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Overview of Stormflow-Generation Mechanisms That 
May Be Used to Refine Estimates of Runoff-Coefficient 
Statistics 

By Gregory E. Granato  

Introduction  

Good estimates of volumetric runoff coefficients are needed to estimate stormflows because the 
stochastic empirical loading and dilution model (SELDM) is designed to use these statistics to generate 
a random population of stormflow volumes from a random population of precipitation volumes. 
SELDM generates random populations of runoff coefficients, which are defined as the ratio of 
stormflow to precipitation, for the highway site and the upstream basin. Conceptually, this approach is 
based on the assumption that the highway and the upstream basin will be affected by the same storm, 
but that each will generate stormflows based on characteristics of the drainage area.  

The average, standard deviation and skew of the runoff coefficients for the highway and the 
upstream basin can be estimated using regression equations that relate these runoff-coefficient statistics 
to the fraction of the total anthropogenic impervious area (primarily pavement and roofs). Regression 
equations using the fraction of TIA as the explanatory variable are implicitly based on the assumption 
that the runoff is generated from the TIA. Runoff coefficient statistics, however, may be controlled by 
other stormflow-generating mechanisms, especially if the fraction of anthropogenic TIA is small and the 
impervious areas are not connected to stream channels. Runoff coefficient statistics calculated from data 
compiled as part of SELDM study vary widely among different sites with similar TIA fractions 
especially for sites with low TIA fractions. Regression equations used to estimate runoff-coefficient 
statistics from the TIA fraction indicate the best estimate for a given impervious fraction, but the 
considerable scatter of statistics for individual sites indicates that other factors and other stormflow-
generation mechanisms may be predominant in different basins. This appendix provides a brief 
overview of the literature describing different stormflow-generation mechanisms. The regression 
estimates are a good first order approximation, but knowledge of basin characteristics and associated 
stormflow-generation mechanisms described in this appendix may be used to refine these initial 
estimates of runoff-coefficient statistics. This appendix is a brief overview of runoff-mechanisms 
described in the literature (Table 4-1). The table is not a complete catalog of studies on stormflow-
generation mechanisms, but includes several comprehensive literature reviews and examples describing 
the primary mechanisms. More information may be needed to estimate runoff-coefficient statistics for a 
given basin; this appendix is an introduction and a source of leads for further investigations. 
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Characteristics of Stormflow-Generation Mechanisms 

Rainfall-runoff transformation processes are complex and there is substantial uncertainty about 
the occurrence, timing, and relative importance of different processes in different basins. The term 
runoff is commonly used to describe the streamflow response to a precipitation event. Use of the term 
runoff may imply that storm event flows are equivalent to the overland flow that occurs during the 
event. The term quickflow also is commonly used because storm-event flows from natural areas may 
result from displacement of pre-event water by precipitation inputs. The term quickflow may include 
overland flow, soil-water discharges, and ground-water discharges caused by the precipitation event. As 
such, the soil-water and ground-water discharges included with quickflow are different from baseflow. 
Quickflow includes water displaced by precipitation inputs, whereas baseflow is considered to be 
gravity drainage of the underlying aquifer between storm events. The distinction between quickflow and 
subsequent baseflow commonly is defined using different methods of baseflow separation (Chow, 1964; 
Linsley and others, 1974; Chow and others, 1988; Nathan and McMahon, 1990; Sloto and Crouse, 
1996). The term interflow is sometimes used to describe the soil-water and ground-water discharges 
included with quickflow that become predominant on the falling limb of the stormflow hydrograph. 
However, the terms runoff and quickflow may be used synonymously because of substantial 
uncertainties in the origin of storm-event flows in different basins and uncertainties in the partitioning of 
storm flow from base flow with different hydrograph separation techniques (Appendix 1).  

Conceptual models are important for estimating rainfall-runoff transformation from basins with 
different characteristics. Various runoff-producing mechanisms have been postulated in the literature as 
a result of hydrologic, water-quality, and isotope measurements of precipitation, ground water, and 
surface water during storms (Table 4-1). There is considerable study and debate about the occurrence, 
prevalence, and relative importance of different runoff-producing mechanisms in different hydrologic 
settings. Runoff mechanisms discussed in the literature include infiltration excess (Hortonian) overland 
flow, saturation overland flow, throughflow, and near-stream discharge caused by ground-water ridging 
(fig. 4-1). The magnitude and predominance of different stormflow-generating mechanisms have been 
postulated on the basis of surface-water flow measurements, water-level measurements, soil moisture 
measurements, and the chemistry and isotope signature of stormflow (including precipitation, soil water, 
ground water and storm water runoff). Similar results from such measurements commonly are used to 
support different theories. Modeling methods also are used, but modeling methods commonly are based 
on initial assumptions and commonly simplify complex processes. The same data and models may be 
used to support different theories because available data do not provide a unique solution. Furthermore, 
there is much variability and different mechanisms may be predominant between basins, within basins, 
among storms, and within storms.  
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Figure 4-1.  Schematic diagrams illustrating several conceptual models of rainflow-runoff 
transformation mechanisims that explain the quickflow response of streams during 
precipitation events (modified from Ward, 1984). 

Explanation: P precipitation; I infiltration; Qo overland flow; Qt through flow; Qg groundwater flow
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Occurs on impervious surfaces and 
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adjacent impervious areas exceeds the 
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Occurs in sloped areas near dry or wet 
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and travels through macropores or is 
directed by anisotropy in the soil column 
down-slope to a surface-water discharge 
area. Throughflow is not dependant on 
infiltration excess.

Saturation overland flow

Occurs in pervious areas where the 
ground-water table rises to the land 
surface so that precipitation and 
groundwater flow into the stream network.  
The contributing area grows and shrinks 
with fluctuations in groundwater levels.  
Infiltration, throughflow, and temporary 
bank storage may contribute to saturated 
riparian areas.

Near-stream ground-water ridging

Occurs in zones of flow convergence as 
a rapid response to infiltration and 
throughflow.  The local increase in the  
water-table gradient increases 
groundwater discharge to the stream. 

Surface water

Unsaturated zone

Saturated zone (groundwater)

Land surface

Surface water

Unsaturated zone

Saturated zone (groundwater)

Land surface

Surface water

Unsaturated zone

Saturated zone (groundwater)

Land surface

Surface water

Unsaturated zone

Saturated zone (groundwater)

Land surface

Qg

Qg

Qt
Qo

P

Qg

Qt Qo

P

Qg

I

Qg

Qo

P

P

I

Qt

P

P

I

P

P

I

P



Appendix 4 in FHWA-HEP-09-005   10 

Infiltration excess overland flow is commonly defined as surface runoff that occurs when 
precipitaion rates exceed the infiltration capacity of soils and depression storage (Table 4-1). Infiltration 
excess overland flow commonly is associated with arid and semiarid areas where soil-crusts, which 
substantially reduce infiltration rates, form. Infiltration excess overland flow occurs on anthropogenic 
impervious areas and natural (such as bedrock outcrops). Infiltration excess overland flow may occur on 
other pervious or semi-pervious areas that receive overland flow from impervious adjacent areas. 
Infiltration excess overland flow also may occur on nominally pervious areas (such as residential lawns) 
that have been compacted as a result of development. The concept of infiltration excess overland flow, 
its application in curve-number models, and its limitations for characterizing small-storm hydrology in 
natural basins in humid areas is discussed further in Appendix 5. Variations in infiltration excess 
overland flow are thought to occur as the infiltration capacity and depression storage of a basin varies 
with antecedent conditions between storms. 

Saturation overland flow is commonly defined as surface runoff that occurs when the water table 
rises to the land surface preventing infiltration and conveying precipitation and ground water to the 
stream network as surface runoff (Table 4-1). Saturation overland flow is assumed to occur in areas 
adjacent to ephemeral, intermittent, and perennial stream channels (riparian areas) within the stream 
network. Saturation overland flow commonly is associated with riparian wetlands in humid regions. 
Variations in saturation overland flow are thought to occur as saturated areas expand and contract 
seasonally and with variations in antecedent conditions between storms.  

Throughflow is commonly defined as sub-surface runoff that occurs when precipitation induces 
ground-water and soil-water stormflows down-slope to a discharge area (Table 4-1). Various 
throughflow mechanisms (including steep gradients, permeable soils, and perennial, intermittent and 
ephemeral soil pores) are assumed to occur in steep-slope headwater basins in humid areas. The 
predominance of ground-water or soil-water stormflows are thought to be controlled by the slope of the 
underlying impervious surface (bedrock or an impervious soil layer), the permeability and anisotropy of 
the soil, and the presence and extent of macropores. Throughflow also may contribute to saturation 
overland flow as it emerges at the base of the slope in source areas adjacent to the drainage network. 
Variations in throughflow are thought to occur with variations in soil moisture and the hill-slope water 
table both seasonally and with variations in antecedent conditions between storms. 

Near-stream ground-water ridging is commonly defined as stormwater discharge that occurs 
when the capillary fringe is rapidly saturated by precipitation in areas to ephemeral, intermittent, and 
perennial stream channels, where the depth to ground water is small (Table 4-1). The localized, rapid 
increase in the hydraulic head of the ground-water table is thought to induce ground-water discharge to 
the stream. Near-stream ground-water ridging also may contribute to saturation overland flow as it 
emerges in source areas adjacent to the drainage network. Variations in stormflow from near-stream 
ground-water ridging are thought to occur because of variations in the depth to ground water and the 
saturation of the capillary fringe that occur both seasonally and with variations in antecedent conditions 
between storms. 
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Direct precipitation is another source of storm-event flows that occurs throughout the storm as 
precipitation falls directly on the streams and lakes within the drainage network (Mockus, 1972; Ward 
1984; Roulet, 1991). Direct precipitation is included in each schematic diagram on figure 4-1 because it 
occurs concurrently with each runoff mechanism. Direct precipitation is conveyed to the basin outlet as 
runoff. Direct precipitation commonly is considered to be negligible (Mockus, 1972). However, direct 
precipitation may be a substantial proportion of storm flow for small storms in natural basins with on-
stream lakes and riparian wetlands. For example, Roulet (1991) studied a low-slope natural basin and 
found that runoff coefficients were proportional to the channel area, indicating the influence of 
precipitation falling directly on stream channels. 

Development activities in urban and suburban areas may increase the prevalence of infiltration 
excess overland flow in pervious areas by limiting other runoff generating mechanisms (Table 4-1). 
Development activities reduce infiltration rates in nominally pervious areas because construction and 
landscaping tends to compact soils and reduce depression storage. For example, Felton and Lull (1963) 
measured infiltration rates for forest soils and lawns to indicate a potential 80 percent reduction in 
infiltration as a result of development activities. Similarly, Taylor (1982) did infiltrometer tests in areas 
before and after suburban development and noted that topsoil alteration and compaction by construction 
activities reduced infiltration rates by more than 77 percent. Gregory and others (2006) did infiltration 
tests at different sites and found that construction activity reduced soil infiltration rates by 70 to 99 
percent. Construction and landscaping also can reduce vegetation and natural plant litter, thereby 
reducing absorption and interception. Reductions in infiltration, compaction of soils, and removal of 
natural vegetation also may reduce soil structures necessary for throughflow. Reductions in surface 
infiltration, dewatering by sewers and underdrains, and stream-channel alterations associated with 
development may lower ground-water levels. These changes may reduce contributing areas for 
saturation-overland flow and other ground-water components of runoff that are more prevalent in less 
developed basins.  

Urban-runoff field studies and computer models are based on the concept of infiltration excess 
flows (for example Dawdy and others, 1978) because the initial storage and continuous loss rates on 
impervious areas are small. As such, total impervious area (TIA) (or mapped impervious area, MIA) is 
commonly used to characterize rainfall-runoff transformation processes. In some urban-runoff studies, 
however, almost all of the stormflow is attributed to impervious areas that drain to the stream network, 
which are commonly described as effective impervious area (EIA) or directly connected impervious 
area (DCIA). This conceptual model works well in developed areas because of the uncertainties in the 
difference between TIA and DCIA and the effect of development on basin characteristics and riparian 
areas (Appendix 1). Assumptions inherent in hydrograph separation methods for identifying the 
overland flow component also may support DCIA as the sole source of storm flows in urban-runoff 
studies (Appendix 1). This may occur if slower storm flows from pervious areas are lumped with 
baseflow.  
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SELDM users may want to refine estimates of runoff-coefficient statistics using information 
about other basin characteristics and associated stormflow generation mechanisms. The multi-segment 
nonparametric regression lines developed with statistics from 167 sites in the database that have nine or 
more storm events provide an initial estimate of runoff-coefficient statistics from the TIA in a basin, but 
there is considerable scatter in the statistics. Some of this scatter may be caused by systematic and 
random errors in measurements of basin characteristics, precipitation, and runoff (Appendix 1), but the 
scatter probably reflects real differences among basins. Examining basin characteristics with knowledge 
of runoff mechanisms may help refine initial estimates. For example, if a basin in a humid region is 
relatively undeveloped and contains a large percentage of perennial headwater wetlands, thus user may 
want to select a higher average runoff coefficient than would be predicted using TIA-based regression 
equations. The regression equations for the average and skew of the runoff coefficient statistics (fig. 30 
main report) have steeper slopes if TIA is greater than about 55 percent. Users may want to more 
carefully consider other basin characteristics and potential effects of other mechanisms below this 
development threshold. Runoff-processes from undeveloped areas have a substantial effect on 
stormflows in many basins throughout the Nation because more than 97 percent of the Nation has 
anthropogenic TIA values that are less than 50 percent of ground cover and more than 75 percent TIA 
values that are less than one percent of ground cover (Homer and others, 2007).  
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