arroyos represent 
a nonequilibrium form that is the product of less frequent, higher magnitude flows.  As the 
watershed urbanizes, the relative contribution of more frequent storm events to the annual sediment 
load and the long-term condition of the arroyo tends to increase due to reduced infiltration and 
depression storage and increases in the hydraulic efficiency of the local drainage channels that to 
feed the arroyo.  Based on data and observations throughout the Albuquerque area, as well as 
other arid-land streams, it is suggested that the peak discharge associated with the individual storm 
event that would produce the long-term, average annual sediment load provides a reasonable basis 
for estimating appropriate channel size and planform for reconstructing or rehabilitating arroyos that 
are subjected to the effects of urbanization. 
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